
Chapter 1. Lin ux is not Unix (20)
GNU is not Unix andLinux is not Unix. We might aswell getthatstraightfrom thestart.Whateverwas
trueabouttheold Unix operatingsystemdoesnot necessarilyapplyin this bookandtakingany such
assumptionprobablydoesmoreharmthangood.In fact,JonMaddog Hall tellsusthesedaysthatit isn’t
evenlegal to saythatLinux is “a Unix-likeoperatingsystem”becausewehaveneversubjectedLinux to
thestandardstestsor appliedfor any suchdesignation.Maddogsuggestswe sayinsteadthat“Unix is a
Linux-likeoperatingsystem”.

Unix andLinux sharearchitectureto apoint,but they areverydifferentcreatures,fundamentally
differentin their designanddevelopment.Unix wasa seriouseffort, theoutgrowth from only a few prior
prototypes,intendedfrom thestartto beacommercialgradeoperatingsystem;Linux beganasa toy of
interestto only a handfulof friendsandhasgrown to thepresent1.6million linesof codeentirely
incrementally, andalmostexclusively in themaintenance phase of its development.Unix waslargely
carvedin stonebeforeanyonehadthechanceto deploy it in therealworld, whereasLinux is thesumof
countlesssolutionsandrevisions,eachdonein directresponseto practical,real-world problems.That
Unix resemblesLinux in a superficialsenseof multitaskingandmultiuseroperationsis atbestproof of
JackScarfatti’s thesison how thefuturecausesthepast.

A Brief Histor y of Lin ux
Likeany technologybornandevolvedon theInternet,thefolklore of Linux is verywell documented;
only theexactdateof thefirst compileof thefirst toy systemwhich Linus releasedto a few friendsin
Octoberof 1991hasbeenlost.Whatis important,though,is to realizethis wasa toy, a proofonly of a
multitaskingenvironmentfor theIntel 386platform,andoneman’s responseto themesswhichhad
resultedfrom theProprietaryEraof softwaredevelopment.

From Multics to the Unix Wars
Thirty yearsbeforeLinus releasedLinux 0.02,theCompatibleTimesharingSystem(CTSS)for theIBM
709emergedfrom MIT asthefirst of thetimesharingsystems;CTSSranmultiple usersandswappedto
magnetictapeandgrew to allow 30 concurrentusers.In 1963,underProjectMAC andfundedby ARPA
andtheUS Departmentof Defense,theMultics projectwasestablishedto investigatemultipleaccess
computing.Early partnersin Multics includedBell LabsandGE/Honeywell andby 1965,Bell Labs
wereassignedto producingthePL/1compilerfor theMultics system.

Bell Labsleft theprojectin 1969.AlthoughMultics continuedto exploreideasin virtual memory,
multiple diskvolumesandrelationaldatabasesandlastedwell into the1970’s,therewasareluctanceto
committo anexperimentalsystem;aftera brief renaissancein thelate1970’s,Multics applicationswere
graduallymigratedto Sequent,andby 1995only oneMultics systemremained.Bell Labswere
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convincedMultics would fail to deliver, andthelastparticipants,includingDennisRitchie,left to
exploreideasin communalcomputingaimedat producingremote-access,time-sharingmachineswhich
would encouragecommunications.

During1969,Thompson,CanadayandRitchielaid thedesignwork andbuilt simulationsfor whatwould
becometheUnix inodefile system,devicefiles,memorypagingandthecommandshell.Their system
wasimplementedon thePDP-7and,by late1970,BrianKernighandubbedtheemergingsystem
“Unics”. In 1971,migratedto thePDP-11andsportingmodernprocesscontrol,aport of theMultics roff
anda simpleeditor, Unix wasdeliveredto theBell LabsPatentOffice.By 1973,thekernelwas
re-implementedusingthenew, higher-level andmoreportableC programminglanguageandwas
extendedto multi-programming;V4, thefirst modernUnix wasborn.

