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Chapter 1. Overview

eCoswasdesignedrom the very beginningasa configurablecomponentrchitectureThe core
eCossystemconsistsof a numberof differentcomponentsuchasthe kernel,the C library, an
infrastructurgpackageEachof theseprovidesalarge numberof configurationoptions,allowing

applicationdevelopersto build a systemthat matchesthe requirementof their particularap-
plication. To managehe potentialcomplexity of multiple componentsandlots of configuration
options,eCoscomeswith acomponenframeawvork: a collectionof tools specificallydesignedo

supportconfiguringmultiple componentsi-urthermorehis componenframework is extensible,
allowing additionalcomponents$o be addecdto the systemat ary time.

Terminology

TheeCoscomponenarchitecturénvolvesa numberof key concepts.

Component Framework

The phrasecomponenframework is usedto describethe collectionof toolsthatallow usersto
configurea systemand administera componentepository This includesthe ecosconfigcom-
mandline tool, the graphicalconfigurationtool, andthe packageadministratiortool. Both the
commandine andgraphicaltoolsarebasedon a singleunderlyinglibrary, the CDL library.

Configuration Option

The option is the basicunit of configurability Typically eachoption corresponddo a single
choicethata usercanmalke. For examplethereis anoptionto controlwhetheror not assertions
areenabledandthekernelprovidesanoptioncorrespondingo thenumberof schedulingriority
levelsin the system.Optionscancontrolvery smallamountsf codesuchaswhetheror notthe
Clibrary’sst r t ok getsinlined. They canalsocontrolquitelargeamountof code for example
whetheror notthepri nt f supportdloatingpoint corversions.

Many optionsarestraightforward,andtheuseronly getsto choosavhetherthe optionis enabled
or disabled Someoptionsaremorecomplicatedfor examplethe numberof schedulingpriority
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levelsis a numberthat shouldbe within a certainrange.Optionsshouldalwaysstartoff with a
sensibledefaultsetting,sothatit is notnecessarjor userso make hundredf decisionshefore
arny work canstarton developingthe application.Oncethe applicationis runningthe various
configurationoptionscanbe usedto tunethe systentor the specificneedsof theapplication.

Thecomponenframework allows for optionsthatarenotdirectly usermodifiable.Considerthe
caseof processorndiannesssomeprocessorsre always big-endianor always little-endian,
while with otherprocessorghereis achoice.Dependingontheusers choiceof tamgethardware,
endiannesmay or maynot be usermodifiable.

Component

A components aunit of functionality suchasa particularkernelscheduleor adevice driverfor
a specificdevice. A componentis alsoa configurationoptionin thatusersmaywantto enable
or disableall the functionalityin a componentFor example,if a particulardevice onthetarget
hardwareis notgoingto beusedby theapplicationdirectly or indirectly, thenthereis nopointin
having adevice driver for it. Furthermoredisablingthe device driver shouldreducethe memory
requirementgor bothcodeanddata.

Componentsnay containfurther configurationoptions.In the caseof adevice driver, theremay
be optionsto control the exact behaior of thatdriver. Thesewill of coursebeirrelevantif the
driverasawholeis disabled More generallyoptionsandcomponentsive in a hierarchywhere
ary componentan containoptionsspecificto that componentand further sub-componentdt
is possibleto view the entire eCoskernelas one big componentcontainingsub-components
for schedulingexceptionhandling,synchronizatiorprimitives,andso on. The synchronization
primitivescomponentan containfurther sub-component®r mutexes,semaphoreg;ondition
variables,event flags,and so on. The mutex componenican containconfigurationoptionsfor
issuedik e priority inversionsupport.

Package

A packageis a specialtype of componentSpecifically a packageis the unit of distribution
of componentslt is possibleto createa distribution file for a packagecontainingall of the
sourcecode,headeffiles, documentationandotherrelevantfiles. This distribution file canthen
be installedusingthe appropriateool. Afterwardsit is possibleto uninstallthat packageor to
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install a later version.The coreeCosdistribution comeswith a numberof packagesuchasthe
kernel and the infrastructure.Other packagesuchas network stackscan comefrom various
differentsourcesandcanbeinstalledalongsidethe coredistribution.

Packageanbe enabledor disabled but the userexperiences alittle bit different.Generallyit

makesno sensdor thetoolsto loadthe detailsof every single packagethat hasbeeninstalled.
For example,if thetargethardwareusesan ARM processothenthereis no pointin loadingthe
HAL packagegor otherarchitecturesnddisplayingchoicesto the userwhich arenot relevant.
Thereforeenablinga packageneandoadingits configurationdatainto the appropriateool, and
disablinga packagés anunloadoperationln addition,packagesirenotjustenablecbr disabled:
it is alsopossibleto selectthe particularversionof a packagehatshouldbeused.

Configuration

A configurationis a collectionof userchoices.The varioustools that make up the component
framework dealwith entireconfigurationsUserscancreatea new configurationoutputa save-

file (by default ecos. ecc), manipulatea configuration,and usea configurationto generatea

build tree prior to building eCosand ary other packageghat have beenselected A configu-

ration includesdetailssuchaswhich package$iave beenselectedjn additionto finergrained

informationsuchaswhich optionsin thosepackagefave beenenabledor disabledby theuser

Target

The tamgetis the specificpieceof hardware on which the applicationis expectedto run. This
may be an off-the-shelfevaluationboard,a pieceof customhardware intendedfor a specific
application,or it could be somethinglike a simulator One of the stepswhen creatinga new
configuratioris needto specifythetarget. Thecomponenframenork will mapthis onto asetof
packageshatareusedto populatethe configurationtypically HAL anddevice driver packages,
andin additionit maycausecertainoptionsto bechangedrom theirdefaultsettinggo something
moreappropriatdfor the specifiectarget.

Template
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A templates a partialconfigurationaimedat providing userswith anappropriatestartingpoint.
eCosis shippedwith a small numberof templateswhich corresponcloselyto commonways
of usingthe system.Thereis a minimal templatewhich providesvery little functionality, just
enoughto bootstrapthe hardware andthenjump directly to applicationcode.The default tem-
plateaddsadditionalfunctionality, for exampleit causeshekernelandC library packageso be
loadedaswell. Theuitron templateaddsfurtherfunctionalityin theform of a uITRON compat-
ibility layer. Creatinga new configurationtypically involvesspecifyinga templateaswell asa
target, resultingin a configurationthatcanbe built andlinkedwith theapplicationcodeandthat
will runontheactualhardware.lt is thenpossibleto fine-tuneconfigurationoptionsto produce
somethinghatbettermatcheghe specificrequirement®f the application.

Properties

The componenframevork needsa certainamountof information abouteachoption. For ex-
ampleit needsto know what the legal valuesare, what the default shouldbe, whereto find
the on-line documentatiorif the userneedsto consultthatin orderto make a decision,andso
on. Theseareall propertiesof the option. Every option (including componentsand packages)
consistsof anameanda setof properties.

Consequences

Choicesmusthave consequences$or an eCosconfigurationthe main end productis a library
thatcanbe linked with applicationcode,so the consequencesf a userchoicemustaffect the
build process.This happensn two main ways. First, options can affect which files get built
andendup in the library. Seconddetailsof the currentoption settingsgetwritten into various
configurationheaderfiles using C preprocessottdef i ne directives,and packagesourcecode
can#i ncl ude theseconfiguratiorheaderandadaptaccordingly This allows optionsto affecta
packageataveryfine grain,atthelevel of individual linesin a sourcefile if desired. Theremay
be otherconsequenceaswell, for examplethereare optionsto control the compilerflagsthat
getusedduringthe build process.

Constraints

10
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Configurationchoicesare not independentThe C library canprovide thread-safemplementa-
tionsof functionsliker and, but only if thekernelprovidessupportfor perthreaddata.Thisis a
constrainttheC library optionhasarequiremenbnthekernel.A typical configurationinvolves
a considerableamumberof constraintspf varying compleity: mary constraintsare straightfor
ward, option A requiresoption B, or option C precludesoptionD. Otherconstraintsanbe more
complicatedfor exampleoption E may requirethe presencef a kernelschedulebut doesnot
carewhetherit is the bitmapschedulerthe miqueuescheduleror somethingelse.

Anothertype of constraintinvolvesthe valuesthatcanbe usedfor certainoptions.For example
thereis a kernel option relatedto the numberof schedulingevels, andthereis a legal values
constrainton this option: specifyingzero or a negative numberfor the numberof scheduling
levelsmakesno sense.

Conflicts

CDL

As theusermanipulate®ptionsit is possibleto endup with aninvalid configurationwhereone
or moreconstraintsarenot satisfied For exampleif kernelperthreaddatais disabledbut the C

library’s thread-safetpptionsareleft enabledhenthereareunsatisfiedconstraintsalsoknown

asconflicts.Suchconflictswill bereportedby the configurationtools. The presencef conflicts
doesnot preventusersfrom attemptingto build eCos but the consequenceareundefinedthere
may be compile-timefailures,theremay be link-time failures,the applicationmay completely
fail to run, or theapplicationmay run mostof thetime but oncein awhile therewill beastrange
failure... Typically userswill wantto resole all conflictsbeforecontinuing.

To malke things easierfor the user the configurationtools containan inferenceengine.This
canexaminea conflictin a particularconfigurationandtry to figure out someway of resolving
the conflict. Dependingon the particulartool beingused the inferenceenginemay getinvoked
automaticallyat certaintimesor the usermayneedto invokeit explicitly. Also dependingnthe
tool, the inferenceenginemay apply ary solutionsit finds automaticallyor it may requestuser
confirmation.

Theconfiguratiortoolsrequireinformationaboutthe variousoptionsprovidedby eachpackage,
their consequenceand constraintsand other propertiessuchasthe location of on-line docu-

11
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mentation.This information hasto be provided in the form of CDL scripts.CDL is shortfor
ComponenDefinition Languageandis specificallydesignedasa way of describingconfigura-
tion options.

A typical packagecontainsthefollowing:

1. Somenumberof sourcefiles which will endup in a library. The applicationcodewill be
linked with this library to producean executable Somesourcefiles may sene otherpur-
posesfor exampleto provide alinker script.

2. Exportedheadefiles which definetheinterfaceprovidedby the package.
3. On-linedocumentationfor examplereferencepagesor eachexportedfunction.

4. Somenumberof testcasesshippedn sourceformat,allowing usersto checkthatthe pack-
ageis working asexpectedon their particularhardwareandin their specificconfiguration.

5. Oneor moreCDL scriptsdescribingthe packageo the configurationsystem.

Not all packagesieedto containall of these For examplesomepackagesuchasdevice drivers
maynot provide a new interface insteacthey just provide anothetimplementatiorof anexisting
interface.However all packagesnustcontaina CDL script that describeghe packageto the
configuratiortools.

Component Repositor y

12

All eCosinstallationsincludea componentepository Thisis a directorystructurewhereall the
packagegetinstalled.Thecomponenframevork comeswith anadministratiortool thatallows
new package®r new versionsof a packageo beinstalled,old packages$o beremoved,andso
on. Thecomponentepositoryincludesa simpledatabasenaintainecby theadministratiortool,
which containsdetailsof the variouspackages.

Generallyapplicationdevelopersdo not needto modify arything insidethe componenteposi-
tory, exceptby meansof the administratiortool. Insteadtheir work involvesseparatduild and
install trees.This allows the componentrepositoryto be treatedas a read-onlyresourcethat
canbe sharedoy multiple projectsandmultiple users Componentvriters modifying oneof the
packageslo needto manipulatdfiles in thecomponentepository
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Why Configurability?

The eCoscomponenframenork placesa greatdealof emphasi®n configurability The funda-
mentalgoalis to allow large partsof embeddedipplicationsto be constructedrom re-usable
software componentsyhich doesnot a priori requirethatthosecomponent$e highly config-
urable.Howeverembeddedpplicationdevelopmenbfteninvolvessomeseriousconstraints.

Many embedded@pplicationshave to work with verylittle memoryto keepdown manufcturing
costs.The final applicationimagethat will get blown into EPROM’s or usedto manufcture
ROM s shouldcontainonly the codethatis absolutelynecessaryor the applicationto work, and
nothingelse.If afew tensof kilobytesareaddedunnecessarilyo a typical desktopapplication
thenthisis regrettableputis quitelik ely to gounnoticedlf anembeddedapplicationdoesnotfit
onthetargethardwarethenthe problemis muchmoreserious.The componenframewvork must
allow usersto configurethe componentsothatany unnecessarfunctionality getsremoved.

Many embeddedhpplicationsneeddeterministicbehaior so that they can meetreal-timere-
quirements Suchdeterministicbehaior can often be provided, but at a costin termsof code
size, slower algorithms,andso on. Otherapplicationshave no suchreal-timerequirementsor
only for asmallpartof theoverallsystemandthebulk of thesystenmshouldnotsuffer any penal-
ties. Again the componenframewvork mustallow the userscontrol over the timing behavior of
components.

Embeddedsystemstendto be difficult to delug. Evenwhenit is possibleto getinformation

out of the target hardware by meansotherthan flashingan LED, the moreinterestingdehug-

ging problemsarelik ely to betiming-relatedandhencevery hardto reproduceandtrack down.

There-usablecomponentganprovide deluggingassistancen variousways.They canprovide

functionalitythatcanbeexploitedby sourcdevel detuggerssuchasgdb,for exampleperthread
delugginginformation.They canalsocontainvariousassertionsothatproblemsanbedetected
earlyon,tracingmechanismso figure outwhathappenedbeforethe assertiorfailure,andsoon.

Of courseall of theseinvolve overheadsespeciallycodesize,and affect the timing. Allowing

usersto control which dehugging featuresare enabledfor arny given applicationbuild is very

desirable.

However, althoughit is desirablefor re-usablecomponentso provide appropriateconfiguration
optionsthisis not required.lt is possibleto producea packagewnhich doesnot provide a single

configurationoption— althoughthe userstill getsto choosewhetheror notto usethe package.
In suchcasest is still necessaryo provide a minimal CDL script, but its main purposewould

beto integratethe packagewith the componenframawvork’sbuild system.

13
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Appr oaches to Configurability

Thepurposeof configurabilityis to controlthebehaior of componentsA schedulecomponent
may or may not supporttime slicing; it may or may not supportmultiple priorities; it may or
may not performerrorcheckingon argumentgpassedo thescheduleroutines.In the context of
a desktopapplicationa buttonwidgetmay containsometext or it may containa picture;thetext
may bedisplayedn avarietyof fonts;theforegroundandbackgroundolor mayvary. Whenan
applicationusesa componentheremustbe someway of specifyingthe desiredbehaior. The
componentwriter hasno way of knowing in advanceexactly how a particularcomponenwill
endup beingused.

Oneway to controlthe behavior is at run time. The applicationcreatesan instanceof a button
object,andtheninstructsthis objectto displayeithertext or a picture.No specialeffort by the
applicationdeveloperis required,sincea button canalwayssupportall desiredoehaior. There
is of coursea major disadantagein termsof the size of the final applicationimage:the code
thatgetslinkedwith the applicationhasto provide supportfor all possiblebehaior, evenif the
applicationdoesnot requireit.

Another approachis to control the behaior at link-time, typically by usinginheritancein an
object-orientedanguageThebuttonlibrary providesanabstracbaseclassBut t on andderived

classesText But t on andPi ct ur eBut t on. If anapplicationonly usestext buttonsthenit will

only createobjectsof typeText But t on, andthecodefor thePi ct ur eBut t on classdoesnotget

used.In mary caseghis approachworksratherwell andreduceghefinal imagesize,but there
arelimitations.Themainoneis thatyou canonly have somary derivedclassebeforethesystem
getsunmanageablea derived classText But t onUsi ngABor der W dt hOf OnePl usAwhi t e-

Backgr oundAndBl ackFor egr oundAndATwel ve Poi nt Ti mesFont AndNoEr r or Checki ngOr Asserti ons
is not particularlysensibleasfar asmostapplicationdevelopersareconcerned.

The eCoscomponenframework allows the behaior of componentso be controlledataneven
earliertime: whenthe componensourcecodegetscompiledandturnedinto alibrary. The but-
ton componentould provide options,for examplean option that only text buttonsneedto be
supportedThe componengetshbuilt andbecomespartof alibrary intendedspecificallyfor the
application,andthe library will containonly the codethatis requiredby this applicationand
nothingelse.A differentapplicationwith differentrequirementsvould needits own versionof
thelibrary, configuredseparately

In theorycompile-timeconfigurabilityshouldgive the bestpossibleresultsin termsof codesize,
becausdt allows codeto be controlledat the individual statementevel ratherthanat the func-
tion or objectlevel. Consideran examplemorecloselyrelatedto embeddedystemsa package

14
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to supportmulti-threading A standardoutinewithin sucha packageallows applicationgo kill

threadsasynchronouslythe POSIXroutinefor thisis pt hr ead_cancel ; the equialentrou-
tinein uITRON st er _t sk. Theseroutinesthemselestendto involve a significantamountof
code,but thatis not the real problem:otherpartsof the systemrequireextra codeanddatafor
thekill routineto be ableto functioncorrectly For exampleif athreadis blockedwhile waiting
onamutex andis killed off by anotherthreadthenthekill operationmay have to dotwo things:
remove the threadfrom the mute<'s queueof waiting threads;and undothe effects, if ary, of
priority inheritance Theimplementatiorrequiresextra fieldsin the threaddatastructuresothat
thekill routineknows aboutthethreads currentstate andextra codein the mutex routinesto fill

in andcleartheseextrafieldscorrectly

Most embeddedpplicationsdo not requirethe ability to kill off a threadasynchronouslyand
hencethekill routinewill notgetlinkedinto thefinal applicationimage.Without compile-time
configurabilitythis would still meanthatthe mutex codeandsimilar partsof the systemcontain
codeand datathat sene no useful purposein this application.The eCosapproachallows the
userto selectthatthethreadkill functionalityis notrequired,andall the componentganadapt
to this at compile-time.For examplethe codein the mutex lock routine containsstatementso
supportthekilling of threadshut thesestatementsvill only getcompiledin if thatfunctionality
is required.The overall resultis thatthe final applicationimagecontainsonly the codeanddata
thatis really neededor the applicationto work, andnothingelse.

Of coursetherearecomplicationsTo returnto the button example,the applicationcodemight
only usetext buttonsdirectly, butit mightalsousesomehighetrlevel widgetsuchasafile selector
andthis file selectormight requirebuttonswith pictures.Thereforethe button code must still
be compiledto supportpicturesaswell astext. The configurationtools mustbe aware of the
dependenciebetweencomponentand ensurethat the internal constraintsare met, aswell as
the externalrequirementf the applicationcode.An areaof particularconcernis conflicting
requirementsa buttoncomponenmight bewritten in suchaway thatit canonly supporteither
text buttonsor picturebuttons,but not bothin oneapplication;this would represena weakness
in thecomponenttself ratherthanin the componenframenvork asawhole.

Compile-timeconfigurabilityis not intendedto replacethe otherapproachesut ratherto com-
plementthem.Therewill betimeswhenrun-timeselectionof behaior is desirablefor example
anapplicationmay needto be ableto changethe baudrateof a serialline, andthe systemmust
thenprovide a way of doing this at run-time.Therewill alsobetimeswhenlink-time selection
is desirablefor examplea C library might provide two differentrandomnumbermoutinesr and

andl r and48; thesedo not affect othercodesothereis no goodreasorfor the C library com-
ponentnot to provide both of theseandallow the applicationcodeto usenone,one,or both of

15
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themasappropriateany unusedfunctionswill just geteliminatedat link-time. Compile-time
selectionof behaior is anotheroption,andit canbethe mostpowerful oneof thethreeandthe
bestsuitedto embeddedystemsievelopment.

Degrees of Configurability

16

Componentgansupportconfigurabilityin varyingdegreeslt is not necessaryo have ary con-
figurationoptionsat all, andthe only userchoiceis whetheror notto load a particularpackage.
Alternatively it is possibleo implementhighly-configurableode.As anexampleconsidematyp-
ical facility thatis provided by mary real-timekernels,mutex locks. The possibleconfiguration
optionsinclude:

1. If no partof theapplicationandno othercomponentequiresmutexesthenthereis no point
in having the mutex codecompiledinto a library at all. This saves having to compilethe
code.In additiontherewill neverbeary needfor theuserto configurethe detailedbehavior
of mutexes.Thereforethe presencef mutexesis a configurationoptionin itself.

2. Evenif theapplicationdoesmake useof mutexesdirectly or indirectly, this doesnotmean
that all mutex functionshave to be included. The minimum functionality consistsof lock
andunlock functions.However therearevariantsof the locking primitive suchastry-lock
andtry-with-timeoutwhich may or maynotbe needed.

Generallyit will be harmlesgso compilethe try-lock function evenif it is not actuallyre-

quired,becaus¢hefunctionwill geteliminatedatlink-time. Someuseramighttaketheview

thatthetry-lock functionshouldnevergetcompiledin unlesst is actuallyneededto reduce
compile-timeanddisk usage Otherusersmight aguethattherearevery few valid usesfor

a try-lock functionandit shouldnot be compiledby default to discouragdancorrectuses.
The presencef a try-lock functionis a possibleconfigurationoption, althoughit may be
sensibleo defaultit to true.

Thetry-with-timeoutvariantis morecomplicatecbecausét addsa dependeng the mutex
codewill now rely on someothercomponento provide a timer facility. To make things
worsethepresencef thistimer mightimpactothercomponentsfor exampleit maynow be
necessaryo guardagainsttimer interrupts,andthushave aninsidiouseffect on codesize.
The presencef alock-with-timeoutfunctionis clearly a sensibleconfigurationoption, but
thedefaultvalueis lessobvious.|f theoptionis enabledy defaultthenthefinal application
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imagemayendupwith codethatis notactuallyessentiallf theoptionis disabledby default
thenuserswill have to enablethe option somehav in orderto usethe function, implying
moreeffort on the part of the user One possibleapproachs to calculatethe default value
basedon whetheror not atimer components preseninyway.

3. The applicationmay or may not requirethe ability to createand destry mutexesdynam-
ically. For mostembeddedsystemst is both lesserrorproneand more efficient to create
objectslike mutexes statically Dynamic creationof mutexescanbe implementedusinga
pre-allocatedool of mutex objects,involving someextra codeto manipulatethe pool and
anadditionalconfigurationoptionto definethe sizeof the pool. Alternatively it canbeim-
plementedusing a general-purposenemoryallocator involving quite a lot of extra code
andconfigurationoptions.However this general-purposmemoryallocatormay be present
arnyway to supportthe applicationitself or someothercomponentThe ability to createand
destry mutexesdynamicallyis a configurationoption,andtheremay not be a sensiblede-
faultthatis appropriatdor all applications.

4. Animportantissuefor mutex locksis thehandlingof priority inversionwhereahigh priority
threadis preventedfrom runningbecausét needsalock ownedby alower priority thread.
Thisis only anissueif thereis a schedulewith multiple priorities: somesystemsnay need
multi-threadingandhencesynchronizatiomprimitives,but asinglepriority level maysuffice.
If priority inversionis atheoreticapossibilitythenthe applicationdevelopermay still want
to ignoreit becausehe applicationhasbeendesignedsuchthat the problemcannotarise
in practice.Alternatively the developermay wantsomesort of exceptionraisedif priority
inversiondoesoccur, becausét shouldnot happenbut theremay still be bugsin the code.
If priority inversioncanoccurlegally thentherearethreemainwaysof handlingit: priority
ceilings, priority inheritance andignoring the problem.Priority ceilingsrequirelittle code
but extra effort on the partof the applicationdeveloper Priority inheritancerequiresmore
codebut is automatic.lgnoring priority inversionmay or may not be acceptabledepending
on the applicationand exactly when priority inversioncanoccur Someof thesechoices
involve additionalconfigurationoptions,for exampletherearedifferentwaysof raisingan
exception,andpriority inheritancemay or may not beappliedrecursvely.

5. As afurthercomplicationsomemutexesmay be hiddeninsidea componentatherthanbe-
ing anexplicit partof theapplication.For example,if the C library is configuredto provide
amal | oc call thentheremay be an associateanutex to make the function automatically
thread-safewith no needfor externallocking. In suchcaseshe memoryallocationcom-
ponentof the C library canimposea constrainton the kernel, requiring that mutexes be
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provided. If the userattemptsto disablemutexesanyway thenthe configurationtools will
reporta conflict.

6. Themutex codeshouldcontainsomegeneradehuggingcodesuchasassertiongndtracing.
Usually suchdelug supportwill be enabledor disabledat a coarsdevel suchasthe entire
systemor everything inside the kernel, but sometimest will be desirableto enablethe
supportmore selectvely. One reasonwould be memoryrequirementsthe target may not
have enoughmemoryto hold the systemif all detuggingis enabled.Another reasonis
if mostof the systemis working but thereare a few problemsstill to resoled; enabling
deluggingin the entire systemmight changethe systems timing behaior too much, but
enablingsomedelug optionsselectively canstill be useful. Thereshouldbe configuration
optionsto allow specifictypesof dehuggingto be enabledat a fine-grain,but with default
settingsinheritedfrom anenclosingcomponentr from globalsettings.

7. The mutex codemay containspecializeccodeto interactwith a deluggingtool runningon
the host. It shouldbe possibleto enableor disablethis dehuggingcode,andtheremay be
additionalconfigurationoptionscontrollingthe detailedbehavior.

Altogetherthere may be somethinglike ten to twenty configurationoptionsthat are specific

to the mutex code.Theremay be a similar numberof additionaloptionsrelatedto assertions
andotherdehug facilities. All of the optionsshouldhave sensibledefault values possiblyfixed,

possiblycalculatecddependingon whatis happeninglsevherein the configuration For example

the default settingfor an assertioroption shouldgenerallyinherit from a kernel-wideassertion
controloption,whichin turninheritsfrom a globaloption. This allows usersto enableor disable
assertionglobally or ata morefine-grainedevel, asdesired.

Differentcomponentsnaybeconfigurableo differentdegreesrangingfrom no optionsatall to
thefine-grainedcconfigurabilityof theabose mutex example(or possiblyevenfurther).It is upto
componentvritersto decidewhatoptionsshouldbe providedandhow bestto sene the needsof
applicationdevelopersvho wantto usethatcomponent.

Warnings

18

Largepartsof eCosweredevelopedconcurrentlywith thedevelopmenbf theconfiguratiortech-
nology, or in somecasesdeforedesignwork onthattechnologywascomplete As aconsequence
thevariouseCospackage®ftenmalke only limited useof the availablefunctionality. This situa-
tion is expectedo changeovertime. It doesmeanthatmary of thedescriptionsn this guidewill
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not corresponcaexactly to how the eCospackagesvork right now, but ratherto how they could
work. Someof the moreextremediscrepanciesuchasthelocationof on-line documentatiorin
thecomponentepositorywill be mentionedn theappropriateplacesin theguide.

A consequencef this is that developersof new componentganlook at existing CDL scripts
for examplesanddiscover discrepanciebetweenwhatis recommendech this guideandwhat
actuallyhappenst presentln suchcaseghis guideshouldbetreatedasauthoritatie.

It is alsoworth notingthatthe currentcomponenframework is notfinished.Variouspartsof this
guidewill referto possiblechangesandenhancements future versions Examiningthe source
codeof the configurationtools may reveal hints aboutotherlik ely developmentsandthereare
mary morepossibleenhancementshich only exist ata conceptualevel right now.

19
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For a packageo be usablein the eCoscomponenframework it mustconformto certainrules
imposedby that framavork. Packagesnustbe distributedin a form thatis understoody the
componentepositoryadministratiortool. Theremustbeatop-level CDL scriptwhich describes
thepackageo the componenframeavork. Therearecertainlimitationsrelatedto how apackage
getshuilt, sothatthe packagecanstill be usedin a variety of hostervironmentsln additionto
theserules,thecomponenframework providesa numberof guidelines Packageslo nothave to
conformto theguidelines but stickingto themcansimplify certainoperations.

This chapterdealswith the generalorganizationof a packagefor examplehow to distinguish
betweenprivate and exported headeffiles. Chapter3 describeghe CDL language Chapter4
detailsthe build process.

Packages and the Component Repositor y

All eCosinstallationsinclude a componentrepository This is a directory structurefor all in-
stalledpackagesThe componenframavork comeswith anadministratiortool thatallows new
package®r new versionsof a packageo beinstalled,old packageso be removed,andsoon.
The componentepositoryincludesa simple databasemaintainedby the administrationtool,
which containsdetailsof the variouspackages.

packages/

ecoedb compat’  ermr hals infa o kemel/  language/ templates/

witrond | | cf

<arch 1= <arch2=' .7/
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Eachpackagehasits own little directory hierarchywithin the componentepository Keeping
several packagesn asingledirectoryis illegal. The error, infra andkernelpackagesll live at
thetop-level of therepository For othertypesof packagesherearesomepre-definedlirectories:
conpat isusedor compatibilitypackagesyhichimplementtherinterfacesuchasul TRON or
POSIXusingnative eCoscalls;hal is usedfor packageshatporteCosto differentarchitectures
or platforms,andthis directoryis furtherorganizedon a perarchitecturévasis; o is intendedor
devicedrivers;l anguage is usedfor languagesupportibraries,for exampletheC library. There
arenostrictrulesdefiningwherenew packageshouldgetinstalled.Obviouslyif anexistingtop-
level directorysuchasconpat is applicablethenthe new packageshouldgoin there.lf anew
catgoryis desirablahenit is possibleto createanew sub-directoryin thecomponentepository
For example,anorganizatiorplanningto releasea numberof eCospackagesnaywantthemall
to appeabelown a sub-directorycorrespondingo the organizationsname— in thehopethatthe
namewill notchangeoo often.lt is possibleto addnew packageslirectly to thetop-level of the
componentepository but this shouldbe avoided.

The ecos.dHile holdsthe componentepositorydatabas@andis managedy the administration
tool. The variousconfigurationtools readin this file whenthey start-upto obtaininformation
aboutthevariouspackageshathave beeninstalled. Whendevelopinga new packaget is neces-
saryto addsomeinformationto thefile, asdescribedn the sectioncalledUpdatingthe ecos.db
databasean Chapter3. Thet enpl at es directoryholdsvariousconfiguratiortemplates.

Note: Earlier releases of eCos came with two separate files, t ar get s and packages. The
ecos.db database replaces both of these.

Caution

The currentecos.dbdatabas&oesnot yet provide all of the information
neededy thecomponenframeawork. Its formatis subjecto changen fu-

turereleasesandthefile maybereplaceccompletelyif necessaryThere|
are a numberof otherlikely future developmentselatedto the compo-
nentrepositoryandthe databaseTheway targetsaredescribeds subject]
to change.Sometimest is desirablefor componentwriters to do their
initial developmentin a directoryoutsidethe componentepository but
thereis no specificsupportin theframework for thatyet.
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Package Versioning

22

Below eachpackagealirectorytherecanbe oneor moreversionsub-directoriesnamedafterthe
versions.This is a requiremenibf the componentframework: it mustbe possiblefor usersto
install multiple versionsof a packageandselectwhich oneto usefor any givenapplication.This
hasa numberof advantagego users:mostimportantlyit allows a singlecomponentepository
to be sharedbetweernmultiple usersandmultiple projects,asrequired;alsoit facilitatesexper
iments,for exampleit is relatively easyto try out the latestversionof somepackageandseeif
it makesary difference Thereis a potentialdisadantagdn termsof disk space However since
eCospackagegenerallyconsistof sourcecodeintendedor smallembeddedystemsandgiven
typical moderndisk sizes,keepinga numberof differentversionsof a packageinstalledwill
usuallybeacceptableTheadministratiortool canbe usedto remove versionghatareno longer
required.

kernel/

current/ v1i21/ v1.3f

Theversioncur r ent is special.Typically it correspondso thevery latestversionof thesources,
obtainedby anorymousCVS. Thesesourcesnay changefrequently unlike full releasesvhich
do not change(or only whenpatchesareproduced) Componenivriters may alsowantto work
onthecurrent version.

All othersubdirectoriesf apackageorrespondo specificreleasesf thatpackageThecompo-
nentframework allows userdgo selectthe particularversionof a packagehey wantto use,but by

defaultthe mostrecentonewill be used.This requiressomerulesfor orderingversionnumbers,
adifficult taskbecausef thewide variety of waysin which versionscanbeidentified.

1. Theversioncur r ent is alwaysconsideredo bethe mostrecentversion.

2. If thefirst characteof bothstringsareeitherv or v, theseareskippedbecausé malkeslittle
sensdo enforcecasesensitvity here.Potentiallythis could resultin ambiguityif thereare
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two versiondirectoriesVvl. 0 andv1. 0, but this will matchthe confusionexperiencecby
ary usersof sucha packageHoweverif two subsequentkleasearecalledvi. 0 andvi. 1,
e.g.becaus®f aminor mix-up whenmakingthedistributionfile, thenthe casedifferenceis
ignored.

3. Next the two versionstringsare comparednecharacteiat a time. If both stringsarecur-
rently at a digit thena string to numbercorversiontakesplace,andthe resultingnumbers
arecomparedFor examplev10 is a morerecentreleasethanv?2. If the two numbersare
thesamethenprocessingontinuessofor v2b andv2c theversioncomparisorcodewould
moveonto b andc.

4. Thecharactersiot. , hyphen- andunderscore aretreatedasequialentseparatorssoif
onereleasagoesoutasvil_1 andthenext goesoutasvl. 2 theseparatohasno effect.

5. If neitherstring hasyet terminatedbut the charactersare different, ASCIl comparisonis
used.For exampleVLl. 1b is morerecentthanvl. 1al pha.

6. If oneversionstringterminatesdbeforethe other, the currentcharactedetermineavhich is
themorerecentlf theotherstringis currentlyata separatocharacterfor examplevl. 3. 1
andv1l. 3, thentheformeris assumedo bea minor releaseandhencemorerecentthanthe
latter If the otherstring is not at a separatoicharacterfor examplevl. 3bet a, thenit is
treatedasanexperimentalersionof thev1. 3 releaseandhenceolder.

7. Thereis nospeciaprocessin@f datessowith two versionsss- 20000316 andss- 20001111
thenumericalvalues20001111 and20000316 determineheresult:largervaluesaremore
recentlt is suggestethatthefull yearbeusedin suchcasesatherthanashorthandike 00,
to avoid Y2100 problems.

8. Thereis no limit on how mary levels of versioningare used,so therecould in theorybe
av3.1.4.1.5.9. 2.7 releaseof a package However this is unlikely to be of benefitto
typical usersof a package.

Theversioncomparisorrulesof thecomponentframenork maynotbesuitablefor everyversion
numberingschemen existence put they shouldcopewith mary commoncases.
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Caution

Therearesomeissuesstill to beresohedbeforeit is possibleto combine
thecurrent sourcesavailablevia anorymousCVS andfull release®f
eCosandadditionalpackagesn a singlecomponentepository Thefirst
problemrelatesto the ecos.dbdatabaseif a new packages addedvia
the CVS repositorythenthis requiresa databaseipdate but the admin-
istrationtool is bypassedThe secondproblemarisesif an organizatiory
choosego placeits componentepositoryundersourcecodecontrol us-
ing CVS, in which casedifferentdirectorieswill belongto differentCVS
seners.Theseissueswill beaddresseth afuturerelease.

Package Contents and Layout

24

A typical packagecontainsthefollowing:

1. Somenumberof sourcefiles which will endup in a library. The applicationcodewill be
linked with this library to producean executable Somesourcefiles may sene otherpur-
posesfor exampleto provide alinker script.

2. Exportedheadefiles which definetheinterfaceprovidedby the package.
3. On-linedocumentationfor examplereferencgpagedor eachexportedfunction.

4. Somenumberof testcasesshippedn sourceformat,allowing usersto checkthatthe pack-
ageis working asexpectedon their particularhardwareandin their specificconfiguration.

5. Oneor moreCDL scriptsdescribingthe packageo the configurationsystem.

It is alsocorventionalto have aperpackagechangeLog file usedio keeptrackof changego that
packageThis is especiallyvaluableto endusersof the packagevho may not have corvenient
accesgo the sourcecodecontrol systemusedto managethe mastercopy of the packageand
hencecannoffind outeasilywhathaschangedOftenit canbeveryusefulto themaindevelopers
aswell.

Any givenpackageseednotcontainall of theselt is compulsoryto have atleastoneCDL script
describinghepackageptherwisehecomponenframewvork would beunableto processt. Some
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packagesnay not have ary sourcecode:it is possibleto have a packagehat merelydefinesa
commoninterfacewhich canthenbe implementedy several otherpackagesespeciallyin the
context of devicedrivers;howeverit is still commonto have somecodein suchpackages$o avoid
replicatingshareableodein all of theimplementatiorpackagesSimilarly it is possibleto have
a packagewith no exportedheadeffiles, just sourcecodethatimplementsan existing interface:
for exampleanethernetevice driver might justimplementa standardnterfaceandnot provide
ary additionalfunctionality. Packagesdo not needto comewith ary on-line documentation,
althoughthis may affect how mary peoplewill wantto usethe packageMuch the sameapplies
to perpackagédestcases.

