Chapter 1. Linux is not Unix (20)

GNU is not Unix andLinux is not Unix. We might aswell getthatstraightfrom the start. Whateserwas
trueaboutthe old Unix operatingsystemdoesnot necessarilyapplyin this bookandtakingarny such
assumptiomprobablydoesmoreharmthangood.In fact,JonMaddog Hall tells usthesedaysthatit isn’t
evenlegalto saythatLinux is “a Unix-lik e operatingsystem”becausave have never subjected.inux to
the standardsestsor appliedfor any suchdesignationMaddogsuggestsve sayinsteadthat“Unix is a
Linux-lik e operatingsystem”.

Unix andLinux sharearchitecturgo a point, but they arevery differentcreaturesfundamentally
differentin their designanddevelopmentUnix wasa seriouseffort, the outgravth from only a few prior
prototypesijntendedfrom the startto be acommercialgradeoperatingsystem;Linux beganasatoy of
interestto only a handfulof friendsandhasgrown to the presentl.6 million linesof codeentirely
incrementallyandalmostexclusively in the maintenance phase of its developmentUnix waslargely
canedin stonebeforeanyonehadthe chanceo deploy it in therealworld, wheread inux is the sumof
countlesssolutionsandrevisions,eachdonein directresponséo practical,real-world problemsThat
Unix resembled.inux in a superficialsenseof multitaskingandmultiuseroperationss at bestproof of
JackScarhtti’'s thesison how the future causeghe past.

A Brief Histor y of Linux

Like any technologybornandevolvedonthe Internet the folklore of Linux is very well documented;
only theexactdateof thefirst compileof thefirst toy systemwhich Linus releasedo afew friendsin
Octoberof 1991 hasbeenlost. Whatis important,though,is to realizethis wasatoy, a proofonly of a
multitaskingervironmentfor the Intel 386 platform,andoneman’s responseo the messwhich had
resultedfrom the ProprietaryEraof softwaredevelopment.

From Multics to the Unix Wars

Thirty yearsbeforeLinusreleased.inux 0.02,the CompatibleTimesharingSystem(CTSS)for the|IBM
709emepgedfrom MIT asthefirst of thetime sharingsystemsCTSSranmultiple usersandswappedo
magnetidapeandgrew to allow 30 concurrenusersin 1963,underProjectMAC andfundedby ARPA
andthe US Departmenbf Defensethe Multics projectwasestablishedo investigatemultiple access
computing Early partnerdn Multics includedBell LabsandGE/Honegwell andby 1965,Bell Labs
wereassignedo producingthe PL/1 compilerfor the Multics system.

Bell Labsleft the projectin 1969.Although Multics continuedo exploreideasin virtual memory
multiple disk volumesandrelationaldatabaseandlastedwell into the 1970%, therewasareluctanceo
committo anexperimentakystemsaftera brief renaissancen thelate 1970's, Multics applicationsvere
graduallymigratedto Sequentandby 19950nly oneMultics systenremainedBell Labswere
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convincedMultics would fail to deliver, andthelastparticipantsjncluding DennisRitchie, left to
exploreideasin communakomputingaimedat producingremote-accessime-sharingnachineswvhich
would encourag&eommunications.

During 1969,ThompsonCanadayandRitchielaid the designwork andbuilt simulationsfor whatwould
becomehe Unix inodefile systemdevice files, memorypagingandthe commandshell. Their system
wasimplementednthe PDP-7and,by late 1970,Brian Kernighandubbedthe emeging system
“Unics”. In 1971, migratedto the PDP-11andsportingmodernprocessontrol,aport of the Multics roff
anda simpleeditor, Unix wasdeliveredto the Bell LabsPatentOffice. By 1973,thekernelwas
re-implementedisingthe new, higherlevel andmoreportableC programminganguageandwas
extendedo multi-programmingV4, thefirst modernUnix wasborn.

V6 wasreleasedutsideof Bell in 1975andbecamehebasisfor thefirst commercialunix
implementationgndthefirst 1.xBSDfrom the University of Californiaat Berkeley. BSD addedthe C
shellfollowedayearlaterby the AT&T BourneShellin V7. SunMicrosystemcameonlinein 1983with
thefirst Unix workstationsand4.2BSDin 1984addedcompleteT CP/IPnetworking protocols;Unix
now integratedmulti-usermulti-taskingwith pipes,shells,IPC, remotelogins,uucp,file transferand
electronicmail.

