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ABSTRACT

In the beginning, so our myths and storiestell us, the program-
mer createdthe programfrom the eternalnothingnes®f the void.
Programghesedaysarelike ary otherassemblageProgramming
languagehasalways beenaboutreuse. Componentshemseles
arenotthemostimportantconsideratiorfor reusejt is thattheend
productis acomposition.Theissuesstill involve value investment,
andreturn. In otherwords: penasie reusepromotesa changein
the methodof constructionof the program,andin the programit-
self.
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1. PROGRAMMING

In the beginning, so our mythsandstoriestell us, the program-
mer createdthe programfrom the eternalnothingnes®f the void.
Whetherit is Stallmantyping teco macrosand wearing out the
shift keys; Chuck Moore typing backwards at Kitt Peak; Gold-
bery, Deutsch,Robsonet. al. in the parclandof California; billg
hunchedover Allen's Altair emulator;Bill Joy's VAX crashingand
deletingvi multibuffer supportfor thenext tenyears;Gabrieldoing
TheRightThingat Lucid; Larry Wall doingwhatever: tsall good.

All of our subtribeshave programmeiheros: wearingtramping
bootsin themachineroomandnever eatingquiche.Mythic gures
whobestrodaheearthin thebeginning. Butwe arenolongerin the
beginning,andprogrammersiolongerwrite programdiketheDon
Knuth of our fables— typing all the sourceof TeX from memory
into asingleteletype compilingwithoutary syntaxerrors printing
TheArt of ComputerProgrammingfrom that rst binary

Programghesedaysarelike ary otherassemblage- Ims, lan-
guage,music, art, architecturewriting, academigaperseven —
a carefulcollectionof preisting andnew componentgif we had
themong andcouldafford them)piecedtogethemotto tell some
overwhelmingstory, but to getthe job done,meetthedeadline get
paidandgo home.
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Figure 1. Name Story — This essayconcemns components,
reuse,value, and beauty. All photographs were taken at No
NameBuilding Recyclers,Wellington, New Zealand, with their
kind permission.

Thegoals thestepwisae nements thestructurechartstheUni-
ed Modelling Languageadiagramsthe problemsthe solutions—
althoughthey maybeobviousatthestart— soonsplinterandfrag-
ment becausehe programis no longer one granddesign, but a
whole seriesof little stories,userstorieseven, little parts,pieces,
componentgbjectsclasses/es, modules)oad-timeobjectsrun-
time checks,aspectssubjectspackagesassemblieshat les, dot
les, app les, somelarge, somesmall, somethingold, something
new, somethingborraved, somethingblue,sometyped,somegen-
erated somestolen,somebought,somecruftedtogetherautomat-
ically by emacsmacros,somedownloadedfrom Google, some
from anexpensve frameawvork library givenaway freewith abox of
breakastcereal somelarger, somesmaller andtheonly common-
ality beingtheir lack of commonality lack of anything thatmarks
themasbeingpartof the programexcepttheindisputablefactthat
if you deleteary oneof themthe programmight stopworking.

Number One: Every NumberOnesongever writtenis only made
up from bits from othersongs. Thereis no lost chord. No
changesuntried. No extra notesto the scaleor hiddenbeats
to thebar Thereis no pointin searchingdor originality.
—Jimmy CaultyandBill Drummond,TheManual[5]

2. KNUTH

The mostimportantlessonl learnedduring that past
nine yearsis thatsoftwae is hard; andit takesalong
time. Fromnow on | shall have signi cantly greater
respectfor every successfukoftware tool that| en-
counter My original planwasto spendoneyearwork-
ing on algorithmsfor typography;but thatwasin the



springof 1977,andl soonfoundthatmuchmorework
would be neededto nish the job. Even so, if my
healthcontinuego begood,! think it will turnoutthat
thosenine yearswere not wasted,becausehey will

have improved my ef ciency enoughthat!'ll be able
to recover thetime duringthe next decadeor so. Most
importantly thosenine yearsweresurely not wasted,
becausé learnedan enormousnumberof thingsthat
will “feed” thetheoreticalwork thatl doin thefuture.

Figure 2: Sink Story 1 — Thesecomponentsare easily recog-
nisable, but note they are keptin pairs becauseuserstypically

The amountof technicaldetail in large systemis one X -
want to acquire matchedpairs.

thing that makes programmingmore demandinghan
book-writing. Anotheris thatprogrammingdemands
a signi cantly higherstandardf accurag. Programs
don't simply have to male sensdo anothethumanbe-
ing, they mustmake sensdo acomputer For example,
| write theentireTEX compileranddesk-checédit be-
fore | did ary deluggingon a machine.At thatpoint
| had in my handsa documentof some500 pages,
containingthe programand an informal proof of its
correctnesslf | hadsubmittedthe programto human
refereedor veri cation, they would presumablyhave
foundafew problemsthatcouldreadilybe x ed,after
which | might have publishedmy programasa theo-
reticaldemonstratiorthat “there exists a way to com-
pile TEX.” But of coursethe computerwas a much

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

sternertaskmastethanary humanrefereesvould be;
thereford hadto spendanother ve monthsof intense
actiity beforemy programactuallyranwell enough
for meto believe thatit did theright things.

(Chapter9, TheoryandPracticelll)

One of the main reasond've chosento speakabout
TheoryandPracticethis morningis that!' ve spentthe
pastl2yearsworking onaprojectthathasgivenmean
unusualopportunityto obsere how theoryand prac-
tice supporteachother

Whatwerethe lessond learnedfrom so mary years
of intensive work on the practicalproblemof setting
type by computer?Oneof themostimportantlessons,
perhaps,s the factthat SOFTWARE IS HARD. From

nov on | shall have signi cantly greaterrespectfor

every successfusoftwaretool thatl encounterDuring

the pastdecadd wassurprisedo nd thatthewriting

of programsfor TeX andfor METAFONT proved to

be muchmoredif cult thanall the otherthings! had
done(like proving theoremsr writing books).

(Chapterl0, TheoryandPracticelV)

— Donald E. Knuth, SelectedPapers on Computer
Sciencd16]

101-ISM: Thetendeny to pick apart,oftenin minutedetail,all as-
pectsof life usinghalf-understooghop psychologyasatool.

— DouglasCoupland Geneation X [9]

3.

CONSTANTINE

Weregycle somary things,from grocerybagsto toner
cartridgeswhy not regycle code? Why not reusede-

signsandmodelsratherthanalwaysstartingfrom scratch?

The rewards of reuseseemto be enormous. What
codeis cheapetto write than codeyou don't have to
write at all? With higherlevels of reusesupportedy
larger componentibraries,we might doubleor triple
effective productvity. All we haveto dois changethe
whole cultureof softwaredevelopmentandmaybethe
personalitie®f programmers.

Reusds hardlyanew idea. Thelowly subroutinevas
concevedsothatthe samenstructionsdid not have to
be written out eachtime a particularcalculationwas
needed.

Then,whatis the problem? Unfortunately mostpro-
grammerdik e to program.Someof themwould rather
programthaneator bathe.Most of themwould much
rather cut code than chasedocumentatioror search
catalogsor try to gure out someother stupid pro-
grammers idiotic work. Softwaredevelopersdevelop
things;usersusethem. Otherthingsbeingequal,pro-
grammersdesignand build from scratchratherthan
reg/cle.

Reusableomponentibrarieshave beenaroundfor al-
mostaslongaspeoplehave beenprograming.The rst
to yield to reuseweremathroutines followed soonby
input-output.Exceptfor the sheerjoy or penersity of
doingit, no applicationsor tool developerwritestheir
own sine-cosineoutinesarymore.



If it takesthetypical programmemorethan2 minutes
and27 secondgo nd somethingthey will conclude
it doesnot exist andthereforewill reinventit.

Thepayof is nding thecomponenyouneedin area-
sonabletime and then nding thatit can be readily
usedor adaptedor your use.Everytime this happens,
you are beingreinforcedfor it. The habitof initially
consultingthelibrary or repositorybecomesngrained
without beingtied to increasingthe numberof green
stampsyou getor your quarterlycodebonus.

— Larry L. ConstantineThePeoplavare Papers: Notes
ontheHumanSideof Softwae [6](pp. 141-145)

COOPER

The primarysideeffect of codereuseis thatlarge por
tionsof mostprogramsexist notbecaussomeinterac-
tion designemwantedthemto exist, but becausesome
other programmeralreadydid the work on someone
elses budget. Much of the software that we interact
with existsfor thesolereasorthatit existedbefore.

A fascinatingaspectof the imperatie to reusecode
is the willingnesswith which programmersvill adopt
codewith a questionablepedigree. Someinexperi-
encedprogrammerwill hackout the rst interaction
ideathatpopsinto his head but onceit is written, that
pieceof codebecomeshe basisfor all subsequengf-
forts becausét is soaggressiely reused.

In Windows, for example,the really experiencedoro-

grammersuilt theinternalprocessingf theoperating
system,but the rst sampleapplicationsthat shaved

third-party developershow to communicatewith the
userwere written by a successiof summerinterns
andjunior codersat Microsoft. The Windows inter-

nal codehasbeenupgradedandrewritten over six ma-
jor releasesandit hassteadilyimproved. However,

an embarrassinglyarge numberof popularapplica-
tions have in their heartslong passage®f program
codewritten by 21-yearold undegraduatespending
asummerin Redmond.The sameis true for the Weh

Amateurexperimenterdiacled outthe rst Websites,
but thosewho followed clonedthose rst sites,and
their siteswereclonedin turn.

