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Firstof cial presentatiorttheLinux Kongress.

| anatomizea successfubpen-sourc@roject,fetchmail,thatwasrun asa deliberateestof some
surprisingtheoriesaboutsoftwareengineeringsuggestedy the historyof Linux. | discusshesetheories



in termsof two fundamentallydifferentdevelopmenstyles,the “cathedral’modelof mostof the
commercialorld versusthe“bazaar’modelof the Linux world. | shav thatthesemodelsderive from
opposingassumptionaboutthe natureof the software-deliggingtask.| thenmake a sustainedirgument
from the Linux experiencefor the propositionthat“Givenenougheyeballs,all bugsareshallov”,
suggesproductive analogieswith otherself-correctingsystemf sel sh agentsandconcludewith
someexplorationof theimplicationsof this insightfor the future of software.

1. The Cathedral and the Bazaar

Linux is subversive. Who would have thoughteven ve yearsago(1991)thataworld-classoperating
systemcouldcoalescesif by magicout of part-timehackingby severalthousandievelopersscattered
all overtheplanet,connectednly by thetenuousstrandof the Internet?

Certainlynot|. By thetime Linux swamontomy radarscreenin early1993,1 hadalreadybeeninvolved
in Unix andopen-sourcelevelopmentor tenyears.| wasoneof the rst GNU contributorsin the
mid-1980s. hadreleased gooddealof open-sourceoftwareontothe net,developingor co-deseloping
severalprogramgnethackEmacss VC andGUD modesxlife, andothers)thatarestill in wide use
today | thoughtl knew how it wasdone.

Linux overturnedmuchof whatl thoughtl knew. I hadbeenpreachinghe Unix gospelof smalltools,
rapid prototypingandevolutionaryprogrammingor years But | alsobelievedtherewasa certaincritical
complexity above which amorecentralizeda priori approactwasrequired.| believedthatthe most
importantsoftware (operatingsystemsandreally largetoolslik e the Emacsprogrammingeditor) needed
to bebuilt like cathedralsgarefully craftedby individual wizardsor smallbandsof magesworkingin
splendidisolation,with no betato bereleasedeforeits time.

Linus Torvalds's styleof development releaseearly andoften, delegateeverythingyou can,be opento
the point of promiscuity- cameasa surprise No quiet,reverentcathedral-hilding here—rather the
Linux communityseemedo resemblea greatbabblingbazaaiof differingagendasndapproaches
(aptly symbolizedby the Linux archie sites,who'd take submissiongrom anyone) out of whicha
coherentindstablesystemcould seeminglyemegeonly by a successionf miracles.

Thefactthatthis bazaarstyle seemedo work, andwork well, cameasa distinctshock.As | learnedmy
way around,| workedhardnotjustatindividual projects but alsoat trying to understandvhy the Linux
world notonly didn't y apartin confusionbut seemedo go from strengthto strengthat a speecbarely
imaginableto cathedral-hbilders.



By mid-1996I thoughtl wasbeginningto understandChancenandedmea perfectway to testmy
theory in theform of anopen-sourcerojectthat! couldconsciouslytry to runin thebazaarstyle.Sol
did —andit wasa signi cant success.

This s thestoryof thatproject.!' Il useit to proposesomeaphorismsabouteffective open-source
developmentNot all of thesearethings! rst learnedn the Linux world, but we'll seehow the Linux
world givesthemparticularpoint. If I'm correctthey'll helpyou understanaxactly whatit is that
malkesthe Linux communitysucha fountainof goodsoftware— and,perhapsthey will helpyoubecome
moreproductveyourself.

2. The Mail Must Get Through

Since1993I' d beenrunningthetechnicalsideof a smallfree-accesiternetserviceprovider called
ChesterCountylnterLink (CCIL) in WestChesterPennsylania.l co-foundedCCIL andwrote our
uniquemultiuserbulletin-boardsoftware— you cancheckit out by telnettingto locke.ccil.og
(telnet://locle.ccil.og). Todayit supportsalmostthreethousanduserson thirty lines. Thejob allowedme
24-houra-dayaccesgo the netthroughCCIL's 56K line — in fact,the job practicallydemandedt!

| hadgottenquite usedto instantinternetemail.| found having to periodicallytelnetoverto locke to
checkmy mail anng/ing. What!l wantedwasfor my mail to be deliveredon snark(my homesystem)so
that! would be noti ed whenit arrivedandcouldhandleit usingall my localtools.

Thenternets native mail forwardingprotocol, SMTP (SimpleMail TransferProtocol),wouldn't suit,
becausét worksbestwhenmachinesareconnectedull-time, while my personamachineisn't always
onthenet,anddoesnt have a staticlP addressWhat| neededvasa programthatwould reachout over
my intermittentdialup connectiorandpull acrossmy mail to bedeliveredlocally. | knew suchthings
existed,andthatmostof themuseda simpleapplicationprotocolcalledPOP(PostOf ce Protocol).POP
is now widely supportedy mostcommonmail clients,but atthetime, it wasnt built-in to themail
reader wasusing.

| neededh POP3client. Sol wentoutonthenetandfoundone.Actually, | foundthreeor four. | used
oneof themfor awhile, but it wasmissingwhatseemednobviousfeature the ability to hackthe
addresseen fetchedmail soreplieswould work properly

The problemwasthis: supposesomeonsamedjoe’ onlocke sentmemail. If | fetchedthe mail to snark
andthentried to reply to it, my mailerwould cheerfullytry to shipit to anoneistent’joe' on snark.



Hand-editingreply addresseto tackon “@ccil.olg' quickly gotto bea seriouspain.

This wasclearly somethinghe computerughtto bedoingfor me.But noneof theexisting POPclients
knew how! And this bringsusto the rst lesson:

1. Every good work of software starts by scratching a developer’s personal itch.

Perhapshis shouldhave beenobvious(it's long beenproverbialthat“Necessityis the motherof
invention”) but too often softwaredevelopersspenctheir daysgrindingaway for payat programshey
neitherneednor love. But notin the Linux world — which may explain why the averagequality of
softwareoriginatedin the Linux communityis sohigh.

So,did | immediatelylaunchinto a furiouswhirl of codingup a brand-nev POP3clientto competewith
theexistingonesMot onyour life! | lookedcarefullyatthe POPutilities | hadin hand,askingmyself
“which oneis closesto whatl want?”Because

2. Good programmers know what to write. Great ones know what to rewrite (and reuse).

While | don't claimto beagreatprogrammerl try to imitate one.An importanttrait of the greatonesis
constructve lazinessThey know thatyou getanA not for effort but for results,andthatit's almost
alwayseasierto startfrom a goodpartial solutionthanfrom nothingatall.

Linus Torvalds(http://www.tuxedo.og/~esr/ags/linus),for example,didn't actuallytry to write Linux
from scratchinstead he startedby reusingcodeandideasfrom Minix, atiny Unix-like operatingsystem
for PCclones Eventuallyall the Minix codewentaway or wascompletelyrewritten— but while it was
there,it providedscafolding for theinfantthatwould eventuallybecomelLinux.

In thesamespirit, | wentlooking for anexisting POPutility thatwasreasonablyvell codedto useasa
developmentase.

Thesource-sharingradition of the Unix world hasalwaysbeenfriendly to codereuse(this is why the
GNU projectchoseUnix asabaseOS, in spiteof seriousresenationsaboutthe OSitself). The Linux
world hastakenthis traditionnearlyto its technologicalimit; it hasterabyteof opensourcegyenerally
available.Sospendingime looking for someelses almost-good-enougis morelikely to give you good
resultsin theLinux world thanarywhereelse.

[SP] Of courseKropotkin's critiqueandLinus's Law raisesomewider issuesaboutthe cyberneticof
socialorganizationsAnotherfolk theoremof softwareengineeringsuggest®neof them;Conway's Law
—commonlystatedas“If you have four groupsworking onacompiler you'll geta4-passcompiler”.
Theoriginal statementvasmoregeneral:‘Organizationsvhich designsystemsareconstrainedo
producedesignsvhich arecopiesof the communicatiorstructureof theseorganizations. We might put
it moresuccinctlyas“The meangdletermineheends”,or even“Processbecomegproduct”.

It is accordinglyworth notingthatin the open-sourceommunityorganizationaform andfunction
matchon mary levels. Thenetwork is everythingandeverywherenotjustthe Internet,but the people
doingthework form a distributed,looselycoupled peerto-peemetwork which providesmultiple
redundany anddegradesvery gracefully In bothnetworks, eachnodeis importantonly to theextent
thatothernodeswantto cooperatavith it.

The peerto-peermartis essentiato the community’s astonishingproductvity. The point Kropotkin was
trying to make aboutpower relationshipss developedfurtherby the "'SNAFU Principle': “True
communicationis possibleonly betweerequals pecausénferiorsaremoreconsistentlyrewardedfor
telling their superiorgpleasanties thanfor telling thetruth”” Creative teamvork utterly dependontrue
communicatiorandis thusvery seriouslyhinderedby the presencef power relationshipsThe
open-sourceommunity effectively free of suchpower relationshipsis teachingusby contrasthow
dreadfullymuchthey costin bugs,in loweredproductvity, andin lostopportunities.

Further the SNAFU principle predictsin authoritariarorganizationsa progressie disconnecbetween
decision-makrsandreality, asmoreandmoreof theinputto thosewho decidetendsto becomepleasant
lies. Theway this playsoutin conventionalsoftwaredevelopments easyto seetherearestrong
incentivesfor theinferiorsto hide,ignore,andminimize problemsWhenthis processdecomegproduct,
softwareis a disaster
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That,however, is anegative point. Thereademwould be bettersenedby a positive one.| suggestasan
experiment;thefollowing;

- Pickacriterionfor originality thatyou believe you canapply consistentlylf your de nition is “I
know it whenl seeit”, that's nota problemfor purpose®f thistest.

Pick ary closed-sourceperatingsystemcompetingwith Linux, anda bestsourcefor accountf
currentdevelopmentvork onit.

WatchthatsourceandFreshmeator onemonth.Every day, countthe numberof release
announcementsn Freshmeathatyou consider original' work. Apply the samede nition of
“original' to announcement®r thatotherOSandcountthem.

Thirty dayslater, total up both gures.

Theday! wrotethis, Freshmeatarriedtwenty-two releaseannouncementsf which threeappeathey
might pushstateof theartin somerespectThis wasa slow dayfor Freshmeathut | will beastonishedf
ary readereportsasmary asthreelikely innovationsa month in ary closed-sourcehannel.

[EGCS] We how have historyon a projectthat,in severalways,may provide a moreindicative testof the
bazaapremisethanfetchmail, EGCS(http://egcs.ggnus.com/)the ExperimentalGNU Compiler
System.

