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Chapter 1. Overview
eCoswasdesignedfrom thevery beginningasa configurablecomponentarchitecture.Thecore
eCossystemconsistsof a numberof differentcomponentssuchasthekernel,theC library, an
infrastructurepackage.Eachof theseprovidesa largenumberof configurationoptions,allowing
applicationdevelopersto build a systemthat matchesthe requirementsof their particularap-
plication.To managethepotentialcomplexity of multiple componentsandlots of configuration
options,eCoscomeswith a componentframework: a collectionof toolsspecificallydesignedto
supportconfiguringmultiplecomponents.Furthermorethiscomponentframework is extensible,
allowing additionalcomponentsto beaddedto thesystemat any time.

Terminology
TheeCoscomponentarchitectureinvolvesanumberof key concepts.

Component Framework
Thephrasecomponentframework is usedto describethecollectionof tools thatallow usersto
configurea systemandadministera componentrepository. This includesthe ecosconfigcom-
mandline tool, the graphicalconfigurationtool, andthe packageadministrationtool. Both the
commandline andgraphicaltoolsarebasedon asingleunderlyinglibrary, theCDL library.

Configuration Option
The option is the basicunit of configurability. Typically eachoption correspondsto a single
choicethata usercanmake.For examplethereis anoptionto controlwhetheror not assertions
areenabled,andthekernelprovidesanoptioncorrespondingto thenumberof schedulingpriority
levelsin thesystem.Optionscancontrolverysmallamountsof codesuchaswhetheror not the
C library’sstrtok getsinlined.They canalsocontrolquitelargeamountsof code,for example
whetheror not theprintf supportsfloatingpoint conversions.

Many optionsarestraightforward,andtheuseronly getsto choosewhethertheoptionis enabled
or disabled.Someoptionsaremorecomplicated,for examplethenumberof schedulingpriority
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Chapter1. Overview

levels is a numberthatshouldbewithin a certainrange.Optionsshouldalwaysstartoff with a
sensibledefaultsetting,sothatit is notnecessaryfor usersto makehundredsof decisionsbefore
any work canstarton developingthe application.Oncethe applicationis running the various
configurationoptionscanbeusedto tunethesystemfor thespecificneedsof theapplication.

Thecomponentframework allows for optionsthatarenotdirectlyuser-modifiable.Considerthe
caseof processorendianness:someprocessorsare always big-endianor always little-endian,
while with otherprocessorsthereis achoice.Dependingontheuser’schoiceof targethardware,
endiannessmayor maynot beuser-modifiable.

Component
A componentis aunit of functionalitysuchasaparticularkernelscheduleror adevicedriverfor
a specificdevice. A componentis alsoa configurationoption in that usersmaywant to enable
or disableall the functionality in a component.For example,if a particulardevice on thetarget
hardwareis notgoingto beusedby theapplication,directlyor indirectly, thenthereis nopoint in
having a devicedriver for it. Furthermoredisablingthedevicedrivershouldreducethememory
requirementsfor bothcodeanddata.

Componentsmaycontainfurtherconfigurationoptions.In thecaseof adevicedriver, theremay
be optionsto control the exact behavior of that driver. Thesewill of coursebe irrelevant if the
driverasa wholeis disabled.More generallyoptionsandcomponentslive in a hierarchy, where
any componentcancontainoptionsspecificto that componentandfurther sub-components.It
is possibleto view the entire eCoskernelasonebig component,containingsub-components
for scheduling,exceptionhandling,synchronizationprimitives,andsoon. Thesynchronization
primitivescomponentcancontainfurther sub-componentsfor mutexes,semaphores,condition
variables,event flags,andso on. The mutex componentcancontainconfigurationoptionsfor
issueslikepriority inversionsupport.

Package
A packageis a specialtype of component.Specifically, a packageis the unit of distribution
of components.It is possibleto createa distribution file for a packagecontainingall of the
sourcecode,headerfiles,documentation,andotherrelevantfiles.This distribution file canthen
be installedusingtheappropriatetool. Afterwardsit is possibleto uninstallthatpackage,or to
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Chapter1. Overview

install a laterversion.ThecoreeCosdistribution comeswith a numberof packagessuchasthe
kernel and the infrastructure.Other packagessuchas network stackscan comefrom various
differentsourcesandcanbeinstalledalongsidethecoredistribution.

Packagescanbeenabledor disabled,but theuserexperienceis a little bit different.Generallyit
makesno sensefor the tools to loadthedetailsof every singlepackagethathasbeeninstalled.
For example,if thetargethardwareusesanARM processorthenthereis no point in loadingthe
HAL packagesfor otherarchitecturesanddisplayingchoicesto theuserwhich arenot relevant.
Thereforeenablingapackagemeansloadingits configurationdatainto theappropriatetool, and
disablingapackageis anunloadoperation.In addition,packagesarenot justenabledor disabled:
it is alsopossibleto selecttheparticularversionof a packagethatshouldbeused.

Configuration
A configurationis a collectionof userchoices.The varioustools that make up the component
framework dealwith entireconfigurations.Userscancreatea new configuration,outputa save-
file (by default ecos.ecc), manipulatea configuration,andusea configurationto generatea
build tree prior to building eCosandany other packagesthat have beenselected.A configu-
ration includesdetailssuchaswhich packageshave beenselected,in additionto finer-grained
informationsuchaswhich optionsin thosepackageshavebeenenabledor disabledby theuser.

Target
The target is the specificpieceof hardwareon 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 stepswhencreatinga new
configurationis needto specifythetarget.Thecomponentframework will mapthisonto asetof
packagesthatareusedto populatetheconfiguration,typically HAL anddevicedriverpackages,
andin additionit maycausecertainoptionstobechangedfrom theirdefaultsettingsto something
moreappropriatefor thespecifiedtarget.

Template
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Chapter1. Overview

A templateis apartialconfiguration,aimedatproviding userswith anappropriatestartingpoint.
eCosis shippedwith a small numberof templates,which correspondcloselyto commonways
of usingthe system.Thereis a minimal templatewhich providesvery little functionality, just
enoughto bootstrapthe hardwareandthenjump directly to applicationcode.Thedefault tem-
plateaddsadditionalfunctionality, for exampleit causesthekernelandC library packagesto be
loadedaswell. Theuitron templateaddsfurtherfunctionalityin theform of a � ITRON compat-
ibility layer. Creatinga new configurationtypically involvesspecifyinga templateaswell asa
target,resultingin a configurationthatcanbebuilt andlinkedwith theapplicationcodeandthat
will run on theactualhardware.It is thenpossibleto fine-tuneconfigurationoptionsto produce
somethingthatbettermatchesthespecificrequirementsof theapplication.

Proper ties
The componentframework needsa certainamountof informationabouteachoption. For ex-
ampleit needsto know what the legal valuesare,what the default shouldbe, whereto find
the on-line documentationif the userneedsto consultthat in orderto make a decision,andso
on. Theseareall propertiesof the option. Every option (including componentsandpackages)
consistsof a nameanda setof properties.

Consequences
Choicesmusthave consequences.For an eCosconfigurationthe main endproductis a library
that canbe linked with applicationcode,so the consequencesof a userchoicemustaffect the
build process.This happensin two main ways.First, optionscan affect which files get built
andendup in the library. Second,detailsof thecurrentoptionsettingsgetwritten into various
configurationheaderfiles usingC preprocessor#define directives,andpackagesourcecode
can#include theseconfigurationheadersandadaptaccordingly. Thisallowsoptionsto affecta
packageat a veryfine grain,at thelevel of individual linesin a sourcefile if desired.Theremay
be otherconsequencesaswell, for examplethereareoptionsto control the compilerflagsthat
getusedduringthebuild process.

Constraints
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Configurationchoicesarenot independent.The C library canprovide thread-safeimplementa-
tionsof functionslikerand, but only if thekernelprovidessupportfor per-threaddata.This is a
constraint:theC library optionhasarequirementon thekernel.A typicalconfigurationinvolves
a considerablenumberof constraints,of varying complexity: many constraintsarestraightfor-
ward,optionA requiresoptionB, or optionC precludesoptionD. Otherconstraintscanbemore
complicated,for exampleoptionE mayrequirethepresenceof a kernelschedulerbut doesnot
carewhetherit is thebitmapscheduler, themlqueuescheduler, or somethingelse.

Anothertypeof constraintinvolvesthevaluesthatcanbeusedfor certainoptions.For example
thereis a kerneloption relatedto the numberof schedulinglevels, andthereis a legal values
constrainton this option: specifyingzeroor a negative numberfor the numberof scheduling
levelsmakesno sense.

Conflicts
As theusermanipulatesoptionsit is possibleto endup with aninvalid configuration,whereone
or moreconstraintsarenot satisfied.For exampleif kernelper-threaddatais disabledbut theC
library’s thread-safetyoptionsareleft enabledthenthereareunsatisfiedconstraints,alsoknown
asconflicts.Suchconflictswill bereportedby theconfigurationtools.Thepresenceof conflicts
doesnot preventusersfrom attemptingto build eCos,but theconsequencesareundefined:there
may be compile-timefailures,theremay be link-time failures,the applicationmay completely
fail to run,or theapplicationmayrunmostof thetimebut oncein awhile therewill beastrange
failure.. . Typically userswill wantto resolveall conflictsbeforecontinuing.

To make things easierfor the user, the configurationtools containan inferenceengine.This
canexaminea conflict in a particularconfigurationandtry to figureout someway of resolving
theconflict. Dependingon theparticulartool beingused,the inferenceenginemayget invoked
automaticallyatcertaintimesor theusermayneedto invokeit explicitly. Also dependingonthe
tool, the inferenceenginemayapplyany solutionsit findsautomaticallyor it mayrequestuser
confirmation.

CDL
Theconfigurationtoolsrequireinformationaboutthevariousoptionsprovidedby eachpackage,
their consequencesandconstraints,andotherpropertiessuchas the locationof on-line docu-
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mentation.This informationhasto be provided in the form of CDL scripts.CDL is short for
ComponentDefinition Language,andis specificallydesignedasa way of describingconfigura-
tion options.

A typicalpackagecontainsthefollowing:

1. Somenumberof sourcefiles which will endup in a library. The applicationcodewill be
linked with this library to producean executable.Somesourcefiles may serve otherpur-
poses,for exampleto providea linkerscript.

2. Exportedheaderfiles whichdefinetheinterfaceprovidedby thepackage.

3. On-linedocumentation,for examplereferencepagesfor eachexportedfunction.

4. Somenumberof testcases,shippedin sourceformat,allowing usersto checkthatthepack-
ageis working asexpectedon their particularhardwareandin their specificconfiguration.

5. Oneor moreCDL scriptsdescribingthepackageto theconfigurationsystem.

Not all packagesneedto containall of these.For examplesomepackagessuchasdevicedrivers
maynotprovideanew interface,insteadthey justprovideanotherimplementationof anexisting
interface.However all packagesmust containa CDL script that describesthe packageto the
configurationtools.

Component Repositor y
All eCosinstallationsincludea componentrepository. This is a directorystructurewhereall the
packagesgetinstalled.Thecomponentframework comeswith anadministrationtool thatallows
new packagesor new versionsof a packageto beinstalled,old packagesto beremoved,andso
on.Thecomponentrepositoryincludesasimpledatabase,maintainedby theadministrationtool,
whichcontainsdetailsof thevariouspackages.

Generallyapplicationdevelopersdo not needto modify anything insidethecomponentreposi-
tory, exceptby meansof theadministrationtool. Insteadtheir work involvesseparatebuild and
install trees.This allows the componentrepositoryto be treatedas a read-onlyresourcethat
canbesharedby multiple projectsandmultiple users.Componentwritersmodifying oneof the
packagesdo needto manipulatefiles in thecomponentrepository.
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Chapter1. Overview

Why Configurability?
TheeCoscomponentframework placesa greatdealof emphasison configurability. Thefunda-
mentalgoal is to allow large partsof embeddedapplicationsto be constructedfrom re-usable
softwarecomponents,which doesnot a priori requirethat thosecomponentsbe highly config-
urable.Howeverembeddedapplicationdevelopmentofteninvolvessomeseriousconstraints.

Many embeddedapplicationshaveto work with very little memory, to keepdown manufacturing
costs.The final applicationimagethat will get blown into EPROM’s or usedto manufacture
ROMs shouldcontainonly thecodethatis absolutelynecessaryfor theapplicationto work, and
nothingelse.If a few tensof kilobytesareaddedunnecessarilyto a typical desktopapplication
thenthis is regrettable,but is quitelikely to gounnoticed.If anembeddedapplicationdoesnotfit
on thetargethardwarethentheproblemis muchmoreserious.Thecomponentframework must
allow usersto configurethecomponentssothatany unnecessaryfunctionalitygetsremoved.

Many embeddedapplicationsneeddeterministicbehavior so that they can meetreal-timere-
quirements.Suchdeterministicbehavior canoften be provided,but at a cost in termsof code
size,slower algorithms,andso on. Otherapplicationshave no suchreal-timerequirements,or
only for asmallpartof theoverallsystem,andthebulk of thesystemshouldnotsuffer any penal-
ties.Again thecomponentframework mustallow theuserscontrolover the timing behavior of
components.

Embeddedsystemstend to be difficult to debug. Even when it is possibleto get information
out of the target hardwareby meansother thanflashingan LED, the more interestingdebug-
ging problemsarelikely to betiming-relatedandhencevery hardto reproduceandtrackdown.
There-usablecomponentscanprovide debuggingassistancein variousways.They canprovide
functionalitythatcanbeexploitedby sourcelevel debuggerssuchasgdb,for exampleper-thread
debugginginformation.They canalsocontainvariousassertionssothatproblemscanbedetected
earlyon,tracingmechanismsto figureoutwhathappenedbeforetheassertionfailure,andsoon.
Of courseall of theseinvolve overheads,especiallycodesize,andaffect the timing. Allowing
usersto control which debuggingfeaturesareenabledfor any given applicationbuild is very
desirable.

However, althoughit is desirablefor re-usablecomponentsto provideappropriateconfiguration
optionsthis is not required.It is possibleto producea packagewhich doesnot provide a single
configurationoption— althoughtheuserstill getsto choosewhetheror not to usethepackage.
In suchcasesit is still necessaryto provide a minimal CDL script,but its mainpurposewould
beto integratethepackagewith thecomponentframework’sbuild system.
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Chapter1. Overview

Appr oaches to Configurability
Thepurposeof configurabilityis to controlthebehavior of components.A schedulercomponent
may or may not supporttime slicing; it may or may not supportmultiple priorities; it may or
maynot performerrorcheckingon argumentspassedto theschedulerroutines.In thecontext of
adesktopapplicationabuttonwidgetmaycontainsometext or it maycontaina picture;thetext
maybedisplayedin avarietyof fonts;theforegroundandbackgroundcolormayvary. Whenan
applicationusesa componenttheremustbe someway of specifyingthe desiredbehavior. The
componentwriter hasno way of knowing in advanceexactly how a particularcomponentwill
endup beingused.

Oneway to control the behavior is at run time. The applicationcreatesan instanceof a button
object,andtheninstructsthis objectto displayeithertext or a picture.No specialeffort by the
applicationdeveloperis required,sincea buttoncanalwayssupportall desiredbehavior. There
is of coursea major disadvantagein termsof the sizeof the final applicationimage:the code
thatgetslinkedwith theapplicationhasto provide supportfor all possiblebehavior, evenif the
applicationdoesnot requireit.

Anotherapproachis to control the behavior at link-time, typically by using inheritancein an
object-orientedlanguage.Thebuttonlibrary providesanabstractbaseclassButton andderived
classesTextButton andPictureButton. If anapplicationonly usestext buttonsthenit will
only createobjectsof typeTextButton, andthecodefor thePictureButton classdoesnotget
used.In many casesthis approachworksratherwell andreducesthefinal imagesize,but there
arelimitations.Themainoneis thatyoucanonly havesomany derivedclassesbeforethesystem
gets unmanageable:a derived classTextButtonUsingABorderWidthOfOnePlusAWhite-
BackgroundAndBlackForegroundAndATwelvePointTimesFontAndNoErrorCheckingOrAssertions

is not particularlysensibleasfar asmostapplicationdevelopersareconcerned.

TheeCoscomponentframework allows thebehavior of componentsto becontrolledat aneven
earliertime: whenthecomponentsourcecodegetscompiledandturnedinto a library. Thebut-
ton componentcould provide options,for examplean option that only text buttonsneedto be
supported.Thecomponentgetsbuilt andbecomespartof a library intendedspecificallyfor the
application,andthe library will containonly the codethat is requiredby this applicationand
nothingelse.A differentapplicationwith differentrequirementswould needits own versionof
thelibrary, configuredseparately.

In theorycompile-timeconfigurabilityshouldgivethebestpossibleresultsin termsof codesize,
becauseit allows codeto becontrolledat the individual statementlevel ratherthanat the func-
tion or objectlevel. Consideranexamplemorecloselyrelatedto embeddedsystems,a package
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to supportmulti-threading.A standardroutinewithin sucha packageallows applicationsto kill
threadsasynchronously:thePOSIXroutinefor this is pthread_cancel; theequivalentrou-
tine in � ITRON is ter_tsk. Theseroutinesthemselvestendto involveasignificantamountof
code,but that is not the real problem:otherpartsof the systemrequireextra codeanddatafor
thekill routineto beableto functioncorrectly. For exampleif a threadis blockedwhile waiting
on a mutex andis killed off by anotherthreadthenthekill operationmayhave to do two things:
remove the threadfrom the mutex’s queueof waiting threads;andundothe effects,if any, of
priority inheritance.Theimplementationrequiresextra fieldsin thethreaddatastructuresothat
thekill routineknowsaboutthethread’scurrentstate,andextracodein themutex routinesto fill
in andcleartheseextra fieldscorrectly.

Most embeddedapplicationsdo not requirethe ability to kill off a threadasynchronously, and
hencethekill routinewill not get linkedinto thefinal applicationimage.Without compile-time
configurabilitythis would still meanthatthemutex codeandsimilar partsof thesystemcontain
codeanddatathat serve no usefulpurposein this application.The eCosapproachallows the
userto selectthat thethreadkill functionality is not required,andall thecomponentscanadapt
to this at compile-time.For examplethe codein the mutex lock routinecontainsstatementsto
supportthekilling of threads,but thesestatementswill only getcompiledin if thatfunctionality
is required.Theoverall resultis thatthefinal applicationimagecontainsonly thecodeanddata
thatis really neededfor theapplicationto work, andnothingelse.

Of coursetherearecomplications.To returnto thebuttonexample,the applicationcodemight
only usetext buttonsdirectly, but it mightalsousesomehigher-levelwidgetsuchasafile selector
andthis file selectormight requirebuttonswith pictures.Thereforethe button codemuststill
be compiledto supportpicturesaswell as text. The configurationtools mustbe awareof the
dependenciesbetweencomponentsandensurethat the internalconstraintsaremet, aswell as
the external requirementsof the applicationcode.An areaof particularconcernis conflicting
requirements:a buttoncomponentmight bewritten in sucha way thatit canonly supporteither
text buttonsor picturebuttons,but not bothin oneapplication;this would representa weakness
in thecomponentitself ratherthanin thecomponentframework asa whole.

Compile-timeconfigurabilityis not intendedto replacetheotherapproachesbut ratherto com-
plementthem.Therewill betimeswhenrun-timeselectionof behavior is desirable:for example
anapplicationmayneedto beableto changethebaudrateof a serialline, andthesystemmust
thenprovide a way of doing this at run-time.Therewill alsobetimeswhenlink-time selection
is desirable:for examplea C library might providetwo differentrandomnumberroutinesrand
andlrand48; thesedo not affect othercodesothereis no goodreasonfor theC library com-
ponentnot to provide bothof these,andallow theapplicationcodeto usenone,one,or bothof
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themasappropriate;any unusedfunctionswill just get eliminatedat link-time. Compile-time
selectionof behavior is anotheroption,andit canbethemostpowerful oneof thethreeandthe
bestsuitedto embeddedsystemsdevelopment.

Degrees of Configurability
Componentscansupportconfigurabilityin varyingdegrees.It is not necessaryto have any con-
figurationoptionsat all, andtheonly userchoiceis whetheror not to loada particularpackage.
Alternatively it is possibleto implementhighly-configurablecode.As anexampleconsideratyp-
ical facility that is providedby many real-timekernels,mutex locks.Thepossibleconfiguration
optionsinclude:

1. If no partof theapplicationandno othercomponentrequiresmutexesthenthereis nopoint
in having the mutex codecompiledinto a library at all. This saveshaving to compile the
code.In additiontherewill neverbeany needfor theuserto configurethedetailedbehavior
of mutexes.Thereforethepresenceof mutexesis a configurationoptionin itself.

2. Evenif theapplicationdoesmake useof mutexesdirectly or indirectly, this doesnot mean
that all mutex functionshave to be included.The minimum functionality consistsof lock
andunlock functions.However therearevariantsof the locking primitive suchastry-lock
andtry-with-timeoutwhichmayor maynotbeneeded.

Generallyit will be harmlessto compilethe try-lock function even if it is not actuallyre-
quired,becausethefunctionwill geteliminatedatlink-time.Someusersmighttaketheview
thatthetry-lock functionshouldnevergetcompiledin unlessit is actuallyneeded,to reduce
compile-timeanddisk usage.Otherusersmight arguethattherearevery few valid usesfor
a try-lock function andit shouldnot be compiledby default to discourageincorrectuses.
The presenceof a try-lock function is a possibleconfigurationoption,althoughit may be
sensibleto default it to true.

Thetry-with-timeoutvariantis morecomplicatedbecauseit addsa dependency: themutex
codewill now rely on someothercomponentto provide a timer facility. To make things
worsethepresenceof this timermight impactothercomponents,for exampleit maynow be
necessaryto guardagainsttimer interrupts,andthushave an insidiouseffect on codesize.
Thepresenceof a lock-with-timeoutfunction is clearlya sensibleconfigurationoption,but
thedefaultvalueis lessobvious.If theoptionis enabledby default thenthefinal application
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imagemayendupwith codethatis notactuallyessential.If theoptionis disabledby default
thenuserswill have to enablethe option somehow in order to usethe function, implying
moreeffort on the partof the user. Onepossibleapproachis to calculatethe default value
basedon whetheror not a timercomponentis presentanyway.

3. The applicationmay or may not requirethe ability to createanddestroy mutexesdynam-
ically. For mostembeddedsystemsit is both lesserror-proneandmoreefficient to create
objectslike mutexesstatically. Dynamiccreationof mutexescanbe implementedusinga
pre-allocatedpool of mutex objects,involving someextra codeto manipulatethepool and
anadditionalconfigurationoptionto definethesizeof thepool. Alternatively it canbe im-
plementedusinga general-purposememoryallocator, involving quite a lot of extra code
andconfigurationoptions.However this general-purposememoryallocatormaybepresent
anyway to supporttheapplicationitself or someothercomponent.Theability to createand
destroy mutexesdynamicallyis a configurationoption,andtheremaynot bea sensiblede-
fault thatis appropriatefor all applications.

4. An importantissuefor mutex locksis thehandlingof priority inversion,whereahighpriority
threadis preventedfrom runningbecauseit needsa lock ownedby a lower priority thread.
This is only anissueif thereis a schedulerwith multiplepriorities:somesystemsmayneed
multi-threadingandhencesynchronizationprimitives,but asinglepriority level maysuffice.
If priority inversionis a theoreticalpossibilitythentheapplicationdevelopermaystill want
to ignoreit becausethe applicationhasbeendesignedsuchthat the problemcannotarise
in practice.Alternatively the developermay want somesort of exceptionraisedif priority
inversiondoesoccur, becauseit shouldnot happenbut theremaystill bebugsin thecode.
If priority inversioncanoccurlegally thentherearethreemainwaysof handlingit: priority
ceilings,priority inheritance,andignoringtheproblem.Priority ceilingsrequirelittle code
but extra effort on the part of the applicationdeveloper. Priority inheritancerequiresmore
codebut is automatic.Ignoringpriority inversionmayor maynot beacceptable,depending
on the applicationand exactly whenpriority inversioncan occur. Someof thesechoices
involve additionalconfigurationoptions,for exampletherearedifferentwaysof raisingan
exception,andpriority inheritancemayor maynot beappliedrecursively.

5. As a furthercomplicationsomemutexesmaybehiddeninsidea componentratherthanbe-
ing anexplicit partof theapplication.For example,if theC library is configuredto provide
a malloc call thentheremaybe anassociatedmutex to make the functionautomatically
thread-safe,with no needfor external locking. In suchcasesthe memoryallocationcom-
ponentof the C library can imposea constrainton the kernel, requiring that mutexesbe
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provided.If the userattemptsto disablemutexesanyway thenthe configurationtools will
reporta conflict.

6. Themutex codeshouldcontainsomegeneraldebuggingcodesuchasassertionsandtracing.
Usuallysuchdebug supportwill beenabledor disabledat a coarselevel suchastheentire
systemor everything inside the kernel, but sometimesit will be desirableto enablethe
supportmoreselectively. Onereasonwould be memoryrequirements:the target may not
have enoughmemoryto hold the systemif all debugging is enabled.Another reasonis
if mostof the systemis working but therearea few problemsstill to resolved; enabling
debuggingin the entiresystemmight changethe system’s timing behavior too much,but
enablingsomedebug optionsselectively canstill beuseful.Thereshouldbeconfiguration
optionsto allow specifictypesof debuggingto be enabledat a fine-grain,but with default
settingsinheritedfrom anenclosingcomponentor from globalsettings.

7. Themutex codemaycontainspecializedcodeto interactwith a debuggingtool runningon
the host.It shouldbe possibleto enableor disablethis debuggingcode,andtheremaybe
additionalconfigurationoptionscontrollingthedetailedbehavior.

Altogethertheremay be somethinglike ten to twenty configurationoptionsthat are specific
to the mutex code.Theremay be a similar numberof additionaloptionsrelatedto assertions
andotherdebug facilities.All of theoptionsshouldhave sensibledefault values,possiblyfixed,
possiblycalculateddependingonwhatis happeningelsewherein theconfiguration.For example
thedefault settingfor anassertionoptionshouldgenerallyinherit from a kernel-wideassertion
controloption,which in turn inheritsfrom aglobaloption.Thisallowsusersto enableor disable
assertionsgloballyor at amorefine-grainedlevel, asdesired.

Differentcomponentsmaybeconfigurableto differentdegrees,rangingfrom nooptionsatall to
thefine-grainedconfigurabilityof theabovemutex example(or possiblyevenfurther).It is upto
componentwritersto decidewhatoptionsshouldbeprovidedandhow bestto serve theneedsof
applicationdeveloperswhowantto usethatcomponent.

Warnings
Largepartsof eCosweredevelopedconcurrentlywith thedevelopmentof theconfigurationtech-
nology, or in somecasesbeforedesignwork onthattechnologywascomplete.As aconsequence
thevariouseCospackagesoftenmakeonly limited useof theavailablefunctionality. Thissitua-
tion is expectedto changeovertime.It doesmeanthatmany of thedescriptionsin thisguidewill
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not correspondexactly to how theeCospackageswork right now, but ratherto how they could
work. Someof themoreextremediscrepanciessuchasthelocationof on-linedocumentationin
thecomponentrepositorywill bementionedin theappropriateplacesin theguide.

A consequenceof this is that developersof new componentscanlook at existing CDL scripts
for examples,anddiscover discrepanciesbetweenwhat is recommendedin this guideandwhat
actuallyhappensat present.In suchcasesthis guideshouldbetreatedasauthoritative.

It is alsoworthnotingthatthecurrentcomponentframework is notfinished.Variouspartsof this
guidewill referto possiblechangesandenhancementsin futureversions.Examiningthesource
codeof theconfigurationtoolsmay revealhintsaboutotherlikely developments,andthereare
many morepossibleenhancementswhich only exist ata conceptuallevel right now.
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Chapter 2. Package Organization
For a packageto be usablein the eCoscomponentframework it mustconformto certainrules
imposedby that framework. Packagesmustbe distributed in a form that is understoodby the
componentrepositoryadministrationtool. Theremustbeatop-levelCDL scriptwhichdescribes
thepackageto thecomponentframework. Therearecertainlimitationsrelatedto how apackage
getsbuilt, so that thepackagecanstill beusedin a varietyof hostenvironments.In additionto
theserules,thecomponentframework providesanumberof guidelines.Packagesdonothaveto
conformto theguidelines,but stickingto themcansimplify certainoperations.

This chapterdealswith the generalorganizationof a package,for examplehow to distinguish
betweenprivateandexportedheaderfiles. Chapter3 describesthe CDL language.Chapter4
detailsthebuild process.

Packages and the Component Repositor y
All eCosinstallationsincludea componentrepository. This is a directorystructurefor all in-
stalledpackages.Thecomponentframework comeswith anadministrationtool thatallows new
packagesor new versionsof a packageto be installed,old packagesto beremoved,andsoon.
The componentrepositoryincludesa simpledatabase,maintainedby the administrationtool,
whichcontainsdetailsof thevariouspackages.
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Eachpackagehasits own little directoryhierarchywithin the componentrepository. Keeping
severalpackagesin a singledirectoryis illegal. The error, infra andkernelpackagesall live at
thetop-levelof therepository. For othertypesof packagestherearesomepre-defineddirectories:
compat isusedfor compatibilitypackages,whichimplementotherinterfacessuchas� ITRONor
POSIXusingnativeeCoscalls;hal is usedfor packagesthatporteCosto differentarchitectures
or platforms,andthisdirectoryis furtherorganizedonaper-architecturebasis;io is intendedfor
devicedrivers;language is usedfor languagesupportlibraries,for exampletheC library. There
arenostrict rulesdefiningwherenew packagesshouldgetinstalled.Obviouslyif anexistingtop-
level directorysuchascompat is applicablethenthenew packageshouldgo in there.If a new
categoryis desirablethenit is possibleto createanew sub-directoryin thecomponentrepository.
For example,anorganizationplanningto releasea numberof eCospackagesmaywantthemall
to appearbelow asub-directorycorrespondingto theorganization’sname— in thehopethatthe
namewill notchangetoooften.It is possibleto addnew packagesdirectly to thetop-level of the
componentrepository, but this shouldbeavoided.

Theecos.dbfile holdsthecomponentrepositorydatabaseandis managedby theadministration
tool. The variousconfigurationtools readin this file whenthey start-upto obtain information
aboutthevariouspackagesthathavebeeninstalled.Whendevelopinganew packageit is neces-
saryto addsomeinformationto thefile, asdescribedin thesectioncalledUpdatingtheecos.db
databasein Chapter3. Thetemplates directoryholdsvariousconfigurationtemplates.

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

Caution
Thecurrentecos.dbdatabasedoesnot yet provide all of the information
neededby thecomponentframework.Its formatis subjectto changein fu-
turereleases,andthefile maybereplacedcompletelyif necessary. There
area numberof other likely future developmentsrelatedto the compo-
nentrepositoryandthedatabase.Theway targetsaredescribedis subject
to change.Sometimesit is desirablefor componentwriters to do their
initial developmentin a directoryoutsidethe componentrepository, but
thereis no specificsupportin theframework for thatyet.
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Package Versioning
Below eachpackagedirectorytherecanbeoneor moreversionsub-directories,namedafterthe
versions.This is a requirementof the componentframework: it mustbe possiblefor usersto
installmultipleversionsof apackageandselectwhichoneto usefor any givenapplication.This
hasa numberof advantagesto users:mostimportantlyit allows a singlecomponentrepository
to besharedbetweenmultiple usersandmultiple projects,asrequired;alsoit facilitatesexper-
iments,for exampleit is relatively easyto try out the latestversionof somepackageandseeif
it makesany difference.Thereis a potentialdisadvantagein termsof disk space.Howeversince
eCospackagesgenerallyconsistof sourcecodeintendedfor smallembeddedsystems,andgiven
typical moderndisk sizes,keepinga numberof differentversionsof a packageinstalledwill
usuallybeacceptable.Theadministrationtool canbeusedto removeversionsthatareno longer
required.

Theversioncurrent is special.Typically it correspondsto theverylatestversionof thesources,
obtainedby anonymousCVS. Thesesourcesmaychangefrequently, unlike full releaseswhich
do not change(or only whenpatchesareproduced).Componentwritersmayalsowant to work
on thecurrent version.