As you cansee thereis a clearcon ict of interestbe-
tweenwhat the userneedsand what the programmer
needs. We anticipatecon ict of interestin countless
actiities and professionsand we have built in safe-
guardsto curbits in uence. While judgesandlawyers
have skills in common,we never let lawyers adjudi-
catetheir own cases. We never let basletball play-
ersrefereetheir own basletball games. The con ict-
ing interestsareclearlyvisible, yet we consistentlylet
programmersnake designdecisionsasednpersonal
implementatiorconsiderations.

— Alan Cooper Thelnmatesare Runningthe Asylum
[7]1(pp.106-108)

Figure 4: Sink Story 3 — Large components may be ac-
quir ed separately without any additional related components

included.

5.

GATES

INTERVIEWER:In a compay like Microsoft, where
you have 160 programmershow do you go aboutcre-
atinganernvironmentwhereyou candevelop success-
ful programs?

GATES: Oneway is to have small projectteams typ-
ically four or ve people,andoneof thosepeoplehas
to have the proven ability to really absorba program.
And whenthat lead personis uncertainaboutsome-
thing, he or sheshouldbe ableto discusst with even
moreexperiencegrogrammers.

Partof our stratgy is gettingthe programmer$o think
everythingthroughbeforethey goto thecodingphase.
Writing the designdocumentss crucial,because lot
of simpli cation comeswhen you seeproblemsex-
pressedisalgorithms.They're kind of in the smallest
form then,whereyou canseewhattheoverlapis.

Anotherimportantelements codereview, makingsure
youlook throughthe codeandseeif seniorpeoplecan
provide hints abouthow to do somethingbetter And

you have to review similar projectsthathave gonesu-
per, super well; programmersanlook at how those
otherpeopleperformedpreviously, andgetideasfrom

other projectsabouthow to improve their own pro-
gram.

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

CANNIBALIZE 1. Totake sahageablepartsfrom (asa disabled
machine)for usein building or repairinganothermachine.
...3. To useor dravn on materialof (asanotherwrite or
anearlierwork) [a volume. . . thaton only —s previous pub-
lications but is intendeditself to be cannibalized— R.M.
Adams]. 4. To make useof (a parttake from onething) in

building or repairingsomethingelse.



Figure5: Sink Story 4 — Alter natively, large componentsmay
be acquired with additional matching componentsincluded
and alreadyassembled.

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

WebstersNinth New CollegiateDictionary(Spring eld, Mass.:

Merriam-Webster1990). Quotedby RemKoolhaasandBruce
Mau,in S,M,L,XL[17]

6. LANGUAGE

Programmindanguagéhasalwaysbeenaboutreuse.

A computemprogrammelik e a concertprogrammemight con-
sistof a singlesequenceBut from the earliestexperienceof pro-
gramming,we madeup languageo make programmingeasierby
supportingreuse.

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

Proceduresllow a body of instructionsto be namedandthen
reusedrom differentcontexts. Procedurgarameterallow abody
of instructiongto becustomisedo suittheneedf differing calling
contets. Procedurakncapsulatiomllows procedureso bereused
without regardto theirimplementation.

Recordsallow datastructuresto be namedand thenreusedto
specifydifferentdatawith the samestructure.

Classesndobjectsallow datastructurego beboundwith proce-
duresthatusethem,sothatbothdataandproceduresanbereused
together Encapsulatiorof clasessand objectsmeansthey canbe
reusedaccordingto their speci cation,andwithout regardto their
implementation.

Typesallow checkingthe speci cation of namesandtheir later
useandreuseto determindf the useor reuseis appropriate.

Late binding of procedurenamesallows calling contexts to be
reusedby calling differentbodiesof instructionsin differentcir-
cumstanceslLate binding of classor objectnamesallows the con-
textual framavorksto bereuseddy working datastructurewith dif-
ferentimplementatiorandbehaiour.

And macros,andgeneratorsandaspectsandso on. Program-
ming languagéhasalwaysbeenaboutreuse;programswork in this

Figure 7: Window Story 1 — Lar ge compositecomponentsare
available readyto install, though someadjustmentsmay benec-
essaryto achieve the desiredresult.

way. Softwarewantsto bereused.

7. LOVELACE

Thosewho may desireto study the principlesof the
Jacquard-loonin the mosteffectualmannerviz. that
of practicalobsenation,have only to stepinto the Ade-
laide Galleryor the Polytechnidnstitution. In eachof
thesevaluablerepositoriesof scienti ¢ illustration, a
weaver is constantlyworking at a Jacquard-loomand
is readyto give ary informationthatmaybedesiredas
to the constructiorandmodesof actingof his appara-
tus. The volumeon the manufctureof silk, in Lard-
ner's Cyclopaediacontainsa chapteron the Jacquard-
loom, which mayalsobe consultedwvith advantage.

The modeof applicationof the cards,ashithertoused
in the art of wearing, was not found, however, to be
sufciently powerful for all the simpli cations which
it was desirableto attainin suchvaried and compli-
catedprocessessthoserequiredin orderto ful | the
purpose®f an Analytical Engine. A methodwasde-
vised of whatwastechnicallydesignatedackingthe
cardsin certaingroupsaccordingto certainlaws. The
objectof this extensionis to securethe possibility of
bringingary particularcardor setof cardsinto useary
numberof times successiely in the solution of one
problem.Whetherthis power shallbetakenadwantage
of or not, in eachparticularinstance will dependon
the natureof the operationswhich the problemunder
consideratiormay require. The processs alludedto



Figure 8: Window Story 2 — Also, smaller sub-components
are available for assemblyinto compositestructur es. Note that

thesecomponentsare presentedn away soasto assistthe user
in locating and selectingthe correctitem.

by M. Menabreaandit is avery importantsimpli ca-
tion. It hasbeenproposedo useit for thereciprocal
bene t of thatart, which, while it hasitself no appar
ent conneion with the domainsof abstractscience,
hasyet proved so valuableto the latter, in suggesting
theprincipleswhich, in their newv andsingular eld of
application,seemlikely to placealgebraicatombina-
tionsnotlesscompletelywithin the province of mech-
anism thanareall thosevariedintricaciesof whichin-
tersectinghreadsare susceptible By theintroduction
of thesystenof backinginto the Jacquard-loonitself,
patternswhich should possessymmetry and follow
regular laws of arny extent, might be woven by means
of comparatiely few cards.

Thosewho understandhe mechanismof this loom
will perceve thatthe abore improvementis easilyef-
fectedin practice,by causingthe prism over which
thetrain of pattern-cardss suspendetb revolve back-
wardsinsteadof forwards,at pleasureunderthereq-
uisite circumstancesuntil, by so doing, ary partic-
ular card, or setof cards,that hasdone duty once,
and passedon in the ordinary regular successionis
broughtbackto the positionit occupiedjust beforeit
wasusedthe precedingime. Theprismthenresumes
its forward rotation,andthusbringsthe cardor setof
cardsin questioninto play asecondime. This process
may obviously berepeatediry numberof times.

— AugustaAda King, Countessof Lovelace,Anno-
tated translation of Sletch of the Analytical Engine
Inventedby CharlesBabbaye, by L. F. Menabea of
Turin, Of cer of theMilitary Enginees [8](Note C)

NOW DENIAL: To tell oneselfthatthe only time worth living in
is the past,andthatthe only time thatmayever beinteresting
againis thefuture.

— DouglasCoupland Geneation X [9]

8. TURING

Outlineof Logical Control

We alsowish to be ableto arrangefor the splitting up
of operationdnto subsidiaryoperations.This should
be donein suchaway thatoncewe have written down

Figure 9: Window Story 3 — The repository also stores
reusableelementsneededto built components.Theseare typi-

cally not available to users,but are recovered and retained by
the repository managemento facilitate creationof components
suitable for users.
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how anoperationis donewe canuseit asa subsidiary
to ary otheroperation.

Whenwe wish to starton a subsidiaryoperationwe

needonly make a note of wherewe left off the ma-
jor operationandthenapplythe rst instructionof the
subsidiary Whenthe subsidiaryis over we look up

the noteandcontinuewith the major operation.Each
subsidiaryoperationcanendwith instructionsfor this

recovery of thenote. How is the burying anddisinter

ring of the noteto be done?Thereareof coursemary

ways.Oneis to keepalist of thesenotesin oneor more
standardcsizedelaylines (1024),with the mostrecent
last. The positionof the mostrecentof thesewill be
keptin a x ed TS, andthis referencewill bemodi ed

everytimeasubsidiaryis startedor nished. Thebury-

ing anddisinterringprocessearefairly elaborateput

thereis fortunatelyno needto repeatthe instructions
involved, eachtime, the burying beingdonethrougha
standardnstructiontable BURY, andthe disinterring
by thetableUNBURY.

— Alan Turing, ProposecElectronic Calculator[33]

WILKES, WHEELER, AND GILL

ClosedSubroutines

A “closed” subroutineis onewhich is calledinto use
by aspecialgroupof ordersincorporatedn themaster
routineor mainprogram.lt is designedgothatwhenits

taskis nished it returnscontrol to the masterroutine
at a point immediatelyfollowing from that which it

wascalledin.