This projectwasannouncedh mid-Augustof 1997asa consciousattemptto applytheideasin theearly
public versionsof “The Cathedrabndthe Bazaar”.The projectfounderdfelt thatthe developmenbf
GCC,theGnuC Compiler hadbeenstagnatingFor abouttwenty monthsafterwards,GCCandEGCS
continuedasparallelproducts- bothdrawing from the samelnternetdeveloperpopulation bothstarting
from the sameGCC sourcebase bothusingpretty muchthe sameUnix toolsetsanddevelopment
ervironment.Theprojectsdifferedonly in thatEGCSconsciouslytried to applythebazaatactics| have
previously describedwhile GCCretaineda morecathedral-lile organizatiorwith acloseddeveloper
groupandinfrequentreleases.

This wasaboutascloseto a controlledexperimentasonecouldaskfor, andtheresultsweredramatic.
Within months the EGCSversionshadpulled substantiallyaheadn featuresbetteroptimization,better
supportfor FORTRAN andC++. Many peoplefoundthe EGCSdevelopmensnapshotso bemore
reliablethanthe mostrecentstableversionof GCC,andmajorLinux distributionsbeganto switchto
EGCS.

In April of 1999,the FreeSoftwareFoundation(theof cial sponsor®f GCC)dissohedtheoriginal
GCCdevelopmengroupandof cially handecdcontrolof theprojectto thethe EGCSsteeringteam.
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And it did for me.With thosel' d found earlier my secondsearchmadeup a total of ninecandidates-
fetchpop,PopTart, get-mail,gwpop,pimp, pop-perl,popc,popmailandupop.Theonel rst settledon
was fetchpop'by Seung-Hongdh. | putmy headerrewrite featurein it, andmadevariousother
improvementsvhich theauthoracceptednto his 1.9release.

A few weekslater, though,| stumbledacrosshecodefor “popclient'by Carl Harris,andfound| hada
problem.Thoughfetchpophadsomegoodoriginalideasin it (suchasits background-daemamode),it
couldonly handlePOP3andwasratheramateurishlycoded(Seung-Hongvasat thattime a bright but
inexperiencegprogrammerandbothtraits shoved). Carl's codewasbetter quite professionakndsolid,
but his programlacked severalimportantandrathertricky-to-implementetchpopfeaturegincluding
thosel'd codedmyself).

Stayor switch?If | switched ' d bethrowing away the codingl' d alreadydonein exchangefor abetter
developmentbase.

A practicalmotive to switchwasthe presencef multiple-protocolsupport POP3is the mostcommonly
usedof thepost-ofce senerprotocols,but nottheonly one.Fetchpopandthe othercompetitiondidn't
doPOP2 RPORor APOR andl wasalreadyhaving vaguethoughtsof perhapsaddingIMAP
(http://www.imap.og) (InternetMessageAccessProtocol the mostrecentlydesignecandmostpowerful
post-ofce protocol)justfor fun.

But | hadamoretheoreticareasorto think switchingmight beasgoodanideaaswell, something
learnedong beforeLinux.

3. “Plan to throw one away; you will, anyhow.” (Fred Brooks, “The Mythical Man-Month”, Chapter 11)

Or, to putit anothemway, you oftendon't really understandhe problemuntil afterthe rst time you
implementa solution.The secondime, maybeyou know enoughto doiit right. Soif youwantto getit
right, bereadyto startoverat least once[JB].

Well (I told myself)thechangego fetchpophadbeenmy rst try. Sol switched.

After | sentmy rst setof popclientpatchego CarlHarrison 25 Junel996,| foundoutthathe had
basicallylostinterestin popclientsometime before.The codewasa bit dusty with minor bugshanging
out.| hadmary changes$o make,andwe quickly agreedhatthelogical thing for meto do wastake over
theprogram.



Without my actuallynoticing, the projecthadescalatedNo longerwasl justcontemplatingninor
patchego anexisting POPclient.| took on maintaininganentireone,andtherewereideasbubblingin
my headthat! knew would probablyleadto majorchanges.

In asoftwareculturethatencouragesode-sharingthisis a naturalway for a projectto evolve.l was
actingoutthis principle:

4. If you have the right attitude, interesting problems will find you.

But Carl Harris's attitudewasevenmoreimportant.He understoodhat

5. When you lose interest in a program, your last duty to it is to hand it off to a competent successor.

Without ever having to discusst, Carland! knew we hada commongoalof having the bestsolutionout
there.Theonly questionfor eitherof uswaswhetherl couldestablistthat! wasa safepair of hands.
Oncel did that,he actedwith graceanddispatchl hopel will doaswell whenit comesmy turn.

3. The Importance of Having Users

And sol inheritedpopclient.Justasimportantly | inheritedpopclients userbase Usersarewonderful
thingsto have, andnotjust becaus¢hey demonstratéhatyou're servinga need thatyou'vedone
somethingight. Properlycultivated they canbecomeco-developers.

Anotherstrengthof the Unix tradition,onethatLinux pushego a happy extreme,is thatalot of usersare
haclerstoo. Becausesourcecodeis available,they canbeeffective haclers.This canbetremendously
usefulfor shorteningdehuggingtime. Givenabit of encouragemenyour userswill diagnoseproblems,
suggestx es,andhelpimprove the codefar morequickly thanyou couldunaided.

6. Treating your users as co-developers is your least-hassle route to rapid code improvement and effective
debugging.

Thepower of this effectis easyto underestimatdn fact, prettywell all of usin the open-sourcevorld
drasticallyunderestimatetiow well it would scaleup with numberof usersandagainssystem

opensourcethatoneis spoiledfor choice.The GNOME project(to pick oneof mary) is pushingthe
stateof theartin GUIs andobjecttechnologyhardenoughto have attractedconsiderablaoticein the
computertradepresswell outsidethe Linux community Otherexamplesarelegion, asa visit to
Freshmeathttp://freshmeat.netfn ary givendaywill quickly prove.

But thereis amorefundamentaérrorin theimplicit assumptiorthatthe cathedral model (or thebazaar
model,or ary otherkind of managemengtructure)cansomeha make innovationhapperreliably. This
is nonsenseGangsdon't have breakthroughnsights— evenvolunteergroupsof bazaamanarchistare
usuallyincapableof genuineoriginality, let alonecorporatecommitteef peoplewith asurvival stalein
somestatusquoante.Insight comes from individuals. The mosttheir surroundingsocialmachinerycan
ever hopeto dois to beresponsive to breakthroughnsights— to nourishandrewardandrigorouslytest
theminsteadof squashinghem.

Somewill characterizehis asaromanticview, areversionto outmodedone-inventorstereotypesNot
so; | amnotassertinghatgroupsareincapableof developing breakthrougtinsightsoncethey have been
hatchedijndeed we learnfrom the peerreview procesghatsuchdevelopmengroupsareessentiato
producinga high-qualityresult.Ratherl ampointingout thatevery suchgroupdevelopmenstartsfrom
—is necessarilgparledby — onegoodideain onepersons head Cathedral@ndbazaarsindothersocial
structuresancatchthatlightning andre ne it, but they cannotmake it on demand.

Thereforetheroot problemof innovation(in software,or arywhereelse)is indeedhow notto squastit —
but, evenmorefundamentallyit is how to grow lots of people who can have insights in the first place.

To supposehatcathedral-stylelevelopmentcould managehis trick but thelow entrybarriersand
processuidity of thebazaaicannotwould beabsurdlIf whatit takesis onepersonwith onegoodidea,
thena socialmilieu in which onepersoncanrapidly attractthe cooperatiorof hundredsr thousandsf
otherswith thatgoodideais goinginevitably to out-innovateary in which thepersonhasto doa
political salegob to a hierarchybeforehe canwork on hisideawithoutrisk of getting red.

And, indeed,if we look atthe historyof softwareinnovationby organizationsisingthe cathedramodel,
we quickly nd it is ratherrare.Largecorporationgely on universityresearctor new ideas(thusthe
HalloweenDocumentsauthors'uneaseboutLinux's facility at cooptingthatresearchmorerapidly). Or
they buy out smallcompaniesuilt aroundsomeinnovator'sbrain. In neithercaseis theinnovation
native to the cathedratulture;indeed mary innovationssoimportedendup beingquietly sufocated
underthe "massve level of managementthe HalloweenDocuments‘authorssoextol.
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MacCormaclof theHarvard BusinessSchoolfor pointingmeat evidencethatrelaxingeitheroneof
theseconstraintanmake schedulingvorkable.

Onewaytodothisisto x thedeadlinebut leave thefeaturelist e xible, allowing featurego drop off if
notcompletecby deadlineThis is essentiallythe strateyy of the"stable"kernelbranch;Alan Cox (the
stable-lernelmaintainer)putsoutreleasesit fairly regularintervals,but makesno guaranteeabout
whenparticularbugswill be x edor featureshack-portedrom the experimentabranch.

Theotherway to dothis is to seta desiredfeaturelist anddeliver only whenit is done.Thisis essentially
thestratgy of the"experimental'kernelbranch De MarcoandLister citedresearctshaving thatthis
schedulingoolicy (“wake meup whenit's done")producesiotonly the highestquality but, on average,
shorterdelivery timesthaneither"realistic" or "aggressie” scheduling.

| have cometo suspecfasof early2000)thatin earlierversionsof this paperl severelyunderestimated
theimportanceof the "wake meup whenit's done"anti-dealingpolicy to the open-sourceommunity’s
productvity andquality. Generalexperiencewith therushedGNOME 1.0in 1999suggestshatpressure
for aprematureeleasecanneutralizemary of the quality bene tsopensourcenormallyconfers.

It maywell turn outto bethatthe procesdransparengof opensourceis oneof threecoequaldriversof
its quality, alongwith "wake meup whenit's done"schedulinganddeveloperself-selection.

[IN] An issuerelatedto whetheronecanstartprojectsfrom zeroin thebazaastyleis whetherthe bazaar
styleis capableof supportingtruly innovative work. Someclaim that,lacking strongleadershipthe
bazaarcanonly handlethe cloningandimprovementof ideasalreadypresentatthe engineeringstateof
theart, but is unableto pushthe stateof theart. This agumentwasperhapsnostinfamouslymadeby

the HalloweenDocumentghttp://www.opensource.arhalloveen/) two embarrassingternalMicrosoft
memorandavritten aboutthe open-sourc@henomenorTheauthorscompared.inux's developmenbf a
Unix-lik e operatingsystento “chasingtaillights”, andopined“(oncea projecthasachieved"parity" with
thestate-of-the-artithelevel of managememecessaryo pushtowardsnew frontiersbecomesnassie!