V6 wasreleasedoutsideof Bell in 1975andbecamethebasisfor thefirst commercialUnix
implementationsandthefirst 1.xBSDfrom theUniversityof Californiaat Berkeley. BSD addedtheC
shellfollowedayearlaterby theAT&T BourneShellin V7. SunMicrosystemcameonlinein 1983with
thefirst Unix workstations,and4.2BSDin 1984addedcompleteTCP/IPnetworkingprotocols;Unix
now integratedmulti-usermulti-taskingwith pipes,shells,IPC,remotelogins,uucp,file transferand
electronicmail.

Figure1-1.Unix Time-line 1961-2001
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Major developmentsin multi-taskingcomputingfrom Multics throughto Linux.

By 1991,Unix wasin trouble.In bidsto “conquer”marketsegmentsor mindshare,or juston mattersof
principlesandlicenses,theoriginalUnix forkedandfracturedinto threecamps,roughlytheAT&T
(ownedby Novell throughUSL), OSFandBSD,andeachof theseinto a dozensmallfactions;BSD
becameBSD,OpenBSD,NetBSDandFreeBSD,V7 becauseSystemV, TandemUX andVR4; hybrids
begetIBM AOSandUnixwareandtheironically namedConsensus.ThencameIRIX, Solaris,HP/UX,
AIX, QNX, XENIX andgreathoardsof others.Whenaskedaboutthedangerof a similar fork of
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divergingLinux kernels,almostall developerswill point to the“Unix Wars” asthebestreasonwhy no
onewould want to inflict thesamesufferingon Linux.1

From Task Scheduling to Open Sour ce
Suchwasthemesswhich greetedLinusTorvaldsin his searchfor a platformto do multi-tasking
research,andthis wastheworld awaiting themulti-taskingkernelhewould inadvertentlysupply. Unix
wasraptwith licensewarsandinfighting,Andy Tannenbaum’sMinix wasacaseof “Closebut notquite”
andwasundera restrictive license.Puttingthisall together, Linuswrotehis projectfrom scratch,placing
theresultundertheGNU PublicLicense,andemailedhis work to ahandfulof friendson October12,
1991.

The Holy Grail of Por tability
While therewasno shortageof contraryopinion,onereasonKenThompsonandDennisRitchiechoseto
implementUnix in a high-level languageto achievea level of abstractionfrom theunderlyinghardware.
Thechoicewasdonepartly for theconvenienceof theC language,but alsofor thepromiseof aneasier
port to otherplatforms.It provedausefulexperiment:By theearly80’s,theonly componentof Unix still
codedin assemblerwastheassembleritself. Theeaseandportability of C wasin largemeasure
responsiblefor therapidspreadof Unix.

Unix designphilosophyalsocalledfor abstractionin hardwaredevices,virtual memoryandin file
systems,alwaysin a trade-off betweenwhatcanbewrappedin anabstractionlayerandperformance
requirements.

This philosophypersistsin Linux whereaprognosisfor any port is positivewherethereexistsa working
GNU C compiler.

Designing to a “Reasonab le Architecture”
High-level languagesandopenstandardshelp,but they no guaranteeof portability. In theearliestportof
Linux, to theMotorola68k CPU,many changesweremadeandwholesectionsre-writtento
accommodatefutureports.In hisessayin “OpenSources,OpenMinds”LT99,LinusTorvaldsdescribes
thedesignobjectiveof Linux asseekingnot to beportable,but to beportableto “any reasonable
architecture”.