— MauriceV. Wilkes,David J. Wheelerand Stanle
Gill, ThePrepaiationsof Programsfor An Electronic
Computer: With specialrefeenceto the EDSAC and
theuseof a library of suboutines[35]

As soonasthe EDSAC beganto work | calleda meet-
ing of thoseinterestedn developmenbf programming
methods— it would have beenprematureo call them
programmers— and we constitutedoursehesinto a
committeeto establishalibrary of suchsubroutinesn
orderthatevery usershouldnot have to startfrom the
bottom.At rst wethoughtof thelibrary ascontaining
subroutine®f thetypejustmentionecandsubroutines
for the computationof elementaryfunctions; later it
becameclearthatit could be expandedn variousdi-
rections,notably by inclusion of subroutinedor per
forming someof the standardperationsof numerical
analysis.It wassoclearto methatwe shouldbaseour
systenof programmingnalibrary of subroutineshat
| wassomeavhatsurprisecafew yearslaterto nd that
noteveryonehadgonethis way.

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

NYGAARD AND DAHL

The syntaxfor this new languageeaturewas easyto
nd. The“links” couldbedeclaredseparatelywithout
ary informationaboutthe otherprocesslassesvhich

11.

uselink instancesas a pre x layer Sincethe pro-
cesse®f theseotherprocesslassesvereatthe same
time both “links” andsomethingmore, it wasnatural
toindicatethis by textually pre xing theirdeclarations
with the proces<lassidenti er of thiscommonprop-
erty, namely“link”. Theseprocessclassesvould the
be“subclassesdf “link”.

It was evident that when pre xing was introduced,it
could be extendedto multiple pre xing, establishing
hierarchieof processlasses(In the example,“car”
would be a subclasf “link”, “truck” and“bus” sub-
classeof “car”.) It wasalso evident that this “con-
catenation’of a sequencef pre xeswith a mainpart
couldwell be appliedto the actionpartsof processes
aswell.

Usuallya new ideawassubjectedo ratherviolent at-
tacksin otherto testits strength.The pre x ideawas
the only exception. We immediatelyrealisedthat we
nov had the necessanfoundationfor a completely
new languageapproach,andin the dayswhich fol-

lowedthediscorery we decidedhat:

1. We would designa new generalprogramming
language,n termsof which animproved SIM-
ULA | couldbeexpressed.

2. Thebasicconceptshouldbe classef objects

3. Thepre x feature andthusthesubclasgoncept,
shouldbea partof thelanguage.

4. Direct,quali ed referenceshouldbeintroduced.

— KristenNygaardandOle-JoharDahl, Thedevelop-
mentof the SIMULAlanguayes[24]

PARNAS

In discussion®f systemstructureit is easyto confuse
the bene ts of a good decompositiorwith thoseof a
hierarchicaktructure We have a hierarchicaktructure
if a certainrelationmay be de ned betweerthe mod-
ulesor programsandthatrelationis a partialordering.
The relationwe are concernedvith is “uses” or “de-

pendsupon’ It is betterto usearelationbetweerpro-
gramssincein mary casesonemoduledependsipon
only part of anothermodule(...). It is concevable
that we could obtain the bene ts that we have been
discussingwithout sucha partial ordering,e.g. if all

the moduleswere on the samelevel. The partial or-

deringgivesustwo additionalbene ts. First, partsof

the systemarebene ted (simpli ed) becausehey use
theserviceof lowerlevels. Secondye areableto cut
off the upperlevels andstill have a usableanduseful
product.For example,the symboltablecanbeusedin

otherapplications;the line holdercould be the basis
of a questionansweringsystem.The existenceof the
hierarchicalstructureassureaus that we can“prune”

off the upperlevels of thetreeandstarta new treeon

the old trunk. If we haddesigneda systemin which

the “low level” modulesmadesomeuseof the “high

level” modules.we would not have the hierarchy we
would nd it muchharderto remove portionsof the
system,and“level” would not have muchmeaningin

thesystem.



12.

We have tried to demonstratéy theseexampleghatit
is almostalwaysincorrectto begin the decomposition
of a systeminto moduleson the basisof a o wchart.
We proposeinsteadthat one begins with a list of dif-
cult designdecisionsor designdecisionswhich are
likely to change. Eachmoduleis then designedto
hide sucha decisionfrom the other Since,in most
cases,designdecisionstranscendime of execution,
moduleswill notcorrespondo stepsn theprocessing.
To achieve anef cient implementationve mustaban-
dontheassumptiorthata moduleis oneor moresub-
routines,andinsteadallow subroutinesand programs
to beassembledollectionsof codefrom variousmod-
ules.

— David Lorge Parnas,On the criteria to be usedin
decomposingystemsnto moduleq25]

LISKQOV AND ZILLES

What we desirefrom an abstractionis a mechanism
which permitsthe expressionof relevant detailsand
thesuppressionf irrelevantdetails.In thecaseof pro-
gramming,the usewhich may be madeof anabstrac-
tion is relevant; the way in which the abstractionis
implementeds irrelevant. If we considerconventional
programmindanguageswe discover thatthey offer a
powerful aid to abstractionthefunctionor procedure.
Whena programmemalkes useof a procedureheis
(or should be) concernedonly with what it does—
whatfunctionit providesfor him. Heis notconcerned
with the algorithmexecutedby the procedure.ln ad-
dition, procedureprovide a meansof decomposing
problem— performingpart of the programmingtask
inside a procedure,and anotherpart in the program
which callsthe procedure Thus,the existenceof pro-
ceduregioesquitefartowardcapturingthe meaningof
abstraction.

Unfortunately procedureslonedo not provide a suf-
ciently rich vocalulary of abstractionsThe abstract
dataobjectsandcontrol structuresof the abstracima-
chinementionedabore arenot accuratelyrepresented
by independenproceduresBecauseave areconsider
ing abstractionin the contet of structuredprogram-
ming, we will omit discussiorof controlabstractions.

Thisleadsusto theconcepbf abstractlatatypewhich
is centralof the designof the language.An abstiact
datatypede nes a classof abstractobjectswhich is
completelycharacterizedy the operationsavailable
onthoseobjects.This meanghatanabstractlatatype
canbe de ned by de ning the characterizingopera-
tionsfor thattype.

We believe that the abore conceptcapturesthe fun-
damentalpropertiesof abstraciobjects. Whena pro-
grammermakes use of an abstractdataobject, he is
concernednly with the behaiour which that object
exhibits but not with any detailsof how thatbehaiour
is achieved by meansof animplementation.The be-
haviour of anobjectis capturedy thesetof character
izing operationsImplementatiorinformation,suchas
how theobjectis representeth storageis only needed

13.

whende ning how thecharacterizingperationareto
beimplementedThe userof theobjectis notrequired
to know or supplythis information.

— BarbaraLiskov and StepherZilles, Programming
with abstract datatypes [19]

JOHNSON AND FOOTE

Oneof the mostimportantkinds of reuseis reuseof
designs.A collectionof abstractclassesanbe used
to expressan abstractdesign. The designof a pro-
gramis usually describedin termsof the programs
componentandthe way they interact. For example,
acompilercanbe describedasconsistingof alexer, a
parserasymboltable,atype checler, andacodegen-
erator An object-oriente@dbstractlesignalsocalleda
framawork, consistof anabstractlassfor eachmajor
component. The interfacesbetweenthe components
of thedesignarede ned in termsof setsof messages.
Therewill usuallybe a library of subclasseghatcan
beusedascomponentén thedesign.

Framevorksareusefulfor reusingmorethanjustmain-
line applicationcode. They canalsodescribethe ab-
stractdesignsof library components.The ability of
frameaworks to allow the extensionof existing library
componentss oneof their principal strengths 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,andthelike.
In a sensethesetools correspondo the sortsof tools
onemight nd in thesupportibrary for aconventional
programmingsystem. Eachcomponentn sucha li-
brary cansene asa discrete stand-alonecontet in-
dependenpartof a solutionto a large rangeof differ-
ent problems. Suchcomponentsare largely applica-
tion independentA framework, on the otherhand,is
anabstracdesignfor a particularkind of application,
and usually consistsof a numberof classes. These
classescan be taken from a classlibrary, or canbe
application-speci c. Framavorks can be built on top
of otherframeavorksby sharingabstractlasses.

Frameavorks provide a way of reusingcodethatis re-
sistantto more corventional reuseattempts. Appli-
cationindependentomponentsan be reusedrather
easily but reusingthe edi ce thattiesthe components
togetheris usuallypossibleonly by copying andedit-
ing it. Unlike skeletonprogramswhichis thecorven-
tional approachto reusingthis kind of code, frame-
works male it easyto ensurethe consisteng of all
componentsinderchangingequirementsSinceframe-
works provide for reuseat the largestgranularity it is
no surprisethata goodframework is moredif cult to
designthana goodabstractlass.Framavorkstendto
be applicationspeci c, to interlock with otherframe-
worksby sharingabstractlassesandto containsome
abstractlasseshatarespecializedor theframewvork.



Figure 10: Window Story 4 — The repository will userecor-
ered componentsto assemblecomposite componentssuitable
for users. Sometimesthe repository will alsoincorporate new
componentsaswell.

Designingaframework requiresa greatdealof experi-
enceandexperimentationjustlike designingts com-
ponentabstractlasses.

— RalphE. JohnsorandBrian Foote,Designingreusable
classeg14]

14. COMPOSED SOFTWARE

“One thing can be statedwith certainty: components
are for compositiori.

— ClemensSzyperskijntroductionto Componen§oft-
ware — BeyondObject-OrientedProgramming[31]

Thisis true: componentarecertainlyfor compositionthey may
evenbethebestthingsto composebut they arenottheonly things

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

thatcanbe composedandthey arenot the only thingsto consider
whenthinking aboutsoftwarereuse.

Componentghemseles are not the mostimportantconsidera-
tion for reuse;nor is the processof composinghingstogetherthe
mostimportantconsiderationrather it is thatthe endproductis a
compositionthatis, somethinghatis madeup of mary things,not
justonething.