Thereareseriouserrorsof factimplied in this agument.Oneis exposedvhenthe Halloweenauthors
themseseleslaterobsenethat“often [...] new researclideasare rst implementecandavailableon
Linux beforethey areavailable/ incorporatednto otherplatforms’

If we read“opensource”for “Linux”, we seethatthisis farfrom anew phenomenorHistorically, the
open-sourceommunitydid notinventEmacsor the World Wide Web or the Internetitself by chasing
taillights or beingmassvely managed- andin the presentthereis somuchinnovative work goingonin
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compleity, until Linus Torvaldsshovedusdifferently.

In fact,| think Linus's cleverestandmostconsequentighackwasnot the constructiorof the Linux
kernelitself, but ratherhis inventionof the Linux developmentmodel.Whenl expressedhis opinionin
his presencence, he smiledandquietly repeatedsomethinche hasoftensaid:“I'm basicallyaverylazy
personwho likesto getcreditfor thingsotherpeopleactuallydo” Lazy like afox. Or, asRobertHeinlein
famouslywrote of oneof his characterstoo lazy to fail.

In retrospectpneprecedentor themethodsandsucces®f Linux canbe seenin thedevelopmenbf the
GNU EmacsLisp library andLisp codearchives.In contrasto the cathedral-hilding style of theEmacs
C coreandmostotherGNU tools, the evolution of the Lisp codepool was uid andvery userdriven.
Ideasandprototypemodeswereoftenrewritten threeor four timesbeforereachinga stable nal form.
And loosely-coupledtollaborationgnableddy the Internet,ala Linux, werefrequent.

Indeed my own mostsuccessfusinglehackpreviousto fetchmailwasprobablyEmacsvVC (version
control)mode,a Linux-lik e collaboratiorby emailwith threeotherpeople only oneof whom (Richard
Stallman the authorof Emacsandfounderof the FreeSoftware Foundation(http://www.fsf.org)) | have
metto thisday: It wasa front-endfor SCCS ,RCSandlater CVS from within Emacsthatoffered
“one-touch”versioncontroloperationslt evolvedfrom atiny, crudesccs.eimodesomebodyelsehad
written. And thedevelopmenif VC succeedetiecauseynlike Emacstself, EmacsLisp codecouldgo
throughrelease/test/impke generationsery quickly.

4. Release Early, Release Often

Early andfrequentreleasesireacritical partof the Linux developmenimodel.Most developers
(includingme) usedto believe this wasbadpolicy for largerthantrivial projects becausearlyversions
arealmostby de nition buggyversionsandyou don't wantto wearout the patienceof your users.

This beliefreinforcedthe generacommitmento a cathedral-hilding style of developmentlf the
overridingobjective wasfor usersto seeasfew bugsaspossible why thenyou'd only releasea version
every six months(or lessoften),andwork like a dogon detuggingbetweerreleasesThe EmacsC core
wasdevelopedthis way. TheLisp library, in effect, wasnot— becaus¢herewereactve Lisp archives
outsidethe FSF's control,whereyou couldgoto nd new anddevelopmentodeversionsndependently
of Emacssreleasecycle [QR].



Themostimportantof these the Ohio Stateelisparchive, anticipatedhe spirit andmary of thefeatures
of today's big Linux archives.But few of usreally thoughtvery hardaboutwhatwe weredoing,or about
whatthe very existenceof thatarchive suggeste@boutproblemsin the FSF's cathedral-bilding
developmentmodel.l madeoneseriousattemptaround1992to getalot of the Ohio codeformally
memgedinto theof cial EmacsLisp library. | raninto political troubleandwaslargely unsuccessful.

But by ayearlater, asLinux becamewidely visible, it wasclearthatsomethinglifferentandmuch
healthierwasgoingon there.Linus's opendevelopmenipolicy wasthe very oppositeof
cathedral-hilding. Linux's Internetarchiveswereburgeoning multiple distributionswerebeing oated.
And all of thiswasdrivenby anunheard-ofrequengy of coresystenreleases.

Linus wastreatinghis usersasco-deselopersin the mosteffective possibleway:

7. Release early. Release often. And listen to your customers.

Linus'sinnovationwasnt somuchin doingquick-turnaroundeleasesncorporatingots of user
feedbacksomethindik e this hadbeenUnix-world traditionfor alongtime), butin scalingit upto a
level of intensitythatmatchedhe complexity of whathewasdeveloping.In thoseearlytimes(around
1991)it wasnt unknown for him to releasea new kernelmorethanonceaday! Becauséecultivatedhis
baseof co-developersandleveragedhe Internetfor collaboratiorharderthananyoneelse this worked.

But how did it work? And wasit something couldduplicate or did it rely on someuniquegeniusof
Linus Torvalds?

| didn't think so.GrantedLinusis adamn ne hacler. How mary of uscouldengineemanentire
production-qualityoperatingsystemkernelfrom scratch?But Linux didn't represenary avesome
conceptualeapforward.Linusis not (or atleast,not yet) aninnovative geniusof designin theway that,
say RichardStallmanor JamesGosling(of NeWSandJava) are.Rather Linus seemgo meto bea
geniusof engineeringandimplementationwith a sixth sensdor avoiding bugsanddevelopment
dead-endandatrueknackfor nding the minimum-efort pathfrom pointA to pointB. Indeed the
wholedesignof Linux breatheshis quality andmirrorsLinus's essentiallyconserative andsimplifying
designapproach.

So,if rapidreleasesindleveragingthe Internetmediumto thehilt werenotaccidentsut integral parts
of Linus's engineering-geniumsightinto the minimum-efort path,whatwashe maximizing?Whatwas
hecrankingout of themachinery?

(http://www.cdrom.com/pub/irdzip/) compressiomtility during1990-1992primarily for DOS
machineswasonesuch.Anotherwasthe RBBS bulletin boardsystem(againfor DOS),which beganin
1983anddevelopedasufciently strongcommunitythattherehave beenfairly regularreleasesipto the
preseni{mid-1999)despitethe hugetechnicaladvantage®f Internetmail and le-sharing overlocal
BBSs.While theinfo-Zip communityreliedto someextenton Internetmail, the RBBS developerculture
wasactuallyableto basea substantiabn-linecommunityon RBBSthatwascompletelyindependenof
the TCP/IPinfrastructure.

[JH] JohnHaslerhassuggeste@ninterestingexplanationfor thefactthatduplicationof effort doesnt
seemto beanetdragon open-sourcelevelopmentHe proposesvhat!' Il dub“Hasler'sLaw”: the costs
of duplicatedwork tendto scalesub-gadraticallyvith teamsize—thatis, moreslowly thantheplanning
andmanagementverheadhatwould be neededo eliminatethem.

This claim actuallydoesnot contradictBrooks's Law. It maybethe casethattotal compleity overhead
andvulnerabilityto bugsscaleswith the squareof teamsize,but thatthe costsfrom duplicated work are
nevertheless specialcasethatscalesmoreslowly. It's nothardto developplausiblereasongor this,
startingwith the undoubtedactthatit is mucheasierto agreeon functionalboundariebetweerdifferent
developers'codethatwill preventduplicationof effort thanit is to preventthekindsof unplannedad
interactionsacrosshewhole systemthatunderlymostbugs.

Thecombinationof Linus's Law andHaslers Law suggestshatthereareactuallythreecritical size
regimesin softwareprojects.On smallprojects(l would sayoneto at mostthreedevelopersno
managemergtructuremoreelaboratehanpicking aleadprogrammeis neededAnd thereis some
intermediateangeabove thatin which the costof traditionalmanagemeris relatively low, soits
bene tsfrom avoiding duplicationof effort, bug-tracking,andpushingto seethatdetailsarenot
overlookedactuallynetout positive.

Above that,however, the combinationof Linus's Law andHaslers Law suggestshereis alarge-project
rangein which the costsandproblemsof traditionalmanagementse muchfasterthanthe expectedcost
from duplicationof effort. Not the leastof thesecostsis a structuralinability to harnesshe
mary-eyeballseffect, which (aswe've seen)seemsgo do a muchbetterjob thantraditionalmanagement
atmakingsurebugsanddetailsarenot overlooked. Thus,in thelarge-projectase the combinationof
theselaws effectively drivesthe netpayof of traditionalmanagemertb zero.

[HBS] Thesplit betweerLinux's experimentakindstableversionshasanotherfunctionrelatedto, but
distinctfrom, hedgingrisk. The split attacksanothemproblem:thedeadlines®f deadlinesWhen
programmersireheld bothto animmutablefeaturelist anda x eddrop-deadiate,quality goesoutthe
window andthereis likely a colossamessin themaking.l amindebtedto MarcolansitiandAlan
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And indeedit was.As | write in mid-1999 the developmenbf whatwaslaternamed Mozilla' hasbeen
only aquali ed successlt achiezedNetscapes original goal,which wasto dery Microsoftamonopoly
lock onthebrowsermarlet. It hasalsoachiezedsomedramaticsuccessegotablythereleaseof the
next-generatiorGeclo renderingengine).

However, it hasnotyet garneredhe massie developmenteffort from outsideNetscapehatthe Mozilla
foundershadoriginally hopedfor. The problemhereseemso bethatfor alongtime the Mozilla
distribution actuallybroke oneof the basicrulesof thebazaamodel;they didn't shipsomething
potentialcontributorscould easilyrun andseeworking. (Until morethanayearafterreleasebuilding
Mozilla from sourcerequireda licensefor the proprietaryMotif library.)

Most negatively (from the point of view of the outsideworld) the Mozilla grouphasyetto shipa
production-qualityprowser— andoneof the projects principalscaused bit of a sensatiorby resigning,
complainingof poormanagemerandmissedopportunities‘Opensource, he correctlyobsened,“is
notmagicpixie dust’

And indeedit is not. Thelong-termprognosisor Mozilla looks dramaticallybetternow (in August
2000)thanit did atthetime of JamieZawinski's resignatiorietter— but hewasright to point out that
goingopenwill notnecessarilysase anexisting projectthatsuffersfromill-de ned goalsor spaghetti
codeor ary of the softwareengineerings otherchronicills. Mozilla hasmanagedo provide anexample
simultaneouslyf how opensourcecansuccee@ndhow it couldfail.

In themeantime, however, the open-sourcédeahasscoredsuccesseandfoundbaclerselsavhere.
1998andlate 1999sav atremendougxplosionof interestin the open-sourcelevelopmenimodel,a
trendbothdrivenby anddriving the continuingsucces®f the Linux operatingsystem ThetrendMozilla
touchedoff is continuingatanacceleratingate.

15. Endnotes

[JB] In Programing Pearls, the notedcomputerscienceaphoristionBentley commenton Brooks's
obsenationwith “If you planto throw oneaway, youwill throw awaytwo.”. Heis almostcertainlyright.
The pointof Brooks's obsenation,andBentley's, isn't merelythatyou shouldexpect rst attemptto be
wrong,it' s thatstartingoverwith therightideais usuallymoreeffective thantrying to sahagea mess.