The componenframewvork hasa recommendegberpackagedirectory layout which splits the
packagecontentson a functionalbasis:

<packages

ChangelLog cdl doc include 5IC tests

For example,if a packagehasani ncl ude sub-directorythenthe componentramework will
assumehat all headerfiles in and below that directory are exportedheaderfiles and will do
theright thing at build time. Similarly if thereis doc propertyindicatingthe locationof on-line
documentatiothenthe componentrameavork will firstlook in thedoc sub-directory

Thisdirectorylayoutis justaguideline,it is notenforcedoy thecomponenframework. For sim-
ple packagest oftenmakesmoresensdo have all of thefilesin just onedirectory For example
apackagecouldjustcontainthefileshel | 0. cxx, hel | 0. h, hel | o. ht i andhel | 0. cdl . By
defaulthel | 0. h will betreatedasanexportedheadeffile, althoughthis canbe overriddenwith
theinclude_filesproperty Assumingthereis a docpropertyreferringto hel | o. ht ni andthere
is no doc sub-directorjthenthetoolswill searchor thisfile relative to the packages top-level
andeverythingwill justwork. Muchthe sameappliesto hel | 0. cxx andhel | 0. cdl .

Tip: Older versions of the eCos build system only supported packages that followed the

25
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directory structure exactly. Hence certain core packages such as error implement the full
directory structure, even though that is a particularly simple package and the full directory
structure is inappropriate. Component writers can decide for themselves whether or not the
directory structure guidelines are appropriate for their package.

Outline of the Build Process

26

The full build processis describedin Chapter4, but a summaryis appropriatehere.A build
involvesthreedirectorystructures:

1. The componentrepository This is whereall the packagesourcecodeis held, alongwith

CDL scripts,documentationandsoon. For build purposes componentepositoryis read-
only. Applicationdeveloperswill only modify the componentepositorywheninstalling or
removing packagesyia the administrationtool. Componeninriters will typically work on
justonepackagen the componentepository

2. The build tree.Eachconfigurationhasits own build tree,which canbe regeneratedt ary

time usingtheconfigurationsecos. ecc sasefile. Thebuild treecontainsonly intermediate
files, primarily objectfiles. Oncea build is completethe build tree containsno information
thatis usefulfor applicationdevelopmentandcanbewiped,althoughthis would slow down
ary rehuilds following changeso the configuration.

. Theinstall tree. This is populatedduring a build, and containsall the files relevantto ap-

plication development.Therewill beal i b sub-directorywhich typically containsl i b-

target . a, alinker script, start-upcode,and so on. Therewill alsobe ani ncl ude sub-
directory containingall the headefrfiles exportedby the variouspackagesTherewill also
beai ncl ude/ pkgconf sub-directorycontainingvariousconfigurationheaderfiles with
#def i ne’ s for theoptions.Typically theinstall treeis createdwithin thebuild tree,but this
is notarequirement.

Thebuild processnvolvesthefollowing steps:

1. Givenaconfigurationthe componenframework is responsibldor creatingall the directo-

riesin the build andinstall trees.If thesetreesalreadyexist thenthe componenframenork
is responsibldor ary clean-upghat may be necessaryfor exampleif a packagehasbeen
removedthenall relatedfiles shouldbe expungedfrom the build andinstall trees.The con-
figuration headerfiles will be generatedat this time. Dependingon the hostervironment,
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the componentframeavork will alsogeneratemalefilesor someotherway of building the
variouspackagesEvery time the configurationis modifiedthis stepneedsto be repeated,
to ensurethat all option consequencetake effect. Careis taken that this will not resultin
unnecessarkehuilds.

Note: At present this step needs to be invoked manually. In a future version the gener-
ated makefile may if desired perform this step automatically, using a dependency on the
ecos. ecc savefile.

2. The first stepin an actualbuild is to make surethat the install tree containsall exported
headerfiles. All compilationswill usethe install trees i ncl ude directory asone of the
placesto searchor headefiles.

3. All sourcefiles relevant to the currentconfigurationget compiled. This involves a set of
compilerflagsinitialized ona pertargetbasiswith eachpackagéeingableto modify these
flags,andwith the ability for the userto overridethe flagsaswell. Carehasto be taken
hereto avoid inappropriatdarget-dependencigs packageshatareintendedo beportable.
The componentramenork hasbuilt-in knowledgeof how to handleC, C++ andassembler
sourcefiles— otherlanguagesnaybeaddedn future,asandwhennecessaryrhecompile
propertyis usedto list thefiles thatshouldgetcompiled.All objectfiles endupin thebuild
tree.

4. Onceall the objectfiles have beenbuilt they arecollectedinto alibrary, typically | i bt ar -
get . a, whichcanthenbelinkedwith applicationcode.Thelibrary is generateéh theinstall
tree.

5. Thecomponenframeawvork providessupportfor custombuild stepsusingthe make_object
andmalke properties The resultsof thesecustombuild stepscaneitherbe objectfiles that
shouldend up in a library, or otherfiles suchas a linker script. It is possibleto control
the orderin which thesecustombuild stepstake place,for exampleit is possibleto run a
particularbuild stepbeforeary of the compilationshappen.

Configurab le Source Code

All packageshouldbe totally portableto all target hardware (with the obvious exceptionsof
HAL anddevice driver packages)They shouldalso be totally bug-free,requirethe absolute
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minimum amountof codeanddataspace be so efficient that cputime usages negligible, and
provide lots of configurationoptionsso that applicationdevelopershave full control over the
behavior. The configurationoptionsareoptionalonly if a packagecanmeettherequirement®f
every potentialapplicationwithout any overheadsilt is not the purposeof this guideto explain
how to achiese all of theserequirements.

The eCoscomponenframenvork doeshave someimportantimplicationsfor the sourcecode:
compilerflag dependenciegiackagénterfacesvs. implementationsandhow configurationop-
tionsaffect sourcecode.

Compiler Flag Dependencies

Wherever possiblecomponentvriters shouldavoid dependenciesn particularcompilerflags.
Any suchdependenciearelikely to impact portability. For example,if one packageneedsto
be built in big-endianmodeand anotherpackageneedsto be built in little-endianmodethen
usuallyit will not be possiblefor applicationdevelopersto useboth packagest the sametime;
in additionthe applicationdeveloperis no longer given a choicein the matter It is far better
for the packagesourcecodeto adaptthe endiannesst compile-time,or possiblyat run-time
althoughthatwill involve code-sizeoverheads.

Note: A related issue is that the current support for handling compiler flags in the component
framework is still limited and incapable of handling flags at a very fine-grain. The support is
likely to be enhanced in future versions of the framework, but there are non-trivial problems
to be resolved.

Package Interfaces and Implementations

Thecomponenframework providesencapsulatiomt the packagdevel. A packaged hasnoway
of accessinghe implementationrdetailsof anotherpackages at compile-time.In particular if
thereis a privateheadelffile someavherein a packages sr c sub-directorythenthis headeffile
is completelyinvisible to other packagesAny attemptsto cheatby using relative pathnames
beginningwith . . /. . aregenerallydoomedto failure becausef the presencef packagever
siondirectories.Therearetwo waysin which onepackagecanaffect another:by meansof the
exportedheadeffiles, which definea public interface;or via the CDL scripts.
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This encapsulations a deliberateaspectof the overall eCoscomponenframavork design.In
most casest doesnot causeary problemsfor componentwriters. In somecasesenforcinga
cleanseparatiorbetweeninterface and implementationdetails canimprove the code.Also it
reducegroblemswhena packagegetsupgradedcomponentvriters arefree to do pretty much
anything on the implementatiorside, including renamingevery single sourcefile; carehasto
be taken only with the exported headerfiles and with the CDL data,becausehosehave the
potentialof impactingother packagesApplication codeis similarly unableto accesgackage
implementatiordetails,only the exportedinterface.

Very occasionallythe inability of one packageto seeimplementationdetailsof anotherdoes
causeproblems Oneexampleoccursin HAL packageswhereit maybe desirablefor the archi-

tectural variantandplatformHAL’s to sharesomeinformationthatshouldnotbevisible to other
package®r to applicationcode.This maybe addresseth thefuture by introducingthe concept
of f ri end packagesjustasa C++ classcanhave f ri end functionsandclassesvhich areal-

lowed specialaccesgo a classinternals.lt is not yet clearwhethersuchcasesare suficiently

frequentto warrantintroducingsuchafacility.

Source Code and Configuration Options

Configurabilityusuallyinvolvessourcecodethatneedgo implementdifferentbehaior depend-
ing on the settingsof configurationoptions. It is possibleto write packagesvherethe only

consequencassociateavith variousconfigurationoptionsis to controlwhatgetsbuilt, but this

approacths limited anddoesnotallow for fine-grainedconfigurability Therearethreemainways
in which optionscouldaffect sourcecodeat build time:

1. The componentodecanbe passedhrougha suitablepreprocessoreitheran existing one
suchas m4 or a new one specially designedwith configurability in mind. The original
sourcesvouldresidein thecomponentepositoryandtheprocessedourcesvould residein
thebuild tree.Theseprocessedourceanthenbe compiledin the usualway.

This approacthastwo mainadvantagesFirst, it is independentrom the programmingdan-
guageusedto codethe componentsprovided reasonablerecautionsare taken to avoid
syntaxclashesetweerpreprocessostatementandactualcode.This would make it easier
in future to supportlanguagestherthanC andC++. Secondgconfigurablecodecanmalke
useof advancedpreprocessindacilities suchasloopsandrecursion.The disadwantageis
that componentwriters would have to learnabouta new preprocessoand embedappro-
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priate directivesin the code.This makesit much moredifficult to turn existing codeinto
componentsandit involvesextra training costsfor the componentvriters.

2. Compileroptimizationscanbe usedto elide codethatshouldnot be presentfor example:

if (CYGHWR NUMBER UARTS > 0) {

}

If the compilerknows that CYGHMR_NUMBER_UARTS is the constantnumberO thenit is a
trivial operationto getrid of the unnecessargode.The componenframawork still hasto
definethis symbolin a way thatis acceptabldo the compiler, typically by usinga const
variableor apreprocessasymbol.In somerespectshisis a cleanapproacho configurabil-
ity, but it haslimitations. It cannotbe usedin the declaration®f datastructuresor classes,
nor doesit provide controlover entirefunctions.In additionit maynot beimmediatelyob-
vious thatthis codeis affectedby configurationoptions,which may make it moredifficult
to understand.

3. Existing languagepreprocessorsan be used.In the caseof C or C++ this would be the
standardC preprocessorand configurablecode would containa numberof #i f def and
#i f statements.

#i f (CYGHWR_NUMBER_UARTS > 0)
#endi f

This approachhasthe big advantagethat the C preprocessois a technologythat is both
well-understoodandwidely used.Therearealsodisadwantagesit is notdirectly applicable
to componentsvritten in otherlanguagesuchasJava (althoughit is possibleto usethe C
preprocessoas a stand-alongrogram);the preprocessindacilities are ratherlimited, for
examplethereis noloopingfacility; andsomepeopleconsidethetechnologyto beugly. Of
courseit may be possibleto getaroundthe secondobjectionby extendingthe preprocessor
thatis usedby gccandg++.

The currentcomponentframewvork generatesonfigurationheaderfiles with C preprocessor
#def i ne’ s for eachoption (typically, therevariouspropertieswhich can be usedto control
this). It is up to componentvritersto decidewhetherto usepreprocessoti f def statementsr
languageconstructsuchasi f . At presenthereis nosupportfor languagesvhich donotinvolve
the C preprocessgalthoughsuchsupportcanbe addedn futurewhenthe needarises.
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Expor ted Header Files

A packages exportedheaderfiles should specify the interface provided by that packageand
avoid ary implementationdetails. However there may be performanceor other reasonsvhy
implementatiordetailsoccasionallyneedto be presenin the exportedheaders.

Note: Not all programming languages have the concept of a header file. In some cases
the component framework would need extensions to support packages written in such lan-
guages.

Configurability hasa numberof effects on the way exported headerfiles should be written.
Theremay be configurationoptionswhich affect theinterfaceof a packagenot just theimple-
mentationlt is necessaryo worry aboutnestedti ncl ude’ s andhow this affectspackageand
applicationbuilds. A specialcaseof this relatesto whetheror not exportedheadeffiles should
#i ncl ude configurationheadersTheseconfigurationheadersareexported,but shouldonly be
#i ncl ude’ d whennecessary

Configurab le Functionality

Many configurationoptionsaffectonly theimplementatiorof apackagenottheinterface.How-
eversomeoptionswill affecttheinterfaceaswell, whichmeanghattheoptionshaveto betested
in the exportedheaderfiles. Someimplementationchoices for examplewhetheror not a par
ticular function shouldbe inlined, alsoneedto be testedin the headeffile becausef language
limitations.

Considera configurationoption CYGFUN_KERNEL_MJTEX_TI MEDLOCK which controlswhether
ornotafunctioncyg_nut ex_ti medl ock isprovided.Theexportedkernelheadefile cyg/ ker nel / kapi . h
couldcontainthefollowing:

#i ncl ude <pkgconf/kernel.h>
#i f def CYGFUN_KERNEL_MUTEX_TI MEDLOCK

extern bool cyg_nutex_tinedl ock(cyg_nutex_t*)
#endi f

This is a correctheadeffile, in thatit definesthe exactinterfaceprovidedby the packageat all
times.Howeveris hasa numberof implications.First, the headeffile is now dependenbdn pkg-
conf/ ker nel . h, soary changeso kernelconfiguratioroptionswill causecyg/ ker nel / kapi . h
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to beoutof date,andary sourcefiles thatusethekernelinterfacewill needrekuilding. This may
affectsourcesn thekernelpackagein otherpackagesandin applicationsourcecode.Secondif
theapplicationmakesuseof this function someavherebut the applicationdeveloperhasmiscon-
figuredthe systemanddisabledhis functionalityanyway thentherewill now beacompile-time
errorwhenbuilding the application.Note that otherpackageshouldnot be affected,sincethey
shouldimposeappropriateconstraint©n CYGFUN_KERNEL _MUTEX_TI MEDLOCK if they usethat
functionality (althoughof coursesomedependencietik e this may get missedby component
developers).

An alternatie approachwould be:

extern bool cyg_nutex_tinmedl ock(cyg_nutex_t*);

Effectively theheadeffile is now lying aboutthefunctionality providedby the packageThefirst
resultis thatthereis nolongeradependengonthekernelconfiguratiorheaderThesecondesult
is thatanapplicationfile usingthetimed-lockfunctionwill now compile,but theapplicationwill
fail to link. At this stagetheapplicationdeveloperstill hasto intervene changeaheconfiguration,
andrehuild the systemHowever no applicationrecompilationsarenecessaryjustarelink.

Theoreticallyit would bepossiblefor atool to analyzdinkererrorsandsuggespossibleconfigu-
rationchangeshatwould resolhetheproblem reducingtheburdenontheapplicationdeveloper
No suchtool is plannedn the shortterm.

It is upto componentvritersto decidewhich of thesetwo approacheshouldbe preferred Note
thatit is not alwayspossibleto avoid #i ncl ude’ i ng a configurationheadeffile in anexported
one,for exampleanoptionmayaffectadatastructureratherthanjustthe presencer absencef
afunction.lssuedik e thiswill vary from packagedo package.

Nested #i ncl ude’ s

As agenerakule,unnecessaryi ncl ude’ s shouldbeavoided.A headeffile should#i ncl ude
only thoseheadeffiles which areabsolutelyneededor it to defineits interface.Any additional
#i ncl ude’ s make it morelik ely thatpackageor applicationsourcefiles becomedependentn
configurationheadefiles andwill getrehuilt unnecessarilyvhenthereareminor configuration
changes.
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Including Configuration Headers

Exportedheadeffiles shouldavoid #i ncl ude’ i ng configurationheadeffiles unlessabsolutely
necessanyto avoid unnecessaryehuilding of both applicationcodeand other packagesvhen
thereareminor configurationchangesA #i ncl ude is needednly whena configurationoption
affectstheexportedinterface,or whenit affectssomeimplementatiordetailswhichis controlled
by the headeffile suchaswhetheror nota particularfunctiongetsinlined.

Therearea coupleof waysin which the problemof unnecessaryehuilding could beaddressed.
Thefirst would requiremoreintelligenthandlingof headefile dependenghandlingby thetools
(especiallythe compiler)andthe build system.This would requirechangego variousnon-eCos
tools. An alternative approachwould be to supportfiner-grainedconfigurationheadeffiles, for
exampletherecouldbeafile pkgconf /i be/ i nl i ne. h controllingwhich functionsshouldbe
inlined. This could be achiezed by somefairly simpleextensiongo the componentramework,
but it makesit moredifficult to getthe packageheadeffiles and sourcecodecorrect:a C pre-
processotti f def directive doesnot distinguishbetweena symbolnot being definedbecause
the option is disabled,or the symbol not being definedbecausehe appropriateconfiguration
headerfile hasnot been#i ncl ude’ d. It is likely that a cross-referencingpol would have to
be developedfirst to catchproblemslik e this, beforethe componenframenork could support
finer-grainedconfiguratiorheaders.

Package Documentation

On-linepackagalocumentatioishouldbein HTML format. Thecomponenframevorkimposes
no speciallimitations: componentvriters candecidewhich versionof the HTML specification
shouldbe followed; they canalsodecideon how bestto copewith the limitations of different
browsers.ln generait is agoodideato keepthingssimple.

Test Cases

Packageshouldnormally comewith oneor moretestcasesThis allows applicationdevelopers
to verify thata given packagevorkscorrectlyon their particularhardwareandin their particular
configurationmakingit slightly morelik ely thatthey will attemptto find bugsin their own code
ratherthanautomaticallyblamingthe componentwriters.
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At the time of writing the applicationdevelopersupportfor building and running test cases
via the componentframeawvork is underreview and likely to change.Currently eachtest case
shouldconsistof a single C or C++ sourcefile that canbe compiledwith the packages setof
compilerflagsandlinkedlik e any applicationprogram EachtestcaseshouldusethetestingAPI
definedby the infrastructure A magically-namedtalculatedconfigurationoption of the form
CYGPKG_<PACKAGE- NAME>_TESTS lists thetestcases.

Host-side Suppor t

On occasiont would be usefulfor aneCospackageo be shippedwith host-sidesupport.This
couldtake theform of anadditionaltool neededo build thatpackagelt couldbeanapplication
intendedto communicatevith the target-sidepackagecodeanddisplaymonitoringinformation.
It could be a utility neededor runningthe packageestcasesgspeciallyin the caseof device
drivers.Thecomponenframewnork doesnotyet provide ary suchsupportfor host-sidesoftware,
andthereare obviousissuegelatedto portability to the differentmachineghat canbe usedfor
hosts.Thisissuemaygetaddresset somefuturereleaseln somecasesustombuild stepscan
besubvertedto dothingsonthehostsideratherthanthetargetside,but thisis notrecommended.

Making a Package Distrib ution

Developersof new eCospackagesre advisedto distribute their packagesn the form of eCos
packagedistribution files. Packagedistributedin this format may be addedto existing eCos
componentepositoriesn arobustmannemsingthe PackageAdministrationTool. This chapter
describesheformatof packagelistribution files anddetailshow to prepareaneCospackagdor
distributionin this format.

The eCos package distrib ution file format
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eCospackagalistributionfiles aregzippedGNU tar archiveswhich containboththesourcecode
for oneor moreeCospackagesnda datafile containingpackagenformationto beaddedo the
componentepositorydatabaseThe distribution files aresubjectto the following rules:
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a. Thedatafile mustbe namedpkgadd. db andmustbelocatedin theroot of thetar archive.
It mustcontaindatain a format suitablefor appendingto the eCosrepositorydatabase
(ecos.db)thesectioncalledUpdatingthe ecos.dldatabaseén Chapter3 describeghis data
format. Note that a database&onsisteng checkis performedby the eCosAdministration
Tool whenpkgadd. db hasbeenappendedo the databaseAny new target entrieswhich
referto unknovn packagesvill beremovedatthis stage.

b. The packagesourcecodemustbe placedin oneor more<package- pat h>/ <ver si on>
directoriesin thetar archive, whereeach<package-patis directorypathis specifiedasthe
directoryattribute of oneof the package®ntriesin pkgadd. db.

c. An optionallicenseagreemenfile namedpkgadd. t xt may be placedin the root of the
tar archie. It shouldcontaintext with a maximumline lengthof 79 characterslf this file
exists,thecontentswill be presentedo theuserduringinstallationof the packageTheeCos
PackageAdministrationTool will thenprompttheuserwith thequestion' Do you accept
all the ternms of the preceding |icense agreenent?". Theusermustrespond
"yes" tothis promptin orderto proceedwith theinstallation.

d. Optional templatefiles may be placedin one or moret enpl at es/ <t enpl at e_name>
directoriesin thetar archive. Note thatsuchtemplatefiles would be appropriateonly where
the packageso bedistributedhave acomple< dependengrelationshipwith otherpackages.
Typically, athird party packagecanbe simply addedto an eCosconfigurationbasedon an
existing core templateand the provision of new templateswould not be appropriatethe
sectioncalledTemplatesn Chapter6 containamoreinformationon templates.

e. The distribution file mustbe givena . epk (not.tar. gz) file extension.The . epk file
extensionsenesto distinguisheCospackagedistributionsfiles from genericgzippedGNU
tararchies.lt alsodiscouragesserdrom attemptingo extractthepackagdromthearchive
manually Thefile browsingdialogof theeCosPackageAdministrationTool lists only those
fileswhichhavea. epk extension.

f. No otherfiles shouldbe presenin thearchie.

g. Filesin the tar archive may useLF or CRLF line endingsinterchangablyThe eCosAd-
ministrationTool ensureghatthe installedfiles are giventhe appropriatehost-specifidine
endings.

h. Binary files may be placedin the archive, but the distribution of object codeis not rec-
ommendedAll binary files mustbe givena . bi n suffix in additionto ary file extension
they may alreadyhave. For example,the GIF imagefile nyfi | e. gi f mustbe namedny-
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file.gif.bininthearchive.The. bi n suffix isremovedduringfile extractionandis used
to inhibit the manipulationof line endingsby the eCosAdministrationTool.

Preparing eCos packages for distrib ution

Developmentof new eCospackage®r new versionsof existing eCospackagewill take place
in the context of an existing eCoscomponentepository This sectiondetailsthe stepsinvolved
in extracting new packagedrom a repositoryand generatinga correspondingeCospackage
distribution file for distribution of the packagedo othereCosusers.The stepsrequiredare as
follows:

a.Createatemporarnydirectory$PKGTMP for manipulationof the packagelistributionfile con-

tentsandcopy thesourcefiles of thenew packagento this directory preservingherelative
pathto the packageln the caseof anew packageatmypkg/ cur r ent in therepository:

$ nmkdir -p $PKGTMP/ nypkg

$ cp -p -R $ECOS_REPOSI TORY/ nypkg/ current $PKGTMP/ nypkg
Wheremorethanonepackagés to be distributedin a singlepackagedistribution file, copy
eachpackagén theabose mannerNotethatmultiple packageslistributedin a singlepack-
agedistribution file cannotbe installedseparatelyWheresuchflexibility is required distri-
bution of eachnew packagen separatg@ackageistribution filesis recommended.

b. Copy ary templatefiles associateavith the distributed packagesnto the temporarydirec-
tory, preservingherelative pathto thetemplate For example:

$ nkdir -p $PKGTMP/ t enpl at es
$ cp -p -R $ECOS_REPCSI TORY/ t enpl at es/ nyt enpl at e $PKGTMP/ t enpl at es

c. Remoreary filesfrom thetemporarydirectoryhierarchywhichyou do notwantto distribute
with the packagegeg objectfiles, CvS directories).

d. Add a. bi n suffix to the nameof ary binary files. For example,if the packagesontains
GIF imagefiles (*.gif) for documentatiopurposessuchfiles mustberenamedo *.gif.bin
asfollows:

$ find $PKGTMP -type f -nane '*.gif’ -exec mv {} {}.bin ;'

The. bi n sufiix is removedduringfile extractionandis usedto inhibit the manipulationof
line endingsby the eCosPackageAdministrationTool.
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e. Extractthepackageecordgor thenew packagefromthepackagalatabaséile atSECOS REPOSIDRY/ecos.db
and createa new file containingtheserecordsat $PKGTMP/ pkgadd. db (in theroot of the
temporarydirectoryhierarchy) Any targetrecordswhichreferencehedistributedpackages
mustalsobe providedin pkgadd.db

f. Renamethe versiondirectoriesunder$PKGTMP (typically cur rent during development)
to reflectthe versionsof the packagesou aredistributing. For example,version1.0 of a
packagenay usetheversiondirectorynamev1_0:

$ cd $PKGTMP/ nypkg

$ nmv current v1_0

the sectioncalledPackage Versioningdescribesheversionnamingcornventions.

g. Renameary templatefiles under$PKGTMP (typically cur rent . ect during development)
to reflectthe versionof the templateyou are distributing. For example,version1.0 of a
templatemayusethefilenamev1_0. ect :

$ cd $PKGTMP/ t enpl at es/ nyt enpl at e

$ nmv current.ect v1_0.ect
It is alsoimportantto editthe contentf thetemplatefile, changingheversionof eachref-
erencegackagdo matchthatof the packageyou aredistributing. This stepwill eliminate
versionwarningsduringthe subsequeribadingof thetemplate.

h. Optionally createa licenceagreementile at $PKGTMP/ pkgadd. t xt containingthe licens-
ing termsunderwhichyou aredistributing the new packagesl.imit eachline in thisfile to a
maximumof 79 characters.

. Createa GNU tar archive of thetemporarydirectoryhierarchy By convention,this archive
would have anameof theform <package_nane>- <ver si on>:

$ cd $PKGTMP
$ tar cf nypkg-1.0.tar *

Note thatnon-GNUversionof tar may createarchive files which exhibit subtleincompati-
bilities with GNU tar. For thisreasonalwaysuseGNU tarto createthearchivefile.

. Compresghearchive usinggzip andgive theresultingfile a. epk file extension:

—

$ gzip nypkg-1.0.tar
$ nmv nypkg-1.0.tar.gz nypkg-1.0.epk

The resultingeCospackagealistribution file (*.epk) is in a compressedformatandmay be
distributedwithout furthercompression.
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The CDL languageis a key part of the eCoscomponentramenork. All packagesnustcome
with atleastoneCDL script,to describehatpackageo theframavork. Theinformationin that
scriptincludesdetailsof all the configurationoptionsandhow to build the packagelmplement-
ing a new componenbr turning someexisting codeinto an eCoscomponentalways involves
writing correspondindgDL. This chapterprovidesa descriptionof the CDL languageDetailed
informationon specificpartsof thelanguagecanbefoundin Chapters.

Langua ge Overview

A verysimpleCDL scriptwould look lik e this:

cdl _package CYGPKG _ERROR {

di spl ay "Conmon error code support”

conpil e strerror.cxx

i ncl ude_dir cyg/error

description
Thi s package contains the comon list of error and
status codes. It is held centrally to allow
packages to interchange error codes and status
codes in a comon way, rather than each package
having its own conventions for error/status
reporting. The error codes are nodelled on the
POSI X style naming e.g. EINVAL etc. This package
al so provides the standard strerror() function to
convert error codes to textual representation.”

}

Thisdescribesisinglepackagetheerrorcodepackagewhichdoesnothaveary sub-components
or configuratioroptions.Thepackagéhasaninternalname CYGPKG_ERROR, whichcanberefer
encedn otherCDL scriptsusinge.g.r equi res CYGPKG_ERRCR. Therewill alsobea#def i ne
for this symbolin a configurationheadeffile. In additionto the packagename,this script pro-
videsa numberof propertiesfor the packageasa whole. The display propertyprovidesa short
description.The descriptionpropertyinvolves a ratherlonger one, for when usersneeda bit
moreinformation.The compileandinclude_dirpropertiedist the consequencesf this package
atbuild-time. The packageappeargo lack any on-linedocumentation.
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Packagesould be even simplerthanthis. If the packageonly providesan interfaceandthere
areno files to be compiledthenthereis no needfor a compile property Alternatively if there
are no exportedheaderfiles, or if the exportedheaderfiles shouldgo to the top-level of the

i nstal | /i ncl ude directory thenthereis noneedfor aninclude_dirproperty Strictly speaking
thedescriptioranddisplaypropertiesareoptionalaswell, althoughapplicationdevelopersvould

not appreciateheresultinglack of informationaboutwhatthe packages supposedo do.

However mary packagegendto be a bit morecomplicatedthanthe error packagegontaining
varioussub-componentand configurationoptions. Theseare also definedin the CDL scripts
andin muchthe sameway asthe packageFor example,the following excerptcomesfrom the
infrastructuregpackage:

cdl _conmponent CYGDBG | NFRA_DEBUG TRACE_ASSERT_BUFFER {

di spl ay "Buffered tracing"
defaul t _value 1
active_if CYGDBG_USE_TRACI NG

description
An out put nodul e which buffers output fromtracing and
assertion events. The stored nessages are output when an
assert fires, or CYG TRACE_PRINT() (defined in
<cyg/infral/cyg_trac.h>) is called. O course, there wll
only be stored nessages if tracing per se (CYGDBG USE_TRACI NG
i s enabl ed above."

cdl _opti on CYGDBG_| NFRA_DEBUG TRACE_BUFFER_SI ZE {

di spl ay "Trace buffer size"

flavor dat a

defaul t _val ue 32

|l egal _values 5 to 65535

description "
The size of the trace buffer. This counts the nunber of
trace records stored. When the buffer fills it either
wraps, stops recording, or generates output."

Like acdl _package, acdl _conponent hasa nhameanda body. The body containsvarious
propertiesfor that componentand may also containsub-componentsr options. Similarly a
cdl _opt i on hasanameandabodyof propertiesThis examplelistsanumberof new properties:
default \alue,active_if, flavor andlegal_\alues.The meaningof mostof theseshouldbe fairly

ohvious.Thenext sectionsdescribehevariousCDL commandsndproperties.
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Thereis oneadditionalandveryimportantpoint; CDL is notacompletelynew languageinstead
it is implementedasan extensionof the existing Tcl scriptinglanguageThe syntaxof a CDL
scriptis Tcl syntax,which is describedelow. In additionsomeof the moreadvancedfacilities
of CDL involve embeddedragmentsof Tcl code,for examplethereis a define_progroperty
which specifiessomecodethatneedso be executedwvhenthe componenframenork generates
theconfigurationheadeffiles.

CDL Commands

40

Therearefour CDL-relatedcommandsvhich canoccuratthetop-level of aCDL script:cdl _package,

cdl _conponent, cdl _opti on andcdl _i nterface. Thesecorrespondo the basicbuilding
blocks of the language(CDL interfacesare describedn the sectioncalled Interfaces. All of
thesetake the samebasicform:

cdl _package <nane> {

}

cdl _conponent <nane> {

}

cdl _option <nane> {

}

cdl _interface <nanme> {
}

The commands followed by a nameandby a body of propertiesthe latterenclosedn braces.
Packagesndcomponentgancontainotherentities,sothecdl _package andcdl _conponent
canalsohave nestedcommandsn their bodies.All namesmustbe uniquewithin a givencon-
figuration.If saytheC library packageanda TCP/IPstackbothdefinedan optionwith the same
namethenit would not be possibleto load both of theminto a single configuration.Thereis a
namingcornventionwhich shouldmake accidentahameclashesvery unlikely.

It is possiblefor two packagedo usethe samenameif thereare no reasonableircumstances
underwhichbothpackagesouldbeloadedatthesameime.Oneexamplewouldbearchitectural
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HAL packagesagiveneCosconfiguratiorcanbeusedononly oneprocessqrsothearchitectural
HAL package<YGPKG HAL_ARMandCYGPKG HAL | 386 canre-useoption namesjn factin
somecaseghey areexpectedo.

Eachpackagéhasonetop-level CDL script,whichis specifiedn the packagegcos.dldatabase
entry. Typically the nameof this top-level scriptis relatedto the packagesothe kernelpackage
usesker nel . cdl , butthisis justacorvention.Thefirst commandn thetop-level scriptshould
becdl _package, andthenameusedshouldbethesameasin theecos.dlatabaserhereshould
beonly onecdl _package commandperpackage.

ThevariousCDL entitieslivein a hierarchy For examplethe kernelpackagecontainsa schedul-
ing componenta synchronizatiorprimitivescomponentanda numberof others.The synchro-
nizationcomponentontainsvariousoptionssuchaswhetheror not mutex priority inheritancds
enabledThereis no upperboundonhow farcomponentsanbenestedbut it is rarelynecessary
to go morethanthreeor four levelsdeepethanthe packagdevel. Sincethe namingcorvention
incorporatesits of the hierarchy this hasthe addedadvantageof keepingthe namesdown to a
moremanageablsize.

The hierarchysenestwo purposeslt allows optionsto be controlleden masse so disabling
a componenfautomaticallydisablesall the optionsbelaw it in the hierarchy It alsopermitsa
muchsimplerrepresentationf the configurationin the graphicalconfigurationtool, facilitating
navigationandmaodification.

By default a packages placedat thetop-level of the hierarchybut it is possibleto overridethis
usinga parentproperty For examplean architecturaHAL packagesuchas CYGPKG HAL_SH
typically re-parentdtself belov CYGPKG_HAL, andaplatformHAL packagevouldthenre-parent
itself below thearchitecturaHAL. Thismakesit alittle bit easiefor userdo navigatearoundthe
hierarchy Componentspptionsandinterfacescanalsobere-parentedput this is lesscommon.

All componentspptionsand interfacesthat are defineddirectly in the top-level script will be
placedbelow the packagdan the hierarchy Alternatively they canbe nestedn the body of the
cdl _package commandThefollowing two scriptfragmentsareequivalent:

cdl _package CYGPKG_ LI BC {
}
cdl _conponent CYGPKG_ LI BC_STRI NG {

}
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cdl _option CYGPKG LI BC CTYPE | NLI NES {
}

and:

cdl _package CYGPKG_ LI BC {

cdl _conponent CYGPKG_LI BC_STRI NG {

}

cdl _option CYGPKG LI BC CTYPE | NLI NES {

}
}

If a scriptdefinesoptionsbothinsideandoutsidethe body of thecdl _package thenthe ones
insidewill be processedirst. Languagepuristsmay arguethatit would have beenbetterif all
containedoptionsandcomponentfiadto go into the body, but in practiceit is oftencorvenient
to beableto skip this level of nestingandtheresultingbehavior is still well-defined.

Componentganalsocontainoptionsandother CDL entities,in factthatis whatdistinguishes
themfrom options.Thesecanbedefinedin thebodyof thecdl _conmponent command:

cdl _conponent CYGPKG LI BC _STDI O {
cdl _conponent CYGPKG_ LI BC_STDI O FLOATI NG PO NT {

}

cdl _option CYGSEM LI BC_STDI O THREAD SAFE_STREAMS {

}
}

Nestingoptionsinsidethe bodiesof componentdik e this is fine for simple packagesvith only
a limited numberof configurationoptions,but it becomesunsatisactory asthe numberof op-
tionsincreaseslinsteadit is possibleto split the CDL datainto multiple CDL scripts,on a per
componenbasis.The script propertyshouldbe usedfor this. For example,in the caseof the
C library all stdio-relatectonfigurationoptionscould be putinto st di o. cdl , andthetop-level
CDL scriptl i bc. cdl would containthefollowing:
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cdl _package CYGPKG LI BC {

cdl _conmponent CYGPKG_LI BC_STDI O {
script stdio. cdl
}

TheCYGPKG_LI BC_STDI O_FLOATI NG_PO NT componenandthe CYGSEM LI BC_STDI O THREAD_SAFE_STREANS
option canthenbe placedat the top-level of st di o. cdl . It is possibleto have someoptions

nestedn thebodyof acdl _conponent commandandotheroptionsin a separatdile accessed

by the script property In sucha casethe nestedoptionswould be processedirst, andthenthe

otherscriptwould bereadin. A scriptspecifiedoy a scriptpropertyshouldonly definenew op-

tions, componentsr interfaces:it shouldnot containany additionalpropertiesfor the current

component.

It is possiblefor a componens CDL scriptto have a sub-componenivhich also hasa script
property andso on. In practiceexcessie nestinglik e this is rarely useful.lt is alsopossibleto
ignorethe CDL languagesupportfor constructinghierarchiesautomaticallyandusethe parent
propertyexplicitly for every singleoptionandcomponentAgain thisis not generallyuseful.

Note: At the time of writing interfaces cannot act as containers. This may change in a future
version of the component framework, although it would require that the flavor of an interface
be changed from dat a to bool dat a. If the change is made then interfaces would support the
script property, just like components.

CDL Properties

Eachpackage componentoption, and interfacehasa body of properties,which provide the
componentramavork with information abouthow to handleeachoption. For examplethere
is a propertyfor a descriptve text messagevhich canbe displayedto a userwho is trying to

figureoutjustwhateffect manipulatingthe optionwould have on the targetapplication.Thereis

anotherpropertyfor thedefaultvalue,for examplewhethera particularoptionshouldbeenabled
or disabledby default.
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All of thepropertiesareoptional,it is legal to definea configurationoptionwhich hasanempty
body. However somepropertiesaremoreoptionalthanothers:userswill notappreciatdavingto

manipulateanoptionif they arenotgivenary sortof descriptionor documentationOtherprop-
ertiesareintendedonly for very specificpurposesfor examplemake_objectandinclude_files,
andareusedonly rarely.