But "Componentsarenottheonly thingsthatarecomposedBy
“Components{with the capital 'C' andthe invertedcommas)we
meanmodern, object-oriented/component-orienteaits of soft-
warethathave beenspeciallydesignedo becomposedthatideally
arespeci ed,abstractedieliable trustablepinary marketable and
above all, substitutablefungible

Focusingon software compositions— on the ComposedSoft-
ware that is the end productof a compositionprocess— shaws
thatit is madeup of morethanjust theseidealisedComponents'.
Someof the softwarewill be old software madenew, bornagain,
changedandbrokento becomepartof anew creation.Someof the
softwarewill befreshlywrittento provideimportantnew behaiour
or meetcritical quality requirementsSomeof the softwarewill be
mundaneggolessglue code written or stolenor grown to tie other
piecestogetherbut providing no behaiour or qualitiesof its own.
And, yes, someof the software will be shiry, new, modern,en-
capsulatedomponentspurchasedrom a perfect-boundveb page
catalogue printed on glossypaperdecoratedvith happy pictures
of imaginaryprogrammerg$rom centralcasting,cavorting on their
daysoff.

In the traditionsof Saussurestructurallinguistics, semiology
semiotics,we can considerartifactsto be constructedalong two
dimensionsor axes: the axis of combination(technicallythe syn-
tagm), and the axis of selectionor substitution(technically the
paradigm).The axis of selectiongivesa menuof choices— com-
ponentshatcanbe madevisible in catalogues— thatcanbe con-
sultedduring the compositionprocess. The axis of combination
gives the structureof the end product— the composedsoftware



in this case— but is visible only whenthe compositionprocesss
complete.

Traditionalsoftwarecomponentrfalls onthe paradigmati@xis:
programmerselecicomponentso composeénto theirprogramsin
Visual Basic, for example,the VBX marlet includedmary small
vendorsselling slightly differentversionsof scrolling table con-
trols: a programmeicould chooseone,incorporateit into the pro-
gram, and substitutea differentcomponenshouldthe rst prove
inappropriate.

On the otherhand, lesstraditional (but more successfulforms
of software componentssuchas software frameworks, program-
minglanguagesandmiddlevareinfrastructuresfall onthesyntag-
maticaxis. ConsideringVisual Basicitself, the Microsoft Founda-
tion ClassesJ2EE eachof theseframevorks establisheshe form
of a single syntagm— all the programsbuilt using theseframe-
works have the sameunderlyingstructure. This kind of reusehas
beenclassi ed as contet reuse to distinguishit from the tradi-
tional componenteusetechnologie$3]. Within suchaframework,
developerscanparadigmaticallysubstitutetheir own components,
choosecomponentsuppliedfree with the framevorks, or obtain
from outsidesuppliers— but, the framework itself setsthe overall
shapeandtoneof the software.

In software,successfusyntagmaticomposition— contet reuse
resultingin Composedoftware— providesmuchmorevaluethan
paradigmaticselection— componentreuseof software "“Compo-
nents'. Doesthis mean Componentsare worthless? Of course
not! You cannotcomposesoftware without arything to compose:
youmusthave someassetbeforeyou canleveragehemto produce
somethingnen. But ComposedSoftwareis composedrom mary
thingsmorethanjust Components'Thesurplusvalueof acompo-
sitionliesin theendproduct— thevalueof thewholecomposition
mustsurpasshecostof theparts— or thereis noeconomidene t
to compositionor reuse. The focuson "Components'then, from
Mcllroy [21] via CoxCox:Planning:199@ Szyperski31], is fun-
damentallymistalen. Whatwe areinterestedn, wherethe mone/
is, is Composedoftware,not softwarecomponents.

101-ISM: Thetendeny to pick apart,oftenin minutedetail,all as-
pectsof life usinghalf-understooghop psychologyasatool.
— DouglasCoupland Geneation X [9]

15. DEVELOPMENT

In traditionalsoftwaredevelopmentthe customeiis absenafter
initial determinatiorof requirementsAccordingly the developers
assuppliersareleft having to make mary decisiondor themseles.
Thecustomemaitsfor theresult.

Thiscancreateall kindsof problemsasthedeveloperamaymis-
interpretthecustomeintentionsandsupplyfunctionalitythatis not
neededor not supplyfunctionalitythatis needed.

Beck's ideasfor ExtremeProgramming XP) [2] addresdssues
in softwaredevelopmentandin particularconcerrtherelationship
betweena teamsupplyingsoftwareto a customer As partof the
processin XP, Beck emphasisean “on-site customer”,wherea
representate of the customeiis directly availablefor consultation
andnegyotiationwith the developmenteam.

In softwarereusetheissuesnvolvetherelationshipbetweertwo
softwaredevelopers:oneactingassupplierandthe otheractingas
customer In reuse,it is the supplierwho is typically absent.Ac-
cordingly it is the customerdeveloperwho is left having to malke
mary decisionsfor themseles. This alsocancreateproblems,as
the customerdeveloper may misinterpretthe supplierintentions,

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



Figure 13: Door Story 2— Somecomponentsare distinguished

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 assembledogether. Note that
the special display assistsusers to locate distinctive compo-
nents, and assiststhe repository to encourageadoption of the
high value components.

Figure 14: Door Story 3— Standard componentsare displayed
to facilitate quick selectionof candidate components. The key
to this processis the indexing information that is displayed
prominently on eachcomponent. Somecomponentshave spe-
cial featuresindicated with diagrams.

andmay decidefunctionality is presentwhenit is not, or may de-
cidefunctionalityis not presentvhenit is.

Theproblemis theinverseof theoneaddresseth XP: the prob-
lemis the off-site supplier andtherehasbeenmuchconsideration
of whatto do. It turnsout therearemary reasongor failure. And
asour technologyhasimproved, we have succeedeth somemea-
sure,but thende ned the problemin anever narraver way. As we
have succeededh software reuse,so the phrase‘softwarereuse”
hascometo referto thoseevensmallerwaysin which we fail.

Mary of theissueghatremainareeconomicandorganisational.
Wider economicpracticeregardsbringing togethersuppliersand
customerssa seriousconcernandoffersusavariety of stratgies
to consider For example,we might adoptcentralisecblanningand
managementAlternatively, we might facilitatea marketplace.For
suppliersandcustomerstheissuesstill involve value,investment,
andreturn.

16. SCHMIDT

Why SoftwareReusenhasFailedHistorically

In theory organizationsecognizethevalueof system-
atic reuseand reward internal reuseefforts. In prac-
tice, mary factorsconspireto make systematicsoft-
warereusehard,particularlyin companiesvith alarge
installedbaseof legag software and developers. In
my experiencenon-technicaimpedimentgo success-
ful reusecommonlyincludethefollowing:
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Organizationalimpediments- e.g., developing,
deplogying, andsupportingsystematicallyeusable
softwareassetsequiresa deepunderstandingf
applicationdevelopemeedsandbusinessequire-
ments.As thenumberof developersandprojects
emplgying reusableassetsncreasesit becomes
hardto structurean organizationto provide ef-
fective feedbacKoopsbetweertheseconstituen-
cies.

Economidmpediments-e.g.,supportingcorporate-
widereusablessetsequiresaneconomidnvest-
ment,particularlyif reusegroupsoperateascost-
centers.Mary organizationsnd it hardto insti-
tuteappropriatg¢axationor chage-backschemes

to fund their reusegroups.

Administratve impediments- e.g., it's hard to
catalogarchve,andretrievereusablessestacross
multiple businesainitswithin largeorganizations.
Althoughit's commonto scasengesmall classes
or functionsopportunisticallyfrom existing pro-
gramsdevelopersoften nd it hardto locatesuit-
able reusableassetsoutsideof their immediate
workgroups.

Politicalimpediments- e.g.,groupsthatdevelop
reusablemiddlenare platformsare often viewed
with suspicionby applicationdevelopers,who
resentthe fact that they may no longer be em-
poweredto make key architecturatiecisionsLike-
wise, internecinerivalries amongbusinessunits
maysti e reuseof assestslevelopedby otherin-
ternal productgroups,which are perceved asa
threatto job securityor corporatdan uence.

Psychologicaimpediments-e.g.,applicationde-
velopersmayalsoperceve “top dovn” reuseef-
fortsasanindicationthatmanagemerackscon-
dence in their technicalabilities. In addition,
the “not inventedhere” syndromeis ubiquitous
in mary organizationsparticularlyamonghighly
talentedorogrammers.

— DouglasC. Schmidt WhySoftwae ReuséasFailed
andHowto Make It Work for You [30]

POULIN

Whatto MeasureAs Reuse

We will now look at various cateyories of software,
discusswvhy or why noteachmight countasreuseand
thengive arecommendsolution. Most of the conclu-
sionshinge on whetheror not we expectsomeondo
write thatsoftware.

As we discusstheseissuesandreachour conclusions,
wewill de ne whatit meansvhenwereferto aReused
Sourcelnstruction (RSI). Someof the choicesmay

seemclear but nonehave gonewithout controsersy

For eachcodecatagory, someonéas publisheda re-

port claimingthe category representgeuse!

ProductMaintenanceNew Versions
...Wedo not countproductmaintenancasreuse.

Useof OperatingSystemServices
...We do not countthe useof the operatingsystemas
reuse.

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

Useof Tools
...Wedo not counttheuseof toolsasreuse.

UseVersusReuseof Components
...Weonly countthe rst useof acomponenasreuse.

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

PortedSoftware
...Wedonotcountportingasreuse.

ApplicationGenerators
...Wedonot countgeneratedodeasreuse.