Ratherthanseekuniversalportability, aswastheHoly Grail of theMicrokernelschoolof O/Sdesign,
Linusdesignedfor amorerestrictedtargetarchitecturewith theassumptionthatany reasonable
hardwaredesignmustincludebasicfeaturessuchasinterrupts,memoryandtaskmanagement.
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Monoliths and Micr okernels
Linux is a monolithickernel,meaningthekerneldrawsahardboundarybetweenwhatis kernelspace,
accessedby directfunctioncalls,andwhatis userspace,accessedthroughabstractionlayerssuchas
systemrequests.In a microkernel,all systemcallsaremessagesandthemicrokernelarchitecture
dependson automatedoptimizationof thesecalls;in amonolithickernel,thisoptimizationis doneby the
programmers;wherespeedor timing is critical, methodsareimplementedasdirectC functioncalls
inside“kernelspace”andusingthememoryandotherresourcesof thecorekernel.

In principle,this hardboundaryposesa problemfor themonolithickernel:Extendingthesetof services
requiresextendingthekernelitself. In Linux, this problemis alleviatedthroughthetechniqueof
modules,of wrappinga thin abstractionlayeraroundkernelserviceswhichallow thecomponentsto be
loadedandunloadedat runtime,andwhich restrictthecommunicationsof themodulesto theresources
insidekernelspacethroughasmallsetof strictly definedAPIs.Strictly speaking,Linux is probablynota
monolithickernelbut somewhatof ahybridor middlegrounddesignwheretrustedmodulesmayexist
on thegrayboundarybetweenuserspaceandkernelspace.

By definition,themodulesaretrusted components of thekernel,ableto directlyaccesshardware
resources,to manipulatethestateof thekernel,and,if they arenot careful,to do a lot of damage.New in
the2.4Linux kernelis anotionof accesscontrolfor kernelmodules,asecuritylayerto assurethesystem
operatorsthatno unauthorizedkernelservicesmaybeaddedto therunningsystem.

Open Sour ces, Open Minds
Therearemany reasonsfor thesuccessof Linux; technicalexcellenceis only onedimensionandis itself
a productof thedecisionto releasefirst undertheGNU PublicLicenseandsecondto openthe
developmentteamto any andall contributors.ThissecondchoicesetLinux apartfrom theprior GPL
work doneby theFreeSoftwareFoundationandis thereasonwhy this bookis aboutLinux andnot
abouttheHurd.Whetherthroughhis insightful understanding,or throughblind goodluck, Linus
Torvaldscouldharnessmassively parallelindependentexplorationanddevelopmentof kernel
components;8 yearslater, this methodcontinuesto searchthesolutionspaceunabated,percolatingthe
findingsof countlesscontributorsup throughthehierarchyof theMAINTAINERS list until thecreamof
theideascropshow up in Alan’s-ac patches,andfrom theremostofteninto thecanonicalsources.

Lin ux Development Model
While heprobablythoughtnothingof it at thetime,Linussetthisnew projectapartfrom thefold in his
choiceof anopenandegalitariandevelopmentmodel.While Linus remainsthefinal vetopoweroverany
new featuresvying for thecanonicalsourcetree,therearenorestrictionson contributors;whereprior
“opensource”projectswouldwelcomeadvice(andpatches),eachrestrictedall write-accessto thesource
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codeto a tightly cloistered(andoftengeographicallyproximate)anddemocraticwork group.Linux, on
theotherhand,followedthemodelof a “benevolentdictator”who would freely grantwrite accessto
anyonewhoprovedthemselvesworth.Thus,while theFSFteamstendto clusteraroundMIT and
ApacheclusteredaroundCalifornia,andwhile thedevelopmentsin thoseprojectswererelatively slow,
Linux becamea trueparticipatoryopensourceprojectpropelledby anopenwelcomefor participants.

Lin ux and the GPL
TheGNU PublicLicensedid not begin with Linux, nor is Linux evenits mostfamousproduct.TheGPL
wasa strokeof Geniusby RichardStallman,authorof theEmacseditorandthefounderandprimary
contributor to theFreeSoftwareFoundation.UndertheGPL,Emacshadbecomestandardequipmentfor
softwaredevelopersanddocumentmanagementsystemsunderUnix, andby 1988,theGPL GNU C
compilerhadbecomesoentrenchedin researchandcorporatecomputingthattheFSFwaspressuredto
releasea modifiedlicenseto allow for thedevelopmentof proprietarysoftwareusingthesetools.