Becausdifferentpropertiessene very differentpurposestheir syntaxis not asuniform asthe

top-level commandsSomepropertiestake no algumentsat all. Other propertiestake a single
argumentsuchasa descriptionstring, or a list of argumentssuchasa compile propertywhich

specifiesthe file or files that shouldbe compiledif a given optionis active and enabled.The

define_procproperty takes as argumenta snippetof Tcl code.The active_if, calculated,de-

fault \alue,legal \aluesandrequirespropertiegake variousexpressionsAdditional properties
may be definedin futurewhich take new kinds of arguments.

All propertyparsingcodesupportoptionsfor every property althoughat presenthe majority of
propertiesdo not yet take ary options.Any initial aggumentghatbegin with a hyphencharacter
- will beinterpretedasanoption,for example:

cdl _package CYGPKG HAL_ARM {
make -priority 1 {

}
}

If the option involvesadditionaldata,asfor the - pri ori ty exampleabove, thenthis canbe
written aseither-priority=1 oras-priority 1. Onoccasiornthe optionparsingcodecan
getin theway, for example:

cdl _option CYGNUM LI BC TI ME_DST DEFAULT STATE {

| egal _values -1 to 1
defaul t _value -1

}

Neitherthelegal_\valuesnor the default_\aluepropertywill accept 1 asa valid option, sothis
will resultin syntaxerrorswhenthe CDL scriptis readin by thecomponenframework. To avoid
problemstheoptionparsingcodewill recognizethestring- andwill notattemptto interpretary
subsequerdargumentsHencethis option shouldbewritten as:

cdl _option CYGNUM LI BC_TI ME_DST_DEFAULT_ STATE {
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|l egal _values - -1to 1
defaul t _value - -1

}

The propertyparsingcodeinvolvesa recursve invocationof the Tcl interpreterthatis usedto
parsethe top-level commandsThis meansthat somecharactersn the body of an option will
be treatedspecially The# characteicanbe usedfor commentsThe backslastcharactet , the
dollar charactei$, squarebraclets| and], braces[ and}, andthe quotecharactet’ may all
receie speciatreatmentMost of thetime thisis not a problembecaus¢hesecharactersrenot
usefulfor mostproperties.On occasionhaving a Tcl interpreteraroundperformingthe parser
canbe very powerful. For moredetailsof how the presencef a Tcl interpretercanaffect CDL
scripts,seethe sectioncalledAn Introductionto Tcl.

Many of the propertiescanbe usedin ary of cdl _package, cdl _conponent, cdl _opti on
or cdl _i nterface. Other propertiesare more specific. The script propertyis only relevant
to componentsThe define_headehardware,include_dir,include_files,andlibrary properties
applyto apackageasawhole,socanonly occurin thebodyof acdl _package commandThe
calculateddefault valueandflavor propertiesarenot relevantto package®r interfacesaswill
beexplainedlater Thelegal \aluespropertyis alsonotrelevantto packages.

This sectionlists the variouspropertiesgroupedby purpose Eachpropertyalsohasafull refer
encepagein Chapters. Propertiegelatedto valuesandexpressionsaredescribedn moredetalil
in the sectioncalledValuesand ExpressionsPropertieselatedto headeffile generatiorandto
thebuild processaredescribedn Chapter4.

Information-pr oviding Properties

Userscanonly be expectedto manipulateconfigurationoptionssensiblyif they aregiven suffi-
cientinformationabouttheseoptions.Therearethreepropertiesvhich seneto explainanoption
in plaintext: thedisplaypropertygivesatextual aliasfor anoption,whichis usuallymorecom-
prehensiblehansomethinglike CYGPKG_LI BC_TI ME_ZONES' ; the descriptionpropertygives
alongerdescription typically a paragraptor so; the doc propertyspecifiesthe location of ad-
ditional on-line documentatiorrelatedto a configurationoption. In the context of a graphical
tool the display string will be the primary way for usersto identify configurationoptions;the
descriptionparagraptwill bevisible wheneerthe optionis selectedthe on-linedocumentation
will only beaccessewhenthe userexplicitly requestst.
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cdl _package CYGPKG Ul TRON {

di spl ay "ul TRON conpatibility |ayer"

doc ref/ecos-ref.a. htn

description
eCos supports a ul TRON Conpatibility Layer, providing
full Level S (Standard) conpliance with Version 3.02 of
the ul TRON Standard, plus many Level E (Extended) features.
ul TRON i s the prenier Japanese enbedded RTCS standard.”

}

All threepropertiestake a singleargument.For display and descriptionthis argumentis just a
string. For doc it shouldbe a pointerto a suitableHTML file, optionally including an anchor
within thatpage If thedirectorylayoutcornventionsareobsenedthenthe componenframework
will look for theHTML file in thepackages doc sub-directoryotherwisethe docfilenamewill
betreatedasrelative to the packages top-level directory

The Configuration Hierarchy
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Thereare two propertiesrelatedto the hierarchicalorganizationof componentsand options:
parentandscript.

The parentpropertycan be usedto move a CDL entity somavhereelsein the hierarchy The
mostcommonuseis for packagesto avoid having all the packagesppealatthetop-level of the
configuratiorhierarchy For exampleanarchitecturaHAL packagesuchasCYGPKG HAL_SHis
placedbelon thecommonHAL packageCYGPKG _HAL usinga parentproperty

cdl _package CYGPKG HAL_SH {

di spl ay "SH architecture"
par ent CYGPKG_HAL

}

Theparentpropertycanalsobeusedn thebodyofacdl _conponent ,cdl _opti onorcdl _i nterface,

butthisis lesscommonHowevercarehasto betakensinceexcessve re-parentinganbeconfus-
ing. Carealsohasto betakenwhenreparentingoelov someotherpackagehatmaynotactually
beloadedin a givenconfigurationsincetheresultingbehaior is undefined.

Thescriptpropertycanonly be usedin thebodyof acdl _conponent commandThe property
takesa singlefilenameasargumentandthis shouldbeanotherCDL scriptcontainingadditional
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options,sub-componentandinterfacesthatshouldgo below the currentcomponentn the hier-
archy If thedirectorylayoutcorventionsareobsenedthenthe componenframeawork will look
for the specifiedfile relative to thecdl subdirectoryof the packageptherwisethe filenameuwiill
betreatedasrelative to the packages top-level directory

cdl _conmponent CYGPKG_LI BC_STDI O {

di spl ay "Standard input/output functions"
flavor bool

requires CYGPKG_| O

requires CYGPKG_| O_SERI AL_HALDI AG

defaul t _value 1
description
Thi s enabl es support for standard I1/0O functions from <stdio.h>."

script stdi o. cdl

Value-related Properties

Thereare seven propertieswhich arerelatedto option valuesand state:flavor, calculated de-
fault walue,legal aluesactive_if,implementsandrequiresMore detailedinformationcanbe
foundin the sectioncalledValuesand Expressions

In the context of configurability the conceptof an option’s valueis somevhatnon-trivial. First
an option may or may not be loaded:it is possibleto build a configurationwhich hasthe math
library but not the kernel; however the mathlibrary’s CDL scriptsstill referencekerneloptions,
for example CYGSEM LI BM THREAD SAFE_COMPAT_MODE hasa requiresconstrainton CYG
VAR_KERNEL_THREADS_DATA. Evenif anoptionis loadedit mayor maynotbeactive,depend-
ing on whatis happeninghigherup in the hierarchy:if the C library’s CYGPKG LI BC_STDI O
components disabledthen someother optionssuchas CYGNUM LI BC_STDI O BUFSI ZE be-
comeirrelevant.In additioneachoptionhasbothaboolearenabled/disableffag anda datapart.
For mary optionsonly the booleanflag is of interest,while for othersonly the datapartis of
interest.Theflavor propertycanbe usedto controlthis:

flavor none

This flavor indicatesthat neitherthe booleannor the data partsare usermodifiable:the
optionis alwaysenabledandthedatais alwayssetto 1. Themostcommonusefor thisis to
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have a componenthatjust actsasa placeholdeiin the hierarchy allowing variousoptions
to begroupedbelow it.

flavor bool

Only thebooleanpartof theoptionis usermodifiable. Thedatapartis fixedat 1.

flavor data

Only thedatapartof theoptionis usermodifiable.The boolearpartis fixedat enabled.

flavor bool dat a

Both thebooleanandthe datapartof the optionareusermodifiable.

For moredetailsof CDL flavorsandhow aflavor affectsexpressiorevaluation,andotherconse-
quencesseethe sectioncalledValuesand ExpressionsTheflavor propertycannotbe usedfor a
packageor aninterface:packagesiwayshave thebool dat a flavor, andinterfacesalwayshave
thedat a flavor. Optionsandcomponentsiave thebool flavor by default, sincemostconfigura-
tion choicesaresimpleyes-orno choices.

The calculatedoropertycanbe usedfor optionswhich shouldnot be usermodifiable,but which
insteadarefixedby thetargethardwareor determinedrom the currentvaluesof otheroptions.In
generalcalculatedoptionsshouldbe avoided,sincethey canbe confusingto userswho needto
figureoutwhetheror nota particularoptioncanactuallybechangedThereareanumberof valid
usesfor calculatedbptions,andquite a few invalid onesaswell. Thereferencegackageshould
beconsultedor furtherdetails.The propertytakesanordinaryCDL expressiorasargumentfor
example:

# A constant on sone target hardware, perhaps user-nodifiable on other

# targets.

cdl _opti on CYGNUM HAL_RTC PERI OD {
di spl ay "Real -time clock period"
flavor data

cal cul at ed 12500
}

The calculatedpropertycannotbe usedfor package®r interfaces.The value of a packageal-
wayscorrespondso the versionof that packagewhich is loaded,andthis is underusercontrol.
Interfacesareimplicitly calculatedpasedonthe numberof active andenabledmplementors.



Chapter3. TheCDL Languaye

Thedefault_\aluepropertyis similarto calculatedbut only specifiesa defaultvaluewhich users
can modify. Again this propertyis not relevant to packagesor interfaces.A typical example
would be:

cdl _opti on CYGDBG_ HAL_DEBUG GDB_THREAD_SUPPORT {
di spl ay "I'nclude GDB multi-threadi ng debug support"”
requires CYGDBG_KERNEL_DEBUG GDB_THREAD_SUPPORT
def aul t _val ue CYGDBG_KERNEL_DEBUG CGDB_THREAD SUPPORT

}

The legal_valuespropertyimposesa constrainton the possiblevaluesof the datapart of an
option. Henceit is only applicableto optionswith thedat a or bool dat a flavors. It cannotbe
usedfor a packagesincethe only valid valuefor a packagses its versionnumber Thearguments
to thelegal_valuespropertyshouldconstitutea CDL list expression.

cdl _option CYGNUM LI BC TI ME_STD DEFAULT OFFSET {

di spl ay "Default Standard Tine offset"
flavor dat a
| egal _values - -90000 to 90000

default_value - 0
}

Theactive_if propertydoesnot relatedirectly to an option’s value,but ratherto its active state.
Usually this is controlledvia the configurationhierarchy:if the CYGPKG_LI BC_STDI O compo-
nentis disableathenall optionsbelaw it areinactive anddo not have ary consequence$n some
casesghe hierarchydoesnot provide sufficient control, for examplean option shouldonly be

activeif two disjoint setsof conditionsaresatisfiedthe hierarchycouldbe usedfor oneof these
conditions,andanadditionalactive_if propertycould be usedfor the otherone.The arguments
to active_if shouldconstitutea CDL goalexpression.

# Do not provide extra semaphore debugging if there are no semaphores
cdl _opti on CYGDBG_KERNEL_I| NSTRUMENT_BI NSEM {

active_i f CYGPKG_KERNEL_SYNCH
}

Theimplementspropertyis relatedto the conceptof CDL interfacesIf anoptionis active and
enabledandit implementsa particularinterfacethenit contributesl to thatinterfacesvalue.

cdl _package CYGPKG_NET_EDB7XXX_ETH DRI VERS {
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di spl ay "Cirrus Logic ethernet driver"
i mpl enent s CYGHWR_NET_DRI VERS
i mpl enent s CYGHWR_NET_DRI VER_ETHO

}

The requirespropertyis usedto imposeconstraintson the users choices.For exampleit is
unreasonableo expectthe C library to provide thread-safémplementationsf certainfunctions
if the underlyingkernelsupporthasbeendisabledor evenif thekernelis not beingusedatall.

cdl _option CYGSEM LI BC_PER THREAD_ERRNO {

di spl ay "Per-thread errno"
doc ref/ecos-ref.15. htni
requires CYGVAR_KERNEL_THREADS DATA

defaul t _value 1
}

Theargumentgo therequirespropertyshouldbe a CDL goalexpression.

Generating the Configuration Header Files

50

Whencreatingor updatingabuild treethecomponentramenvork will alsogenerateonfiguration
headeffiles, oneperpackageBy defaultit will generatea#def i ne for eachoption,component
or interfacethatis active andenabledFor optionswith thedat a or bool dat a flavorsthe#de-
fi ne will usethe option’s datapart, otherwiseit will usethe constanti. Typical outputwould
include:

#def i ne CYGFUN LI BC TI ME_POSI X 1
#def i ne CYGNUM LI BC TI ME_DST_DEFAULT STATE -1

Thereare six propertieswhich can be usedto control the headerfile generationprocessde-
fine_heademo_definedefine_formatdefine,if define,anddefine_proc.

By defaultthe componenframework will generate configurationheadeffile for eachpackage
basedon the packages name:everythingup to andincluding the first underscores discarded,
therestof the nameis lower-casedanda . h suffix is appendedFor examplethe configuration
headeffile for the kernelpackageCYGPKG _KERNEL is pkgconf / ker nel . h. Thedefine_header
propertycanbe usedto specifyan alternatve filename.This appliesto all the componentand
optionswithin a packageso it canonly be usedin the body of a cdl _package command.
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For examplethe following specifiesthat the configurationheadeffile for the SFARClite HAL
packageas pkgconf/ hal _sparclite. h.

cdl _package CYGPKG HAL_SPARCLI TE {
di splay "SPARClite architecture"
par ent CYGPKG_HAL
har dwar e
defi ne_header hal _sparclite.h

Note: At present the main use for the define_header property is related to hardware pack-
ages, see the reference pages for more details.

The no_definepropertyis usedto suppresshe generatiorof the default #def i ne. This canbe
usefulif anoption’s consequenceareall relatedto the build processor to constraintsandthe
optionis neveractuallychecledin ary sourcecode.lt canalsobeusefulin conjunctionwith the
define,if_defineor define_progropertiesTheno_defingropertydoesnottake any arguments.

cdl _conmponent CYG HAL_STARTUP {
di spl ay "Startup type"
flavor dat a
| egal _values { "RAM "ROM }
defaul t _val ue {"RAM'}
no_def i ne
define -file systemh CYG HAL_STARTUP

}

This examplealsoillustratesthe defineproperty which canbe usedto generatea #def i ne in
additionto the default one. It takesa singleargument.the nameof the symbolto be defined.It
alsotakesoptionsto controlthe configurationheadefile in which the symbolshouldbe defined
andtheformatto beused.

The define_formafpropertycanbe usedto control how the value part of the default #def i ne
getsformatted.For examplea formatstring of " 0x%®04x" couldbe usedto generate four-digit
hexadecimahumber

The if_define propertyis intendedfor use primarily to control assertionstracing, and similar
functionality. It supportsaspecificimplementatiormodelfor these allowing controlatthegrain
of package®r evenindividual sourcefiles. Thereferencepagesprovide additionalinformation.
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Thedefine_pro@ropertyprovidesanescapenechanisnfior thosecasesvheresomethingspecial
hasto happerat configuratiorheadefile generatiortime. It takesa singleargumentafragment
of Tcl code which getsexecutedvhentheheadefile is generatedThis codecanoutputarbitrary
datato theheadeffile, or performary otheractionsthatmight be appropriate.

Controlling what gets Built

52

Thereare six propertieswhich affect the build processicompile, make, make_object library,
include_dir,andinclude_filesThelastthreeapplyto a packageasawhole,andcanonly occur
in thebodyof acdl _package command.

Most of the sourcefiles thatgo into a packageshouldsimply be compiledwith the appropriate
compiler, selectedy thetargetarchitectureandwith theappropriatdlags,with anadditionalset
definedby thetargethardwareandpossiblemodificationson a perpackagéebasis.Theresulting
objectfiles will gointo thelibrary I i bt ar get . a, which canthenbe linkedagainstapplication
code.Thecompilepropertyis usedto list thesesourcefiles:

cdl _package CYGPKG_ERROR {
di spl ay "Conmon error code support”
conpil e strerror.cxx
include_dir cyg/error

}

Theargumentgo the compilepropertyshouldbe oneor moresourcefiles. Typically mostof the

sourceswill be neededor the packageasawhole,andhencethey will belistedin oneor more

compilepropertiesn thebodyof thecdl _package. Somesourcesnaybespecificto particular
configurationoptions,in otherwordsthereis no point in compiling themunlessthat optionis

enabledjn which casethe sourcesshouldbe listed in a compile propertyin the corresponding
cdl _option, cdl _conponent orcdl _i nterface body.

Somepackagesnay have more complicatedcbuild requirementsfor examplethey mayinvolve

aspecialtargetsuchasa linker scriptwhich shouldnot endup in the usuallibrary, or they may

involve specialbuild stepsfor generatingan objectfile. The make and make_objectproperties
provide supportfor suchrequirementsfor example:

cdl _package CYGPKG_HAL_MN10300_AMB3 {
di spl ay "MN10300 AMB3 variant”
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make {
<PREFI X>/lib/target.|d: <PACKAGE>/src/m10300_anB3.1d
$(CC) -E -P -W, -MD target.tnp - DEXTRAS=1 -xc $(| NCLUDE_PATH) \
$(CFLAGS) -0 $@ $<
@cho $@": \\" > $(notdir $@.deps
@ail +2 target.tnp >> $(notdir $@. deps
@cho >> $(notdir $@. deps
@mtarget.tnp

}

For full detailsof custombuild stepsandthebuild procesgenerally seeChapter4.

By defaultall objectfiles gointo thelibrary | i bt ar get . a. It is possibleto overridethis atthe
packagdevel usingthe library property but this shouldbe avoided sinceit complicatesappli-
cationdevelopmentinsteadof justlinking with asinglelibrary for all eCos-relategackagesit
suddenlybecomesecessaryo link with severallibraries.

Theinclude_dirandinclude_filespropertiesrelateto a packages exportedheadeffiles. By de-

fault a packages headefiles will be exportedto thei nstal | /i ncl ude directory Thisis the

desiredbehaior for somepackagedik e the C library, sinceheaderdike st di 0. h shouldexist

atthatlevel. However if all headeffiles wereto endup in thatdirectorythentherewould be a

significantrisk of a nameclash.Insteadit is betterfor packagedo specifysomesub-directory
for their exportedheadefiles, for example:

cdl _package CYGPKG_| NFRA {
di spl ay "Infrastructure"
i ncl ude_dir cyg/infra

}

Thevariousheadefilesexportedby theinfrastructurefor examplecyg_ass. handcyg_trac. h
will now endupin thei nstal | /i ncl ude/ cyg/ i nf r a sub-directorywherea nameclashis
very unlikely.

For packagesvhich follow the directorylayout conventionsthe componenframework will as-
sumethatthe packagesi ncl ude sub-directorycontainsall exportedheadeffiles. If thisis not
the case,for examplebecauséhe packages suficiently simple that the layout corventionis
inappropriatethenthe exportedheadeffiles canbelisted explicitly in aninclude_filesproperty
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Miscellaneous Properties

The hardwarepropertyis only relevantto packagesSomepackagesuchasdevice driversand
HAL packagesrehardware-specificandgenerallyit makesno senseo addsuchpackageso
a configurationunlessthe correspondindhardwareis presenton your target system.Typically
hardware packageselectionhappensautomaticallywhenyou selectyour target. The hardware
propertyshouldbe usedto identify a hardware-specifigpackageand doesnot take ary argu-
ments.

cdl _package CYGPKG HAL_M PS {
di splay "M PS architecture"
par ent CYGPKG_HAL
har dwar e
include_dir cyg/ hal
define_header hal _m ps.h

}

At presentthe hardware propertyis largely ignoredby the componentframeavork. This may
changedn futurereleases.

Option Naming Convention

54

All theoptionsin agivenconfiguratiorivein thesamenamespacd=urthermoret is notpossible
for two separateoptionsto have the samename,becausehis would make ary referencego

thoseoptionsin CDL expressionsambiguousA namingcorventionexiststo avoid problems.
It is recommendethatcomponentvriters obsene someor all of this conventionto reducethe

probability of nameclasheswith otherpackages.

Thereis animportantrestrictionon optionnamesTypically the componenframenork will out-
puta#def i ne for every active andenablecbption,usingthe nameasthe symbolbeingdefined.
This requiresthatall namesarevalid C preprocessosymbols,a limitation thatis enforcedeven
for optionswhich have the no_defineproperty Preprocessosymbolscanbe ary sequencef
lower caselettersa-z, uppercaseletters,A-Z, the underscoreharacter_, and the digits 0-9.
The first charactermust be a non-digit. Using an underscores the first characteiis discour
aged becaus¢hatmayclashwith resenedlanguagedentifiers.In additionthereis acorvention
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thatpreprocessosymbolsonly useuppercasdetters,andsomecomponentvritersmaywish to
follow this corvention.

A typical option namecould be somethinglike CYGSEM KERNEL_SCHED_BI TMAP. This hame
consistof severaldifferentparts:

1. Thefirstfew charactersn this casethethreelettersCYG, areusedo identify theorganization
thatproducedhe packageFor historicalreasonpackageproducecry RedHattendto use
the prefix CYGratherthanRHAT. Componentvritersshouldusetheir own prefix: evenwhen
cuttingandpastingfrom anexisting CDL scriptthe prefix shouldbe changedo something
appropriateo their organization.

It canbearguedthata shortprefix, oftenlimited to uppercasdetters,is not sufiiciently long
to eliminatethe possibility of nameclashesA longerprefix couldbeused for exampleone
basedninternetdomainnamesHowevertheC preprocessdnasno concepbf namespaces
ori nport directives,soit would alwaysbe necessaryo usethe full optionnamein com-
ponentsourcecodewhich getstedious- optionnamegendto belong enoughasit is. There
is asmallincreasedisk of nameclashesbut thisrisk is felt to beacceptable.

2. Thenext threecharacterindicatethe natureof the option,for examplewhetherit affectsthe
interfaceor justtheimplementationA list of commontagsis givenbelow.

3. The KERNEL _SCHED partindicateghelocationof the optionwithin the overall hierarchyIn
this casethe optionis partof the schedulingcomponenbf the kernelpackageHaving the
hierarchydetailsaspartof the optionnamecanhelpin understandingonfigurablecodeand
furtherreduceghe probability of a nameclash.

4. Thefinal part, Bl TMAP, identifiesthe optionitself.

Thethree-charactetag is intendedto provide someadditionalinformationaboutthe natureof
theoption. Therearea numberof pre-definedags.Howeverfor mary optionsthereis a choice:
optionsrelatedto the platformshouldnormally useHWR, but numericaloptionsshouldnormally
useNUM aplatform-relatechumericaloptionsuchasthesizeof aninterruptstackcouldtherefore
useeithertag. Thereare no absoluterules,andit is left to componentwriters to interpretthe
following guidelines:

XXXARC _

The ARC tag is intendedfor optionsrelatedto the processoiarchitecture Typically such
optionswill only occurin architecturabr variantHAL packages.
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XXXHWR _
The HWR tag is intendedfor optionsrelatedto the specifictargetboard. Typically suchop-
tionswill only occurin platformHAL packages.

XXXPKG_

This tagis intendedfor package®r componentsin otherwordsoptionswhich extendthe
configuratiorhierarchy Arguablya COMtagwould bemoreappropriatdor componentshut
this could be confusingbecausef the considerablenumberof computingtermsthatbegin
with com.

XXXGE.O_

Thisis intendedfor globalconfigurationoptions,especiallypreferences.

xxxDBG_
The DBG tag indicatesthatthe optionis in someway relatedto delugging,for exampleit
may enableassertionsn somepartof the system.

XXXTST_

Thistagis for testing-relatedptions.Typically thesedo not affect actualapplicationcode,
insteadthey control the interactionbetweentarget-sidetest casesand a host-sidetesting
infrastructure.

XXXFUN_

Thisis for configuratioroptionswhich affecttheinterfaceof apackageThereareanumber
of relatedtag which arealsointerface-relatedxxxFUN_ is intendedprimarily for options
thatcontrolwhetheror not oneor morefunctionsareprovidedby the packagebut canalso
beusedif noneof the otherinterface-relatedagsis applicable.

XXXVAR _

This is analogougo FUN but controlsthe presencer absencef oneor morevariablesor
objects.
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XXXCLS _
The CLS tagis intendedonly for packageghat provide an object-orientednterface,and
controlsthe presencer absencef anentireclass.

XXXMFN_

Thisis alsofor object-orientatethterfacesandindicateshepresencer absencef amem-
berfunctionratherthananentireclass.

XXX SEM_

A SEMoptiondoesnot affecttheinterface(or if doesaffecttheinterface thisis incidental).
Insteadit is usedfor optionswhich have a fundamentakffect on the semanticdoehavior of
a packageFor examplethe choiceof kernelschedulerss semantidn nature:it doesnot
affect the interface,in particularthe functioncyg t hr ead_cr eat e existsirrespectve
of whichschedulehasbeenselectedHoweverit doeshave a majorimpactonthesystems
behaior.

XXX MP_

I MP is for implementatioroptions.Thesedo not affect eitherthe interfaceor the semantic
behavior (with thepossibleexceptionof timing-relatedchanges)A typicalimplementation
optioncontrolswhetheror not a particularfunctionor setof functionsshouldgetinlined.

XXXNUM_

Thistagis for numericaloptions,for examplethe numberof schedulingpriority levels.

XXXDAT_

Thisis for dataitemsthatarenot numericalin nature for examplea device name.

XXXBLD_

The BLD tag indicatesan option that affectsthe build processfor examplecompilerflag
settings.

XXX NT_

This shouldnormally be usedfor CDL interfaces,which is a languageconstructthat is
largely independentrom the interfaceexportedby a packagevia its headeffiles. For more
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detailsof CDL interfacesseethe sectioncalledInterfaces

XXXPRI _

This tagis not normally usedfor configurationoptions.Insteadit is usedby CDL scripts
to passadditionalprivateinformationto the sourcecodevia the configurationheadeffiles,
typically insidea define_progroperty

XXXSRC_

This tagis not normally usedfor configurationoptions.Insteadit canbe usedby package
sourcecodeto interactwith suchoptions,especiallyin thecontext of theif _defineproperty

Thereis one specialcaseof a potentialnameclashthatis worth mentioninghere.Whenthe
componenframewnork generates configurationheadeffile for a given packagepy default it
will usea namederived from the packagename (the define_headeproperty can be usedto
overridethis). Thefile nameis constructedrom the packagenameby removing everythingup
to andincluding the first underscorecorvertingthe remainderof the nameto lower case,and
appendinga . h suffix. For examplethe kernelpackageCYGPKG_KERNEL will involve a header
file pkgconf/ kernel . h. If a configurationcontainedsomeother packagexYZPKG_KERNEL
thenthis would attemptto usethe sameconfigurationheadeffile, with unfortunateeffects.Case
sensitvity could introduceproblemsaswell, soa packagexyzpkg_ker nel would involve the
sameproblem.Evenif the headerfile namespresered the caseof the packagename,not all
file systemsarecasesensitve. Thereis no simplesolutionto this problem.Changingthe names
of the generatedconfigurationheaderfiles would involve a major incompatiblechangeto the
interface,to solve a problemwhichis essentiallyhypotheticain nature.

An Introduction to Tcl

All CDL scriptsareimplementedas Tcl scripts,andarereadin by runningthe datathrougha
standardrcl interpreterextendedvith asmallnumberof additionalcommandsuchascdl _opt i on
andcd! _conponent . Oftenit is not necessaryo know thefull detailsof Tcl syntax.Insteadit

is possibleto copy an existing script, performsomecopy and pasteoperationsand make ap-
propriatechangego namesandto variousproperties.However thereare also caseswherean
understandin@f Tcl syntaxis very desirablefor example:

cdl _option CYGDAT U TRON MEMPOOLFI XED EXTERNS {
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di spl ay "Externs for initialization"

flavor dat a

defaul t _value {"static char fpool 1[ 2000 ], \\\n\
fpool 2[ 2000 ], \\\n\
f pool 3[ 2000 ];"}

}

This causeghe cdl _opti on commandto be executed,which in turn evaluatesits body in a
recursve invocationof the Tcl interpreter Whenthe default_valuepropertyis encounteredhe
bracesaroundthe value part are processedy the interpreter stoppingit from doing further
processingf the bracedcontents(exceptfor backslashprocessingt the endof aline, thatis
special).In particularit preventscommandsubstitutionfor [ 2000 ]. A singleargumentwill
be passedo the default value commandwhich expectsa CDL expression,so the expression
parsingcodeis passedhefollowing:

"static char fpool1[ 2000 ], \\\n fpool 2[ 2000 ], \\\n fpool 3[ 2000 ;"

TheCDL expressiomparsingcodewill treatthisasasimplestringconstantasopposedo amore
complicatedexpressioninvolving otheroptionsandvariousoperatorsThe string parsingcode
will performtheusualbackslastsubstitutionsothe actualdefault valuewill be:

static char fpool 1[ 2000 ], \
fpool 2[ 2000 ], \
f pool 3[ 2000 ];

If theuserdoesnot modify the option’s valuethenthe following will be generatedn the appro-
priateconfiguratiorheadefile:

#defi ne CYGDAT_U TRON_VMEMPOOLFI XED_EXTERNS static char fpool 1[ 2000 ], \
fpool 2[ 2000 ], \
f pool 3[ 2000 ];

Gettingthis desiredresultusually requiresan understandingf both Tcl syntaxand CDL ex-

pressiorsyntax.Sometimedt is possibleto substitutea certainamountof trial anderrorinstead,
but this may prove frustrating.lt is alsoworth pointing out that mary CDL scriptsdo not in-

volve this level of compleity. On the other hand,someof the more advancedfeaturesof the
CDL languagenvolvefragmentsof Tcl code for examplethedefine_progroperty To usethese
componentvriterswill needto know aboutthefull Tcl languageaswell asthe syntax.
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Althoughthe currentexamplemay seenmto suggesthatTcl is rathercomplicatedijt is actually
a very simple yet powerful scripting languagethe syntaxis definedby just eleven rules.On
occasiorthissimplicity meanghatTcl'sbehaior is subtlydifferentfrom otherlanguagesywhich
canconfusenenvcomers.

Whenthe Tcl interpreteris passedsomedatasuchasputs Hel | o, it splits this datainto a
commandandits argumentsThe commandwill beterminatedby a newline or by a semicolon,
unlessone of the quoting mechanismss used.The commandand eachof its agumentsare
separatedy white spaceSoin thefollowing example:

puts Hello
set x 42

This will resultin two separateeommanddeing executed.The first commandis put s andis
passed singleargument,Hel | o. Thesecondcommands set andis passedwo argumentsx
and42. Theinterveningnewline charactersenesto terminatethe first commandanda semi-
colonseparatocouldbe usedinstead:

puts Hello;set x 42

Any white spacesurroundinghe semicolonis justignoredbecausét doesnot sere to separate
arguments.

Now considerthefollowing:

set x Hello world

Thisis notvalid Tcl. It is anattempto invoketheset commandvith threeargumentsx, Hel | o,
andwor | d. Theset only takestwo argumentsavariablenameandavalue,soit is necessaryo
combinethe datainto a singleargumentby quoting:

set x "Hello world"

Whenthe Tcl interpreterencounterghe first quotecharacteiit treatsall subsequendataup to
but notincludingtheclosingquoteaspartof the currentargument.The quotemarksareremoved
by the interpretey so the secondargumentpassedo the set commandis just Hel | o wor | d
without the quotecharactersThis canbesignificantin the context of CDL scripts.For example:

cdl _opti on CYG HAL_STARTUP {

def aul t _val ue "RAM'
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}

The Tcl interpreterstrips off the quote marksso the CDL expressionparsingcode seesRAM
insteadof " RAM' . It will treatthis asa referenceto someunknownn option RAMratherthanas
a string constantandthe expressionevaluationcodewill usea valueof 0 whenit encounters
an option thatis not currentlyloaded.Thereforethe option CYG_HAL_STARTUP endsup with
a default value of 0. Either bracesor backslasheshouldbe usedto avoid this, for example
default_value { "RAM' }.

Note: There are long-term plans to implement some sort of CDL validation utility cdllint which
could catch common errors like this one.

A quotedargumentcontinuesuntil the closingquotecharacteis encounteredyhich meanghat
it canspanmultiple lines.Newline or semicolorcharacterslonotterminatehecurrentcommand
in suchcasesdescriptionpropertiesusuallymale useof this:

cdl _package CYGPKG_ERROR {
description

Thi s package contains the common list of error and
status codes. It is held centrally to allow
packages to interchange error codes and status
codes in a comon way, rather than each package
having its own conventions for error/status
reporting. The error codes are nodelled on the
POSI X style naming e.g. EINVAL etc. This package
al so provides the standard strerror() function to
convert error codes to textual representation.”

}

The Tcl interpretersupportsmuchthe sameforms of backslastsubstitutionas othercommon
programminganguagesSomebackslastsequencesuchas\ n will be replacedby the appro-
priatecharacterThesequencé\ will bereplacedby asinglebackslashA backslastatthevery
endof aline will causethat backslashthe newline characterandarny white spaceat the start
of the next line to be replacedby a single space Hencethe following two Tcl commandsare
equialent:

puts "Hello\nworld\n"

puts \
"Hell o
wor | d
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If a descriptionstring needsto containquotemarksor other specialcharacterghenbackslash
escapesan be used.In additionto quote and backslashcharactersthe Tcl interpretertreats
squarebraclets,the $ characterand bracesspecially Squarebracletsare usedfor command
substitutionfor example:

puts "The answer is [expr 6 * 9]"

Whenthe Tcl interpreterencounterghe squarebracletsit will treatthe contentsas another
commandhatshouldbe executedfirst, andthe resultof executingthatis usedwhencontinuing
to procesghe script. In this casethe Tcl interpreterwill executethe commandexpr 6 * 9,

yielding aresultof 42, andthenthe Tcl interpretewill executeputs "The answer is 42".

It shouldbe notedthat the interpreterperformsonly onelevel of substitution:if the result of

performingcommandsubstitutionperformsfurther specialcharactersuchas squarebraclets
thenthesewill notbetreatedspecially

Commandsubstitutionwill notprove usefulfor mary CDL scripts,exceptfor e.g.adefine_proc
propertywhich involves a fragmentof Tcl code.Potentiallythere are someinterestinguses,
for exampleto internationalizedisplay strings. However care doeshave to be taken to avoid
unexpectedcommandsubstitutionfor exampleif anoptiondescriptioninvolvessquarebraclets
thentypically thesewould requirebackslash-escapes.

The$ characteis usedin Tcl scriptsto performvariablesubstitution:

set x [expr 6 * 9]
puts "The answer is $x"

Variable substitution,like commandsubstitution,is unlikely to prove useful for mary CDL
scriptsexceptin the context of Tcl fragments.f it is necessaryo have a $ characterthena
backslastescapenayhaveto beused.

Bracesareusedto collecta sequencef characterénto a singleargument,just like quotes.The
differences thatvariable,commandandbackslastsubstitutiondo not occurinsidebracegwith
thesoleexceptionof backslastsubstitutionat the endof aline). Thereforegivenaline in aCDL
scriptsuchas:

defaul t _val ue {"RAM'}



Chapter3. TheCDL Languaye

The bracesare strippedoff by the Tcl interpreter leaving " RAM' which will be handledasa
string constantby the expressiorparsingcode.The sameeffect could be achieved usingone of
thefollowing:

defaul t _val ue \"RAM"
defaul t _value "\"RAM""

Generallythe useof bracess lessconfusing At this staget is worth notingthatthebasicformat
of CDL datamakesuseof braces:

cdl _option <nane> {
b

Thecdl _opti on commands passedwo argumentsa nameanda body, wherethe body con-
sistsof everythinginsidethebracedut notthebracegshemseles.Thisbodycanthenbeexecuted
in arecursve invocationof the Tcl interpreterIf a CDL scriptcontainsmismatchedraceghen
the interpreteris likely to get ratherconfusedandthe resultingdiagnosticamay be difficult to
understand.

Commentsn Tcl scriptsareintroducedby a hashcharactes. However, a hashcharacteonly
introducesa commentf it occurswhereacommands expected Considerthe following:

# This is a coment
puts "Hello" # world

Thefirst line is avalid commentsincethe hashcharacteoccursright at the startwherea com-
mandnameis expected.The secondine doesnot containa comment.Insteadit is an attempt
to invoke the put s commandwith threeargumentsHel | o, # andwor | d. Theseare not valid
argumentdor theput s commandsoanerrorwill beraised.If thesecondine wasrewritten as:

puts "Hello"; # world
thenthisis a valid Tcl script. The semicolonidentifiesthe end of the currentcommandsothe

hashcharacteoccursat a point wherethe next commandwvould startandhenceit is interpreted
asthestartof acomment.

This handlingof commentsanleadto subtlebehavior. Consideithefollowing:
cdl _opti on WHATEVER {

# This is a coment }
defaul t _value 0
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}

ConsidethewaytheTcl interpreteprocessethis. Thecommancameandthefirstargumentdo
notposeary specialifficulties. Theopeningbraceis interpretedasthestartof thenext algument,
which continuesuntil a closingbraceis encounteredn this casethe closingbraceoccursonthe
secondine, sothesecondargumentpassedocdl _opti onis\n # This is a coment.