CodelLibraries

Useof utility libraries

...We do not countsoftware from utility librariesas
reuse.

Useof local utility libraries
...We may countsoftwarefrom utility librariesasre-
sue.

Projectanddomainspeci c libraries
...We count software from projectand domainspe-
ci c librariesasreuse.

Corporateresudlibraries
...We countsoftwarefrom reusdibrariesasreuse.

Useof Modi ed Software
...Wedonotcountmodi ed componentaisreuse.

Applying the CountingRulesto Object-Orientedoft-
ware

Recentarticlesand publicationscite reuseas a prin-
ciple bene t of object-orientedechnology;howvever,
object-orientedorojectsface the sameissuesas ary
otherdevelopmentprojectwhenit comesto de ning
whatto countas“reused”software.Experienceeports
from OO projectsroutinely stateimpressie reuselev-
elsandbene tsdueto reuse However, we cannottrust
thesereportswithout understandingvhat the reports
counted,e.g., inheritanceor polymorphism. As with
most experiencereports, recentwork in OO metrics
fails to addresghis issue. Part of the problemcomes
from counting“internal” reusan OO reusametrics:in
otherwords, usingyour own code.... Thiscommon
andunfortunatemisconceptionvithin theOO commu-
nity really confusegnary unwary practitioners.

— Jefrey S.Poulin,MeasuringSoftwae Reuseprin-
ciples,practices,andeconomicsnodelq28]

OPINION PARALYSIS: Thetendeng, whengivenunlimitedchoices,

to malke none.
— DouglasCoupland Geneation X [9]
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19.

For example,the transitionfrom no reuseto informal
codereuse(sometimesalledleverageor cloning),in
which chunksof codearecopied,adaptedlightly, and
thenincorporatedinto the new system,occurswhen
developers:

arefamiliarwith eachotherscode,andtrusteach
other

feeltheneedo reduceimeto market, eventhough
they would preferto rewrite the software

This stratgyy works— for a while. Developmenttime

is reducedandtestingis often lesstediousthanwith

totally new code.But asmoreproductsaredeveloped
using this approach maintenanceroblemsincrease.
Multiple copiesof the software, eachslightly differ-

ent, have to managedDefectsfoundin onecopy have

to befoundand x edmultiple times. This oftenleads
to a blad box codereusestratey, in which a care-
fully choseninstanceof codeis reengineeredtested,
and documentedor reuse. All projectsarethenen-

couragedor requiredto reusejust this copy without

modi cation.

Thisworkswell for awhile, andthentheissueof deal-
ing with changeso satisfy an increasingnumberof
reusersarises. Should everyonebe “forced” to use
only the standardversion? Shouldmultiple versions
be maintained?Shouldadaptatiorbe allowed? Who
decides?Shouldtest les anddesignsalsobereused?
Whowill trainandeducatecomponenteusers?ll of
thesdssuedeadto thecreationof amanaedworkprod-
uct reuseprocess in which the creationandreuseof
componentss explicitly managedndsupportedy 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 componentst together
Thedevelopmenianduseof acommonarchitecturen-
volvesevenmoreorganizationatommitmentandstruc-
ture.

— Ivar JacobsonMartin Griss, and Patrik Jonsson,
Softwae Reuse:Architectule, Processand Organiza-
tion for BusinessSuccesq13](p. 22)

MCCLURE

SelectingReusableComponents
Rationale

The systemdevelopmentand maintenanceprocesses
canbe speededip andaidedby reusingvarioustypes

of reusableomponentsOtherreasongor usingreusable

componentare:improvedsystenguality, reducedsys-
temdevelopmentandmaintenanceosts,andreduced
risk of projectfailure. Thistechniquesnsureshatsys-
tembuilderswill searchor all typesof reusablecom-
ponentsdn all thelikely sources.

Critical Issues

20.

Buidling applicationsystemgrom reusable&eomponents
is basedon the assumptionshatreusablecomponents
exisit somavhere they arereasonablygasyto nd and
understandandthey areof goodquality. If thetimeto
searchfor candidatereusablecomponentss too long
in thesystenbuilder'seyes,thesystenbuilderwill opt
for building the componentfrom scratchratherthan
reusinganexistingocomponentegardles®f howv well
thereusablecomponentts thecurrentneed.A Reuse
Library anda ReuseCatalogthat are well organized
with a classi cation schemeand supportedoy search
andretrieval toolsareessentialo ensuringhatreusable
componentsreactuallyusedn applicationsystende-
velopment.

— CarmaMcClure,Softwae Reusdedniques:Adding
Reusédo theSystenDevelopmenProcesg20](pp.201-
202)

TRACZ

ReuselesSoftware

Haveyoueverytrippeddown theprimrosepathof least
resistancecommendingyourself for building a new
programby salhaging someoneelses software, only
to be startledby the harshreality thatthingswerenot
asgreatasyou planned?

True,youthoughtyouwerebuilding onsomeonelses
successedut you hadnot countedon inheriting their
mistalesor nding out,toolate,thatwhatyouthought
you couldreuse‘asis” requiredalot moreeffort that
you hadplanned.Thesoftwareyouweretrying to sal-
vagemight be good,but for what? You budgetedime
andstaf to salvageor carry over codefrom the last
project,onlyto nd thatit didn't work asadwertised if

thefactthatit workedwasadwertisedatall.

Ignoring blatanterrorsof commissionthe subtleer-
rors of omissionare the onesthat really requirethe
mosteffort to overcome(e.qg.,failureto documenim-
plementatiordecisionsor failureto testfor certainpatho-
logical conditions). The software might work well in
thenarrav context for whichit wasdesignedbut taken
out of its speci ¢ domainthe software suddenlybe-
comesbrittle — in otherwordsreuseless.

Sometimesprogrammershouldiet old codedieanat-
ural deathratherthanspendary effort trying to revive
it. As mary of ushavelearnedrom experienceplenty
of reuselessodeis lying around(onemightarguethat
alot of it wasuseleszodein the rst place).Not that
most codeis reuselesgor more important, needsto
be createdasreuseless)but software not speci cally
designedor reuseis simply moredif cult andcostly
to reuse. Similarly codedesignedor reuse(reuseful
code)might cost30%to 200%moreto develop,docu-
ment,andtest,but subsequentusecosts20%to 40%
lessthanrewriting.

Making software reusable=xactsa costin experience
and effort. Creatingreusableinterfacesrequiresin-
sightin seeinghow softwarehasbeenusedin the past
and ervisioning how it might be usedin the future.
Furthermore, becauseghe mostimportantquality of



reusablesoftware, is thatit be quality software, em-
phasisshouldbeplacedonthoroughlyspecifying test-
ing, and certifying that the software hasachieed a
certainlevel of operationaland documentatiorgual-
ity. Only thenwill programmerse willing to invest
theirtime to considerits reuse.

— Will Tracz,Confession®f a UsedProgram Sales-
man: Institutionalizing Softwae Reus€32](pp. 73—
74)

Professional: The professional®f the city arelike chessplayers
wholostto computersA penerseautomatigpilot constantly
outwits all attemptsat capturingthe city, exhaustsall ambi-
tionsof its de nition, ridiculesthemostpassionatassertions
of its presenfailure andfutureimpossibility, steerst impla-
cably furtheronits ight foward. Eachdisasterforetold is
somehw absorbedinderthe in nite blanketing for the ur-

ban.
— RemKoolhaasandBruceMau, S,M, L, XL [17]

21.

FOWLER

This tensionbetweenbuilders and designershappens
in building too, but it's moreintensein software. It's
intensebecausehereis a key difference.In building
thereis a clearerdivision in skills betweerthosewho
designandthosewho build, but in softwarethat's less
thecase Any programmemvorking in high designen-
vironmentsneedsto be very skilled. Skilled enough
to questiorthedesigners designsgespeciallywhenthe
designeris lessknowledgeableaboutthe day-to-day
realitiesof thedevelopmentplatform.

Onewayto dealwith changingequirementss to build
e xibility into thedesignsothatyou caneasilychange
it asthe requirementshange.However, this requires
insightinto whatkind of changesyou expect. A de-
signcanbeplannedo dealwith areasof volatility, but
while thatwill helpfor foreseemequirementshanges,
it won't help(andcanhurt) for unforeseerchangesSo
you have to understandhe requirementsvell enough
to separatehe volatile areas,and my obseration is
thatthisis very hard.

Now someof theserequirementproblemsaredueto
not understandingequirementslearly enough.So a
lot of peoplefocuson requirementengineeringoro-
cessedo getbetterrequirementsn the hopethat this
will prevent the needto changethe designlater on.
But even this directionis onethat may not leadto a
cure. Mary unforeseerrequirementshangesoccur
dueto changesn the business. Thosecant be pre-
vented,however careful your requirementengineer
ing process.

So all this makes planneddesignsoundimpossible.
Certainlythey arebig challenges.

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

22.

Both are manifestation®f the XP practiceof simple
design.

Theway YAGNI is usuallydescribedit saysthatyou
shuldnt addary codethatwill only be usedby afea-
ture thatis neededtomorrav. On the faceof it this
soundssimple. The issuecomesup with suchthings
areframevorks,reusableomponentsand e xible de-
sign. Suchthingsare complicatedto build. You pay
an extra up-front costto build them, in the expecta-
tion thatyou will gainbackthatcostlater This idea
of exibility up-frontis seenasa key partof effective
softwaredesign.