All othersubdirectoriesof apackagecorrespondto specificreleasesof thatpackage.Thecompo-
nentframework allowsusersto selecttheparticularversionof apackagethey wantto use,but by
default themostrecentonewill beused.This requiressomerulesfor orderingversionnumbers,
adifficult taskbecauseof thewidevarietyof waysin which versionscanbeidentified.

1. Theversioncurrent is alwaysconsideredto bethemostrecentversion.

2. If thefirst characterof bothstringsareeitherv or V, theseareskippedbecauseit makeslittle
senseto enforcecasesensitivity here.Potentiallythis couldresultin ambiguityif thereare
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two versiondirectoriesV1.0 andv1.0, but this will matchthe confusionexperiencedby
any usersof suchapackage.However if two subsequentreleasesarecalledV1.0 andv1.1,
e.g.becauseof aminormix-upwhenmakingthedistributionfile, thenthecasedifferenceis
ignored.

3. Next the two versionstringsarecomparedonecharacterat a time. If bothstringsarecur-
rently at a digit thena string to numberconversiontakesplace,andthe resultingnumbers
arecompared.For examplev10 is a morerecentreleasethanv2. If the two numbersare
thesamethenprocessingcontinues,sofor v2b andv2c theversioncomparisoncodewould
moveon to b andc.

4. Thecharactersdot ., hyphen- andunderscore_ aretreatedasequivalentseparators,so if
onereleasegoesout asv1_1 andthenext goesout asv1.2 theseparatorhasnoeffect.

5. If neitherstring hasyet terminatedbut the charactersaredifferent,ASCII comparisonis
used.For exampleV1.1b is morerecentthanv1.1alpha.

6. If oneversionstring terminatesbeforetheother, thecurrentcharacterdetermineswhich is
themorerecent.If theotherstringis currentlyataseparatorcharacter, for examplev1.3.1
andv1.3, thentheformeris assumedto bea minor releaseandhencemorerecentthanthe
latter. If the otherstring is not at a separatorcharacter, for examplev1.3beta, then it is
treatedasanexperimentalversionof thev1.3 releaseandhenceolder.

7. Thereisnospecialprocessingof dates,sowith twoversionsss-20000316 andss-20001111
thenumericalvalues20001111 and20000316 determinetheresult:largervaluesaremore
recent.It is suggestedthatthefull yearbeusedin suchcasesratherthanashorthandlike00,
to avoid Y2100problems.

8. Thereis no limit on how many levels of versioningareused,so therecould in theorybe
a v3.1.4.1.5.9.2.7 releaseof a package.However this is unlikely to be of benefitto
typical usersof a package.

Theversioncomparisonrulesof thecomponentframework maynotbesuitablefor everyversion
numberingschemein existence,but they shouldcopewith many commoncases.
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Caution
Therearesomeissuesstill to beresolvedbeforeit is possibleto combine
thecurrent sourcesavailablevia anonymousCVS andfull releasesof
eCosandadditionalpackagesin a singlecomponentrepository. Thefirst
problemrelatesto the ecos.dbdatabase:if a new packageis addedvia
the CVS repositorythenthis requiresa databaseupdate,but the admin-
istrationtool is bypassed.The secondproblemarisesif an organization
choosesto placeits componentrepositoryundersourcecodecontrolus-
ing CVS, in which casedifferentdirectorieswill belongto differentCVS
servers.Theseissueswill beaddressedin a futurerelease.

Package Contents and Layout
A typicalpackagecontainsthefollowing:

1. Somenumberof sourcefiles which will endup in a library. The applicationcodewill be
linked with this library to producean executable.Somesourcefiles may serve otherpur-
poses,for exampleto providea linkerscript.

2. Exportedheaderfiles whichdefinetheinterfaceprovidedby thepackage.

3. On-linedocumentation,for examplereferencepagesfor eachexportedfunction.

4. Somenumberof testcases,shippedin sourceformat,allowing usersto checkthatthepack-
ageis working asexpectedon their particularhardwareandin their specificconfiguration.

5. Oneor moreCDL scriptsdescribingthepackageto theconfigurationsystem.

It is alsoconventionalto haveaper-packageChangeLog file usedto keeptrackof changesto that
package.This is especiallyvaluableto endusersof thepackagewho maynot have convenient
accessto the sourcecodecontrol systemusedto managethe mastercopy of the package,and
hencecannotfind outeasilywhathaschanged.Oftenit canbeveryusefulto themaindevelopers
aswell.

Any givenpackagesneednotcontainall of these.It is compulsoryto haveatleastoneCDL script
describingthepackage,otherwisethecomponentframeworkwouldbeunableto processit. Some
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packagesmay not have any sourcecode:it is possibleto have a packagethatmerelydefinesa
commoninterfacewhich canthenbe implementedby severalotherpackages,especiallyin the
context of devicedrivers;howeverit is still commonto havesomecodein suchpackagesto avoid
replicatingshareablecodein all of theimplementationpackages.Similarly it is possibleto have
a packagewith no exportedheaderfiles, just sourcecodethat implementsanexisting interface:
for exampleanethernetdevice drivermight just implementa standardinterfaceandnot provide
any additional functionality. Packagesdo not needto comewith any on-line documentation,
althoughthis mayaffect how many peoplewill wantto usethepackage.Much thesameapplies
to per-packagetestcases.

The componentframework hasa recommendedper-packagedirectory layout which splits the
packagecontentson a functionalbasis:

For example,if a packagehasan include sub-directorythenthe componentframework will
assumethat all headerfiles in andbelow that directory areexportedheaderfiles andwill do
theright thing at build time.Similarly if thereis docpropertyindicatingthe locationof on-line
documentationthenthecomponentframework will first look in thedoc sub-directory.

Thisdirectorylayoutis justaguideline,it is notenforcedby thecomponentframework.For sim-
plepackagesit oftenmakesmoresenseto haveall of thefiles in just onedirectory. For example
apackagecouldjustcontainthefileshello.cxx, hello.h, hello.html andhello.cdl. By
defaulthello.h will betreatedasanexportedheaderfile, althoughthis canbeoverriddenwith
theinclude_filesproperty. Assumingthereis a docpropertyreferringto hello.html andthere
is no doc sub-directorythenthetoolswill searchfor this file relative to thepackage’s top-level
andeverythingwill just work. Much thesameappliesto hello.cxx andhello.cdl.

Tip: Older versions of the eCos build system only supported packages that followed the
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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
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,documentation,andsoon.For build purposesa componentrepositoryis read-
only. Applicationdeveloperswill only modify thecomponentrepositorywheninstallingor
removing packages,via the administrationtool. Componentwriters will typically work on
just onepackagein thecomponentrepository.

2. The build tree.Eachconfigurationhasits own build tree,which canberegeneratedat any
timeusingtheconfiguration’secos.ecc savefile.Thebuild treecontainsonly intermediate
files,primarily objectfiles.Oncea build is completethebuild treecontainsno information
thatis usefulfor applicationdevelopmentandcanbewiped,althoughthiswouldslow down
any rebuilds following changesto theconfiguration.

3. The install tree.This is populatedduring a build, andcontainsall the files relevant to ap-
plication development.Therewill be a lib sub-directorywhich typically containslib-
target.a, a linker script, start-upcode,andso on. Therewill alsobe an include sub-
directorycontainingall the headerfiles exportedby the variouspackages.Therewill also
be a include/pkgconf sub-directorycontainingvariousconfigurationheaderfiles with
#define’s for theoptions.Typically theinstall treeis createdwithin thebuild tree,but this
is not a requirement.

Thebuild processinvolvesthefollowing steps:

1. Givena configuration,thecomponentframework is responsiblefor creatingall thedirecto-
riesin thebuild andinstall trees.If thesetreesalreadyexist thenthecomponentframework
is responsiblefor any clean-upsthatmay be necessary, for exampleif a packagehasbeen
removedthenall relatedfiles shouldbeexpungedfrom thebuild andinstall trees.Thecon-
figurationheaderfiles will be generatedat this time. Dependingon the hostenvironment,
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the componentframework will alsogeneratemakefilesor someotherway of building the
variouspackages.Every time the configurationis modifiedthis stepneedsto be repeated,
to ensurethatall option consequencestake effect. Careis taken that this will not result in
unnecessaryrebuilds.

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 treecontainsall exported
headerfiles. All compilationswill usethe install tree’s include directory as oneof the
placesto searchfor headerfiles.

3. All sourcefiles relevant to the currentconfigurationget compiled.This involvesa setof
compilerflagsinitializedonaper-targetbasis,with eachpackagebeingableto modify these
flags,andwith the ability for the userto overridethe flagsaswell. Carehasto be taken
hereto avoid inappropriatetarget-dependenciesin packagesthatareintendedto beportable.
Thecomponentframework hasbuilt-in knowledgeof how to handleC, C++ andassembler
sourcefiles— otherlanguagesmaybeaddedin future,asandwhennecessary. Thecompile
propertyis usedto list thefiles thatshouldgetcompiled.All objectfilesendup in thebuild
tree.

4. Onceall theobjectfiles have beenbuilt they arecollectedinto a library, typically libtar-
get.a, whichcanthenbelinkedwith applicationcode.Thelibrary is generatedin theinstall
tree.

5. Thecomponentframework providessupportfor custombuild steps,usingthemake_object
andmake properties.The resultsof thesecustombuild stepscaneitherbe objectfiles that
shouldend up in a library, or other files suchas a linker script. It is possibleto control
the order in which thesecustombuild stepstake place,for exampleit is possibleto run a
particularbuild stepbeforeany of thecompilationshappen.

Configurab le Sour ce Code
All packagesshouldbe totally portableto all target hardware(with the obvious exceptionsof
HAL and device driver packages).They shouldalso be totally bug-free,requirethe absolute
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minimumamountof codeanddataspace,besoefficient that cpu time usageis negligible, and
provide lots of configurationoptionsso that applicationdevelopershave full control over the
behavior. Theconfigurationoptionsareoptionalonly if a packagecanmeettherequirementsof
every potentialapplicationwithout any overheads.It is not thepurposeof this guideto explain
how to achieveall of theserequirements.

The eCoscomponentframework doeshave someimportantimplicationsfor the sourcecode:
compilerflag dependencies;packageinterfacesvs. implementations;andhow configurationop-
tionsaffect sourcecode.

Compiler Flag Dependencies

Wherever possiblecomponentwriters shouldavoid dependencieson particularcompilerflags.
Any suchdependenciesare likely to impactportability. For example,if onepackageneedsto
be built in big-endianmodeandanotherpackageneedsto be built in little-endianmodethen
usuallyit will not bepossiblefor applicationdevelopersto usebothpackagesat thesametime;
in addition the applicationdeveloperis no longergiven a choicein the matter. It is far better
for the packagesourcecodeto adaptthe endiannessat compile-time,or possiblyat run-time
althoughthatwill involvecode-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

Thecomponentframework providesencapsulationat thepackagelevel.A packageA hasnoway
of accessingthe implementationdetailsof anotherpackageB at compile-time.In particular, if
thereis a privateheaderfile somewherein a package’s src sub-directorythenthis headerfile
is completelyinvisible to other packages.Any attemptsto cheatby using relative pathnames
beginningwith ../.. aregenerallydoomedto failurebecauseof thepresenceof packagever-
siondirectories.Therearetwo waysin which onepackagecanaffect another:by meansof the
exportedheaderfiles,whichdefinea public interface;or via theCDL scripts.
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This encapsulationis a deliberateaspectof the overall eCoscomponentframework design.In
mostcasesit doesnot causeany problemsfor componentwriters. In somecasesenforcinga
cleanseparationbetweeninterfaceand implementationdetailscan improve the code.Also it
reducesproblemswhena packagegetsupgraded:componentwritersarefreeto do prettymuch
anything on the implementationside, including renamingevery singlesourcefile; carehasto
be taken only with the exportedheaderfiles and with the CDL data,becausethosehave the
potentialof impactingotherpackages.Application codeis similarly unableto accesspackage
implementationdetails,only theexportedinterface.

Very occasionallythe inability of one packageto seeimplementationdetailsof anotherdoes
causeproblems.Oneexampleoccursin HAL packages,whereit maybedesirablefor thearchi-
tectural,variantandplatformHAL’s to sharesomeinformationthatshouldnotbevisible to other
packagesor to applicationcode.This maybeaddressedin thefutureby introducingtheconcept
of friend packages,just asa C++ classcanhave friend functionsandclasseswhich areal-
lowed specialaccessto a classinternals.It is not yet clearwhethersuchcasesaresufficiently
frequentto warrantintroducingsucha facility.

Sour ce Code and Configuration Options

Configurabilityusuallyinvolvessourcecodethatneedsto implementdifferentbehavior depend-
ing on the settingsof configurationoptions.It is possibleto write packageswhere the only
consequenceassociatedwith variousconfigurationoptionsis to controlwhatgetsbuilt, but this
approachis limited anddoesnotallow for fine-grainedconfigurability.Therearethreemainways
in which optionscouldaffect sourcecodeat build time:

1. Thecomponentcodecanbe passedthrougha suitablepreprocessor, eitheranexisting one
such as m4 or a new one specially designedwith configurability in mind. The original
sourceswouldresidein thecomponentrepositoryandtheprocessedsourceswouldresidein
thebuild tree.Theseprocessedsourcescanthenbecompiledin theusualway.

This approachhastwo mainadvantages.First, it is independentfrom theprogramminglan-
guageusedto codethe components,provided reasonableprecautionsare taken to avoid
syntaxclashesbetweenpreprocessorstatementsandactualcode.This would make it easier
in future to supportlanguagesotherthanC andC++. Second,configurablecodecanmake
useof advancedpreprocessingfacilities suchas loopsandrecursion.The disadvantageis
that componentwriters would have to learnabouta new preprocessorandembedappro-
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priatedirectivesin the code.This makesit muchmoredifficult to turn existing codeinto
components,andit involvesextra trainingcostsfor thecomponentwriters.

2. Compileroptimizationscanbeusedto elidecodethatshouldnot bepresent,for example:

...
if (CYGHWR_NUMBER_UARTS � 0) {

...
}
...

If the compilerknows that CYGHWR_NUMBER_UARTS is the constantnumber0 thenit is a
trivial operationto get rid of the unnecessarycode.The componentframework still hasto
definethis symbolin a way that is acceptableto the compiler, typically by usinga const

variableor apreprocessorsymbol.In somerespectsthis is acleanapproachto configurabil-
ity, but it haslimitations.It cannotbeusedin thedeclarationsof datastructuresor classes,
nor doesit provide controlover entirefunctions.In additionit maynot beimmediatelyob-
vious that this codeis affectedby configurationoptions,which maymake it moredifficult
to understand.

3. Existing languagepreprocessorscanbe used.In the caseof C or C++ this would be the
standardC preprocessor, andconfigurablecodewould containa numberof #ifdef and
#if statements.

#if (CYGHWR_NUMBER_UARTS � 0)
...

#endif

This approachhasthe big advantagethat the C preprocessoris a technologythat is both
well-understoodandwidely used.Therearealsodisadvantages:it is not directly applicable
to componentswritten in otherlanguagessuchasJava (althoughit is possibleto usetheC
preprocessorasa stand-aloneprogram);the preprocessingfacilities areratherlimited, for
examplethereis no loopingfacility; andsomepeopleconsiderthetechnologyto beugly. Of
courseit maybepossibleto getaroundthesecondobjectionby extendingthepreprocessor
thatis usedby gccandg++.

The current componentframework generatesconfigurationheaderfiles with C preprocessor
#define’s for eachoption (typically, therevariouspropertieswhich can be usedto control
this). It is up to componentwritersto decidewhetherto usepreprocessor#ifdef statementsor
languageconstructssuchasif. At presentthereis nosupportfor languageswhichdonot involve
theC preprocessor, althoughsuchsupportcanbeaddedin futurewhentheneedarises.

30



Chapter2. PackageOrganization

Expor ted Header Files
A package’s exportedheaderfiles shouldspecify the interfaceprovided by that package,and
avoid any implementationdetails.However theremay be performanceor other reasonswhy
implementationdetailsoccasionallyneedto bepresentin theexportedheaders.

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 exportedheaderfiles shouldbe written.
Theremaybeconfigurationoptionswhich affect the interfaceof a package,not just the imple-
mentation.It is necessaryto worry aboutnested#include’s andhow this affectspackageand
applicationbuilds. A specialcaseof this relatesto whetheror not exportedheaderfiles should
#include configurationheaders.Theseconfigurationheadersareexported,but shouldonly be
#include’d whennecessary.

Configurab le Functionality

Many configurationoptionsaffectonly theimplementationof apackage,not theinterface.How-
eversomeoptionswill affect theinterfaceaswell, whichmeansthattheoptionshaveto betested
in the exportedheaderfiles. Someimplementationchoices,for examplewhetheror not a par-
ticular functionshouldbe inlined, alsoneedto be testedin theheaderfile becauseof language
limitations.

Considera configurationoptionCYGFUN_KERNEL_MUTEX_TIMEDLOCK which controlswhether
ornotafunctioncyg_mutex_timedlock isprovided.Theexportedkernelheaderfile cyg/kernel/kapi.h

couldcontainthefollowing:

#include � pkgconf/kernel.h �
...
#ifdef CYGFUN_KERNEL_MUTEX_TIMEDLOCK
extern bool cyg_mutex_timedlock(cyg_mutex_t*);
#endif

This is a correctheaderfile, in that it definestheexact interfaceprovidedby thepackageat all
times.However is hasanumberof implications.First, theheaderfile is now dependentonpkg-
conf/kernel.h, soany changesto kernelconfigurationoptionswill causecyg/kernel/kapi.h
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to beoutof date,andany sourcefilesthatusethekernelinterfacewill needrebuilding. Thismay
affectsourcesin thekernelpackage,in otherpackages,andin applicationsourcecode.Second,if
theapplicationmakesuseof this functionsomewherebut theapplicationdeveloperhasmiscon-
figuredthesystemanddisabledthis functionalityanyway thentherewill now beacompile-time
errorwhenbuilding theapplication.Notethatotherpackagesshouldnot beaffected,sincethey
shouldimposeappropriateconstraintsonCYGFUN_KERNEL_MUTEX_TIMEDLOCK if they usethat
functionality (althoughof coursesomedependencieslike this may get missedby component
developers).

An alternativeapproachwouldbe:

extern bool cyg_mutex_timedlock(cyg_mutex_t*);

Effectively theheaderfile is now lying aboutthefunctionalityprovidedby thepackage.Thefirst
resultis thatthereis nolongeradependency onthekernelconfigurationheader. Thesecondresult
is thatanapplicationfile usingthetimed-lockfunctionwill now compile,but theapplicationwill
fail to link. At thisstagetheapplicationdeveloperstill hasto intervene,changetheconfiguration,
andrebuild thesystem.Howeverno applicationrecompilationsarenecessary, just a relink.

Theoreticallyit wouldbepossiblefor atool to analyzelinkererrorsandsuggestpossibleconfigu-
rationchangesthatwouldresolvetheproblem,reducingtheburdenontheapplicationdeveloper.
No suchtool is plannedin theshortterm.

It is up to componentwritersto decidewhich of thesetwo approachesshouldbepreferred.Note
thatit is not alwayspossibleto avoid #include’ing a configurationheaderfile in anexported
one,for exampleanoptionmayaffectadatastructureratherthanjust thepresenceor absenceof
a function.Issueslike thiswill vary from packageto package.

Nested #include’s

As ageneralrule,unnecessary#include’s shouldbeavoided.A headerfile should#include
only thoseheaderfiles which areabsolutelyneededfor it to defineits interface.Any additional
#include’s make it morelikely thatpackageor applicationsourcefiles becomedependenton
configurationheaderfiles andwill get rebuilt unnecessarilywhenthereareminor configuration
changes.
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Including Configuration Headers

Exportedheaderfiles shouldavoid #include’ing configurationheaderfiles unlessabsolutely
necessary, to avoid unnecessaryrebuilding of both applicationcodeandotherpackageswhen
thereareminorconfigurationchanges.A #include is neededonly whenaconfigurationoption
affectstheexportedinterface,or whenit affectssomeimplementationdetailswhich is controlled
by theheaderfile suchaswhetheror nota particularfunctiongetsinlined.

Therearea coupleof waysin which theproblemof unnecessaryrebuilding couldbeaddressed.
Thefirst would requiremoreintelligenthandlingof headerfile dependency handlingby thetools
(especiallythecompiler)andthebuild system.This would requirechangesto variousnon-eCos
tools.An alternative approachwould be to supportfiner-grainedconfigurationheaderfiles, for
exampletherecouldbeafile pkgconf/libc/inline.h controllingwhich functionsshouldbe
inlined. This couldbeachievedby somefairly simpleextensionsto thecomponentframework,
but it makesit moredifficult to get the packageheaderfiles andsourcecodecorrect:a C pre-
processor#ifdef directive doesnot distinguishbetweena symbolnot beingdefinedbecause
the option is disabled,or the symbolnot being definedbecausethe appropriateconfiguration
headerfile hasnot been#include’d. It is likely that a cross-referencingtool would have to
be developedfirst to catchproblemslike this, beforethe componentframework could support
finer-grainedconfigurationheaders.

Package Documentation
On-linepackagedocumentationshouldbein HTML format.Thecomponentframework imposes
no speciallimitations:componentwriterscandecidewhich versionof theHTML specification
shouldbe followed; they canalsodecideon how bestto copewith the limitations of different
browsers.In generalit is a goodideato keepthingssimple.

Test Cases
Packagesshouldnormallycomewith oneor moretestcases.This allowsapplicationdevelopers
to verify thatagivenpackageworkscorrectlyon theirparticularhardwareandin theirparticular
configuration,makingit slightly morelikely thatthey will attemptto find bugsin theirown code
ratherthanautomaticallyblamingthecomponentwriters.
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At the time of writing the applicationdevelopersupportfor building and running test cases
via the componentframework is underreview and likely to change.Currently eachtest case
shouldconsistof a singleC or C++ sourcefile that canbe compiledwith the package’s setof
compilerflagsandlinkedlikeany applicationprogram.EachtestcaseshouldusethetestingAPI
definedby the infrastructure.A magically-namedcalculatedconfigurationoption of the form
CYGPKG_ � PACKAGE-NAME � _TESTS lists thetestcases.

Host-side Suppor t
On occasionit would beusefulfor aneCospackageto beshippedwith host-sidesupport.This
couldtake theform of anadditionaltool neededto build thatpackage.It couldbeanapplication
intendedto communicatewith thetarget-sidepackagecodeanddisplaymonitoringinformation.
It could be a utility neededfor runningthe packagetestcases,especiallyin the caseof device
drivers.Thecomponentframework doesnotyetprovideany suchsupportfor host-sidesoftware,
andthereareobviousissuesrelatedto portability to thedifferentmachinesthatcanbeusedfor
hosts.This issuemaygetaddressedin somefuturerelease.In somecasescustombuild stepscan
besubvertedto dothingsonthehostsideratherthanthetargetside,but this is notrecommended.

Making a Package Distrib ution
Developersof new eCospackagesareadvisedto distribute their packagesin the form of eCos
packagedistribution files. Packagesdistributed in this format may be addedto existing eCos
componentrepositoriesin a robustmannerusingthePackageAdministrationTool. This chapter
describestheformatof packagedistributionfilesanddetailshow to prepareaneCospackagefor
distribution in this format.

The eCos package distrib ution file format
eCospackagedistributionfilesaregzippedGNU tararchiveswhichcontainboththesourcecode
for oneor moreeCospackagesandadatafile containingpackageinformationto beaddedto the
componentrepositorydatabase.Thedistributionfilesaresubjectto thefollowing rules:
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a.Thedatafile mustbenamedpkgadd.db andmustbelocatedin theroot of thetar archive.
It must containdata in a format suitablefor appendingto the eCosrepositorydatabase
(ecos.db).thesectioncalledUpdatingtheecos.dbdatabasein Chapter3 describesthis data
format. Note that a databaseconsistency checkis performedby the eCosAdministration
Tool whenpkgadd.db hasbeenappendedto the database.Any new target entrieswhich
referto unknown packageswill beremovedat this stage.

b. Thepackagesourcecodemustbeplacedin oneor more � package-path � / � version �
directoriesin thetar archive,whereeach � package-path� directorypathis specifiedasthe
directoryattributeof oneof thepackagesentriesin pkgadd.db.

c. An optional licenseagreementfile namedpkgadd.txt may be placedin the root of the
tar archive. It shouldcontaintext with a maximumline lengthof 79 characters.If this file
exists,thecontentswill bepresentedto theuserduringinstallationof thepackage.TheeCos
PackageAdministrationTool will thenprompttheuserwith thequestion"Do you accept

all the terms of the preceding license agreement?". Theusermustrespond
"yes" to this promptin orderto proceedwith theinstallation.

d. Optional templatefiles may be placedin one or moretemplates/ � template_name �
directoriesin thetar archive.Notethatsuchtemplatefileswould beappropriateonly where
thepackagesto bedistributedhaveacomplex dependency relationshipwith otherpackages.
Typically, a third partypackagecanbesimply addedto aneCosconfigurationbasedon an
existing core templateand the provision of new templateswould not be appropriate.the
sectioncalledTemplatesin Chapter6 containsmoreinformationon templates.

e.The distribution file must be given a .epk (not .tar.gz) file extension.The .epk file
extensionservesto distinguisheCospackagedistributionsfiles from genericgzippedGNU
tararchives.It alsodiscouragesusersfrom attemptingto extractthepackagefromthearchive
manually. Thefile browsingdialogof theeCosPackageAdministrationTool listsonly those
fileswhich havea.epk extension.

f. No otherfilesshouldbepresentin thearchive.

g. Files in the tar archive may useLF or CRLF line endingsinterchangably. The eCosAd-
ministrationTool ensuresthat the installedfiles aregiventheappropriatehost-specificline
endings.

h. Binary files may be placedin the archive, but the distribution of object codeis not rec-
ommended.All binary files mustbe given a .bin suffix in addition to any file extension
they mayalreadyhave. For example,theGIF imagefile myfile.gif mustbenamedmy-
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file.gif.bin in thearchive.The.bin suffix is removedduringfile extractionandis used
to inhibit themanipulationof line endingsby theeCosAdministrationTool.

Preparing eCos packages for distrib ution
Developmentof new eCospackagesor new versionsof existing eCospackageswill take place
in thecontext of anexisting eCoscomponentrepository. This sectiondetailsthestepsinvolved
in extracting new packagesfrom a repositoryand generatinga correspondingeCospackage
distribution file for distribution of the packagesto othereCosusers.The stepsrequiredareas
follows:

a.Createatemporarydirectory$PKGTMP for manipulationof thepackagedistributionfile con-
tentsandcopy thesourcefilesof thenew packagesinto thisdirectory, preservingtherelative
pathto thepackage.In thecaseof anew packageatmypkg/current in therepository:

$ mkdir -p $PKGTMP/mypkg
$ cp -p -R $ECOS_REPOSITORY/mypkg/current $PKGTMP/mypkg

Wheremorethanonepackageis to bedistributedin a singlepackagedistributionfile, copy
eachpackagein theabovemanner. Notethatmultiplepackagesdistributedin asinglepack-
agedistribution file cannotbeinstalledseparately. Wheresuchflexibility is required,distri-
bution of eachnew packagein separatepackagedistributionfiles is recommended.

b. Copy any templatefiles associatedwith thedistributedpackagesinto the temporarydirec-
tory, preservingtherelativepathto thetemplate.For example:

$ mkdir -p $PKGTMP/templates
$ cp -p -R $ECOS_REPOSITORY/templates/mytemplate $PKGTMP/templates

c. Removeany filesfrom thetemporarydirectoryhierarchywhichyoudonotwantto distribute
with thepackages(eg objectfiles,CVS directories).

d. Add a .bin suffix to the nameof any binary files. For example,if the packagescontains
GIF imagefiles (*.gif) for documentationpurposes,suchfiles mustberenamedto *.gif.bin
asfollows:

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

The.bin suffix is removedduringfile extractionandis usedto inhibit themanipulationof
line endingsby theeCosPackageAdministrationTool.
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e.Extractthepackagerecordsfor thenew packagesfromthepackagedatabasefile at$ECOS_REPOSITORY/ecos.db
andcreatea new file containingtheserecordsat $PKGTMP/pkgadd.db (in the root of the
temporarydirectoryhierarchy).Any targetrecordswhichreferencethedistributedpackages
mustalsobeprovidedin pkgadd.db.

f. Renamethe versiondirectoriesunder$PKGTMP (typically current during development)
to reflect the versionsof the packagesyou aredistributing. For example,version1.0 of a
packagemayusetheversiondirectorynamev1_0:

$ cd $PKGTMP/mypkg
$ mv current v1_0

thesectioncalledPackageVersioningdescribestheversionnamingconventions.

g. Renameany templatefiles under$PKGTMP (typically current.ect during development)
to reflect the versionof the templateyou are distributing. For example,version1.0 of a
templatemayusethefilenamev1_0.ect:

$ cd $PKGTMP/templates/mytemplate
$ mv current.ect v1_0.ect

It is alsoimportantto edit thecontentsof thetemplatefile, changingtheversionof eachref-
erencedpackageto matchthatof thepackagesyou aredistributing.This stepwill eliminate
versionwarningsduringthesubsequentloadingof thetemplate.

h. Optionallycreatea licenceagreementfile at$PKGTMP/pkgadd.txt containingthelicens-
ing termsunderwhichyouaredistributing thenew packages.Limit eachline in thisfile to a
maximumof 79characters.

i. Createa GNU tar archiveof thetemporarydirectoryhierarchy. By convention,this archive
would havea nameof theform � package_name � - � version � :

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

Notethatnon-GNUversionof tar maycreatearchive files which exhibit subtleincompati-
bilities with GNU tar. For this reason,alwaysuseGNU tar to createthearchivefile.

j. Compressthearchiveusinggzipandgive theresultingfile a.epk file extension:

$ gzip mypkg-1.0.tar
$ mv mypkg-1.0.tar.gz mypkg-1.0.epk

TheresultingeCospackagedistribution file (*.epk) is in a compressedformatandmaybe
distributedwithout furthercompression.
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The CDL languageis a key part of the eCoscomponentframework. All packagesmustcome
with at leastoneCDL script,to describethatpackageto theframework. Theinformationin that
scriptincludesdetailsof all theconfigurationoptionsandhow to build thepackage.Implement-
ing a new componentor turning someexisting codeinto an eCoscomponentalways involves
writing correspondingCDL. This chapterprovidesa descriptionof theCDL language.Detailed
informationonspecificpartsof thelanguagecanbefoundin Chapter5.

Langua ge Overview
A verysimpleCDL scriptwould look like this:

cdl_package CYGPKG_ERROR {
display "Common error code support"
compile strerror.cxx
include_dir cyg/error
description "

This 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 common way, rather than each package
having its own conventions for error/status
reporting. The error codes are modelled on the
POSIX style naming e.g. EINVAL etc. This package
also provides the standard strerror() function to
convert error codes to textual representation."

}

Thisdescribesasinglepackage,theerrorcodepackage,whichdoesnothaveany sub-components
or configurationoptions.Thepackagehasaninternalname,CYGPKG_ERROR, whichcanberefer-
encedin otherCDL scriptsusinge.g.requires CYGPKG_ERROR. Therewill alsobea#define
for this symbolin a configurationheaderfile. In additionto the packagename,this script pro-
videsa numberof propertiesfor thepackageasa whole.Thedisplaypropertyprovidesa short
description.The descriptionpropertyinvolvesa rather longer one, for whenusersneeda bit
moreinformation.Thecompileandinclude_dirpropertieslist theconsequencesof this package
at build-time.Thepackageappearsto lackany on-linedocumentation.
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Packagescould be even simpler thanthis. If the packageonly providesan interfaceandthere
areno files to be compiledthenthereis no needfor a compileproperty. Alternatively if there
are no exportedheaderfiles, or if the exportedheaderfiles shouldgo to the top-level of the
install/include directory, thenthereis noneedfor aninclude_dirproperty. Strictly speaking
thedescriptionanddisplaypropertiesareoptionalaswell, althoughapplicationdeveloperswould
not appreciatetheresultinglackof informationaboutwhatthepackageis supposedto do.