Figure 1-1.Unix Time-line 1961-2001
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Major developmentsn multi-taskingcomputingfrom Multics throughto Linux.

By 1991,Unix wasin trouble.In bidsto “conquer’market sgmentsor mind share or just on mattersof
principlesandlicensesthe original Unix forkedandfracturedinto threecampsyoughlythe AT&T
(ownedby Novell throughUSL), OSFandBSD, andeachof theseinto a dozensmallfactions;BSD
becameBSD, OpenBSDNetBSDandFreeBSD V7 becaus&ystemV, TandemUX andVR4; hybrids
begetIBM AOSandUnixwareandtheironically namedConsensusThencamelRIX, Solaris,HP/UX,
AIX, QNX, XENIX andgreathoardsof others Whenaskedaboutthe dangerof a similar fork of
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diverging Linux kernels,almostall developerswill pointto the“Unix Wars” asthe bestreasonvhy no
onewould want to inflict the samesuffering on Linux.*

From Task Scheduling to Open Source

Suchwasthe messwhich greeted_inus Torvaldsin his searcHor a platformto do multi-tasking
researchandthis wastheworld awaiting the multi-taskingkernelhe would inadvertentlysupply Unix
wasraptwith licensewarsandinfighting, Andy Tannenbauns Minix wasa caseof “Close but not quite”
andwasunderarestrictive license Puttingthis all togetherLinus wrote his projectfrom scratch placing
theresultunderthe GNU Public License andemailedhis work to a handfulof friendson Octoberl2,
1991.

The Holy Grail of Portability

While therewasno shortageof contraryopinion,onereasorkKen ThompsorandDennisRitchie choseto
implementUnix in a high-level languageo achieve alevel of abstractiorfrom the underlyinghardware.
The choicewasdonepartly for the corvenienceof the C languagebut alsofor the promiseof aneasier
portto otherplatforms.It proveda usefulexperiment:By the early80'’s, the only componenbf Unix still
codedin assemblewasthe assembleitself. The easeandportability of C wasin largemeasure
responsibldor therapid spreadf Unix.

Unix designphilosophyalsocalledfor abstractiorin hardwaredevices,virtual memoryandin file
systemsalwaysin atrade-of betweenwhatcanbewrappedn anabstractionayerandperformance
requirements.

This philosophypersistdn Linux wherea prognosisfor ary portis positive wherethereexistsaworking
GNU C compilet

Designing to a “Reasonab le Architecture”

High-level languagesindopenstandard$elp, but they no guarante®f portability. In the earliestport of
Linux, to the Motorola68k CPU, mary changesveremadeandwhole sectionge-writtento
accommodatéuture ports.In his essayin “Open SourcesQpenMinds”LT99, Linus Torvaldsdescribes
thedesignobjective of Linux asseekingnotto be portable but to be portableto “any reasonable
architecture”.

Ratherthanseekuniversalportability, aswasthe Holy Grail of the Microkernelschoolof O/Sdesign,
Linus designedor a morerestrictedtargetarchitecturewith the assumptiorthatary reasonable
hardwaredesignmustincludebasicfeaturessuchasinterrupts memoryandtaskmanagement.
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Monoliths and Microkernels

Linux is amonolithickernel,meaningthekerneldrawvs a hardboundarybetweenvhatis kernelspace,
accessedy directfunctioncalls,andwhatis userspaceaccessethroughabstractionayerssuchas
systenrequestsln amicrokernel,all systemcallsaremessageandthe microkernelarchitecture
depend®n automatedaptimizationof thesecalls;in a monolithickernel,this optimizationis doneby the
programmersyvherespeedor timing is critical, methodsareimplementedasdirectC functioncalls
inside“kernelspace”andusingthe memoryandotherresource®f the corekernel.

In principle, this hardboundaryposesa problemfor the monolithickernel:Extendingthe setof services
requiresextendingthe kernelitself. In Linux, this problemis alleviatedthroughthe techniqueof
modules of wrappingathin abstractioriayeraroundkernelserviceswhich allow the componentso be
loadedandunloadedat runtime,andwhich restrictthe communication®f themodulesto theresources
insidekernelspacehrougha smallsetof strictly definedAPIs. Strictly speakingLinux is probablynota
monolithickernelbut someavhatof a hybrid or middle grounddesignwheretrustedmodulesmay exist
onthegrayboundarybetweeruserspaceandkernelspace.