[QR] Examplesof successfubpen-sourcehazaadevelopmenipredatingthe Internetexplosionand
unrelatedo the Unix andInternettraditionshave existed. The developmenbf theinfo-Zip
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Putthatway, the questionanswerstself. Linus waskeepinghis hacler/usersonstantlystimulatedand
rewarded- stimulatedby the prospecbf having anego-satisfyingpieceof theaction,rewardedby the
sightof constan{evendaily) improvementn theirwork.

Linus wasdirectly aimingto maximizethe numberof person-hour¢hrown atdetuggingand
developmentgvenatthe possiblecostof instability in the codeanduserbaseburnoutif ary seriousbug
provedintractable Linus wasbehaing asthoughhe believed somethindik e this:

8. Given a large enough beta-tester and co-developer base, almost every problem will be characterized quickly
and the fix obvious to someone.

Or, lessformally, “Givenenougheyeballs,all bugsareshallan.” | dubthis: “Linus's Law”.

My original formulationwasthatevery problem“will betransparento somebody”Linus demurredhat
thepersorwho understandand x esthe problemis not necessarilyr evenusuallythepersorwho rst
characterizeg. “Somebody nds theproblem’ hesays,'and somebodelse understand&. And I'll go
onrecordassayingthat nding it is thebiggerchallengé€. But the pointis thatboththingstendto
happerrapidly.

Here,| think, is the coredifferenceunderlyingthe cathedral-hilder andbazaasstyles.In the
cathedral-bilderview of programmingbugsanddevelopmentproblemsaretricky, insidious,deep
phenomenalt takesmonthsof scrutiry by a dedicatedew to developcon dencethatyou've winkled
themall out. Thusthelong releasentenvals,andtheinevitable disappointmentvhenlong-awaited
releasesrenot perfect.

In thebazaawiew, on the otherhand,you assumehatbugsaregenerallyshallov phenomena: or, at
least thatthey turn shallav pretty quickly whenexposedo a thousandeagerco-developerspoundingon
every singlenew releaseAccordinglyyoureleaseoftenin orderto getmorecorrectionsandasa

bene cial sideeffectyou have lessto loseif anoccasionabotchgetsoutthe door.

And that'sit. That'senoughlf “Linus's Law” is false thenary systemascomplex astheLinux kernel,
beinghacledoverby asmary handsasthe Linux kernel,shouldat somepoint have collapsedunderthe
weightof unforseerbadinteractionsandundiscaovered‘deep” bugs.If it's true,ontheotherhandiit is
sufcient to explain Linux'srelative lack of bugginessandits continuousuptimesspanningmonthsor
evenyears.



Maybeit shouldnt have beensucha surprise atthat. Sociologistsyearsagodiscoveredthatthe averaged
opinionof amassof equallyexpert(or equallyignorant)obserersis quitea bit morereliablea predictor
thanthatof a singlerandomly-choseoneof theobseners.They calledthis the“Delphi effect”. It
appearshatwhatLinus hasshown is thatthis appliesevento detuggingan operatingsystem- thatthe
Delphi effect cantamedevelopmentompleity evenatthe compleity level of anOSkernel.

Onespecialfeatureof the Linux situationthatclearly helpsalongthe Delphi effectis thefactthatthe
contributorsfor ary givenprojectareself-selectedAn earlyrespondenpointedout thatcontributions
arerecevednotfrom arandomsample put from peoplewho areinterestecenoughto usethe software,
learnabouthow it works,attemptto nd solutionsto problemsthey encounterandactuallyproducean
apparentlyreasonablex. Anyonewho passesill theselters is highly likely to have somethingusefulto
contritute.

| amindebtedto my friend Jef Dutky <dutky@wam.umd.edt+ for pointingoutthatLinus's Law canbe
rephraseds“Debuggingis parallelizable” Jef obseresthatalthoughdehuggingrequiresdehuggersto
communicatevith somecoordinatingdeveloper it doesnt requiresigni cant coordinatiorbetween
deluggersThusit doesnt fall prey to the samequadraticcomplecity andmanagementoststhatmake
addingdevelopersproblematic.

In practice thetheoreticalossof ef ciency dueto duplicationof work by deluggersalmostnever seems
to beanissuein theLinux world. Oneeffectof a “releaseearlyandoftenpolicy” is to minimizesuch
duplicationby propagatinged-back x esquickly [JH].

Brooks(theauthorof “The Mythical Man-Month”) evenmadean off-handobsenationrelatedto Jef's:
“The total costof maintaininga widely usedprogramis typically 40 percentor moreof the costof
developingit. Surprisinglythis costis stronglyaffectedby the numberof users More users find more
bugs.” (my emphasis).

More usersnd morebugsbecauseddingmoreusersaddsmoredifferentwaysof stressinghe
program.This effectis ampli ed whenthe usersareco-developers Eachoneapproachethetaskof bug
characterizatiomith aslightly differentperceptuatetandanalyticaltoolkit, a differentangleon the
problem.The“Delphi effect” seemdo work preciselybecaus®f this variation.In the speci ¢ context of
dehugging,thevariationalsotendsto reduceduplicationof effort.

Soaddingmorebeta-testersnaynot reducethe compleity of the current‘deepestbug from the
developer’s pointof view, but it increaseshe probabilitythatsomeones toolkit will be matchedo the
problemin suchaway thatthe bug is shallow to that person.
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whenLinux rubbedmy nosein them ve yearslater Thesepapersareavailableonthe Webat
http://www.agorics.com/agorpapehtml.

14. Epilog: Netscape Embraces the Bazaar

It'sastrangéfeelingto realizeyou're helpingmake history....

OnJanuary22 1998,approximatelyseszenmonthsafter| rst publishedThe Cathedrabndthe Bazaar”,
NetscapgCommunicationsinc. announcegblansto give away the sourcefor NetscapgCommunicator
(http://iwww.netscape.com/mesref/pr/nevsrelease58html). | hadhadno cluethis wasgoingto happen
beforetheday of theannouncement.

Eric Hahn,Executie Vice PresidenaindChief TechnologyOf cer at Netscapeemailedme shortly
afterwardsasfollows: “On behalfof everyoneat Netscapel wantto thankyou for helpingusgetto this
pointin the rst place.Your thinking andwritings werefundamentainspirationsto our decisior.

Thefollowing weekl e w outto Silicon Valley at Netscapes invitation for a day-longstrateyy
conferencgon Feb4 1998)with someof their top executvesandtechnicalpeople We designed
Netscapes source-releasstratgy andlicensetogether

A few dayslater! wrotethefollowing:

Netscape is about to provide us with a large-scale, real-world test of the bazaar model in the commercial world.
The open-source culture now faces a danger; if Netscape’s execution doesn’t work, the open-source concept
may be so discredited that the commercial world won’t touch it again for another decade.

On the other hand, this is also a spectacular opportunity. Initial reaction to the move on Wall Street and
elsewhere has been cautiously positive. We’re being given a chance to prove ourselves, too. If Netscape regains
substantial market share through this move, it just may set off a long-overdue revolution in the software
industry.

The next year should be a very instructive and interesting time.
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13. For Further Reading

| quotedseveralbits from FrederickP. Brooks's classicThe Mythical Man-Month becausein mary
respectshisinsightshave yetto beimprovedupon.| heartilyrecommendhe 25th Anniversaryedition
from Addison-Wesley (ISBN 0-201-83595-9)which addshis 1986*“No Silver Bullet” paper

Thenew editionis wrappedup by aninvaluable20-years-lateretrospectre in which Brooksforthrightly
admitsto thefew judgementsn the original text which have not stoodthetestof time.| rst readthe
retrospectie afterthe rst public versionof this paperwassubstantiallicomplete andwassurprisedo
discoverthatBrooksattributesbazaaiik e practiceso Microsoft! (In fact,however, this attribution
turnedoutto bemistalen.In 1998we learnedrom the HalloweenDocuments
(http://www.opensource.grhalloween/)that Microsoft's internaldevelopercommunityis heavily
balkanizedwith thekind of generakourceaccessieededo supportabazaamoteventruly possible.)

GeraldM. Weinbeg's The Psychology Of Computer Programming (New York, VanNostrandReinhold
1971)introducedtheratherunfortunately-labeledoncepbf “egolessprogramming” While hewas
nowherenearthe rst persorto realizethefutility of the“principle of command” hewasprobablythe
rst to recognizeandarguethe pointin particularconnectiorwith softwaredevelopment.

RichardP. Gabriel,contemplatinghe Unix cultureof the pre-Linuxera,reluctantlyarguedfor the
superiorityof a primitive bazaafike modelin his 1989paperLisp: Good News, Bad News, and How To
Win Big. Thoughdatedin somerespectsthis essayis still rightly celebratedamongLisp fans(including
me).A correspondentmindedmethatthe sectiontitled “Worsels Better” readsalmostasan
anticipationof Linux. The paperis accessibl@n the World Wide Webat
http://www.naggum.no/werse-is-bettehtml.

De MarcoandLister's Peopleware: Productive Projects and Teams (New York; DorsetHouse,1987;
ISBN 0-932633-05-6)s anunderappreciategemwhich | wasdelightedto seeFredBrookscite in his
retrospectie. While little of whattheauthorshave to sayis directly applicableto the Linux or
open-sourceommunitiestheauthors'insightinto the conditionsnecessarjor creative work is acute
andworthwhilefor anyoneattemptingio import someof the bazaamodel's virtuesinto acommercial
context.

Finally, | mustadmitthat! very nearlycalledthis paper‘The Cathedrabndthe Agora”, thelatterterm
beingthe Greekfor anopenmarket or public meetingplace. The seminal‘agoric systems’papershy
Mark Miller andEric Drexler, by describingthe emepgentpropertiesof market-like computational
ecologieshelpedpreparemeto think clearlyaboutanalogouphenomenin the open-sourceulture
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Linus coppershis bets too. In casethereare seriousbugs,Linux kernelversionarenumberedn sucha
way thatpotentialuserscanmalke a choiceeitherto run thelastversiondesignatedstable” or to ride the
cuttingedgeandrisk bugsin orderto getnew featuresThis tacticis notyet formally imitatedby most
Linux haclers,but perhapst shouldbe;thefactthateitherchoiceis availablemakesbothmore
attractve.[HBS]

5. When Is A Rose Not A Rose?

Having studiedLinus's behaior andformedatheoryaboutwhy it wassuccessfull madea conscious
decisionto testthis theoryon my new (admittedlymuchlesscomplex andambitious)project.