However many packagestendto be a bit morecomplicatedthanthe error package,containing
varioussub-componentsandconfigurationoptions.Thesearealsodefinedin the CDL scripts
andin muchthesameway asthepackage.For example,the following excerptcomesfrom the
infrastructurepackage:

cdl_component CYGDBG_INFRA_DEBUG_TRACE_ASSERT_BUFFER {
display "Buffered tracing"
default_value 1
active_if CYGDBG_USE_TRACING
description "

An output module which buffers output from tracing and
assertion events. The stored messages are output when an
assert fires, or CYG_TRACE_PRINT() (defined in
� cyg/infra/cyg_trac.h � ) is called. Of course, there will
only be stored messages if tracing per se (CYGDBG_USE_TRACING)
is enabled above."

cdl_option CYGDBG_INFRA_DEBUG_TRACE_BUFFER_SIZE {
display "Trace buffer size"
flavor data
default_value 32
legal_values 5 to 65535
description "

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

}

...
}

Like a cdl_package, a cdl_component hasa nameanda body. The body containsvarious
propertiesfor that component,and may also containsub-componentsor options.Similarly a
cdl_option hasanameandabodyof properties.Thisexamplelistsanumberof new properties:
default_value,active_if, flavor andlegal_values.Themeaningof mostof theseshouldbefairly
obvious.Thenext sectionsdescribethevariousCDL commandsandproperties.
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Thereis oneadditionalandvery importantpoint:CDL is notacompletelynew language;instead
it is implementedasan extensionof the existing Tcl scriptinglanguage.The syntaxof a CDL
script is Tcl syntax,which is describedbelow. In additionsomeof themoreadvancedfacilities
of CDL involve embeddedfragmentsof Tcl code,for examplethereis a define_procproperty
which specifiessomecodethatneedsto beexecutedwhenthecomponentframework generates
theconfigurationheaderfiles.

CDL Commands
TherearefourCDL-relatedcommandswhichcanoccuratthetop-levelof aCDL script:cdl_package,
cdl_component, cdl_option andcdl_interface. Thesecorrespondto the basicbuilding
blocksof the language(CDL interfacesaredescribedin the sectioncalled Interfaces). All of
thesetake thesamebasicform:

cdl_package � name � {
...

}

cdl_component � name � {
...

}

cdl_option � name � {
...

}

cdl_interface � name � {
...

}

Thecommandis followedby a nameandby a bodyof properties,the latterenclosedin braces.
Packagesandcomponentscancontainotherentities,sothecdl_package andcdl_component
canalsohave nestedcommandsin their bodies.All namesmustbeuniquewithin a givencon-
figuration.If saytheC library packageandaTCP/IPstackbothdefinedanoptionwith thesame
namethenit would not be possibleto loadbothof theminto a singleconfiguration.Thereis a
namingconventionwhichshouldmakeaccidentalnameclashesveryunlikely.

It is possiblefor two packagesto usethe samenameif thereareno reasonablecircumstances
underwhichbothpackagescouldbeloadedatthesametime.Oneexamplewouldbearchitectural
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HAL packages:agiveneCosconfigurationcanbeusedononly oneprocessor, sothearchitectural
HAL packagesCYGPKG_HAL_ARM andCYGPKG_HAL_I386 canre-useoptionnames;in fact in
somecasesthey areexpectedto.

Eachpackagehasonetop-level CDL script,which is specifiedin thepackagesecos.dbdatabase
entry.Typically thenameof this top-level script is relatedto thepackage,sothekernelpackage
useskernel.cdl, but this is just aconvention.Thefirst commandin thetop-level scriptshould
becdl_package, andthenameusedshouldbethesameasin theecos.dbdatabase.Thereshould
beonly onecdl_package commandperpackage.

ThevariousCDL entitieslive in ahierarchy. For examplethekernelpackagecontainsaschedul-
ing component,a synchronizationprimitivescomponent,anda numberof others.Thesynchro-
nizationcomponentcontainsvariousoptionssuchaswhetheror notmutex priority inheritanceis
enabled.Thereis noupperboundonhow farcomponentscanbenested,but it is rarelynecessary
to go morethanthreeor four levelsdeeperthanthepackagelevel. Sincethenamingconvention
incorporatesbits of thehierarchy, this hastheaddedadvantageof keepingthenamesdown to a
moremanageablesize.

The hierarchyserves two purposes.It allows optionsto be controlleden masse,so disabling
a componentautomaticallydisablesall the optionsbelow it in the hierarchy. It alsopermitsa
muchsimplerrepresentationof theconfigurationin thegraphicalconfigurationtool, facilitating
navigationandmodification.

By default a packageis placedat thetop-level of thehierarchy, but it is possibleto overridethis
usinga parentproperty. For examplean architecturalHAL packagesuchasCYGPKG_HAL_SH
typically re-parentsitself below CYGPKG_HAL, andaplatformHAL packagewouldthenre-parent
itself below thearchitecturalHAL. Thismakesit alittle bit easierfor usersto navigatearoundthe
hierarchy. Components,optionsandinterfacescanalsobere-parented,but this is lesscommon.

All components,optionsand interfacesthat aredefineddirectly in the top-level script will be
placedbelow the packagein the hierarchy. Alternatively they canbe nestedin the body of the
cdl_package command.Thefollowing two scriptfragmentsareequivalent:

cdl_package CYGPKG_LIBC {
...

}

cdl_component CYGPKG_LIBC_STRING {
...

}
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cdl_option CYGPKG_LIBC_CTYPE_INLINES {
...

}

and:

cdl_package CYGPKG_LIBC {
...

cdl_component CYGPKG_LIBC_STRING {
...

}

cdl_option CYGPKG_LIBC_CTYPE_INLINES {
...

}
}

If a scriptdefinesoptionsboth insideandoutsidethebodyof thecdl_package thenthe ones
insidewill be processedfirst. Languagepuristsmay arguethat it would have beenbetterif all
containedoptionsandcomponentshadto go into thebody, but in practiceit is oftenconvenient
to beableto skip this level of nestingandtheresultingbehavior is still well-defined.

ComponentscanalsocontainoptionsandotherCDL entities,in fact that is whatdistinguishes
themfrom options.Thesecanbedefinedin thebodyof thecdl_component command:

cdl_component CYGPKG_LIBC_STDIO {

cdl_component CYGPKG_LIBC_STDIO_FLOATING_POINT {
...

}

cdl_option CYGSEM_LIBC_STDIO_THREAD_SAFE_STREAMS {
...

}
}

Nestingoptionsinsidethebodiesof componentslike this is fine for simplepackageswith only
a limited numberof configurationoptions,but it becomesunsatisfactoryasthe numberof op-
tions increases.Insteadit is possibleto split theCDL datainto multiple CDL scripts,on a per-
componentbasis.The script propertyshouldbe usedfor this. For example,in the caseof the
C library all stdio-relatedconfigurationoptionscouldbeput into stdio.cdl, andthetop-level
CDL scriptlibc.cdl would containthefollowing:
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cdl_package CYGPKG_LIBC {
...

cdl_component CYGPKG_LIBC_STDIO {
...
script stdio.cdl

}
}

TheCYGPKG_LIBC_STDIO_FLOATING_POINT componentandtheCYGSEM_LIBC_STDIO_THREAD_SAFE_STREAMS
option canthenbe placedat the top-level of stdio.cdl. It is possibleto have someoptions
nestedin thebodyof acdl_component commandandotheroptionsin a separatefile accessed
by the script property. In sucha casethe nestedoptionswould be processedfirst, andthenthe
otherscriptwould bereadin. A scriptspecifiedby a scriptpropertyshouldonly definenew op-
tions,componentsor interfaces:it shouldnot containany additionalpropertiesfor the current
component.

It is possiblefor a component’s CDL script to have a sub-componentwhich alsohasa script
property, andsoon. In practiceexcessive nestinglike this is rarelyuseful.It is alsopossibleto
ignoretheCDL languagesupportfor constructinghierarchiesautomaticallyandusetheparent
propertyexplicitly for everysingleoptionandcomponent.Again this is 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 data to booldata. If the change is made then interfaces would support the
script property, just like components.

CDL Proper ties
Eachpackage,component,option, and interfacehasa body of properties,which provide the
componentframework with informationabouthow to handleeachoption. For examplethere
is a propertyfor a descriptive text messagewhich canbe displayedto a userwho is trying to
figureout justwhateffectmanipulatingtheoptionwouldhaveon thetargetapplication.Thereis
anotherpropertyfor thedefaultvalue,for examplewhetheraparticularoptionshouldbeenabled
or disabledby default.
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All of thepropertiesareoptional,it is legal to definea configurationoptionwhich hasanempty
body. Howeversomepropertiesaremoreoptionalthanothers:userswill notappreciatehaving to
manipulateanoptionif they arenot givenany sortof descriptionor documentation.Otherprop-
ertiesareintendedonly for very specificpurposes,for examplemake_objectandinclude_files,
andareusedonly rarely.

Becausedifferentpropertiesserve very differentpurposes,their syntaxis not asuniform asthe
top-level commands.Somepropertiestake no argumentsat all. Otherpropertiestake a single
argumentsuchasa descriptionstring,or a list of argumentssuchasa compilepropertywhich
specifiesthe file or files that shouldbe compiledif a given option is active andenabled.The
define_procproperty takes as argumenta snippetof Tcl code.The active_if, calculated,de-
fault_value,legal_valuesandrequirespropertiestakevariousexpressions.Additional properties
maybedefinedin futurewhich takenew kindsof arguments.

All propertyparsingcodesupportsoptionsfor everyproperty, althoughatpresentthemajorityof
propertiesdo not yet take any options.Any initial argumentsthatbegin with a hyphencharacter
- will beinterpretedasanoption,for example:

cdl_package CYGPKG_HAL_ARM {
...
make -priority 1 {

...
}

}

If the option involvesadditionaldata,asfor the -priority exampleabove, thenthis canbe
written aseither-priority=1 or as-priority 1. On occasionthe optionparsingcodecan
getin theway, for example:

cdl_option CYGNUM_LIBC_TIME_DST_DEFAULT_STATE {
...
legal_values -1 to 1
default_value -1

}

Neitherthe legal_valuesnor thedefault_valuepropertywill accept-1 asa valid option,so this
will resultin syntaxerrorswhentheCDL scriptis readin by thecomponentframework.To avoid
problems,theoptionparsingcodewill recognizethestring- andwill notattemptto interpretany
subsequentarguments.Hencethis optionshouldbewrittenas:

cdl_option CYGNUM_LIBC_TIME_DST_DEFAULT_STATE {
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...
legal_values - -1 to 1
default_value - -1

}

The propertyparsingcodeinvolvesa recursive invocationof the Tcl interpreterthat is usedto
parsethe top-level commands.This meansthat somecharactersin the body of an option will
be treatedspecially. The# charactercanbeusedfor comments.Thebackslashcharacter\, the
dollar character$, squarebrackets[ and], braces{ and}, andthe quotecharacter" may all
receivespecialtreatment.Mostof thetime this is not aproblembecausethesecharactersarenot
useful for mostproperties.On occasionhaving a Tcl interpreteraroundperformingthe parser
canbevery powerful. For moredetailsof how thepresenceof a Tcl interpretercanaffect CDL
scripts,seethesectioncalledAn Introductionto Tcl.

Many of the propertiescanbe usedin any of cdl_package, cdl_component, cdl_option
or cdl_interface. Other propertiesare more specific.The script property is only relevant
to components.The define_header,hardware,include_dir,include_files,andlibrary properties
applyto a packageasawhole,socanonly occurin thebodyof acdl_package command.The
calculated,default_valueandflavor propertiesarenot relevantto packagesor interfaces,aswill
beexplainedlater. Thelegal_valuespropertyis alsonot relevantto packages.

Thissectionlists thevariousproperties,groupedby purpose.Eachpropertyalsohasa full refer-
encepagein Chapter5. Propertiesrelatedto valuesandexpressionsaredescribedin moredetail
in thesectioncalledValuesandExpressions. Propertiesrelatedto headerfile generationandto
thebuild processaredescribedin Chapter4.

Information-pr oviding Proper ties
Userscanonly beexpectedto manipulateconfigurationoptionssensiblyif they aregivensuffi-
cientinformationabouttheseoptions.Therearethreepropertieswhichserveto explainanoption
in plain text: thedisplaypropertygivesa textual aliasfor anoption,which is usuallymorecom-
prehensiblethansomethinglike CYGPKG_LIBC_TIME_ZONES‘; the descriptionpropertygives
a longerdescription,typically a paragraphor so; the doc propertyspecifiesthe locationof ad-
ditional on-line documentationrelatedto a configurationoption. In the context of a graphical
tool the displaystring will be the primary way for usersto identify configurationoptions;the
descriptionparagraphwill bevisiblewhenever theoptionis selected;theon-linedocumentation
will only beaccessedwhentheuserexplicitly requestsit.
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cdl_package CYGPKG_UITRON {
display "uITRON compatibility layer"
doc ref/ecos-ref.a.html
description "

eCos supports a uITRON Compatibility Layer, providing
full Level S (Standard) compliance with Version 3.02 of
the uITRON Standard, plus many Level E (Extended) features.
uITRON is the premier Japanese embedded RTOS standard."

...
}

All threepropertiestake a singleargument.For displayanddescriptionthis argumentis just a
string. For doc it shouldbe a pointer to a suitableHTML file, optionally including an anchor
within thatpage.If thedirectorylayoutconventionsareobservedthenthecomponentframework
will look for theHTML file in thepackage’sdoc sub-directory, otherwisethedocfilenamewill
betreatedasrelative to thepackage’s top-level directory.

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

The parentpropertycanbe usedto move a CDL entity somewhereelsein the hierarchy. The
mostcommonuseis for packages,to avoid having all thepackagesappearat thetop-level of the
configurationhierarchy. For exampleanarchitecturalHAL packagesuchasCYGPKG_HAL_SH is
placedbelow thecommonHAL packageCYGPKG_HAL usinga parentproperty.

cdl_package CYGPKG_HAL_SH {
display "SH architecture"
parent CYGPKG_HAL
...

}

Theparentpropertycanalsobeusedin thebodyof acdl_component,cdl_option orcdl_interface,
but thisis lesscommon.Howevercarehasto betakensinceexcessivere-parentingcanbeconfus-
ing. Carealsohasto betakenwhenreparentingbelow someotherpackagethatmaynotactually
beloadedin a givenconfiguration,sincetheresultingbehavior is undefined.

Thescriptpropertycanonly beusedin thebodyof acdl_component command.Theproperty
takesasinglefilenameasargument,andthisshouldbeanotherCDL scriptcontainingadditional
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options,sub-componentsandinterfacesthatshouldgo below thecurrentcomponentin thehier-
archy. If thedirectorylayoutconventionsareobservedthenthecomponentframework will look
for thespecifiedfile relative to thecdl subdirectoryof thepackage,otherwisethefilenamewill
betreatedasrelative to thepackage’s top-level directory.

cdl_component CYGPKG_LIBC_STDIO {
display "Standard input/output functions"
flavor bool
requires CYGPKG_IO
requires CYGPKG_IO_SERIAL_HALDIAG
default_value 1
description "

This enables support for standard I/O functions from � stdio.h � ."

script stdio.cdl
}

Value-related Proper ties
Thereareseven propertieswhich arerelatedto option valuesandstate:flavor, calculated,de-
fault_value,legal_values,active_if, implements,andrequires.More detailedinformationcanbe
foundin thesectioncalledValuesandExpressions.

In thecontext of configurability, theconceptof anoption’s valueis somewhatnon-trivial. First
anoptionmayor maynot be loaded:it is possibleto build a configurationwhich hasthemath
library but not thekernel;however themathlibrary’sCDL scriptsstill referencekerneloptions,
for exampleCYGSEM_LIBM_THREAD_SAFE_COMPAT_MODE hasa requiresconstrainton CYG-

VAR_KERNEL_THREADS_DATA. Evenif anoptionis loadedit mayor maynotbeactive,depend-
ing on what is happeninghigherup in the hierarchy:if the C library’s CYGPKG_LIBC_STDIO
componentis disabledthensomeother optionssuchasCYGNUM_LIBC_STDIO_BUFSIZE be-
comeirrelevant.In additioneachoptionhasbothabooleanenabled/disabledflagandadatapart.
For many optionsonly the booleanflag is of interest,while for othersonly the datapart is of
interest.Theflavor propertycanbeusedto controlthis:

flavor none

This flavor indicatesthat neither the booleannor the datapartsare user-modifiable:the
optionis alwaysenabledandthedatais alwayssetto 1. Themostcommonusefor this is to
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have a componentthat just actsasa placeholderin thehierarchy, allowing variousoptions
to begroupedbelow it.

flavor bool

Only thebooleanpartof theoptionis user-modifiable.Thedatapartis fixedat1.

flavor data

Only thedatapartof theoptionis user-modifiable.Thebooleanpartis fixedat enabled.

flavor booldata

Both thebooleanandthedatapartof theoptionareuser-modifiable.

For moredetailsof CDL flavorsandhow aflavor affectsexpressionevaluation,andotherconse-
quences,seethesectioncalledValuesandExpressions. Theflavor propertycannotbeusedfor a
packageor aninterface:packagesalwayshave thebooldata flavor, andinterfacesalwayshave
thedata flavor. Optionsandcomponentshavethebool flavor by default,sincemostconfigura-
tion choicesaresimpleyes-or-nochoices.

Thecalculatedpropertycanbeusedfor optionswhich shouldnot beuser-modifiable,but which
insteadarefixedby thetargethardwareor determinedfrom thecurrentvaluesof otheroptions.In
generalcalculatedoptionsshouldbeavoided,sincethey canbeconfusingto userswho needto
figureoutwhetheror notaparticularoptioncanactuallybechanged.Thereareanumberof valid
usesfor calculatedoptions,andquitea few invalid onesaswell. Thereferencepackagesshould
beconsultedfor furtherdetails.ThepropertytakesanordinaryCDL expressionasargument,for
example:

# A constant on some target hardware, perhaps user-modifiable on other
# targets.
cdl_option CYGNUM_HAL_RTC_PERIOD {

display "Real-time clock period"
flavor data
calculated 12500

}

The calculatedpropertycannotbe usedfor packagesor interfaces.The valueof a packageal-
wayscorrespondsto theversionof thatpackagewhich is loaded,andthis is underusercontrol.
Interfacesareimplicitly calculated,basedon thenumberof activeandenabledimplementors.
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Thedefault_valuepropertyis similar to calculated,but only specifiesadefaultvaluewhichusers
can modify. Again this property is not relevant to packagesor interfaces.A typical example
wouldbe:

cdl_option CYGDBG_HAL_DEBUG_GDB_THREAD_SUPPORT {
display "Include GDB multi-threading debug support"
requires CYGDBG_KERNEL_DEBUG_GDB_THREAD_SUPPORT
default_value CYGDBG_KERNEL_DEBUG_GDB_THREAD_SUPPORT
...

}

The legal_valuesproperty imposesa constrainton the possiblevaluesof the datapart of an
option.Henceit is only applicableto optionswith thedata or booldata flavors. It cannotbe
usedfor apackagesincetheonly valid valuefor apackageis its versionnumber. Thearguments
to thelegal_valuespropertyshouldconstitutea CDL list expression.

cdl_option CYGNUM_LIBC_TIME_STD_DEFAULT_OFFSET {
display "Default Standard Time offset"
flavor data
legal_values - -90000 to 90000
default_value - 0
...

}

Theactive_if propertydoesnot relatedirectly to anoption’s value,but ratherto its active state.
Usually this is controlledvia theconfigurationhierarchy:if theCYGPKG_LIBC_STDIO compo-
nentis disabledthenall optionsbelow it areinactiveanddonothaveany consequences.In some
casesthe hierarchydoesnot provide sufficient control, for examplean option shouldonly be
active if two disjoint setsof conditionsaresatisfied:thehierarchycouldbeusedfor oneof these
conditions,andanadditionalactive_if propertycouldbeusedfor theotherone.Thearguments
to active_if shouldconstitutea CDL goalexpression.

# Do not provide extra semaphore debugging if there are no semaphores
cdl_option CYGDBG_KERNEL_INSTRUMENT_BINSEM {

active_if CYGPKG_KERNEL_SYNCH
...

}

The implementspropertyis relatedto theconceptof CDL interfaces.If anoption is active and
enabledandit implementsaparticularinterfacethenit contributes1 to thatinterface’svalue.

cdl_package CYGPKG_NET_EDB7XXX_ETH_DRIVERS {
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display "Cirrus Logic ethernet driver"
implements CYGHWR_NET_DRIVERS
implements CYGHWR_NET_DRIVER_ETH0
...

}

The requiresproperty is usedto imposeconstraintson the user’s choices.For example it is
unreasonableto expecttheC library to providethread-safeimplementationsof certainfunctions
if theunderlyingkernelsupporthasbeendisabled,or evenif thekernelis not beingusedatall.

cdl_option CYGSEM_LIBC_PER_THREAD_ERRNO {
display "Per-thread errno"
doc ref/ecos-ref.15.html
requires CYGVAR_KERNEL_THREADS_DATA
default_value 1
...

}

Theargumentsto therequirespropertyshouldbeaCDL goalexpression.

Generating the Configuration Header Files
Whencreatingor updatingabuild treethecomponentframeworkwill alsogenerateconfiguration
headerfiles,oneperpackage.By default it will generatea#define for eachoption,component
or interfacethatis activeandenabled.For optionswith thedata or booldata flavorsthe#de-
fine will usetheoption’s datapart,otherwiseit will usetheconstant1. Typical outputwould
include:

#define CYGFUN_LIBC_TIME_POSIX 1
#define CYGNUM_LIBC_TIME_DST_DEFAULT_STATE -1

Thereare six propertieswhich can be usedto control the headerfile generationprocess:de-
fine_header,no_define,define_format,define,if_define,anddefine_proc.

By default thecomponentframework will generatea configurationheaderfile for eachpackage
basedon the package’s name:everythingup to andincluding the first underscoreis discarded,
therestof thenameis lower-cased,anda .h suffix is appended.For exampletheconfiguration
headerfile for thekernelpackageCYGPKG_KERNEL is pkgconf/kernel.h. Thedefine_header
propertycanbeusedto specifyanalternative filename.This appliesto all thecomponentsand
optionswithin a package,so it can only be usedin the body of a cdl_package command.
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For examplethe following specifiesthat the configurationheaderfile for the SPARClite HAL
packageis pkgconf/hal_sparclite.h.

cdl_package CYGPKG_HAL_SPARCLITE {
display "SPARClite architecture"
parent CYGPKG_HAL
hardware
define_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.

Theno_definepropertyis usedto suppressthegenerationof thedefault #define. This canbe
usefulif anoption’s consequencesareall relatedto thebuild processor to constraints,andthe
optionis neveractuallycheckedin any sourcecode.It canalsobeusefulin conjunctionwith the
define,if_defineor define_procproperties.Theno_definepropertydoesnot takeany arguments.

cdl_component CYG_HAL_STARTUP {
display "Startup type"
flavor data
legal_values { "RAM" "ROM" }
default_value {"RAM"}
no_define
define -file system.h CYG_HAL_STARTUP
...

}

This examplealsoillustratesthe defineproperty, which canbe usedto generatea #define in
additionto thedefault one.It takesa singleargument,thenameof thesymbolto bedefined.It
alsotakesoptionsto controltheconfigurationheaderfile in which thesymbolshouldbedefined
andtheformatto beused.

The define_formatpropertycanbe usedto control how the valuepart of the default #define
getsformatted.For examplea formatstringof "0x%04x" couldbeusedto generatea four-digit
hexadecimalnumber.

The if_definepropertyis intendedfor useprimarily to control assertions,tracing,andsimilar
functionality. It supportsaspecificimplementationmodelfor these,allowing controlat thegrain
of packagesor evenindividualsourcefiles.Thereferencepagesprovideadditionalinformation.
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Thedefine_procpropertyprovidesanescapemechanismfor thosecaseswheresomethingspecial
hasto happenatconfigurationheaderfile generationtime.It takesasingleargument,a fragment
of Tcl code,whichgetsexecutedwhentheheaderfile is generated.Thiscodecanoutputarbitrary
datato theheaderfile, or performany otheractionsthatmight beappropriate.

Contr olling what gets Built
Therearesix propertieswhich affect the build process:compile,make, make_object,library,
include_dir,andinclude_files.Thelastthreeapplyto a packageasa whole,andcanonly occur
in thebodyof acdl_package command.

Most of thesourcefiles thatgo into a packageshouldsimply becompiledwith theappropriate
compiler, selectedby thetargetarchitecture,andwith theappropriateflags,with anadditionalset
definedby thetargethardwareandpossiblemodificationson a per-packagebasis.Theresulting
objectfiles will go into the library libtarget.a, which canthenbelinkedagainstapplication
code.Thecompilepropertyis usedto list thesesourcefiles:

cdl_package CYGPKG_ERROR {
display "Common error code support"
compile strerror.cxx
include_dir cyg/error
...

}

Theargumentsto thecompilepropertyshouldbeoneor moresourcefiles.Typically mostof the
sourceswill beneededfor thepackageasa whole,andhencethey will belisted in oneor more
compilepropertiesin thebodyof thecdl_package. Somesourcesmaybespecificto particular
configurationoptions,in otherwordsthereis no point in compiling themunlessthat option is
enabled,in which casethesourcesshouldbe listed in a compilepropertyin the corresponding
cdl_option, cdl_component or cdl_interface body.

Somepackagesmayhave morecomplicatedbuild requirements,for examplethey may involve
a specialtargetsuchasa linker scriptwhich shouldnot endup in theusuallibrary, or they may
involve specialbuild stepsfor generatingan objectfile. The make andmake_objectproperties
providesupportfor suchrequirements,for example:

cdl_package CYGPKG_HAL_MN10300_AM33 {
display "MN10300 AM33 variant"
...
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make {
� PREFIX � /lib/target.ld: � PACKAGE � /src/mn10300_am33.ld
$(CC) -E -P -Wp,-MD,target.tmp -DEXTRAS=1 -xc $(INCLUDE_PATH) \

$(CFLAGS) -o $@ $ �
@echo $@ ": \\" � $(notdir $@).deps
@tail +2 target.tmp ��� $(notdir $@).deps
@echo ��� $(notdir $@).deps
@rm target.tmp

}
}

For full detailsof custombuild stepsandthebuild processgenerally, seeChapter4.

By default all objectfiles go into the library libtarget.a. It is possibleto overridethis at the
packagelevel usingthe library property, but this shouldbe avoidedsinceit complicatesappli-
cationdevelopment:insteadof just linking with a singlelibrary for all eCos-relatedpackages,it
suddenlybecomesnecessaryto link with severallibraries.

The include_dirandinclude_filespropertiesrelateto a package’s exportedheaderfiles. By de-
fault a package’s headerfiles will be exportedto theinstall/include directory. This is the
desiredbehavior for somepackageslike theC library, sinceheaderslike stdio.h shouldexist
at that level. However if all headerfiles wereto endup in thatdirectorythentherewould be a
significantrisk of a nameclash.Insteadit is betterfor packagesto specifysomesub-directory
for their exportedheaderfiles, for example:

cdl_package CYGPKG_INFRA {
display "Infrastructure"
include_dir cyg/infra
...

}

Thevariousheaderfilesexportedby theinfrastructure,for examplecyg_ass.h andcyg_trac.h
will now endup in theinstall/include/cyg/infra sub-directory, wherea nameclashis
veryunlikely.

For packageswhich follow thedirectorylayoutconventionsthecomponentframework will as-
sumethat thepackage’s include sub-directorycontainsall exportedheaderfiles. If this is not
the case,for examplebecausethe packageis sufficiently simple that the layout conventionis
inappropriate,thentheexportedheaderfilescanbelistedexplicitly in aninclude_filesproperty.
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Miscellaneous Proper ties
Thehardwarepropertyis only relevant to packages.Somepackagessuchasdevice driversand
HAL packagesarehardware-specific,andgenerallyit makesno senseto addsuchpackagesto
a configurationunlessthe correspondinghardwareis presenton your target system.Typically
hardwarepackageselectionhappensautomaticallywhenyou selectyour target.The hardware
propertyshouldbe usedto identify a hardware-specificpackage,anddoesnot take any argu-
ments.

cdl_package CYGPKG_HAL_MIPS {
display "MIPS architecture"
parent CYGPKG_HAL
hardware
include_dir cyg/hal
define_header hal_mips.h
...

}

At presentthe hardwareproperty is largely ignoredby the componentframework. This may
changein futurereleases.

Option Naming Convention
All theoptionsin agivenconfigurationlivein thesamenamespace.Furthermoreit is notpossible
for two separateoptionsto have the samename,becausethis would make any referencesto
thoseoptionsin CDL expressionsambiguous.A namingconventionexists to avoid problems.
It is recommendedthatcomponentwritersobserve someor all of this conventionto reducethe
probabilityof nameclasheswith otherpackages.

Thereis animportantrestrictionon optionnames.Typically thecomponentframework will out-
puta#define for everyactiveandenabledoption,usingthenameasthesymbolbeingdefined.
This requiresthatall namesarevalid C preprocessorsymbols,a limitation thatis enforcedeven
for optionswhich have the no_defineproperty. Preprocessorsymbolscanbe any sequenceof
lower caselettersa-z, uppercaseletters,A-Z, the underscorecharacter_, and the digits 0-9.
The first charactermust be a non-digit. Using an underscoreas the first characteris discour-
aged,becausethatmayclashwith reservedlanguageidentifiers.In additionthereis aconvention

54



Chapter3. TheCDL Language

thatpreprocessorsymbolsonly useuppercaseletters,andsomecomponentwritersmaywish to
follow this convention.

A typical option namecould be somethinglike CYGSEM_KERNEL_SCHED_BITMAP. This name
consistsof severaldifferentparts:

1. Thefirst few characters,in thiscasethethreelettersCYG, areusedto identify theorganization
thatproducedthepackage.For historicalreasonspackagesproducedby RedHat tendto use
theprefixCYG ratherthanRHAT. Componentwritersshouldusetheirown prefix:evenwhen
cuttingandpastingfrom anexisting CDL script theprefix shouldbechangedto something
appropriateto their organization.

It canbearguedthatashortprefix,oftenlimited to uppercaseletters,is notsufficiently long
to eliminatethepossibilityof nameclashes.A longerprefixcouldbeused,for exampleone
basedoninternetdomainnames.HowevertheC preprocessorhasnoconceptof namespaces
or import directives,so it would alwaysbenecessaryto usethefull optionnamein com-
ponentsourcecodewhichgetstedious- optionnamestendto belongenoughasit is. There
is a small increasedrisk of nameclashes,but this risk is felt to beacceptable.

2. Thenext threecharactersindicatethenatureof theoption,for examplewhetherit affectsthe
interfaceor just theimplementation.A list of commontagsis givenbelow.

3. TheKERNEL_SCHED partindicatesthelocationof theoptionwithin theoverallhierarchy. In
this casetheoption is partof theschedulingcomponentof thekernelpackage.Having the
hierarchydetailsaspartof theoptionnamecanhelpin understandingconfigurablecodeand
furtherreducestheprobabilityof a nameclash.