This secondargumentis processedh a recursve invocationof the Tcl interpreteranddoesnot
containarny commandsjust a comment.Top-level scriptprocessinghenresumesandthe next

commandhatis encountereds def aul t _val ue. Sincethe parselis not currentlyprocessing
configurationoptionthisis anerror. Lateronthe Tcl interpretewould encounter closingbrace
by itself, whichis alsoanerror.

For componentwriters who needmore information about Tcl, especiallyaboutthe language
ratherthanthesyntax,variousresourcegreavailable.A reasonablstartingpointis the Scriptics
developerwebsite (http://dev.scriptics.com/scripting/).

Values and Expressions

It is fairly reasonabldéo expectthatenablingor disablinga configurationoption suchasCYG
VAR_KERNEL_THREADS DATA in someway affectsits value This will have an effect on ary
expressionghatreferencehis optionsuchasr equi r es CYGVAR_KERNEL THREADS_DATA. It
will alsoaffecttheconsequences thatoption:how it affectsthebuild procesandwhathappens
to any constraintthatCYGVAR_KERNEL_THREADS DATA mayimpose(asopposedo constraints
onthis optionimposedby others).

In alanguagdike C the handlingof variablesis relatively straightforvard. If a variablex gets
referencedn anexpressionsuchasi f (x != 0), andthatvariableis not definedarywhere,
thenthe codewill fail to build, typically with an unresohed error at link-time. Also in C a
variablex doesnotlivein ary hierarchysoits valuefor the purpose®f expressiorevaluationis
not affectedby arnything else.C variablesalsohave acleartypesuchasi nt orl ong doubl e.

In CDL thingsarenot sostraightforvard.

Option Values
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Therearefour factorswhich gointo anoption’svalue:

1. An optionmayor maynot beloaded.
2. If theoptionis loaded,t mayor maynotbeactie.
3. Evenif theoptionis active,it mayor maynotbeenabled.

4.1f the option is loaded,active and enabledthenit will have someassociatedlatawhich
constitutests value.

Is the Option Loaded?

At ary onetime a configurationwill containonly a subsetof all possiblepackageslin factit

is impossibleto combinecertainpackagesn a single configuration.For examplearchitectural
HAL packageshouldcontaina setof optionsdefiningendiannesshe sizesof basicdatatypes
andsoon (mary of whichwill of coursebe constanfor any givenarchitecture)Any attemptto

loadtwo architecturaHAL packagednto a configuratiorwill fail becaus®f theresultingname
clash.SinceCDL expressionganreferenceoptionsin otherpackagesandoftenneedto do so,
it is essentiato definetheresultingbehaior.

One complicationis that the componentframewnork doesnot know aboutevery single option
in every single packageOlviously it cannotknow aboutpackagegrom arbitrarythird parties
which have not beeninstalled.Evenfor packagesvhich have beeninstalled,the currentrepos-
itory databaseloesnot hold detailsof every option, only of the packageshemseles.If a CDL

expressioncontainsa referenceo someoption CYGSEM KERNEL_SCHED_TI MESLI CE thenthe
componenframavork will only know aboutthis optionif the kernelpackages actuallyloaded
into the currentconfiguration.If the packageis not loadedthentheoreticallythe framework
might guesghatthe optionis somehav relatedto the kernelby examiningthe option namebut

this would not be robust: the option could easilybe partof someotherpackagehatviolatesthe
namingconvention.

Assumethat the useris building a minimal configurationwhich doesnot containthe kernel
packagebut doeshave otherpackagesvhich containthefollowing constraints:

requi res CYGPKG_KERNEL
requi res CYGPKG _KERNEL_THREADS_DATA
requires ! CYGSEM KERNEL_SCHED TI MESLI CE
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Clearlythefirst constraints not satisfiecbecaus¢hekernelis notloaded.The seconconstraint
is alsonotsatisfied Thethird constrainis trivially satisfiedif thereis nokernelthenthekernels
timeslicingsupportcannotpossiblybe enabled.

Any optionswhich arenotin the currentconfiguratiorarehandledasfollows:

1. Any referenceso thatoptionwill evaluateto 0, sor equi res ! CYGSEM KERNEL_SCHED Tl MESLI CE
will besatisfiedoutr equi res CYGSEM KERNEL_THREADS DATA will notbesatisfied.

2. An option thatis not loadedhasno consequencesn the build processlit cannotdirectly
resultin any #def i ne’ s in aconfiguratiorheadefile, norin ary files beingcompiled.This
is only reasonableif the optionis not loadedthenthe componenframewvork hasno way
of knowing aboutarny compileor similar propertiesAn optionthatis notloadedcanhave
indirectconsequencdsy beingreferencedn CDL expressions.

3. An optionthatis notloadedcannotimposeary constrainton the restof the configuration.
Again this is the only reasonabldehaior: if the optionis not loadedthenarny associated
requiresor legal_\aluespropertieswill notbeknown.

Is the Option Active

Thenext issueto consideiis whetheror notaparticularoptionis active. Configuratioroptionsare
organizedn ahierarchyof componentandsub-components$or examplethe C library package
containsa componenCYGPKG_LI BC_STDI O containingall the optionsrelatedto standard/O.
If a userdisablesthe componentasa whole thenall the optionsbelow it becomeinactive: it
makesno senseo disableall stdiofunctionalityandthenmanipulatehe buffer sizes.

Inactiveis notquitethesameasdisabledalthoughthe effectsaresimilar. Thevalueof aninactive
optionis presered.|f theusermodifiesa buffer sizeoption,thendisableshe whole stdio com-
ponent,the buffer sizevalueremainsin casethe stdio componenis re-enabledater on. Some
tools suchasthe graphicalconfigurationtool will treatinactive optionsspecially for example
suchoptionsmaybegrayedout.

The active or inactive stateof anoptionmay affect otherpackageskor examplea packagenay
usethespri nt f functionandrequiresupportfor floatingpoint corversionsa constrainthatis
not satisfiedif therelevantoptionis inactive. It is necessaryo defineexactly whatit meangor
anoptionto beinactive:

66



Chapter3. TheCDL Languaye

1. An optionisinactiveif its parents eitherinactive or disabledFor exampleif CYGPKG LI BC_STDI O
is disabledhenall theoptionsandsub-componentisecomeanactive;sinceCYGPKG_LI BC_STDI O FLOATI NG_PO NT
is now inactive, CYGSEM LI BC_STDI O PRI NTF_FLOATI NG_PO NT is inactive aswell.

2. Optionsmayalsobeinactive asaresultof anactive_if property Thisis usefulif aparticular
optionis only relevantif two or moredisjoint setsof conditionsneedto be satisfied since
thehierarchicaktructurecanonly copewith atmostonesuchset.

3. If anoptionis inactive thenary referenceso thatoptionin CDL expressionsvill evaluateto
0. Henceaconstrainbf theformr equi res CYGSEM LI BC_STDI O PRI NTF_FLOATI NG_PO NT
is not satisfiedf theentirestdiocomponents disabled.

4. An optionthatis inactive hasno consequencesn the build processNo #def i ne will be
generatedAny compileor similar propertieswill beignored.

5. An optionthatis inactive cannotimposeary constrainton the restof the configuration For
exampleCYGSEM LI BC_STDI O PRI NTF_FLOATI NG PO NT hasadependengr equi res CYGPKG LI BM
but if all of the stdio functionality is disabledthenthis constraintis ignored (althoughof
coursetheremay be otherpackagesvhich have adependengon CYGPKG LI BM

Is the Option Enabled? What is the Data?

Themajority of configurationoptionsarebooleanin nature sothe usercaneitherenableor dis-
ablesomefunctionality. Someoptionsaredifferent.For exampleCYGNUM LI BC_STDI O BUFSI ZE
is anumberand CYGDAT LI BC_STDI O DEFAULT_CONSOLE is a string correspondingo a de-
vicename A few optionslike CYGDAT_Ul TRON_TASK_EXTERNS cangetverycomplicatedCDL
hasto copewith this variety, anddefinethe exactbehaior of the systemin termsof constraints
andbuild-time consequences.

In CDL thevalueof anoptionconsistf two parts.Thereis abooleanpart,controllingwhether
or nottheoptionis enabledThereis alsoa datapart, providing additionalinformation.For most
optionsoneof thesepartsis fixed,ascontrolledby the option’s flavor property:

Flavor Enabled Data

none Alwaysenabled 1, not nodifiable
bool Usermodifiable 1, not nodifiable
dat a Alwaysenabled Usermodifiable
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Flavor

Enabled

Data

bool dat a

Usermodifiable

Usermodifiable

The effectsof the booleananddatapartsareasfollows:

1.1f anoptionis disabled,in otherwordsif the booleanpartis false,thenary referenceso

thatoptionin CDL expressionsill evaluateto 0. This is the samebehavior asfor inactive
options.The datapartis notrelevant. Thenone anddat a flavors specifythatthe optionis
alwaysenabledjn which casethisrule is notapplicable.

. If anoptionis enabledthenary referenceso thatoptionin CDL expressionsill evaluate

to the option’s datapart. For two of theflavors,none andbool , this datapartis fixedto the
constantl which generallyhasthe expectedresult.

.If a componentbr packageis disabledthenall sub-componentand optionsimmediately

below it in the hierarchyareinactive. By a procesf recursiorthis will affectall thenodes
in thesubtree.

.If anoptionis disabledthenit canimposeno constrainton therestof the configurationjn

particularrequiresandlegal_\aluespropertieswill beignored.If anoptionis enabledhen
its constraintshouldbe satisfied pr the componenframework will reportvariousconflicts.
Notethatthelegal \aluesconstraintonly appliesto thedatapartof the option’s value,soit
is only usefulwith thedat a andbool dat a flavors.Optionswith thenone anddat a flavors
arealwaysenabledso their constraintsalways have to be satisfied(assuminghe optionis
active).

. If anoptionis disabledhenit hasno directconsequencest build-time: no#def i ne will be

generatednofileswill getcompiled,andsoon. If anoptionis actve andenabledhenall the
consequenceske effect. The optionnameanddatapartareusedto generatehe#def i ne
in the appropriateconfigurationheadeffile, subjectto variouspropertiessuchasno_define,
but the dataparthasno othereffectson the build system.

By defaultall optionsandcomponentfiave thebool flavor: mostoptionsarebooleanin nature,
so making this the default allows for slightly more compactCDL scripts. Packageshave the
bool dat a flavor, wherethe datapart always correspondso the versionof the packagethatis
loadedinto the configuration:changingthis valuecorresponds$o unloadingthe old versionand
loadingin a differentone.
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CDL Flavors: The concept of CDL flavors tends to result in various discussions about why it
is unnecessarily complicated, and would it not have been easier to do ... However there are
very good reasons why CDL works the way it does.

The first common suggestion is that there is no need to have separate flavors bool , dat a,
and so on. A boolean option could just be handled as a data option with legal values 0 and
1. The counter arguments are as follows:

1. It would actually make CDL scripts more verbose. By default all options and components
have the bool flavor, since most options are boolean in nature. Without a bool flavor it
would be necessary to indicate explicitly what the legal values are somehow, e.g. with a
legal_values property.

2. The boolean part of an option’s value has a very different effect from the data part. If
an option is disabled then it has no consequences at build time, and can impose no
constraints. A dat a option always has consequences and can impose constraints. To
get the desired effect it would be necessary to add CDL data indicating that a value
of 0 should be treated specially. Arguably this could be made built-in default behavior,
although that would complicate options where 0 is a perfectly legal number, for example
CYGNUM LI BC Tl ME_STD DEFAULT_OFFSET.

3. There would no replacement for a bool dat a option for which 0 is a valid value. Again
some additional CDL syntax would be needed to express such a concept.

Although initially it may seem confusing that an option’s value has both a boolean and a
data part, it is an accurate reflection of how configuration options actually work. The various
alternatives would all make it harder to write CDL scripts.

The next common suggestion is that the data part of a value should be typed in much
the same way as C or C++ data types. For example it should be possible to describe
CYGNUM LI BC_STDI O BUFSI ZE as an integer value, rather than imposing legal_values con-
straints. Again there are very good reasons why this approach was not taken:

1. The possible legal values for an integer are rarely correct for a CDL option. A con-
straint such as 1 to ox7fffffff is a bit more accurate, although if this option indi-
cates a buffer size it is still not particularly good — very few targets will have enough
memory for such a buffer. Forcing CDL writers to list the legal_values constraints ex-
plicitly should make them think a bit more about what values are actually sensible.
For example CYGNUM LI BC_TI ME_DST_DEFAULT_OFFSET has legal values in the range
-90000 to 90000, which helps the user to set a sensible value.

2. Not all options correspond to simple data types such as integers. CYGDAT_LI BC_STDI O DEFAULT_CONSOLE
is a C string, and would have to be expressed using something like char []. This in-
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troduces plenty of opportunities for confusion, especially since square brackets may get
processed by the Tcl interpreter for command substitution.

. Some configuration options can get very complicated indeed, for example the default

value of CYGDAT_UI TRON_TASK_| NI TI ALI ZERS is:

CYG U T_TASK( "t1", 1, taskl, &stackl, CYGNUM U TRON_STACK SIZE ), \
CYG U T_TASK( "t2", 2, task2, &stack2, CYGNUM U TRON _STACK SIZE ), \
CYG U T_TASK( "t3", 3, task3, &stack3, CYGNUM U TRON_STACK SIZE ), \
CYG U T_TASK( "t4", 4, task4, &stack4, CYGNUM U TRON_STACK_SI ZE )

This would require CDL knowing about C macros, structures, arrays, static initializers,
and so on. Adding such detailed knowledge about the C language to the component
framework is inappropriate.

. CDL needs to be usable with languages other than C. At present this includes C++, in

future it may include languages such as Java. Each language adds new data types and
related complications, for example C++ classes and inheritance. Making CDL support a
union of all data types in all possible languages is not sensible.

The CDL approach of treating all data as a sequence of characters, possibly constrained by
a legal_values property or other means, has the great advantage of simplicity. It also fits in
with the Tcl language that underlies CDL.

Some Examples

Thefollowing excerptfrom the C library’s CDL scriptscanbe usedto illustratehow valuesand
flavorswork in practice:

cdl _conmponent CYGPKG_LI BC_RAND {
flavor none
conpil e stdlib/rand. cxx

cdl _option CYGSEM LI BC PER THREAD RAND {

}

cd

requires CYGVAR_KERNEL_THREADS DATA
default_value 0

_option CYGNUM LI BC_RAND_SEED {

flavor dat a
legal _values 0 to Ox7fffffff
default _value 1
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cdl _opti on CYGNUM LI BC_RAND _TRACE_LEVEL {
flavor dat a
legal _values 0 to 1
default_value 0

}

If the applicationdoesnot requireary C library functionality thenit is possibleto have a con-
figurationwherethe C library is not loaded.This can be achieved by startingwith the mini-
mal template,or by startingwith anothertemplatesuchasthe default one andthen explicitly
unloadingthe C library packagelf this packagds not loadedthenary referencego the CYG
PKG_LI BC_RAND componentor ary of its optionswill have a value of 0 for the purposesof
expressiorevaluation.No #def i ne’ s will begeneratedor thecomponenor ary of its options,
andthefile st dl i b/ rand. cxx will notgetcompiled.Thereis nothingspecialaboutthe C li-
braryhere,exactly the samewould applyfor saya device driver thatdoesnot correspondo ary
of thedevicesonthetargethardware.

AssumingtheC library is loaded the next thing to considelis whetheror notthe componenand
its optionsareactive. The components layeredimmediatelybelow the C library packagétself,

soif the packagds loadedthenit is safeto assumehatthe packagéds alsoenabledTherefore
the parentof CYGPKG_LI BC_RAND is active and enabled,andin the absenceof ary active_if

propertiesCYGPKG_LI BC_RAND will beactive aswell.

ThecomponentCYGPKG_LI BC_RAND hastheflavor none. This meanghecomponentannotbe
disabled.Thereforeall the optionsin this componenhave anactive andenabledparent,andin
theabsencef ary active_if propertieghey areall active aswell.

Thecomponensflavor none senesto grouptogetherall of the configurationoptionsrelatedto
randomnumbergenerationThis is particularly usefulin the context of the graphicalconfigu-
rationtool, but it alsohelpswhenit comesto namingthe options:all of the optionsbegin with
CYGxxx_LI BC_RAND, giving a clearhint aboutboththe packageandthe componentvithin that
package The flavor meansthat the componenis always enabledand hasthe value 1 for the
purpose®f expressiorevaluation.Therewill alwaysbeasingle#def i ne of theform:

#defi ne CYGPKG LI BC_RAND 1

In additionthefile st dl i b/ rand. cxx will alwaysgetbuilt. If the componentadthe default
bool flavor thenuserswould be ableto disablethe whole componentand onelessfile would
needto bebuilt. However randomnumbergeneratioris relatively simple,sotheimpactoneCos
build timesaresmall. Furthermoreby default the codehasno dependenciesn otherpartsof the
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system socompilingthe codehasno unexpectedsideeffects.Evenif it waspossibleto disable
the componentthe sensibledefault for mostapplicationswould still leave it enabled.The net
resultis that the flavor none is probablythe most sensibleone for this componentFor other
componentshedefaultbool flavor or oneof the otherflavors might be moreappropriate.

Next consideroption CYGSEM LI BC_PER_THREAD RAND which canbeusedto geta perthread
randomnumberseed possiblyusefulif the applicationneedsa consistensequencef random
numbersin the absencef a flavor propertythis optionwill be booleanandthe default_\alue
propertymeanghatit is disabledby default— reasonablsincefew applicationsneedthis par
ticular functionality, andit doesimposea constrainbntherestof thesystemIf theoptionis left
disablecthenno#def i ne will begeneratedandif therewereary compileor similar properties
thesewould nottake effect. If theoptionis enabledhena#def i ne will begeneratedysingthe
option'sdatapartwhichis fixedat 1:

#def i ne CYGSEM LI BC_PER THREAD RAND 1

TheCYGSEM LI BC_PER _THREAD RANDoptionhasarequiresconstrainobn CYGVAR_KERNEL _THREADS _DATA.
If the C library option is enabledthen the constraintshould be satisfied,or elsethe configu-

ration containsa conflict. If the configurationdoesnot include the kernel packagethen CYG
VAR_KERNEL_THREADS_DATA will evaluateto 0 andthe constraintis not satisfied Similarly if

theoptionis inactive or disabledthe constrainwill not be satisfied.

CYGNUM LI BC_RAND_SEED and CYGNUM LI BC_RAND TRACE_LEVEL both have the dat a fla-
vor, sothey arealwaysenabledandthe componenframenork will generateappropriatetde-
fine' s:

#defi ne CYGNUM LI BC_RAND_SEED 1

#def i ne CYGNUM LI BC_RAND_SEED 1

#def i ne CYGNUM LI BC_RAND TRACE LEVEL 0
#def i ne CYGNUM LI BC_RAND TRACE LEVEL 0

Neitheroptionhasa compileor similar property but ary suchpropertiesvould take effect. Any

referencedo theseoptionsin CDL expressionsvould evaluateto the datapart, so a hypothet-
ical constraintof the form { requi res CYGNUM LI BC RAND SEED > 42 } would not be
satisfiedwith the default values.Both optionsusea simple constantfor the default_\alue ex-

pressionlt would be possibleto usea morecomplicatedexpressionfor examplethe default for

CYGNUM LI BC_RAND TRACE_LEVEL couldbe determinedrom someglobal detuggingoption
or from a dehugging option that appliesto the C library asa whole. Both optionsalso have a
legal_valuesconstraintwhich mustbe satisfiedsincethe optionsareactive andenabled.
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Note: The value 0 is legal for both CYGNUM LI BC_RAND_SEED and CYGNUM LI BC_RAND TRACE_LEVEL,
so in a CDL expression there is no easy way of distinguishing between the options being ab-

sent or having that particular value. This will be addressed by future enhancements to the
expression syntax.

Ordinar y Expressions
Expressionén CDL follow a corventionalsyntax,for example:

def aul t _val ue CYGELO _CODESI ZE > CYGGELO_SPEED
defaul t _value { (CYG HAL_STARTUP == "RAM' &&
| CYGDBG_HAL_DEBUG GDB_| NCLUDE_STUBS &&
I CYG NT_HAL_USE_ROM MONI TOR_UNSUPPORTED &&
! CYGSEM HAL_POWERPC _COPY_VECTORS) ? 1 : 0}
default_value { "\"/dev/serO\"" }

However thereis a complicationin that the variousargumentsto a default \aluepropertywill
first getprocessetby a Tcl interpretersospecialcharacterdik e quotesandsquarebracletsmay
getprocessedSuchproblemscanbe avoidedby enclosingnon-trivial expressionsn bracesas
in the secondexampleabove. Theway expressiomparsingactuallyworksis asfollows:

1. The Tcl interpretersplits the line or lines into a commandand its arguments.n the first
default_valueexpressiorabove the commands def aul t _val ue andtherearethreeargu-
ments,CYGELO_CODESI ZE, > andCYGGELO_SPEED. In thesecondandthird examplesthere
is justoneargumentcourtesyof thebraces.

2. Next optionprocessingakesplace,soary initial algumentghatbegin with ahypherwill be
interpretedasoptions.This cancauseproblemsif the expressioninvolvesa negative num-
ber, sothe specialargument- canbe usedto preventoption processingpn the subsequent
arguments.

3. All of theargumentsarenow concatenatedyith asinglespacdan betweereachone.Hence
the following two expressionsare equivalent, even thoughthey will have beenprocessed
differentlyup to this point.

def aul t _val ue CYGELO CODES| ZE > CYGGLO SPEED
def aul t _val ue {CYGGLO CODESI ZE > CYGGLO_SPEED}
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4. Theexpressiorparsingcodenow hasa singlestringto process.

CDL expressiongonsistof four typesof elementreferenceso configurationoptions,constant
strings,integers,and floating point numbers.Theseare combinedusing a corventionalset of
operatorsthe unaryoperators-, ~ and! ; the arithmeticoperatorst, -, *, / and% the shift
operators<< and>>; thecomparisoroperators==, ! =, <, <=, > and>=; thebitwiseoperators
&, ~ and| ; thelogical operators& and| | ; andthe ternaryconditionaloperatorA ? B : C.
Bracketedsub-epressiongaresupportedandthe operatorshave the usualprecedence:

Priority Operator s Category
13 referencesndconstants basicelements
12 ~ bitwise not
12 ! logical not
12 - arithmeticnegation
11 |l % multiplicative arithmetic
10 + - additive arithmetic
9 << >> bitwise shifts
8 <= < > >= inequality
7 == = comparison
6 & bitwiseand
5 " bitwise xor
4 | bitwiseor
3 && logicaland
2 [ logical or
1 ? conditional

A valid CDL identifierin an expressionfor exampleCYGGLO_SPEED, will be interpretedasa
referenceo a configurationoption by thathame.The optiondoesnot have to beloadedinto the
currentconfigurationWhenthe componenframework evaluategheexpressiorit will substitute
in a suitablevaluethatdependon whetheror not the optionis loaded,active, andenabledThe
exactrulesaredescribedn the sectioncalledOption Values

A constanstringis ary sequencef characterenclosedn quotesCarehasto betakenthatthese



Chapter3. TheCDL Languaye

quotesare not strippedoff by the Tcl interpreterbeforethe CDL expressionparserseesthem.
Considetthefollowing:

def aul t _val ue " RAM'

The quotemarkswill be strippedbeforethe CDL expressionparserseesthe data, so the ex-
pressiorwill beinterpretedasareferenceo a configurationoption RAM Thereis unlikely to be
suchanoption, sothe actualdefault valuewill be 0. Carefuluseof bracesor otherTcl quoting
mechanismsanbe usedto avoid suchproblems.

String constantconsistof the datainside the quotes.If the dataitself needsto containquote
charactershenappropriatequotingis againnecessaryfor example:

defaul t _value { "\"/dev/serO\"" }

An integer constantconsistsof a sequencef digits, optionally preceededvith the unary+ or
- operatorsAs usualthe sequenc®x or 0X canbe usedfor hexadecimaldata,anda leading0
indicatesoctal data.Internallythe componenframewnork uses64-bit arithmeticfor integerdata.
If aconstants toolargethendoubleprecisionarithmeticwill beusedinstead Traditionalsyntax
is alsousedfor doubleprecisionnumbersfor example3. 141592 or - 3E6.

Of coursethis is notcompletelyaccurate CDL is notatypedlanguageall datais treatedasif it
werea string. For examplethefollowing two linesareequivalent:

requi res CYGNUM U TRON_SEMAS > 10
requires { CYGNUM U TRON_SEMAS > "10" }

When an expressiongetsevaluatedthe operatorswill attemptappropriateconversions.The >
comparisoroperatorcanbe usedon eitherintegeror doubleprecisionnumberssoit will begin
by attemptinga string to integer conversionof both operandslf thatfails it will attemptstring
to doublecorversionslf thatfails aswell thenthe componenframework will reporta conflict,
an evaluationexception.If the corversionsfrom string to integer are successfuthenthe result
will beeitherthestring0 or thestring 1, both of which canbe corvertedto integersor doubles
asrequired.

It is worth noting that the expressionCYGNUM_ Ul TRON_SEMAS >10 is not ambiguous.CDL
identifierscan never begin with a digit, so it is not possiblefor 10 to be misinterpretecas a
referencdo anidentifierinsteadof asa string.

Of coursethe implementationis slightly differentagain.The CDL languagedefinitionis such
thatall datais treatedasif it werea string, with corversionsto integer, doubleor booleanas
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andwhenrequired.Theimplementations allowedto avoid corversionauntil they arenecessary
For example,given CYGNUM_Ul TRON_SEMAS > 10 the expressionparsingcodewill perform

animmediatecorversionfrom string to integer, storingthe integer representatiomandthereis

no needfor a corversionby the comparisoroperatorwhenthe expressiorgetsevaluated Given

{ CYGNUM U TRON_SEMAS > "10" } theparsingcodewill storethestringrepresentatioand

a corversionhappenghefirst time the expressions evaluated All of this is animplementation
detail,anddoesnot affect the semantic®f thelanguage.

Differentoperatordave differentrequirementsfor examplethe bitwise or operatoronly makes
sensdf bothoperand$iave anintegerrepresentatiorf-or operatoravhich canwork with either
integeror doubleprecisionnumbersijntegerarithmeticwill be preferred.

Thefollowing operatorsonly acceptinteger operandsunary~ (bitwise not), the shift operators
<< and>>, andthebitwiseoperators, | and”.

The following operatorswill attemptinteger arithmeticfirst, then doubleprecisionarithmetic:
unary- , thearithmeticoperators, -, *, / , and% andthe comparisioroperators<, <=, > and
>=.

Theequality== andinequality! = operatorsill first attemptintegercornversionandcomparison.
If thatfails thendoubleprecisionwill be attemptedalthougharguablyusingtheseoperatorson
doubleprecisiondatais not sensible)As alastresortstring comparisorwill beused.

Theoperatord , & and| | all work with booleandata.Any stringthatcanbe corvertedto the
integer0 or thedouble0. 0 is treatedasfalse,asis theemptystringor the constanstringf al se.
Anything elseis interpretedastrue. Theresultis either0 or 1.

Theconditionaloperator? : will interpretits first operancasabooleanit doesnot performary
processingnthe secondor third operands.

In practiceit is rarely necessaryo worry aboutary of thesedetails.In nearlyevery caseCDL
expressiongustwork asexpected andthereis no needto understandhe full details.

Note: The current expression syntax does not meet all the needs of component writers.
Some future enhancements will definitely be made, others are more controversial. The list
includes the following:

1. An option’s value is determined by several different factors: whether or not it is loaded,
whether or not it is active, whether or not it is enabled, and the data part. Currently there
is no way of querying these individually. This is very significant in the context of options
with the bool or bool dat a flavors, because there is no way of distinguishing between
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the option being absent/inactive/disabled or it being enabled with a data field of 0. There
should be unary operators that allow any of the factors to be checked.

2. Only the == and ! = operators can be used for string data. More string-related operators
are needed, including sub-string operations and concatenation.

3. An implies operator would be useful for many goal expression, where A i nplies Bis
equivalentto!' A || B.

4. Similarly there is inadequate support for lists. On occasion it would be useful to write
expressions involving say the list of implementors of a given interface, for example a
sensible default value could be the first implementor. Associated with this is a need for
an indirection operator.

5. There is no support for function calls, for example si n(x) . This would be useful mainly
in the context of double precision data, and relatively few options involve such data.
There are complications because the component framework needs to run on different
host platforms which may have subtly different floating point behavior, introducing a
possibility of non-deterministic behavior. Function calls might also be useful for some of
the desired string and list support.

6. Arguably extending the basic CDL expression syntax with lots of new operators is un-
necessary, instead expressions should just support Tcl command substitution and then
component writers could escape into Tcl scripts for complicated operations. This has
some major disadvantages. First, the inference engine would no longer have any sen-
sible way of interpreting an expression to resolve a conflict. Second, the component
framework’s value propagation code keeps track of which options get referenced in
which expressions and avoids unnecessary re-evaluation of expressions; if expressions
can involve arbitrary Tcl code then there is no simple way to eliminate unnecessary
recalculations, with a potentially major impact on performance.

Note: The current implementation of the component framework uses 64 bit arithmetic on
all host platforms. Although this is adequate for current target architectures, it may cause
problems in future. At some stage it is likely that an arbitrary precision integer arithmetic
package will be used instead.

Goal Expressions
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Theargumentgo certainpropertiesnotablyrequiresandactive_if, constitutea goalexpression.
As with anordinaryexpressionall of theargumentgetcombinedandthentheexpressiorparser
takesover. The samecarehasto be takenwith constantstringsandarything elsethat may get
processetby the Tcl interpreteysooftena goal expressions enclosecentirelyin bracesandthe
expressiorparsingcodeseegustasingleargument.

A goalexpressioris basicallyjust a sequencef ordinaryexpressionsfor example:

requires { CYGDBG HAL_DEBUG GDB_| NCLUDE_STUBS
! CYGDBG_HAL_DEBUG GDB_BREAK_SUPPORT
! CYGDBG_HAL_DEBUG GDB_CTRLC_SUPPORT }

This consistof threeseparatexpressionsall of which shouldevaluateto anon-zeraresult. The
sameexpressiorcould bewritten as:

requires { CYGDBG HAL DEBUG GDB | NCLUDE_STUBS &&
| CYGDBG HAL_DEBUG GDB_BREAK_SUPPORT &&
| CYGDBG_HAL_DEBUG GDB_CTRLC SUPPORT }

Alternatively thefollowing would have muchthe sameeffect:

requi res CYGDBG HAL_DEBUG GDB_| NCLUDE_STUBS
requires ! CYGDBG HAL_DEBUG GDB_BREAK_SUPPORT
requires ! CYGDBG HAL_DEBUG GDB_CTRLC_SUPPORT

Selectingoetweerthesealternatvesis largely a stylistic choice.Thefirst is slightly moreconcise
thanthe others.The seconds morelikely to appealto mathematicapurists.The third is more
amenabléo cuttingandpasting.

Theresultof evaluatingagoalexpressions aboolean!f ary partof thegoalexpressiorevaluates
to theinteger0 or anequialentstringthentheresultis false otherwiseit is true.

The term “goal expression’relatesto the componenframawvork’s inferenceengine:it is a de-
scriptionof agoalthatshouldbesatisfiedor a conflict-freeconfigurationlf arequiresconstraint
is not satisfiedthenthe inferenceenginewill examinethe goal expressionif thereis someway
of changingthe configurationthatdoesnot introducenew conflictsandthatwill causethe goal
expressiorto evaluateto true, the conflict canberesohed.

The inferenceengineworks with one conflict and henceone goal expressionat a time. This
meansthat there can be slightly differentbehaior if a constraintis specifiedusing a single
requirespropertyor several differentones.Given the above example,supposehat noneof the
threeconditionsaresatisfiedIf a singlegoalexpressioris usedthentheinferenceenginemight
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beableto satisfyonly two of thethreeparts,but sincethe conflictasawhole cannotberesohed
no partof the solutionwill be applied.Insteadthe userwill have to resole the entire conflict.

If threeseparateyoal expressionsare usedthenthe inferenceenginemight well find solutions
to two of them,leaving lesswork for the user On the otherhand,if a singlegoal expressions

usedthenthe inferenceenginehasa bit moreinformationto work with, andit might well find

a solutionto the entireconflict whereit would be unableto find separatesolutionsfor the three
parts.Thingscangetvery complicatedandin generacomponentvritersshouldnotworry about
the subtletiewof theinferenceengineandhow to manipulatets behavior.

It is possibleto write ambiguougyoal expressionsfor example:

requires CYGNUM LI BC_RAND SEED - CYGNUM LI BC RAND TRACE LEVEL > 5

This couldbe parsedn two ways:

requires ((CYGNUM LI BC RAND SEED - CYGNUM LI BC_RAND TRACE LEVEL) > 5)
requires CYGNUM LI BC_RAND SEED && ( (- CYGNUM LI BC_RAND TRACE LEVEL) > 5)

The goalexpressiorparsingcodewill alwaysusethe largestordinaryexpressiorfor eachgoal,
sothefirst interpretatiorwill be used.In suchcasest is a goodideato usebracketsandavoid
possibleconfusion.

List Expressions

Theargumentgo thelegal_\aluespropertyconstitutea goalexpressionAs with anordinaryand
goal expressionsall of the agumentsget combinedandthenthe expressionparsertakesover.
The samecarehasto be taken with constantstringsand anything elsethat may get processed
by the Tcl interpreteysooftenalist expressions enclosedentirelyin bracesandthe expression
parsingcodeseegustasingleargument.

Most list expressiongake oneof two forms:

| egal _val ues <expril> <expr2> <expr3> ...
| egal _val ues <exprl> to <expr2>

expr 1, expr 2 andsoon areordinaryexpressionsOftenthesewill be constant®r referenceso

calculatedbptionsin thearchitecturaHAL packagebutit is possibleto usearbitraryexpressions
whennecessaryThefirst syntaxindicatesalist of possiblevalueswhich neednotbenumerical.
Thesecondsyntaxindicatesanumericakange:bothsidesof thet o mustevaluateto anumerical
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value;if eithersideinvolvesa floating pointnumberthenary floatingpointnumberin thatrange
is legal; otherwiseonly integervaluesarelegal; rangesareinclusive,so4 is avalid valuegivena
list expressiont t o ; if oneor bothsidesof thet o doesnot evaluateto anumericalvaluethen
thiswill resultin arun-timeconflict. Thefollowing examplesillustratethesepossibilities:

| egal _values { "red" "green" "blue" }
legal _values 1 2 4 8 16

| egal _values 1 to CYGARC_MAXI NT

| egal _values 1.0 to 2.0

It is possibleto combinethe two syntayes,for example:

| egal _values 1 2 4 to CYGARC MAXI NT -1024 -20.0 to -10

Thisindicateshreelegal valuesl, 2 and- 1024, oneintegerrange4 t o CYGARC_MAXI NT, and
onefloatingpointrange- 20. 0 to - 10. 0. In practicesuchlist expressionsrerarely useful.

Theidentifiert o is notresered,soit is possibleto have a configurationoptionwith thatname
(althoughit violatesevery namingcorvention).Usingthatoptionin alist expressiormay how-
ever give unexpectedresults.

The graphicalconfigurationtool usesthe legal_valueslist expressiornto determinehow bestto
let usersmanipulatethe option’s value. Differentwidgetswill be appropriatdor differentlists,
so{ "red" "green" "blue" } mightinvolveapull-downoptionmenu,andl to 16 could
involve a spinner Theexactwayin whichlegal \aluedists getmappednto GUI widgetsis not
definedandis subjectto changeatary time.

As with goalexpressiondjst expressionganbeambiguousConsidetthefollowing hypothetical
example:

| egal _val ues CYGNUM LI BC_RAND SEED - CYGNUM LI BC_RAND TRACE LEVEL

This couldbe parsedn two ways:

| egal _val ues (CYGNUM LI BC RAND SEED - CYGNUM LI BC_RAND TRACE LEVEL)
| egal _val ues (CYGNUM LI BC RAND SEED) (- CYGNUM LI BC RAND TRACE LEVEL)

Both arelegal. Thelist expressionparsingcodewill alwaysusethe largestordinaryexpression
for eachelementsothefirstinterpretatiorwill beused.In casedike thisit is agoodideato use
bracletsandavoid possibleconfusion.
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Interfaces

For mary configurability requirementspptions provide sufiicient expressie power. However
therearetimeswhena higherlevel of abstractioris appropriate As an example,supposehat
somepackagerelies on the presenceof codethat implementsthe standardkernel scheduling
interface.However therequirements no morestringentthanthis, sothe constraintcanbe satis-
fied by the mlqueueschedulerthe bitmapscheduleror ary additionalschedulerghat may get
implementedn future. A first attemptat expressinghedependeng might be:

requi res CYGSEM KERNEL SCHED M.QUEUE || CYGSEM KERNEL SCHED Bl TMAP

This constrainwill work with thecurrentreleasebut it is limited. Supposehereis anew release
of the kernelwhich addsanotherschedulessuchasa deadlinescheduleror supposédhatthere
is a new third party packagewhich addssucha schedulerThe packagecontainingthe limited
constraintwould now have to be updatedand anotherreleasemade,with possibleknock-on
effects.