By definition,the modulesaretrusted components of thekernel,ableto directly acces$hardware
resourcesto manipulatehe stateof the kernel,and,if they arenot careful,to do alot of damageNew in
the 2.4 Linux kernelis anotionof accesgontrolfor kernelmodulesa securitylayerto assureghe system
operatorghatno unauthorizedkernelserviceamaybe addedto therunningsystem.

Open Sour ces, Open Minds

Therearemary reasondor the succes®f Linux; technicalexcellences only onedimensionandis itself
aproductof thedecisionto releasdirst underthe GNU PublicLicenseandsecondo openthe
developmenteamto ary andall contributors.This secondchoicesetLinux apartfrom the prior GPL
work doneby the FreeSoftwareFoundationandis the reasonwhy this bookis aboutLinux andnot
aboutthe Hurd. Whetherthroughhis insightful understandingor throughblind goodluck, Linus
Torvaldscould harnessnassiely parallelindependenéxplorationanddevelopmenif kernel
components8 yearslater, this methodcontinuedo searchthe solutionspaceunabatedpercolatinghe
findingsof countlessontributorsup throughthe hierarchyof the MAI NTAI NERS list until the creamof
theideascropshav upin Alan’s - ac patchesandfrom theremostofteninto the canonicakources.

Linux Development Model

While he probablythoughtnothingof it atthetime, Linus setthis new projectapartfrom thefold in his
choiceof anopenandegalitariandevelopmentmodel.While Linus remainghefinal vetopowerover ary
new featuresvying for the canonicakourcetree,thereareno restrictionson contributors;whereprior
“opensource”projectswould welcomeadvice(andpatches)eachrestrictedall write-accesso thesource
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codeto atightly cloistered(andoftengeographicallyproximate)anddemocratiavork group.Linux, on
theotherhand followedthe modelof a “benevolentdictator” who would freely grantwrite accesgo
aryonewho provedthemselesworth. Thus,while the FSFteamstendto clusteraroundMIT and
ApacheclusteredaroundCalifornia,andwhile the developmentsn thoseprojectswererelatively slow,
Linux becameatrue participatoryopensourceprojectpropelledby anopenwelcomefor participants.

Linux and the GPL

The GNU PublicLicensedid not begin with Linux, noris Linux evenits mostfamousproduct.The GPL
wasa stroke of Geniusby RichardStallman authorof the Emacseditorandthe founderandprimary
contributor to the FreeSoftwareFoundation Underthe GPL, Emacshadbecomestandardequipmentor
softwaredevelopersanddocumenmanagemergystemsunderUnix, andby 1988,the GPL GNU C
compilerhadbecomesoentrenchedhn researctandcorporatecomputingthatthe FSFwaspressuredo
releasea modifiedlicenseto allow for the developmenbf proprietarysoftwareusingthesetools.

TheGPL s availablewith the Linux sourcecodeandshouldbe readthoroughlybeforeembarkingon
ary Linux-relatedproject.Thesimplestoryof it is thatit grantsusersof the softwaretherightsto read
the sourcecodeof the program(whichis the extentof the definitionof “opensource”)andthatit also
grantsall usersof the softwaretheright to modify andto redistribute this softwarewithoutroyalty fees.
Mostimportantly the GPL ensureghatall modifiedversionsof the GPL softwarearealsothemseles
governedby the GPL.

Lines in the Sands over GPL

The GPL is describedashaving “virus-like” qualitiesin thatif any componenbdf a softwareproject
containsGPL code,thewholebody of work mustalsoconformto the GPL. In themiddle 1980,
concernoverthis effectled RichardStallmanto conceden “LesserGPL” which preventedlibrary
functionslinkedduringa C compilefrom determiningthelicenseof theresultingcode;the LGPL thus
openedheuseof the GNU C compilerfor commercialproductsandresultedn anexplosionof
popularityfor the FSFcompiler

Thedevelopmenbf Linux cameto asimilar line in the sandduringthe developmentf the 2.0kernels:
Extensiongo thekernel,by beingextensiongatherthan“clients” of GPL software,would berequiredto
conformto the GPL. By public decreeLinus Torvaldsannouncedhatmodules shouldbe considereds
“clients of thekernel” andnotascomponent®f thewhole. Althoughtherearekernelservices
implementedasmoduleswhich areincludedwith the canonicakernelsourcesandto beincludedin the
sourcesamodulemust,by definition, make the sourceavailable(andunderthe GPL), thereis no
restrictionagainstcreatingcommercialandproprietarybinary-onlymodules.
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Unix Foundations