4. Thefinal part,BITMAP, identifiestheoptionitself.

The three-charactertag is intendedto provide someadditionalinformationaboutthe natureof
theoption.Therearea numberof pre-definedtags.However for many optionsthereis a choice:
optionsrelatedto theplatformshouldnormallyuseHWR, but numericaloptionsshouldnormally
useNUM; aplatform-relatednumericaloptionsuchasthesizeof aninterruptstackcouldtherefore
useeither tag. Thereareno absoluterules,and it is left to componentwriters to interpretthe
following guidelines:

xxxARC_

The ARC tag is intendedfor optionsrelatedto the processorarchitecture.Typically such
optionswill only occurin architecturalor variantHAL packages.
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xxxHWR_

TheHWR tag is intendedfor optionsrelatedto thespecifictargetboard.Typically suchop-
tionswill only occurin platformHAL packages.

xxxPKG_

This tag is intendedfor packagesor components,in otherwordsoptionswhich extendthe
configurationhierarchy. ArguablyaCOM tagwouldbemoreappropriatefor components,but
this couldbeconfusingbecauseof theconsiderablenumberof computingtermsthatbegin
with com.

xxxGLO_

This is intendedfor globalconfigurationoptions,especiallypreferences.

xxxDBG_

TheDBG tag indicatesthat the option is in someway relatedto debugging,for exampleit
mayenableassertionsin somepartof thesystem.

xxxTST_

This tagis for testing-relatedoptions.Typically thesedo not affectactualapplicationcode,
insteadthey control the interactionbetweentarget-sidetest casesanda host-sidetesting
infrastructure.

xxxFUN_

Thisis for configurationoptionswhichaffect theinterfaceof apackage.Thereareanumber
of relatedtag which arealsointerface-related.xxxFUN_ is intendedprimarily for options
thatcontrolwhetheror not oneor morefunctionsareprovidedby thepackage,but canalso
beusedif noneof theotherinterface-relatedtagsis applicable.

xxxVAR_

This is analogousto FUN but controlsthepresenceor absenceof oneor morevariablesor
objects.
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xxxCLS_

The CLS tag is intendedonly for packagesthat provide an object-orientedinterface,and
controlsthepresenceor absenceof anentireclass.

xxxMFN_

Thisis alsofor object-orientatedinterfaces,andindicatesthepresenceor absenceof amem-
berfunctionratherthananentireclass.

xxxSEM_

A SEM optiondoesnot affect theinterface(or if doesaffect theinterface,this is incidental).
Insteadit is usedfor optionswhich have a fundamentaleffect on thesemanticbehavior of
a package.For examplethe choiceof kernelschedulersis semanticin nature:it doesnot
affect the interface,in particularthe functioncyg_thread_create exists irrespective
of whichschedulerhasbeenselected.However it doeshaveamajorimpacton thesystem’s
behavior.

xxxIMP_

IMP is for implementationoptions.Thesedo not affect eitherthe interfaceor thesemantic
behavior (with thepossibleexceptionof timing-relatedchanges).A typical implementation
optioncontrolswhetheror not a particularfunctionor setof functionsshouldgetinlined.

xxxNUM_

This tagis for numericaloptions,for examplethenumberof schedulingpriority levels.

xxxDAT_

This is for dataitemsthatarenot numericalin nature,for examplea devicename.

xxxBLD_

The BLD tag indicatesan option that affectsthe build process,for examplecompilerflag
settings.

xxxINT_

This shouldnormally be usedfor CDL interfaces,which is a languageconstructthat is
largely independentfrom theinterfaceexportedby a packagevia its headerfiles.For more
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detailsof CDL interfacesseethesectioncalledInterfaces.

xxxPRI_

This tag is not normally usedfor configurationoptions.Insteadit is usedby CDL scripts
to passadditionalprivateinformationto thesourcecodevia theconfigurationheaderfiles,
typically insidea define_procproperty.

xxxSRC_

This tag is not normallyusedfor configurationoptions.Insteadit canbeusedby package
sourcecodeto interactwith suchoptions,especiallyin thecontext of theif_defineproperty.

Thereis onespecialcaseof a potentialnameclashthat is worth mentioninghere.When the
componentframework generatesa configurationheaderfile for a given package,by default it
will usea namederived from the packagename(the define_headerpropertycan be usedto
overridethis). Thefile nameis constructedfrom thepackagenameby removing everythingup
to andincluding the first underscore,converting the remainderof the nameto lower case,and
appendinga .h suffix. For examplethekernelpackageCYGPKG_KERNEL will involve a header
file pkgconf/kernel.h. If a configurationcontainedsomeother packageXYZPKG_KERNEL
thenthis would attemptto usethesameconfigurationheaderfile, with unfortunateeffects.Case
sensitivity could introduceproblemsaswell, soa packagexyzpkg_kernel would involve the
sameproblem.Even if the headerfile namespreserved the caseof the packagename,not all
file systemsarecasesensitive.Thereis no simplesolutionto this problem.Changingthenames
of the generatedconfigurationheaderfiles would involve a major incompatiblechangeto the
interface,to solvea problemwhich is essentiallyhypotheticalin nature.

An Intr oduction to Tcl
All CDL scriptsareimplementedasTcl scripts,andarereadin by runningthe datathrougha
standardTcl interpreter,extendedwith asmallnumberof additionalcommandssuchascdl_option
andcdl_component. Oftenit is not necessaryto know thefull detailsof Tcl syntax.Insteadit
is possibleto copy an existing script, performsomecopy andpasteoperations,andmake ap-
propriatechangesto namesand to variousproperties.However therearealsocaseswherean
understandingof Tcl syntaxis verydesirable,for example:

cdl_option CYGDAT_UITRON_MEMPOOLFIXED_EXTERNS {
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display "Externs for initialization"
flavor data
default_value {"static char fpool1[ 2000 ], \\\n\

fpool2[ 2000 ], \\\n\
fpool3[ 2000 ];"}

...
}

This causesthe cdl_option commandto be executed,which in turn evaluatesits body in a
recursive invocationof the Tcl interpreter. Whenthe default_valuepropertyis encounteredthe
bracesaroundthe value part are processedby the interpreter, stoppingit from doing further
processingof the bracedcontents(exceptfor backslashprocessingat the endof a line, that is
special).In particularit preventscommandsubstitutionfor [ 2000 ]. A singleargumentwill
be passedto the default_valuecommandwhich expectsa CDL expression,so the expression
parsingcodeis passedthefollowing:

"static char fpool1[ 2000 ], \\\n fpool2[ 2000 ], \\\n fpool3[ 2000 ];"

TheCDL expressionparsingcodewill treatthisasasimplestringconstant,asopposedto amore
complicatedexpressioninvolving otheroptionsandvariousoperators.The string parsingcode
will performtheusualbackslashsubstitutionssotheactualdefault valuewill be:

static char fpool1[ 2000 ], \
fpool2[ 2000 ], \
fpool3[ 2000 ];

If theuserdoesnot modify theoption’svaluethenthefollowing will begeneratedin theappro-
priateconfigurationheaderfile:

#define CYGDAT_UITRON_MEMPOOLFIXED_EXTERNS static char fpool1[ 2000 ], \
fpool2[ 2000 ], \
fpool3[ 2000 ];

Getting this desiredresultusually requiresan understandingof both Tcl syntaxandCDL ex-
pressionsyntax.Sometimesit is possibleto substituteacertainamountof trial anderrorinstead,
but this may prove frustrating.It is alsoworth pointing out that many CDL scriptsdo not in-
volve this level of complexity. On the otherhand,someof the moreadvancedfeaturesof the
CDL languageinvolvefragmentsof Tcl code,for examplethedefine_procproperty. To usethese
componentwriterswill needto know aboutthefull Tcl languageaswell asthesyntax.
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Althoughthecurrentexamplemayseemto suggestthatTcl is rathercomplicated,it is actually
a very simple yet powerful scripting language:the syntaxis definedby just eleven rules.On
occasionthissimplicity meansthatTcl’sbehavior is subtlydifferentfrom otherlanguages,which
canconfusenewcomers.

When the Tcl interpreteris passedsomedatasuchasputs Hello, it splits this datainto a
commandandits arguments.Thecommandwill beterminatedby a newline or by a semicolon,
unlessone of the quoting mechanismsis used.The commandand eachof its argumentsare
separatedby whitespace.Soin thefollowing example:

puts Hello
set x 42

This will result in two separatecommandsbeingexecuted.The first commandis puts andis
passeda singleargument,Hello. Thesecondcommandis set andis passedtwo arguments,x
and42. The interveningnewline characterservesto terminatethe first command,anda semi-
colonseparatorcouldbeusedinstead:

puts Hello;set x 42

Any white spacesurroundingthesemicolonis just ignoredbecauseit doesnot serve to separate
arguments.

Now considerthefollowing:

set x Hello world

Thisis notvalid Tcl. It is anattemptto invoketheset commandwith threearguments:x, Hello,
andworld. Theset only takestwo arguments,avariablenameandavalue,soit is necessaryto
combinethedatainto asingleargumentby quoting:

set x "Hello world"

Whenthe Tcl interpreterencountersthe first quotecharacterit treatsall subsequentdataup to
but not includingtheclosingquoteaspartof thecurrentargument.Thequotemarksareremoved
by the interpreter, so the secondargumentpassedto the set commandis just Hello world

without thequotecharacters.Thiscanbesignificantin thecontext of CDL scripts.For example:

cdl_option CYG_HAL_STARTUP {
...
default_value "RAM"
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}

The Tcl interpreterstrips off the quotemarksso the CDL expressionparsingcodeseesRAM
insteadof "RAM". It will treat this asa referenceto someunknown option RAM ratherthanas
a string constant,andthe expressionevaluationcodewill usea valueof 0 whenit encounters
an option that is not currently loaded.Thereforethe option CYG_HAL_STARTUP endsup with
a default value of 0. Either bracesor backslashesshouldbe 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 theclosingquotecharacteris encountered,which meansthat
it canspanmultiplelines.Newlineor semicoloncharactersdonotterminatethecurrentcommand
in suchcases.descriptionpropertiesusuallymakeuseof this:

cdl_package CYGPKG_ERROR {
description "

This 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 common way, rather than each package
having its own conventions for error/status
reporting. The error codes are modelled on the
POSIX style naming e.g. EINVAL etc. This package
also provides the standard strerror() function to
convert error codes to textual representation."

...
}

The Tcl interpretersupportsmuchthe sameforms of backslashsubstitutionasothercommon
programminglanguages.Somebackslashsequencessuchas\n will be replacedby the appro-
priatecharacter. Thesequence\\ will bereplacedby asinglebackslash.A backslashat thevery
endof a line will causethat backslash,the newline character, andany white spaceat the start
of the next line to be replacedby a singlespace.Hencethe following two Tcl commandsare
equivalent:

puts "Hello\nworld\n"
puts \
"Hello
world

61



Chapter3. TheCDL Language

"

If a descriptionstring needsto containquotemarksor otherspecialcharactersthenbackslash
escapescan be used.In addition to quoteand backslashcharacters,the Tcl interpretertreats
squarebrackets,the $ character, andbracesspecially. Squarebracketsareusedfor command
substitution,for example:

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

When the Tcl interpreterencountersthe squarebrackets it will treat the contentsas another
commandthatshouldbeexecutedfirst, andtheresultof executingthat is usedwhencontinuing
to processthe script. In this casethe Tcl interpreterwill executethe commandexpr 6 * 9,
yielding a resultof 42,andthentheTcl interpreterwill executeputs "The answer is 42".
It shouldbe notedthat the interpreterperformsonly one level of substitution:if the result of
performingcommandsubstitutionperformsfurther specialcharacterssuchassquarebrackets
thenthesewill not betreatedspecially.

Commandsubstitutionwill notproveusefulfor many CDL scripts,exceptfor e.g.adefine_proc
propertywhich involves a fragmentof Tcl code.Potentially thereare someinterestinguses,
for exampleto internationalizedisplay strings.However caredoeshave to be taken to avoid
unexpectedcommandsubstitution,for exampleif anoptiondescriptioninvolvessquarebrackets
thentypically thesewould requirebackslash-escapes.

The$ characteris usedin Tcl scriptsto performvariablesubstitution:

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

Variablesubstitution,like commandsubstitution,is unlikely to prove useful for many CDL
scriptsexcept in the context of Tcl fragments.If it is necessaryto have a $ characterthen a
backslashescapemayhave to beused.

Bracesareusedto collecta sequenceof charactersinto a singleargument,just like quotes.The
differenceis thatvariable,commandandbackslashsubstitutiondonot occurinsidebraces(with
thesoleexceptionof backslashsubstitutionat theendof a line). Thereforegivena line in aCDL
scriptsuchas:

default_value {"RAM"}
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The bracesarestrippedoff by the Tcl interpreter, leaving "RAM" which will be handledasa
stringconstantby theexpressionparsingcode.Thesameeffect couldbeachievedusingoneof
thefollowing:

default_value \"RAM\"
default_value "\"RAM\""

Generallytheuseof bracesis lessconfusing.At thisstageit is worthnotingthatthebasicformat
of CDL datamakesuseof braces:

cdl_option � name � {
...

};

Thecdl_option commandis passedtwo arguments,a nameanda body, wherethebodycon-
sistsof everythinginsidethebracesbutnotthebracesthemselves.Thisbodycanthenbeexecuted
in a recursive invocationof theTcl interpreter. If a CDL scriptcontainsmismatchedbracesthen
the interpreteris likely to get ratherconfusedandthe resultingdiagnosticsmay be difficult to
understand.

Commentsin Tcl scriptsareintroducedby a hashcharacter#. However, a hashcharacteronly
introducesa commentif it occurswherea commandis expected.Considerthefollowing:

# This is a comment
puts "Hello" # world

Thefirst line is a valid comment,sincethehashcharacteroccursright at thestartwherea com-
mandnameis expected.The secondline doesnot containa comment.Insteadit is an attempt
to invoke theputs commandwith threearguments:Hello, # andworld. Thesearenot valid
argumentsfor theputs commandsoanerrorwill beraised.If thesecondline wasrewrittenas:

puts "Hello"; # world

thenthis is a valid Tcl script.Thesemicolonidentifiesthe endof the currentcommand,so the
hashcharacteroccursat a point wherethenext commandwould startandhenceit is interpreted
asthestartof acomment.

Thishandlingof commentscanleadto subtlebehavior. Considerthefollowing:

cdl_option WHATEVER {
# This is a comment }

default_value 0
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...
}

ConsiderthewaytheTcl interpreterprocessesthis.Thecommandnameandthefirst argumentdo
notposeany specialdifficulties.Theopeningbraceis interpretedasthestartof thenext argument,
whichcontinuesuntil aclosingbraceis encountered.In thiscasetheclosingbraceoccurson the
secondline,sothesecondargumentpassedtocdl_option is\n # This is a comment.
This secondargumentis processedin a recursive invocationof theTcl interpreteranddoesnot
containany commands,just a comment.Top-level scriptprocessingthenresumes,andthenext
commandthatis encounteredis default_value. Sincetheparseris not currentlyprocessinga
configurationoptionthis is anerror. Lateron theTcl interpreterwouldencounteraclosingbrace
by itself, which is alsoanerror.

For componentwriters who needmore information aboutTcl, especiallyaboutthe language
ratherthanthesyntax,variousresourcesareavailable.A reasonablestartingpoint is theScriptics
developerwebsite(http://dev.scriptics.com/scripting/).

Values and Expressions
It is fairly reasonableto expectthatenablingor disablinga configurationoption suchasCYG-
VAR_KERNEL_THREADS_DATA in someway affects its value. This will have an effect on any
expressionsthatreferencethis optionsuchasrequires CYGVAR_KERNEL_THREADS_DATA. It
will alsoaffecttheconsequencesof thatoption:how it affectsthebuild processandwhathappens
to any constraintsthatCYGVAR_KERNEL_THREADS_DATA mayimpose(asopposedto constraints
on thisoptionimposedby others).

In a languagelike C the handlingof variablesis relatively straightforward.If a variablex gets
referencedin an expressionsuchasif (x != 0), andthat variableis not definedanywhere,
then the codewill fail to build, typically with an unresolved error at link-time. Also in C a
variablex doesnot live in any hierarchy, soits valuefor thepurposesof expressionevaluationis
not affectedby anythingelse.C variablesalsohaveacleartypesuchasint or long double.

In CDL thingsarenot sostraightforward.

Option Values
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Therearefour factorswhich go into anoption’svalue:

1. An optionmayor maynot beloaded.

2. If theoptionis loaded,it mayor maynot beactive.

3. Evenif theoptionis active, it mayor maynot beenabled.

4. If the option is loaded,active and enabledthen it will have someassociateddatawhich
constitutesits value.

Is the Option Loaded?

At any onetime a configurationwill containonly a subsetof all possiblepackages.In fact it
is impossibleto combinecertainpackagesin a singleconfiguration.For examplearchitectural
HAL packagesshouldcontaina setof optionsdefiningendianness,thesizesof basicdatatypes
andsoon (many of which will of coursebeconstantfor any givenarchitecture).Any attemptto
loadtwo architecturalHAL packagesinto aconfigurationwill fail becauseof theresultingname
clash.SinceCDL expressionscanreferenceoptionsin otherpackages,andoftenneedto do so,
it is essentialto definetheresultingbehavior.

Onecomplicationis that the componentframework doesnot know aboutevery single option
in every singlepackage.Obviously it cannotknow aboutpackagesfrom arbitrarythird parties
which have not beeninstalled.Evenfor packageswhich have beeninstalled,thecurrentrepos-
itory databasedoesnot hold detailsof every option,only of thepackagesthemselves.If a CDL
expressioncontainsa referenceto someoptionCYGSEM_KERNEL_SCHED_TIMESLICE thenthe
componentframework will only know aboutthis optionif thekernelpackageis actuallyloaded
into the currentconfiguration.If the packageis not loadedthen theoreticallythe framework
might guessthat theoptionis somehow relatedto thekernelby examiningtheoptionnamebut
this would not berobust:theoptioncouldeasilybepartof someotherpackagethatviolatesthe
namingconvention.

Assumethat the user is building a minimal configurationwhich doesnot contain the kernel
package,but doeshaveotherpackageswhich containthefollowing constraints:

requires CYGPKG_KERNEL
requires CYGPKG_KERNEL_THREADS_DATA
requires !CYGSEM_KERNEL_SCHED_TIMESLICE
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Clearlythefirst constraintis notsatisfiedbecausethekernelis not loaded.Thesecondconstraint
is alsonotsatisfied.Thethird constraintis trivially satisfied:if thereis nokernelthenthekernel’s
timeslicingsupportcannotpossiblybeenabled.

Any optionswhicharenot in thecurrentconfigurationarehandledasfollows:

1. Any referencesto thatoptionwill evaluateto0, sorequires !CYGSEM_KERNEL_SCHED_TIMESLICE

will besatisfiedbut requires CYGSEM_KERNEL_THREADS_DATA will not besatisfied.

2. An option that is not loadedhasno consequenceson the build process.It cannotdirectly
resultin any #define’s in aconfigurationheaderfile, nor in any filesbeingcompiled.This
is only reasonable:if the option is not loadedthenthe componentframework hasno way
of knowing aboutany compileor similar properties.An option that is not loadedcanhave
indirectconsequencesby beingreferencedin CDL expressions.

3. An optionthat is not loadedcannotimposeany constraintson therestof theconfiguration.
Again this is the only reasonablebehavior: if the option is not loadedthenany associated
requiresor legal_valuespropertieswill not beknown.

Is the Option Active

Thenext issueto consideris whetherornotaparticularoptionis active.Configurationoptionsare
organizedin ahierarchyof componentsandsub-components.For exampletheC library package
containsa componentCYGPKG_LIBC_STDIO containingall theoptionsrelatedto standardI/O.
If a userdisablesthe componentasa whole thenall the optionsbelow it becomeinactive: it
makesno senseto disableall stdiofunctionalityandthenmanipulatethebuffer sizes.

Inactiveis notquitethesameasdisabled,althoughtheeffectsaresimilar. Thevalueof aninactive
optionis preserved.If theusermodifiesa buffer sizeoption,thendisablesthewholestdiocom-
ponent,the buffer sizevalueremainsin casethe stdio componentis re-enabledlateron. Some
tools suchasthe graphicalconfigurationtool will treat inactive optionsspecially, for example
suchoptionsmaybegrayedout.

Theactive or inactive stateof anoptionmayaffect otherpackages.For examplea packagemay
usethesprintf functionandrequiresupportfor floatingpointconversions,aconstraintthatis
not satisfiedif therelevantoptionis inactive. It is necessaryto defineexactly what it meansfor
anoptionto beinactive:
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1. An optionis inactiveif its parentiseitherinactiveordisabled.Forexampleif CYGPKG_LIBC_STDIO
isdisabledthenall theoptionsandsub-componentsbecomeinactive;sinceCYGPKG_LIBC_STDIO_FLOATING_POINT
is now inactive,CYGSEM_LIBC_STDIO_PRINTF_FLOATING_POINT is inactiveaswell.

2. Optionsmayalsobeinactiveasaresultof anactive_if property. This is usefulif aparticular
option is only relevant if two or moredisjoint setsof conditionsneedto besatisfied,since
thehierarchicalstructurecanonly copewith atmostonesuchset.

3. If anoptionis inactivethenany referencesto thatoptionin CDL expressionswill evaluateto
0. Henceaconstraintof theformrequires CYGSEM_LIBC_STDIO_PRINTF_FLOATING_POINT

is not satisfiedif theentirestdiocomponentis disabled.

4. An option that is inactive hasno consequenceson the build process.No #define will be
generated.Any compileor similarpropertieswill beignored.

5. An optionthatis inactivecannotimposeany constraintson therestof theconfiguration.For
exampleCYGSEM_LIBC_STDIO_PRINTF_FLOATING_POINT hasadependencyrequires CYGPKG_LIBM,
but if all of the stdio functionality is disabledthenthis constraintis ignored(althoughof
coursetheremaybeotherpackageswhichhavea dependency onCYGPKG_LIBM.

Is the Option Enabled? What is the Data?

Themajorityof configurationoptionsarebooleanin nature,sotheusercaneitherenableor dis-
ablesomefunctionality.Someoptionsaredifferent.ForexampleCYGNUM_LIBC_STDIO_BUFSIZE
is a number, andCYGDAT_LIBC_STDIO_DEFAULT_CONSOLE is a stringcorrespondingto a de-
vicename.A few optionslikeCYGDAT_UITRON_TASK_EXTERNS cangetverycomplicated.CDL
hasto copewith this variety, anddefinetheexactbehavior of thesystemin termsof constraints
andbuild-time consequences.

In CDL thevalueof anoptionconsistsof two parts.Thereis abooleanpart,controllingwhether
or not theoptionis enabled.Thereis alsoadatapart,providing additionalinformation.For most
optionsoneof thesepartsis fixed,ascontrolledby theoption’sflavor property:

Flavor Enabled Data

none Alwaysenabled 1, not modifiable

bool User-modifiable 1, not modifiable

data Alwaysenabled User-modifiable
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Flavor Enabled Data

booldata User-modifiable User-modifiable

Theeffectsof thebooleananddatapartsareasfollows:

1. If an option is disabled,in otherwordsif the booleanpart is false,thenany referencesto
thatoptionin CDL expressionswill evaluateto 0. This is thesamebehavior asfor inactive
options.Thedatapart is not relevant.Thenone anddata flavorsspecifythat theoptionis
alwaysenabled,in which casethis rule is not applicable.

2. If anoption is enabledthenany referencesto thatoption in CDL expressionswill evaluate
to theoption’sdatapart.For two of theflavors,none andbool, this datapartis fixedto the
constant1 which generallyhastheexpectedresult.

3. If a componentor packageis disabledthenall sub-componentsandoptionsimmediately
below it in thehierarchyareinactive.By a processof recursionthis will affectall thenodes
in thesubtree.

4. If anoptionis disabledthenit canimposeno constraintson therestof theconfiguration,in
particularrequiresandlegal_valuespropertieswill be ignored.If anoptionis enabledthen
its constraintsshouldbesatisfied,or thecomponentframework will reportvariousconflicts.
Notethatthelegal_valuesconstraintonly appliesto thedatapartof theoption’svalue,soit
is only usefulwith thedata andbooldata flavors.Optionswith thenone anddata flavors
arealwaysenabledso their constraintsalwayshave to be satisfied(assumingthe option is
active).

5. If anoptionis disabledthenit hasnodirectconsequencesatbuild-time:no#define will be
generated,nofileswill getcompiled,andsoon.If anoptionis activeandenabledthenall the
consequencestake effect.Theoptionnameanddatapartareusedto generatethe#define
in theappropriateconfigurationheaderfile, subjectto variouspropertiessuchasno_define,
but thedataparthasno othereffectson thebuild system.

By defaultall optionsandcomponentshavethebool flavor: mostoptionsarebooleanin nature,
so making this the default allows for slightly more compactCDL scripts.Packageshave the
booldata flavor, wherethe datapart alwayscorrespondsto the versionof the packagethat is
loadedinto theconfiguration:changingthis valuecorrespondsto unloadingtheold 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, data,
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 data 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_LIBC_TIME_STD_DEFAULT_OFFSET.

3. There would no replacement for a booldata 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_LIBC_STDIO_BUFSIZE 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 0x7fffffff 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_LIBC_TIME_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_LIBC_STDIO_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.

3. Some configuration options can get very complicated indeed, for example the default
value of CYGDAT_UITRON_TASK_INITIALIZERS is:

CYG_UIT_TASK( "t1", 1, task1, &stack1, CYGNUM_UITRON_STACK_SIZE ), \
CYG_UIT_TASK( "t2", 2, task2, &stack2, CYGNUM_UITRON_STACK_SIZE ), \
CYG_UIT_TASK( "t3", 3, task3, &stack3, CYGNUM_UITRON_STACK_SIZE ), \
CYG_UIT_TASK( "t4", 4, task4, &stack4, CYGNUM_UITRON_STACK_SIZE )

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.

4. 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 theC library’sCDL scriptscanbeusedto illustratehow valuesand
flavorswork in practice:

cdl_component CYGPKG_LIBC_RAND {
flavor none
compile stdlib/rand.cxx

cdl_option CYGSEM_LIBC_PER_THREAD_RAND {
requires CYGVAR_KERNEL_THREADS_DATA
default_value 0

}

cdl_option CYGNUM_LIBC_RAND_SEED {
flavor data
legal_values 0 to 0x7fffffff
default_value 1

}
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cdl_option CYGNUM_LIBC_RAND_TRACE_LEVEL {
flavor data
legal_values 0 to 1
default_value 0

}
}

If the applicationdoesnot requireany C library functionality thenit is possibleto have a con-
figurationwherethe C library is not loaded.This canbe achieved by startingwith the mini-
mal template,or by startingwith anothertemplatesuchas the default oneandthenexplicitly
unloadingthe C library package.If this packageis not loadedthenany referencesto theCYG-
PKG_LIBC_RAND componentor any of its optionswill have a valueof 0 for the purposesof
expressionevaluation.No #define’s will begeneratedfor thecomponentor any of its options,
andthefile stdlib/rand.cxx will not get compiled.Thereis nothingspecialaboutthe C li-
braryhere,exactly thesamewould applyfor saya devicedriver thatdoesnot correspondto any
of thedeviceson thetargethardware.

AssumingtheC library is loaded,thenext thingto consideris whetheror not thecomponentand
its optionsareactive.Thecomponentis layeredimmediatelybelow theC library packageitself,
so if thepackageis loadedthenit is safeto assumethat thepackageis alsoenabled.Therefore
the parentof CYGPKG_LIBC_RAND is active andenabled,and in the absenceof any active_if
propertiesCYGPKG_LIBC_RAND will beactiveaswell.

ThecomponentCYGPKG_LIBC_RAND hastheflavor none. Thismeansthecomponentcannotbe
disabled.Thereforeall theoptionsin this componenthave anactive andenabledparent,andin
theabsenceof any active_if propertiesthey areall activeaswell.

Thecomponent’sflavor none servesto grouptogetherall of theconfigurationoptionsrelatedto
randomnumbergeneration.This is particularlyuseful in the context of the graphicalconfigu-
ration tool, but it alsohelpswhenit comesto namingtheoptions:all of theoptionsbegin with
CYGxxx_LIBC_RAND, giving a clearhint aboutboththepackageandthecomponentwithin that
package.The flavor meansthat the componentis always enabledandhasthe value1 for the
purposesof expressionevaluation.Therewill alwaysbeasingle#define of theform:

#define CYGPKG_LIBC_RAND 1

In additionthe file stdlib/rand.cxx will alwaysget built. If the componenthadthe default
bool flavor thenuserswould be ableto disablethe whole component,andonelessfile would
needto bebuilt. Howeverrandomnumbergenerationis relatively simple,sotheimpactoneCos
build timesaresmall.Furthermoreby default thecodehasno dependenciesonotherpartsof the
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system,socompilingthecodehasno unexpectedsideeffects.Evenif it waspossibleto disable
the component,the sensibledefault for mostapplicationswould still leave it enabled.The net
result is that the flavor none is probablythe mostsensibleone for this component.For other
componentsthedefaultbool flavor or oneof theotherflavorsmight bemoreappropriate.

Next consideroptionCYGSEM_LIBC_PER_THREAD_RAND which canbeusedto geta per-thread
randomnumberseed,possiblyusefulif theapplicationneedsa consistentsequenceof random
numbers.In theabsenceof a flavor propertythis optionwill be boolean,andthe default_value
propertymeansthat it is disabledby default — reasonablesincefew applicationsneedthis par-
ticular functionality, andit doesimposeaconstraintontherestof thesystem.If theoptionis left
disabledthenno#define will begenerated,andif therewereany compileor similarproperties
thesewouldnot takeeffect. If theoptionis enabledthena#define will begenerated,usingthe
option’sdatapartwhich is fixedat1:

#define CYGSEM_LIBC_PER_THREAD_RAND 1

TheCYGSEM_LIBC_PER_THREAD_RAND optionhasarequiresconstraintonCYGVAR_KERNEL_THREADS_DATA.
If the C library option is enabledthen the constraintshouldbe satisfied,or elsethe configu-
ration containsa conflict. If the configurationdoesnot includethe kernelpackagethenCYG-
VAR_KERNEL_THREADS_DATA will evaluateto 0 andtheconstraintis not satisfied.Similarly if
theoptionis inactiveor disabledtheconstraintwill not besatisfied.

CYGNUM_LIBC_RAND_SEED andCYGNUM_LIBC_RAND_TRACE_LEVEL bothhave thedata fla-
vor, so they arealwaysenabledandthe componentframework will generateappropriate#de-
fine’s:

#define CYGNUM_LIBC_RAND_SEED 1
#define CYGNUM_LIBC_RAND_SEED_1
#define CYGNUM_LIBC_RAND_TRACE_LEVEL 0
#define CYGNUM_LIBC_RAND_TRACE_LEVEL_0

Neitheroptionhasacompileor similar property, but any suchpropertieswould take effect.Any
referencesto theseoptionsin CDL expressionswould evaluateto the datapart,soa hypothet-
ical constraintof the form { requires CYGNUM_LIBC_RAND_SEED � 42 } would not be
satisfiedwith the default values.Both optionsusea simpleconstantfor the default_valueex-
pression.It would bepossibleto usea morecomplicatedexpression,for examplethedefault for
CYGNUM_LIBC_RAND_TRACE_LEVEL couldbedeterminedfrom someglobaldebuggingoption
or from a debuggingoption that appliesto the C library asa whole.Both optionsalsohave a
legal_valuesconstraint,whichmustbesatisfiedsincetheoptionsareactiveandenabled.
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Note: The value 0 is legal for both CYGNUM_LIBC_RAND_SEED and CYGNUM_LIBC_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
Expressionsin CDL follow a conventionalsyntax,for example:

default_value CYGGLO_CODESIZE � CYGGLO_SPEED
default_value { (CYG_HAL_STARTUP == "RAM" &&

!CYGDBG_HAL_DEBUG_GDB_INCLUDE_STUBS &&
!CYGINT_HAL_USE_ROM_MONITOR_UNSUPPORTED &&
!CYGSEM_HAL_POWERPC_COPY_VECTORS) ? 1 : 0 }

default_value { "\"/dev/ser0\"" }

However thereis a complicationin that the variousargumentsto a default_valuepropertywill
first getprocessedby aTcl interpreter, sospecialcharacterslikequotesandsquarebracketsmay
getprocessed.Suchproblemscanbeavoidedby enclosingnon-trivial expressionsin braces,as
in thesecondexampleabove.Thewayexpressionparsingactuallyworksis asfollows:

1. The Tcl interpretersplits the line or lines into a commandand its arguments.In the first
default_valueexpressionabove thecommandis default_value andtherearethreeargu-
ments,CYGGLO_CODESIZE, � andCYGGLO_SPEED. In thesecondandthird examplesthere
is just oneargument,courtesyof thebraces.

2. Next optionprocessingtakesplace,soany initial argumentsthatbegin with ahyphenwill be
interpretedasoptions.This cancauseproblemsif theexpressioninvolvesa negative num-
ber, so thespecialargument- canbeusedto preventoptionprocessingon the subsequent
arguments.