CDL interfacegrovide anabstractioimechanismconstraintsanbeexpressedh termsof anab-

stractconceptfor example‘scheduler” ratherthanspecificimplementationsuchasCYGSEM KERNEL _SCHED M.QUEUE
and CYGSEM KERNEL_SCHED BI TMAP. Basicallyaninterfaceis a calculatedconfigurationop-

tion:

cdl _interface CYG NT_KERNEL_SCHEDULER {
di splay "Nunber of schedulers in this configuration”

}

Theindividual schedulerganthenimplementthis interface:

cdl _opti on CYGSEM KERNEL_SCHED M.QUEUE {
di spl ay "Multi-level queue schedul er”
defaul t _value 1
i mpl enent s CYG NT_KERNEL_SCHEDULER

}

cdl _opti on CYGSEM KERNEL_SCHED BI TMAP {
di spl ay "Bitmap schedul er”
defaul t _value 0
i mpl enent s CYA NT_KERNEL_SCHEDULER
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Futureschedulerganalsoimplementthis interface.The valueof aninterface,for the purposes
of expressionevaluation,is the numberof active and enabledoptionswhich implementthis
interface.Packagesvhich rely onthe presencef a schedulecanimposeconstraintsuchas:

requi res CYQ NT_KERNEL_SCHEDULER

If noneof theschedulerareenabledor if thekernelpackagés notloadedthenCYG NT_KERNEL_SCHEDULER
will evaluateto 0. If atleastoneschedulers active andenabledhenthe constrainiwill besatis-
fied.

Becausénterfaceshave a calculatedvalue determinedoy the implementorsthe default_\alue
andcalculatecpropertiesarenotapplicableandshouldnotappeain thebodyof acdl _i nt er f ace
commandInterfacesalwayshave the dat a flavor, sothe flavor propertyshouldnot be usedei-
ther. Otherpropertiessuchasrequiresandcompilecanbe usedasnormal.

Somecomponentvriterswill notwantto useinterfacesin this way. The reasonings thattheir
codewill only have beentestedwith the existing schedulerssothe requiresconstrainineedso
be expressedn termsof thoseschedulersit is possiblethatthe componentvill still work with a
new schedulerbut thereareno guaranteesOthercomponentvriters maytake a moreoptimistic
view andassumehattheir codewill work with any scheduleuntil provenotherwiselt is up to
individual componentvritersto decidewhich approachs mostappropriaten ary givencase.

Onecommonusefor interfacesis to describethe hardware functionality provided by a given
target. For examplethe CDL scriptsfor a TCP/IP packagemight wantto know whetheror not
thetargethardwarehasan ethernetinterface.Generallyit is not necessaryor the TCP/IPstack
to know exactly which ethernetardwareis presentsincethereshouldbe a device driver which

implementsthe appropriatefunctionality. In CDL termsthe device drivers shouldimplement
aninterfaceCYGHWR_NET_DRI VERS, andthe CDL scriptsfor the TCP/IP stackcanusethis in

appropriatesxpressions.

Note: Using the term interface for this concept is sometimes confusing, since the term has
various other meanings as well. In practice, it is often correct. If there is a configuration
option that implements a given CDL interface, then usually this option will enable some code
that provides a particular interface at the C or C++ level. For example an ethernet device
driver implements the CDL interface CYGHWR_NET_DRI VERS, and also implements a set of C
functions that can be used by the TCP/IP stack. Similarly CYGSEM KERNEL_SCHED M.QUEUE
implements the CDL interface CYG NT_KERNEL_SCHEDULER and also provides the appropriate
scheduling functions.
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Updating the ecos.db database

The currentimplementatiorof the componenframework requiresthatall packagede present
in a single componentrepositoryand listed in that repositorys ecos.dbdatabaseThis is not
generallya problemfor applicationdeveloperswho can considerthe componentrepositorya
read-onlyresourceexceptwhenaddingor removing packagesia theadministratiortool. How-
ever it meansthat componentwriters needto do their developmentwork inside a component
repositoryaswell, andupdatethedatabasevith detailsof their new packageor packagest-uture
enhancement® the componenframenork mayallow newv components$o bedevelopedoutside
arepository

Like mostfilesrelatedto thecomponenframenork, theecos.dldatabasés actuallya Tcl script.
Typical packageentrieswould look lik e this:

package CYGPKG LI BC {
alias { "Clibrary" libc clib clibrary }
directory | anguage/c/libc
script libc.cdl

description
Thi s package enabl es conpatibility with the SO C standard - 1SO | EC
9899:1990. This allows the user application to use well known standard
Clibrary functions, and in eCos starts a thread to invoke the user
function main()"

}

package CYGPKG | O PCl {
alias { "PCl configuration library" io_pci }
directory iolpci
script io_pci.cdl
har dwar e
description "
Thi s package contains the PCl configuration library."

}

Thepackage commandakestwo agumentsa nameanda body. The namemustbe the same
asin thecdl _package commandn the packages top-level CDL script. The body cancontain
thefollowing five commandsal i as, di rect ory, scri pt, har dwar e anddescri pti on.

alias

Eachpackageshouldhave oneor morealiasesThefirst aliasis typically usedwhenlisting
theknown packageshecausastringlike C |i br ary is abit easierto readandunderstand
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than CYGPKG_LI BC. The otheraliasesare not usedfor output, but are acceptedn input.
For examplethe ecosconfiggommand-lindool will acceptadd | i bc asanoption,aswell
asadd CYGPKG LI BC.

directory

This is usedto specify the location of the packagerelative to the root of the component
repository It shouldbe notedthatin the currentcomponenframework this locationcannot
bechangedn subsequentleasesf thepackageif for somereasorit is desirableo install
anew releaseelsavherein the repository all the old versionsmustfirst be uninstalledthe
databaseannothold two separatéocationsfor onepackage.

scri pt

Thescri pt commandspecifieghelocationof thepackagestop-level CDL script,in other
wordstheonecontainingthecdl _package definition.If the packagdollowsthedirectory
layout corventionsthen this script will be in the cdl sub-directory otherwiseit will be
relative to the packages top-level directory Again oncea releasehasbeenmadethis file
shouldnot changen laterreleasesln practicethetop-level scriptis generallynamedafter
the packagaetself, sochangingts nameis unlikely to be useful.

har dwar e

Packagesvhich aretied to specifichardware,for exampledevice driversandHAL pack-
agesshouldindicatethisin boththecdl _package commandf the CDL scriptandin the
databasentry.

description

This shouldgive a brief descriptionof the package Typically the text for the description
propertyin thecdl _package commandwill bere-used.

Note: Most of the information in the ecos.db file could be obtained by a relatively simple
utility. This would be passed a single argument identifying a package’s top-level CDL script.
The directory path relative to the component repository root could be determined from the
filename. The name, descri pti on and har dwar e fields could be obtained from the script’s
cdl _package command. The display property would supply the first alias, additional aliases
could be obtained by extending the syntax of that property or by other means. Something
along these lines may be provided by a future release of the component framework.
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Currentlytheecos.dldatabasalsoholdsinformationaboutthe varioustargets.Whenportingto
a new targetit will be necessaryo addinformationaboutthe targetto the databaseaswell as
thedetailsof the new platformHAL packageandary relatedpackages.
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Build

SomeCDL propertiesdescribethe consequencesf manipulatingconfigurationoptions.There
aretwo maintypesof consequencedypically enablinga configurationoptionresultsin oneor

more#def i ne’ s in a configurationheadeffile, and propertiesthat affect this include define,
define_procand no_define Enablinga configurationoption can also affect the build process,
primarily determiningwvhichfiles getbuilt andaddedo theappropriatdibrary. Propertieselated
to the build processncludecompileandmalke. This chapterdescribegshe whole build process,
includingdetailssuchascompilerflagsandcustombuild steps.

Part of the overall designof theeCoscomponenframework is thatit caninteractwith anumber
of differentbuild systemsThe mostobvious of theseis GNU make:thecomponenframewnork
cangenerateneor moremakefiles,andthe usercanthenbuild the variouspackagesimply by
invoking make. Howeverit shouldalsobe possibleto build eCosby othermeansthecomponent
framework can be queriedaboutwhat is involved in building a given configuration,and this
informationcanthenbe fed into the desiredbuild system.Componeniwvriters shouldbe aware
of this possibility. Most packagesvill not be affectedbecauséhe compilepropertycanbe used
to provide all therequiredinformation,but carehasto betakenwhenwriting custombuild steps.

Tree Generation

It is necessaryo createan eCosconfigurationbeforearnything canbe built. With sometools
suchasthe graphicalconfigurationtool this configurationwill be createdn memory andit is
not essentiato produceanecos. ecc savefilefirst (althoughit is still very desirableo generate
sucha savefile at somepoint, to allow the configurationto be re-loadedater on). With other
toolsthe savefileis generatedirst, for exampleusingecosconfi g new, andthenabuild treeis
generatedisingecosconfi g tree. Thesavefile containsall theinformationneededo recreate
aconfiguration.

An eCoshuild actuallyinvolvesthreeseparatérees.Thecomponentepositoryactsasthesource
tree,andfor applicationdevelopersthis shouldbe considereda read-onlyresource The build

treeis whereall intermediatdiles, especiallyobjectfiles, arecreated.The install treeis where
themainlibrary | i bt ar get . a, the exportedheadeffiles, andsimilar files endup. Following a
successfubuild it is possibleto take just theinstall treeanduseit for developinganapplication:
noneof thefiles in the componentepositoryor the build treeareneededor that. The build tree
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will beneededhgainonly if theuserchangeshe configurationHowevertheinstalltreedoesnot
containcopiesof all of the documentatioror the variouspackagesinsteadthe documentation
is keptonly in the componentepository

By defaultthebuild tree,theinstall tree,andtheecos. ecc savefileall residein the samedirec-
tory tree. This is not a requirementpoththeinstall treeandthe savefile canbe arywherein the
file system.

It isworthnotingthatthecomponentramavork doesnotseparat¢heusualmake andmake i nst al |
stagesA build alwayspopulategheinstall tree,andary nake i nstal | stepwould beredun-
dant.

The install treewill always begin with two directories,i ncl ude for the exportedheadefrfiles
andl i b for themainlibrary | i bt ar get . a andotherfiles suchasthelinker script.In addition
therewill beasubdirectory ncl ude/ pkgconf containingthe configuratiorheadeffiles, which
are generatedor updatedat the sametime the build treeis createdor updated.More details
of headeffile generatiorare given below. Additionali ncl ude subdirectoriesuchassys and
cyg/ ker nel will becreatedduringthefirst build, wheneachpackages exportedheadefilesare
copiedto theinstalltree. Theinstall treemayalsoendup with additionalsubdirectoriesluringa
build, for exampleasaresultof custombuild steps.

The componentramevork doesnot definethe structureof the build tree, and this may vary
betweerbuild systemslt canbeassumedhateachpackagen theconfiguratiorwill haveits own
directoryin the build tree,andthatthis directorywill be usedfor storingthe packages object
filesandasthecurrentdirectoryfor ary build stepsfor thatpackageThis avoidsproblemswhen
custombuild stepsrom differentpackagegeneraténtermediatdiles which happerto have the
samename.

Somebuild systemsnay allow applicationdevelopersto copy a sourcefile from the component
repositoryto thebuild treeandeditthecopy. Thisallows usergso experimentwith smallchanges,
for exampleto adda coupleof lines of deluggingto a packagewithout having to modify the
mastercopy in the componentepositorywhich could be sharedby several projectsor several
people Functionalitysuchasthisis transparento componentvriters,andit is theresponsibility
of thebuild systemto make surethattheright thing happens.

Note: There are some unresolved issues related to the build tree and install tree. Specifically,
when updating an existing build or install tree, what should happen to unexpected files or
directories? Suppose the user started with a configuration that included the math library,
and the install tree contains header files i ncl ude/ mat h. h and i ncl ude/ sys/ i eeef p. h. The
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user then removed the math library from the configuration and is updating the build tree. It
is now desirable to remove these header files from the install tree, so that if any application
code still attempts to use the math library this will fail at compile time rather than at link time.
There will also be some object files in the existing | i bt ar get . a library which are no longer
appropriate, and there may be other files in the install tree as a result of custom build steps.
The build tree will still contain a directory for the math library, which no longer serves any
purpose.

However, it is also possible that some of the files in the build tree or the install tree were
placed there by the user, in which case removing them automatically would be a bad idea.

At present the component framework does not keep track of exactly what should be present
in the build and install trees, so it cannot readily determine which files or library members
are obsolete and can safely be removed, and which ones are unexpected and need to be
reported to the user. This will be addressed in a future release of the system.

Configuration Header File Generation

88

Configurationoptionscanaffectabuild in two mainways.First, enablinga configurationoption

or otherCDL entity canresultin variousfiles beingbuilt andaddedto a library, thusproviding

functionalityto theapplicationcode Howeverthis mechanisntanonly operateatarathercoarse
grain,atthe level of entiresourcefiles. Hencethe componenframeavork alsogenerategsonfig-
urationheadeffiles containingmainly C preprocessotdef i ne directives.Packagesourcecode
canthen#i ncl ude the appropriatéheadeffiles anduse#i f , #i f def and#i f ndef directives
to adaptaccordingly In this way configurationoptionscan be usedto enableor disableentire
functionswithin a sourcefile or justasingleline, whicheveris appropriate.

The configurationheadeffiles endupin thei ncl ude/ pkgconf subdirectoryof theinstall tree.
Therewill be oneheadeffile for the systemasa whole, pkgconf / syst em h, andtherewill

be additionalheadefiles for eachpackagefor examplepkgconf / ker nel . h. The headeffiles
aregeneratedvhencreatingor updatingthe build andinstall trees which needgo happenafter
every changeto theconfiguration.

Thecomponenframavork processesachpackagen the configurationoneatatime. The exact
orderin which the packagesireprocesseds notdefined sotheorderin which#def i ne’ s will

endupin theglobalpkgconf / syst em h heademayvary. Howeverfor ary givenconfiguration
the order shouldremain consistentuntil packagesare addedto or removed from the system.
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This avoidsunnecessarghangego the globalheadeffile andhenceunnecessargehuilds of the
packagesndof applicationcodebecaus@f headeffile dependenghandling.

Within a given packagehe variouscomponentspptionsandinterfaceswill be processedh the
orderin which they were definedin the correspondingCDL scripts. Typically the datain the
configurationheadersconsistsonly of a sequencef #def i ne’ s so the orderin which these
aregenerateds irrelevant,but somepropertiessuchasdefine_procanbe usedto addarbitrary
datato a configurationheaderandhencetheremay be dependenciesn the order It shouldbe
notedthatre-parentingan option belonv someotherpackagehasno effect on which headeffile

will containthe correspondingtdef i ne: the preprocessodirectiveswill alwaysendup in the
headefile for the packagehatdefinesthe option,or in theglobalconfiguratiorheader

There are six propertieswhich affect the processof generatingheaderfiles: define_header,
no_definedefine_formatdefine,if define,anddefine_proc.

Thedefine_headepropertycanonly occurin thebodyof acdl _package commandandspeci-
fiesthenameof the headeffile which shouldcontainthe packages configurationdata for exam-

ple:
cdl _package <sone_package> {

define_header xyzzy.h

}

Givensuchadefine_headegropertythecomponenframeavorkwill usethefile pkgconf/ xyzzy. h
for the packages configurationdata.lf a packagedoesnot have adefine_headeguropertythena
suitablefile nameis constructedrom the packages name.This involves:

1. All characterén thepackagenameupto andincludingthefirst underscor@reremoved. For
exampleCYGPKG_KERNEL is corvertedto KERNEL, and CYGPKG_HAL_ARMis convertedto
HAL_ARM

2. Any uppercaselettersin the resultingstring will be corvertedto lower caseyielding e.g.
kernel andhal _arm

3. A . h sufiix is appendedyielding e.g.ker nel . h andhal _arm h.

Becausef thenamingrestrictionson configuratioroptions thisshouldresultin avalid filename.
Thereis asmallpossibilityof afile nameclass for exampleCYGPKG_PLUGHandCYGPKG pl ugh

would bothendup trying to usethe sameheadeffile pkgconf / pl ugh. h, but the useof lower
caselettersfor packagenamesviolatesthe namingcorventions.It is not legal to usethe de-

89



Chapter4. TheBuild Process

90

fine_headepropertyto put the configurationdatafor seseral packagesn a single headeffile.
Theresultingbehaiour is undefined.

Oncethe nameof the packages headeffile hasbeendeterminedandthe file hasbeenopened,
thevariouscomponentspptionsandinterfacedn thepackagewill beprocessedtartingwith the
packagétself. Thefollowing stepsareinvolved:

1. If thecurrentoptionor otherCDL entity is inactive or disabledthe optionis ignoredfor the
purpose®f headeffile generation#def i ne’ s areonly generatedor optionsthatareboth
active andenabled.

2. The next stepis to generatea default #def i ne for the currentoption. If this option hasa
no_definepropertythenthe default #def i ne is suppressedand processingcontinuesfor
define,if_defineanddefine_progroperties.

a. Theheadefile appropriatdor thedefault#def i ne isdeterminedrForthecd! _package
this will be pkgconf/ syst em h, for arny otheroptionthis will be the packages own
headeffile. Theintentionhereis that packagesndapplicationcodecanalwaysdeter
minewhichpackagesgrein theconfiguratiorby #i ncl ude’ i ng pkgconf/system h.
The C preprocessoiacksary facilitiesfor including a headeffile only if it exists,and
takingappropriateactionotherwise.

b. For optionswith the flavorsbool or none, a single#def i ne will be generatedThis
takestheform:
#define <option> 1
For example:
#defi ne CYGFUN_LI BC_TI ME_POSI X 1

Packagesourcecodecancheckwhetheror notanoptionis active andenablecdby using
the#i f def , #i f ndef or#if defined(...)directves.

c. For optionswith the flavors dat a or bool dat a, eitherone or two #def i ne’ s will
be generatedThe first of thesemay be affectedby a define_formatproperty If this
propertyis not definedthenthefirst #def i ne will take theform:

#define <option> <val ue>

For example:
#define CYGNUM LI BC_ATEXI T_HANDLERS 32
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Packagesourcecode can examinethis value usingthe #i f directive, or by usingthe
symbolin codesuchas:
for (i = 0; i < CYGNUM LIBC_ATEXI T_HANDLERS; i++) {

}

It mustbe notedthatthe#def i ne will begenerateanly if the correspondingptionis
bothactive andenabled Optionswith the dat a flavor arealwaysenabledout may not
beactive. Codelik e theabove shouldbewritten only if it is known thatthe symbolwill
alwaysbe defined for exampleif thecorrespondingourcefile will only getbuilt if the
containingcomponents active andenabledOtherwisethe useof additional#i f def or
similar directiveswill benecessary

. If thereis adefine_formapropertythenthis controlshow the option’s valuewill appear
in the headefrfile. Given a format string suchas%©8x anda value42, the component
framewvork will executetheTcl command or mat %08x 42 andtheresultwill beused
for the#def i ne’ s value.lt is theresponsibilityof the componentwvriter to make sure
thatthis Tcl commandwill bevalid giventheformatstringandthe legal valuesfor the
option.

.In additionasecondtdef i ne mayor maynotbegeneratedThis will take theform:
#define <option>_<val ue>

For example:
#defi ne CYGNUM LI BC_ATEXI T_HANDLERS 32

The#def i ne will begenerateanly if it would resultin avalid C preprocessasymbol.
If thevalueis a stringsuchas"/ dev/ ser 0" thenthe#def i ne would be suppressed.
This second#def i ne is not particularlyusefulfor numericaldata,but canbe valuable
in othercircumstancesk-or exampleif the legal valuesfor an option XXX_COLCR are
red, gr een andbl ue thencodelik e thefollowing canbe used:

#i f def XXX_COLOR red

#endi f
#i f def XXX_COLOR _green

#endi f
#i fdef XXX_COLOR bl ue

#endi f
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The expressiorsyntaxprovided by the C preprocessais limited to numericaldataand
cannotperform string comparisonsBy generatingtwo #def i ne’ s in this way it is
possibleto work arouncthis limitation of the C preprocessoHowever somecarehasto
betaken:if acomponentvriter alsodefineda configurationoptionXXX_COLOR _gr een
thentherewill be confusion.Since sucha configurationoption violatesthe naming
conventionsthe problemis unlikely to arisein practice.

3. For someoptionsit may be usefulto generateone or more additional#def i ne’ s or, in

conjunctionwith theno_definegproperty to definea symbolwith a namedifferentfrom the
option’s name.This can be achieved with the define property which takes the following
form:

define [-file=<filenane>] [-format=<format>] <synbol >

For example:
defi ne FOPEN_MAX

Thiswill resultin somethindike:
#defi ne FOPEN_MAX 8
#defi ne FOPEN_MAX 8
The specifiedsymbolmustbe a valid C preprocessosymbol.Normally the #def i ne will
endupin thesameheadefile asthedefaultone,in otherwordspkgconf / syst em h in the
caseof acdl _package, or the packages own headeffile for ary otheroption.The-fil e
optioncanbeusedto changehis. At presentheonly legalvalueis syst em h, for example:
define -file=systemh <synbol >
Thiswill causethe#def i ne to endupin the globalconfigurationheaderatherthanin the
packages own headerUseof thisfacility shouldbe avoidedsinceit is veryrarelynecessary
to make optionsglobally visible.
Thedefinepropertytakesanotheroption,- f or mat , to provide aformatstring.
define -format=9%908x <synbol >

This shouldonly be usedfor optionswith the dat a or bool dat a flavor, andhasthe same
effectasthedefine_formapropertyhasonthedefault#def i ne.

definepropertiesare processedh the sameway the default #def i ne. For optionswith the
bool or none flavors a single#def i ne will be generatedisingthe value 1. For options
with thedat a or bool dat a flavorseitheroneor two #def i ne’ s will begenerated.
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4. After processingll definepropertiesthe componenframevork will look for ary if_define
propertiesThesetake thefollowing form:

if_define [-file=<filename>] <synbol 1> <synbol 2>

For example:
i f_define CYGSRC KERNEL CYGDBG USE_ASSERTS

Thefollowing will begeneratedn the configuratiorheadefile:

#i f def CYGSRC_KERNEL

# define CYGDBG USE_ASSERTS

#endi f

Typical kernelsourcecodewould begin with thefollowing construct:

#define CYGSRC_KERNEL 1

#i ncl ude <pkgconf/kernel.h>

#i ncl ude <cyg/infral/cyg_ass. h>

The infrastructureheaderfile cyg/ i nfra/ cyg_ass. h only checksfor symbolssuchas
CYGDBG_USE_ASSERTS, andhasno specialknowledgeof the kernelor ary otherpackage.
The if_define propertywill only affect codethat definesthe symbol CYGSRC_KERNEL, so
typically only kernel sourcecode.If the option is enabledthen assertionsupportwill be

enabledor the kernelsourcecodeonly. If the optionis inactive or disabledthenkernelas-
sertionswill be disabled Assertionsin otherpackagesrenot affected. Thustheif_define
propertyallows control over assertionstracing,andsimilar facilities at the level of individ-

ual packagesor atfinerlevelssuchascomponent®r evensinglesourcefiles if desired.

Note: Current eCos packages do not yet make use of this facility. Instead there is a sin-
gle global configuration option CYGDBG_USE_ASSERTS which is used to enable or disable
assertions for all packages. This issue should be addressed in a future release of the
system.

As with thedefineproperty theif _definepropertytakesanoption- fi | e with asinglelegal
value syst em h. This allows the outputto be redirectedto pkgconf/system h if and
whennecessary

5. Thefinal propertythatis relevantto configuratiorheadefile generations define_procThis
takesasingleargumentaTcl fragmentthatcanaddarbitrarydatato theglobalheadepkg-
conf/ syst em h andto the packages own headerWhenthe define_procscriptis invoked
two variableswill besetupto allow accesdo theseheaderscdl _header will beachannel
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to thepackages own headefile, for examplepkgconf/ ker nel . h; cdl _syst em header
will beachannetopkgconf/syst em h. A typicaldefine_proccriptwill usetheTcl put s
commando outputdatato oneof thesechannelsfor example:

cdl _option <name> {

define_proc {
puts $::cdl _header "#define XXX 1"
}

Note: In the current implementation the use of define_proc is limited because the Tcl
script cannot access any of the configuration data. Therefore the script is limited to
writing constant data to the configuration headers. This is a major limitation which will
be addressed in a future release of the component framework.

Note: Generating C header files with #def i ne’ s for the configuration data suffices for exist-
ing packages written in some combination of C, C++ and assembler. It can also be used in
conjunction with some other languages, for example by first passing the source code through
the C preprocessor and feeding the result into the appropriate compiler. In future versions
of the component framework additional programming languages such as Java may be sup-
ported, and the configuration data may also be written to files in some format other than C
preprocessor directives.

Note: At present there is no way for application or package source code to get hold of all the
configuration details related to the current hardware. Instead that information is spread over
various different configuration headers for the HAL and device driver packages, with some
of the information going into pkgconf/ syst em h. It is possible that in some future release of
the system there will be another global configuration header file pkgconf / har dwar e. h which
either contains the configuration details for the various hardware-specific packages or which
#i ncl ude’ s all the hardware-specific configuration headers. The desirability and feasibility
of such a scheme are still to be determined. To avoid future incompatibility problems as a
result of any such changes, it is recommended that all hardware packages (in other packages
containing the hardware property) use the define_header property to specify explicitly which
configuration header should be generated.
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Building eCos

Theprimarygoalof aneCosbuild is to producethelibrary | i bt ar get . a. A typical eCosbuild
will alsogeneratea numberof othertargets:ext r as. o, startupcodevect or s. o, andalinker
script. Somepackagesnay causeadditionallibrariesor targetsto be generatedT he basicbuild

processnvolvesa numberof differentphasesvith correspondingpriorities. Thereareanumber
of predefinedriorities:

Priority | Action

0 | Exportheadefiles

100| Proceszompileproperties

andmostmake_objecttustombuild steps
200| Generatdibraries
300| Processnake custombuild steps

Generatiorof theext r as. o file, thestartupcodeandthelinker scriptactuallyhappenwia make

custombuild stepstypically definedin appropriateHAL packagesThe componenframeavork
hasno speciaknowledgeof thesetargets.

By defaultcustombuild stepsfor amake_objecipropertyhapperduringthe samephaseasmost
compilations but this canbe changedusinga - pri ori t y option. Similarly custombuild steps
for amake propertyhapperatthe endof abuild, but this canalsobechangedvith a-priority

option. For examplea priority of 50 canbe usedto run a custombuild stepbetweerthe header

file exportphaseandthemaincompilationphaseCustombuild stepsarediscusseih moredetalil
below.

Somebuild systemsnayrun severalcommand®f thesamepriority in parallel.For examplefiles

listedin compilepropertieamaygetcompiledin parallel,concurrentlywith make_objectustom
build stepswith default priorities. Sincemostof the time for aneCosbuild involvesprocessing
compilepropertiesthis allows builds to be speededip on suitablehosthardware.All build steps
for agivenphasewill completebeforethe next phases started.

Updating the Build Tree

Somebuild systemsmay involve a phasebeforethe headerfiles get exported,to updatethe
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build andinstall treesautomaticallywhentherehasbeena changeto the configurationsavefile
ecos. ecc. This is usefulmainly for applicationdevelopersusingthe commandline tools: it
would allow usersto createthe build tree only once,and after any subsequentonfiguration
changeshe tree would be updatedautomaticallyby the build system.The facility would be
analogoudo the - enabl e- mai nt ai ner - node option provide by the autoconfand automale

programs At presentno eCosbuild systemimplementsthis functionality, but it is likely to be
addedn afuturerelease.

Expor ting Public Header Files
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The first compulsoryphaseinvolvesmaking surethatthereis an up to datesetof headeffiles
in theinstall tree.Eachpackagecancontainsomenumberof headeffiles definingthe exported
interface. Applicationsshouldonly useexportedfunctionality. A packagecanalsocontainsome
numberof privateheadefileswhichareonly of interestio theimplementationandwhich should
not be visible to applicationcode.The variouspackageshat go into a particularconfiguration
canbe spreadall over the componentepository In theoryit might be possibleto make all the
exportedheadefiles accessibldy having alengthy- I headefile searchpath,but thiswould be
incorvenientbothfor building eCosandfor building applicationsinsteadall therelevantheader

files arecopiedto a singlelocation,thei ncl ude subdirectoryof the install tree. The process
involvesthefollowing:

1. Theinstall tree,for example/ usr/ | ocal / ecos/ i nst al | , anditsi ncl ude subdirectory
/usr/local /ecos/install/include will typically be createdwhenthe build treeis
generatecor updated.At the sametime configurationheaderfiles will be written to the
pkgconf subdirectoryfor example/ usr /| ocal / ecos/ i ncl ude/ pkgconf , sothatthe
configurationdatais visible to all the packagesndto applicationcodethat may wish to
examinesomeof the configurationoptions.

2. Eachpackagen the configurationis examinedfor exportedheadeffiles. The exactorderin
whichthe packagesreprocesseds notdefined but shouldnot matter
a.If thepackagehasaninclude_filespropertythenthis lists all the exportedheadefiles:
cdl _package <sone_package> {

include_files headerl.h header2. h
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Thelistedfiles maybein ani ncl ude subdirectorywithin the packages hierarchy or
they may be relative to the packages toplevel directory The include_filespropertyis
intendedmainlyfor verysimplepackagedt canalsobeusefulwhencorvertingexisting
codeto aneCospackageto avoid rearranginghesources.

b. If thereis no include_filespropertythen the componentramenork will look for an
i ncl ude subdirectoryin thepackageasperthelayoutcorventionsAll files,including
thosein subdirectorieswill betreatedasexportedheadeffiles. For example,the math
library packagecontainsfilesi ncl ude/ mat h. h andi ncl ude/ sys/ i eeef p. h, both
of whichwill beexportedto theinstalltree.

c.As alastresort,if thereis neitheraninclude_filespropertynor ani ncl ude subdirec-
tory, the componenframeawvork will searchthe packages toplevel directoryandall of
its subdirectoriegor files with oneof thefollowing suffixes:. h, . hxx, .inl or.inc.
All suchfileswill beinterpretecasexportedheadefiles.

Thislastresortrule couldcauseconfusionfor packagesvhich have no exportedheader
files but which do containoneor moreprivateheadefiles. For exampleatypical device
driver simply implementsan existing interfaceratherthandefinea new one,soit does
not needto export a headeffile. However it may still have oneor moreprivateheader
files. Suchpackagesould eitherbe shippedwith anemptyi ncl ude subdirectoryor
they couldhave aninclude_filespropertylisting nofiles.

3. If thepackageénasoneor moreexportedheadefiles, thenext stepis to determinevherethe
files shouldendup. By defaultall exportedheadefileswill justendup relative to theinstall
treesi ncl ude subdirectoryFor examplethe mathlibrary’s mat h. h heademwould endup
as/usr/local / ecos/incl ude/ mat h. h, andthesys/ i eeef p. h heademwould endup
as/ usr/l ocal / ecos/incl ude/ sys/ i eeef p. h. This behaiour is correctfor packages
liketheC library wheretheinterfaceis definedby appropriatestandardsi-or otherpackages
this behaiiour canleadto file nameclashesandtheinclude_dirpropertyshouldbe usedto
avoid this:
cdl _package CYGPKG _KERNEL {

include_dir cyg/kernel
}
This meansthat the kernel’s exportedheaderfile i ncl ude/ kapi . h shouldbe copiedto
/usr/1ocal / ecos/include/ cyg/ kernel / kapi . h, whereit is very unlikely to clash
with aheadeffile from someotherpackage.
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Compiling
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4. For typical applicationdeveloperstherewill be little or no needfor the installedheader

filesto changeafterthefirst build. Changewill benecessargnly if packagesreaddedio
or removed from the configuration.For componentwriters, the build systemshoulddetect
changedo the mastercopy of the headeffile sourcecodeand updatethe installedcopies
automaticallyduring the next build. The build systemis expectedto performa headeffile
dependenganalysissoary sourcefiles affectedshouldgetretuilt aswell.

. Somebuild systemsnay provide additionalsupportfor applicationdevelopersvho wantto

malke minor changego a packagegspeciallyfor detuggingpurposesA headeffile could

be copiedfrom the componentepository(which for applicationdevelopersis assumedo

be aread-onlyresourcejnto the build treeandeditedthere.The build systenmwould detect
amorerecentversionof sucha headefile in thebuild treeandinstallit. Carewould haveto

betakento recover properlyif themodifiedcopy in the build treeis subsequentlyemoved,

in orderto revertto theoriginal behaviour.

6. When updatingthe install tree’s i ncl ude subdirectorythe build tree may also perform

a clean-upoperation.Specifically it may checkfor ary files which do not correspondo
known exportedheadeffiles anddeletethem.

Note: At present there is no defined support in the build system for defining custom build
steps that generate exported header files. Any attempt to use the existing custom build step
support may fall foul of unexpected header files being deleted automatically by the build
system. This limitation will be addressed in a future release of the component framework,
and may require changing the priority for exporting header files so that a custom build step
can happen first.

Oncethereareup to datecopiesof all the exportedheadeffiles in the build tree,the main build
canproceedMost of thisinvolvescompilingsourcefileslistedin compilepropertiesn the CDL
scriptsfor the variouspackagesfor example:

cdl _package CYGPKG_ERROR {

di spl ay "Common error code support"”
conpil e strerror.cxx
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compilepropertiesmayappeain thebodyof acdl _package, cdl _conponent ,cdl _opti on
orcdl _interface. If theoptionor otherCDL entity is active andenabledthe propertytakes
effect. If the optionis inactive or disabledthe propertyis ignored.It is possiblefor a compile
propertyto list multiple sourcefiles, andit is alsopossiblefor a given CDL entity to contain
multiple compilepropertiesThefollowing threeexamplesareequivalent:

cdl _option <sone_option> {

conpile filel.c file2.c file3.c
}

cdl _option <some_option> {

conpile filel.c
conpile file2.c
conpile file3.c

}
cdl _option <some_option> {

conpile filel.c file2.c
conpile file3.c

}

Packageshatfollow the directorylayout conventionsshouldhave a subdirectorysr ¢, andthe
componenframenork will first look for the specifiedfiles there.Failing thatit will look for the
specifiedfilesrelative to the packagesroot directory For exampleif a packagecontainsasource
file st rerror. cxx thenthefollowing two linesareequialent:

conpile strerror.cxx
conpil e src/strerror.cxx

In thefirst casehecomponenframewnork will find thefile immediatelyin thepackagesr ¢ sub-
directory In the secondcasethe framework will first look for afile src/ src/strerror. cxx,
andthenfor st r/ strerror. cxx relativeto thepackagesrootdirectory Theresultis thesame.

The file namesmay be relative paths,allowing the sourcecodeto be split over multiple direc-
tories.For exampleif a packagecontainsafile src/ sync/ mut ex. cxx thenthe corresponding
CDL entrywould be:

conpi | e sync/ nut ex. cxx
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All the sourcefiles relevantto the currentconfigurationwill be identified whenthe build tree
is generatear updatedandaddedto the appropriatenakefile (or its equivalentfor otherbuild
systems)Theactualbuild will involve arule of theform:

<object file> : <source file>
$(CC -c $(I NCLUDE_PATH) $(CFLAGS) -0 $@ $<

The componenframework hasbuilt-in knowledgefor processingourcefiles writtenin C, C++

or assembleTheseshouldhavea. c, . cxx and. S suffix respectiely. Thecurrentimplementa-
tion hasno simplemechanisnfor extendingthis with supportfor otherlanguagesr for alterna-
tive suffixes,but this shouldbe addresseth afuturerelease.

The compilercommandthat will be usedis somethingike ar m el f - gcc. This consistsof a

commandprefix, in this casear m el f , anda specificcommandsuchasgcc. The command
prefix will dependon the target architectureandis controlledby a configurationoptionin the

appropriateHAL packagelt will have a sensibledefault valuefor the currentarchitectureput

userscanmodify this optionwhennecessarylhe commandorefix cannotbe changedn a per

packagebasis,sinceit is usually essentiathat all packagesre built with a consistentset of

tools.

The$(1 NCLUDE_PATH) headeffile searctpathconsistsof atleastthefollowing:

1. Thei ncl ude directoryin the install tree. This allows sourcefiles to accesshe various
headerfiles exportedby all the packagesn the configuration,and also the configuration
headefiles.

2. Thecurrentpackagesrootdirectory This ensureghatall filesin thepackageareaccessible
atbuild time.

3. The currentpackages sr ¢ subdirectoryif it is presentGenerallyall files to be compiled
arelocatedin or below this directory Typically this is usedto accesgrivate headeffiles
containingimplementatiordetailsonly.