Linux is notUnix, but borrows heavily from the designprinciplesof Unix andemulatedJnix interfaces,
mostoftenmoreaccuratelyto specthanany commerciatrue-Unix. The early developmentof Linux was
obviouslyinfluencedby thewidespreadiseof Unix by its developersput alsobecaus®f thework done
by the FreeSoftwareFoundationin creatinga reasonablyompleteGPL opusof standardJnix tools;
oncetheLinux kernelwasonly justusefulenoughto emulatethe actionsof the 1971-vintageJnix, the
developergquickly realizedthey could usethe portedGNU C compilerto build the FreeSoftware
FoundationGNU utilities andtherebyassemble surprisinglycompleteoperatingsystem.

BundlingGNU with Linux likely hada majorinfluencein theemegenceof the kernelinterfacespeinga
volunteermproject,therewasnoincentive to re-irventmethodsandUnix interfacesverewell understood,
well documentec&ndcamewith alargebody of applicationsThusLinux cameto sharethe design
requirement®f Unix systemsand,unencumbereby profit motives,coulddo soin anopenand
accommodatingvay. Most of the programmershemseleswereexperiencedn programmingor the 4.3
BSD Unix kernel,andevenvery early kernelsourceshov mary sectiondmplementedr patchedo
matchthequirksin 4.3BSD.

Theelementf thearchitecturegren naturallyfrom thisinitial couplingwith the FSFtoolsandtheBSD
ervironment.To beinterfacecompatible the new Linux would need

- Hardwareabstractiorthrougha smallnumberof interfaces/ dev, / proc andi octr! ())
« Ani-nodebasedile system

- Multi-tasking processontrol

« Virtual memory

+ Kerneltime keeping

« Ani-nodebasedile system

Giventheserequirementsandthe constraintof compatibilitywith the FSFandBSD interfacesLinux
hadonefurtherconstraintit hadto run onthelntel 386 microprocessoMany attemptshadbeenmade
prior to Linux to implementa multi-tasking,multi-userO/S on this platform; therehadbeensomeminor
successewith DesqMew andXENIX, but the sword remainedirmly stuckin thestoneuntil Linus
Torvaldswho madetheinnocentandreasoneahoiceto esch& popularopinionandimplementhis O/S
asanold-fashionednonolithickernel.

Thesectionswvhich follow outline theseinterfaceandperformanceequirementsn moredetail,andeach
is alsocoveredmoreexactly in theassociatedhapter

Hardware Abstraction
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To be portable softwaremustdivide the requirementsf a systemfrom theimplementatiordetails;in
Linux, all hardwaredevices,from virtual memoryto USB ports,areidealizedin limited interface
definitions.Of all aspect®f kernelcustomizationstheseAPI standardsireprobablythe hardesto
changeandthe developmenttommunityis loathto allow feature-creepndbloatin the corekernel.

Figure 1-2. Hard ware abstraction
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Hardwareabstractioris achievedthrougha limited numberof interfacesfrom UserSpaceto the kernel
andfrom thekernelto the underlyinghardware.While a moduleis freeto defineits own userspace
interfacesdevelopersareencouragé¢o usestandardizednethod<o ensuresystemsecurityand
portability.

File systems

File systemsn Linux aregroundedn thei-nodemodelfirst developedfor the ThompsorandRitchie
pre-UnixPDP-70/S.In Linux, the VFS providesa uniform abstractiorregardlesf theunderlyingdisk
device.

For moredetailon Linux file systemseeChapterl3

Multitasking

Also akinto the early Unix, Linux borrowvs the basicmultitaskingoperationf f or k andexec to create
andspawn “child processes”.

For moredetailonthe Linux ScheduleseeChapterd
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Virtual Memory

Conceptuallythe VM modelusedin Linux is adirectdescendentf the pagingmodelusedin Multics
andtheCTSS.

Linux Memory Managemenis discussedn moredetailin Chapterl1

Kernel Space vs User Space

While nota Unix-ism perse,asmentionedefore,animportantfeatureof the Linux architecturds thatit
is a“monolithic” kernelwhich draws a harddistinctionbetweerprocessewithin thekernelandthose
runin “userland”. In the corverse"microkernel” designthe coreis smallandsimple,andwhich
interactswith all serviceshroughmessageueuesThis allows the coredesignto bevery smallandto
stayvery clean,but alsoinflicts performanceverheador the managingof the messagéists.