TheGPL is availablewith theLinux sourcecodeandshouldbereadthoroughlybeforeembarkingon
any Linux-relatedproject.Thesimplestoryof it is thatit grantsusersof thesoftwaretherightsto read
thesourcecodeof theprogram(which is theextentof thedefinitionof “opensource”)andthatit also
grantsall usersof thesoftwaretheright to modify andto redistribute this softwarewithout royalty fees.
Most importantly, theGPL ensuresthatall modifiedversionsof theGPL softwarearealsothemselves
governedby theGPL.

Lines in the Sands over GPL
TheGPL is describedashaving “virus-like” qualitiesin thatif any componentof asoftwareproject
containsGPLcode,thewholebodyof work mustalsoconformto theGPL.In themiddle1980’s,
concernsover this effect ledRichardStallmanto concedea “LesserGPL” which preventedlibrary
functionslinkedduringa C compilefrom determiningthelicenseof theresultingcode;theLGPL thus
openedtheuseof theGNU C compilerfor commercialproductsandresultedin anexplosionof
popularityfor theFSFcompiler.

Thedevelopmentof Linux cameto asimilar line in thesandduringthedevelopmentof the2.0kernels:
Extensionsto thekernel,by beingextensionsratherthan“clients” of GPLsoftware,wouldberequiredto
conformto theGPL.By publicdecree,LinusTorvaldsannouncedthatmodules shouldbeconsideredas
“clients of thekernel”andnot ascomponentsof thewhole.Althoughtherearekernelservices
implementedasmoduleswhichareincludedwith thecanonicalkernelsourcesandto beincludedin the
sources,amodulemust,by definition,make thesourceavailable(andundertheGPL), thereis no
restrictionagainstcreatingcommercialandproprietarybinary-onlymodules.
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Unix Foundations
Linux is not Unix, but borrowsheavily from thedesignprinciplesof Unix andemulatesUnix interfaces,
mostoftenmoreaccuratelyto specthanany commercialtrue-Unix.Theearlydevelopmentof Linux was
obviously influencedby thewidespreaduseof Unix by its developers,but alsobecauseof thework done
by theFreeSoftwareFoundationin creatinga reasonablycompleteGPLopusof standardUnix tools;
oncetheLinux kernelwasonly just usefulenoughto emulatetheactionsof the1971-vintageUnix, the
developersquickly realizedthey couldusetheportedGNU C compilerto build theFreeSoftware
FoundationGNU utilities andtherebyassemblea surprisinglycompleteoperatingsystem.

BundlingGNU with Linux likely hadamajorinfluencein theemergenceof thekernelinterfaces;beinga
volunteerproject,therewasno incentive to re-inventmethods,andUnix interfaceswerewell understood,
well documentedandcamewith a largebodyof applications.ThusLinux cameto sharethedesign
requirementsof Unix systems,and,unencumberedby profit motives,coulddo soin anopenand
accommodatingway. Mostof theprogrammersthemselveswereexperiencedin programmingfor the4.3
BSDUnix kernel,andevenveryearlykernelsourcesshow many sectionsimplementedor patchedto
matchthequirksin 4.3BSD.