Thecompilerflags$( CFLAGS) aredeterminedn two stepsFirsttheappropriateHAL package
will provide a configurationoption definingthe global flags. Typically this includesflagsthat
areneededor thetargetprocessarfor example- ncpu=ar nd, variousflagsrelatedto warnings,
dehuggingand optimization,andflagssuchas-fi ni t - pri ori ty which areneededby eCos
itself. Userscanmodify the globalflagsoptionasrequired.In additionit is possiblefor existing

flagsto be removedfrom andnew flagsto be addedto the currentseton a perpackagebasis,
againby meansof usermodifiableconfigurationoptions.More detailsaregivenbelow.
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Componentwriters canassumehat the build systemwill performfull headeffile dependeng
analysis,including dependenciesn configurationheadershut the exact meansby which this
happenss implementation-definedlypical applicationdevelopersare unlikely to modify ex-

portedor privateheadeffiles, but configurationheadersrelik ely to changeasthe configuration
is changedo bettermeetthe needsf the application.Full headeffile dependenganalysisalso
makesthingseasieifor thecomponentvritersthemseles.

The currentdirectoryusedduringa compilationis animplementatiordetail of the build system.
Howeverit canbeassumedhateachpackagewill haveits own directorysomevherein thebuild
tree,to preventfile nameclashesthat this will be the currentdirectory andthat intermediate
objectfileswill endup here.

Generating the Libraries

Onceall the compileandmake_objectpropertieshave beenprocesse@ndthe requiredobject
files have beenbuilt or rekuilt, thesecan be collectedtogetherin one or more libraries. The
archiverwill bethearcommancdorrespondingo the currentarchitecturefor examplepowerpc-
eabi-ar.By default al of the objectfiles will endupin asinglelibrary | i bt ar get . a. This can
be changedn a perpackagebasisusingthe library propertyin the body of the corresponding
cdl _package commandfor example:

cdl _package <SOME_PACKAGE> {

library IibSonePackage. a
}

However using different libraries for eachpackageshouldbe avoided. It makes things more
difficult for applicationdeveloperssincethey now have to link the applicationcodewith more
libraries,andpossiblyeven changethis setof librarieswhenpackagesreaddedto or removed
from the configuration.Theuseof asinglelibrary | i bt ar get . a avoidsany complications.

It is alsopossibleto changethetargetlibrary for individual files, usinga- | i br ar y optionwith
thecorrespondingompileor make_objeciproperty For example:

conpile -1ibrary=libSonePackage.a hello.c
make_obj ect -library=libSonmePackage.a {

}

101



Chapter4. TheBuild Process

Again this shouldbe avoided becauset makes applicationdevelopmentmore difficult. There
is one speciallibrary which canbe usedfreely, | i bext r as. a, which is usedto generatehe
extras. o file asdescribedelow.

The orderin which objectfiles endup in alibrary is not defined.Typically eachlibrary will be
createddirectly in the install tree,sincethereis little pointin generatingafile in the build tree
andthenimmediatelycopying it to theinstalltree.

The extras. o file
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Packagesourcedfiles normally get compiledandthenaddedto a library, by default! i bt ar -
get. a, which is thenlinked with the applicationcode.Becauseof the usualrulesfor linking
with libraries,augmentedy the useof link-time garbagecollection, this meansthat codewill
only endupin thefinal executabléf thereis adirector indirectreferenceo it in theapplication.
Usuallythisis thedesiredbehaiour: if theapplicationdoesnot make ary useof saykernelmes-
sageboxes,directly or indirectly, thenthatcodeshouldnot endup in thefinal executabletaking
up valuablememoryspace.

In afew casesdt is desirablefor packagecodeto endup in thefinal executablesvenif thereare
nodirector indirectreferences-or example,device driverfunctionsareoftennot calleddirectly.
Insteadthe applicationwill accesgshe device via the string"/ dev/ xyzzy" andcall the device
functionsindirectly. Thiswill beimpossibleif thefunctionshave beenremovedat link-time.

AnotherexampleinvolvesstaticC++ objectslt is possibleto have a staticC++ object,preferably
with a suitableconstructorpriority, whereall of the interestingwork happenssa sideeffect of
runningthe constructorFor examplea packagemightincludea monitoringthreador a garbage
collectionthreadcreatedrom insidesucha constructorWithoutareferencey theapplicationto
thestaticobjectthelatterwill nevergetlinkedin, andthe packagewill notfunctionasexpected.

A third examplewould be copyright messagesA packagevendormay wantto insist that all
productsshippedusingthatpackagencludea particularmessagén memory eventhoughmary
usersof thatpackagewill objectto sucharestriction.

To meetrequirementsuchasthesehebuild systenprovidessupportfor afile ext r as. o, which
alwaysgetslinkedwith theapplicationcodevia thelinker script.Becausét is anobjectfile rather
thanalibrary everythingin thefile will belinkedin. Theext r as. o file is generatect theend
of abuild from alibrary | i bext r as. a, sopackageganputfunctionsandvariablesin suitable
sourcefiles andaddthemto thatlibrary explicitly:
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conpile -library=libextras.a xyzzy.c
conpi |l e xyzzy_support.c

In thisexamplexyzzy. o will endupin|i bextras. a,andhencen extras. o andin thefinal
executablexyzzy_support. o will endupin |i bt ar get . a asusual,andis subjectto linker
garbagecollection.

Compiler s and Flags

Caution

Someof the detailsof compiler selectionand compiler flags described
belown aresubjectto changen future revisionsof the componenframe-
work, althoughevery reasonablattemptwill be madeto avoid breaking
backwardscompatibility.

The build systemneedsto know what compilerto use,whatcompilerflags shouldbe usedfor
differentstagesf the build andso on. Much of this informationwill vary from targetto tamget,
althoughusersshouldbe ableto overridethis whenappropriate Theremay alsobe a needfor
somepackageso modify the compilerflags.All platftormHAL packageshoulddefinea num-
ber of optionswith well-known names alongthe following lines (arny existing platform HAL
packagecanbe consultedor a completeexample):

cdl _conponent CYGBLD GLOBAL_OPTI ONS {
flavor none
parent CYGPKG_NONE

cdl _option CYGBLD GLOBAL_COMVAND PREFI X {
flavor data
default_value { "armelf" }

}

cdl _option CYGBLD GLOBAL_CFLAGS {
flavor data
default_value "-V&ll -g -&2 ..."
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cdl _opti on CYGBLD GLOBAL_LDFLAGS {
flavor data
default_value "-g -nostdlib -W, -gc-sections ..."

}

The CYGBLD_GLOBAL_CPTI ONS componentsenesto collect togetherall global build-related
options.It hasthe flavor none sincedisablingall of theseoptionswould make it impossibleto
build anythingandhences not useful.lt is parentedmmediatelybelow the root of the configu-
rationhierarchy thusmakingsurethatit is readily accessiblén the graphicalconfigurationtool
and,for commandine usersjn theecos. ecc savefile.

Note: Currently the parent property lists a parent of CYGPKG_NONE, rather than an empty
string. This could be unfortunate if there was ever a package with that name. The issue will
be addressed in a future release of the component framework.

TheoptionCYGBLD _GLOBAL_COWAND_PREFI X defineswhichtoolsshouldbeusedfor thecur-
renttarget. Typically this is determinedoy the processoon the tamgethardware.ln somecases
a giventargetboardmay be ableto supportseveral differentprocessorsin which casethe de-
fault \alueexpressiorcould selecta differenttoolchaindependingon someotheroptionthatis
usedto control which particularprocessarCYGBLD_GLOBAL_COMVAND_PREFI X is modifiable
ratherthancalculatedsouserscanoverridethis whennecessary

Givena commandprefix suchasar m el f , all C sourcefiles will be compiledwith ar m el f -
gcc, all C++sourcewill bebuilt usingar m el f - g++, andar m el f - ar will beusedto gener
atethelibrary. Thisisin accordanc&vith theusualnamingconventionsfor GNU cross-compilers
andsimilar tools. For the purposesf custombuild stepstokenssuchas$(CC) will be setto
armel f-gcc.

The next option, CYGBLD_GLOBAL_CFLAGS, is usedto provide theinitial valueof $( CFLAGS) .

Somecompilerflagssuchas- val | and- g arelikely to be usedon all targets.Otherflagssuch
as- ncpu=ar nvt dmi will betamget-specificAgain this is a modifiableoption, so the usercan
switchfrom say- 2 to - Gs if desired.The option CYGBLD_GLOBAL_LDFLAGS senesthesame
purposefor $( LDFLAGS) andlinking. It is usedprimarily whenbuilding testcasesor possibly
for somecustombuild steps sincebuilding eCositself generallyinvolvesbuilding oneor more
librariesratherthanexecutables.



Chapter4. TheBuild Process

Somepackagesnay wish to add certainflagsto the global set,or possiblyremove someflags.
This canbeachievedby having appropriatelynamedoptionsin the packagefor example:

cdl _conponent CYGPKG_KERNEL_OPTI ONS {
di splay "Kernel build options"
flavor none

cdl _opti on CYGPKG_KERNEL_CFLAGS_ADD {
di splay "Additional conpiler flags"
flavor data
default_value { "" }

}

cdl _opti on CYGPKG_KERNEL_CFLAGS REMOVE {
di spl ay "Suppressed conpiler flags"
flavor data
default_value { "" }

}

cdl _opti on CYGPKG_KERNEL_LDFLAGS ADD {
di splay "Additional |inker flags"
flavor data
default_value { "" }

}
cdl _option CYGPKG KERNEL_LDFLAGS REMOVE {
di spl ay "Suppressed |inker flags"

flavor data
default_value { "" }

}

In this examplethe kerneldoesnot modify the globalcompilerflagsby default, but it is possible
for the usersto modify the optionsif desired.The value of $( CFLAGS) thatis usedfor the
compilationsandcustombuild stepsin agivenpackageés determinedasfollows:

1. Startwith theglobal settingsfrom CYGBLD_GLOBAL_CFLAGS, for example-g - Q2.
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2. Remore ary flagsspecifiedn the perpackageCFLAGS_REMOVE option,if any. For example

if - @ shouldberemovedfor this packagehen$( CFLAGS) would now have avalueof just
- g.

3. Then concatenaté¢he flags specifiedby the perpackageCFLAGS_ADD option, if arny. For

exampleif - Gs shouldbe addedfor the currentpackagehenthefinal valueof $( CFLAGS)
will be-g - Gs.

$(LDFLAGS) is determinedn muchthe sameway.

Note: The way compiler flags are handled at present has numerous limitations that need to
be addressed in a future release, although it should suffice for nearly all cases. For the time
being custom build steps and in particular the make_object property can be used to work
around the limitations.

Amongst the issues, there is a specific problem with package encapsulation. For example
the math library imposes some stringent requirements on the compiler in order to guarantee
exact IEEE behavior, and may need special flags on a per-architecture basis. One way of
handling this is to have CYGPKG_LI BM CFLAGS_ADD and CYGPKG LI BM CFLAGS_REMOVE de-
fault_value expressions which depend on the target architecture, but such expressions may
have to updated for each new architecture. An alternative approach would allow the archi-
tectural HAL package to modify the default_value expressions for the math library, but this
breaks encapsulation. A third approach would allow some architectural HAL packages to de-
fine one or more special options with well-known names, and the math library could check if
these options were defined and adjust the default values appropriately. Other packages with
floating point requirements could do the same. This approach also has scalability issues, in
particular how many such categories of options would be needed? It is not yet clear how
best to resolve such issues.

Note: When generating a build tree it would be desirable for the component framework to
output details of the tools and compiler flags in a format that can be re-used for application
builds, for example a makefile fragment. This would make it easier for application develop-
ers to use the same set of flags as were used for building eCos itself, thus avoiding some
potential problems with incompatible compiler flags.

Custom Build Steps
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Caution

Someof the detailsof custombuild stepsasdescribedelon aresubject
to changen futurerevisionsof thecomponenframework, althoughevery
reasonablattempiwill bemadeto avoid breakingbackwardscompatibil-
ity.

For most packagesimply listing one or more sourcefiles in a compile propertyis suficient.
Thesefiles will get built usingthe appropriatecompiler and compilerflags and addedto a li-
brary, which thengetslinked with applicationcode.A packagehatcanbe built in this way is
likely to be moreportableto differenttargetsandbuild ervironments sinceit avoids build-time
dependencieddowever somepackagehave specialneedsandthe componenframework sup-
portscustombuild stepsto allow for theseneedsTherearetwo propertieselatedto this, make
andmake_objectandbothtake thefollowing form:

make {
<target_filepath> : <dependency_filepath> ...
<comrand>

}

Althoughthis maylook lik e makefile syntax,andalthoughsomebuild ervironmentswill indeed
involve generatingmakefiles and running make, this is not guaranteedlt is possiblefor the
componenframevork to be integratedwith someotherbuild system,and custombuild steps
shouldbe written with that possibility in mind. Eachcustombuild stepinvolvesa target,some
numberof dependengfiles, andsomenumberof commandslf thetargetis notup to datewith

respecto oneor moreof thedependenciethenthecommandseedto be executed.

a.Only onetargetcanbe specified For a make_objectpropertythis target mustbe an object
file. For amalke propertyit canbeary file. In both casest mustreferto a physicalfile, the
useof phory tamgetsis not supportedThetargetshouldnotbe anabsolutepathname.If the
generatedile needgo endupin theinstalltreethenthis canbeachiezedusinga <PREFI X>
token,for example:

make {
<PREFI X>/1ib/nytarget : ...
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When the build tree is generatedand the custombuild stepis addedto the malkefile (or
whatever build systemis used)<PREFI X> will be replacedwith the absolutepathto the
install tree.

b. All thedependenciemustalsoreferto physicalfiles, notto phory targets.Thesefiles may
bein thesourceree.The <PACKAGE> tokencanbeusedto indicatethis: whenthebuild tree
is generatedhistokenwill bereplacedvith theabsolutepathto thepackagesrootdirectory
in thecomponentepositoryfor example:

make_obj ect {
Xyzzy.o : <PACKAGE>/src/xyzzy.c

If thecomponentepositorywasinstalledin / usr /| ocal / ecos andthis custombuild step
existedin versionl_5of thekernel,<PACKAGE> wouldbereplacedvith / usr/ | ocal / ecos/ packages/ kernel / v1_5.

Alternatively the dependenciemay referto files thataregeneratediuring the build. These
may be objectfiles resultingfrom compile propertiesor other make_objectpropertiesor
they maybe otherfiles resultingfrom a make property for example:

conpil e plugh.c

nmake_obj ect {
xyzzy.o : plugh.o

}

c. No othertoken or makefile variablesmay be usedin the target or dependeng file names.
Also conditionalssuchasi f neq andsimilar makefile functionalitymustnot be used.

d. Similarly the list of commandsmustnot useary makefile conditionalsor similar func-
tionality. A numberof tokenscanbe usedto provide accesgo target-specificor erviron-
mentaldata.Note thatthesetokenslook like makefile variablesunlike the <PREFI X> and
<PACKAGE> tokensmentioneckarlier:
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Token Purpose Example value
$(AR) the GNU archier m ps-tx39-el f-ar
$(CO the GNU compiler sh-el f-gcc

$( CFLAGS) compilerflags -2 -vall

$( COWWAND_PREFI X) thetriplet prefix m10300-el f -

$( 1 NCLUDE_PATH> headeffile searchpath -1. -lsrc/nisc
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Token Purpose Example value
$( LDFLAGS) linkerflags -nostdlib -W,-static
$( OBICOPY) theobjcopy utility arm el f - obj copy
$( PREFI X) locationof theinstall tree / hone/ f red/ ecos-
i nst al |
$( REPCSI TORY) locationof thecomponent
repository home/ f r ed/ ecos/ packages

In additioncommandsn a custombuild stepmay referto the targetandthe dependencies
using$@ $<, $” ands$*, all of which behae asper GNU make syntax.Thecommandwill
executein asuitabledirectoryin thebuild tree.

. Thecurrentdirectoryusedduringacustombuild stepis animplementatiordetailof thebuild
systemHoweverit canbeassumedhateachpackagewill haveits own directorysomeavhere
in the build tree,to preventfile nameclashesandthatthis will bethe currentdirectory In
additionary objectfiles generatedsa resultof compilepropertieswill belocatedhereas
well, whichis usefulfor custombuild stepsthatdependbna. o file previously generated.

Any temporaryfiles createdoy a custombuild stepshouldbe generatedn the build tree(in
or underthe currentdirectory). Suchfiles shouldbe givena . t np file extensionto ensure
thatthey aredeletedduringanake cl ean or equivalentoperation.

If a packagecontainsmultiple custombuild stepswith the samepriority, it is possiblethat
thesebuild stepswill berunconcurrently Thereforethesecustombuild stepsmustnotacci-
dentallyusethe samefile namedfor intermediatdiles.

. Carehasto betakento make surethatthe commandsn a custombuild stepwill runonall
hostplatforms,includingWindows NT aswell asLinux andotherUnix systemsFor exam-
ple, all file pathsshoulduseforward slashesasthe directory separatarlt canbe assumed
thatWindows userswill have afull setof CygWin toolsinstalledandavailableon the path.
The GNU coding standardghttp://www.gnu.og/prep/stadads.htn) provide someuseful
guidelinesfor writing portablebuild rules.

.A custombuild step mustnot make ary assumptionsoncerningthe versionof another
packageThis enforcegpackagesncapsulationpreventingone packagerom accessindghe
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internalsof another

h. No assumptionshouldbe madeaboutthe target platform, unlessthe packagés inherently
specificto thatplatform.Eventhenit is betterto usethe varioustokenswhenerer possible,
ratherthanhard-codingn detailssuchasthe compiler For example,givena custombuild
stepsuchas:

armel f-gcc -c -ncpu=arnvdi -0 $@ $<

Evenif this build stepwill only be invokedon ARM targets,it could causeproblems.For
examplethetoolchainmay have beeninstalledusinga prefix otherthanar m el f . Also, if
the userchangeshe compilerflagsthenthis would not be reflectedin the build step.The
correctway to write this rule would be:

$(CO) -c $(CFLAGS) -0 $@%<

Somecommandsuchasthecompiler, thearchiver, andobjcopy arerequiredsuficiently of-
tento warranttheir own tokens,for example$( CC) and$( OBJCOPY) . Othertarget-specific
commandsreneedednly rarelyandthe $( COWAND_PREFI X) tokencanbe usedto con-
structthe appropriatecommanchame for example:

$( COMMAND_PREFI X) si ze $< > $@

. Custombuild stepsshouldnot be usedto build host-sideexecutablesgvenif thoseexe-
cutablesare neededto build partsof the tamget side code. Supportfor building host-side
executablewill beaddedin afuture versionof the componenframawork, althoughit will
not necessarilynvolve thesecustombuild steps.

By default custombuild stepsdefinedin a make_objectpropertyhave a priority of 100, which
meansthat they will be executedin the samephaseas compilationsresultingfrom a compile
property It is possibleto changehe priority usinga propertyoption,for example:

nmake_object -priority 50 {
}

Specifyinga priority smallerthana 100meanghatthe custombuild stephappendeforethenor-
mal compilations Prioritiesbetweenl00 and 200 happenafter normalcompilationsbut before
thelibrariesarearchivedtogethermake objecpropertiesshouldnot specifya priority of 2000r
later.

Custombuild stepsdefinedin a make propertyhave a default priority of 300, andso they will
happerafterthelibrarieshave beenbuilt. Againthiscanbechangedisinga- pri ority property
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option.

Startup Code

Linking anapplicationrequiresheapplicationcode alinker script,theeCosdlibrary or libraries,
theext r as. o file, andsomestartupcode.Dependingn thetargethardwareandhow theappli-
cationgetsbooted this startupcodemaydolittle morethanbranchingo nei n() , orit mayhave
to performaconsiderablamountof hardwareinitialization. The startupcodegenerallylivesin a
file vect or s. o whichis createdoy a custombuild stepin aHAL packageAs farasapplication
developersare conceredhe existenceof this file is largely transparentsincethe linker script
ensureghatthefile is partof thefinal executable.

This startupcodeis not generallyof interestto componentvriters,only to HAL developerswvho
arereferredto one of the existing HAL packagedor specificdetails.Other packagesre not
expectedto modify the startupin any way. If a packageneedssomework performedearly on
during systeminitialization, beforethe applications main entry point getsinvoked, this canbe
achievedusinga staticobjectwith a suitableconstructopriority.

Note: It is possible that the extras. o support, in conjunction with appropriate linker script
directives, could be used to eliminate the need for a special startup file. The details are not
yet clear.

The Linker Script

Caution

This sectionis not finished, and the detailsare subjectto changein a
futurereleaseArguablylinker scriptissuesshouldbe documentedn the
HAL documentatiomatherthanin this guide.

Generatinghelinker scriptis theresponsibilityof thevariousHAL packageshatareapplicable
to a giventarmget. Developersof componentotherthanHAL packageseednot be concerned
aboutwhat is involved. Developersof new HAL packageshouldusean existing HAL asa
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template.

Note: It may be desirable for some packages to have some control over the linker script, for
example to add extra alignment details for a particular section. This can be risky because
it can result in subtle portability problems, and the current component framework has no
support for any such operations. The issue may be addressed in a future release.

Building Test Cases
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Caution

The supportin the currentimplementatiorof the componenframewnork
for building and running test casesis limited, and shouldbe enhanced
considerablyin a future version.Compatibility with the existing mecha
nismsdescribedbelov will be maintainedf possible but this cannotbe
guaranteed.

Whenever possiblepackageshouldbe shippedwith oneor moretestcasesThis allows users
to checkthatall packages$unctioncorrectlyin their particularconfigurationandon their target,
whichmaybecustomhardwareunavailableto the packagealeveloper Thecomponenframework
needsto provide a way of building suchtestcasesFor example,if a makefile systemis used
thentherecould be a nake t ests targetto build the testcasesor possiblya nake check

targetto build andrun thetestcasesandprocessall theresults.Unfortunatelytherearevarious
complications.

Not everytestcasewill beapplicableo every configurationFor exampleif theuserhasdisabled
the C library’s CYGPKG_LI BC_STDI O componenthenthereis no point in building or running
ary of thetestcasedor thatcomponentThis impliesthattestcasemeedto be associatedvith

configurationoptionssomehav. It is possiblefor thetestcaseto useoneor more#i f def state-
mentsto checkwhetheror not it is applicablein the currentconfiguration,and compileto a
null programwhennotapplicable Thisis inefficientbecauséhetestcasewill still getbuilt and
possiblyrun, eventhoughit will notprovide ary usefulinformation.
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Many packagesnvolve directinteractionwith hardware,for exampleaserialline or anethernet
interface.In suchcasest is only worthwhile building andrunningthe testif thereis suitable
software running at the otherend of the serialline or listeningon the sameethernetsegment,
andthat software would typically have to run on the host. Of coursethe serialline in question
may be hooked up to a differentpieceof hardware which the applicationneedsto talk to, so
disconnectingt andthenhookingit up to the hostfor runningsometestsmay be undesirable.
Thedecisionasto whetheror notto build thetestdependsotjust on theeCosconfiguratiorbut
alsoon the hardwaresetupandthe availability of suitablehostsoftware.

Therearedifferentkinds of tests,andit is not alwaysdesirableo run all of them.For examplea
packagemay containa numberof stresgestsintendedto run for long periodsof time, possibly
daysor longer Suchtestsshouldcertainlybe distinguishedsomehav from ordinarytestcases
sothatuserswill not run themaccidentallyandwonderhow long they shouldwait for a pass
messagéeforegiving up. Stressestsmayalsohave dependenciesnthehardwareconfiguration
andon hostsoftware,for examplea network stresgestmayrequirelots of ethernepaclets.

In the currentimplementatiorof the componenframenork theseissuesare not yet addressed.
Insteadthereis only very limited supportfor building test cases Any packagecan definea
calculatedconfigurationoption of the form CYGPKG_<package- name>_TESTS, whosevalue
is alist of testcasesThecalculategpropertycaninvolveanexpressiorsoit is possibleo adapto
a smallnumberof configurationoptions,but this quickly becomesinwieldy: A typical example
would be:

cdl _option CYGPKG Ul TRON_TESTS {

di splay "ul TRON tests"

flavor data

no_defi ne

calculated { "tests/testl tests/test2 tests/test3 \
tests/test4 tests/test5 tests/test6 tests/test7 \
tests/test8 tests/test9 tests/testcxx tests/testcx2 \
tests/testcx3 tests/testcx4 tests/testcx5 \
tests/testcx6 tests/testcx7 tests/testcx8 \
tests/testcx9 tests/testintr” }

description

This option specifies the set of tests for the ul TRON conpatibility layer."

}

Thisimpliesthatthereis afile test s/test 1. c ortest s/ test 1. cxx in the packages direc-
tory. Thecommandshatwill beusedto build thetestcasewill take theform:

$(CC -c $(I NCLUDE_PATH) $(CFLAGS) -0 <build path>/testl.0 \

<source path>/tests/testl.c
$(CC) $(LDFLAGS) -0 <install path>/tests/testl <build_path>/testl.o
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Thevariables$( CC) andsoon aredeterminedn the sameway asfor custombuild steps.The
variouspathsandthecurrentdirectorywill dependnthe exactbuild systembeingused,andare
subjectto change As usualthe sourcesn the componentepositoryaretreatedasa read-only
resourcesintermediatefiles live in the build tree,andthe desiredexecutableshouldendupin
theinstalltree.

Eachtest sourcefile mustbe self-containedlt is not possibleat presentto build a little per
packagédibrary thatcanbeusedby thetestcasesorto link togetheisereralobjectfilesto produce
asingletestexecutableln somecasest maybepossibleto #i ncl ude sourcecodefrom ashared

file in orderto avoid unnecessargodereplication.Thereis no supportfor manipulatingcompiler

or linkerflagsfor individual testcasestheflagsthatwill beusedfor all files are$( CFLAGS) and

$( LDFLAGS) , aspercustombuild stepsNotethatit is possiblefor a packageo defineoptionsof

theform CYGPKG_<PACKAGE- NAVE>_LDFLAGS_ADDandCYGPKG_<PACKAGE- NAVE>_LDFLAGS_REMOVE.

Thesewill affecttestcasesbutin theabsencef custombuild stepgthey will have no othereffect
onthebuild.
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Thischaptercontaingeferencenformationfor themainCDL commandsd! _opti on,cdl _conponent ,
cdl _package andcdl _i nterf ace, followed by the variouspropertiessuchasactive_if and
compilein alphabeticabrder

cdl _option

Name

Conmmand cdl _opti on — Defineasingleconfigurationoption

Synopsis
cdl _option <nane> {

}

Description

Theoptionis thebasicunit of configurability Generallyeachoptioncorrespondso asingleuser
choice.Typically thereis a certainamountof informationassociateavith anoptionto assisthe
userin manipulatinghatoption,for exampleatextual descriptionTherewill alsobesomelimits
on the possiblevaluesthatthe usercanchoose so an option may be a simpleyes-orno choice
or it may be somethingnorecomplicatedsuchasan arraysizeor a device name.Optionsmay
have associated@onstraintssoif thatoptionis enabledthencertainconditionshave to satisfied
elsavherein the configuration.Optionsusuallyhave direct consequencesuchas preprocessor
#def i ne symbolsin a configurationheadefile.

cdl _opti on is implementechsa Tcl commandhattakestwo argumentsa nameanda body.
The namemustbe a valid C preprocessoidentifier: a sequencef upperor lower caseletters,
digitsor underscorestartingwith anon-digitcharacteridentifiersbeginningwith anunderscore
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shouldnormally be avoided becausghey may clashwith systempackagesr with identifiers
resened for use by the compiler Within a single configuration,namesmust be unique.If a
configurationcontainedtwo packagesvhich definedthe sameentity CYG MP_SQOVE_OPTI ON,

ary referenceso thatentityin arequiregpropertyor ary otherexpressiorwould beambiguouslt

is possiblefor agivennameto beusedby two differentpackage# thosepackageshouldnever
be loadedinto a single configuration.For example, architecturalHAL packagesare allowed
to re-usenamesbecause single configurationcannottarget two differentarchitecturesFor a
recommendedamingcorventionseethe sectioncalledPadkage ContentsandLayoutin Chapter
2.

Thesecondargumentto cdl _opt i on is abodyof propertiestypically surroundedy bracesso

thatthe Tcl interpretertreatsit asa singleargument.This bodywill be processedby arecursie

invocationof the Tcl interpreter extendedwith additionalcommanddor the variousproperties
thatareallowedinsideacd! _opti on. Thevalid propertiesare:

active_if

Allow additionalcontrolover the active stateof this option.

calculated
The option’s value is not directly usermodifiable, it is calculatedusing a suitable CDL
expression.

compile

List the sourcefiles thatshouldbe built if this optionis active andenabled.

default \alue

Provide a default valuefor this optionusinga CDL expression.

define
Specifyadditional#def i ne symbolsthat shouldgo into the owning packages configura-
tion headefile.

define_format

Controlhow the option’'s valuewill appeain the configurationheadeffile.
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define_proc

Useafragmentof Tcl codeto outputadditionaldatato configurationheadeffiles.

description

Provide atextual descriptiorfor this option.

display

Provide a shortstringdescribingthis option.

doc

Thelocationof on-line documentatiorfor this option.

flavor

Specifythe natureof this option.

if _define

Outputa commonpreprocessoconstructo a configurationheadeffile.

implements

Enablingthis option providesoneinstanceof a moregenerainterface.

legal_\alues

Imposeconstraintson the possiblevaluesfor this option.

make

An additionalcustombuild stepassociatedvith this option,resultingin atargetthatshould

notgodirectlyinto alibrary.

make_object

An additionalcustombuild stepassociatedvith this option, resultingin an objectfile that

shouldgointo alibrary.
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no_define
Suppresshenormalgeneratiorof apreprocessatdef i ne symbolin aconfiguratiorheader
file.

parent

Controlthelocationof this optionin the configuratiorhierarchy

requires

List constraintghatthe configurationshouldsatisfyif this optionis active andenabled.

Example

cdl _opti on CYGDBG_| NFRA_DEBUG PRECONDI Tl ONS {

di spl ay "Precondi tions"

defaul t _value 1

description "
This option allows individual control of preconditions.
A precondition is one type of assert, which it is
useful to control separately fromnore general asserts.
The function is CYG PRECONDI Tl ON(condi tion, nsg)."

See Also

Commandd! _conponent , commanddl _package, commanctdl _i nt er f ace.
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Name

Conmmand cdl _conponent — Defineacomponentacollectionof configurationoptions

Synopsis
cdl _conponent <name> {

}

Description

A components a configurationoptionthat cancontainadditionaloptionsandsub-components.
The body of a cdl _conponent can containthe samepropertiesas that of a cdl _opti on.
Thereis an additional property script which allows configurationdatato be split into multi-
plefiles. It is alsopossiblefor acomponenbodyto includecd! _conponent ,cdl _opti on and
cdl _i nt er f ace entitiesthatshouldgo below this componentn the configuratiorhierarchy

cdl _conponent is implementedasa Tcl commandthat takestwo argumentsa nameand a
body. The namemustbe a valid C preprocessoidentifier: a sequencef upperor lower case
letters digits or underscorestartingwith anon-digitcharacteridentifiersbeginningwith anun-
derscoreshouldnormallybe avoidedbecaus¢hey mayclashwith systempackagesr with iden-
tifiers resenedfor useby the compiler Within a singleconfigurationnamesmustbe unique.If
a configurationcontainedwo packagesvhich definedthe sameentity CYG MP_SOVE_OPTI ON,
ary referenceso thatentityin arequiregpropertyor ary otherexpressiorwould beambiguouslt
is possiblefor agivennameto beusedby two differentpackage# thosepackageshouldnever
be loadedinto a singleconfiguration.For example,architecturaHAL packagesreallowedto
re-usecertainnamesbecausea single configurationcannottarget two differentarchitectures.
For arecommendediamingcornventionseethe sectioncalled Package Contentsand Layoutin
Chapter2.

Thesecondargumentto cdl _conponent is abodyof propertiesandothercommandstypically
surroundedy bracessothatthe Tcl interpretertreatsit asa singleargument.This bodywill be
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processedby a recursve invocationof the Tcl interpreter extendedwith additionalcommands
for thevariouspropertieghatareallowedinsideacdl _conponent . Thevalid commandsre:

active_if

Allow additionalcontrolover the active stateof this component.

calculated
Thecomponensvalueis notdirectly usermodifiable,it is calculatedusinga suitableCDL
expression.

cdl _conponent

Definea sub-component.

cdl _interface
Defineaninterfacewhich shouldappeaimmediatelybelow this componentn the configu-
rationhierarchy

cdl _option
Define a configurationoption which shouldappeaimmediatelybelown this componenin
the configurationhierarchy

compile

List the sourcefiles thatshouldbe built if this components active andenabled.

default \alue

Provide a default valuefor this componentisinga CDL expression.

define

Specifyadditional#def i ne symbolsthat shouldgo into the owning packages configura-
tion headefile.

define_format

Controlhow thecomponensvaluewill appeain theconfigurationheadeffile.
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define_proc

Useafragmentof Tcl codeto outputadditionaldatato configurationheadeffiles.

description

Provide atextual descriptiorfor thiscomponent.
display
Provide a shortstringdescribingthis component.

doc

Thelocationof on-line documentatiotior this component.

flavor

Specifythe natureof this component.
if _define
Outputa commonpreprocessoconstructo a configurationheadeffile.

implements

Enablingthis componenprovidesoneinstanceof a moregenerainterface.

legal_\alues

Imposeconstraintson the possiblevaluesfor this component.

make
An additionalcustombuild stepassociatedvith this componentresultingin a targetthat
shouldnotgo directlyinto alibrary.

make_object

An additionalcustombuild stepassociateavith this componentresultingin anobjectfile
thatshouldgointo alibrary.
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no_define
Suppresshenormalgeneratiorof apreprocessatdef i ne symbolin aconfiguratiorheader
file.

parent

Controlthe locationof this componentn the configuratiorhierarchy

requires

List constraintghatthe configuratiorshouldsatisfyif thiscomponents actve andenabled.

script

Includeadditionalconfigurationinformationfrom anotherCDL script

Example

cdl _conponent CYGDBG_USE_ASSERTS {

di spl ay "Use asserts"

defaul t _value 1

description "
If this conmponent is enabled, assertions in the code are
tested at run-time. Assert functions (CYG ASSERT()) are
defined in "include/cyg/infra/cyg_ass.h’ within the "install’
tree. If the conponent is disabled, these result in no
addi ti onal object code and no checking of the asserted
condi tions."

script assert. cdl

See Also

Command:dl _opt i on,command:dl _package,commanccdl _i nterface.
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Name

Conmmand cdl _package — Definea packagea componenthatcanbedistributed

Synopsis
cdl _package <nanme> {

}

Description

A packageis a unit of distribution. It is also a configurationoption in that userscan choose
whetheror not a particularpackages loadedinto the configuration,andwhich versionof that

packageshouldbe loaded.It is alsoa componenin thatit cancontainadditionalcomponents
andoptionsin a hierarchy

Thetop-level CDL scriptfor a packageshouldbegin with acdl _package commandThis can
containmostof thepropertieghatcanbeusedin acdl _opt i on commandandanumberof ad-
ditionaloneswhich applyto apackagesawhole.lt is alsopossiblgoincludecd! _conponent ,
cdl _i nterface andcdl _opti on commandsn the body of a packageHowever all configu-
rationentitiesthatoccuratthetop level of thescriptcontainingthecdl _package commandare
automaticallyplacedbelow that packagen the configurationhierarchy so putting theminside
thebodyhasno effect.

Thefollowing propertiescannotbe usedin thebodyof acdl _package command:

flavor

Packageslwayshave theflavor bool dat a.

123



cdl _package

124

default \alue

The value of a packagsis its versionnumber This is specifiedat the time the packages
loadednto theconfigurationandcannotbecalculatedafterwards.Typically themostrecent
versionof thepackagewill beloaded.

legal values

Thelegalvaluedist for agivenpackageas determinedy which versionsof thatpackageare
installedin thecomponentepository andcannotbe furtherconstrainedn the CDL scripts.

calculated

Thevalueof a packages alwaysselectechtthetime thatit is loadedinto theconfiguration,
andcannotbere-calculateafternards.

script

Thiswould beredundansincethe CDL scriptcontainingthecdl _package commandacts
asthatpackages script.

cdl _package is implementedhsa Tcl commandhattakestwo argumentsa nameanda body:.
The namemustbe a valid C preprocessoidentifier: a sequencef upperor lower caseletters,
digitsor underscorestartingwith anon-digitcharacteridentifiersbeginningwith anunderscore
shouldnormally be avoided becausehey may clashwith systempackagesr with identifiers
resened for useby the compiler Packagesshould always have unique nameswithin a given
componentepository For a recommendegamingcorventionseethe sectioncalled Package
ContentsandLayoutin Chapter2.