In themonolithickernel,this overheads by-passedy allowing kernel-spac@rocesseto sharehesame
memoryasthe corekernel,andto communicatevith the kernelandwith othermodulesvia directC
languagdunctioncalls. As aresult,ary componentn thekernelcancommunicatelirectly throughthe
public functionsary othercomponent.. providing of coursethatthis hackwill passthe scrutiry of the
otherdevelopers.

Thatlastitemis the solereasorwhy Linux monolithicdesigndoesnot degradeinto a stev of madness:
As with the C languagétself, the“strictly controlledAPI” in the Linux architecturds notenforcedby
“bondage-and-disciplinethics™ in thetools, but by the self-disciplineof programmershemseles.
“Restraintwhenreasonablefs a culturalmorethat permeateshe social,programmingandarchitectural
stylein Linux.

New Features in Linux

ChartingLinux is like chartingthe migrationof caribouor the vanishingcod stocks;you cantaga few,
scourthetundrafor tracksandmake guessesyut you really can't know wherethey areor wherethey are
goinguntil they actuallygetthere.We canonly now saywhatis actuallyin the 2.4 kernel,andwhatwiill
beretainedandrevampedhroughthe 2.5 pathcanonly be statedasa wish-list of bestintentions.

Of coursethefuturefeaturesof Linux is not entirelywishingupona star Readingthis bookis evidence
enoughthatthefuturefeaturesetcanbe a self-fulfilling prophesyand,unlike similar bookson ary prior
technologythe opensourcedimensionof Linux meanssachandevery readerof this bookis grantedfull
licenseto influencethatfuture.

Linux 2.4
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If you arecomingto this bookfrom the 2.2 Kernelreferencematerial,you'rein for aride. Systemshave
changedll overtheplace.Thefollowing is justa partiallist of systemswvhich have beenadded,
re-writtenor rethoughtin the2.4kernel:

- ResourceManagemenBubsystem
« Remappedevice Files

« Numerouschangedo the/ pr oc Interface
« Supportfor 4.2 billion users

« Memorylimit is now 4G

+ 120/PClimprovements

+ ImprovedPlug’'n’Play Support

- ImprovedParportinterface

« USB Support

+ ia64,S/390andSuperHPorts

« SharednemoryVFS

- Logical VolumeManager

- SingleBuffer File Caching

+ Raw I/O devices

- Large-filefile systemgfile > 2G)

- UDF andUFSfile systems

« SCSISubsystem

+ Moduleaccesgontrol

« Network AddressTranslation(NAT)
+ DECNetandARCNet

- DirectRenderingManager

- Voice SynthesizeSupport

+ Kernel-le/el HTTPD

- KernelDocBookanddocgen

Planned features for Linux 2.5
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Kernelstake time to polishfor production,andbookstake time to prepareandprint; the netresultsare
thosefeatureswhich wereeithernotreadyin time to be consideredor the 2.4 kernel,andthosefeatures
whichwerenotwell understoognoughto beincludedin this bookprior to press.

If you aredevelopingin ary of theseareasyou would bewell advisedo treadcarefullyandto consult
the MAI NTAI NERS file or thel i nux- ker nel mailinglist to getupto speednthedevelopmentsn these
subsystemdetailson theseandotherenhancementsoundfor the 2.6 kernelsaretypically outlinedon
thelinux-kernelTODO list (http://kena.8k.com/linux-kmel/TODO.tx) andshouldalsobe available
from theusualkernelresources(seeAppendixB)

CML2

You have probablyconfiguredyour shareof Linux kernels andif you have yetto configurea 2.4 series
kernel,you arein for arealtreat.If you have evertried to add a new kernelfeature you have already
seenwhy Eric Raymonds spendinghis flight andhoteltime redesigninghe kernelconfiguratiortools.

CML2 is the ConfigurationModeling Languagéeo succeedhe currentmake xconfig methodwith a
simplersystemgasierto maintainandto program,andwhichwill allow moduleandservicedevelopers
to specifyall dependenciesf their code;it mayevenbe possibleto specifyyour hardwareto the CML2
interpreterandto have it deducethe kerneloptionswithoutintervention.

System Calls

Severalauthorshave calledfor removing or re-writing several of thecoresystemcalls. This list includes
addingther evoke() systemcall, droppingcl i () andsl eep_on(), extendingthe utility of
setrlimt(),getrusage(),andwait 4(),andare-writeof sysctrl ().