However, XP's adviceis that you not build e xible
componentandframenorksfor the rst casehatneeds
thatfunctionality Letthesestructuregrow asthey are
neededIf | wantamone classtodaythathandlesad-
dition but notmultiplication,thenl build only addition
into the Money class.Evenif I'm surel'll needmul-
tiplicationin the next iteration,andunderstandhow to
do it easily andthink it'll be really quick to do, I'll
still leaveit till thatnext iteration.

Onereasonfor this is economic. If | have to do ary
work that's only usedfor a featurethat's neededto-
morrow, thatmeand loseeffort on featureshatneed
to bedonefor thisiteration. Thereleasglansayswhat
needso be worked on now. Working on otherthings
for thefutureis contraryto the developers'agreement
with the customer Thereis arisk thatthis iteration’s
storiesmight not getdone.Evenif thisiteration's sto-
ries arenot at risk, it's up to the customerto decide
whatextrawork shouldbe done— andthatmight still
notinvolve multiplication.

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

BROOKS

The developmentof the massmarletis, | believe, the
most profound long-run trend in software engineer
ing. The costof software hasalways beendevelop-
mentcost,notreplicationcost. Sharingthatcostamong
evenafew usersradically cutsthe perusercost. An-
otherway of lookingatit is thattheuseof n copiesof a
softwaresystemeffectively multipliesthe productvity
of its developersby n. Thatis anenhancemenaf the
productvity of thedisciplineandof the nation.

Thekey issue,of coursejs applicability Canl usean
availableoff-the-shelfpackageo performmy task?A
surprisingthing hashappenedhere.During the 1950
and19605, studyafterstudyshavedthatuserswould
not use off-the shelf packagedor payroll, inventory
control, accountsrecevable, etc. The requirements
weretoospecializedthecase-to-caseariationtoo high.
During the 19805, we nd suchpackagesn high de-
mandandwidespreadise.Whathaschanged?

Not really the packagesThey maybesomavhatmore
generalizeéindsomeavhatmorecustomizable¢hanfor-
merly, but not much. Not really the applications ei-
ther If arything, the businessandscienti ¢ needsof
todayaremorediverseand complicatedhanthoseof
20yearsago.



Figure 15: Door Story 4 — Surprisingly, the repository alsoin-
cludesunused components. 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 also offers custom-
built componentsif users nd no already-assembleccompo-
nentsthat meettheir requirements.

Figure 16: Door Story 5— Sometimescomponentsare offered
still assembledwith related componentsfrom a previous con-
text. The repository prefersto presentthe entire composition,
instead of disassemblingthe unit, where suchlarger structur es
may be valuable to users.



Thebig changenasbeenin thehardware/softvarecost
ratio. The buyer of a $2-million machinein 1960felt

that he could afford $250,000morefor a customized
payroll program,one that slippedeasily and nondis-
ruptively into thecomputethostilesocialervironment.
Buyersof $50,0000f ce machinegodaycannotcon-

ceivably afford customizedpayroll programs;so they

adapttheir payroll procedurego the packagesvail-

able. Computersarenowv socommonplaceif notyet

sobeloved, thatthe adaptationsireacceptedisa mat-

ter of course.

| still remembethejolt | feltin 1958whenl rst heard
a friend talk aboutbuilding a program,asopposedo
writing one.In a ash hebroadenedny wholeview of
the software process.The metaphorshift was power-
ful, andaccurate Todaywe understandhow like other
building processethe constructiorof softwareis, and
we freely useotherelementf the metaphorsuchas
speci cations,assemblyof componentsandscafold-
ing.

The building metaphorhasoutlived its usefulness.It
is time to changeagain.If, asl believe,theconceptual
structuresve constructodayaretoo complicatedo be
speci edaccuratelyin advance,andtoo comple to be
built faultlesslythenwe musttake aradicallydifferent
approach.

Letusturnnatureandstudycompleity in living things,
insteadof just the deadworks of man. Herewe nd
constructavhosecompleities thrill uswith awe. The
brain aloneis intricate beyond mapping,powerful be-
yond imitation, rich in diversity and self-renaving.
Thesecrets thatit is grown, not built.

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

23. ENVIRONMENT

Ontheconsequencesf composingnodulesnto systemsGiven
aprogramto be“written”; to be“built”; to be“grown”; how should
this be undertaknwhenmuchbespok softwareis too expensve?
Equallyasimportant:whatwill the nal programlook like?

The procesof composingnodulesinto systemss qualitatively
differentfrom thestructuredapproactof decomposingystemsnto
modules.In a step-wisedecompositiorprocessye begin with an
ideaof whatthe systemshoulddo, a problemto be decomposed;
andwethenmalke ourdecompositionproceedingn arationalman-
ner, isolatingtheimportantdesigndecisiondn their own modules,
remwving upwarddependencie$ollowing thegrainof thedomain.
This is bestdescribedas proceedingtop-davn: from a problem
to aprogram,in contrasto the bottom-upmethodof just codinga
programwithoutthinking rst [26]. All thisis well understoodand
underliesmary modernsoftwaredevelopmenimethodsfrom Dijk-
straandWirth, throughConstantineandMills, Dahl andNygaard,
Wirfs-Brock andBooch.

The procesof composingnodulesinto systemds alsoqualita-
tively differentfrom that of building systemsstepby step. In the
extreme,agile, or leanapproachesve begin with a Person(rather
thana Problem)and mututally explore the domainuntil that Per
son's patienceor prosperityrunsout, building a programalongthe
way. Agile aproachesuild programsasmall nal slice(or experi-
mentalspike) atatime: the rst story, task,usecasdsimplemented

runningvertically all theway from thetop to the bottomof the sys-
tem, iteratingto widen this slice out to the whole system. Rather
thantrustingin a “Big DesignUp Front”, we write codebut then
revisethe programs design refactoringthe programto achieve ex-
actly the samekind of designqualities(compression¢onsiseness,
clarity, lack of dependeng resonancavith the domain)promoted
by the structuredapproacheso programming,design,and analy-
sis. All thisis alsowell understoodaspracticedand promotedby
Beck[2], Fowler [12], andotheradwocatesof the“agile” approach.
Reusds notoneof the Twelve Practicef ExtremeProgramming,
nor oneof the Valuesfrom the Glowing Whiteboardof Agile Soft-
wareDevelopment1].

The processof composingmodulesinto systemsthen,is quite
differentfrom eitherof theseapproachesWe careaboutAssets—
ComponentsSoftware,Libraries,Modules,Framevorks,Con gu-
ration,Media,ImagesQuotationsMusic, Stuff — ratherthanPer
sonsor Problemg4]. We proceedby aglomeratingheseAssets,
rememberingor you wholesale justaposinghammering,chuck-
ing themin, lling the spaceswith smallerthings,with glue,with
stringsandsealingwax, andotherfang stuff. We cantake exist-
ing “programs”as“components”or perhapsegin our programby
copying oneor moreexisting programsandthenaddingmorecom-
ponents,adjustingtheir con gurations, or modifying them only
whereabsolutelynecessaryor whereit lookslike fun). Therecan
beacompleteabsensef ary traditionally-recognisetbrmsof cod-
ing, design,or analysis,no refactoring,no stories,not top down,
not bottomup, not horizontalor vertical, but randomsplodgesof
functionbasedonly uponwhaterer comesto hand.

Oneirony of object-orientedorogramming,extreme program-
ming, agile development,lean coding, aspect-orientedeparation
of advancedmeta-concerngtceten, is thatthequalitiesandkinds
of programsthey aim to createare all exactly the same— disre-
gardingminor differencesof fashionin underlyingprogramming
languages. High cohesion,low coupling, low redundang, high
functionality Thetopologyandstructureof greatmodernprograms
is remarkablysimilar — the THE OperatingSystem,Sketchpad,
EmacsUnix, Smalltalk,the Wiki, TeX.

Whatwe now think of asa program— Ea: the programthatis,
all-the-program-there-as, what we have put togetherandchoose
to take as program,what we separaterom all thatis arbitrarily
not-program— is this aglomerationthis collage,this text. Some
componentsirebiggerthanothers;somecomponentsremoreim-
portantthan others;and yet — thereis no big story thereis no
“main component”thereis no mainroutine— or if thereis some-
thing claimingto be amaincomponenttherewill be mary staking
thatclaim.

Early programswere written by one programmer All kinds of
softwareengineering— whetherthe standardeinddocumentation
of hearyweight processesyr the panopticorof agile development
— attemptto keepup this ction, the programshouldlook asif it
waswritten by one programmer Whatwe now think of asa pro-
gramlooks asif it waswritten by mary people,at mary different
times, in mary differentlanguagesasif thesepeoplewere com-
petitors,asif they hatedeachother asif they aredidn't care,and
arenotunashamed.

In otherwords: penasive reusepromotesachangen themethod
of constructiorof the program,andin the programitself.

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

OBSCURISM: Thepracticeof pepperingdaily life with obscure
referencegforgotten Ims, deadTV stars,unpopularbooks,



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

the smaller sub-componentsoffered for reuse.
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defunctcountriesgtc.) asa subliminalmeansof shavcasing
bothone's educatiorandone’s wish to disassociatérom the

world of massculture.
— DouglasCoupland Geneartion X [9]

MCILR OY

TheMarket

Comingfrom oneof the larger sophisticatedisersof
machines| have ampleopportunityto seethe tragic
wasteof currentsoftwarewriting techniques At Bell
Telephond.aboratoriesve have aboutl00generapur
posemachinesrom adozermanufcturers Eventhough
mary arededicatedo specialapplicationsa tremen-
dousamountof similar software must be written for
each. All needinput-outputcorversion, sometimes
only single alphabeticcharactersand octal numbers,
somefull-blown Fortranstylel/O. All needassemblers
andcould usemacro-processorghoughnot necessar
ily compilingon the samehardware.Mary needbasic
numericalroutinesor sequencgeneratorsMost want
speedatall costs,afew wantconsiderableobustness.