Theelementsof thearchitecturegrew naturallyfrom this initial couplingwith theFSFtoolsandtheBSD
environment.To beinterfacecompatible,thenew Linux wouldneed

• Hardwareabstractionthroughasmallnumberof interfaces(/dev, /proc andioctrl())

• An i-nodebasedfile system

• Multi-taskingprocesscontrol

• Virtual memory

• Kerneltimekeeping

• An i-nodebasedfile system

Giventheserequirements,andtheconstraintsof compatibilitywith theFSFandBSD interfaces,Linux
hadonefurtherconstraint:It hadto runon theIntel 386microprocessor. Many attemptshadbeenmade
prior to Linux to implementa multi-tasking,multi-userO/Son this platform;therehadbeensomeminor
successeswith DesqView andXENIX, but thesword remainedfirmly stuckin thestoneuntil Linus
Torvaldswho madetheinnocentandreasonedchoiceto eschew popularopinionandimplementhis O/S
asanold-fashionedmonolithickernel.

Thesectionswhich follow outlinetheseinterfaceandperformancerequirementsin moredetail,andeach
is alsocoveredmoreexactly in theassociatedchapter.

Hardware Abstraction
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To beportable,softwaremustdivide therequirementsof asystemfrom theimplementationdetails;in
Linux, all hardwaredevices,from virtual memoryto USBports,areidealizedin limited interface
definitions.Of all aspectsof kernelcustomizations,theseAPI standardsareprobablythehardestto
changeandthedevelopmentcommunityis loathto allow feature-creepandbloatin thecorekernel.

Figure1-2.Hardwareabstraction
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Hardwareabstractionis achievedthrougha limited numberof interfacesfrom UserSpaceto thekernel
andfrom thekernelto theunderlyinghardware.While amoduleis freeto defineits own userspace
interfaces,developersareencourageto usestandardizedmethodsto ensuresystemsecurityand
portability.

File systems
File systemsin Linux aregroundedin thei-nodemodelfirst developedfor theThompsonandRitchie
pre-UnixPDP-7O/S.In Linux, theVFS providesa uniformabstractionregardlessof theunderlyingdisk
device.

For moredetailonLinux file systemsseeChapter13

Multitasking
Also akin to theearlyUnix, Linux borrowsthebasicmultitaskingoperationsof fork andexec to create
andspawn “child processes”.

For moredetailon theLinux SchedulerseeChapter9
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Vir tual Memor y
Conceptually, theVM modelusedin Linux is adirectdescendentof thepagingmodelusedin Multics
andtheCTSS.

Linux MemoryManagementis discussedin moredetail in Chapter11

Kernel Space vs User Space
While notaUnix-ismperse,asmentionedbefore,animportantfeatureof theLinux architectureis thatit
is a “monolithic” kernelwhichdrawsa harddistinctionbetweenprocesseswithin thekernelandthose
run in “userland”. In theconverse“microkernel”design,thecoreis smallandsimple,andwhich
interactswith all servicesthroughmessagequeues.Thisallows thecoredesignto beverysmallandto
stayveryclean,but alsoinflicts performanceoverheadfor themanagingof themessagelists.

In themonolithickernel,thisoverheadis by-passedby allowing kernel-spaceprocessesto sharethesame
memoryasthecorekernel,andto communicatewith thekernelandwith othermodulesvia directC
languagefunctioncalls.As a result,any componentin thekernelcancommunicatedirectly throughthe
public functionsany othercomponent. . . providing of coursethatthis hackwill passthescrutiny of the
otherdevelopers.

Thatlastitem is thesolereasonwhy Linux monolithicdesigndoesnot degradeinto a stew of madness:
As with theC languageitself, the“strictly controlledAPI” in theLinux architectureis notenforcedby
“bondage-and-disciplineethics”2 in thetools,but by theself-disciplineof programmersthemselves.
“Restraintwhenreasonable”is a culturalmorethatpermeatesthesocial,programmingandarchitectural
stylein Linux.

New Features in Lin ux
ChartingLinux is likechartingthemigrationof caribouor thevanishingcodstocks;you cantaga few,
scourthetundrafor tracksandmakeguesses,but you reallycan’t know wherethey areor wherethey are
goinguntil they actuallygetthere.We canonly now saywhatis actuallyin the2.4kernel,andwhatwill
beretainedandrevampedthroughthe2.5pathcanonly bestatedasa wish-list of bestintentions.