Butthe rst thing | did wasreomganizeandsimplify popclientalot. Carl Harris'simplementatiorwas
very sound but exhibiteda kind of unnecessargompleity commonto mary C programmersHe treated
thecodeascentralandthe datastructuresassupportfor thecode.As aresult,the codewasbeautifulbut
thedatastructuredesignad-hocandratherugly (atleastby the high standardsf this old LISP hacler).

| hadanothempurposefor rewriting besidesmproving the codeandthe datastructuredesignhowever.
Thatwasto evolveit into something understoodompletelyIt's no fun to beresponsibldor xing
bugsin aprogramyou don't understand.

For the rst monthor so,then,| wassimply following outtheimplicationsof Carl's basicdesign.The
rst seriouschangd madewasto addIMAP support. did this by reomganizingthe protocolmachines
into agenericdriver andthreemethodtables(for POP2,POP3andIMAP). This andthe previous
changesllustratea generabprinciplethat's goodfor programmerso keepin mind, especiallyin
languagedik e C thatdon't naturallydo dynamictyping:

9. Smart data structures and dumb code works a lot better than the other way around.

Brooks,Chapterd: “Show meyour [code]andconcealyour [datastructures]and! shallcontinueto be
mysti ed. Shav meyour [datastructures]andl won't usuallyneedyour [code];it' Il be obvious”

Actually, hesaid" o wcharts”and“tables”. But allowing for thirty yearsof terminological/culturashift,
it's almostthe samepoint.
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At this point (early Septembe996,aboutsix weeksfrom zero)| startedthinking thatanamechange
mightbein order—afterall, it wasnt justaPOPclientary more.But| hesitatedbecaus¢herewasasyet
nothinggenuinelynew in thedesign.My versionof popclienthadyetto developanidentity of its own.

Thatchangedradically, whenfetchmaillearnechow to forwardfetchedmail to the SMTPport. I' Il get
to thatin amoment.But rst: | saidabovethat!’d decidedto usethis projectto testmy theoryabout
whatLinus Torvaldshaddoneright. How (you maywell ask)did | dothat?In theseways:

- | releaseckarlyandoften (almostnever lessoftenthanevery tendays;during periodsof intense
developmentonceaday).

- | grew my betalist by addingto it everyonewho contactedne aboutfetchmail.
- | sentchattyannouncement® the betalist whenever| releasedencouragingeopleto participate.

- And| listenedto my betatesterspolling themaboutdesigndecisionsandstrokingthemwheneer
they sentin patchesandfeedback.

The payof from thesesimplemeasuresvasimmediate Fromthe beginningof the project,| gotbug
reportsof a quality mostdeveloperswouldkill for, oftenwith good x esattachedl! gotthoughtful
criticism, | gotfanmail, | gotintelligentfeaturesuggestionsWhich leadsto:

10. If you treat your beta-testers as if they’re your most valuable resource, they will respond by becoming your
most valuable resource.

Oneinterestingmeasuref fetchmail's successs the sheersizeof the projectbetalist, fetchmail-friends.

At thetime of lastrevision (August2000)it has249membersandis addingtwo or threeaweek.

Actually, asl revisein late May 1997thelist is beginningto losememberdrom its high of closeto 300
for aninterestingeasonSeveral peoplehave asled me to unsubscribé¢hembecausdetchmailis
working sowell for themthatthey nolongerneedto seethelist trafc! Perhapshisis partof thenormal
life-cycle of amaturebazaarstyleproject.

6. Popclient becomes Fetchmail

Therealturningpointin the projectwaswhenHarry Hochheisesentme his scratchcodefor forwarding
mail to theclientmachines SMTP port. | realizedalmostimmediatelythata reliableimplementatiorof
this featurewould make all the othermail delivery modesnext to obsolete.
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Two anda half yearsafterthe rst versionof this essaythe mostradicalthoughtl canoffer to closewith
is nolongeravision of anopen-source-dominatessftwareworld; that, afterall, looks plausibleto alot
of soberpeoplein suitsthesedays.

Rather | wantto suggestvhatmay be awider lessoraboutsoftware,(andprobablyaboutevery kind of
creatie or professionatvork). Humanbeingsgenerallytake pleasuren ataskwhenit fallsin asortof
optimal-challengeone;not soeasyasto be boring,nottoo hardto achieve. A hapgy programmeis one
whois neitherunderutilizednor weigheddown with ill-formulated goalsandstressfuprocesdriction.
Enjoyment predicts efficiency..

Relatingto your own work procesawith fearandloathing(evenin the displacedijronic way suggested
by hangingup Dilbert cartoons)shouldthereforeberegardedn itself asa signthatthe processas
failed.Joy, humor, andplayfulnessareindeedassetsit wasnot mainly for thealliterationthat!| wrote of
“happy hordes“abore, andit is no merejoke thatthe Linux mascotis a cuddly, neotenougenguin.

It maywell turn outthatoneof the mostimportanteffectsof opensources successvill beto teachus
thatplay is the mosteconomicallyef cient modeof creative work.
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Having a corventionalmanagemengtructuresolelyin orderto motivate,then,is probablygoodtactics
but badstrateyy; a short-termwin, butin thelongerterma surerloss.

Sofar, corventionaldevelopmentmanagemeribokslike abadbetnow againsbpensourceon two
points(resourcemarshallingprganization) andlik e it' s living on borrovedtime with respecto athird
(motivation).And the poorbeleagueredorventionalmanageis notgoingto getary succourfrom the
monitoring issue;the strongestirgumentthe open-sourceommunityhasis thatdecentralizegheer
review trumpsall the corventionalmethoddor trying to ensurethatdetailsdon't getslipped.

Canwe save defining goals asajusti cation for the overheadf conventionalsoftwareproject
managementPerhapsbut to do so,we'll needgoodreasorto believe thatmanagementommitteesand
corporateoadmapsremoresuccessfulitde ning worthy andwidely-sharedyoalsthanthe project
leadersandtribal elderswho Il theanalogousole in the open-sourcevorld.

Thatis onthefaceof it a prettyhardcaseto make. And it's not somuchthe open-sourcsideof the
balancgthelongevity of Emacsor Linus Torvalds's ability to mobilize hordesof developerswith talk of
“world domination”)thatmakesit tough.Ratherit's the demonstrate@wfulnessof corventional
mechanism$or de ning thegoalsof softwareprojects.

Oneof thebest-knevn folk theoremof softwareengineerings that60%to 75%of corventional
softwareprojectseitherarenever completecor arerejectedby theirintendedusers|f thatrangeis
anywhereneartrue (andl' ve never metamanagenf ary experiencevho disputest) thenmoreprojects
thannotarebeingaimedat goalsthatareeither(a) notrealisticallyattainablepr (b) just plain wrong.

This, morethanary otherproblem,is thereasorthatin today's softwareengineeringvorld thevery
phrasé‘'managemencommittee”is likely to sendchills down the hearers spine— even (or perhaps
especially)f theheareris amanagerThedayswhenonly programmergripedaboutthis patternare
long past; Dilbert' cartoonshangover executives’ desksnow.

Ourreply, then,to thetraditionalsoftwaredevelopmenmanageris simple—if theopen-source
communityhasreally underestimatethe valueof corventionalmanagementyhy do so many of you
display contempt for your own process?

Onceagainthe existenceof the open-sourceommunitysharpenshis questionconsiderably- because
we have fun doingwhatwe do. Our creatie play hasbeenrackingup technical market-shareand
mind-sharesuccesseat anastoundingate.We're proving not only thatwe cando bettersoftware, but
thatjoy is an asset.
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For mary weeksl hadbeentweakingfetchmailratherincrementallywhile feelinglike theinterface
designwasserviceabléut grubby— inelegantandwith too mary exiguousoptionshangingoutall over.
Theoptionsto dumpfetchedmail to amailbox le or standardutputparticularlybotheredne,but |
couldnt gure outwhy.

(If youdon't careaboutthetechnicaliaof Internetmail, the next two paragraphsanbe safelyskipped.)

Whatl saw whenl thoughtaboutSMTP forwardingwasthatpopclienthadbeentrying to dotoo mary
things.It hadbeendesignedo bebotha mail transporiagentMTA) andalocal deliveryagent(MDA).
With SMTPforwarding, it couldgetout of the MDA businessandbeapureMTA, handingoff mail to
otherprogramdor local delivery justassendmaildoes.

Why messwith all the compleity of con guring a mail delivery agentor settingup lock-and-appendn
amailboxwhenport 25 is almostguaranteedo bethereon ary platformwith TCP/IPsupportin the rst
place?Especiallywhenthis meansetrievedmail is guaranteedo look like normalsendeiinitiated
SMTP mail, whichis really whatwe wantaryway.

(Backto ahigherlevel...)

Evenif youdidn't follow the precedingechnicaljargon,thereareseveralimportantiessonshere.First,
this SMTP-forwardingconceptwasthe biggestsinglepayof | gotfrom consciouslytrying to emulate
Linus's methodsA usergave methisterri ¢ idea—all | hadto dowasunderstandheimplications.

11. The next best thing to having good ideas is recognizing good ideas from your users. Sometimes the latter is
better.

Interestinglyenoughyouwill quickly nd thatif you arecompletelyandself-deprecatinglyruthful
abouthow muchyou owe otherpeople theworld atlargewill treatyou like you did every bit of the
inventionyourselfandarejust beingbecominglymodestaboutyourinnategenius We canall seehow
well thisworkedfor Linus!

(Whenl gave my talk atthe Perlconferenceén August1997, hacler extraordinaireLarry Wall wasin the
front row. As | gotto thelastline above hecalledout, religious-revival style,“Tell it, tell it, brother!”.
Thewholeaudiencdaughedpecausehey knew this hadworkedfor theinventorof Perl,too.)
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After avery few weeksof runningthe projectin the samespirit, | beganto getsimilar praisenotjust
from my usersbut from otherpeopleto whomtheword leakedout. | stashedway someof thatemail;
I'll look atit againsometimef | ever startwonderingwhethemy life hasbeenworthwhile:-).

But therearetwo morefundamentalnon-politicallessonserethataregenerato all kinds of design.

12. Often, the most striking and innovative solutions come from realizing that your concept of the problem was
wrong.

I hadbeentrying to solve thewrongproblemby continuingto developpopclientasacombined
MTA/MDA with all kinds of funky local delivery modes Fetchmails designneededo berethought
from thegroundup asa pureMTA, a partof thenormalSMTP-speakindnternetmail path.

Whenyou hit awall in development-whenyou nd yourselfhardputto think pastthe next patch—it's
oftentime to asknot whetheryou've got theright answeybut whetheryou're askingtheright question.
Perhapsheproblemneedgo bereframed.