Needlesgo saymuchof this supportprogrammings
donesub-optimally and at a severe scienti ¢ penalty
of diverting the machines ownersfrom their central
investigations. To constructthesesystemsof high-
classcomponentrywe would have to surroundeach
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of some50 machineswith apermanentoterieof soft-
ware specialists. Wereit possiblequickly andcon -
dentlyto avail oursehesof the bestthereis in support
algorithms,a teamof software consultantsvould be
ableto guidescientistsowardsrapidandimprovedso-
lutionsto themoremundanesupporfproblemsof their
personabkystems.

In describingheway Bell Laboratoriesnightusesoft-
warecomponentd, haveintendedo describedhemar
ket in microcosm. Bell Laboratoriess not typical of
computerusers. As a researchand developmentes-
tablishment,it must perforcespendmore of its time
sharpeningts tools, andlessusingthemthandoesa
productioncomputingshop. But it is exactly sucha
systems-orientecharket toward which a components
industrywould bedirected.

Themarletwould consisbf specialistsn systenmbuild-
ing, who would be able to usetried partsfor all the
morecommonplac@artsof theirsystemsThebiggest
customersof all would be the manugcturers. (Were
they not it would be a suresignthatthe offeredprod-
uctswerent goodenough.)The ultimateconsumeof

systemsbasedon componentoughtto seeconsider

ablyimprovedreliability andperformanceasit would

becomepossibleto expendproportionallymoreeffort

on critical partsof systemsandalsoto avoid the now

prevalentfailings of the more mundanepartsof sys-
tems,which have beenspeci ed by experts,andhave

thenbeenwritten by hacks.

— M. DouglasMcllroy, MassProducedSoftwae Com-
ponentq21]

COX

Softwarecrisis

The gunsmithshopin colonial Williamshurg, Va., is
a fascinatingplaceto watch gunsmithsbuild gunsas
we build software: by fabricatingeachpartfrom raw
materialsandhand- tting eachpartto eachassembly
Whenl waslastthere thegunsmithwas ling abeau-
tifully proportionedwood screv from a wroughtiron
rod thathe'd forgedon thearvil behindhis shop,cut-
ting its threadsentirelyby handandby eye. | wasfas-
cinatedby how hetesteda newly forgedgunbarrel—
chaging it with four timesthe normalload, strapping
it to alog, andletting “errip from behinda sturdyshel-
ter— nottheleasthinderedby academisas paralyzing
obsessioithatsuchtesting only' revealsthe presence
of defectsnottheir absence.

The cottage-industrapproactto gunsmithingwasin
harmoly with the economic,technological,and cul-
turalrealitiesof colonial America. It madesenseo ex-
pendcheapaboraslong assteelwasimportedatgreat
costfrom Europe.But asindustrializationdrove mate-
rials costsdown anddemandexceededvhatthe gun-
smithscould produce they beganto experiencepres-
suretoreplacethecottage-industrgunsmiths process-
centeredapproachwith a product-centeredpproach;
high-precisiorinterchangeablpartsto addresshecon-
sumers demandor lesscostly, easilyrepairablgorod-
ucts.



The sameinexorable pressurds happeningtoday as
the costof hardware plummetsand demandfor soft-
ware exceedsour ability to supplyit. As irresistible
forcemeetammaovableobject,we experiencehepres-
sureasthesoftwarecrisis: theawarenesshatsoftware
is too costly andof insufcient quality, andits devel-
opmentnearlyimpossibleto manage.

Insofar asthis pressuras truly inexorable,nothingwe
think or do will standin its path. The software in-
dustrial revolution will occur sometime someavhere,
whetherourvaluesystemis for it or againsit, because
it is ourconsumersvaluesthatgoverntheoutcome It
is only a questionof how quickly, andof whetherwe
or ourcompetitorswill servicetheinexorablepressure
for change.

— BradJ. Cox, Planningthe Softwae Industrial Rev-
olution[10]

Modernism: Modernisms alchemisticpromise— to transform

quantity into quality throughtabstractionand repitition —
hasbeenafailure,a hoax: magicthatdidn't work. Its ideas,
aestheticsstratgiesare nished. Toghetherall attemptsto
male a nev beginning have only discreditedthe idea of a
new beginning. A collective shamen thewake of this asco
hasleft a massve craterin our understandingf modernity
andmodernization.

— RemKoolhaasandBruceMau, S,M, L, XL [17]

26.

NORMAN

Two Kinds of Market Economies: Substitutableand
Nonsubstitutable

Theimportanceof a properinfrastructuregoesbeyond
its impact upon usefulnessand intrusiveness. It can
determinethe entire successandfailure of a technol-
ogy. Thelessonof ThomasEdisonandhis choiceof
anincompatibleinfrastructurepothfor electricityand
the phonographleadsto a moregenerallessonabout
themarletplace.

Therearetwo kindsof economianarkets: substitutable
and nonsubstitutable.Substitutablegoodsare prod-
uctslike groceriesclothes,andfurniture. Nonsubsti-
tutablegoodsareinvariably infrastructures.The two
have verydifferentpropertiesMostrecentooksabout
the businessand marketing side of technologymiss
this distinction,but a company that providesa substi-
tutable good must function very differently than one
thatprovidesa nonsubstitutablene.

In asubstitutablenarketplace goodsof onemanufc-
turer canbe substitutedor goodsof another This is
theclassicmarlket-driveneconomywherecompetition
prevails. This appliesto food andnevspapersto auto-
mobilesandtelevision sets.In this marketplace stan-
dardmarlet forcesareat work andthe market canbe
sharedamongcompetitors.Usually, onecompany has
asubstantialead,but the otherscancoexist in relative
stability. This is a classiccaseof free market com-
petition. The choiceof one substitutablegood makes
no commitmentor thefuture. The consumercanbuy

27.

a Pepsitodayanda Coke tomorrav: the rst choice
doesnotconstrainthesecond.

In a nonsubstitutablenarket, the requiredinfrastruc-
ture meansthat goodsfrom one manufcturercannot
besubstitutedor goodsof another Thisis themarket-

placethat Edisonfound himselfin with his useof DC

electricityoverthe competitions useof AC. It wasthe
samestorywith his useof vertically cut cylindersand
discswhenthe competitionusedlaterally cut discs. It

is whathappeneavith Betavideocassetteecorders.

Oncethereis anonsubstitutablenarketis doesnt mat-
terhow goodthe productis.

— DonaldA. Norman,ThelnvisibleComputef23])(pp.116—

117)

ROBINSON, HOVENDEN,
HALL, AND RACHEL

FordismandpostFordism

WhenBradCox[1990]wrotehisriposteto FredBrooks,
heproposedisasilverbulletatechnicakolutionbased
oncomponentsakingamanufcturingviewpointlean-
ing heavily ontheexperienceof mass-productiorThis
approachs known asFordism,or Taylorism,andmuch
of software developmenthas beengroundedin this
view of humanindustrialactiity.

Robin Murray [1989] has given a very readableac-
countof Fordism and post-Fordism. Fordism began
atthestartof thetwentiethcentury andhasdominated
industrialprocessesince.It hasfour basicprinciples:

standardiseg@roducts
repeatedaskshaving potentialfor automation

unautomatethsksanalysedisingwork studymeth-
ods, to enablethe easytraining of workers and
their easyreplacement— this is the scienti c
managemendf FredTaylor, alsoknowvn asTay-
lorism.

productionineswith thework moving to thework-
ers.

This methodof productionhad high initial costsand
relied upon large volumesof sales,and thus heary

marketing and even the manipulationof the market.

Managemente/erevery hierarchical Labourrelations
were poor, andturnover of emplg/eeswas large due
to the mechanicahatureof the employment. Fordist
ideaswerenot restrictedto Europeand America,and
were also keenly adoptedwithin the industrialisation
programsf the former Communistlock.

We seeFordismandTaylorismin the softwarelifecy-
cle and software developmentmethodologies.While
we do nothave productionlinesin computingwith de-
tailed specialisationyve do identify differentskills of
analysisand programming testingand management,
anddecompos¢hework into discretestepsvherespe-
cialistsareappliedusingtheir speci c skills. Thespe-
cialisationmay further breakdevn into programmers
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skilledwith particularprogrammindanguagesjesign-
ersspecialisedn particulartypesof systemdike com-

municationsdatabasandinterfacesandanalystspe-
cialisedin particularapplicationareasfrom command
and control to bankingto ight control. The Fordist

view is further seenin the preoccupatiorwith met-

ricsandprocessmprovementtheemphasi®ncontrol

(‘you cannotcontrolwhatyou cannotmeasure").

Alternativesto Fordismarosewithin retailingandfrom

theremovedinto manufcturing.Informationtechnol-
ogy is seenas critically importantin thesedevelop-
ments,enablingretailerslike Sainslurys to track the
stocksin their storesandthesalesduringthedayto ar

rangedelivery of just the correctquantitiesfrom their
warehousesvernight. Fromthereit wasa small step
to by-pasghewarehouseandorderdirectly from the
suppliers,sothatthe supplierstunedtheir production
to the retailing needson a daily cycle. The needfor

the holding of large stockswasremoved, this is just-
in-time manufcturing.