3. All of theargumentsarenow concatenated,with asinglespacein betweeneachone.Hence
the following two expressionsareequivalent,even thoughthey will have beenprocessed
differentlyup to this point.

default_value CYGGLO_CODESIZE � CYGGLO_SPEED
default_value {CYGGLO_CODESIZE � CYGGLO_SPEED}
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4. Theexpressionparsingcodenow hasa singlestringto process.

CDL expressionsconsistof four typesof element:referencesto configurationoptions,constant
strings,integers,andfloating point numbers.Thesearecombinedusinga conventionalsetof
operators:the unaryoperators-, ~ and!; the arithmeticoperators+, -, *, / and%; the shift
operators��� and ��� ; thecomparisonoperators==, !=, � , � =, � and � =; thebitwiseoperators
&, ^ and|; the logical operators&& and||; and the ternaryconditionaloperatorA ? B :C.
Bracketedsub-expressionsaresupported,andtheoperatorshavetheusualprecedence:

Priority Operator s Categor y

13 referencesandconstants basicelements

12 ~ bitwisenot

12 ! logical not

12 - arithmeticnegation

11 * / % multiplicativearithmetic

10 + - additivearithmetic

9 ���	��� bitwiseshifts

8 � = �
�	� = inequality

7 == != comparison

6 & bitwiseand

5 ^ bitwisexor

4 | bitwiseor

3 && logical and

2 || logicalor

1 ? : conditional

A valid CDL identifier in an expression,for exampleCYGGLO_SPEED, will be interpretedasa
referenceto a configurationoptionby thatname.Theoptiondoesnot have to beloadedinto the
currentconfiguration.Whenthecomponentframework evaluatestheexpressionit will substitute
in a suitablevaluethatdependson whetheror not theoptionis loaded,active,andenabled.The
exactrulesaredescribedin thesectioncalledOptionValues.

A constantstringis any sequenceof charactersenclosedin quotes.Carehasto betakenthatthese
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quotesarenot strippedoff by the Tcl interpreterbeforethe CDL expressionparserseesthem.
Considerthefollowing:

default_value "RAM"

The quotemarkswill be strippedbeforethe CDL expressionparserseesthe data,so the ex-
pressionwill beinterpretedasa referenceto a configurationoptionRAM. Thereis unlikely to be
suchanoption,so theactualdefault valuewill be0. Carefuluseof bracesor otherTcl quoting
mechanismscanbeusedto avoid suchproblems.

String constantsconsistof the datainside the quotes.If the dataitself needsto containquote
charactersthenappropriatequotingis againnecessary, for example:

default_value { "\"/dev/ser0\"" }

An integer constantconsistsof a sequenceof digits, optionally preceededwith the unary+ or
- operators.As usualthesequence0x or 0X canbeusedfor hexadecimaldata,anda leading0
indicatesoctaldata.Internallythecomponentframework uses64-bit arithmeticfor integerdata.
If aconstantis too largethendoubleprecisionarithmeticwill beusedinstead.Traditionalsyntax
is alsousedfor doubleprecisionnumbers,for example3.141592 or -3E6.

Of coursethis is not completelyaccurate:CDL is not a typedlanguage,all datais treatedasif it
werea string.For examplethefollowing two linesareequivalent:

requires CYGNUM_UITRON_SEMAS > 10
requires { CYGNUM_UITRON_SEMAS > "10" }

Whenan expressiongetsevaluatedthe operatorswill attemptappropriateconversions.The �
comparisonoperatorcanbeusedon eitherintegeror doubleprecisionnumbers,soit will begin
by attemptinga string to integerconversionof bothoperands.If that fails it will attemptstring
to doubleconversions.If that fails aswell thenthecomponentframework will reporta conflict,
an evaluationexception.If the conversionsfrom string to integeraresuccessfulthenthe result
will beeitherthestring0 or thestring1, bothof which canbeconvertedto integersor doubles
asrequired.

It is worth noting that the expressionCYGNUM_UITRON_SEMAS � 10 is not ambiguous.CDL
identifierscan never begin with a digit, so it is not possiblefor 10 to be misinterpretedas a
referenceto anidentifierinsteadof asa string.

Of coursethe implementationis slightly differentagain.The CDL languagedefinition is such
that all datais treatedas if it werea string, with conversionsto integer, doubleor booleanas
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andwhenrequired.Theimplementationis allowedto avoid conversionsuntil they arenecessary.
For example,givenCYGNUM_UITRON_SEMAS � 10 the expressionparsingcodewill perform
an immediateconversionfrom string to integer, storingthe integer representation,andthereis
no needfor a conversionby thecomparisonoperatorwhentheexpressiongetsevaluated.Given
{ CYGNUM_UITRON_SEMAS � "10" } theparsingcodewill storethestringrepresentationand
a conversionhappensthefirst time theexpressionis evaluated.All of this is an implementation
detail,anddoesnot affect thesemanticsof thelanguage.

Differentoperatorshavedifferentrequirements,for examplethebitwiseor operatoronly makes
senseif bothoperandshave anintegerrepresentation.For operatorswhich canwork with either
integeror doubleprecisionnumbers,integerarithmeticwill bepreferred.

Thefollowing operatorsonly acceptintegeroperands:unary~ (bitwisenot), theshift operators
��� and ��� , andthebitwiseoperators&, | and^.

The following operatorswill attemptinteger arithmeticfirst, thendoubleprecisionarithmetic:
unary-, thearithmeticoperators+, -, *, /, and%; andthecomparisionoperators� , � =, � and
� =.

Theequality== andinequality!= operatorswill first attemptintegerconversionandcomparison.
If that fails thendoubleprecisionwill beattempted(althougharguablyusingtheseoperatorson
doubleprecisiondatais not sensible).As a lastresortstringcomparisonwill beused.

Theoperators!, && and|| all work with booleandata.Any string thatcanbeconvertedto the
integer0 or thedouble0.0 is treatedasfalse,asis theemptystringor theconstantstringfalse.
Anythingelseis interpretedastrue.Theresultis either0 or 1.

Theconditionaloperator? : will interpretits first operandasaboolean.It doesnotperformany
processingon thesecondor third operands.

In practiceit is rarelynecessaryto worry aboutany of thesedetails.In nearlyevery caseCDL
expressionsjustwork asexpected,andthereis noneedto understandthefull 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 booldata 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 implies B is
equivalent to !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 sin(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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Theargumentsto certainproperties,notablyrequiresandactive_if, constitutea goalexpression.
As with anordinaryexpression,all of theargumentsgetcombinedandthentheexpressionparser
takesover. Thesamecarehasto be taken with constantstringsandanything elsethatmayget
processedby theTcl interpreter, sooftenagoalexpressionis enclosedentirelyin bracesandthe
expressionparsingcodeseesjust asingleargument.

A goalexpressionis basicallyjust asequenceof ordinaryexpressions,for example:

requires { CYGDBG_HAL_DEBUG_GDB_INCLUDE_STUBS
!CYGDBG_HAL_DEBUG_GDB_BREAK_SUPPORT
!CYGDBG_HAL_DEBUG_GDB_CTRLC_SUPPORT }

Thisconsistsof threeseparateexpressions,all of whichshouldevaluateto anon-zeroresult.The
sameexpressioncouldbewrittenas:

requires { CYGDBG_HAL_DEBUG_GDB_INCLUDE_STUBS &&
!CYGDBG_HAL_DEBUG_GDB_BREAK_SUPPORT &&
!CYGDBG_HAL_DEBUG_GDB_CTRLC_SUPPORT }

Alternatively thefollowing would havemuchthesameeffect:

requires CYGDBG_HAL_DEBUG_GDB_INCLUDE_STUBS
requires !CYGDBG_HAL_DEBUG_GDB_BREAK_SUPPORT
requires !CYGDBG_HAL_DEBUG_GDB_CTRLC_SUPPORT

Selectingbetweenthesealternativesis largelyastylisticchoice.Thefirst is slightly moreconcise
thantheothers.Thesecondis morelikely to appealto mathematicalpurists.The third is more
amenableto cuttingandpasting.

Theresultof evaluatingagoalexpressionis aboolean.If any partof thegoalexpressionevaluates
to theinteger0 or anequivalentstringthentheresultis false,otherwiseit is true.

The term “goal expression”relatesto the componentframework’s inferenceengine:it is a de-
scriptionof agoalthatshouldbesatisfiedfor aconflict-freeconfiguration.If arequiresconstraint
is not satisfiedthentheinferenceenginewill examinethegoalexpression:if thereis someway
of changingtheconfigurationthatdoesnot introducenew conflictsandthatwill causethegoal
expressionto evaluateto true,theconflict canberesolved.

The inferenceengineworks with one conflict and henceone goal expressionat a time. This
meansthat therecan be slightly different behavior if a constraintis specifiedusing a single
requirespropertyor severaldifferentones.Given the above example,supposethatnoneof the
threeconditionsaresatisfied.If a singlegoalexpressionis usedthentheinferenceenginemight
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beableto satisfyonly two of thethreeparts,but sincetheconflict asawholecannotberesolved
no part of the solutionwill be applied.Insteadthe userwill have to resolve the entireconflict.
If threeseparategoal expressionsareusedthenthe inferenceenginemight well find solutions
to two of them,leaving lesswork for theuser. On theotherhand,if a singlegoalexpressionis
usedthenthe inferenceenginehasa bit moreinformationto work with, andit might well find
a solutionto theentireconflict whereit would beunableto find separatesolutionsfor thethree
parts.Thingscangetverycomplicated,andin generalcomponentwritersshouldnotworry about
thesubtletiesof theinferenceengineandhow to manipulateits behavior.

It is possibleto write ambiguousgoalexpressions,for example:

requires CYGNUM_LIBC_RAND_SEED -CYGNUM_LIBC_RAND_TRACE_LEVEL � 5

Thiscouldbeparsedin two ways:

requires ((CYGNUM_LIBC_RAND_SEED - CYGNUM_LIBC_RAND_TRACE_LEVEL) � 5)
requires CYGNUM_LIBC_RAND_SEED && ((-CYGNUM_LIBC_RAND_TRACE_LEVEL) � 5)

Thegoalexpressionparsingcodewill alwaysusethe largestordinaryexpressionfor eachgoal,
so thefirst interpretationwill beused.In suchcasesit is a goodideato usebracketsandavoid
possibleconfusion.

List Expressions
Theargumentsto thelegal_valuespropertyconstituteagoalexpression.As with anordinaryand
goalexpressions,all of the argumentsget combinedandthenthe expressionparsertakesover.
The samecarehasto be taken with constantstringsandanything elsethat may get processed
by theTcl interpreter, sooftena list expressionis enclosedentirelyin bracesandtheexpression
parsingcodeseesjusta singleargument.

Most list expressionstake oneof two forms:

legal_values � expr1 ��� expr2 ��� expr3 � ...
legal_values � expr1 � to � expr2 �

expr1, expr2 andsoonareordinaryexpressions.Oftenthesewill beconstantsor referencesto
calculatedoptionsin thearchitecturalHAL package,but it is possibleto usearbitraryexpressions
whennecessary. Thefirst syntaxindicatesa list of possiblevalues,whichneednotbenumerical.
Thesecondsyntaxindicatesanumericalrange:bothsidesof theto mustevaluateto anumerical
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value;if eithersideinvolvesafloatingpointnumberthenany floatingpointnumberin thatrange
is legal;otherwiseonly integervaluesarelegal; rangesareinclusive,so4 is avalid valuegivena
list expression1 to ; if oneor bothsidesof theto doesnot evaluateto a numericalvaluethen
this will resultin a run-timeconflict.Thefollowing examplesillustratethesepossibilities:

legal_values { "red" "green" "blue" }
legal_values 1 2 4 8 16
legal_values 1 to CYGARC_MAXINT
legal_values 1.0 to 2.0

It is possibleto combinethetwo syntaxes,for example:

legal_values 1 2 4 to CYGARC_MAXINT -1024 -20.0 to -10

This indicatesthreelegalvalues1, 2 and-1024, oneintegerrange4 to CYGARC_MAXINT, and
onefloatingpoint range-20.0 to -10.0. In practicesuchlist expressionsarerarelyuseful.

Theidentifierto is not reserved,so it is possibleto have a configurationoptionwith thatname
(althoughit violatesevery namingconvention).Usingthatoptionin a list expressionmayhow-
evergiveunexpectedresults.

Thegraphicalconfigurationtool usesthe legal_valueslist expressionto determinehow bestto
let usersmanipulatetheoption’s value.Differentwidgetswill beappropriatefor differentlists,
so{ "red" "green" "blue" } might involveapull-down optionmenu,and1 to 16 could
involveaspinner. Theexactwayin which legal_valueslistsgetmappedonto GUI widgetsis not
definedandis subjectto changeat any time.

As with goalexpressions,list expressionscanbeambiguous.Considerthefollowinghypothetical
example:

legal_values CYGNUM_LIBC_RAND_SEED -CYGNUM_LIBC_RAND_TRACE_LEVEL

Thiscouldbeparsedin two ways:

legal_values (CYGNUM_LIBC_RAND_SEED - CYGNUM_LIBC_RAND_TRACE_LEVEL)
legal_values (CYGNUM_LIBC_RAND_SEED) (-CYGNUM_LIBC_RAND_TRACE_LEVEL)

Both arelegal. The list expressionparsingcodewill alwaysusethe largestordinaryexpression
for eachelement,sothefirst interpretationwill beused.In caseslike this it is a goodideato use
bracketsandavoid possibleconfusion.

80



Chapter3. TheCDL Language

Interfaces
For many configurability requirements,optionsprovide sufficient expressive power. However
therearetimeswhena higher level of abstractionis appropriate.As an example,supposethat
somepackagerelies on the presenceof codethat implementsthe standardkernel scheduling
interface.However therequirementis no morestringentthanthis,sotheconstraintcanbesatis-
fied by the mlqueuescheduler, thebitmapscheduler, or any additionalschedulersthatmayget
implementedin future.A first attemptatexpressingthedependency might be:

requires CYGSEM_KERNEL_SCHED_MLQUEUE || CYGSEM_KERNEL_SCHED_BITMAP

Thisconstraintwill work with thecurrentrelease,but it is limited.Supposethereis anew release
of the kernelwhich addsanotherschedulersuchasa deadlinescheduler, or supposethat there
is a new third party packagewhich addssucha scheduler. The packagecontainingthe limited
constraintwould now have to be updatedand anotherreleasemade,with possibleknock-on
effects.

CDL interfacesprovideanabstractionmechanism:constraintscanbeexpressedin termsof anab-
stractconcept,for example“scheduler”,ratherthanspecificimplementationssuchasCYGSEM_KERNEL_SCHED_MLQUEUE
andCYGSEM_KERNEL_SCHED_BITMAP. Basicallyan interfaceis a calculatedconfigurationop-
tion:

cdl_interface CYGINT_KERNEL_SCHEDULER {
display "Number of schedulers in this configuration"
...

}

Theindividualschedulerscanthenimplementthis interface:

cdl_option CYGSEM_KERNEL_SCHED_MLQUEUE {
display "Multi-level queue scheduler"
default_value 1
implements CYGINT_KERNEL_SCHEDULER
...

}

cdl_option CYGSEM_KERNEL_SCHED_BITMAP {
display "Bitmap scheduler"
default_value 0
implements CYGINT_KERNEL_SCHEDULER
...

}
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Futureschedulerscanalsoimplementthis interface.Thevalueof an interface,for thepurposes
of expressionevaluation,is the numberof active and enabledoptionswhich implementthis
interface.Packageswhich rely on thepresenceof a schedulercanimposeconstraintssuchas:

requires CYGINT_KERNEL_SCHEDULER

If noneof theschedulersareenabled,or if thekernelpackageisnotloaded,thenCYGINT_KERNEL_SCHEDULER
will evaluateto 0. If at leastonescheduleris activeandenabledthentheconstraintwill besatis-
fied.

Becauseinterfaceshave a calculatedvaluedeterminedby the implementors,the default_value
andcalculatedpropertiesarenotapplicableandshouldnotappearin thebodyof acdl_interface
command.Interfacesalwayshave thedata flavor, sotheflavor propertyshouldnot beusedei-
ther. Otherpropertiessuchasrequiresandcompilecanbeusedasnormal.

Somecomponentwriterswill not want to useinterfacesin this way. Thereasoningis that their
codewill only have beentestedwith theexisting schedulers,sotherequiresconstraintneedsto
beexpressedin termsof thoseschedulers;it is possiblethatthecomponentwill still work with a
new scheduler, but therearenoguarantees.Othercomponentwritersmaytakeamoreoptimistic
view andassumethattheir codewill work with any scheduleruntil provenotherwise.It is up to
individualcomponentwritersto decidewhich approachis mostappropriatein any givencase.

Onecommonusefor interfacesis to describethe hardwarefunctionality provided by a given
target.For exampletheCDL scriptsfor a TCP/IPpackagemight want to know whetheror not
thetargethardwarehasanethernetinterface.Generallyit is not necessaryfor theTCP/IPstack
to know exactly which ethernethardwareis present,sincethereshouldbea device driverwhich
implementsthe appropriatefunctionality. In CDL termsthe device driversshouldimplement
an interfaceCYGHWR_NET_DRIVERS, andthe CDL scriptsfor the TCP/IPstackcanusethis in
appropriateexpressions.

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_DRIVERS, and also implements a set of C
functions that can be used by the TCP/IP stack. Similarly CYGSEM_KERNEL_SCHED_MLQUEUE

implements the CDL interface CYGINT_KERNEL_SCHEDULER and also provides the appropriate
scheduling functions.
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Updating the ecos.db database
Thecurrentimplementationof the componentframework requiresthatall packagesbe present
in a single componentrepositoryand listed in that repository’s ecos.dbdatabase.This is not
generallya problemfor applicationdeveloperswho can considerthe componentrepositorya
read-onlyresource,exceptwhenaddingor removing packagesvia theadministrationtool. How-
ever it meansthat componentwriters needto do their developmentwork insidea component
repositoryaswell, andupdatethedatabasewith detailsof theirnew packageor packages.Future
enhancementsto thecomponentframework mayallow new componentsto bedevelopedoutside
a repository.

Likemostfilesrelatedto thecomponentframework, theecos.dbdatabaseis actuallyaTcl script.
Typical packageentrieswould look like this:

package CYGPKG_LIBC {
alias { "C library" libc clib clibrary }
directory language/c/libc
script libc.cdl

description "
This package enables compatibility with the ISO C standard - ISO/IEC
9899:1990. This allows the user application to use well known standard
C library functions, and in eCos starts a thread to invoke the user
function main()"
}

package CYGPKG_IO_PCI {
alias { "PCI configuration library" io_pci }
directory io/pci
script io_pci.cdl
hardware

description "
This package contains the PCI configuration library."

}

Thepackage commandtakestwo arguments,a nameanda body. Thenamemustbethesame
asin thecdl_package commandin thepackage’s top-level CDL script.Thebodycancontain
thefollowing fivecommands:alias, directory, script, hardware anddescription.

alias

Eachpackageshouldhaveoneor morealiases.Thefirst aliasis typically usedwhenlisting
theknown packages,becauseastringlikeC library is abit easierto readandunderstand
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thanCYGPKG_LIBC. The otheraliasesarenot usedfor output,but areacceptedon input.
For exampletheecosconfigcommand-linetool will acceptadd libc asanoption,aswell
asadd CYGPKG_LIBC.

directory

This is usedto specify the locationof the packagerelative to the root of the component
repository. It shouldbenotedthatin thecurrentcomponentframework this locationcannot
bechangedin subsequentreleasesof thepackage:if for somereasonit is desirableto install
a new releaseelsewherein therepository, all theold versionsmustfirst beuninstalled;the
databasecannothold two separatelocationsfor onepackage.

script

Thescript commandspecifiesthelocationof thepackage’stop-level CDL script,in other
wordstheonecontainingthecdl_package definition.If thepackagefollowsthedirectory
layout conventionsthen this script will be in the cdl sub-directory, otherwiseit will be
relative to the package’s top-level directory. Again oncea releasehasbeenmadethis file
shouldnot changein later releases.In practicethetop-level script is generallynamedafter
thepackageitself, sochangingits nameis unlikely to beuseful.

hardware

Packageswhich aretied to specifichardware,for exampledevice driversandHAL pack-
ages,shouldindicatethis in boththecdl_package commandof theCDL scriptandin the
databaseentry.

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, description and hardware 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.dbdatabasealsoholdsinformationaboutthevarioustargets.Whenportingto
a new target it will benecessaryto addinformationaboutthe target to thedatabase,aswell as
thedetailsof thenew platformHAL packageandany relatedpackages.
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SomeCDL propertiesdescribethe consequencesof manipulatingconfigurationoptions.There
aretwo maintypesof consequences.Typically enablinga configurationoptionresultsin oneor
more#define’s in a configurationheaderfile, andpropertiesthat affect this includedefine,
define_procandno_define.Enablinga configurationoption canalso affect the build process,
primarily determiningwhichfilesgetbuilt andaddedto theappropriatelibrary. Propertiesrelated
to thebuild processincludecompileandmake.This chapterdescribesthewholebuild process,
includingdetailssuchascompilerflagsandcustombuild steps.

Partof theoveralldesignof theeCoscomponentframework is thatit caninteractwith anumber
of differentbuild systems.Themostobviousof theseis GNU make:thecomponentframework
cangenerateoneor moremakefiles,andtheusercanthenbuild thevariouspackagessimply by
invokingmake.Howeverit shouldalsobepossibleto build eCosby othermeans:thecomponent
framework can be queriedaboutwhat is involved in building a given configuration,and this
informationcanthenbe fed into thedesiredbuild system.Componentwritersshouldbe aware
of this possibility. Most packageswill not beaffectedbecausethecompilepropertycanbeused
to provideall therequiredinformation,but carehasto betakenwhenwriting custombuild steps.

Build Tree Generation
It is necessaryto createan eCosconfigurationbeforeanything canbe built. With sometools
suchasthe graphicalconfigurationtool this configurationwill be createdin memory, andit is
not essentialto produceanecos.ecc savefile first (althoughit is still verydesirableto generate
sucha savefile at somepoint, to allow the configurationto be re-loadedlater on). With other
toolsthesavefile is generatedfirst, for exampleusingecosconfig new, andthenabuild treeis
generatedusingecosconfig tree. Thesavefilecontainsall theinformationneededto recreate
aconfiguration.

An eCosbuild actuallyinvolvesthreeseparatetrees.Thecomponentrepositoryactsasthesource
tree,andfor applicationdevelopersthis shouldbe considereda read-onlyresource.The build
treeis whereall intermediatefiles, especiallyobjectfiles, arecreated.The install treeis where
themain library libtarget.a, theexportedheaderfiles,andsimilar files endup. Following a
successfulbuild it is possibleto take just theinstall treeanduseit for developinganapplication:
noneof thefiles in thecomponentrepositoryor thebuild treeareneededfor that.Thebuild tree
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will beneededagainonly if theuserchangestheconfiguration.Howevertheinstall treedoesnot
containcopiesof all of thedocumentationfor thevariouspackages,insteadthedocumentation
is keptonly in thecomponentrepository.

By default thebuild tree,theinstall tree,andtheecos.ecc savefileall residein thesamedirec-
tory tree.This is not a requirement,boththeinstall treeandthesavefile canbeanywherein the
file system.

It isworthnotingthatthecomponentframeworkdoesnotseparatetheusualmake andmake install

stages.A build alwayspopulatesthe install tree,andany make install stepwould beredun-
dant.

The install treewill alwaysbegin with two directories,include for the exportedheaderfiles
andlib for themain library libtarget.a andotherfiles suchasthelinker script.In addition
therewill beasubdirectoryinclude/pkgconf containingtheconfigurationheaderfiles,which
are generatedor updatedat the sametime the build tree is createdor updated.More details
of headerfile generationaregivenbelow. Additional include subdirectoriessuchassys and
cyg/kernel will becreatedduringthefirst build, wheneachpackage’sexportedheaderfilesare
copiedto theinstall tree.Theinstall treemayalsoendupwith additionalsubdirectoriesduringa
build, for exampleasa resultof custombuild steps.

The componentframework doesnot definethe structureof the build tree,and this may vary
betweenbuild systems.It canbeassumedthateachpackagein theconfigurationwill haveits own
directoryin the build tree,andthat this directorywill be usedfor storingthe package’s object
filesandasthecurrentdirectoryfor any build stepsfor thatpackage.Thisavoidsproblemswhen
custombuild stepsfrom differentpackagesgenerateintermediatefileswhich happento havethe
samename.

Somebuild systemsmayallow applicationdevelopersto copy a sourcefile from thecomponent
repositoryto thebuild treeandedit thecopy. Thisallowsusersto experimentwith smallchanges,
for exampleto adda coupleof lines of debuggingto a package,without having to modify the
mastercopy in the componentrepositorywhich could be sharedby several projectsor several
people.Functionalitysuchasthis is transparentto componentwriters,andit is theresponsibility
of thebuild systemto makesurethattheright 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 include/math.h and include/sys/ieeefp.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 libtarget.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
Configurationoptionscanaffectabuild in two mainways.First,enablingaconfigurationoption
or otherCDL entity canresultin variousfiles beingbuilt andaddedto a library, thusproviding
functionalityto theapplicationcode.Howeverthismechanismcanonly operateatarathercoarse
grain,at the level of entiresourcefiles.Hencethecomponentframework alsogeneratesconfig-
urationheaderfilescontainingmainlyC preprocessor#define directives.Packagesourcecode
canthen#include the appropriateheaderfiles anduse#if, #ifdef and#ifndef directives
to adaptaccordingly. In this way configurationoptionscanbe usedto enableor disableentire
functionswithin asourcefile or just a singleline, whichever is appropriate.

Theconfigurationheaderfiles endup in theinclude/pkgconf subdirectoryof theinstall tree.
Therewill be oneheaderfile for the systemasa whole,pkgconf/system.h, andtherewill
beadditionalheaderfiles for eachpackage,for examplepkgconf/kernel.h. Theheaderfiles
aregeneratedwhencreatingor updatingthebuild andinstall trees,which needsto happenafter
everychangeto theconfiguration.

Thecomponentframework processeseachpackagein theconfigurationoneat a time.Theexact
orderin which thepackagesareprocessedis not defined,sotheorderin which#define’s will
endupin theglobalpkgconf/system.h headermayvary. Howeverfor any givenconfiguration
the order shouldremainconsistentuntil packagesare addedto or removed from the system.
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This avoidsunnecessarychangesto theglobalheaderfile andhenceunnecessaryrebuildsof the
packagesandof applicationcodebecauseof headerfile dependency handling.

Within a givenpackagethevariouscomponents,optionsandinterfaceswill beprocessedin the
order in which they weredefinedin the correspondingCDL scripts.Typically the datain the
configurationheadersconsistsonly of a sequenceof #define’s so the order in which these
aregeneratedis irrelevant,but somepropertiessuchasdefine_proccanbeusedto addarbitrary
datato a configurationheaderandhencetheremay be dependencieson the order. It shouldbe
notedthat re-parentinganoptionbelow someotherpackagehasno effect on which headerfile
will containthe corresponding#define: the preprocessordirectiveswill alwaysendup in the
headerfile for thepackagethatdefinestheoption,or in theglobalconfigurationheader.

There are six propertieswhich affect the processof generatingheaderfiles: define_header,
no_define,define_format,define,if_define,anddefine_proc.

Thedefine_headerpropertycanonly occurin thebodyof acdl_package commandandspeci-
fiesthenameof theheaderfile whichshouldcontainthepackage’sconfigurationdata,for exam-
ple:

cdl_package � some_package � {
...
define_header xyzzy.h

}

Givensuchadefine_headerpropertythecomponentframeworkwill usethefile pkgconf/xyzzy.h

for thepackage’sconfigurationdata.If a packagedoesnot have a define_headerpropertythena
suitablefile nameis constructedfrom thepackage’sname.This involves:

1. All charactersin thepackagenameupto andincludingthefirst underscoreareremoved.For
exampleCYGPKG_KERNEL is convertedto KERNEL, andCYGPKG_HAL_ARM is convertedto
HAL_ARM.

2. Any uppercaselettersin the resultingstring will be convertedto lower case,yielding e.g.
kernel andhal_arm.

3. A .h suffix is appended,yieldinge.g.kernel.h andhal_arm.h.

Becauseof thenamingrestrictionsonconfigurationoptions,thisshouldresultin avalidfilename.
Thereis asmallpossibilityof afile nameclass,for exampleCYGPKG_PLUGH andCYGPKG_plugh
would bothendup trying to usethesameheaderfile pkgconf/plugh.h, but theuseof lower
caselettersfor packagenamesviolatesthe namingconventions.It is not legal to usethe de-
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fine_headerpropertyto put the configurationdatafor several packagesin a singleheaderfile.
Theresultingbehaviour is undefined.

Oncethe nameof the package’s headerfile hasbeendeterminedandthe file hasbeenopened,
thevariouscomponents,optionsandinterfacesin thepackagewill beprocessedstartingwith the
packageitself. Thefollowing stepsareinvolved:

1. If thecurrentoptionor otherCDL entity is inactiveor disabled,theoptionis ignoredfor the
purposesof headerfile generation.#define’s areonly generatedfor optionsthatareboth
activeandenabled.

2. The next stepis to generatea default #define for the currentoption. If this option hasa
no_definepropertythenthe default #define is suppressed,andprocessingcontinuesfor
define,if_defineanddefine_procproperties.

a.Theheaderfile appropriatefor thedefault#define isdetermined.For thecdl_package
this will bepkgconf/system.h, for any otheroption this will be thepackage’s own
headerfile. The intentionhereis thatpackagesandapplicationcodecanalwaysdeter-
minewhichpackagesarein theconfigurationby#include’ing pkgconf/system.h.
TheC preprocessorlacksany facilities for includinga headerfile only if it exists,and
takingappropriateactionotherwise.

b. For optionswith the flavorsbool or none, a single#define will be generated.This
takestheform:

#define 
 option � 1

For example:

#define CYGFUN_LIBC_TIME_POSIX 1

Packagesourcecodecancheckwhetheror not anoptionis activeandenabledby using
the#ifdef, #ifndef or #if defined(...)directives.

c. For optionswith the flavors data or booldata, eitherone or two #define’s will
be generated.The first of thesemay be affectedby a define_formatproperty. If this
propertyis not definedthenthefirst #define will take theform:

#define 
 option ��
 value �

For example:

#define CYGNUM_LIBC_ATEXIT_HANDLERS 32
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Packagesourcecodecanexaminethis valueusingthe #if directive, or by usingthe
symbolin codesuchas:

for (i = 0; i < CYGNUM_LIBC_ATEXIT_HANDLERS; i++) {
...

}

It mustbenotedthatthe#define will begeneratedonly if thecorrespondingoptionis
bothactive andenabled.Optionswith thedata flavor arealwaysenabledbut maynot
beactive.Codelike theaboveshouldbewrittenonly if it is known thatthesymbolwill
alwaysbedefined,for exampleif thecorrespondingsourcefile will only getbuilt if the
containingcomponentis activeandenabled.Otherwisetheuseof additional#ifdef or
similardirectiveswill benecessary.

d. If thereis adefine_formatpropertythenthiscontrolshow theoption’svaluewill appear
in the headerfile. Givena format string suchas%08x anda value42, the component
framework will executetheTcl commandformat %08x 42 andtheresultwill beused
for the#define’s value.It is theresponsibilityof thecomponentwriter to make sure
thatthis Tcl commandwill bevalid giventheformatstringandthelegal valuesfor the
option.

e. In additionasecond#define mayor maynot begenerated.Thiswill take theform:

#define 
 option � _ 
 value �

For example:

#define CYGNUM_LIBC_ATEXIT_HANDLERS_32

The#define will begeneratedonly if it wouldresultin avalid C preprocessorsymbol.
If thevalueis a stringsuchas"/dev/ser0" thenthe#define would besuppressed.
This second#define is not particularlyusefulfor numericaldata,but canbevaluable
in othercircumstances.For exampleif the legal valuesfor an option XXX_COLOR are
red, green andblue thencodelike thefollowing canbeused:

#ifdef XXX_COLOR_red
...