The secondargumentto cdl _package is a body of propertiesand othercommandstypically
surroundedy bracessothatthe Tcl interpretertreatsit asa singleargument.This bodywill be
processedby a recursve invocationof the Tcl interpreter extendedwith additionalcommands
for thevariouspropertieghatareallowedinsideacdl _package. Thevalid commandsre:

active_if

Allow additionalcontrolover the active stateof this package.
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cdl _conponent
Defineacomponentvhich shouldappeaimmediatelybelow this packagen theconfigura-
tion hierarchy

cdl _interface
Defineaninterfacewhich shouldappeaimmediatelybelow this packagen the configura-
tion hierarchy

cdl _option
Defineanoptionwhich shouldappeaimmediatelybelow this packagen the configuration
hierarchy

compile

List the sourcefiles thatshouldbe built for this package.

define

Specifyadditional#def i ne symbolsthatshouldgointo the packages configuratiorheader
file.

define_format

Control how the packages valuewill appearin the global configurationheadeffile pkg-
conf/systemh

define_header

Specifythe configuratiorheadefile thatwill begeneratedor this package.

define_proc

Useafragmentof Tcl codeto outputadditionaldatato configurationheadeffiles.

description

Provide atextual descriptiorfor this component.

display

Provide a shortstring describingthis component.
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doc

Thelocationof on-line documentatiotior this component.

hardware

This packagas tied to specifichardware.

if _define

Outputa commonpreprocessoconstructo a configurationheadeffile.

implements

Enablingthis componenprovidesoneinstanceof amoregeneralnterface.

include_dir

Specifythe desiredocationof this packages exportedheadeffiles in theinstall tree.

include_files

List theheadeffiles thatareexportedby this package.

library
Specifywhich library shouldcontainthe objectfiles generatedby building this package.

make
An additionalcustombuild stepassociatedvith this componentresultingin a targetthat
shouldnotgo directlyinto alibrary.

make_object
An additionalcustombuild stepassociateavith this componentresultingin anobjectfile
thatshouldgointo alibrary.

no_define

Suppresshenormalgeneratiorof thepackages#def i ne in theglobalconfiguratiorheader
file pkgconf/ system h.
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parent

Controlthelocationof this packagen the configuratiorhierarchy

requires

List constraintghatthe configurationshouldsatisfyif this packages actie.

Example

cdl _package CYGPKG_ | NFRA {
di spl ay "Infrastructure"
i ncl ude_dir cyg/infra
description "
Common types and useful nacros
Tracing and assertion facilities.
Package startup options."

conpil e startup.cxx prestart.cxx pkgstart.cxx userstart.cxx \
dummyxxmai n. cxx null.cxx sinple.cxx fancy.cxx buffer.cxx \
di ag. cxx tcdi ag. cxx mencpy.c nenset.c del ete. cxx

See Also

Command:dl _opt i on,command:dl _conponent ,command:dl _i nterf ace.
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Name

Conmand cdl _i nt er f ace — Defineaninterface functionalitythatcanbe providedby a
numberof differentimplementations.

Synopsis
cdl _interface <name> {

}

Description

An interfaceis a specialypeof calculatecconfigurationoption.It providesanabstractiormech-
anismthatis oftenusefulin CDL expressionsAs anexample,supposghatsomepackageelies
on the presencef codethatimplementshe standardkernelschedulingnterface.However the
requirementis no more stringentthan this, so the constraintcan be satisfiedby the mlqueue
schedulerthe bitmap scheduleror ary additionalschedulerghat may getimplementedn fu-

ture. A first attemptat expressinghe dependengmight be:

requires CYGSEM KERNEL SCHED ML.QUEUE || CYGSEM KERNEL SCHED Bl TMAP

This constraintis limited, it may needto be changedf anew schedulemwereto be addedto the
systemlnterfacesprovide away of expressingmoregenerarelationships:

requi res CYQ NT_KERNEL_SCHEDULER

The interface CYG NT_KERNEL_SCHEDULER is implementedy both the mlqueueand bitmap
schedulersandmay be implementedby future scheduleraswell. The valueof aninterfaceis
the numberof implementorghat areactive andenabledsoin atypical configurationonly one
schedulemwill bein useandthe value of the interfacewill be 1. If all schedulersredisabled
thentheinterfacewill have avalue0 andtherequiresconstraintwill notbe satisfied.
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Somecomponentvriters may preferto usethe first requiresconstrainton the groundsthat the
codewill only have beentestedwith the miqueueandbitmapschedulerandcannotbe guaran-
teedto work with any new schedulersOthercomponentvritersmaytake a moreoptimisticview
andassumaehattheir codewill work with any scheduleuntil provenotherwise.

Interfacesmust be definedin CDL scripts,just like options,componentsand packagesThis
involvesthe commandcd! _i nt er f ace which takestwo argumentsa nameanda body. The
namemustbeavalid C preprocessddentifier:asequencef upperor lower casdetters digitsor
underscoresstartingwith a non-digitcharacteridentifiersbeginningwith anunderscoreshould
normally be avoided becausehey may clashwith systempackage®r with identifiersresened
for useby the compiler Within a singleconfigurationnameanustbe unique.If aconfiguration
containedwo packagesvhich definedthe sameentity CYG MP_SOME_OPTI ON, ary references
to thatentity in arequirespropertyor ary otherexpressiorwould beambiguousilt is possiblefor
agivennameto beusedby two differentpackage# thosepackageshouldneverbeloadedinto
a single configuration.For example,architecturalHAL packagesre allowed to re-usenames
becausea single configurationcannottarget two differentarchitecturesFor a recommended
namingcornventionseethe sectioncalledPadkage Contentsand Layoutin Chapter2.

Thesecondargumentto cdl _i nt er f ace is abodyof propertiestypically surroundedby braces
sothatthe Tcl interpretertreatsit asa singleargument.This bodywill be processedby a recur

sive invocationof the Tcl interpreter extendedwith additionalcommanddor the variousprop-
ertiesthatareallowedinsideacd! _i nt er f ace. Thevalid propertiesarea subsebf thosefor a

cdl _option.

active_if

Allow additionalcontrol over the active stateof this interface.
compile

List the sourcefiles thatshouldbe built if this interfaceis active.

define

Specifyadditional#def i ne symbolsthat shouldgo into the owning packages configura-
tion headefile.

define_format

Controlhow theinterfaces valuewill appeaiin the configurationheadefile.
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define_proc

Useafragmentof Tcl codeto outputadditionaldatato configurationheadeffiles.

description

Provide atextual descriptiorfor this interface.

display

Provide a shortstringdescribingthis interface.

doc

Thelocationof on-linedocumentatiorfor thisinterface.

if _define

Outputa commonpreprocessoconstructo a configurationheadeffile.

implements

If thisinterfaceis active it providesoneinstanceof amoregeneralnterface.

legal values
Interfacesalways have a small numericalvalue. The legal valuescan be usedto apply
additionalconstraintsuchasanupperlimit.

make
An additionalcustombuild stepassociatedvith this option,resultingin atargetthatshould
notgodirectlyinto alibrary.

make_object
An additionalcustombuild stepassociatedvith this option, resultingin anobjectfile that
shouldgointo alibrary.

no_define

Suppresshenormalgeneratiorof apreprocessatdef i ne symbolin aconfiguratiorheader
file.
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parent

Controlthelocationof this optionin the configuratiorhierarchy

requires

List constraintghatthe configurationshouldsatisfyif this optionis active andenabled.

A numberof propertiesarenot applicableto interfaces:

calculated
Interfacesare always calculated basedon the numberof active and enabledentitiesthat
implementtheinterface.

default_\alue

Interfacevaluesarecalculatedsoa default_valuepropertywould be meaningless.

flavor

Interfacesalwayshave theflavor dat a.

Interfacesarenot containerssothey cannothold otherentitiessuchasoptionsor components.

A commonlyusedconstraintoninterfacevaluestakesthe form:

requires CYQ NT_KERNEL_SCHEDULER == 1

This constraintspecifiesthat there can be only one scheduleiin the system.In somecircum-
stancest is possiblefor the configurationtoolsto detectthis patternandactaccordingly sofor
exampleenablingthe bitmapschedulemwould automaticallydisablethe miqueuescheduler

Interfacesalways have the dat a flavor, sothey are always enabled.Thereforeany compile or
otherbuild-relatedpropertieswill alwaystake effectif theinterfaceis active, evenif theinterface
hasavalueof 0 becausaothingimplementst.

Note: It is possible that the flavor of an interface may change to bool dat a in a future ver-
sion of the configuration system. An interface with no active enabled implementors would
have a value of 0, which would result in the interface being disabled. This is analogous to
the behavior of the default_value and calculated properties for other bool dat a entities. The
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implications of such a change are not yet well-understood, but it would have the advantage
that interfaces could now be used as containers.

Example

cdl _interface CYG NT_KERNEL_SCHEDULER {
di splay "Nunber of schedulers in this configuration”
requires 1 == CYQ NT_KERNEL_SCHEDULER

See Also

Propertyimplementscommanddl _opt i on.commancdl _conponent ,commancd| _package.
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Name

Property active_if — Allow additionalcontroloverthe active stateof anoptionor
otherCDL entity.

Synopsis

cdl _option <nane> {
active_if <condition>

Description

Configuratioroptionsor otherentitiesmaybeeitheractive or inactive. Typically thisis controlled

by theoption’slocationin theoverallhierarchyConsidetheoptionCYGDBG | NFRA DEBUG_PRECONDI TI ONS,
which exists belon the componenCYGDBG _USE_ASSERT. If the whole componentis disabled

thenthe optionsit containsareinactive: thereis no pointin enablingpreconditionsunlessthere

is genericassertiorsupport;ary requiresconstraint@associatedvith preconditionsareirrelevant;

arny compilepropertyor otherbuild-relatedpropertyis ignored.

In somecasesghe hierarchydoesnot provide sufficient control over whetheror not a particu-
lar option shouldbe active. For example,the mathlibrary could have supportfor floating point
exceptionswhich is only worthwhile if the hardwareimplementsappropriatefunctionality, as
specifiedby the architecturaHAL. The relevantmathlibrary configurationoptionsshouldre-
main belowv the CYGPKG_LI BM packagen the overall hierarchy but shouldbe inactive unless
thereis appropriatéhardwaresupport.In casedik e this anactive_if propertyis appropriate.

Anothercommonuseof active_if propertiesis to avoid excessve nestingin the configuration
hierarchy If someoptionB is only relevantif option A is enabledijt is possibleto turn A into
a componenthat containsB. However addinganotherlevel to the hierarchyfor a component
whichwill containjust oneentrymaybe consideredxcessie. In suchcasest is possiblefor B
to haveanactive_if dependengonA.
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active_iftakesagoalexpressiorasargumentor detailsof goalexpressiorsyntaxseethesection
calledGoal Expressionsn Chaptel3. In mostcaseshegoalexpressiowill beverysimple,often

involving justoneotheroption,but morecomplicatedexpressionganbeusedwhenappropriate.
It is alsopossibleto have multiple active_if conditionsin asingleoption,in which caseall of the

conditionshave to be satisfiedf theoptionis to beactve.

Theactive_if andrequiregpropertieshave certainsimilarities,but they sene a differentpurpose.
Supposéherearetwo optionsA andB, andoptionB relieson functionalityprovidedby A. This
couldbeexpressedseitheracti ve_i f Aorasrequires A. Thepointsto noteare:

- If active_if AisusedandA is disabledor inactive, thengraphicaltools will generally
preventary attemptat modifying B. For examplethetext for B could be grayedout, andthe
associateathecklutton (if B is a booleanoption) would be disabled.If the userneedsthe
functionality provided by option B thenit is necessaryo go to option A first andmanipulate
it appropriately

- If requires A is usedandA is disabledor inactive, graphicaltools will still allow B to
be manipulatedand enabled.This would resultin a new conflict which may get resoled
automaticallyor which may needuserintervention.

. If thereare hardware dependenciethenan active_if conditionis usually the preferredap-
proach.Thereis no point in allowing the userto manipulatea configurationoption if the
correspondindunctionality cannotpossiblywork on the currently-selectethardware.Much
the sameargumentappliesto coarse-grainedependenciedor exampleif anoptiondepends
on the presencef a TCP/IPstackthenanacti ve_i f CYGPKG_NET conditionis appropri-
ate:it maybepossibleto satisfythe condition,but it requiresthefairly drasticstepof loading
anothempackagefurther more,if the userwanteda TCP/IP stackin the configurationthenit
would probablyhave beenloadedalready

- If optionB existsto provide additionaldehugginginformationaboutthefunctionalityprovided
by A thenagainanactive_if constrainis appropriateThereis no pointin letting usersenable
extradehuggingfacilitiesfor afeaturethatis notactuallypresent.

« The configurationsystems inferenceenginewill cope equally well with active_if and re-
quirespropertiesSupposehereis a conflict becausesomethird optiondependn B. If B is
active_i f Athentheinferenceenginewill attemptto make A active andenabledandthen
to enableB if necessanyif B requi res A thentheinferenceenginewill attemptto enable
B andresole theresultingconflict by causingA to be bothactive andenabled Althoughthe
inferenceoccursin a differentorder, in mostcaseghe effectwill bethesame.



Example

# Do not provide extra semaphore debugging if there are no semaphores
cdl _opti on CYGDBG_KERNEL_| NSTRUVENT_BI NSEM {
active_i f CYGPKG_KERNEL_SYNCH

}
# Avoi d another level in the configuration hierarchy

cdl _option CYGSEM KERNEL SYNCH MUTEX_ PRI ORI TY_| NHERI TANCE_SI MPLE_RELAY {
active_if CYGSEM KERNEL_SYNCH MUTEX_PRI ORI TY_I NHERI TANCE_SI MPLE

}
# Functionality that is only relevant if another package is |oaded

cdl _opti on CYGSEM START_UI TRON_COWPATI BI LI TY {
active_i f CYGPKG U TRON

}

# Check that the hardware or HAL provide the appropriate functionality
cdl _option CYGDBG HAL_DEBUG GDB_BREAK_SUPPORT {
active_i f CYGQ NT_HAL_DEBUG GDB_STUBS BREAK

See Also

Propertyrequires.

active_if
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Name

Property cal cul at ed — Usedif thecurrentoption’svalueis notusermodifiable,but is
calculatedusinga suitableCDL expression.

Synopsis

cdl _option <nane> {
cal cul ated <expression>

Description

In somecasest is usefulto have a configurationoptionwhosevaluecannotbe modifieddirectly
by theuser This canbe achievedusinga calculatedwhich takesa CDL expressiomasargument
(seethe sectioncalled Ordinary Expressiongn Chapter3 for a descriptionof expressionsyn-
tax). The configurationsystemevaluateghe expressiorwhenthe currentpackages loadedand
wheneverthereis a changeo ary otheroptionreferencedn the expressionTheresultdepends
ontheoption'sflavor:

flavor
none

Optionswith this flavor have no value,sothe calculatedoropertyis not applicable.

flavor
bool

If theexpressiorevaluatego anon-zeraesulttheoptionis enabledptherwiset is disabled.
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flavor
bool -
dat a

If theresultof evaluatingthe expressionis zerothenthe optionis disabled otherwisethe
optionis enabledandits valueis theresult.

flavor
dat a

Thevalueof theoptionis theresultof evaluatingthe expression.

Thereare a numberof valid usesfor calculatedoptions,andthereare alsomary caseswhere
someotherCDL facility would bemoreappropriateValid usesof calculatedptionsincludethe
following:

« On sometarget hardware a particularfeaturemay be userconfigurable while on othertar-
getsit is fixed. For examplesomeprocessorganoperatein eitherbig-endianor little-endian
mode,while otherprocessorslo not provide ary choice.lt is possibleto have an option CY-
GARC_BI GENDI ANwhichis calculatedn somearchitecturaHAL packagebsutusermodifiable
in others.

« Calculatedoptionscan provide an alternatve way for one packageto affect the behavior of
anotherone.Supposea packagemay provide two possibleimplementationsa preferredone
involving self-modifyingcodeanda slower alternatve. If the systeminvolvesa ROM boot-
strapthenthe slower alternatve mustbe used,but it would be inappropriateto modify the
startupoptionin every HAL to imposeconstraintson this packagelnsteadit is possibleto
have a calculateptionwhosevalueis { CYG HAL_STARTUP == "ROM' }, andwhichhas
appropriateconsequencegrguablythisis a spuriousexample,andit shouldbea userchoice
whetheror notto useself-modifyingcodewith a default_valuebasecn CYG_HAL_STARTUP,
but thatis for thecomponentwriter to decide.

« Sometimest shouldbe possibleto performa particulartestat compile-time,for exampleby
usingaC preprocessati f constructHoweverthepreprocessdrasonly limited functionality,
for exampleit cannotperformstringcomparisonsCDL expressionaremorepowerful.

« Occasionallya particularsub-expressionmay occur multiple timesin a CDL script. If the
sub-epressions sufficiently complec thenit may be worthwhile to have a calculatedoption
whosevalueis the sub-epressionandthenreferenceahatcalculatedptionin theappropriate
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places.

Alternativesto usingcalculatedptionsincludethefollowing:

- CDL interfacesare a form of calculatedoption intendedas an abstractionmechanismAn
interfacecanbe usedto expressthe conceptof any scheduler, asopposedo a specificone
suchasthebitmapscheduler

« If acalculatedbptionwould sene only to addadditionalinformationto a configuratiorheader
file, it maybe possibleto achieve the sameeffect usinga define_progropertyor oneof the
otherpropertiegelatedto headeffile generation.

Tip: Ifthe first entry in a calculated expression is a negative number, for example cal cul at ed -
1 then this can be misinterpreted as an option instead of as part of the expression. Currently
the calculated property does not take any options, but this may change in future. Option
processing halts at the sequence -, so the desired value can be expressed safely using
calculated - -1

Warning

Someof the CDL scriptsin currenteCosreleasesnake excessve useof
calculatedoptions.This is partly becausdhe recommendealternatves
were not always available at the time the scriptswerewritten. It is also
partly becausehereis still somemissingfunctionality, for examplede-
fine_procpropertiescannotyet accesshe configurationdataso it may
be necessaryo usecalculatedoropertiesto accesshe dataand perform
the desiredmanipulationvia a CDL expressionNew scriptsshoulduse|
calculatedoptionsonly in accordancevith theguidelines.

Note: For options with the booldata flavor the current CDL syntax does not allow the enabled
flag and the value to be calculated separately. Functionality to permit this may be added in a
future release.

Note: It has been suggested that having options which are not user-modifiable is potentially
confusing, and that a top-level cdl _const ant command should be added to the language
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instead of or in addition to the calculated property. Such a change is under consideration.
However because the value of a calculated option can depend on other options, it is not
necessarily constant.

Example
# A constant on sone target hardware, perhaps user-nodifiable on other
# targets.
cdl _opti on CYGNUM HAL_RTC _PERI OD {
di spl ay "Real -tinme clock period"
flavor dat a
cal cul ated 12500
}
See Also

Propertiedefault \alue,flavor andlegal \values,
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Name

Property conpi | e — List thesourcefiles thatshouldbebuilt if this optionis active and
enabled.

Synopsis

cdl _option <nane> {
conpile [-library=libxxx.a] <list of files>

Description

Thecompilepropertyallows componentleveloperdo specifysourcefiles which shouldbecom-
piled andaddedto one of the targetlibraries. Usually eachsourcefile will endup the library
l'i btarget. a. It is possiblefor componentwriters to specifyan alternatve library for an en-
tire packageusingthe library property Alternatively the desiredibrary canbe specifiedon the
compileline itself. For example,to adda particularsourcefile to thel i bext r as. a library the
following couldbeused:

cdl _package CYGPKG_| O SERI AL {

conpile -library=libextras.a comon/tty.c

}

Detailsof thebuild processncludingsuchissuesascompilerflagsandthe orderin which things
happercanbefoundin Chapter4.

compilepropertiesanoccurin ary of cdl _opti on,cdl _conponent ,cdl _package orcdl _i nterf ace.
A compilepropertyhaseffectif andonly if theentitythatcontainst is active andenabledTypi-
cally thebodyof acdl _package will defineary sourcefiles thatneedto bebuilt irrespectve of
individual options,andeachcdl _conponent, cdl _opti on, andcdl _i nt er f ace will define
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sourcefilesthataremorespecific.A singlecompilepropertycanlist any numberof sourcefiles,
all destinedfor the samelibrary. A cdl _opti on or otherentity cancontainmultiple compile
propertiesgachof which canspecifya differentlibrary. It is possiblefor a givensourcefile to
be specifiedn compilepropertiesor severaldifferentoptions,in which casethe sourcefile will
getbuilt if any of theseoptionsareactive andenabled.

If the packagefollows the directorylayout conventionsthenthe configurationtools will search
for the specifiedsourcefiles first in the sr ¢ subdirectoryof the packagethenrelative to the
packagedlirectoryitself.

Note: A shortcoming of the current specification of compile properties is that there is no
easy way to specify source files that should be built unless an option is enabled. It would
sometimes be useful to be able to say: “if option A is enabled then compile file x. c, otherwise
compile file y. c. There are two simple ways of achieving this:

« Always compiley. c, typically by listing it in the body of the cdl _package, butuse #i f ndef A
to produce an empty object file if option A is not enabled. This has the big disadvantage
that the file always gets compiled and hence for some configurations builds will take longer
than necessary.

» Use a calculated option whose value is ! A, and have a conpi | e y. ¢ property in its body.
This has the big disadvantage of adding another calculated option to the configuration.

It is likely that this will be resolved in the future, possibly by using some sort of expression as
the argument to a compile property.

Note: Currently it is not possible to control the priority of a compile property, in other words
the order in which a file gets compiled relative to other build steps. This functionality might
prove useful for complicated packages and should be added.

Example

cdl _package CYGPKG_| NFRA {
di spl ay "Infrastructure"
include_dir cyg/infra
description
Common types and useful nacros.
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Tracing and assertion facilities.
Package startup options."

conpil e startup.cxx prestart.cxx pkgstart.cxx userstart.cxx \
dunmmyxxmai n. cxx nmencpy.c nenset.c del ete.cxx \
di ag. cxx tcdi ag. cxx

See Also

Propertiesnake, make_objectandlibrary.
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Name

Property default_val ue — Provide adefaultvaluefor this optionusinga CDL
expression.

Synopsis

cdl _option <nane> {
def aul t _val ue <expression>

Description

Thedefault valuepropertyallows theinitial valueof a configurationoptionto dependon other
configurationoptions.The agumentso the propertyshouldbe a CDL expressionseethe sec-
tion called Ordinary Expressionsn Chapter3 for the syntacticdetails.In mary casesa simple
constanwaluewill sufice,for example:

cdl _conponent CYGPKG_KERNEL_EXCEPTI ONS {
def ault _value 1
cdl _opti on CYGSEM KERNEL_EXCEPTI ONS_DECODE {
def ault _value 0

}

Howeverit is alsopossiblefor anoption’sdefault valueto dependbn otheroptions.For example

thecommonHAL packageprovidessomesupportfunctionsthatareneededy the eCoskernel,

but are unlikely to be usefulif the kernelis not beingused.This relationshipcanbe expressed
using:

cdl _option CYGFUN HAL_ COMVON KERNEL_SUPPORT {
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def aul t _val ue CYGPKG_KERNEL
}

If thekernelis loadedthenthis HAL optionis automaticallyenabledalthoughthe usercanstill
disableit explicitly shouldthis prove necessarnyif the kernelis not loadedthenthe optionis
disabledalthoughit canstill beenabledoy the userif desireddefault_valueexpressionganbe
more complicatedthanthis if appropriateand provide a very powerful facility for component
writerswho wanttheir codeto “just do theright thing” in awide variety of configurations.

The CDL configurationsystemevaluateghe default \alueexpressionwhenthe currentpackage
is loadedandwhenever thereis a changeto ary otheroption referencedn the expressionThe
resultdepend®n the option’s flavor:

flavor
none

Optionswith this flavor have no value,sothedefault_valuepropertyis notapplicable.
flavor
bool
If theexpressiorevaluatedo anon-zeraresultthe optionis enabledby default, otherwiseit
is disabled.

flavor
bool -
dat a

If theresultof evaluatingthe expressionis zerothenthe optionis disabled otherwisethe
optionis enabledandits valueis theresult.

flavor

dat a
Thedefaultvalueof theoptionis theresultof evaluatingthe expression.

A cdl _opti on or otherentity can have at most one default value property andit is illegal
to have both a calculatedand a default_value propertyin onebody. If anoption doesnot have
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either a default_value or a calculatedpropertyandit doesnot have the flavor none thenthe
configuratiortoolswill assumedefault valueexpressiorof 0.

On occasiont is usefulto have a configurationoption A which hasbotha requiresconstrainton
someotheroption B anda default_valueexpressionof B. If option B is not enabledhenA will
alsobe disabledby default and no conflict arises.If B is enabledthenA alsobecomesnabled
andagainno conflictarises|f a userattemptgo enableB but not A thentherewill bea conflict.
Usersshouldbe ableto deducethat the two optionsare closelyinterlinked and shouldnot be
manipulatedndependenthgxceptin very unusuakircumstances.

Tip: Ifthe first entry in a default_value expression is a negative number, for example def aul t _val ue -
1 then this can be misinterpreted as an option instead of as part of the expression. Currently

the default_value property does not take any options, but this may change in future. Option
processing halts at the sequence -, so the desired value can be expressed safely using
default_value - -1

Note: In many cases it would be useful to calculate default values using some global prefer-
ences, for example:

cdl _option CYG MP_LI BC_STRI NG PREFER SMALL_TO FAST {

def aul t _val ue CYGGLO CODESI ZE > CYGGELO_SPEED
}

Such global preference options do not yet exist, but are likely to be added in a future version.

Note: For options with the booldata flavor the current syntax does not allow the default values
of the enabled flag and the value to be controlled separately. Functionality to permit this may
be added in a future release.

Example

cdl _opti on CYGDBG HAL_DEBUG GDB_THREAD_SUPPORT {
di spl ay "I'nclude GDB multi-threadi ng debug support"”
requires CYGDBG_KERNEL_DEBUG GDB_THREAD_SUPPORT

def aul t_val ue CYGDBG KERNEL_DEBUG GDB_THREAD SUPPORT
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description
This option enables sone extra HAL code which is needed
to support nulti-threaded source |evel debugging."

See Also

Propertiecalculatedflavor andlegal_\alues.
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Name

Property defi ne — Specifyadditional#def i ne symbolsthatshouldgointo the owning
packages configuratiorheadefile.

Synopsis

cdl _option <nane> {
define [-file=<filenane>] [-fornat=<format>] <synbol >

Description

Normally the configurationsystemgeneratea single#def i ne for eachoptionthatis active and
enabled,with the definedsymbol being the nameof the option. These#def i ne’ s go to the
packages own configurationheadeffile, for examplepkgconf / ker nel . h for kernelconfigu-
ration options.For the majority of optionsthis is sufficient. Sometimest is usefulto have more
controloverwhich#def i ne’ s getgenerated.

Thedefinepropertycanbe usedto generateanaddition#def i ne if theoptionis bothactive and
enabledfor example:

cdl _option CYGNUM LI BC_STDI O FOPEN MAX {

def i ne FOPEN_MAX
}

If this optionis giventhe value40 thenthefollowing #def i ne’ s will be generatedn the con-
figurationheadempkgconf /i bc. h:

#defi ne CYGNUM LI BC_STDI O FOPEN_MAX 40
#defi ne FOPEN_MAX 40
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The default #def i ne canbe suppressed desiredusingthe no_defineproperty This is useful
if the symbol shouldonly be definedin pkgconf/syst em h and not in the packages own
configurationheadeffile. The valuethatwill be usedfor this #def i ne is the sameasfor the
defaultone,anddepend®n theoption’s flavor asfollows:

flavor
none

Optionswith this flavor are always enabledand have no value, so the constanti will be
used.

flavor

bool
If the optionis disabledthenno#def i ne will be generatedOtherwisethe constantl will
beused.

flavor
bool -
dat a

If theoptionis disablecthenno#def i ne will begeneratedOtherwisetheoption’s current
valuewill beused.

flavor
dat a

Theoption’s currentvaluewill beused.

For active optionswith the dat a flavor, andfor active andenabledoptionswith thebool dat a
flavor, eitheroneor two #def i ne’ s will begeneratedThesetake thefollowing forms:

#define <synmbol > <val ue>
#defi ne <symbol >_<val ue>

Forthefirst#def i ne it is possibleo controltheformatusedfor thevalueusinga- f or mat =<f or mat >
option. For example thefollowing canbe usedto outputsomeconfigurationdataasa C string:

cdl _option <nane> {

define -format="\\\"%\\\"" <synbol >
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}

Theimplementatiorof thisfacility involvesconcatenatinghe Tcl command or mat , theformat
string,andthestringrepresentationf the option’s value,andevaluatingthis in a Tcl interpreter
Thereforethe formatstringwill be processedwice by a Tcl parserandappropriatecarehasto
betakenwith quoting.

The second#def i ne will be generatednly if is a valid C preprocessomacrosymbol. By

defaultthesymbolsgeneratedby definepropertieswill endupin thepackages own configuration
headeffile. The-fi | e optioncanbe usedto specifyan alternatve destination At the time of

writing the only valid alternatve definitionis - f i | e=syst em h, whichwill sendthe outputto

theglobalconfigurationheadeffile pkgconf/ syst em h.

Caution

Carehasto be taken with the - f or mat option. Becausethe Tcl inter-
pretersf or mat commandis used,this propertyis subjectto arny prob-
lemswith the implementatiorof this in the Tcl library. Generallythere
shouldbe no problemswith string dataor with integersup to 32 bits, but
theremay well be problemsif 64-bit datais involved. This issuemaybe
addresseth afuturerelease.

Example

cdl _conmponent CYG HAL_STARTUP {
di spl ay "Startup type"
flavor dat a

| egal _values {"RAM "ROM' }

defaul t _val ue {"RAM'}

no_def i ne

define -file=system h CYG HAL_STARTUP

See Also
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Propertiedlefine_formatdefine_headedefine_procif_defineandno_define.
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Name

Property define_formt — Controlhow anoption’svaluewill appeatin the
configuratiorheadefile.

Synopsis

cdl _option <nane> {
define_format <format string>

Description

For active optionswith thedat a flavor, andfor active andenabledoptionswith the bool dat a
flavor, the configurationtoolswill normally generatdéwo #def i ne’ s in the packages configu-
rationheadefile. Thesetake thefollowing forms:

#define <name> <val ue>
#define <name>_<val ue>

Thedefine_formapropertycanbe usedto controlexactly whatappearsasthe valuefor thefirst
of these#def i ne’ s. For example,the following canbe usedto outputsomeconfigurationdata
asaC string:

cdl _option <name> {

define -format="\\\"%\\\"" <synbol >
}

Theimplementatiorof define_formatnvolvesconcatenatinghe Tcl command or mat , thefor-
matstring, andthe string representationf the option’s value,andevaluatingthis in a Tcl inter-
preter Thereforethe formatstringwill be processedwice by a Tcl parserandappropriatecare
hasto betakenwith quoting.
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The secondédef i ne will be generateanly if is a valid C preprocessomacrosymbol,andis

not affectedby the define_formaproperty Also, the propertyis only relevantfor optionswith

thedat a or bool dat a flavor, and cannotbe usedin conjunctionwith the no_defineproperty
sinceit makesno sensdo specifytheformatif no#def i ne is generated.

Caution

Becausehe Tcl interpreters f or mat commands used,this propertyis
subjectto any problemswith theimplementatiorof thisin theTcl library.
Generallythereshouldbe no problemswith string dataor with integers
up to 32 bits, but theremay well be problemsif 64-bit datais involved.
Thisissuemaybeaddresseth afuturerelease.

Example

cdl _opti on CYGNUM U TRON_VER_I D {
di spl ay "OS identification"
flavor dat a

| egal _values 0 to OxFFFF

defaul t _value 0

define_format "Ox%04x"

description
This value is returned in the "id
field of the T_VER structure in
response to a get_ver() systemcall."

See Also

Propertieglefine,define_headedefine_procif_defineandno_define.
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Name

Property defi ne_header — Specifytheconfigurationheadefile thatwill be generated
for agivenpackage.

Synopsis

cdl _package <name> {
defi ne_header <file nane>

Description

Whenthe configurationtools generatea build tree,one of the stepsis to outputeachpackages
configurationdatato a headerfile. For examplethe kernels configurationdatagetsoutputto
pkgconf/ kernel . h. This allows eachpackages sourcecodeto #i ncl ude the appropriate
headeffile andadaptto thechoicesmadeby theuser

By default the configurationtools will synthesizea file namefrom the packagename.This in-
volvesremoving ary prefix suchasCYGPKG , up to andincludingthefirst underscoreandthen
converting the remainderof the nameto lower case.In somecasest may be desirableto use
a differentheadeffile, for examplean existing packagemay have beenportedto eCosandthe
sourcecodemay already#i ncl ude a particularfile for configurationdata.ln suchcasesa de-
fine_headepropertycanbeusedto specifyanalternatie filename.

Thedefine_headeropertycanonly beusedn thebodyof acdl _package commandit applies
toapackagessawholeandcannoteusedatafinergrain. Thenamespecifiedn adefine_header
propertywill alwaysbe interpretedasrelative to thei ncl ude/ pkgconf sub-directoryof the
install tree.

Note: For hardware-specific packages such as device drivers and HAL packages, the current
scheme of generating a configuration header file name based on the package name may be
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abandoned. Instead all hardware packages would send their configuration data to a single
header file, pkgconf / har dwar e. h. This would make it easier for code to obtain details of the
current hardware, but obviously there are compatibility issues. For now it is recommended
that all hardware packages specify their configuration header file explicitly.

Example

cdl _package CYGPKG_HAL_ARM {
di spl ay "ARM ar chi tecture"
par ent CYGPKG_HAL
har dwar e

include_dir cyg/ hal
defi ne_header hal _armh

See Also

Propertiegdlefine,define_formatdefine_procif_define,no_defineandhardware,
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Name

Property defi ne_proc — Useafragmentof Tcl codeto outputadditionaldatato
configuratiorheadeffiles.

Synopsis

cdl _option <nane> {
define_proc <Tcl script>

Description

For mostconfigurationoptionsit is sufficient to have anentryin the configurationrheadefile of
theform:

#define <name> <val ue>

In somecasest is desirableto performsomemore complicatedprocessingvhengeneratinga
configuratiorheadefile. Thereareanumberof CDL propertiedor this,includingdefine_format
andif_define. The mostflexible is define_procthis allows the componentwriter to specifya
Tcl scriptthat getsinvoked whenever the configurationsystemgenerateshe headeffile for the
owning packageThescriptcanoutputanything to the headeffile, for exampleit couldgenerate
a C datastructurebasedn variousconfiguratiorvalues.

At the point thatthe define_procscriptis invoked therewill be two channelgo openfiles, ac-
cessiblevia Tcl variablescdl _header is achanneko the currentpackages own headeffile for
examplepkgconf / ker nel . h; cdl _syst em header is a channelto the global configuration
file pkgconf/syst em h. A typical define_procscript will usethe put s commandto output
datato oneof thesechannels.
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define_progropertiesonly take effect if the currentoptionis active andenabled.The default
behavior of the configurationsystemfor an optionwith thebool flavor correspondso the fol-
lowing define_proc:

cdl _option XXX {

define_proc {
puts $cdl _header "#define XXX 1"

}
}
Warning
In thecurrentimplementatiorit is notpossiblefor adefine_progroperty
to examinethe currentvaluesof variousconfigurationoptionsandadapt
accordingly This is a major limitation, andwill be addressedn future
versionsof the configuratiortools.
Example
cdl _package CYGPKG HAL_ARM PID {
di spl ay "ARM PI D eval uation board"
par ent CYGPKG_HAL_ARM
define_header hal _armpid.h
include_dir cyg/ hal
har dwar e
define_proc {
puts $::cdl _system header "#define CYGBLD_HAL_TARGET_H <pkgconf/hal _arm h>"
puts $::cdl _system header "#define CYGBLD_HAL_PLATFORM H <pkgconf/hal _arm pid. h>"
puts $::cdl _header ""
puts $::cdl _header "#define HAL_PLATFORM CPU \"ARM 7TDM \ " "
puts $::cdl _header "#define HAL_PLATFORM BOARD \"PID\""
puts $::cdl _header "#define HAL_PLATFORM EXTRA \"\""
puts $::cdl _header ""
}
) S
See Also
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Propertieglefine,define_formatdefine_headeif_defineandno_define.
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Name

Property descri pti on— Provideatextual descriptiorfor anoption.

Synopsis

cdl _option <nane> {
description <text>

Description

Userscanonly be expectedto manipulateconfigurationoptionssensiblyif they aregiven suffi-
cientinformationabouttheseoptions.Therearethreepropertiesvhich seneto explainanoption
in plaintext: thedisplaypropertygivesatextual aliasfor anoption,which is usuallymorecom-
prehensibleahansomethingike CYGPKG_LI BC_TI ME_ZONES; the descriptionpropertygivesa
longerdescription typically a paragraplor so; the doc propertyspecifiesthe locationof addi-
tional on-linedocumentatiomelatedto a configurationoption. In the context of a graphicaltool
thedisplaystringwill betheprimaryway for usergo identify configurationoptions;thedescrip-
tion paragraphwill be visible whenerer the optionis selectedthe on-line documentatiorwill
only beaccessewhentheuserexplicitly requestst.

At presenthereis no way of providing ary sort of formatting mark-upin a description.lt is
possiblethat future versionsof the configurationtools will provide somecontrol over the way
thedescriptiontext getsrendered.

Example

cdl _opti on CYGDBG_| NFRA_DEBUG TRACE_MESSACE {
di spl ay "Use trace text"
defaul t _value 1
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description "
Al trace calls within eCos contain a text nmessage
whi ch shoul d gi ve sonme information about the circunstances.
These text messages will end up being enbedded in the
application image and hence there is a significant penalty
in terns of inmage size.
It is possible to suppress the use of these nmessages by
di sabling this option.
This results in smaller code size, but there is |ess
human-readabl e i nformation available in the trace output,
possibly only filenames and |ine nunbers."

See Also

Propertiegdisplayanddoc.
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Name

Property di spl ay — Provide ashortstringdescribingthis option.