At themanufcturingend, e xibility wasalsoachiered

throughinformationtechnologywith theleadcoming
from Japanfrom Toyota, reputedlyfollowing a visit

to the US by Toyotawho saw thepost-Fordistretailing

there.Themove wasto reskill workers,usingmethods
like quality circlesto tap the knowledgeof the work-

ers.“In post-Fordism,theworkeris designedo actas
acomputeraswell asamachine”(Murray 1989p272)
And the specialistmachineryitself wasalso e xible,

beinggeneralpurposeand capableof beingsetup for

someotherjob very quickly indeed.

Fromtherethe next stepwasto subcontractvherever
possible. The retailing equivalent hasbeenfranchis-
ing. Thepracticeof Benettorin thetextilesandcloth-
ing industryis usedas an exampleof this trend, di-
rectly employing a few thousancpeoplebut indirectly
emplogying tensof thousandshroughsubcontracting
of manufcture, and franchisingsales. Information
technologyhasbeercritical in monitoirngsalesworld-
wide, noticingtrends andswitchingproductiorto meet
theordersfrom shops.

— HughRobinsonFionaHovendenPatHall andJanet
Rachel,PostmoderrSoftwae Development[29]

NAUR AND RANDELL

Ther was a consideable amountof debateon what
somemembes choseto call the softwae crisis or the
softwae gap. Aswill be seenfromthe quotationsbe-
low, theconfeencemembes hadwidelydifferingviews
on the seriousnessyr otherwise of the situation,and
ontheextentof the problemareas.

DavidandFraser: (from their Positionpapel) Thereis
a widening gap betweenambitionsand achiezements
in software engineering.This gapappearsn several
dimensions: betweenpromisesto usersand perfor
manceachieved by software, betweenwhat seemsto
be ultimately possibleandwhatis achiezablenow and
betweerestimateof softwarecostsandexpenditures.
Thegapis arisingat a time whenthe consequencesf
softwarefailurein all its aspectsrebecomingncreas-
ingly serious. Particularly alarmingis the seemingly

unavoidablefallibility of large software, sincea mal-
functionin anadvancechardvare-softvaresystencan
be a matterof life anddeath,notonly for individuals,
but alsofor vehiclescarryinghundredsof peopleand
ultimatelyfor nationsaswell.

Hastings: | amvery disturbedthat an auraof gloom
hasfallen over this assembly | work in an environ-
mentof mary largeinstallationsusingOS/360.These
are complex systems,being usedfor mary very so-
phisticatedapplications. Peopleare doing what they
needto do, atamuchlower costthanever before;and
they seento bereasonablgatis ed. Perhapsheirsys-
temsdo not meeteverybodys need,they don't meet
the time sharingpeoples demandgor example,but |
don't think software engineeringshouldbe confused
with time sharingsystemengineeringAreaslik e traf-
¢ control, hospitalpatientmonitoring, etc. arevery
explosive, but are very distinct from generalpurpose
computing.

Gillette: We arein mary waysin an analogougosi-

tion to the aircraftindustry which alsohasproblems
producingsystemson scheduleand to speci cation.

We perhapshave moreexamplesof badlarge systems
thangood,but we area youngindustryandarelearn-

ing how to do better

Randell: Thereareof coursemary goodsystemshput
areary of thesegoodenoughto have humanlife tied
onlineto them,in the sensethatif they fail for more
thana few secondsthereis a fair chanceof one or
morepeoplebeingkilled?

Graham:| donotbelieve thatthe problemsarerelated
solelyto onlinesystemslt is my understandinghatan

uncritical belief in the validity of computesproduced
resultgfrom abatch-processingpmputer)vasatleast
acontritutory causeof afaulty aircraftdesigrnthatlead

to severalseriousair crashes.

Perlis: Many of uswouldagreghatMultics andTSS/360
have takenalot longerto developthanwe would have
wished,andthat OS/360is disappointing. However,
perhapswe are exaggeratinghe importanceof these
facts. Is bad software thatimportantto society? Are
we too worried thatsocietywill loseits con dencein
us?

Randell: Most of my concernstemsfrom a perhaps
over-pessimisticview of what might happendirectly
asaresultof failurein anautomatedir trafc control
systemfor example.| amworriedthatour abilitiesas
softwaredesignerandproducersave beenoversold.

Opler: As someonavho ies in airplanesandbanksin
abankl'm concernegersonallyaboutthe possibility
of acalamity butI'm moreconcernedbouttheeffects
of software ascosontheoverallhealthof theindustry

Kolence:I do notlike theuseof theword crisis. It'sa
very emotionalword. Thebasicproblemis thatcertain
classeof systemsare placingdemandson us which
arebeyondour capabilitiesandour theoriesandmeth-
odsof designand productionat this time. Thereare
mary areasvherethereis no suchthing asa crisis—
sortroutines,payroll applications for example. It is
large systemgthat are encounteringgreatdif culties.



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

We shouldnot expectthe productionof suchsystems
to beeasy

Ross: It makes no differenceif my legs, arms,brain
and digestie tractarein ne working conditionif |
am at the momentsuffering from a heartattack.l am
still very muchin acrisis.

Fraser: We are making greatprogressjput neverthe-
lessthe demandsn the industry as a whole seemto
be going aheada good dealfasterthan our progress.
We mustadmitthis, eventhoughsuchanadmissioris
dif cult.

Dijkstra: Thegenerahdmissiorof theexistenceof the
softwarefailurein this groupof responsiblgeopleis
themostrefreshingexperiencd have hadin anumber
of years becaus¢headmissiorof shortcomingss the
primary conditionfor improvement.

— P. NaurandB. Randell,Softwae Engineering:Re-
port of a confeencesponsoed by the NATO Science
Committed22]

Crisis: Whatif we simply declarethatthereis nocrisis— rede ne
ourrelationshipwith thecity notasits makersbut asits mere
subjectsasits supporters?

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

29. THE END

Is SoftwareEngineeringasadiscipline,a fraudfoundedupona
lie?

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

The Fraud: Youmustto spendotsof money to bridgea software
gap'— in truth thereis no gap.

The Consolation: Thereis no silver bullet — but there are no
weravolves.

So there have beenminor problems— from time to time the
phonenetwork crashesarocket explodes every desktopcomputer
in theworld succumbgo avirus— but we ignorethemtheway we
ignore at batteriesthe inevitably of trafc accidentsaswe walk
acrossaroadway, or dif culties we have in openingplasticbottles
of ketchup.

The dot-combubbledidn't endbecausef a “softwaregap’, be-
causeprogrammerscouldnt write proper software fast enough.
Ratherthe reverse: programmersvere able to write software so
easilythatbusinessebeganto payfor softwarethatwaspointless,
andthereforeworthless.

Softwareengineerindhasfailed, but softwareis a success.

Whatis now becomingclearis that software— irrespecte of
how it is written, built, or grovn — hasa structuremorelike a
naturalsystemhanamathematicatonstruction Therelationships
betweerthe objectsin aprogramis morelik e thatof thewordsin a
novel, thecellsin anorganism,or theleavesonatree,thanaseries
of propositiondinked by modusponeng27]. Programswill more
easilyyield their secretgo critical theory biology; or botary, than
to modallogic or complexity theory

No programis anisland: every programcontainsatraceof every
programthat hasever beenwritten, or thatwill ever be. Sowhere
doesthis leave us,attheendof Software Engineering2Ve areim-
measurablyricher dueto all the softwarein the world. We drav
uponthis software when&er we needto createsomething nen':
programmings — andalwayshasbeen— re-usere-programming.
We have the makingsof a new discipline: the naturalscienceof
composedoftware;the normalscienceof the studyof all the soft-
warein theworld.



Figure 19: Fountain Story — Mar cel Duchamp shoved the im-
portance of contextin art. Evenrecycledready-madecompo-
nents have beauty and value. The componentrepository helps
to bring the beauty and value of componentsto new usersin
new contexts.

1968: Soude pa, la plage (underthepavementpeach)initially.

May '68 launchedthe ideaof a new beginning for the city.

Sincethen,we have beenengagedn two paralleloperations:
documentingur overwhelmingawe for theexisting city, de-
veloping philosophies projects, prototypesfor a presered

and reconstitutedcity and, at the sametime, laughingthe

professionaleld of urbanisnmoutof existencedismantlingt

in our contemptor thosewho plannedlandmadehugemis-

takesin planning)airports,New Towns,satellitecities, high-

ways, high-risebuildings, infrastructuresand all the other
fallout from modernization.After sabotagingirbanismwe

have ridiculed it to the point whereentireuniversity depart-
mentsareclosed,of ces bankruptedbureaucraciesed or

privatized.

— RemKoolhaasandBruceMau, S,M, L, XL [17]

Personality: Sowhy don' all songssoundthe same? Why are

someartistsgreat, write dozensof classicsthat move you

to tears,say it like it's never beensaid before, male you

laugh,dance plow your mind, fall in love, take to the streets
andriot? Well, it's becausalthoughthe chords,notes,har

monies beatsandwordshave all beenusedbeforetheir own

soulshinesthrough;their personalitydemandsttention.

— Jimmy CaultyandBill Drummond,TheManual [5]
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PARASITE Whathappensvhena critical essayextractsa “pas-

sage”and“cites” it? Is this differentfrom acitation,echo,or
allusionwithin a poem?Is a citationan alien parasitewithin
thebodyof its host,themaintext, oris it theotherwayaround
, theinterpretatve text theparasitevhich surroundsndstran-
glesthecitationwhichis its host?
— J. Hillis Miller, asquotedin Gregory L. Ulmer, “The Ob-
jectof Post-Criticism”,in TheAnti-Aestheticessay®f Post-
modernCulture, ed. Hal Foster(Seattle.Bay Press1989),as
quotedin RemKoolhaasandBruceMau, S,M,L,XL[17]