Well, | hadreframedmy problem.Clearly, theright thing to dowas(1) hack SMTP forwardingsupport
into the genericdriver, (2) make it thedefault mode,and(3) eventuallythrow outall the otherdelivery
modesgespecialljthe deliver-to- le anddeliver-to-standard-outpudptions.

| hesitatedver step3 for sometime, fearingto upsetiong-timepopclientusersdependenon the
alternatedelivery mechanismdn theory they couldimmediatelyswitchto .forward les or their
non-sendmaiéquialentsto getthe sameeffects.In practicethetransitionmight have beenmessy

But whenl did it, thebene ts provedhuge.The cruftiestpartsof thedriver codevanishedCon guration
gotradicallysimpler— no moregrovelling aroundfor the systemMDA andusers mailbox,nomore
worriesaboutwhethertheunderlyingOS supportsle locking.

Also, theonly way to losemail vanishedlf you speci eddeliveryto a le andthedisk gotfull, your
mail gotlost. This cant happerwith SMTPforwardingbecausgour SMTP listenerwon't returnOK
unlessthemessageanbe deliveredor atleastspooledfor laterdelivery.

Also, performancemproved (thoughnot soyou'd noticeit in asinglerun). Anothernotinsigni cant
bene t of this changewasthatthe manualpagegot a lot simpler
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Thatbeingthe casejt's doublyimportantthatopen-sourcéaclersorganize themselves for maximum
productuity by self-selection-andthe socialmilieu selectguthlesslyfor competenceMy friend,
familiar with boththe open-sourcevorld andlarge closedprojects believesthatopensourcehasbeen
successfupartly becauséts cultureonly acceptgshe mosttalenteds% or soof theprogramming
population.Shespendsnostof hertime organizingthe deploymentof the other95%,andhasthus
obsered rst-hand thewell-known varianceof afactorof onehundredn productiity betweerthe most
ableprogrammersindthe merelycompetent.

Thesizeof thatvariancehasalwaysraisedan awkward questionwould individual projects,andthe eld
asawhole,bebetteroff withoutmorethan50%of theleastablein it? Thoughtfulmanagerhave
understoodor alongtime thatif corventionalsoftwaremanagemens'only functionwereto corvertthe
leastablefrom a netlossto amamginal win, thegamemight not beworth thecandle.

The succes®f the open-sourceommunitysharpenshis questionconsiderablyby providing hard
evidencethatit is oftencheapeandmoreeffective to recruitself-selectedolunteerfrom the Internet
thanit is to managebuildingsfull of peoplewhowould ratherbe doingsomethingelse.

Which bringsusneatlyto the questionof motivation. An equivalentandoften-heardvay to statemy
friend's pointis thattraditionaldevelopmenimanagemeris a necessargompensatioffior poorly
motivatedprogrammersvho would not otherwiseturn out goodwork.

This answersuallytravelswith aclaim thatthe open-sourceommunitycanonly bereliedonto do
work thatis “sexy' or technicallysweet;anything elsewill beleft undone(or doneonly poorly) unless
it's churnedout by money-motivatedcubiclepeonswith managersrackingwhipsoverthem.l address
thepsychologicabndsocialreasongor beingskepticalof this claimin “Homesteadinghe Noosphere”.
For presenpurposeshowever, | think it's moreinterestingo point outtheimplicationsof acceptingt as
true.

If the corventional closed-sourcehearily-managedstyle of softwaredevelopments really defended
only by a sortof Maginotline of problemsconducve to boredomthenit's goingto remainviablein
eachindividual applicationareafor only solongasnobody nds thoseproblemsreally interestingand
nobodyelse nds ary way to routearoundthem.Because¢he momentthereis open-sourceompetition
for a boring' pieceof software,customersregoingto know thatit was nally tackledby someonevho
chosethatproblemto solve becaus®f afascinatiorwith the problemitself —which, in softwareasin
otherkindsof creatie work, is afar moreeffective motivatorthanmoney alone.
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licensesarewritten to disclaimevenwarrantyof merchantabilitylet aloneperformance- andcaseof
successfutecovery for softwarenonperformancarevanishinglyrare.Evenif they werecommon,
feelingcomfortedby having somebodyto suewould be missingthe point. You didn't wantto bein a
lawsuit; you wantedworking software.

Sowhatis all thatmanagementverheadbuying?

In orderto understandhat, we needto understandvhatsoftwaredevelopmenmanagerdelieve they do.
A womanl know who seemso bevery goodatthis job sayssoftwareprojectmanagemerttas ve
functions:

To define goals andkeepeverybodypointedin the samedirection.

To monitor andmake surecrucial detailsdon't getskipped.

To motivate peopleto do boringbut necessargrudgavork.

To organize thedeploymentof peoplefor bestproductvity.

To marshal resources neededo sustainthe project.

Apparentlyworthy goals,all of these put underthe open-sourcenodel,andin its surroundingsocial
context, they canbegin to seemstrangelyirrelevant.We'll take themin reverseorder

My friend reportsthata lot of resource marshalling is basicallydefensie; onceyou have your people
andmachinesandof ce spaceyou have to defendthemfrom peermanagergompetingfor thesame
resourcesandhigherupstrying to allocatethe mostef cient useof alimited pool.

But open-sourcelevelopersarevolunteersself-selectedor bothinterestandability to contributeto the
projectsthey work on (andthis remainsgenerallytrue evenwhenthey arebeingpaida salaryto hack
opensource.)Thevolunteerethostendsto take careof the “attack' sideof resource-marshalling
automaticallypeoplebring their own resourceso thetable.And thereis little or no needfor amanager
to “play defensein the corventionalsense.

Anyway, in aworld of cheapPCsandfastinternetlinks, we nd prettyconsistentlythattheonly really
limiting resourcas skilled attention.Open-sourc@rojects whenthey founder essentiallynever do so

for wantof machiner links or of ce spacethey die only whenthedevelopershemselesloseinterest.
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Later, | hadto bring delivery via auserspeci edlocal MDA backin orderto allow handlingof some
obscuresituationsinvolving dynamicSLIP. But | foundamuchsimplerwayto doit.

Themoral?Don't hesitateto throw away superannuatefiéaturesvhenyou cando it withoutlossof
effectivenessAntoinede Saint-Exupéry{who wasanaviator andaircraftdesignemwhenhewasnt being
theauthorof classicchildren's books)said:

13. “Perfection (in design) is achieved not when there is nothing more to add, but rather when there is nothing
more to take away.”

Whenyour codeis gettingboth betterandsimpler, thatis whenyou know it' sright. And in the process,
thefetchmaildesignacquiredanidentity of its own, differentfrom theancestrapopclient.

It wastime for thenamechangeThenew designlookedmuchmorelike a dual of sendmaithantheold
popclienthad;bothareMTAs, but wheresendmaipusheghendelivers,the new popclientpulls then
delivers.So,two monthsoff theblocks,| renamedt fetchmail.

Thereis amoregeneralessonin this storyabouthow SMTP delivery cameto fetchmail.lt is notonly
dehuggingthatis parallelizabledevelopmentand(to a perhapsurprisingextent) explorationof design
spacss, too. Whenyour developmenimodeis rapidly iterative, developmentndenhancemermhay
becomespecialcase®f dehugging— xing ‘bugsof omission'in theoriginal capabilitiesor concepiof
thesoftware.

Evenatahigherlevel of design,t canbevery valuableto have thethinking of lots of co-developers
random-valking throughthe designspacenearyour product.Considetthe way a puddleof water nds a
drain,or betteryethow ants nd food: explorationessentiallyby diffusion, followedby exploitation
mediateddy a scalablecommunicatiormechanismThis worksvery well; aswith Harry Hochheiseand
me,oneof youroutridersmaywell nd ahugewin nearbythatyouwerejustalittle too close-focusedo
see.

7. Fetchmail Grows Up

Therel waswith aneatandinnovative design,codethat! knew workedwell becausé usedit every day
andaburgeoningbetalist. It graduallydavnedon methatl wasnolongerengagedn atrivial personal
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hackthatmight happerto be usefulto few otherpeople.| hadmy handson a programevery hacler with
aUnix boxanda SLIP/PPPmail connectiorreally needs.

With the SMTPforwardingfeaturejt pulledfar enoughin front of the competitionto potentiallybecome
a“categorykiller”, oneof thoseclassicprogramghat lls its nichesocompetentlythatthealternaties
arenotjustdiscardedut almostforgotten.

| think you can't really aim or planfor aresultlike this. You have to getpulledinto it by designideasso
powerful thatafterwardtheresultsjust seeminevitable, natural,evenforeordainedThe only way to try
for ideaslik e thatis by having lots of ideas— or by having theengineeringudgmentto take other
peoples'goodideasbeyondwherethe originatorsthoughtthey couldgo.

Andy Tanenbauntadthe originalideato build a simplenative Unix for IBM PCs,for useasateaching
tool (hecalledit Minix). Linus TorvaldspushedheMinix concepfurtherthanAndrew probablythought
it couldgo—andit grew into somethingvonderful.In the sameway (thoughon asmallerscale),l took
someideasby Carl HarrisandHarry Hochheiseandpushedhemhard.Neitherof uswas original' in
theromanticway peoplethink is genius.But then,mostscienceandengineeringandsoftware
developmenisn't doneby original genius haclker mythologyto thecontrary

Theresultswerepretty headystuff all thesame- in fact,justthekind of successvery haclerlivesfor!
And they meantl would have to setmy standardgvenhigher To make fetchmailasgoodasl| now saw it
couldbe, I'd have to write notjust for my own needshut alsoincludeandsupportfeaturemecessaryo
othersbut outsidemy orbit. And do thatwhile keepingthe programsimpleandrobust.

The rst andoverwhelminglymostimportantfeaturel wroteafterrealizingthis wasmultidrop support-
theability to fetchmail from mailboxesthathadaccumulatedll mail for agroupof usersandthen
routeeachpieceof mail to its individual recipients.

| decidedto addthe multidrop supportpartly becausesomeuserswvereclamoringfor it, but mostly
becausé thoughtit would shale bugsout of the single-dropcodeby forcing meto dealwith addressing
in full generality And soit proved.GettingRFC 822

(http://info.internet.isi.edu:80/inates/rt/ les/rfc822.txt) addresparsingright took mearemarkably
long time, notbecausery individual pieceof it is hardbut becausét involveda pile of interdependent
andfussydetails.

But multidropaddressingurnedoutto beanexcellentdesigndecisionaswell. Here'show | knew:
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apparenadwantageof numbershatthe open-sourceommunityhasover ary singleclosed-source
developer They would obsene thatin softwaredevelopmenit is really sustaineceffort overtime and
thedegreeto which customerganexpectcontinuinginvestmentn the productthatmattersnotjust how
mary peoplehave thrown abonein thepotandleft it to simmer

Thereis somethingo this argumentto be sure;in fact,| have developedtheideathatexpectedfuture
servicevalueis thekey to theeconomicof softwareproductionin The Magic Cauldron
(http://iwww.tuxedo.og/~esr/writirgs/magdc-caddrony).