Of course,thefuturefeaturesof Linux is not entirelywishingupona star. Readingthis bookis evidence
enoughthatthefuturefeaturesetcanbea self-fulfilling prophesy, and,unlikesimilar booksonany prior
technology, theopensourcedimensionof Linux meanseachandevery readerof this bookis grantedfull
licenseto influencethatfuture.

Lin ux 2.4
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If you arecomingto this bookfrom the2.2Kernelreferencematerial,you’re in for a ride.Systemshave
changedall over theplace.Thefollowing is justa partial list of systemswhichhavebeenadded,
re-writtenor rethoughtin the2.4kernel:

• ResourceManagementSubsystem

• RemappedDeviceFiles

• Numerouschangesto the/proc Interface

• Supportfor 4.2billion users

• Memorylimit is now 4G

• I2O/PCIimprovements

• ImprovedPlug’n’PlaySupport

• ImprovedParportInterface

• USB Support

• ia64,S/390andSuperHPorts

• SharedmemoryVFS

• Logical VolumeManager

• SingleBuffer File Caching

• Raw I/O devices

• Large-filefile systems(file � 2G)

• UDF andUFSfile systems

• SCSISubsystem

• Moduleaccesscontrol

• Network AddressTranslation(NAT)

• DECNetandARCNet

• Direct RenderingManager

• VoiceSynthesizerSupport

• Kernel-level HTTPD

• KernelDocBookanddocgen

Planned features for Lin ux 2.5
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Kernelstake time to polishfor production,andbookstake time to prepareandprint; thenetresultsare
thosefeatureswhichwereeithernot readyin time to beconsideredfor the2.4kernel,andthosefeatures
which werenot well understoodenoughto beincludedin this bookprior to press.

If you aredevelopingin any of theseareas,youwould bewell advisedto treadcarefullyandto consult
theMAINTAINERS file or thelinux-kernel mailing list to getup to speedon thedevelopmentsin these
subsystems.Detailson theseandotherenhancementsboundfor the2.6kernelsaretypically outlinedon
thelinux-kernelTODOlist (http://kena.8k.com/linux-kernel/TODO.txt) andshouldalsobeavailable
from theusualkernelresources.(seeAppendixB)

CML2

You haveprobablyconfiguredyourshareof Linux kernels,andif youhaveyet to configurea 2.4series
kernel,you arein for a realtreat.If youhaveever tried to add anew kernelfeature,youhavealready
seenwhy Eric Raymondis spendinghis flight andhoteltime redesigningthekernelconfigurationtools.

CML2 is theConfigurationModelingLanguageto succeedthecurrentmake xconfig methodwith a
simplersystem,easierto maintainandto program,andwhichwill allow moduleandservicedevelopers
to specifyall dependenciesof their code;it mayevenbepossibleto specifyyourhardwareto theCML2
interpreterandto have it deducethekerneloptionswithout intervention.

System Calls

Severalauthorshavecalledfor removing or re-writingseveralof thecoresystemcalls.This list includes
addingtherevoke() systemcall, droppingcli() andsleep_on(), extendingtheutility of
setrlimit(), getrusage(), andwait4(), anda re-writeof sysctrl().

Frame Buff ers (fbde v)

JamesSimmonshasplansfor cleaningup thefbdev layerwith a new api,addsupportfor cardswith
multiple framebuffersandaddrealmulti-headsupportto theconsolesystem.

Sound System

Althoughpartiallypresentin 2.4,thenext kernelwill expandthesupportfor theALSA sounddrivers.

V4L2

The2.4kernelcontainslittle in thewayof new supportfor thevideoandFM radiointerfaceprimarily
becausethedevelopersarereworking theentiresystemfor V4L2; unfortunatelyV4L2 wasnot
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consideredstableenoughto beincludedinto the2.3developmenttreeandhasbeenpushedbackto
Linux 2.5.