Frame Buff ers (fbde v)

JamesSimmonshasplansfor cleaningup thefbdev layerwith a new api, addsupportfor cardswith
multiple framebuffersandaddreal multi-headsupportto the consolesystem.

Sound System
Although partially presenin 2.4,the next kernelwill expandthe supportfor the ALSA sounddrivers.

V4L2

The2.4kernelcontaindittle in theway of new supportfor thevideoandFM radiointerfaceprimarily
becausehe developersarereworking the entiresystemfor V4L2; unfortunatelyW4L2 wasnot

10
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consideredtableenoughto beincludedinto the 2.3 developmentreeandhasbeenpushediackto
Linux 2.5.

Memory Management and Memory Devices

Rik vanRiel hasplansto supportallocatingvery large continuousmemoryblockson system
initialization, andimproveddcacheandotherimprovementgo the VM. David Woodhouses alsocalling
for addingsupportfor flashandothermemorydevice drivers.

Journaling File System

Journalingfile systemsareabit of a sorespot. Theshortstoryis thatyou canaddoneto ary Linux 2.4
with very little effort, andsomedistributionshave alreadybundledthe ReiserFSwith the 2.2 kernel
releasesThebadnewsis that,to includeajournalingfile systemyouwill needto chooseone,anda
clearwinneris notyetapparentAs aresult,noneof theoptionsareincludedin the 2.4 kernelsourcetree.

The2.5TODOlist includesmemingin the changedor the ReiserFSandext3, memingin XFS, HFS+,
JFSandNWFS; whetherall of thesewill happeror if somehybrid occursremaingto beseen.

Tour of the Kernelbook

Thechaptersvhichin Partl in The Linux Kernel expandontheconceptsn this chapterandtake a closer
look atthe underlyingarchitectureof the Linux kernelfrom a high-level view. A discussiorof “The
Reasonabl€PU" describeshe designconstraintof theidealizedprocessowhich guidestheportability
requirementsfollowedby a generaltour of the majorkernelsubsystemgshekernelsourcetreeanda
suney of kerneldevelopmenianddeluggingtools. This sectionendswith a guideto participatingin the
Linux project,how to reportbugs,contribute codeandtake full advantageof the opensourcerevolution.

To createnew servicer to comprehendndadaptspecificsubsystemsjou probablyneedonly the
detailedguideto the particularareaanda higherlevel view of its interactionsawvith othercomponents.
The subsequenpartsof this book stepprogressiely deepeiinto the architectureo provide the detailed,
domainspecificviews, first with a detailedsubsystenty subsystenmanalysisof the corekernelin Partll
andthenalevel deepetin the discussion®f specificclasse®f kernelservicesn Partlll in The Linux
Kernel. Thefinal partof thisbook,Part1V in The Linux Kernel is a collectionof contributedchapterson
adwancedapplicationsnvolving adaptinghekernel.

Thereis no“magic bullet” to understandinghe Linux kernelandwhile abookmaybe ableto give you
simplerecipiesto creatingspecificdriversandservicesthereis no substitutionfor readingthe source;as

11
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you follow throughthe chapterof this book, you shouldtestall assertionsgainsthe sourcecodeand
verify all potentialbugsagainstcurrentsources.

Notes

1. Becausef the GPL,Linux cannotfork into secretve proprietaryfactions:Any variantsmustmake
their variationsknown to the othercommunitiesandasa result,temporarydiverging editionstendto
quickly annealln opensourcedevelopmentundera free sharinglicense the bestsolutionis sought
in parallelby mary independentlevelopersandresultsarecomparedandevaluatedby theentire
community If thereis a bestsolution,this methodologyefficiently findsit. Also, althoughheholds
thecopyrightto the Linux name Linus Torvaldspointsoutthat,becausée never botheredo acquire
copyright transferfrom the authorsof all the patcheshereceies,it would bevirtually impossibleto
achieve the consensuseededo switchthe Linux sourcecodefrom the GPL to anothelicense
model.

2. While usedby mary authorsthis termis self-attributedto Eric Raymondwho citeshis
conp. | ang. m sc postingfrom DecembeR2,1988in responséo the useof : = in Modula3:

... TheEuropearibondage-and-disciplineschoolof languagedesign(the peoplewho broughtyou
Algol-68, Pascal Modula,Ada, andModula-2andarenow having yetanothettry at gettingtheir mistales
rightin Modula-3)likesto claim apostolicdescenfrom thatlanguage. .
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