#endif
#ifdef XXX_COLOR_green

...
#endif
#ifdef XXX_COLOR_blue

...
#endif
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Theexpressionsyntaxprovidedby theC preprocessoris limited to numericaldataand
cannotperform string comparisons.By generatingtwo #define’s in this way it is
possibleto work aroundthis limitation of theC preprocessor. Howeversomecarehasto
betaken:if acomponentwriter alsodefinedaconfigurationoptionXXX_COLOR_green
then therewill be confusion.Sincesucha configurationoption violatesthe naming
conventions,theproblemis unlikely to arisein practice.

3. For someoptionsit may be useful to generateoneor moreadditional#define’s or, in
conjunctionwith theno_defineproperty, to definea symbolwith a namedifferentfrom the
option’s name.This can be achieved with the defineproperty, which takes the following
form:

define [-file= 
 filename � ] [-format= 
 format � ] 
 symbol �

For example:

define FOPEN_MAX

This will resultin somethinglike:

#define FOPEN_MAX 8
#define FOPEN_MAX_8

Thespecifiedsymbolmustbe a valid C preprocessorsymbol.Normally the#define will
endup in thesameheaderfile asthedefaultone,in otherwordspkgconf/system.h in the
caseof a cdl_package, or thepackage’sown headerfile for any otheroption.The-file
optioncanbeusedto changethis.At presenttheonly legalvalueis system.h, for example:

define -file=system.h 
 symbol �

This will causethe#define to endup in theglobalconfigurationheaderratherthanin the
package’sown header. Useof this facility shouldbeavoidedsinceit is veryrarelynecessary
to makeoptionsglobally visible.

Thedefinepropertytakesanotheroption,-format, to providea formatstring.

define -format=%08x 
 symbol �

This shouldonly beusedfor optionswith thedata or booldata flavor, andhasthesame
effectasthedefine_formatpropertyhason thedefault#define.

definepropertiesareprocessedin thesameway thedefault#define. For optionswith the
bool or none flavors a single#define will be generatedusingthe value1. For options
with thedata or booldata flavorseitheroneor two #define’s will begenerated.
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4. After processingall defineproperties,thecomponentframework will look for any if_define
properties.Thesetake thefollowing form:

if_define [-file= 
 filename � ] 
 symbol1 ��
 symbol2 �

For example:

if_define CYGSRC_KERNEL CYGDBG_USE_ASSERTS

Thefollowing will begeneratedin theconfigurationheaderfile:

#ifdef CYGSRC_KERNEL
# define CYGDBG_USE_ASSERTS
#endif

Typical kernelsourcecodewould begin with thefollowing construct:

#define CYGSRC_KERNEL 1
#include 
 pkgconf/kernel.h �
#include 
 cyg/infra/cyg_ass.h �

The infrastructureheaderfile cyg/infra/cyg_ass.h only checksfor symbolssuchas
CYGDBG_USE_ASSERTS, andhasno specialknowledgeof thekernelor any otherpackage.
The if_definepropertywill only affect codethat definesthe symbolCYGSRC_KERNEL, so
typically only kernel sourcecode.If the option is enabledthen assertionsupportwill be
enabledfor thekernelsourcecodeonly. If theoptionis inactive or disabledthenkernelas-
sertionswill be disabled.Assertionsin otherpackagesarenot affected.Thusthe if_define
propertyallowscontroloverassertions,tracing,andsimilar facilitiesat thelevel of individ-
ualpackages,or at finer levelssuchascomponentsor 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-file with asinglelegal
valuesystem.h. This allows the output to be redirectedto pkgconf/system.h if and
whennecessary.

5. Thefinal propertythatis relevantto configurationheaderfile generationis define_proc.This
takesasingleargument,aTcl fragmentthatcanaddarbitrarydatato theglobalheaderpkg-
conf/system.h andto thepackage’sown header. Whenthedefine_procscript is invoked
two variableswill besetup to allow accessto theseheaders:cdl_header will beachannel
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to thepackage’sown headerfile, for examplepkgconf/kernel.h; cdl_system_header
will beachanneltopkgconf/system.h. A typicaldefine_procscriptwill usetheTcl puts
commandto outputdatato oneof thesechannels,for 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 #define’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/system.h. It is possible that in some future release of
the system there will be another global configuration header file pkgconf/hardware.h which
either contains the configuration details for the various hardware-specific packages or which
#include’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.

94



Chapter4. TheBuild Process

Building eCos
Theprimarygoalof aneCosbuild is to producethelibrary libtarget.a. A typicaleCosbuild
will alsogeneratea numberof othertargets:extras.o, startupcodevectors.o, anda linker
script.Somepackagesmaycauseadditionallibrariesor targetsto begenerated.Thebasicbuild
processinvolvesanumberof differentphaseswith correspondingpriorities.Thereareanumber
of predefinedpriorities:

Priority Action

0 Exportheaderfiles

100 Processcompileproperties

andmostmake_objectcustombuild steps

200 Generatelibraries

300 Processmakecustombuild steps

Generationof theextras.o file, thestartupcodeandthelinkerscriptactuallyhappensvia make
custombuild steps,typically definedin appropriateHAL packages.Thecomponentframework
hasno specialknowledgeof thesetargets.

By defaultcustombuild stepsfor amake_objectpropertyhappenduringthesamephaseasmost
compilations,but this canbechangedusinga -priority option.Similarly custombuild steps
for amakepropertyhappenat theendof abuild, but thiscanalsobechangedwith a-priority
option.For examplea priority of 50 canbeusedto run a custombuild stepbetweentheheader
file exportphaseandthemaincompilationphase.Custombuild stepsarediscussedin moredetail
below.

Somebuild systemsmayrunseveralcommandsof thesamepriority in parallel.For examplefiles
listedin compilepropertiesmaygetcompiledin parallel,concurrentlywith make_objectcustom
build stepswith default priorities.Sincemostof thetime for aneCosbuild involvesprocessing
compileproperties,thisallowsbuilds to bespeededuponsuitablehosthardware.All build steps
for a givenphasewill completebeforethenext phaseis started.

Updating the Build Tree
Somebuild systemsmay involve a phasebeforethe headerfiles get exported,to updatethe
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build andinstall treesautomaticallywhentherehasbeena changeto theconfigurationsavefile
ecos.ecc. This is usefulmainly for applicationdevelopersusing the commandline tools: it
would allow usersto createthe build tree only once,and after any subsequentconfiguration
changesthe tree would be updatedautomaticallyby the build system.The facility would be
analogousto the-enable-maintainer-mode option provide by the autoconfandautomake
programs.At presentno eCosbuild systemimplementsthis functionality, but it is likely to be
addedin a futurerelease.

Expor ting Public Header Files
The first compulsoryphaseinvolvesmakingsurethat thereis an up to datesetof headerfiles
in the install tree.Eachpackagecancontainsomenumberof headerfiles definingtheexported
interface.Applicationsshouldonly useexportedfunctionality. A packagecanalsocontainsome
numberof privateheaderfileswhichareonly of interestto theimplementation,andwhichshould
not be visible to applicationcode.The variouspackagesthat go into a particularconfiguration
canbe spreadall over the componentrepository. In theoryit might bepossibleto make all the
exportedheaderfilesaccessibleby having a lengthy-I headerfile searchpath,but thiswouldbe
inconvenientbothfor building eCosandfor building applications.Insteadall therelevantheader
files arecopiedto a singlelocation,the include subdirectoryof the install tree.The process
involvesthefollowing:

1. Theinstall tree,for example/usr/local/ecos/install, andits include subdirectory
/usr/local/ecos/install/include will typically be createdwhen the build tree is
generatedor updated.At the sametime configurationheaderfiles will be written to the
pkgconf subdirectory, for example/usr/local/ecos/include/pkgconf, so that the
configurationdatais visible to all the packagesandto applicationcodethat may wish to
examinesomeof theconfigurationoptions.

2. Eachpackagein theconfigurationis examinedfor exportedheaderfiles.Theexactorderin
which thepackagesareprocessedis notdefined,but shouldnot matter.

a. If thepackagehasaninclude_filespropertythenthis listsall theexportedheaderfiles:

cdl_package 
 some_package � {
...
include_files header1.h header2.h

}
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The listedfiles maybe in aninclude subdirectorywithin thepackage’s hierarchy, or
they may be relative to the package’s toplevel directory. The include_filespropertyis
intendedmainlyfor verysimplepackages.It canalsobeusefulwhenconvertingexisting
codeto aneCospackage,to avoid rearrangingthesources.

b. If thereis no include_filespropertythen the componentframework will look for an
include subdirectoryin thepackage,asperthelayoutconventions.All files,including
thosein subdirectories,will be treatedasexportedheaderfiles.For example,themath
library packagecontainsfiles include/math.h andinclude/sys/ieeefp.h, both
of whichwill beexportedto theinstall tree.

c. As a last resort,if thereis neitheran include_filespropertynor aninclude subdirec-
tory, the componentframework will searchthe package’s toplevel directoryandall of
its subdirectoriesfor files with oneof thefollowing suffixes:.h, .hxx, .inl or .inc.
All suchfiles will beinterpretedasexportedheaderfiles.

This lastresortrulecouldcauseconfusionfor packageswhichhavenoexportedheader
filesbut whichdocontainoneor moreprivateheaderfiles.For exampleatypicaldevice
driver simply implementsanexisting interfaceratherthandefinea new one,so it does
not needto export a headerfile. However it maystill have oneor moreprivateheader
files. Suchpackagescouldeitherbeshippedwith anemptyinclude subdirectory, or
they couldhaveaninclude_filespropertylisting nofiles.

3. If thepackagehasoneor moreexportedheaderfiles, thenext stepis to determinewherethe
filesshouldendup.By defaultall exportedheaderfileswill justenduprelativeto theinstall
tree’s include subdirectory. For examplethemathlibrary’smath.h headerwould endup
as/usr/local/ecos/include/math.h, andthesys/ieeefp.h headerwould endup
as/usr/local/ecos/include/sys/ieeefp.h. This behaviour is correctfor packages
liketheC library wheretheinterfaceis definedby appropriatestandards.For otherpackages
this behaviour canleadto file nameclashes,andtheinclude_dirpropertyshouldbeusedto
avoid this:

cdl_package CYGPKG_KERNEL {
include_dir cyg/kernel

}

This meansthat the kernel’s exportedheaderfile include/kapi.h shouldbe copiedto
/usr/local/ecos/include/cyg/kernel/kapi.h, whereit is very unlikely to clash
with aheaderfile from someotherpackage.
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4. For typical applicationdeveloperstherewill be little or no needfor the installedheader
files to changeafterthefirst build. Changeswill benecessaryonly if packagesareaddedto
or removedfrom theconfiguration.For componentwriters, the build systemshoulddetect
changesto the mastercopy of the headerfile sourcecodeandupdatethe installedcopies
automaticallyduring the next build. The build systemis expectedto performa headerfile
dependency analysis,soany sourcefilesaffectedshouldgetrebuilt aswell.

5. Somebuild systemsmayprovideadditionalsupportfor applicationdeveloperswho wantto
make minor changesto a package,especiallyfor debuggingpurposes.A headerfile could
be copiedfrom the componentrepository(which for applicationdevelopersis assumedto
bea read-onlyresource)into thebuild treeandeditedthere.Thebuild systemwould detect
amorerecentversionof suchaheaderfile in thebuild treeandinstall it. Carewouldhaveto
betakento recoverproperlyif themodifiedcopy in thebuild treeis subsequentlyremoved,
in orderto revert to theoriginal behaviour.

6. When updatingthe install tree’s include subdirectory, the build tree may also perform
a clean-upoperation.Specifically, it may checkfor any files which do not correspondto
known exportedheaderfilesanddeletethem.

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.

Compiling
Oncethereareup to datecopiesof all theexportedheaderfiles in thebuild tree,themainbuild
canproceed.Mostof this involvescompilingsourcefiles listedin compilepropertiesin theCDL
scriptsfor thevariouspackages,for example:

cdl_package CYGPKG_ERROR {
display "Common error code support"
compile strerror.cxx
...

}

98



Chapter4. TheBuild Process

compilepropertiesmayappearin thebodyof acdl_package, cdl_component, cdl_option
or cdl_interface. If theoptionor otherCDL entity is active andenabled,thepropertytakes
effect. If the option is inactive or disabledthe propertyis ignored.It is possiblefor a compile
propertyto list multiple sourcefiles, and it is alsopossiblefor a given CDL entity to contain
multiplecompileproperties.Thefollowing threeexamplesareequivalent:

cdl_option � some_option � {
...
compile file1.c file2.c file3.c

}

cdl_option � some_option � {
...
compile file1.c
compile file2.c
compile file3.c

}

cdl_option � some_option � {
...
compile file1.c file2.c
compile file3.c

}

Packagesthat follow the directorylayout conventionsshouldhave a subdirectorysrc, andthe
componentframework will first look for thespecifiedfiles there.Failing thatit will look for the
specifiedfilesrelativeto thepackage’srootdirectory. For exampleif apackagecontainsasource
file strerror.cxx thenthefollowing two linesareequivalent:

compile strerror.cxx
compile src/strerror.cxx

In thefirst casethecomponentframework will find thefile immediatelyin thepackagessrc sub-
directory. In thesecondcasetheframework will first look for a file src/src/strerror.cxx,
andthenfor str/strerror.cxx relativeto thepackage’srootdirectory. Theresultis thesame.

The file namesmaybe relative paths,allowing the sourcecodeto be split over multiple direc-
tories.For exampleif a packagecontainsa file src/sync/mutex.cxx thenthecorresponding
CDL entrywouldbe:

compile sync/mutex.cxx
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All the sourcefiles relevant to the currentconfigurationwill be identifiedwhenthe build tree
is generatedor updated,andaddedto theappropriatemakefile (or its equivalentfor otherbuild
systems).Theactualbuild will involvea rule of theform:

� object file � : � source file �
$(CC) -c $(INCLUDE_PATH) $(CFLAGS) -o $@ $<

Thecomponentframework hasbuilt-in knowledgefor processingsourcefiles written in C, C++
or assembler. Theseshouldhavea.c, .cxx and.S suffix respectively. Thecurrentimplementa-
tion hasnosimplemechanismfor extendingthiswith supportfor otherlanguagesor for alterna-
tivesuffixes,but this shouldbeaddressedin a futurerelease.

The compilercommandthat will be usedis somethinglike arm-elf-gcc. This consistsof a
commandprefix, in this casearm-elf, anda specificcommandsuchasgcc. The command
prefix will dependon the target architectureandis controlledby a configurationoption in the
appropriateHAL package.It will have a sensibledefault valuefor the currentarchitecture,but
userscanmodify this optionwhennecessary. Thecommandprefix cannotbechangedon a per-
packagebasis,sinceit is usually essentialthat all packagesare built with a consistentset of
tools.

The$(INCLUDE_PATH) headerfile searchpathconsistsof at leastthefollowing:

1. The include directory in the install tree.This allows sourcefiles to accessthe various
headerfiles exportedby all the packagesin the configuration,andalso the configuration
headerfiles.

2. Thecurrentpackage’srootdirectory. Thisensuresthatall files in thepackageareaccessible
at build time.

3. The currentpackage’s src subdirectory, if it is present.Generallyall files to be compiled
are locatedin or below this directory. Typically this is usedto accessprivateheaderfiles
containingimplementationdetailsonly.

Thecompilerflags$(CFLAGS) aredeterminedin two steps.First theappropriateHAL package
will provide a configurationoption definingthe global flags.Typically this includesflagsthat
areneededfor thetargetprocessor, for example-mcpu=arm9, variousflagsrelatedto warnings,
debuggingandoptimization,andflagssuchas-finit-priority which areneededby eCos
itself. Userscanmodify theglobalflagsoptionasrequired.In additionit is possiblefor existing
flagsto be removedfrom andnew flagsto be addedto the currentseton a per-packagebasis,
againby meansof user-modifiableconfigurationoptions.More detailsaregivenbelow.
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Componentwriters canassumethat the build systemwill performfull headerfile dependency
analysis,including dependencieson configurationheaders,but the exact meansby which this
happensis implementation-defined.Typical applicationdevelopersareunlikely to modify ex-
portedor privateheaderfiles,but configurationheadersarelikely to changeastheconfiguration
is changedto bettermeettheneedsof theapplication.Full headerfile dependency analysisalso
makesthingseasierfor thecomponentwritersthemselves.

Thecurrentdirectoryusedduringacompilationis animplementationdetailof thebuild system.
Howeverit canbeassumedthateachpackagewill haveits own directorysomewherein thebuild
tree,to prevent file nameclashes,that this will be the currentdirectory, andthat intermediate
objectfiles will endup here.

Generating the Libraries
Onceall the compileandmake_objectpropertieshave beenprocessedandthe requiredobject
files have beenbuilt or rebuilt, thesecan be collectedtogetherin one or more libraries.The
archiverwill bethearcommandcorrespondingto thecurrentarchitecture,for examplepowerpc-
eabi-ar.By default al of theobjectfiles will endup in a singlelibrary libtarget.a. This can
be changedon a per-packagebasisusingthe library propertyin the bodyof the corresponding
cdl_package command,for example:

cdl_package � SOME_PACKAGE � {
...
library libSomePackage.a

}

However using different libraries for eachpackageshouldbe avoided. It makes things more
difficult for applicationdeveloperssincethey now have to link the applicationcodewith more
libraries,andpossiblyevenchangethis setof librarieswhenpackagesareaddedto or removed
from theconfiguration.Theuseof asinglelibrary libtarget.a avoidsany complications.

It is alsopossibleto changethetargetlibrary for individual files,usinga-library optionwith
thecorrespondingcompileor make_objectproperty. For example:

compile -library=libSomePackage.a hello.c
make_object -library=libSomePackage.a {

...
}
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Again this shouldbe avoidedbecauseit makesapplicationdevelopmentmoredifficult. There
is onespeciallibrary which canbe usedfreely, libextras.a, which is usedto generatethe
extras.o file asdescribedbelow.

Theorderin which objectfiles endup in a library is not defined.Typically eachlibrary will be
createddirectly in the install tree,sincethereis little point in generatinga file in thebuild tree
andthenimmediatelycopying it to theinstall tree.

The extras.o file
Packagesourcesfiles normally get compiledandthenaddedto a library, by default libtar-
get.a, which is then linked with the applicationcode.Becauseof the usualrules for linking
with libraries,augmentedby the useof link-time garbagecollection,this meansthat codewill
only endup in thefinal executableif thereis adirector indirectreferenceto it in theapplication.
Usuallythis is thedesiredbehaviour: if theapplicationdoesnotmakeany useof saykernelmes-
sageboxes,directly or indirectly, thenthatcodeshouldnot endup in thefinal executabletaking
up valuablememoryspace.

In a few casesit is desirablefor packagecodeto endup in thefinal executableevenif thereare
nodirector indirectreferences.For example,devicedriverfunctionsareoftennotcalleddirectly.
Insteadtheapplicationwill accessthedevice via thestring"/dev/xyzzy" andcall thedevice
functionsindirectly. Thiswill beimpossibleif thefunctionshavebeenremovedat link-time.

AnotherexampleinvolvesstaticC++objects.It is possibleto haveastaticC++object,preferably
with a suitableconstructorpriority, whereall of theinterestingwork happensasa sideeffect of
runningtheconstructor. For examplea packagemight includea monitoringthreador a garbage
collectionthreadcreatedfrom insidesuchaconstructor. Withoutareferenceby theapplicationto
thestaticobjectthelatterwill nevergetlinkedin, andthepackagewill not functionasexpected.

A third examplewould be copyright messages.A packagevendormay want to insist that all
productsshippedusingthatpackageincludeaparticularmessagein memory, eventhoughmany
usersof thatpackagewill objectto sucha restriction.

To meetrequirementssuchasthesethebuild systemprovidessupportfor afile extras.o, which
alwaysgetslinkedwith theapplicationcodevia thelinkerscript.Becauseit is anobjectfile rather
thana library everythingin thefile will be linkedin. Theextras.o file is generatedat theend
of a build from a library libextras.a, sopackagescanput functionsandvariablesin suitable
sourcefilesandaddthemto thatlibrary explicitly:
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compile -library=libextras.a xyzzy.c
compile xyzzy_support.c

In thisexamplexyzzy.o will endup in libextras.a, andhencein extras.o andin thefinal
executable.xyzzy_support.o will endup in libtarget.a asusual,andis subjectto linker
garbagecollection.

Compiler s and Flags

Caution
Someof the detailsof compiler selectionandcompiler flags described
below aresubjectto changein future revisionsof thecomponentframe-
work, althoughevery reasonableattemptwill bemadeto avoid breaking
backwardscompatibility.

Thebuild systemneedsto know what compilerto use,whatcompilerflagsshouldbe usedfor
differentstagesof thebuild andsoon. Much of this informationwill vary from target to target,
althoughusersshouldbe ableto overridethis whenappropriate.Theremayalsobe a needfor
somepackagesto modify thecompilerflags.All platformHAL packagesshoulddefinea num-
ber of optionswith well-known names,alongthe following lines (any existing platform HAL
packagecanbeconsultedfor a completeexample):

cdl_component CYGBLD_GLOBAL_OPTIONS {
flavor none
parent CYGPKG_NONE
...

cdl_option CYGBLD_GLOBAL_COMMAND_PREFIX {
flavor data
default_value { "arm-elf" }
...

}
cdl_option CYGBLD_GLOBAL_CFLAGS {

flavor data
default_value "-Wall -g -O2 ..."
...

}
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cdl_option CYGBLD_GLOBAL_LDFLAGS {
flavor data
default_value "-g -nostdlib -Wl,-gc-sections ..."
...

}
}

The CYGBLD_GLOBAL_OPTIONS componentserves to collect togetherall global build-related
options.It hastheflavor none sincedisablingall of theseoptionswould make it impossibleto
build anythingandhenceis not useful.It is parentedimmediatelybelow theroot of theconfigu-
rationhierarchy, thusmakingsurethatit is readilyaccessiblein thegraphicalconfigurationtool
and,for commandline users,in theecos.ecc save file.

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_COMMAND_PREFIX defineswhichtoolsshouldbeusedfor thecur-
rent target.Typically this is determinedby theprocessoron the targethardware.In somecases
a given targetboardmay be ableto supportseveral differentprocessors,in which casethe de-
fault_valueexpressioncouldselecta differenttoolchaindependingon someotheroptionthat is
usedto control which particularprocessor. CYGBLD_GLOBAL_COMMAND_PREFIX is modifiable
ratherthancalculated,souserscanoverridethis whennecessary.

Givena commandprefix suchasarm-elf, all C sourcefiles will becompiledwith arm-elf-

gcc, all C++sourceswill bebuilt usingarm-elf-g++, andarm-elf-ar will beusedto gener-
atethelibrary. Thisis in accordancewith theusualnamingconventionsfor GNU cross-compilers
andsimilar tools.For the purposesof custombuild steps,tokenssuchas$(CC) will be setto
arm-elf-gcc.

Thenext option,CYGBLD_GLOBAL_CFLAGS, is usedto provide theinitial valueof $(CFLAGS).
Somecompilerflagssuchas-Wall and-g arelikely to beusedon all targets.Otherflagssuch
as-mcpu=arm7tdmi will be target-specific.Again this is a modifiableoption,so the usercan
switchfrom say-O2 to -Os if desired.TheoptionCYGBLD_GLOBAL_LDFLAGS servesthesame
purposefor $(LDFLAGS) andlinking. It is usedprimarily whenbuilding testcasesor possibly
for somecustombuild steps,sincebuilding eCositself generallyinvolvesbuilding oneor more
librariesratherthanexecutables.
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Somepackagesmaywish to addcertainflagsto the globalset,or possiblyremove someflags.
Thiscanbeachievedby having appropriatelynamedoptionsin thepackage,for example:

cdl_component CYGPKG_KERNEL_OPTIONS {
display "Kernel build options"
flavor none
...

cdl_option CYGPKG_KERNEL_CFLAGS_ADD {
display "Additional compiler flags"
flavor data
default_value { "" }
...

}

cdl_option CYGPKG_KERNEL_CFLAGS_REMOVE {
display "Suppressed compiler flags"
flavor data
default_value { "" }
...

}

cdl_option CYGPKG_KERNEL_LDFLAGS_ADD {
display "Additional linker flags"
flavor data
default_value { "" }
...

}

cdl_option CYGPKG_KERNEL_LDFLAGS_REMOVE {
display "Suppressed linker flags"
flavor data
default_value { "" }
...

}
}

In thisexamplethekerneldoesnotmodify theglobalcompilerflagsby default,but it is possible
for the usersto modify the options if desired.The value of $(CFLAGS) that is usedfor the
compilationsandcustombuild stepsin agivenpackageis determinedasfollows:

1. Startwith theglobalsettingsfrom CYGBLD_GLOBAL_CFLAGS, for example-g -O2.
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2. Removeany flagsspecifiedin theper-packageCFLAGS_REMOVE option,if any. For example
if -O2 shouldberemovedfor thispackagethen$(CFLAGS) wouldnow haveavalueof just
-g.

3. Thenconcatenatethe flagsspecifiedby the per-packageCFLAGS_ADD option, if any. For
exampleif -Os shouldbeaddedfor thecurrentpackagethenthefinal valueof $(CFLAGS)
will be-g -Os.

$(LDFLAGS) is determinedin muchthesameway.

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_LIBM_CFLAGS_ADD and CYGPKG_LIBM_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 thedetailsof custombuild stepsasdescribedbelow aresubject
to changein futurerevisionsof thecomponentframework,althoughevery
reasonableattemptwill bemadeto avoid breakingbackwardscompatibil-
ity.

For mostpackagessimply listing oneor moresourcefiles in a compilepropertyis sufficient.
Thesefiles will get built usingthe appropriatecompilerandcompilerflagsandaddedto a li-
brary, which thengetslinked with applicationcode.A packagethat canbe built in this way is
likely to bemoreportableto differenttargetsandbuild environments,sinceit avoidsbuild-time
dependencies.However somepackageshave specialneeds,andthecomponentframework sup-
portscustombuild stepsto allow for theseneeds.Therearetwo propertiesrelatedto this,make
andmake_object,andbothtake thefollowing form:

make {
� target_filepath � : � dependency_filepath � ...
� command �
...

}

Althoughthismaylook likemakefilesyntax,andalthoughsomebuild environmentswill indeed
involve generatingmakefiles and running make, this is not guaranteed.It is possiblefor the
componentframework to be integratedwith someotherbuild system,andcustombuild steps
shouldbe written with thatpossibility in mind. Eachcustombuild stepinvolvesa target,some
numberof dependency files,andsomenumberof commands.If thetargetis not up to datewith
respectto oneor moreof thedependenciesthenthecommandsneedto beexecuted.

a.Only onetargetcanbespecified.For a make_objectpropertythis targetmustbeanobject
file. For a make propertyit canbeany file. In bothcasesit mustreferto a physicalfile, the
useof phony targetsis notsupported.Thetargetshouldnotbeanabsolutepathname.If the
generatedfile needsto endupin theinstall treethenthiscanbeachievedusinga � PREFIX �
token,for example:

make {

 PREFIX � /lib/mytarget : ...

...
}
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When the build tree is generatedand the custombuild stepis addedto the makefile (or
whatever build systemis used) � PREFIX � will be replacedwith the absolutepathto the
install tree.

b. All thedependenciesmustalsoreferto physicalfiles,not to phony targets.Thesefiles may
bein thesourcetree.The � PACKAGE � tokencanbeusedto indicatethis:whenthebuild tree
is generatedthis tokenwill bereplacedwith theabsolutepathto thepackage’srootdirectory
in thecomponentrepository, for example:

make_object {
xyzzy.o : 
 PACKAGE � /src/xyzzy.c

...

If thecomponentrepositorywasinstalledin /usr/local/ecos andthiscustombuild step
existedin version1_5of thekernel,� PACKAGE � wouldbereplacedwith /usr/local/ecos/packages/kernel/v1_5.

Alternatively thedependenciesmayrefer to files thataregeneratedduringthebuild. These
may be objectfiles resultingfrom compilepropertiesor othermake_objectproperties,or
they maybeotherfiles resultingfrom amakeproperty, for example:

compile plugh.c
make_object {

xyzzy.o : plugh.o
...

}

c. No othertoken or makefile variablesmay be usedin the target or dependency file names.
Also conditionalssuchasifneq andsimilarmakefile functionalitymustnot beused.

d. Similarly the list of commandsmust not useany makefile conditionalsor similar func-
tionality. A numberof tokenscanbe usedto provide accessto target-specificor environ-
mentaldata.Notethatthesetokenslook like makefile variables,unlike the � PREFIX � and
� PACKAGE � tokensmentionedearlier:

Token Purpose Example value

$(AR) theGNU archiver mips-tx39-elf-ar

$(CC) theGNU compiler sh-elf-gcc

$(CFLAGS) compilerflags -O2 -Wall

$(COMMAND_PREFIX) thetriplet prefix mn10300-elf-

$(INCLUDE_PATH> headerfile searchpath -I. -Isrc/misc

108



Chapter4. TheBuild Process

Token Purpose Example value

$(LDFLAGS) linkerflags -nostdlib -Wl,-static

$(OBJCOPY) theobjcopy utility arm-elf-objcopy

$(PREFIX) locationof theinstall tree /home/fred/ecos-

install

$(REPOSITORY) locationof thecomponent
repository /home/fred/ecos/packages

In additioncommandsin a custombuild stepmayrefer to the targetandthe dependencies
using$@, $<, $^ and$*, all of whichbehaveasperGNU makesyntax.Thecommandswill
executein a suitabledirectoryin thebuild tree.

e.Thecurrentdirectoryusedduringacustombuild stepis animplementationdetailof thebuild
system.Howeverit canbeassumedthateachpackagewill haveits owndirectorysomewhere
in thebuild tree,to preventfile nameclashes,andthat this will be thecurrentdirectory. In
additionany objectfiles generatedasa resultof compilepropertieswill be locatedhereas
well, which is usefulfor custombuild stepsthatdependon a.o file previouslygenerated.

Any temporaryfiles createdby a custombuild stepshouldbegeneratedin thebuild tree(in
or underthe currentdirectory).Suchfiles shouldbe givena .tmp file extensionto ensure
thatthey aredeletedduringamake clean or equivalentoperation.

If a packagecontainsmultiple custombuild stepswith thesamepriority, it is possiblethat
thesebuild stepswill berunconcurrently. Thereforethesecustombuild stepsmustnotacci-
dentallyusethesamefile namesfor intermediatefiles.

f. Carehasto betakento make surethat thecommandsin a custombuild stepwill run on all
hostplatforms,includingWindowsNT aswell asLinux andotherUnix systems.For exam-
ple, all file pathsshoulduseforwardslashesasthe directoryseparator. It canbe assumed
thatWindowsuserswill havea full setof CygWin toolsinstalledandavailableon thepath.
TheGNU codingstandards(http://www.gnu.org/prep/standards.html) provide someuseful
guidelinesfor writing portablebuild rules.

g. A custombuild stepmust not make any assumptionsconcerningthe versionof another
package.This enforcespackageencapsulation,preventingonepackagefrom accessingthe
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internalsof another.

h. No assumptionsshouldbemadeaboutthetargetplatform,unlessthepackageis inherently
specificto thatplatform.Eventhenit is betterto usethevarioustokenswheneverpossible,
ratherthanhard-codingin detailssuchasthecompiler. For example,givena custombuild
stepsuchas:

arm-elf-gcc -c -mcpu=arm7di -o $@ $ 


Even if this build stepwill only be invokedon ARM targets,it couldcauseproblems.For
examplethetoolchainmayhave beeninstalledusinga prefix otherthanarm-elf. Also, if
the userchangesthe compilerflagsthenthis would not be reflectedin the build step.The
correctway to write this rule wouldbe:

$(CC) -c $(CFLAGS) -o $@ $ 


Somecommandssuchasthecompiler, thearchiver, andobjcopy arerequiredsufficiently of-
tento warranttheirown tokens,for example$(CC) and$(OBJCOPY). Othertarget-specific
commandsareneededonly rarelyandthe$(COMMAND_PREFIX) tokencanbeusedto con-
structtheappropriatecommandname,for example:

$(COMMAND_PREFIX)size $ 
�� $@

i. Custombuild stepsshouldnot be usedto build host-sideexecutables,even if thoseexe-
cutablesare neededto build partsof the target side code.Supportfor building host-side
executableswill beaddedin a futureversionof thecomponentframework, althoughit will
not necessarilyinvolvethesecustombuild steps.