But this amgumentalsohasa major hiddenproblem;its implicit assumptiorihatopen-source
developmentannotdeliver suchsustainecffort. In fact, therehave beenopen-sourcgrojectsthat
maintaineda coherentlirectionandan effective maintainercommunityover quite long periodsof time
without the kinds of incentive structurer institutionalcontrolsthatcorventionalmanagemennds
essentialThedevelopmenbf the GNU Emacseditoris anextremeandinstructive example;it has
absorbedheefforts of hundredf contributorsover fteen yearsinto auni ed architecturavision,
despitehigh turnoverandthefactthatonly oneperson(its author)hasbeencontinuouslyactive during
all thattime. No closed-sourceditorhasever matchedhis longevity record.

This suggests reasorfor questioninghe advantage®f corventionally-managesdoftwaredevelopment
thatis independenof therestof theamgumentsver cathedrals. bazaamode.If it's possiblefor GNU
Emacsto expressa consistentirchitecturalision over fteen years,or for anoperatingsystemlike
Linux to do the sameover eightyearsof rapidly changinghardwareandplatformtechnology andif (as
is indeedthe case)therehave beenmary well-architectedpen-sourc@rojectsof morethan veyears
duration—thenwe areentitledto wonderwhat,if arything, thetremendousverheadf
corventionally-managedevelopments actuallybuying us.

Whateverit is certainlydoesnt includereliableexecutionby deadline or on budget,or to all featuresof
thespeci cation;it's arare ' managedprojectthatmeetsevenoneof thesegoals let aloneall three.It
alsodoesnot appeato beability to adaptto changesn technologyandeconomiccontext duringthe
projectlifetime, either;the open-sourceommunityhasprovenfar moreeffective onthatscore(asone
canreadily verify, for exkample,by comparinghethirty-yearhistoryof the Internetwith theshort
half-livesof proprietarynetworking technologies- or the costof the 16-bitto 32-bittransitionin
Microsoft Windows with the nearlyeffortlessup-migrationof Linux duringthe sameperiod,notonly
alongtheIntel line of developmentut to morethana dozenotherhardwareplatformsincludingthe
64-bit Alpha aswell).

Onething mary peoplethink thetraditionalmodebuysyouis somebodyo hold legally liable and
potentiallyrecozer compensatioffrom if the projectgoeswrong.But thisis anillusion; mostsoftware
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haclers,a strongdeveloper/coordinatocanusethe Internetto capturethe bene ts of having lots of
co-developerswithout having a projectcollapseinto achaoticmess Soto Brooks's Law |
counterproposehefollowing:

19: Provided the development coordinator has a medium at least as good as the Internet, and knows how to lead
without coercion, many heads are inevitably better than one.

| think the future of open-sourceoftwarewill increasinglybelongto peoplewho know how to play
Linus's game peoplewho leave behindthe cathedrabndembracehebazaarThisis notto saythat
individual vision andbrilliancewill nolongermatter;rather | think thatthe cuttingedgeof open-source
softwarewill belongto peoplewho startfrom individual vision andbrilliance, thenamplify it through
the effective constructiorof voluntarycommunitiesof interest.

Perhapghis is notonly thefuture of open-source software.No closed-sourceevelopercanmatchthe
pool of talentthe Linux communitycanbring to bearon a problem.Very few couldafford evento hire
themorethantwo hundred(1999:six hundred 2000:eighthundred)peoplewho have contributedto
fetchmail!

Perhapsn theendthe open-sourceulturewill triumphnotbecaus&ooperatioris morally right or
software“hoarding”is morally wrong (assuming/ou believe thelatter, which neitherLinus nor | do), but
simply becausehe closed-sourcaorld cannotwin anevolutionaryarmsracewith open-source
communitieghatcanput ordersof magnitudemoreskilled timeinto a problem.

11. On Management and the Maginot Line

Theoriginal “CathedralandBazaar”paperof 1997endedwith thevision above —thatof happy
networked hordesof programmer/anarchistaitcompetingandoverwhelmingthe hierarchicaworld of
corventionalclosedsoftware.

A goodmary skepticswerent corvinced,however; andthe questionghey raisedesere afair
engagementost of the objectionsto the bazaamrgumentcomedown to the claim thatits proponents
have underestimatethe productity-multiplying effectof corventionalmanagement.

Traditionally-mindedsoftware-deelopmenimanagersften objectthatthe casualneswith which
projectgroupsform andchangeanddissolein the open-sourcevorld negatesa signi cant partof the
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14. Any tool should be useful in the expected way, but a truly great tool lends itself to uses you never expected.

Theunexpectedusefor multi-drop fetchmailis to run mailing lists with thelist kept,andaliasexpansion
done,ontheclient sideof the InternetconnectionThis meansomeoneunninga personamachine
throughanISP accounttanmanagea mailing list without continuingaccesgo the ISP's alias les.

Anotherimportantchangedemandedby my betatesteravassupportfor 8-bit MIME (Multipurpose
InternetMail ExtensionspperationThiswaspretty easyto do, becausé hadbeencarefulto keepthe
code8-bit clean.Not becauseé anticipatedhe demandor this feature but ratherin obedienceo another
rule:

15. When writing gateway software of any kind, take pains to disturb the data stream as little as possible — and
*never* throw away information unless the recipient forces you to!

Had| notobeyedthisrule, 8-bit MIME supportwould have beendif cult andbuggy. As it was,all | had
to dois readthe MIME standardRFC 1652 (http://info.internet.isi.edu:80/ingtes/rt/ les/rfc1652.txt))
andaddatrivial bit of headergeneratioriogic.

SomeEuropearusersbuggedmeinto addinganoptionto limit thenumberof messagegetrievedper
sessior(sothey cancontrolcostsfrom their expensve phonenetworks).| resistedhis for alongtime,
andI'm still notentirelyhappy aboutit. But if you'rewriting for theworld, you have to listento your
customers-this doesnt changgust because¢hey' re not payingyouin money.

8. A Few More Lessons From Fetchmail

Beforewe go backto generakoftware-engineeringssuestherearea couplemorespeci c lessongrom
thefetchmailexperienceo ponder Nontechnicateadersansafelyskip this section.

Therc (control) le syntaxincludesoptional noise'keywordsthatareentirelyignoredby the parser
TheEnglish-like syntaxthey allow is considerablynorereadableghanthetraditionalterse
keyword-valuepairsyou getwhenyou strip themall out.

Thesestartedout asa late-nightexperimentwhenl noticedhow muchtherc le declarationsvere
beginningto resembleanimperative minilanguage(This s alsowhy | changedhe original popclient
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“sener' keywordto “poll’).

It seemedo methattrying to male thatimperatize minilanguagemorelike Englishmight male it easier
to use.Now, althoughl'm a corvincedpartisanof the“make it alanguage’schoolof designas

exempli ed by EmacsandHTML andmary databasengines) amnotnormallyabig fanof
“English-like” syntaves.

Traditionally programmerave tendedo favor control syntayesthatarevery preciseandcompactand
have noredundang atall. Thisis a culturallegag/ from whencomputingresourcesvereexpensve, so
parsingstageshadto beascheapandsimpleaspossible English,with about50%redundang, looked
like averyinappropriatenodelthen.

Thisis notmy reasorfor normally avoiding English-like syntayes;| mentionit hereonly to demolishit.
With cheapcyclesandcore,tersenesshouldnotbeanendin itself. Nowadaysit's moreimportantfor a
languageo be convenientfor humanghanto becheapfor the computer

Thereremain,however, goodreasongo bewary. Oneis the compleity costof the parsingstage- you
don't wantto raisethatto the pointwhereit's a signi cant sourceof bugsanduserconfusionin itself.
Anotheris thattrying to make alanguagesyntaxEnglish-like oftendemandshatthe “English” it speaks
bebentseriouslyout of shapesomuchsothatthe super cial resemblancéo naturallanguagés as
confusingasa traditionalsyntaxwould have been (You seethis badeffectin alot of so-called‘fourth
generation'andcommercialdatabase-quergnguages.)

Thefetchmailcontrolsyntaxseemdo avoid theseproblemsbecausghe languagelomainis extremely
restrictedIt's nowhereneara general-purposkanguagethe thingsit sayssimply arenotvery
complicatedsothereslittle potentialfor confusionin maving mentallybetweeratiny subsebf English
andtheactualcontrollanguagel think theremaybeawiderlessorhere:

16. When your language is nowhere near Turing-complete, syntactic sugar can be your friend.

Anotherlessonis aboutsecurityby obscurity Somefetchmailusersasled meto changethe softwareto
storepasswerdsencryptedn therc le, sosnoopersvouldn't beableto casuallyseethem.

| didn't doit, becausehis doesnt actuallyaddprotection Anyonewho's acquiredoermissiongo read
yourrc le will beableto runfetchmailasyou anyway — andif it's your passverd they're after, they'd
beableto rip thenecessargecodeut of thefetchmailcodeitself to getit.

18

suggestedtby Kropotkin's “principle of understanding"They mustlearnto useLinus's Law.[SP]

Earlier| referredto the“Delphi effect” asa possibleexplanationfor Linus's Law. But morepowerful
analogiedo adaptie systemsn biology andeconomicslsoirresistablysuggesthemseles.The Linux
world beharesin mary respectdik e afreemarket or anecology a collectionof sel sh agentsattempting
to maximizeutility whichin the procesgproducesa self-correctingspontaneousrdermoreelaborate
andef cient thanany amountof centralplanningcouldhave achieved.Here,then,is the placeto seekthe
“principle of understanding”.

The*utility function” Linux haclersaremaximizingis not classicallyeconomicbut is theintangibleof
their own ego satishctionandreputatioramongotherhaclers.(Onemay call their motivation
“altruistic”, but thisignoresthefactthataltruismis itself aform of ego satisfictionfor the altruist).
Voluntaryculturesthatwork this way arenot actuallyuncommonpneotherin which | have long
participateds sciencection fandomwhich unlike haclerdomhaslong explicitly recognizedegoboo”
(ego-boostingpr theenhancementf one's reputatioramongotherfans)asthe basicdrive behind
volunteeractvity.

Linus, by successfullypositioninghimselfasthe gateleeperof a projectin which thedevelopmenis
mostlydoneby others,andnurturinginterestin the projectuntil it becameself-sustaininghasshavn an
acutegraspof Kropotkin's“principle of sharedunderstanding’This quasi-economieiew of the Linux
world enablesisto seehow thatunderstandings applied.