Memor y Management and Memor y Devices

Rik vanRiel hasplansto supportallocatingvery largecontinuousmemoryblockson system
initialization,andimproveddcacheandotherimprovementsto theVM. David Woodhouseis alsocalling
for addingsupportfor flashandothermemorydevicedrivers.

Journaling File System

Journalingfile systemsarea bit of a sorespot.Theshortstoryis thatyoucanaddoneto any Linux 2.4
with very little effort, andsomedistributionshavealreadybundledtheReiserFSwith the2.2kernel
releases.Thebadnews is that,to includea journalingfile system,youwill needto chooseone,anda
clearwinneris notyetapparent.As aresult,noneof theoptionsareincludedin the2.4kernelsourcetree.

The2.5TODOlist includesmerging in thechangesfor theReiserFSandext3, merging in XFS,HFS+,
JFSandNWFS;whetherall of thesewill happenor if somehybridoccursremainsto beseen.

Tour of the Kernelbook
Thechapterswhich in Part I in The Linux Kernel expandon theconceptsin this chapterandtakea closer
look at theunderlyingarchitectureof theLinux kernelfrom a high-level view. A discussionof “The
ReasonableCPU” describesthedesignconstraintsof theidealizedprocessorwhichguidestheportability
requirements,followedby ageneraltourof themajorkernelsubsystems,thekernelsourcetreeanda
survey of kerneldevelopmentanddebuggingtools.Thissectionendswith a guideto participatingin the
Linux project,how to reportbugs,contributecodeandtake full advantageof theopensourcerevolution.

To createnew servicesor to comprehendandadaptspecificsubsystems,you probablyneedonly the
detailedguideto theparticularareaanda higher-level view of its interactionswith othercomponents.
Thesubsequentpartsof this bookstepprogressively deeperinto thearchitectureto providethedetailed,
domainspecificviews,first with a detailedsubsystemby subsystemanalysisof thecorekernelin Part II
andthena level deeperin thediscussionsof specificclassesof kernelservicesin Part III in The Linux
Kernel. Thefinal partof this book,Part IV in The Linux Kernel is a collectionof contributedchapterson
advancedapplicationsinvolving adaptingthekernel.

Thereis no “magicbullet” to understandingtheLinux kernelandwhile a bookmaybeableto giveyou
simplerecipiesto creatingspecificdriversandservices,thereis nosubstitutionfor readingthesource;as
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you follow throughthechaptersof thisbook,youshouldtestall assertionsagainstthesourcecodeand
verify all potentialbugsagainstcurrentsources.

Notes
1. Becauseof theGPL,Linux cannotfork into secretiveproprietaryfactions:Any variantsmustmake

their variationsknown to theothercommunitiesandasa result,temporarydivergingeditionstendto
quickly anneal.In opensourcedevelopmentundera freesharinglicense,thebestsolutionis sought
in parallelby many independentdevelopers,andresultsarecomparedandevaluatedby theentire
community. If thereis a bestsolution,thismethodologyefficiently findsit. Also, althoughheholds
thecopyright to theLinux name,LinusTorvaldspointsout that,becauseheneverbotheredto acquire
copyright transferfrom theauthorsof all thepatcheshereceives,it wouldbevirtually impossibleto
achievetheconsensusneededto switchtheLinux sourcecodefrom theGPL to anotherlicense
model.

2. While usedby many authors,this termis self-attributedto Eric Raymondwho citeshis
comp.lang.misc postingfrom December22,1988in responseto theuseof := in Modula3:

. . . TheEuropean‘bondage-and-discipline’schoolof languagedesign(thepeoplewhobroughtyou
Algol-68, Pascal,Modula,Ada,andModula-2andarenow having yetanothertry at gettingtheir mistakes
right in Modula-3)likesto claim apostolicdescentfrom thatlanguage. . .
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