By default custombuild stepsdefinedin a make_objectpropertyhave a priority of 100,which
meansthat they will be executedin the samephaseascompilationsresultingfrom a compile
property. It is possibleto changethepriority usingapropertyoption,for example:

make_object -priority 50 {
...

}

Specifyingapriority smallerthana100meansthatthecustombuild stephappensbeforethenor-
mal compilations.Prioritiesbetween100and200happenafternormalcompilationsbut before
thelibrariesarearchivedtogether. make_objectpropertiesshouldnotspecifyapriority of 200or
later.

Custombuild stepsdefinedin a make propertyhave a default priority of 300,andso they will
happenafterthelibrarieshavebeenbuilt. Againthiscanbechangedusinga-priority property
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option.

Star tup Code
Linking anapplicationrequirestheapplicationcode,a linkerscript,theeCoslibrary or libraries,
theextras.o file, andsomestartupcode.Dependingon thetargethardwareandhow theappli-
cationgetsbooted,thisstartupcodemaydolittle morethanbranchingto main(), or it mayhave
to performaconsiderableamountof hardwareinitialization.Thestartupcodegenerallylivesin a
file vectors.o which is createdby acustombuild stepin aHAL package.As farasapplication
developersareconceredthe existenceof this file is largely transparent,sincethe linker script
ensuresthatthefile is partof thefinal executable.

Thisstartupcodeis not generallyof interestto componentwriters,only to HAL developerswho
are referredto oneof the existing HAL packagesfor specificdetails.Otherpackagesarenot
expectedto modify the startupin any way. If a packageneedssomework performedearly on
duringsysteminitialization, beforetheapplication’s mainentrypoint getsinvoked,this canbe
achievedusinga staticobjectwith asuitableconstructorpriority.

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
futurerelease.Arguablylinkerscript issuesshouldbedocumentedin the
HAL documentationratherthanin thisguide.

Generatingthelinkerscriptis theresponsibilityof thevariousHAL packagesthatareapplicable
to a given target.Developersof componentsother thanHAL packagesneednot be concerned
aboutwhat is involved. Developersof new HAL packagesshouldusean existing HAL as a
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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

Caution
Thesupportin thecurrentimplementationof thecomponentframework
for building and running test casesis limited, and shouldbe enhanced
considerablyin a futureversion.Compatibilitywith theexisting mecha-
nismsdescribedbelow will bemaintainedif possible,but this cannotbe
guaranteed.

Whenever possiblepackagesshouldbe shippedwith oneor moretestcases.This allows users
to checkthatall packagesfunctioncorrectlyin their particularconfigurationandon their target,
whichmaybecustomhardwareunavailableto thepackagedeveloper. Thecomponentframework
needsto provide a way of building suchtestcases.For example,if a makefile systemis used
then therecould be a make tests target to build the test cases,or possiblya make check

target to build andrun thetestcasesandprocessall theresults.Unfortunatelytherearevarious
complications.

Not everytestcasewill beapplicableto everyconfiguration.For exampleif theuserhasdisabled
the C library’s CYGPKG_LIBC_STDIO componentthenthereis no point in building or running
any of thetestcasesfor thatcomponent.This implies that testcasesneedto beassociatedwith
configurationoptionssomehow. It is possiblefor thetestcaseto useoneor more#ifdef state-
mentsto checkwhetheror not it is applicablein the currentconfiguration,andcompile to a
null programwhennot applicable.This is inefficientbecausethetestcasewill still getbuilt and
possiblyrun,eventhoughit will not provideany usefulinformation.
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Many packagesinvolvedirectinteractionwith hardware,for examplea serialline or anethernet
interface.In suchcasesit is only worthwhile building andrunning the test if thereis suitable
softwarerunningat the otherendof the serial line or listeningon the sameethernetsegment,
andthat softwarewould typically have to run on the host.Of coursethe serial line in question
may be hooked up to a differentpieceof hardwarewhich the applicationneedsto talk to, so
disconnectingit andthenhookingit up to the hostfor runningsometestsmaybe undesirable.
Thedecisionasto whetheror not to build thetestdependsnot juston theeCosconfigurationbut
alsoon thehardwaresetupandtheavailability of suitablehostsoftware.

Therearedifferentkindsof tests,andit is not alwaysdesirableto runall of them.For examplea
packagemaycontaina numberof stresstestsintendedto run for long periodsof time, possibly
daysor longer. Suchtestsshouldcertainlybe distinguishedsomehow from ordinarytestcases
so thatuserswill not run themaccidentallyandwonderhow long they shouldwait for a pass

messagebeforegiving up.Stresstestsmayalsohavedependenciesonthehardwareconfiguration
andon hostsoftware,for examplea network stresstestmayrequirelotsof ethernetpackets.

In the currentimplementationof the componentframework theseissuesarenot yet addressed.
Insteadthere is only very limited supportfor building test cases.Any packagecan definea
calculatedconfigurationoption of the form CYGPKG_ � package-name � _TESTS, whosevalue
is alist of testcases.Thecalculatedpropertycaninvolveanexpressionsoit is possibleto adaptto
a smallnumberof configurationoptions,but this quickly becomesunwieldy. A typical example
wouldbe:

cdl_option CYGPKG_UITRON_TESTS {
display "uITRON tests"
flavor data
no_define
calculated { "tests/test1 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 uITRON compatibility layer."

}

This impliesthat thereis a file tests/test1.c or tests/test1.cxx in thepackage’sdirec-
tory. Thecommandsthatwill beusedto build thetestcasewill take theform:

$(CC) -c $(INCLUDE_PATH) $(CFLAGS) -o � build path � /test1.o \
� source path � /tests/test1.c

$(CC) $(LDFLAGS) -o � install path � /tests/test1 � build_path � /test1.o
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Thevariables$(CC) andsoon aredeterminedin thesameway asfor custombuild steps.The
variouspathsandthecurrentdirectorywill dependontheexactbuild systembeingused,andare
subjectto change.As usualthe sourcesin the componentrepositoryaretreatedasa read-only
resources,intermediatefiles live in thebuild tree,andthedesiredexecutablesshouldendup in
theinstall tree.

Eachtest sourcefile must be self-contained.It is not possibleat presentto build a little per-
packagelibrary thatcanbeusedby thetestcases,or to link togetherseveralobjectfilestoproduce
asingletestexecutable.In somecasesit maybepossibleto#include sourcecodefrom ashared
file in orderto avoid unnecessarycodereplication.Thereis nosupportfor manipulatingcompiler
or linkerflagsfor individualtestcases:theflagsthatwill beusedfor all filesare$(CFLAGS) and
$(LDFLAGS), aspercustombuild steps.Notethatit is possiblefor apackageto defineoptionsof
theformCYGPKG_ � PACKAGE-NAME � _LDFLAGS_ADDandCYGPKG_ � PACKAGE-NAME � _LDFLAGS_REMOVE.
Thesewill affecttestcases,but in theabsenceof custombuild stepsthey will havenoothereffect
on thebuild.
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Thischaptercontainsreferenceinformationfor themainCDL commandscdl_option,cdl_component,
cdl_package andcdl_interface, followedby the variouspropertiessuchasactive_if and
compilein alphabeticalorder.

cdl_option

Name
Command cdl_option — Definea singleconfigurationoption

Synopsis

cdl_option � name � {
...

}

Description
Theoptionis thebasicunit of configurability. Generallyeachoptioncorrespondsto asingleuser
choice.Typically thereis a certainamountof informationassociatedwith anoptionto assistthe
userin manipulatingthatoption,for exampleatextualdescription.Therewill alsobesomelimits
on thepossiblevaluesthat theusercanchoose,soanoptionmaybea simpleyes-or-no choice
or it maybesomethingmorecomplicatedsuchasanarraysizeor a device name.Optionsmay
have associatedconstraints,so if thatoption is enabledthencertainconditionshave to satisfied
elsewherein the configuration.Optionsusuallyhave direct consequencessuchaspreprocessor
#define symbolsin a configurationheaderfile.

cdl_option is implementedasa Tcl commandthat takestwo arguments,a nameanda body.
The namemustbe a valid C preprocessoridentifier: a sequenceof upperor lower caseletters,
digitsor underscores,startingwith anon-digitcharacter;identifiersbeginningwith anunderscore
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shouldnormally be avoidedbecausethey may clashwith systempackagesor with identifiers
reserved for useby the compiler. Within a single configuration,namesmust be unique.If a
configurationcontainedtwo packageswhich definedthe sameentity CYGIMP_SOME_OPTION,
any referencesto thatentityin arequirespropertyor any otherexpressionwouldbeambiguous.It
is possiblefor agivennameto beusedby two differentpackagesif thosepackagesshouldnever
be loadedinto a single configuration.For example,architecturalHAL packagesare allowed
to re-usenamesbecausea singleconfigurationcannottarget two differentarchitectures.For a
recommendednamingconventionseethesectioncalledPackageContentsandLayoutin Chapter
2.

Thesecondargumentto cdl_option is a bodyof properties,typically surroundedby bracesso
thattheTcl interpretertreatsit asa singleargument.This bodywill beprocessedby a recursive
invocationof theTcl interpreter, extendedwith additionalcommandsfor thevariousproperties
thatareallowedinsideacdl_option. Thevalid propertiesare:

active_if

Allow additionalcontrolover theactivestateof this option.

calculated

The option’s value is not directly user-modifiable,it is calculatedusing a suitableCDL
expression.

compile

List thesourcefiles thatshouldbebuilt if this optionis activeandenabled.

default_value

Provideadefault valuefor this optionusinga CDL expression.

define

Specifyadditional#define symbolsthatshouldgo into theowning package’s configura-
tion headerfile.

define_format

Controlhow theoption’svaluewill appearin theconfigurationheaderfile.
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define_proc

Usea fragmentof Tcl codeto outputadditionaldatato configurationheaderfiles.

description

Providea textual descriptionfor this option.

display

Provideashortstringdescribingthisoption.

doc

Thelocationof on-linedocumentationfor thisoption.

flavor

Specifythenatureof thisoption.

if_define

Outputa commonpreprocessorconstructto aconfigurationheaderfile.

implements

Enablingthis optionprovidesoneinstanceof a moregeneralinterface.

legal_values

Imposeconstraintson thepossiblevaluesfor thisoption.

make

An additionalcustombuild stepassociatedwith thisoption,resultingin a targetthatshould
not go directly into a library.

make_object

An additionalcustombuild stepassociatedwith this option,resultingin anobjectfile that
shouldgo into a library.
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no_define

Suppressthenormalgenerationof apreprocessor#define symbolin aconfigurationheader
file.

parent

Controlthelocationof thisoptionin theconfigurationhierarchy.

requires

List constraintsthattheconfigurationshouldsatisfyif this optionis activeandenabled.

Example
cdl_option CYGDBG_INFRA_DEBUG_PRECONDITIONS {

display "Preconditions"
default_value 1
description "

This option allows individual control of preconditions.
A precondition is one type of assert, which it is
useful to control separately from more general asserts.
The function is CYG_PRECONDITION(condition,msg)."

}

See Also
Commandcdl_component, commandcdl_package, commandcdl_interface.
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Name
Command cdl_component — Defineacomponent,acollectionof configurationoptions

Synopsis

cdl_component � name � {
...

}

Description
A componentis a configurationoptionthatcancontainadditionaloptionsandsub-components.
The body of a cdl_component can contain the samepropertiesas that of a cdl_option.
Thereis an additionalproperty, script which allows configurationdatato be split into multi-
plefiles.It is alsopossiblefor acomponentbodyto includecdl_component, cdl_option and
cdl_interface entitiesthatshouldgo below this componentin theconfigurationhierarchy.

cdl_component is implementedasa Tcl commandthat takes two arguments,a nameanda
body. The namemustbe a valid C preprocessoridentifier: a sequenceof upperor lower case
letters,digitsor underscores,startingwith anon-digitcharacter;identifiersbeginningwith anun-
derscoreshouldnormallybeavoidedbecausethey mayclashwith systempackagesor with iden-
tifiers reservedfor useby thecompiler. Within a singleconfiguration,namesmustbeunique.If
a configurationcontainedtwo packageswhich definedthesameentityCYGIMP_SOME_OPTION,
any referencesto thatentityin arequirespropertyor any otherexpressionwouldbeambiguous.It
is possiblefor agivennameto beusedby two differentpackagesif thosepackagesshouldnever
be loadedinto a singleconfiguration.For example,architecturalHAL packagesareallowed to
re-usecertainnamesbecausea single configurationcannottarget two different architectures.
For a recommendednamingconventionseethesectioncalledPackage ContentsandLayout in
Chapter2.

Thesecondargumentto cdl_component is abodyof propertiesandothercommands,typically
surroundedby bracessothat theTcl interpretertreatsit asa singleargument.This bodywill be
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processedby a recursive invocationof the Tcl interpreter, extendedwith additionalcommands
for thevariouspropertiesthatareallowedinsideacdl_component. Thevalid commandsare:

active_if

Allow additionalcontrolover theactivestateof this component.

calculated

Thecomponent’svalueis notdirectlyuser-modifiable,it is calculatedusingasuitableCDL
expression.

cdl_component

Definea sub-component.

cdl_interface

Defineaninterfacewhichshouldappearimmediatelybelow thiscomponentin theconfigu-
rationhierarchy.

cdl_option

Definea configurationoption which shouldappearimmediatelybelow this componentin
theconfigurationhierarchy.

compile

List thesourcefiles thatshouldbebuilt if this componentis activeandenabled.

default_value

Provideadefault valuefor this componentusinga CDL expression.

define

Specifyadditional#define symbolsthatshouldgo into theowning package’s configura-
tion headerfile.

define_format

Controlhow thecomponent’svaluewill appearin theconfigurationheaderfile.
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define_proc

Usea fragmentof Tcl codeto outputadditionaldatato configurationheaderfiles.

description

Providea textual descriptionfor this component.

display

Provideashortstringdescribingthiscomponent.

doc

Thelocationof on-linedocumentationfor thiscomponent.

flavor

Specifythenatureof thiscomponent.

if_define

Outputa commonpreprocessorconstructto aconfigurationheaderfile.

implements

Enablingthis componentprovidesoneinstanceof amoregeneralinterface.

legal_values

Imposeconstraintson thepossiblevaluesfor thiscomponent.

make

An additionalcustombuild stepassociatedwith this component,resultingin a target that
shouldnot go directly into a library.

make_object

An additionalcustombuild stepassociatedwith this component,resultingin anobjectfile
thatshouldgo into a library.
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no_define

Suppressthenormalgenerationof apreprocessor#define symbolin aconfigurationheader
file.

parent

Controlthelocationof thiscomponentin theconfigurationhierarchy.

requires

List constraintsthattheconfigurationshouldsatisfyif thiscomponentis activeandenabled.

script

Includeadditionalconfigurationinformationfrom anotherCDL script

Example

cdl_component CYGDBG_USE_ASSERTS {
display "Use asserts"
default_value 1
description "

If this component 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 component is disabled, these result in no
additional object code and no checking of the asserted
conditions."

script assert.cdl
}

See Also
Commandcdl_option, commandcdl_package, commandcdl_interface.
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Name
Command cdl_package — Definea package,a componentthatcanbedistributed

Synopsis

cdl_package � name � {
...

}

Description
A packageis a unit of distribution. It is also a configurationoption in that userscan choose
whetheror not a particularpackageis loadedinto the configuration,andwhich versionof that
packageshouldbe loaded.It is alsoa componentin that it cancontainadditionalcomponents
andoptionsin a hierarchy.

Thetop-level CDL script for a packageshouldbegin with a cdl_package command.This can
containmostof thepropertiesthatcanbeusedin acdl_option command,andanumberof ad-
ditionaloneswhichapplyto apackageasawhole.It is alsopossibleto includecdl_component,
cdl_interface andcdl_option commandsin thebodyof a package.However all configu-
rationentitiesthatoccurat thetop level of thescriptcontainingthecdl_package commandare
automaticallyplacedbelow that packagein the configurationhierarchy, soputting theminside
thebodyhasno effect.

Thefollowing propertiescannotbeusedin thebodyof acdl_package command:

flavor

Packagesalwayshave theflavor booldata.
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default_value

The valueof a packageis its versionnumber. This is specifiedat the time the packageis
loadedinto theconfiguration,andcannotbecalculatedafterwards.Typically themostrecent
versionof thepackagewill beloaded.

legal_values

Thelegalvalueslist for agivenpackageis determinedby whichversionsof thatpackageare
installedin thecomponentrepository, andcannotbefurtherconstrainedin theCDL scripts.

calculated

Thevalueof apackageis alwaysselectedat thetimethatit is loadedinto theconfiguration,
andcannotbere-calculatedafterwards.

script

ThiswouldberedundantsincetheCDL scriptcontainingthecdl_package commandacts
asthatpackage’sscript.

cdl_package is implementedasa Tcl commandthattakestwo arguments,a nameanda body.
The namemustbe a valid C preprocessoridentifier: a sequenceof upperor lower caseletters,
digitsor underscores,startingwith anon-digitcharacter;identifiersbeginningwith anunderscore
shouldnormally be avoidedbecausethey may clashwith systempackagesor with identifiers
reserved for useby the compiler. Packagesshouldalways have uniquenameswithin a given
componentrepository. For a recommendednamingconventionseethe sectioncalledPackage
ContentsandLayoutin Chapter2.

The secondargumentto cdl_package is a body of propertiesandothercommands,typically
surroundedby bracessothat theTcl interpretertreatsit asa singleargument.This bodywill be
processedby a recursive invocationof the Tcl interpreter, extendedwith additionalcommands
for thevariouspropertiesthatareallowedinsideacdl_package. Thevalid commandsare:

active_if

Allow additionalcontrolover theactivestateof this package.
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cdl_component

Defineacomponentwhichshouldappearimmediatelybelow thispackagein theconfigura-
tion hierarchy.

cdl_interface

Defineaninterfacewhich shouldappearimmediatelybelow this packagein theconfigura-
tion hierarchy.

cdl_option

Defineanoptionwhichshouldappearimmediatelybelow thispackagein theconfiguration
hierarchy.

compile

List thesourcefiles thatshouldbebuilt for this package.

define

Specifyadditional#define symbolsthatshouldgointo thepackage’sconfigurationheader
file.

define_format

Control how the package’s valuewill appearin the global configurationheaderfile pkg-

conf/system.h

define_header

Specifytheconfigurationheaderfile thatwill begeneratedfor this package.

define_proc

Usea fragmentof Tcl codeto outputadditionaldatato configurationheaderfiles.

description

Providea textual descriptionfor this component.

display

Provideashortstringdescribingthiscomponent.
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doc

Thelocationof on-linedocumentationfor thiscomponent.

hardware

Thispackageis tied to specifichardware.

if_define

Outputa commonpreprocessorconstructto aconfigurationheaderfile.

implements

Enablingthis componentprovidesoneinstanceof amoregeneralinterface.

include_dir

Specifythedesiredlocationof this package’sexportedheaderfiles in theinstall tree.

include_files

List theheaderfiles thatareexportedby this package.

library

Specifywhich library shouldcontaintheobjectfilesgeneratedby building this package.

make

An additionalcustombuild stepassociatedwith this component,resultingin a target that
shouldnot go directly into a library.

make_object

An additionalcustombuild stepassociatedwith this component,resultingin anobjectfile
thatshouldgo into a library.

no_define

Suppressthenormalgenerationof thepackage’s#define in theglobalconfigurationheader
file pkgconf/system.h.
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parent

Controlthelocationof thispackagein theconfigurationhierarchy.

requires

List constraintsthattheconfigurationshouldsatisfyif this packageis active.

Example
cdl_package CYGPKG_INFRA {

display "Infrastructure"
include_dir cyg/infra
description "

Common types and useful macros.
Tracing and assertion facilities.
Package startup options."

compile startup.cxx prestart.cxx pkgstart.cxx userstart.cxx \
dummyxxmain.cxx null.cxx simple.cxx fancy.cxx buffer.cxx \
diag.cxx tcdiag.cxx memcpy.c memset.c delete.cxx

}

See Also
Commandcdl_option, commandcdl_component, commandcdl_interface.
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Name
Command cdl_interface — Defineaninterface,functionalitythatcanbeprovidedby a
numberof differentimplementations.

Synopsis

cdl_interface � name � {
...

}

Description
An interfaceis aspecialtypeof calculatedconfigurationoption.It providesanabstractionmech-
anismthatis oftenusefulin CDL expressions.As anexample,supposethatsomepackagerelies
on thepresenceof codethat implementsthestandardkernelschedulinginterface.However the
requirementis no more stringentthan this, so the constraintcan be satisfiedby the mlqueue
scheduler, the bitmapscheduler, or any additionalschedulersthat may get implementedin fu-
ture.A first attemptat expressingthedependency might be:

requires CYGSEM_KERNEL_SCHED_MLQUEUE || CYGSEM_KERNEL_SCHED_BITMAP

This constraintis limited, it mayneedto bechangedif a new schedulerwereto beaddedto the
system.Interfacesprovidea wayof expressingmoregeneralrelationships:

requires CYGINT_KERNEL_SCHEDULER

The interfaceCYGINT_KERNEL_SCHEDULER is implementedby both the mlqueueandbitmap
schedulers,andmaybe implementedby future schedulersaswell. The valueof an interfaceis
thenumberof implementorsthatareactive andenabled,so in a typical configurationonly one
schedulerwill be in useandthe valueof the interfacewill be 1. If all schedulersaredisabled
thentheinterfacewill haveavalue0 andtherequiresconstraintwill not besatisfied.
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Somecomponentwritersmay preferto usethe first requiresconstrainton the groundsthat the
codewill only have beentestedwith themlqueueandbitmapschedulersandcannotbeguaran-
teedto work with any new schedulers.Othercomponentwritersmaytakeamoreoptimisticview
andassumethattheir codewill work with any scheduleruntil provenotherwise.

Interfacesmust be definedin CDL scripts,just like options,componentsand packages.This
involvesthe commandcdl_interface which takestwo arguments,a nameanda body. The
namemustbeavalid C preprocessoridentifier:asequenceof upperor lowercaseletters,digitsor
underscores,startingwith a non-digitcharacter;identifiersbeginningwith anunderscoreshould
normallybeavoidedbecausethey mayclashwith systempackagesor with identifiersreserved
for useby thecompiler. Within a singleconfiguration,namesmustbeunique.If a configuration
containedtwo packageswhich definedthesameentity CYGIMP_SOME_OPTION, any references
to thatentity in arequirespropertyor any otherexpressionwouldbeambiguous.It is possiblefor
agivennameto beusedby two differentpackagesif thosepackagesshouldneverbeloadedinto
a singleconfiguration.For example,architecturalHAL packagesareallowed to re-usenames
becausea single configurationcannottarget two different architectures.For a recommended
namingconventionseethesectioncalledPackageContentsandLayoutin Chapter2.

Thesecondargumenttocdl_interface is abodyof properties,typically surroundedby braces
sothat theTcl interpretertreatsit asa singleargument.This bodywill beprocessedby a recur-
sive invocationof theTcl interpreter, extendedwith additionalcommandsfor thevariousprop-
ertiesthatareallowedinsideacdl_interface. Thevalid propertiesarea subsetof thosefor a
cdl_option.

active_if

Allow additionalcontrolover theactivestateof this interface.

compile

List thesourcefiles thatshouldbebuilt if this interfaceis active.

define

Specifyadditional#define symbolsthatshouldgo into theowning package’s configura-
tion headerfile.

define_format

Controlhow theinterface’svaluewill appearin theconfigurationheaderfile.
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define_proc

Usea fragmentof Tcl codeto outputadditionaldatato configurationheaderfiles.

description

Providea textual descriptionfor this interface.

display

Provideashortstringdescribingthis interface.

doc

Thelocationof on-linedocumentationfor this interface.

if_define

Outputa commonpreprocessorconstructto aconfigurationheaderfile.

implements

If this interfaceis active it providesoneinstanceof amoregeneralinterface.

legal_values

Interfacesalways have a small numericalvalue. The legal_valuescan be usedto apply
additionalconstraintssuchasanupperlimit.

make

An additionalcustombuild stepassociatedwith thisoption,resultingin a targetthatshould
not go directly into a library.

make_object

An additionalcustombuild stepassociatedwith this option,resultingin anobjectfile that
shouldgo into a library.

no_define

Suppressthenormalgenerationof apreprocessor#define symbolin aconfigurationheader
file.
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parent

Controlthelocationof thisoptionin theconfigurationhierarchy.

requires

List constraintsthattheconfigurationshouldsatisfyif this optionis activeandenabled.

A numberof propertiesarenot applicableto interfaces:

calculated

Interfacesarealwayscalculated,basedon the numberof active andenabledentitiesthat
implementtheinterface.

default_value

Interfacevaluesarecalculatedsoadefault_valuepropertywouldbemeaningless.

flavor

Interfacesalwayshavetheflavor data.

Interfacesarenot containers,sothey cannotholdotherentitiessuchasoptionsor components.

A commonlyusedconstrainton interfacevaluestakestheform:

requires CYGINT_KERNEL_SCHEDULER == 1

This constraintspecifiesthat therecanbe only oneschedulerin the system.In somecircum-
stancesit is possiblefor theconfigurationtoolsto detectthis patternandactaccordingly, sofor
exampleenablingthebitmapschedulerwouldautomaticallydisablethemlqueuescheduler.

Interfacesalwayshave the data flavor, so they arealwaysenabled.Thereforeany compileor
otherbuild-relatedpropertieswill alwaystakeeffect if theinterfaceis active,evenif theinterface
hasa valueof 0 becausenothingimplementsit.

Note: It is possible that the flavor of an interface may change to booldata 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 booldata 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 CYGINT_KERNEL_SCHEDULER {

display "Number of schedulers in this configuration"
requires 1 == CYGINT_KERNEL_SCHEDULER

}

See Also
Propertyimplements,commandcdl_option. commandcdl_component, commandcdl_package.

132



active_if

Name
Property active_if — Allow additionalcontrolover theactivestateof anoptionor
otherCDL entity.

Synopsis

cdl_option � name � {
active_if � condition �
...

}

Description
Configurationoptionsorotherentitiesmaybeeitheractiveor inactive.Typically thisiscontrolled
by theoption’slocationin theoverallhierarchy.ConsidertheoptionCYGDBG_INFRA_DEBUG_PRECONDITIONS,
which exists below the componentCYGDBG_USE_ASSERT. If the wholecomponentis disabled
thentheoptionsit containsareinactive: thereis no point in enablingpreconditionsunlessthere
is genericassertionsupport;any requiresconstraintsassociatedwith preconditionsareirrelevant;
any compilepropertyor otherbuild-relatedpropertyis ignored.

In somecasesthe hierarchydoesnot provide sufficient control over whetheror not a particu-
lar optionshouldbeactive.For example,themathlibrary couldhave supportfor floatingpoint
exceptionswhich is only worthwhile if the hardwareimplementsappropriatefunctionality, as
specifiedby the architecturalHAL. The relevant mathlibrary configurationoptionsshouldre-
main below the CYGPKG_LIBM packagein the overall hierarchy, but shouldbe inactive unless
thereis appropriatehardwaresupport.In caseslike this anactive_if propertyis appropriate.

Anothercommonuseof active_if propertiesis to avoid excessive nestingin the configuration
hierarchy. If someoptionB is only relevant if option A is enabled,it is possibleto turn A into
a componentthat containsB. However addinganotherlevel to the hierarchyfor a component
which will containjust oneentrymaybeconsideredexcessive. In suchcasesit is possiblefor B
to haveanactive_if dependency on A.
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active_if takesagoalexpressionasargument.Fordetailsof goalexpressionsyntaxseethesection
calledGoalExpressionsin Chapter3. In mostcasesthegoalexpressionwill beverysimple,often
involving justoneotheroption,but morecomplicatedexpressionscanbeusedwhenappropriate.
It is alsopossibleto havemultipleactive_if conditionsin asingleoption,in whichcaseall of the
conditionshaveto besatisfiedif theoptionis to beactive.

Theactive_if andrequirespropertieshavecertainsimilarities,but they serveadifferentpurpose.
Supposetherearetwo optionsA andB, andoptionB reliesonfunctionalityprovidedby A. This
couldbeexpressedaseitheractive_if A or asrequires A. Thepointsto noteare:

• If active_if A is usedand A is disabledor inactive, then graphicaltools will generally
preventany attemptat modifying B. For examplethetext for B couldbegrayedout, andthe
associatedcheckbutton (if B is a booleanoption) would be disabled.If the userneedsthe
functionalityprovidedby optionB thenit is necessaryto go to optionA first andmanipulate
it appropriately.

• If requires A is usedand A is disabledor inactive, graphicaltools will still allow B to
be manipulatedand enabled.This would result in a new conflict which may get resolved
automaticallyor which mayneeduserintervention.

• If thereare hardwaredependenciesthenan active_if condition is usually the preferredap-
proach.There is no point in allowing the userto manipulatea configurationoption if the
correspondingfunctionality cannotpossiblywork on the currently-selectedhardware.Much
thesameargumentappliesto coarse-graineddependencies,for exampleif anoptiondepends
on the presenceof a TCP/IPstackthenanactive_if CYGPKG_NET conditionis appropri-
ate:it maybepossibleto satisfythecondition,but it requiresthefairly drasticstepof loading
anotherpackage;furthermore,if theuserwanteda TCP/IPstackin theconfigurationthenit
wouldprobablyhavebeenloadedalready.

• If optionB existsto provideadditionaldebugginginformationaboutthefunctionalityprovided
by A thenagainanactive_if constraintis appropriate.Thereis no point in lettingusersenable
extradebuggingfacilitiesfor a featurethatis notactuallypresent.

• The configurationsystem’s inferenceenginewill copeequally well with active_if and re-
quiresproperties.Supposethereis a conflict becausesomethird optiondependson B. If B is
active_if A thentheinferenceenginewill attemptto make A activeandenabled,andthen
to enableB if necessary. If B requires A thenthe inferenceenginewill attemptto enable
B andresolve theresultingconflict by causingA to bebothactive andenabled.Althoughthe
inferenceoccursin a differentorder, in mostcasestheeffectwill bethesame.
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Example
# Do not provide extra semaphore debugging if there are no semaphores
cdl_option CYGDBG_KERNEL_INSTRUMENT_BINSEM {

active_if CYGPKG_KERNEL_SYNCH
...

}

# Avoid another level in the configuration hierarchy
cdl_option CYGSEM_KERNEL_SYNCH_MUTEX_PRIORITY_INHERITANCE_SIMPLE_RELAY {

active_if CYGSEM_KERNEL_SYNCH_MUTEX_PRIORITY_INHERITANCE_SIMPLE
...

}

# Functionality that is only relevant if another package is loaded
cdl_option CYGSEM_START_UITRON_COMPATIBILITY {

active_if CYGPKG_UITRON
...

}

# Check that the hardware or HAL provide the appropriate functionality
cdl_option CYGDBG_HAL_DEBUG_GDB_BREAK_SUPPORT {

active_if CYGINT_HAL_DEBUG_GDB_STUBS_BREAK
...

}

See Also
Propertyrequires.
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Name
Property calculated — Usedif thecurrentoption’svalueis not user-modifiable,but is
calculatedusingasuitableCDL expression.

Synopsis

cdl_option � name � {
calculated � expression �
...

}

Description
In somecasesit is usefulto haveaconfigurationoptionwhosevaluecannotbemodifieddirectly
by theuser. Thiscanbeachievedusinga calculated,which takesa CDL expressionasargument
(seethe sectioncalledOrdinary Expressionsin Chapter3 for a descriptionof expressionsyn-
tax).Theconfigurationsystemevaluatestheexpressionwhenthecurrentpackageis loadedand
whenever thereis a changeto any otheroptionreferencedin theexpression.Theresultdepends
on theoption’sflavor:

flavor

none

Optionswith this flavor haveno value,sothecalculatedpropertyis not applicable.

flavor

bool

If theexpressionevaluatesto anon-zeroresulttheoptionis enabled,otherwiseit is disabled.
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flavor

bool-

data

If the resultof evaluatingtheexpressionis zerothenthe option is disabled,otherwisethe
optionis enabledandits valueis theresult.

flavor

data

Thevalueof theoptionis theresultof evaluatingtheexpression.