We mayview Linus's methodasaway to createanef cient marketin “egoboo”-to connecthe

sel shnessof individual haclersas rmly aspossibleto dif cult endsthatcanonly beachievedby
sustaineatooperationWith the fetchmailprojectl have shavn (albeiton a smallerscale)thathis
methodscanbe duplicatedwith goodresults.Perhaps have evendoneit a bit moreconsciouslyand
systematicallthanhe.

Many people(especiallythosewho politically distrustfree markets)would expecta cultureof
self-directedegoiststo be fragmentedterritorial, wasteful,secretve, andhostile.But this expectationis
clearlyfalsi ed by (to give justoneexample)the stunningvariety, quality anddepthof Linux
documentationlt is a hallowvedgiventhatprogrammer$ate documentinghow is it, then,thatLinux
haclersgeneratsomuchof it? Evidently Linux's free marketin egobooworksbetterto produce
virtuous,otherdirectedbehaior thanthe massiely-fundeddocumentatioshopsof commercial
softwareproducers.

BoththefetchmailandLinux kernelprojectsshow thatby properlyrewardingthe egosof mary other
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But thetraditionalUnix world waspreventedfrom pushingthis approactto the ultimateby several
factors Onewasthelegal contraintsof variouslicensesfradesecretsandcommerciainterestsAnother
(in hindsight)wasthatthe Internetwasnt yetgoodenough.

Beforecheapinternet thereweresomegeographicallcompacttommunitiesvherethe culture
encouragedVeinbeg's “egoless”programminganda developercould easilyattracta lot of skilled
kibitzersandco-developersBell Labs,the MIT Al Lab, UC Berkeley — thesebecamehe homeof
innovationsthatarelegendaryandstill potent.

Linux wasthe rst projectto make a consciousandsuccessfuéffort to usetheentireworld asits talent
pool. | don't think it's a coincidencehatthe gestatiorperiodof Linux coincidedwith thebirth of the
World Wide Web, andthatLinux left its infang/ duringthe sameperiodin 1993-1994hatsav the
takeoff of the ISPindustryandthe explosionof mainstreaninterestin the Internet.Linus wasthe rst
personwho learnechow to play by the new rulesthatpenasie Internetaccessnadepossible.

While cheapinternetwasa necessargonditionfor the Linux modelto evolve, | think it wasnot by itself
asufcient condition.Anothervital factorwasthe developmenbf aleadershistyle andsetof
cooperatie customghatcouldallow developerso attractco-developersandgetmaximumleverageout
of themedium.

But whatis this leadershipstyle andwhatarethesecustomshey cannotbe basedbn power
relationships- andevenif they couldbe,leadershify coercionwould not producetheresultswe see.
Weinbeg quotesthe autobiographyf the 19th-centuryRussiaranarchisPyotr Alexeyvich Kropotkin's
Memoirs of a Revolutionist to goodeffect on this subject:

Having been brought up in a serf-owner’s family, | entered active life, like all young men of my time, with a
great deal of confidence in the necessity of commanding, ordering, scolding, punishing and the like. But when,
at an early stage, | had to manage serious enterprises and to deal with [free] men, and when each mistake
would lead at once to heavy consequences, | began to appreciate the difference between acting on the principle
of command and discipline and acting on the principle of common understanding. The former works admirably
in a military parade, but it is worth nothing where real life is concerned, and the aim can be achieved only
through the severe effort of many converging wills.

The“severeeffort of mary convergingwills” is preciselywhata projectlike Linux requires- andthe
“principle of command’is effectively impossibleto applyamongvolunteersn theanarchist paradise
we call the Internet.To operateandcompeteeffectively, haclerswho wantto leadcollaboratie projects
have to learnhow to recruitandenenpizeeffective communitieof interestin the modevaguely
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All .fetchmailrcpassverd encryptionwould have doneis give a falsesenseof securityto peoplewho
don't think very hard. Thegeneratule hereis:

17. A security system is only as secure as its secret. Beware of pseudo-secrets.

9. Necessary Preconditions for the Bazaar Style

Early reviewersandtestaudiencesor this paperconsistentlyraisedquestionsaboutthe preconditiongor
successfubazaaistyle developmentjncluding boththe quali cations of the projectleaderandthe state
of codeatthetime onegoespublic andstartsto try to build a co-developercommunity

It'sfairly clearthatonecannotcodefrom thegroundupin bazaastyle[IN]. Onecantest,delugand
improvein bazaarstyle,but it would bevery hardto originate a projectin bazaamode.Linus didn't try
it. | didn't either Your nascentlevelopercommunityneedgo have somethingunnableandtestableto
play with.

Whenyou startcommunity-huilding, whatyou needto be ableto presents a plausible promise. Your
programdoesnt have to work particularlywell. It canbe crude,buggy, incomplete andpoorly
documentedWhatit mustnotfail to dois (a) run,and(b) corvince potentialco-developershatit canbe
evolvedinto somethingreally neatin theforeseeabléuture.

Linux andfetchmailbothwentpublic with strong,attractive basicdesignsMany peoplethinking about
thebazaamodelas| have presentedt have correctlyconsideredhis critical, thenjumpedfrom it to the
conclusiorthata high degreeof designintuition andclevernessn the projectleaderis indispensable.

But Linus got his designfrom Unix. | gotmineinitially from theancestrapopclient(thoughit would
laterchangea greatdeal,muchmoreproportionatelyspeakinghanhasLinux). Sodoesthe
leader/coordinatdior a bazaasstyle effort really have to have exceptionaldesigntalent,or canhe getby
onleveragingthe designtalentof others?

| think it is not critical thatthe coordinatobe ableto originatedesignsof exceptionalbrilliance, but it is
absolutelycritical thatthe coordinatorbe ableto recognize good design ideas from others.
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Boththe Linux andfetchmailprojectsshav evidenceof this. Linus, while not (aspreviously discusseda
spectacularlypriginal designerhasdisplayeda powerful knackfor recognizinggooddesignand
integratingit into the Linux kernel.And | have alreadydescribechow the singlemostpowerful design
ideain fetchmail(SMTP forwarding)camefrom somebodyelse.

Early audiencesf this papercomplimentedne by suggestinghat! amproneto undenaluedesign
originality in bazaamprojectsbecausé have alot of it myself,andthereforetake it for granted There
may be sometruth to this; design(asopposedo codingor detugging)is certainlymy strongesskill.

But the problemwith beingclever andoriginal in softwaredesignis thatit getsto be a habit— you start
re exively makingthingscuteandcomplicatedvhenyou shouldbe keepingthemrobustandsimple.|
have hadprojectscrashon me becausé madethis mistale, but | managedot to with fetchmail.

Sol believe thefetchmailprojectsucceedegartly becausé restrainedny tendeng to beclever; this
amgues(atleast)againsiesignoriginality beingessentiafor successfubazaaprojects And consider
Linux. Suppose.inus Torvaldshadbeentrying to pull off fundamentalnnovationsin operatingsystem
designduringthe developmentdoesit seematall likely thattheresultingkernelwould be asstableand
successfubswhatwe have?

A certainbaseevel of designandcodingskill is required,of course put | expectalmostarybody
seriouslythinking of launchinga bazaaeffort will alreadybe above thatminimum.Theopen-source
communitysinternalmarketin reputatiorexertssubtlepressuren peoplenot to launchdevelopment
efforts they' re not competento follow throughon. Sofar this seemgo have worked prettywell.

Thereis anotheikind of skill notnormallyassociatedvith softwaredevelopmentwvhich| think is as
importantasdesignclevernesgo bazaamprojects— andit maybemoreimportant.A bazaaproject
coordinatoror leadermusthave goodpeopleandcommunicationskills.

This shouldbe obvious.In orderto build adevelopmentommunity you needto attractpeople interest
themin whatyou're doing,andkeepthemhappy abouttheamountof work they're doing. Technical
sizzlewill goalongway towardsaccomplishinghis, butit's far from thewhole story. The personality
you projectmatterstoo.

It is notacoincidencehatLinusis a niceguy who makespeoplelik e him andwantto helphim. It's not
acoincidencehat!I'm anenegeticextrovertwho enjoys working acrovd andhassomeof thedelivery
andinstinctsof a stand-upcomic. To make thebazaamodelwork; it helpsenormouslyif you have at
leastalittle skill atcharmingpeople.
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10. The Social Context of Open-Source Software

It is truly written: the besthacksstartout aspersonakolutionsto the authors everydayproblemsand
spreacbecausehe problemturnsout to betypical for alarge classof usersThis takesusbackto the
matterof rule 1, restatedn a perhapsnoreusefulway:

18. To solve an interesting problem, start by finding a problem that is interesting to you.

Soit waswith Carl Harrisandthe ancestrapopclient,andsowith me andfetchmail.But this hasbeen
understoodor alongtime. Theinterestingpoint, the pointthatthehistoriesof Linux andfetchmailseem
to demandve focuson, is the next stage- the evolution of softwarein the presencef alargeandactive
communityof usersandco-deselopers.

In “The Mythical Man-Month”, FredBrooksobseredthatprogrammetime is not fungible;adding
developerdo alate softwareprojectmalesit later He arguedthatthe complexity andcommunication
costsof aprojectrisewith the squareof the numberof developerswhile work doneonly riseslinearly.
This claim hassincebecomeknown as“Brooks's Law” andis widely regardedasatruism.But if
Brooks's Law werethewhole picture,Linux would beimpossible.

GeraldWeinben's classic*The PsychologyOf ComputefProgramming’suppliedwhat,in hindsight,we
canseeasavital correctionto Brooks.In his discussiorof “egolessprogramming” Weinbeg obsened
thatin shopswheredevelopersarenotterritorial abouttheir code,andencouragetherpeopleto look for
bugsandpotentialimprovementsn it, improvementhappensiramaticallyfasterthanelsavhere.

Weinbeg's choiceof terminologyhasperhapgreventedhis analysisfrom gainingthe acceptancé
desered- onehasto smileatthethoughtof describinginternethaclersas“egoless”.But | think his
argumentooks morecompellingtodaythanever.

Thehistoryof Unix shouldhave preparedisfor whatwe're learningfrom Linux (andwhat!' ve veri ed
experimentallyon asmallerscaleby deliberatelycopying Linus's methoddEGCS]). Thatis, thatwhile
codingremainsanessentiallysolitary actiity, thereally greathackscomefrom harnessinghe attention
andbrainpaver of entirecommunitiesThe developerwho usesonly his or herown brainin aclosed
projectis goingto fall behindthe developerwho knows how to createanopen,evolutionarycontext in
which feedbaclexploring the designspacecodecontributions,bug-spottingandotherimprovements
comebackfrom hundredgperhapghousandspf people.
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