Synopsis

cdl _option <nane> {
di spl ay <string>

Description

Userscanonly be expectedto manipulateconfigurationoptionssensiblyif they aregiven suffi-
cientinformationabouttheseoptions.Therearethreepropertiesvhich seneto explainanoption
in plaintext: thedisplaypropertygivesatextual aliasfor anoption,which is usuallymorecom-
prehensibleahansomethingike CYGPKG_LI BC_TI ME_ZONES; the descriptionpropertygivesa
longerdescription typically a paragraplor so; the doc propertyspecifiesthe locationof addi-
tional on-linedocumentatiomelatedto a configurationoption. In the context of a graphicaltool
thedisplaystringwill betheprimaryway for usergo identify configurationoptions;thedescrip-
tion paragraphwill be visible whenerer the optionis selectedthe on-line documentatiorwill
only beaccessewhentheuserexplicitly requestst.

Example

cdl _opti on CYGNUM KERNEL_SYNCH MBOX_QUEUE_SI ZE {
di spl ay "Message box queue size"
flavor data

| egal _values 1 to 65535
def aul t _val ue 10
description
This configuration option controls the nunber of nessages
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that can be queued in a nessage box before a non-bl ocking
put () operation will fail or a blocking put() operation wll

bl ock. The cost in nenory is one pointer per nmessage box for
each possible nmessage.”

See Also

Propertieglescriptionanddoc.
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Name

Property doc — Thelocationof online-documentatiofor a configurationoption.

Synopsis

cdl _option <nane> {
doc <URL; >

Description

Userscanonly be expectedto manipulateconfigurationoptionssensiblyif they aregiven suffi-
cientinformationabouttheseoptions.Therearethreepropertiesvhich seneto explainanoption
in plaintext: thedisplaypropertygivesatextual aliasfor anoption,whichis usuallymorecom-
prehensiblehansomethingike CYGPKG_LI BC_TI ME_ZONES; the descriptionpropertygivesa
longerdescription typically a paragraptor so; the doc propertyspecifiesthe location of addi-
tional on-linedocumentatiomelatedto a configurationoption. In the contet of a graphicaltool
thedisplaystringwill betheprimaryway for userso identify configurationoptions;thedescrip-
tion paragraptwill be visible whenerer the optionis selectedthe on-line documentatiorwill
only beaccessewhenthe userexplicitly requestst.

Thedocumentatiomaybe anabsolutdJRL, but moregenerallythe on-line documentationwill

be shippedwith the packageandcanbe accessedia arelatve URL. If the packagdollows the
directorylayout corventionsthenthe configurationtools will searchfor the specifiedhtml file
first in the doc subdirectoryof the packagethenrelative to the packagedirectoryitself. The
URL maycontaina# characteto specifyananchomwithin apage.
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Warning

At thetime of writing the eCospackagesn the standardlistribution do
notconformto thedirectorylayoutconventionswhenit comego thedoc-
umentation.Insteadof organizingthe documentatioron a perpackagd
basisandplacingit in the correspondingloc sub-directoriesall thedoc-
umentationis keptin a centrallocation. This shouldget addressedh a
futurereleasef the system Third partycomponentvritersshouldfollow
thelayoutcorventions.

Example
cdl _package CYGPKG _KERNEL {
di spl ay "eCos kernel"
doc ref/ecos-ref. 4. htn

i ncl ude_dir cyg/ ker nel

description "
Thi s package contains the core functionality of the eCos
kernel. It relies on functionality provided by various HAL
packages and by the eCos infrastructure. In turn the eCos
kernel provides support for other packages such as the device
drivers and the ul TRON conpatibility |ayer."

See Also

Propertiegescriptionanddisplay.
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Name

Property flavor — Specifythenatureof a configurationoption.

Synopsis

cdl _option <nane> {

flavor <flavor>

Description

The stateof a CDL configurationoption is a somavhat complicatedconcept.This statedeter
mineswhat happenswvhen a build treeis generatedit controlswhat files get built and what
#def i ne’ s endup in configurationheadeffiles. The statealsocontrolsthe valuesusedduring
expressiorevaluation.Thekey conceptsre:

1. An option may or may not be loadedinto the currentconfiguration However it is still pos-

siblefor packageso referencenptionswhich arenotloadedin arequiresconstrainior other
expressionlf anoptionis notloadedthenit will have no directeffect on the build process,
ando will beusedfor expressiorevaluation.

.Evenif anoption is loadedit may still be inactive. Usually this is controlledby the op-

tion’s locationin the configurationhierarchy If an option’s parentis active and enabled
then the option will normally be active. If the parentis either inactive or disabledthen
the option will be inactive. For example,if kerneltimeslicingis diabledthenthe option
CYGNUM _KERNEL_SCHED TI MESLI CE_TI CKS is irrelevant and must have no effect. The
active_if propertycanbe usedto specifyadditionalconstraintsIf anoptionis inactive then
it will have no direct effect on the build processjn otherwordsit will not causeary files
to gethuilt or #def i ne’ s to be generatedFor the purposesof expressionevaluationan
inactive optionhasa valueof 0.
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3. An option may be enabledor disabled.Most optionsare booleanin nature,for examplea
particularfunction may getinlined or it may involve a full procedurecall. If anoptionis
disabledthenit hasno directeffect on thebuild processandfor the purpose®f expression
evaluationit hasa valueof 0.

4. An option may alsohave additionaldataassociateavith it, for examplea numericalvalue
usedto controlthesizeof anarray

Most optionsarebooleanin natureanddo not have ary additionalassociatedata.For someop-
tionsonly thedatapartmakessenseandusershouldbeunableto manipulateheenabled/disabled
partof the state.For acomparatiely smallnumberof optionsit makessenseo have the ability

to disablethat option or to enableit and associatelataaswell. Finally, when constructingan
optionhierarchyit is occasionallyusefulto have entitieswhich sene only asplaceholdersThe
flavor propertycanbe usedto controlall this. Therearefour possiblevalues.It shouldbe noted
thatthe active or inactive stateof anoptiontakespriority overtheflavor: if anoptionis inactive
thenno #def i ne’ s will be generatedndary build-relatedpropertiessuchascompilewill be
ignored.

flavornone

The none is intendedprimarily for placeholdercomponentsn the hierarchy althoughit
can be usedfor other purposesOptionswith this flavor are always enabledand do not
have ary additionaldataassociatedvith them,sothereis no way for usersto modify the
option.For thepurpose®f expressiorevaluationanoptionwith flavor none alwayshasthe
valuel. Normal#def i ne processingvill take place,sotypically asingle#def i ne will be
generatedisingtheoptionnameandavalueof 1. Similarly build-relatedpropertiesuchas
compilewill take effect.

flavorbool

Booleanoptionscanbeeitherenabledr disabled andthereis no additionaldataassociated
with them. If a booleanoption is disabledthen no #def i ne will be generatecand ary
build-relatedpropertiessuchas compile will be ignored.For the purposesof expression
evaluationa disabledoption hasthe value 0. If a booleanoptionis enabledthen normal
#def i ne processingvill take place,all build-relatedpropertiestake effect,andtheoption’s
valuewill be1.
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flavordat a

Optionswith this flavor arealwaysenabledandhave someadditionaldataassociatedvith
themwhich canbeeditedby the user This datacanbeary sequencef charactersalthough
in practicethelegal_valuespropertywill oftenbeusedto imposeconstraintsln appropriate
contets suchas expressionghe configurationtools will attemptto interpretthe dataas
integer or floating point numbers Sincean optionwith thedat a flavor cannotbe disabled,
normal#def i ne processingakesplaceandthe datawill be usedfor the value.Similarly
all build-relatedpropertiedake effect, andthe option’s valuefor the purpose®f expression
evaluationis the data.

flavorbool dat a

This combineghebool anddat a flavors. The option may be enabledor disabledandin
additiontheoptionhassomeassociatedata.lf the optionis disabledhenno#def i ne will
be generatedthebuild-relatedpropertieshave no effect, andfor the purpose®f expression
evaluationthe option’svalueis 0. If theoptionis enabledhena#def i ne will begenerated
usingthedataasthevalue,all build-relatedpropertiegake effect, andtheoption’s valuefor
the purpose®f expressiorevaluationis the data.If 0 is legal datathenit is not possibleto
distinguishthis casefrom the optionbeingdisabledor inactive.

Optionsand componentsave the bool flavor by default, but this canbe changedasdesired.
Packageslwayshave thebool dat a flavor, andthis cannotbe changedInterfacesalwayshave
thedat a flavor andagainthis cannotbe changed.

Note: The expression syntax needs to be extended to allow the loaded, active, enabled and
data aspects of an option’s state to be examined individually. This would allow component
writers to distinguish between a disabled bool dat a option and an enabled one which has a
value of 0. Such an enhancement to the expression syntax may also prove useful in other
circumstances.

Example
cdl _conponent CYGPKG_LI BM COVPATI BI LI TY {

cdl _conmponent CYGNUM LI BM COWPATI BI LI TY {
flavor bool data
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cdl _opti on CYGNUM LI BM COVPAT_DEFAULT {
flavor data

}

cdl _conponent CYGPKG LI BM TRACE {
flavor bool

See Also

Propertiecalculateddefault valueandlegal \alues,
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Name

Property har dwar e — Specifythata packages tied to specifichardware.

Synopsis

cdl _option <nane> {
active_if <condition>

Description

Somepackagesuchasdevice driversandHAL packagesrehardware-specificandgenerally
it makesno senseo add suchpackagedo a configurationunlessthe correspondindhardware
is presenton your target system.Typically hardware packageselectionhappensautomatically
whenyou selectyour target. The hardwarepropertycanbeusedin thebodyof acdl _package
commando indicatethatthe packagés hardware-specific.

Note: At the time of writing the hardware property is largely ignored by the configuration
tools, but this may change in future. Amongst other possible changes, for hardware-specific
packages such as device drivers and HAL packages, the current scheme of generating a
configuration header file name based purely on the package name may be abandoned. In-
stead all hardware packages would send their configuration data to a single header file,
pkgconf/ har dwar e. h. This would make it easier for code to obtain details of the current
hardware, but obviously there are compatibility issues. For now it is recommended that all
hardware packages specify their configuration header file explicitly.

Example
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cdl _package CYGPKG HAL_ARM {

di spl ay "ARM ar chi tecture"
par ent CYGPKG_HAL
har dwar e

i ncl ude_dir cyg/ hal
defi ne_header hal _armh

See Also

Propertydefine_headegndcommand:dl _package.
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Name

Property if_defi ne — Outputacommonpreprocessoconstructo aconfiguration
headeffile.

Synopsis

cdl _option <nane> {
if_define [-file=<filename>] <synbol 1> <synbol 2>

Description

The purposeof theif_definepropertyis bestexplainedby anexample.Supposeg/ou wantfiner-
grainedcontrolover assertionssayon a perpackageor evena perfile basisratherthanglobally.
The assertionmacroscan be definedby an exportedheadeffile in an infrastructurepackage,
usingcodelik e thefollowing:

#i f def CYGDBG_USE_ASSERTS

# define CYG ASSERT( _bool _, _msg_ )
CYG_MACRO_START
if (! ( _bool_))

CYG_ASSERT_DOCALL( _nsg_ );

CYG_MACRO_END

#el se

# define CYG ASSERT( _bool _, _msg_ ) CYG EMPTY_STATEMENT

#endi f

Assumingthisheadefile is#i ncl ude’ d directly orindirectlyby any codewhichmayneecdto be
built with assertiongnabledthechallengas now to controlwhetheror not CYGDBG_USE_ASSERTS
is definedfor any givensourcefile. Thisis the purposeof theif _defineproperty:

cdl _option CYGDBG KERNEL USE_ASSERTS {
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i f _define CYGSRC_KERNEL CYGDBG USE_ASSERTS
requires CYGDBG_ | NFRA_ASSERTI ON_SUPPORT

}

If this option is active and enabledthen the kernel’s configurationheaderfile would end up
containingthefollowing:

#i f def CYGSRC_KERNEL
# define CYGDBG_USE_ASSERTS 1
#endi f

Kernelsourcecodecannow begin with thefollowing construct:

#def i ne CYGSRC_KERNEL 1
#i ncl ude <pkgconf/kernel.h>
#i ncl ude <cyg/infral/cyg_ass. h>

The configurationoptiononly affectskernelsourcecode assumingiothingelse#def i ne’ s the
symboICYGSRC_KERNEL. If theperpackageassertioroptionis disabledhenCYGDBG_USE_ASSERTS

will notgetdefinedlf theoptionis enabledhenCYGDBG_USE_ASSERTS will getdefinedandas-

sertionswill beenabledor thekernelsourceslt is possibleto usethe samemechanisnior other
facilitiessuchastracing,andto applyit atafiner grainsuchasindividual sourcefiles by having

multiple optionswith if_definepropertiesandmultiple symbolssuchasCYGSRC_KERNEL_SCHED BI TMAP_CXX.

Theif _definepropertytakestwo argumentshothof whichmustbevalid C preprocessasymbols.
If the currentoptionis active and enabledthenthreelines will be outputto the configuration
headeffile:

#i f def <synbol 1>
# define <symnbol 2>
#endi f

If the optionis inactive or disabledthentheselines will not be output.By default the current
packages configurationheadefile will beusedbutit is possibleto specifyanalternatve desti-
nationusinga- f i | e option.At presentheonly legitimatealternatve destinatioris syst em h,
the global configurationheaderif_define processindhappensn additionto, not insteadof, the
normal#def i ne processingr the handlingof otherheadetfile relatedproperties.

Note: The infrastructure in the current eCos release does not yet work this way. In future
it may do so, and the intention is that suitable configuration options get generated semi-
automatically by the configuration system rather than having to be defined explicitly.
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Tip: As an alternative to changing the configuration, updating the build tree, and so on, it is
possible to enable assertions by editing a source file directly, for example:

#defi ne CYGSRC_KERNEL 1

#defi ne CYGDBG_USE_ASSERTS 1

#i ncl ude <pkgconf/kernel.h>

#i ncl ude <cyg/infral/cyg_ass.h>

The assertion header file does not care whether CYGDBG_USE_ASSERTS is #def i ne’ d via a
configuration option or by explicit code. This technique can be useful to component writ-
ers when debugging their source code, although care has to be taken to remove any such
#defi ne’ s later on.

Example

cdl _opti on CYGDBG_KERNEL_USE_ASSERTS {
di splay "Assertions in the kernel package"

i f _define CYGSRC_KERNEL CYGDBG USE_ASSERTS
requires CYGDBG_ | NFRA_ASSERTI ON_SUPPORT

See Also

Propertieglefine,define_formatdefine_headedefine_proandno_define.
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Name

Property i npl enent s — Enablingthis optionprovidesoneinstanceof amoregeneral
interface.

Synopsis

cdl _option <nane> {
i npl enents <interface>

Description

The CDL interfaceconceptprovidesan abstractiormechanisnthatcanbe usefulin mary dif-
ferentcircumstancesEssentiallyan interfaceis a calculatedoption whosevalueis the number
of active and enabledoptionswhich implementthat interface.For examplethe interface Cy-
G NT_KERNEL_SCHEDULER hasa valuecorrespondindo the numberof schedulersn the sys-
tem, typically justone.

Theimplementgpropertytakesasingleargumentwhich shouldbethenameof aninterface. This
interfacemaybedefinedn thesamepackagestheimplementoror in someotherpackageln the
lattercaseit maysometimedeappropriatdor theimplementoror theimplementors packagdo
have arequiregropertyfor thepackagecontainingtheinterface An optionmaycontainmultiple
implementgropertieslt is possiblefor anoptionto implementa giveninterfacemultiple times,
andon occasiorthis is actuallyuseful.

Example
cdl _option CYGSEM KERNEL_SCHED M.QUEUE {

di spl ay "Multi-level queue schedul er"”
defaul t _value 1
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i mpl enent s CYA NT_KERNEL_SCHEDULER

See Also

Commandd! _interface.
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Name

Property include_di r — Specifythedesiredocationof a packages exportedheader
filesin theinstalltree.

Synopsis

cdl _package <name> {
include_dir <sub-directory>

Description

Most package®xport oneor moreheadeffiles definingtheir public interface.For examplethe
C library exportsheadeffiles suchasst di 0. h andct ype. h. If the packagdollows thedirec-
tory layout conventionsthenthe exportedheadeffiles will normally be foundin the packages
i ncl ude sub-directoryAlternatively the include_filesproperty can be usedto specify which
headeffiles shouldbe exported.

By default a packages exportedheadefiles will be copiedto thei ncl ude sub-directoryof the
install tree. This is correctfor packagesike the C library becausedhat is the correctlocation
for files suchasst di 0. h. Howeverto reducethe probability of nameclashest is desirablefor
packagego usedifferentsub-directoriesfor exampleinfrastructureheaderfiles get copiedto
i ncl ude/ cyg/ i nfra ratherthanto thetop-leveli ncl ude directoryitself.

It would be possibleto replicatethesesub-directoriesn eachpackages sourcetree, suchthat
the infrastructureheadeffile sourcedivedin i ncl ude/ cyg/ i nfra in the sourcetree aswell

asin theinstall tree. This would make thingsmoredifficult for the packagedevelopersinstead
it is possibleto specifythe desiredinstall tree sub-directoryusingan include_dirproperty for

examplei ncl ude_dir cyg/infra.
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Theinclude_dirpropertycanonly be usedin the body of acdl _package command sinceit
appliesto all of the headeffiles exportedby a packageandonly oneinclude_dirpropertycan
beused.f thereis noinclude_dirpropertythenexportedheadefileswill endupin thetop-level
i ncl ude directoryof theinstall tree.

Example

cdl _package CYGPKG_| NFRA {
di spl ay "Infrastructure"
i ncl ude_dir cyg/infra
description
Common types and useful nacros.
Tracing and assertion facilities.
Package startup options."

See Also

Propertyinclude_filesandcommand:dl _package.
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Name

Property include fil es— Listtheheadeffilesthatareexportedby apackage.

Synopsis

cdl _package <name> {
include_files <filel> ...

Description

Most packagesxport oneor more headeffiles definingtheir public interface.For examplethe
C library exportsheadeffiles suchasst di 0. h andct ype. h. If the packagdollows thedirec-
tory layout corventionsthenthe exportedheadeffiles will normally be foundin the packages
i ncl ude sub-directoryFor packagesvhich do not follow theseconventions,typically simple
onesfor which a complicatedsub-directoryhierarchyis undesirabletherehasto be analterna-
tive way of specifyingwhich headeffile or files definethe public interface.The include_files
propertyprovidessupportfor this.

By default, if a packagedoesnot have ani ncl ude subdirectoryandit doesnot have an in-
clude_filespropertythenall files with asuffix of . h, . hxx, . i nl or. i nc will betreatedaspub-
lic headeffiles. However someof thesemay be privatefiles containingimplementatiordetails.
If thereis aninclude_filegpropertythenonly thefiles listedin thatpropertywill be exported.

Example
cdl _package <SOVE_PACKAGE> {

i ncl ude_dir <some directory>
include files interface.h
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See Also

Propertyinclude_dirandcommand:d! _package.
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Name

Property | egal _val ues — Imposeconstrainton the possiblevaluesfor anoption.

Synopsis

cdl _option <nane> {
| egal _val ues <list expression>

Description

Optionswith the dat a or bool dat a flavors can have an arbitrary sequencef charactersas

their data.ln nearlyall casessomerestrictionshave to beimposedfor examplethe datashould

correspondo anumbemwithin acertainrange or it shouldbeoneof asmallnumberof constants.
Thelegal \aluespropertycanbeusedto imposesuchconstraintsTheargumentgo the property
shouldbe a CDL list expression seethe sectioncalled List Expressionsn Chapter3 for the

syntacticdetails.Commonexamplesinclude:

| egal _values 0 to Ox7fff
| egal _val ues 9600 19200 38400
| egal _values { "RAM "ROM' }

Thelegal \aluespropertycanonly beusedfor optionswith thedat a orbool dat a flavors,since
it makeslittle sensdo furtherconstrairthelegal valuesof abooleanoption.An optioncanhave
atmostonelegal_\aluesproperty

Tip: If the first entry in a legal_values list expression is a negative number, for example
| egal _val ues -1 to 1 then this can be misinterpreted as an option instead of as part of
the expression. Currently the legal_values property does not take any options, but this may
change in future. Option processing halts at the sequence -, so the desired range can be
expressed safely using | egal _values - -1 to 1
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Note: Architectural HAL packages should provide constants which can be used in legal_values
list expressions. For example it should be possible to specify a numeric range such as
0 to CYGARC_MAXI NT, rather than hard-wiring numbers such as 0x7f f f f f f f which may not
be valid on all targets. Current HAL packages do not define such constants.

Note: The legal_values property is restricted mainly to numerical ranges and simple enu-
merations, and cannot cope with more complicated data items. Future versions of the con-
figuration system will provide additional data validation facilities, for example a check_pr oc
property which specifies a Tcl script that can be used to perform the validation.

Example

cdl _option CYGNUM LI BC Tl ME_STD DEFAULT_OFFSET {
di spl ay "Default Standard Tine offset"
flavor dat a
| egal _values - -90000 to 90000

default_value - 0O

description
This option controls the offset fromUTC in
seconds when in local Standard Tinme. This
val ue can be positive or negative. It
can al so be set at run tinme using the
cyg_libc_tinme_setzoneoffsets() function."

See Also

Propertiecalculateddefault \alue,andflavor.
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Name

Property |ibrary — Specifywhichlibrary shouldcontainthe objectfiles generatedby
building this package.

Synopsis

cdl _package <name> {
library <library name>

Description

By defaultall objectfilesthatgetbuilt for all packagegndupin asinglelibrary, | i bt ar get . a.

This makesthingseasieffor thetypical applicationdeveloperbecausét is only necessaryo link

with asinglelibrary, ratherthanwith separatdibrariesfor eachpackagelt is possibleto specify
an alternatve library for specificfiles asan option to the compileand make_objectproperties,
andthereis onelibrary | i bext r as. a which senesa specificpurposen the build system.The
library propertyallows an alternatve library to be specifiedfor all the objectfiles thatwill be
generatedor agivenpackage.

Theuseof thelibrary propertyshouldbe avoided,sinceit makesthingsmoredifficult for appli-
cationdevelopers.The propertyis intendedonly for specialcasesfor exampleif therearelegal
objectionsto mingling objectfiles from differentpackagesn a singlelibrary. It could alsobe
usedto work aroundnameclashproblemsif two packagehappento definean exportedsym-
bol with the samename but any attemptto usemultiple librariesin this way is errorproneand
shouldbe avoided.

Thelibrary propertytakesa singleargumentthennameof alibrary, which shouldfollow thestan-
dardnamingcorventionof | i b<sonet hi ng>. a. A library propertycanonly occurin thebody
of acdl _package commandandappliesto all objectfiles generatedor that packageexcept
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whereexplicitly overwrittenwith a- | i br ar y= optionto oneof the build-relatedproperties) A
cdl _package bodycancontainat mostonelibrary property

Example
cdl _package <SOME_PACKAGE> {

library IibSonePackage. a

See Also

Propertiecompile,make,andmale_objectcommancdcdl _package.
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Name

Property nake — Defineanadditionalcustombuild stepassociateavith anoption,
resultingin atargetthatshouldnotgo directly into alibrary.

Synopsis

cdl _option <nane> {
make [-priority=<pri>] {
<custom buil d step>

}

Description

Whenbuilding an eCosconfigurationthe primary targetis a singlelibrary, | i bt arget . a. In

somecasest is necessaryo build someadditionaltargets.For examplearchitecturaHAL pack-
agestypically build alinker scriptandsomestart-upcode.Suchadditionaltargetscanbe spec-
ified by a make property Any option canhave oneor moremake propertiesalthoughtypically

suchpropertiesonly occurin thebodyof acdl _package command.

The make propertytakesa single agument,which resemblesa malkefile rule: it consistsof a
target,alist of dependenciegndoneor morecommandghatshouldbe executed However the
argumentis not a makefile fragment,and custombuild stepsmay get executedin build ervi-
ronmentghatdo not involve make. For full detailsof custombuild stepsseethe sectioncalled
CustomBuild Stepsn Chapter4.
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Warning

The exactsyntaxandlimitations of custombuild stepshave notyet been
finalized,andaresubjectto changen future versionsof the configuration
tools.

Themake propertytakesan optionalpriority argumentindicatingthe orderin which build steps
take place.This priority complementshe dependenglist, andavoids problemswith packages

needingto know detailsof custombuild stepsin otherpackagegwhich may changebetween
releases)Thedefinedorderis:

Priority
0

Theheadeffiles exportedby thecurrentsetof packagesrecopiedto theappropriateplaces
in the i ncl ude subdirectoryof the install tree. Any unnecessargopiesare avoided, to

preventrehuilds of packageand applicationsourcemodulescausedby headerfile depen-
dencies.

Note: A possible future enhancement of the build system may result in the build and

install trees being updated automatically if there has been a change to the ecos. ecc
configuration savefile.

Priority
100

All files specifiedin compile propertieswill getbuilt, producingthe correspondingbject

files. In additionany custombuild stepsdefinedby make_objectpropertiesget executed,
unlessthereis a- pri orit y= option.

Priority
200

Thelibrariesnow getbuilt usingthe appropriatebjectfiles.



male

Priority
300

Any custombuild stepsspecifiedby make propertiesnow getexecuted unlessthe priority
for aparticularbuild stepis changedrom its default.

For example,if a custombuild stepneedsto take placebeforeary of the normal sourcefiles
getcompiledthenit shouldbe givena priority somavherebetweerD and100.If a custombuild
stepinvolvespost-processingnobijectfile prior to its incorporationinto alibrary thena priority
betweerl00and200shouldbeused.

Example
cdl _package CYGPKG HAL_MN10300_AMB3 {
di spl ay "MN10300 AMB3 variant"
par ent CYGPKG_HAL_MN10300
i npl ement s CYG NT_HAL_MN10300_VARI ANT
har dwar e

include_dir cyg/ hal

defi ne_header hal _rm10300_an83. h

descri ption
The MN10300 AMB3 variant HAL package provides generic
support for this processor architecture. It is also
necessary to select a specific target platform HAL
package. "

make {
<PREFI X>/1ib/target.|d: <PACKAGE>/src/m10300_anB3.1d
$(CC) -E -P -W,-MD, target.tnp - DEXTRAS=1 -xc $(| NCLUDE_PATH) $(CFLAGS) -0 $@ $<
@cho $@": \\" > $(notdir $@.deps
@ail +2 target.tnp >> $(notdir $@. deps
@cho >> $(notdir $@.deps
@mtarget.tnp

See Also

Propertiecompile,make_objectandlibrary.
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Name

Property nake_obj ect — Defineacustombuild step,resultingin anobjectfile that
shouldgointo alibrary.

Synopsis

cdl _option <nane> {
make_object [-library=<library>] [-priority=<pri>] {
<custom buil d step>

}

Description

Whenbuilding aneCosconfiguratiorthe primarytargetis asinglelibrary, | i bt ar get . a. Most
of the objectfiles which go into this library will be generatecisa resultof compileproperties.
Occasionallyit may be necessaryo have specialbuild stepsfor a givenobijectfile, andthis can
be achievedwith a make_objectproperty The useof this propertyshouldbe avoidedwheneer
possiblebecausét greatlyincreaseshe risk of portability problemsboth on the hostside be-
causeof possibleproblemswith thetools,andonthetargetsidebecausa custombuild stepmay
notallow adequatelyor thewide variety of architecturesupportedy eCos.

The make_objectpropertytakesa singleargumentwhich resembles makefile rule: it consists
of ataget, a list of dependenciesand one or more commandsghat should be executed.The

target shouldbe an objectfile. However the make_objectargumentis not a malkefile fragment,
and custombuild stepsmay get executedin build ervironmentsthat do not involve make. For

full detailsof custombuild stepsseethe sectioncalledCustomBuild Stepsn Chapterd.
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Warning

The exactsyntaxandlimitations of custombuild stepshave notyet been
finalized,andmaychangen future versionsof the configuratiortools.

The make_objectpropertytakesan optionallibrary agument.If nolibrary is specifiedthenthe
default library for the currentpackagewill be used,which will bel i bt ar get . a unlessthe
cdl _package commandcontainsa library property

Themalke_objecpropertyalsotakesanoptionalpriority agumentindicatingthe orderin which
build stepstake place.This priority complementshe dependenglist, andavoids problemswith
packageseedingto know detailsof custombuild stepsin otherpackagegwhich may change
betweerreleases)Thedefinedorderis:

Priority
0

Theheadeffiles exportedby thecurrentsetof packagesrecopiedto theappropriatelaces
in the i ncl ude subdirectoryof the install tree. Any unnecessargopiesare avoided, to

preventrehuilds of packageand applicationsourcemodulescausedby headerfile depen-
dencies.

Note: A possible future enhancement of the build system may result in the build and

install trees being updated automatically if there has been a change to the ecos. ecc
configuration savefile.

Priority
100

All files specifiedin compile propertieswill getbuilt, producingthe correspondingbject
files. In additionany custombuild stepsdefinedby make_objectpropertiesget executed,
unlessthereis a- pri orit y= option.

Priority
200

Thelibrariesnow getbuilt usingthe appropriatebjectfiles.
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Priority
300

Any custombuild stepsspecifiedby make propertiesnow getexecuted unlessthe priority
for aparticularbuild stepis changedrom its default.

For example,if a custombuild stepneedsto take placebeforeary of the normal sourcefiles
getcompiledthenit shouldbe givena priority somavherebetweerD and100.If a custombuild
stepinvolvespost-processingnobijectfile prior to its incorporationinto alibrary thena priority
betweenl00 and200 shouldbe used.lt is not sensibleto have a priority above 200, sincethat
wouldimply building anadditionalobjectfile for alibrary thathasalreadybeencreated.

Example
cdl _option XXX {
nmake_obj ect {
parser.o: parser.y

yacc $<
$(CC) $(CFLAGS) -0 $@y.tab.c

See Also

Propertiecompile,make andlibrary.
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Name

Property no_defi ne — Suppresshenormalgeneratiorof a preprocessottdef i ne
symbolin a configurationheadefile.

Synopsis

cdl _option <nane> {
no_defi ne

Description

By default all active andenabledpropertiesresultin eitheroneor two #def i ne’ d symbolsin
the packages configurationheadeffile, andthis is one of the mainwaysin which optionscan
affect packagest build-time. It is possibleto suppresshe default #def i ne’ s by specifyinga
no_definepropertyin the body of an option or other CDL entity. This propertytakesno argu-
mentsandshouldoccuronly oncein a givenbody.

Theno_defingoropertyis frequentlyusedin conjunctionwith oneof theotherheadeffile related
propertiesuchasdefine.lf oneof theotherpropertiess usedto exporttherequiredinformation
to a configurationheadeffile thenoftenthereis little pointin exportingthe default#def i ne as
well — in facttherecouldbeanameclash.Theno_defingropertycanalsobeusefulif thesole
purposeof anoptionis to affect which files gethbuilt, andthe default #def i ne would never get
testedin arny sourcecode.However in suchcaseghe default #def i ne is mostly harmlessand
thereis little to be gainedby suppressing.

Example

cdl _conmponent CYG HAL_STARTUP {
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di spl ay "Startup type"

flavor dat a

| egal _values { "RAM' "ROM' }

defaul t _val ue {"RAM'}

no_def i ne

define -file systemh CYG HAL_STARTUP

See Also

Propertiegdlefine,define_formatdefine_headedefine_proandif define.

190



parent

Name

Property parent — Controlthelocationof anoptionin the configuratiorhierarchy

Synopsis

cdl _option <nane> {
parent <conmponent or package>

Description

Configurationoptionslive in a hierarchyof packagesndcomponentsBy default a given op-
tion’s positionin the hierarchyis a simple consequencef its positionwithin the CDL scripts.
Packagesaregenerallyplacedat the top-level of the configuration Any component®r options
thataredefinedat the samelevel asthecdl _package commandn a packages top-level CDL
scriptare placedimmediatelybelow that packagedn the hierarchy Any optionsor components
thataredefinedin thebodyof acdl _package or cdl _conponent commandor thatareread
in asaresultof processingacomponensscriptproperty will beplacedimmediatelybelov that
packageor componentn thehierarchy

In somecircumstancett is usefulto specifyanalternatve positionin the hierarchyfor a given
option.For exampleit is oftencornvenientto re-parentlevice driver packagedelov CYGPKG | O
in the configurationhierarchy thus reducingthe numberof packagesat the top level of the
hierarchyandmakingnavigationeasier The parentpropertycanbe usedto achieve this.

The parentpropertytakesa singleargumentwhich shouldbe the nameof a packageor compo-
nent.Thebodyof acdl _opt i on or otherCDL entity cancontainat mostoneparentproperty

Although the parentproperty affects an option’s positionin the overall hierarchyand hence
whetheror notthatoptionis active, are-parenteaptionstill belongsto the packagehatdefines
it. By defaultary #def i ne’ s will beexportedto that packages configurationheadeffile. Any

191



parent

192

compilepropertiescanonly referencesourcefiles presenin thatpackageandit is not directly
possibleto causesomefile in anothempackageo bebuilt by re-parenting.

Tip: If an option is re-parented somewhere below another package and that other package
is not actually loaded, the option is an orphan and its active/inactive state is undefined. In
such cases it is a good idea for the owning package to require the presence of the other
one. Unfortunately this technique does not work if a package as a whole is reparented below
another one that has not been loaded: the package is orphaned so it may be automatically
inactive, and hence any requires properties would have no effect.

Note: The current configuration tools do not provide a clean syntax for re-parenting im-
mediately below the root of a configuration, alongside the top-level packages. This will be
addressed in a future version. Also the handling of orphans needs to be improved.

Example

cdl _package CYGPKG HAL_1386 {
di spl ay "i 386 architecture"
par ent CYGPKG_HAL
har dwar e

i ncl ude_dir cyg/ hal
defi ne_header hal _i 386.h

See Also

Propertyscript,commandgdl _conponent andcdl _package.
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Name

Property requires — List constraintghatthe configurationshouldsatisfyif agiven
optionis active andenabled..

Synopsis

cdl _option <nanme> {
requi res <goal expression>

Description

Configurationoptionsare not independentFor examplethe C library canprovide thread-safe
implementationof certainfunctions,but only if the kernelis present,if the kernel provides
multi-threadingandif the kerneloptionsrelatedto perthreaddataareenabledlt is possibleto
expresssuchconstraintaisingrequiresproperties.

Theargumentdo arequirespropertyshouldconstitutea goalexpressionasdescribedn thesec-

tion calledList Expressionsn Chapter3. Mostgoalexpressionarerelatively simplebecaus¢he

constraintdbeingdescribedaresimple,but complicatedexpressionganbeusedwhennecessary
Thebodyof anoptionor otherCDL entity cancontainany numberof requiresconstraintsif the

optionis active andenabledthenall theseconstraintsshouldbe satisfied,andany goal expres-

sionswhich evaluateto 0 will resultin conflictsbeingraised.lt is possiblefor usersto ignore

suchconflictsandattemptto build the currentconfigurationanyway, but thereis no guarantee
thatanything will work. If anoptionis inactive or disabledthenits requiresconstraintswill be

ignored.

Theconfiguratiorsystencontainsaninferencesnginewhich canresohe mary typesof conflicts
automatically For example,if option A is enabledand requiresan option B that is currently
disabledthenthe inferenceenginemay attemptto resole the conflict by enablings. However
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thiswill notalwaysbe possiblefor exampletheremay be otherconstraintsn the configuration
whichforceB to be disabledat presentjn which caseuserinterventionis required.

Example

cdl _conponent CYGPKG_| O SERI AL_POWERPC_COGENT_SERI AL_A {
di spl ay "Cogent Power PC serial port A driver"
flavor bool
defaul t _value 0
requires (Cyd MP_KERNEL_I| NTERRUPTS_CHAIN || \

| CYGPKG | O SERI AL_POWERPC COGENT _SERI AL_B)

See Also

Propertyactive_if.
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Name

Property scri pt — Includeadditionalconfigurationinformationfrom anotherCDL
script.

Synopsis

cdl _conponent <name> {
script <filename>

Description

It is possibleto defineall the configurationoptionsandsub-component®r a givenpackagen a
single CDL script, eitherby nestingthemin the appropriatecommandbodies by extensive use
of the parentproperty or by somecombinationof thesetwo. However for large packageshisis
incornvenientandit is betterto split the raw configurationdataover several differentfiles. The
scriptpropertycanbeusedto achieve this. It takesa singlefilenameasargumentlf the package
follows the directorylayout corventionsthenthe configurationtools will look for the specified
file in the cdl sub-directoryof the package ptherwiseit will look for the file relative to the
packagestop-level directory

The script propertycanonly occurin the body of a cdl _conponent commandandonly one
scriptpropertyperbodyis allowed.

Example

cdl _conmponent CYGPKG Ul TRON _TASKS {
di spl ay "Tasks"
flavor none

description
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ul TRON Tasks are the basic bl ocks of nmulti-tasking

in the ul TRON world; they are threads or |ightweight
processes, sharing the address space and the CPU.

They conmuni cate using the primtives outlined above.
Each has a stack, an entry point (a C or C++ function),
and (where appropriate) a scheduling priority."

scri pt t asks. cdl

See Also

Command:dl _conponent , andpropertyparent.
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Chapter 6. Templates, Targets and Other
Topics

Templates

This sectionis still underconstruction.

Targets

This sectionis still underconstruction.
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