Therearea numberof valid usesfor calculatedoptions,andtherearealsomany caseswhere
someotherCDL facility wouldbemoreappropriate.Valid usesof calculatedoptionsincludethe
following:

• On sometarget hardwarea particularfeaturemay be user-configurable,while on other tar-
getsit is fixed.For examplesomeprocessorscanoperatein eitherbig-endianor little-endian
mode,while otherprocessorsdo not provide any choice.It is possibleto have anoptionCY-
GARC_BIGENDIANwhichiscalculatedin somearchitecturalHAL packagesbutuser-modifiable
in others.

• Calculatedoptionscanprovide an alternative way for onepackageto affect the behavior of
anotherone.Supposea packagemayprovide two possibleimplementations,a preferredone
involving self-modifyingcodeanda slower alternative. If the systeminvolvesa ROM boot-
strapthen the slower alternative mustbe used,but it would be inappropriateto modify the
startupoption in every HAL to imposeconstraintson this package.Insteadit is possibleto
havea calculatedoptionwhosevalueis { CYG_HAL_STARTUP == "ROM" }, andwhich has
appropriateconsequences.Arguablythis is aspuriousexample,andit shouldbeauserchoice
whetheror not to useself-modifyingcodewith adefault_valuebasedonCYG_HAL_STARTUP,
but thatis for thecomponentwriter to decide.

• Sometimesit shouldbepossibleto performa particulartestat compile-time,for exampleby
usingaCpreprocessor#if construct.Howeverthepreprocessorhasonly limited functionality,
for exampleit cannotperformstringcomparisons.CDL expressionsaremorepowerful.

• Occasionallya particularsub-expressionmay occur multiple times in a CDL script. If the
sub-expressionis sufficiently complex thenit maybeworthwhile to have a calculatedoption
whosevalueis thesub-expression,andthenreferencethatcalculatedoptionin theappropriate
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places.

Alternativesto usingcalculatedoptionsincludethefollowing:

• CDL interfacesare a form of calculatedoption intendedas an abstractionmechanism.An
interfacecanbe usedto expressthe conceptof any scheduler, asopposedto a specificone
suchasthebitmapscheduler.

• If acalculatedoptionwouldserveonly to addadditionalinformationto aconfigurationheader
file, it maybepossibleto achieve thesameeffect usinga define_procpropertyor oneof the
otherpropertiesrelatedto headerfile generation.

Tip: If the first entry in a calculated expression is a negative number, for example calculated -

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 theCDL scriptsin currenteCosreleasesmake excessive useof
calculatedoptions.This is partly becausethe recommendedalternatives
werenot alwaysavailableat the time the scriptswerewritten. It is also
partly becausethereis still somemissingfunctionality, for examplede-
fine_procpropertiescannotyet accessthe configurationdataso it may
be necessaryto usecalculatedpropertiesto accessthe dataandperform
the desiredmanipulationvia a CDL expression.New scriptsshoulduse
calculatedoptionsonly in accordancewith 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_constant 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 some target hardware, perhaps user-modifiable on other
# targets.
cdl_option CYGNUM_HAL_RTC_PERIOD {

display "Real-time clock period"
flavor data
calculated 12500

}

See Also
Propertiesdefault_value,flavor andlegal_values,
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Name
Property compile — List thesourcefiles thatshouldbebuilt if thisoptionis activeand
enabled.

Synopsis

cdl_option � name � {
compile [-library=libxxx.a] � list of files �
...

}

Description
Thecompilepropertyallowscomponentdevelopersto specifysourcefileswhichshouldbecom-
piled andaddedto oneof the target libraries.Usually eachsourcefile will endup the library
libtarget.a. It is possiblefor componentwriters to specifyan alternative library for an en-
tire packageusingthe library property. Alternatively thedesiredlibrary canbespecifiedon the
compileline itself. For example,to adda particularsourcefile to thelibextras.a library the
following couldbeused:

cdl_package CYGPKG_IO_SERIAL {
...
compile -library=libextras.a common/tty.c

}

Detailsof thebuild processincludingsuchissuesascompilerflagsandtheorderin which things
happencanbefoundin Chapter4.

compilepropertiescanoccurin any of cdl_option,cdl_component,cdl_package orcdl_interface.
A compilepropertyhaseffect if andonly if theentity thatcontainsit is activeandenabled.Typi-
cally thebodyof acdl_package will defineany sourcefiles thatneedto bebuilt irrespectiveof
individual options,andeachcdl_component, cdl_option, andcdl_interface will define
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sourcefiles thataremorespecific.A singlecompilepropertycanlist any numberof sourcefiles,
all destinedfor the samelibrary. A cdl_option or otherentity cancontainmultiple compile
properties,eachof which canspecifya differentlibrary. It is possiblefor a givensourcefile to
bespecifiedin compilepropertiesfor severaldifferentoptions,in whichcasethesourcefile will
getbuilt if any of theseoptionsareactiveandenabled.

If thepackagefollows thedirectorylayoutconventionsthentheconfigurationtoolswill search
for the specifiedsourcefiles first in the src subdirectoryof the package,then relative to the
packagedirectoryitself.

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 compile y.c, typically by listing it in the body of the cdl_package, but use #ifndef 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 compile y.c 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_INFRA {

display "Infrastructure"
include_dir cyg/infra
description "

Common types and useful macros.
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Tracing and assertion facilities.
Package startup options."

compile startup.cxx prestart.cxx pkgstart.cxx userstart.cxx \
dummyxxmain.cxx memcpy.c memset.c delete.cxx \
diag.cxx tcdiag.cxx

}

See Also
Propertiesmake,make_objectandlibrary.
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Name
Property default_value — Providea defaultvaluefor this optionusingaCDL
expression.

Synopsis

cdl_option � name � {
default_value � expression �
...

}

Description
Thedefault_valuepropertyallows theinitial valueof a configurationoptionto dependon other
configurationoptions.Theargumentsto thepropertyshouldbea CDL expression,seethesec-
tion calledOrdinary Expressionsin Chapter3 for thesyntacticdetails.In many casesa simple
constantvaluewill suffice,for example:

cdl_component CYGPKG_KERNEL_EXCEPTIONS {
...
default_value 1

cdl_option CYGSEM_KERNEL_EXCEPTIONS_DECODE {
...
default_value 0

}
}

Howeverit is alsopossiblefor anoption’sdefaultvalueto dependonotheroptions.For example
thecommonHAL packageprovidessomesupportfunctionsthatareneededby theeCoskernel,
but areunlikely to be usefulif thekernelis not beingused.This relationshipcanbe expressed
using:

cdl_option CYGFUN_HAL_COMMON_KERNEL_SUPPORT {

143



default_value

...
default_value CYGPKG_KERNEL

}

If thekernelis loadedthenthis HAL optionis automaticallyenabled,althoughtheusercanstill
disableit explicitly shouldthis prove necessary. If the kernel is not loadedthen the option is
disabled,althoughit canstill beenabledby theuserif desired.default_valueexpressionscanbe
morecomplicatedthanthis if appropriate,andprovide a very powerful facility for component
writerswho wanttheir codeto “just do theright thing” in awide varietyof configurations.

TheCDL configurationsystemevaluatesthedefault_valueexpressionwhenthecurrentpackage
is loadedandwhenever thereis a changeto any otheroption referencedin theexpression.The
resultdependson theoption’sflavor:

flavor

none

Optionswith this flavor haveno value,sothedefault_valuepropertyis not applicable.

flavor

bool

If theexpressionevaluatesto anon-zeroresulttheoptionis enabledby default,otherwiseit
is disabled.

flavor

bool-

data

If the resultof evaluatingtheexpressionis zerothenthe option is disabled,otherwisethe
optionis enabledandits valueis theresult.

flavor

data

Thedefaultvalueof theoptionis theresultof evaluatingtheexpression.

A cdl_option or other entity can have at most one default_valueproperty, and it is illegal
to have botha calculatedanda default_valuepropertyin onebody. If an option doesnot have
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either a default_valueor a calculatedpropertyand it doesnot have the flavor none then the
configurationtoolswill assumeadefault valueexpressionof 0.

Onoccasionit is usefulto havea configurationoptionA which hasbotha requiresconstrainton
someotheroptionB anda default_valueexpressionof B. If optionB is not enabledthenA will
alsobe disabledby default andno conflict arises.If B is enabledthenA alsobecomesenabled
andagainno conflict arises.If a userattemptsto enableB but notA thentherewill bea conflict.
Usersshouldbe ableto deducethat the two optionsareclosely interlinked andshouldnot be
manipulatedindependentlyexceptin veryunusualcircumstances.

Tip: If the first entry in a default_value expression is a negative number, for example default_value -

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 CYGIMP_LIBC_STRING_PREFER_SMALL_TO_FAST {
...
default_value CYGGLO_CODESIZE > CYGGLO_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_option CYGDBG_HAL_DEBUG_GDB_THREAD_SUPPORT {

display "Include GDB multi-threading debug support"
requires CYGDBG_KERNEL_DEBUG_GDB_THREAD_SUPPORT
default_value CYGDBG_KERNEL_DEBUG_GDB_THREAD_SUPPORT
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description "
This option enables some extra HAL code which is needed
to support multi-threaded source level debugging."

}

See Also
Propertiescalculated,flavor andlegal_values.
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Name
Property define — Specifyadditional#define symbolsthatshouldgo into theowning
package’sconfigurationheaderfile.

Synopsis

cdl_option � name � {
define [-file= � filename � ] [-format= � format � ] � symbol �
...

}

Description
Normally theconfigurationsystemgeneratesasingle#define for eachoptionthatis activeand
enabled,with the definedsymbolbeing the nameof the option. These#define’s go to the
package’s own configurationheaderfile, for examplepkgconf/kernel.h for kernelconfigu-
rationoptions.For themajority of optionsthis is sufficient.Sometimesit is usefulto have more
controloverwhich#define’s getgenerated.

Thedefinepropertycanbeusedto generateanaddition#define if theoptionis bothactiveand
enabled,for example:

cdl_option CYGNUM_LIBC_STDIO_FOPEN_MAX {
...
define FOPEN_MAX

}

If this optionis giventhevalue40 thenthefollowing #define’s will begeneratedin thecon-
figurationheaderpkgconf/libc.h:

#define CYGNUM_LIBC_STDIO_FOPEN_MAX 40
#define FOPEN_MAX 40
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Thedefault #define canbe suppressedif desiredusingthe no_defineproperty. This is useful
if the symbol shouldonly be definedin pkgconf/system.h and not in the package’s own
configurationheaderfile. The valuethat will be usedfor this #define is the sameasfor the
defaultone,anddependson theoption’sflavor asfollows:

flavor

none

Optionswith this flavor arealwaysenabledandhave no value,so the constant1 will be
used.

flavor

bool

If theoptionis disabledthenno#define will begenerated.Otherwisetheconstant1 will
beused.

flavor

bool-

data

If theoptionis disabledthenno#define will begenerated.Otherwisetheoption’scurrent
valuewill beused.

flavor

data

Theoption’scurrentvaluewill beused.

For active optionswith thedata flavor, andfor active andenabledoptionswith thebooldata
flavor, eitheroneor two #define’s will begenerated.Thesetake thefollowing forms:

#define � symbol ��� value �
#define � symbol � _ � value �

For thefirst#define it is possibleto controltheformatusedfor thevalueusinga-format= � format �
option.For example,thefollowing canbeusedto outputsomeconfigurationdataasaC string:

cdl_option � name � {
...
define -format="\\\"%s\\\"" � symbol �
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}

Theimplementationof this facility involvesconcatenatingtheTcl commandformat, theformat
string,andthestringrepresentationof theoption’svalue,andevaluatingthis in aTcl interpreter.
Thereforetheformatstringwill beprocessedtwice by a Tcl parser, andappropriatecarehasto
betakenwith quoting.

The second#define will be generatedonly if is a valid C preprocessormacrosymbol.By
defaultthesymbolsgeneratedby definepropertieswill endupin thepackage’sownconfiguration
headerfile. The-file option canbe usedto specifyan alternative destination.At the time of
writing theonly valid alternative definitionis -file=system.h, which will sendtheoutputto
theglobalconfigurationheaderfile pkgconf/system.h.

Caution
Carehasto be taken with the -format option. Becausethe Tcl inter-
preter’s format commandis used,this propertyis subjectto any prob-
lemswith the implementationof this in the Tcl library. Generallythere
shouldbeno problemswith stringdataor with integersup to 32 bits,but
theremaywell beproblemsif 64-bit datais involved.This issuemaybe
addressedin a futurerelease.

Example
cdl_component CYG_HAL_STARTUP {

display "Startup type"
flavor data
legal_values {"RAM" "ROM" }
default_value {"RAM"}
no_define
define -file=system.h CYG_HAL_STARTUP
...

}

See Also
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Propertiesdefine_format,define_header,define_proc,if_defineandno_define.
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Name
Property define_format — Controlhow anoption’svaluewill appearin the
configurationheaderfile.

Synopsis

cdl_option � name � {
define_format � format string �
...

}

Description
For active optionswith thedata flavor, andfor active andenabledoptionswith thebooldata
flavor, theconfigurationtoolswill normallygeneratetwo #define’s in thepackage’sconfigu-
rationheaderfile. Thesetake thefollowing forms:

#define � name ��� value �
#define � name � _ � value �

Thedefine_formatpropertycanbeusedto controlexactly whatappearsasthevaluefor thefirst
of these#define’s. For example,thefollowing canbeusedto outputsomeconfigurationdata
asaC string:

cdl_option � name � {
...
define -format="\\\"%s\\\"" � symbol �

}

Theimplementationof define_formatinvolvesconcatenatingtheTcl commandformat, thefor-
matstring,andthestringrepresentationof theoption’svalue,andevaluatingthis in a Tcl inter-
preter. Thereforetheformatstringwill beprocessedtwice by a Tcl parser, andappropriatecare
hasto betakenwith quoting.
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Thesecond#define will be generatedonly if is a valid C preprocessormacrosymbol,andis
not affectedby the define_formatproperty. Also, the propertyis only relevant for optionswith
the data or booldata flavor, andcannotbe usedin conjunctionwith the no_defineproperty
sinceit makesno senseto specifytheformatif no#define is generated.

Caution
Becausethe Tcl interpreter’s format commandis used,this propertyis
subjectto any problemswith theimplementationof this in theTcl library.
Generallythereshouldbe no problemswith string dataor with integers
up to 32 bits, but theremay well be problemsif 64-bit datais involved.
This issuemaybeaddressedin a futurerelease.

Example
cdl_option CYGNUM_UITRON_VER_ID {

display "OS identification"
flavor data
legal_values 0 to 0xFFFF
default_value 0
define_format "0x%04x"
description "

This value is returned in the ’id’
field of the T_VER structure in
response to a get_ver() system call."

}

See Also
Propertiesdefine,define_header,define_proc,if_defineandno_define.
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Name
Property define_header — Specifytheconfigurationheaderfile thatwill begenerated
for a givenpackage.

Synopsis

cdl_package � name � {
define_header � file name �
...

}

Description
Whentheconfigurationtoolsgeneratea build tree,oneof thestepsis to outputeachpackage’s
configurationdatato a headerfile. For examplethe kernel’s configurationdatagetsoutput to
pkgconf/kernel.h. This allows eachpackage’s sourcecodeto #include the appropriate
headerfile andadaptto thechoicesmadeby theuser.

By default the configurationtools will synthesizea file namefrom the packagename.This in-
volvesremoving any prefix suchasCYGPKG_, up to andincludingthefirst underscore,andthen
converting the remainderof the nameto lower case.In somecasesit may be desirableto use
a differentheaderfile, for examplean existing packagemayhave beenportedto eCosandthe
sourcecodemayalready#include a particularfile for configurationdata.In suchcasesa de-
fine_headerpropertycanbeusedto specifyanalternativefilename.

Thedefine_headerpropertycanonly beusedin thebodyof acdl_package command.It applies
to apackageasawholeandcannotbeusedatafinergrain.Thenamespecifiedin adefine_header
propertywill alwaysbe interpretedasrelative to the include/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/hardware.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 {

display "ARM architecture"
parent CYGPKG_HAL
hardware
include_dir cyg/hal
define_header hal_arm.h
...

}

See Also
Propertiesdefine,define_format,define_proc,if_define,no_defineandhardware,
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Name
Property define_proc — Usea fragmentof Tcl codeto outputadditionaldatato
configurationheaderfiles.

Synopsis

cdl_option � name � {
define_proc � Tcl script �
...

}

Description
For mostconfigurationoptionsit is sufficient to haveanentryin theconfigurationheaderfile of
theform:

#define � name ��� value �

In somecasesit is desirableto performsomemorecomplicatedprocessingwhengeneratinga
configurationheaderfile. Thereareanumberof CDL propertiesfor this,includingdefine_format
andif_define.The mostflexible is define_proc:this allows the componentwriter to specifya
Tcl script thatgetsinvokedwhenever theconfigurationsystemgeneratestheheaderfile for the
owningpackage.Thescriptcanoutputanything to theheaderfile, for exampleit couldgenerate
aC datastructurebasedonvariousconfigurationvalues.

At the point that the define_procscript is invoked therewill be two channelsto openfiles, ac-
cessiblevia Tcl variables:cdl_header is achannelto thecurrentpackage’sown headerfile for
examplepkgconf/kernel.h; cdl_system_header is a channelto the global configuration
file pkgconf/system.h. A typical define_procscript will usethe puts commandto output
datato oneof thesechannels.
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define_procpropertiesonly take effect if the currentoption is active andenabled.The default
behavior of theconfigurationsystemfor anoptionwith thebool flavor correspondsto the fol-
lowing define_proc:

cdl_option XXX {
...
define_proc {

puts $cdl_header "#define XXX 1"
}

}

Warning
In thecurrentimplementationit is notpossiblefor adefine_procproperty
to examinethecurrentvaluesof variousconfigurationoptionsandadapt
accordingly. This is a major limitation, andwill be addressedin future
versionsof theconfigurationtools.

Example
cdl_package CYGPKG_HAL_ARM_PID {

display "ARM PID evaluation board"
parent CYGPKG_HAL_ARM
define_header hal_arm_pid.h
include_dir cyg/hal
hardware

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 7TDMI\""
puts $::cdl_header "#define HAL_PLATFORM_BOARD \"PID\""
puts $::cdl_header "#define HAL_PLATFORM_EXTRA \"\""
puts $::cdl_header ""

}
...

}

See Also
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Propertiesdefine,define_format,define_header,if_defineandno_define.
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Name
Property description — Providea textual descriptionfor anoption.

Synopsis

cdl_option � name � {
description � text �
...

}

Description
Userscanonly beexpectedto manipulateconfigurationoptionssensiblyif they aregivensuffi-
cientinformationabouttheseoptions.Therearethreepropertieswhichserveto explainanoption
in plain text: thedisplaypropertygivesa textual aliasfor anoption,which is usuallymorecom-
prehensiblethansomethinglike CYGPKG_LIBC_TIME_ZONES; the descriptionpropertygivesa
longerdescription,typically a paragraphor so; the doc propertyspecifiesthe locationof addi-
tional on-linedocumentationrelatedto a configurationoption.In thecontext of a graphicaltool
thedisplaystringwill betheprimarywayfor usersto identify configurationoptions;thedescrip-
tion paragraphwill be visible whenever the option is selected;the on-line documentationwill
only beaccessedwhentheuserexplicitly requestsit.

At presentthereis no way of providing any sort of formattingmark-upin a description.It is
possiblethat future versionsof the configurationtools will provide somecontrol over the way
thedescriptiontext getsrendered.

Example
cdl_option CYGDBG_INFRA_DEBUG_TRACE_MESSAGE {

display "Use trace text"
default_value 1
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description "
All trace calls within eCos contain a text message
which should give some information about the circumstances.
These text messages will end up being embedded in the
application image and hence there is a significant penalty
in terms of image size.
It is possible to suppress the use of these messages by
disabling this option.
This results in smaller code size, but there is less
human-readable information available in the trace output,
possibly only filenames and line numbers."

}

See Also
Propertiesdisplayanddoc.
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Name
Property display — Providea shortstringdescribingthis option.

Synopsis

cdl_option � name � {
display � string �
...

}

Description
Userscanonly beexpectedto manipulateconfigurationoptionssensiblyif they aregivensuffi-
cientinformationabouttheseoptions.Therearethreepropertieswhichserveto explainanoption
in plain text: thedisplaypropertygivesa textual aliasfor anoption,which is usuallymorecom-
prehensiblethansomethinglike CYGPKG_LIBC_TIME_ZONES; the descriptionpropertygivesa
longerdescription,typically a paragraphor so; the doc propertyspecifiesthe locationof addi-
tional on-linedocumentationrelatedto a configurationoption.In thecontext of a graphicaltool
thedisplaystringwill betheprimarywayfor usersto identify configurationoptions;thedescrip-
tion paragraphwill be visible whenever the option is selected;the on-line documentationwill
only beaccessedwhentheuserexplicitly requestsit.

Example
cdl_option CYGNUM_KERNEL_SYNCH_MBOX_QUEUE_SIZE {

display "Message box queue size"
flavor data
legal_values 1 to 65535
default_value 10
description "

This configuration option controls the number of messages
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that can be queued in a message box before a non-blocking
put() operation will fail or a blocking put() operation will
block. The cost in memory is one pointer per message box for
each possible message."

}

See Also
Propertiesdescriptionanddoc.
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Name
Property doc — Thelocationof online-documentationfor a configurationoption.

Synopsis

cdl_option � name � {
doc � URL; �
...

}

Description
Userscanonly beexpectedto manipulateconfigurationoptionssensiblyif they aregivensuffi-
cientinformationabouttheseoptions.Therearethreepropertieswhichserveto explainanoption
in plain text: thedisplaypropertygivesa textual aliasfor anoption,which is usuallymorecom-
prehensiblethansomethinglike CYGPKG_LIBC_TIME_ZONES; the descriptionpropertygivesa
longerdescription,typically a paragraphor so; the doc propertyspecifiesthe locationof addi-
tional on-linedocumentationrelatedto a configurationoption.In thecontext of a graphicaltool
thedisplaystringwill betheprimarywayfor usersto identify configurationoptions;thedescrip-
tion paragraphwill be visible whenever the option is selected;the on-line documentationwill
only beaccessedwhentheuserexplicitly requestsit.

ThedocumentationmaybeanabsoluteURL, but moregenerallytheon-linedocumentationwill
beshippedwith thepackageandcanbeaccessedvia a relative URL. If thepackagefollows the
directorylayout conventionsthenthe configurationtools will searchfor the specifiedhtml file
first in the doc subdirectoryof the package,thenrelative to the packagedirectory itself. The
URL maycontaina# characterto specifyananchorwithin a page.
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Warning
At the time of writing theeCospackagesin thestandarddistribution do
notconformto thedirectorylayoutconventionswhenit comesto thedoc-
umentation.Insteadof organizingthe documentationon a per-package
basisandplacingit in thecorrespondingdoc sub-directories,all thedoc-
umentationis kept in a centrallocation.This shouldget addressedin a
futurereleaseof thesystem.Third partycomponentwritersshouldfollow
thelayoutconventions.

Example
cdl_package CYGPKG_KERNEL {

display "eCos kernel"
doc ref/ecos-ref.4.html
include_dir cyg/kernel
description "

This 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 uITRON compatibility layer."

...
}

See Also
Propertiesdescriptionanddisplay.
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Name
Property flavor — Specifythenatureof a configurationoption.

Synopsis

cdl_option � name � {
flavor � flavor �
...

}

Description
The stateof a CDL configurationoption is a somewhat complicatedconcept.This statedeter-
mineswhat happenswhen a build tree is generated:it controlswhat files get built and what
#define’s endup in configurationheaderfiles.Thestatealsocontrolsthevaluesusedduring
expressionevaluation.Thekey conceptsare:

1. An optionmayor maynot beloadedinto thecurrentconfiguration.However it is still pos-
siblefor packagesto referenceoptionswhicharenot loadedin arequiresconstraintor other
expression.If anoptionis not loadedthenit will have no directeffect on thebuild process,
and0 will beusedfor expressionevaluation.

2. Even if an option is loadedit may still be inactive. Usually this is controlledby the op-
tion’s location in 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 kernel timeslicing is diabledthen the option
CYGNUM_KERNEL_SCHED_TIMESLICE_TICKS is irrelevant andmust have no effect. The
active_if propertycanbeusedto specifyadditionalconstraints.If anoptionis inactive then
it will have no direct effect on the build process,in otherwordsit will not causeany files
to get built or #define’s to be generated.For the purposesof expressionevaluationan
inactiveoptionhasa valueof 0.
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3. An option may be enabledor disabled.Most optionsarebooleanin nature,for examplea
particularfunction may get inlined or it may involve a full procedurecall. If an option is
disabledthenit hasno directeffecton thebuild process,andfor thepurposesof expression
evaluationit hasa valueof 0.

4. An optionmayalsohave additionaldataassociatedwith it, for examplea numericalvalue
usedto controlthesizeof anarray.

Mostoptionsarebooleanin natureanddo nothaveany additionalassociateddata.For someop-
tionsonly thedatapartmakessenseandusersshouldbeunabletomanipulatetheenabled/disabled
partof thestate.For a comparatively smallnumberof optionsit makessenseto have theability
to disablethat option or to enableit andassociatedataaswell. Finally, whenconstructingan
optionhierarchyit is occasionallyusefulto have entitieswhich serve only asplaceholders.The
flavor propertycanbeusedto controlall this.Therearefour possiblevalues.It shouldbenoted
thattheactive or inactivestateof anoptiontakespriority over theflavor: if anoptionis inactive
thenno #define’s will begeneratedandany build-relatedpropertiessuchascompilewill be
ignored.

flavornone

The none is intendedprimarily for placeholdercomponentsin the hierarchy, althoughit
can be usedfor other purposes.Optionswith this flavor are always enabledand do not
have any additionaldataassociatedwith them,so thereis no way for usersto modify the
option.For thepurposesof expressionevaluationanoptionwith flavor none alwayshasthe
value1. Normal#define processingwill takeplace,sotypically asingle#define will be
generatedusingtheoptionnameandavalueof 1. Similarly build-relatedpropertiessuchas
compilewill takeeffect.

flavorbool

Booleanoptionscanbeeitherenabledor disabled,andthereis noadditionaldataassociated
with them. If a booleanoption is disabledthen no #define will be generatedand any
build-relatedpropertiessuchas compilewill be ignored.For the purposesof expression
evaluationa disabledoption hasthe value0. If a booleanoption is enabledthennormal
#define processingwill takeplace,all build-relatedpropertiestakeeffect,andtheoption’s
valuewill be1.
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flavordata

Optionswith this flavor arealwaysenabled,andhave someadditionaldataassociatedwith
themwhichcanbeeditedby theuser. Thisdatacanbeany sequenceof characters,although
in practicethelegal_valuespropertywill oftenbeusedto imposeconstraints.In appropriate
contexts suchas expressionsthe configurationtools will attemptto interpretthe dataas
integeror floatingpoint numbers.Sinceanoptionwith thedata flavor cannotbedisabled,
normal#define processingtakesplaceandthedatawill beusedfor thevalue.Similarly
all build-relatedpropertiestakeeffect,andtheoption’svaluefor thepurposesof expression
evaluationis thedata.

flavorbooldata

This combinesthebool anddata flavors.Theoptionmaybeenabledor disabled,andin
additiontheoptionhassomeassociateddata.If theoptionis disabledthenno#define will
begenerated,thebuild-relatedpropertieshavenoeffect,andfor thepurposesof expression
evaluationtheoption’svalueis 0. If theoptionis enabledthena#define will begenerated
usingthedataasthevalue,all build-relatedpropertiestakeeffect,andtheoption’svaluefor
thepurposesof expressionevaluationis thedata.If 0 is legal datathenit is not possibleto
distinguishthis casefrom theoptionbeingdisabledor inactive.

Optionsandcomponentshave the bool flavor by default, but this canbe changedasdesired.
Packagesalwayshave thebooldata flavor, andthis cannotbechanged.Interfacesalwayshave
thedata flavor andagainthis cannotbechanged.

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 booldata 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_component CYGPKG_LIBM_COMPATIBILITY {

cdl_component CYGNUM_LIBM_COMPATIBILITY {
flavor booldata
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...

cdl_option CYGNUM_LIBM_COMPAT_DEFAULT {
flavor data
...

}
}

...
}

cdl_component CYGPKG_LIBM_TRACE {
flavor bool
...

}

See Also
Propertiescalculated,default_valueandlegal_values,
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Name
Property hardware — Specifythatapackageis tied to specifichardware.

Synopsis

cdl_option � name � {
active_if � condition �
...

}

Description
Somepackagessuchasdevice driversandHAL packagesarehardware-specific,andgenerally
it makesno senseto addsuchpackagesto a configurationunlessthe correspondinghardware
is presenton your target system.Typically hardwarepackageselectionhappensautomatically
whenyou selectyour target.Thehardwarepropertycanbeusedin thebodyof acdl_package
commandto indicatethatthepackageis 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/hardware.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 {
display "ARM architecture"
parent CYGPKG_HAL
hardware
include_dir cyg/hal
define_header hal_arm.h
...

}

See Also
Propertydefine_header,andcommandcdl_package.
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Name
Property if_define — Outputa commonpreprocessorconstructto aconfiguration
headerfile.

Synopsis

cdl_option � name � {
if_define [-file= � filename � ] � symbol1 ��� symbol2 �
...

}

Description
Thepurposeof theif_definepropertyis bestexplainedby anexample.Supposeyou wantfiner-
grainedcontroloverassertions,sayonaper-packageor evenaper-file basisratherthanglobally.
The assertionmacroscan be definedby an exportedheaderfile in an infrastructurepackage,
usingcodelike thefollowing:

#ifdef CYGDBG_USE_ASSERTS
# define CYG_ASSERT( _bool_, _msg_ ) \

CYG_MACRO_START \
if ( ! ( _bool_ ) ) \

CYG_ASSERT_DOCALL( _msg_ ); \
CYG_MACRO_END

#else
# define CYG_ASSERT( _bool_, _msg_ ) CYG_EMPTY_STATEMENT
#endif

Assumingthisheaderfile is#include’d directlyor indirectlybyany codewhichmayneedtobe
built with assertionsenabled,thechallengeisnow to controlwhetherornotCYGDBG_USE_ASSERTS
is definedfor any givensourcefile. This is thepurposeof theif_defineproperty:

cdl_option CYGDBG_KERNEL_USE_ASSERTS {
...
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if_define CYGSRC_KERNEL CYGDBG_USE_ASSERTS
requires CYGDBG_INFRA_ASSERTION_SUPPORT

}

If this option is active and enabledthen the kernel’s configurationheaderfile would end up
containingthefollowing:

#ifdef CYGSRC_KERNEL
# define CYGDBG_USE_ASSERTS 1
#endif

Kernelsourcecodecannow begin with thefollowing construct:

#define CYGSRC_KERNEL 1
#include � pkgconf/kernel.h �
#include � cyg/infra/cyg_ass.h �

Theconfigurationoptiononly affectskernelsourcecode,assumingnothingelse#define’s the
symbolCYGSRC_KERNEL. If theper-packageassertionoptionis disabledthenCYGDBG_USE_ASSERTS
will notgetdefined.If theoptionis enabledthenCYGDBG_USE_ASSERTS will getdefinedandas-
sertionswill beenabledfor thekernelsources.It is possibleto usethesamemechanismfor other
facilitiessuchastracing,andto applyit at a finergrainsuchasindividual sourcefiles by having
multipleoptionswith if_definepropertiesandmultiplesymbolssuchasCYGSRC_KERNEL_SCHED_BITMAP_CXX.

Theif_definepropertytakestwo arguments,bothof whichmustbevalidCpreprocessorsymbols.
If the currentoption is active andenabledthen threelines will be output to the configuration
headerfile:

#ifdef � symbol1 �
# define � symbol2 �
#endif

If the option is inactive or disabledthentheselines will not be output.By default the current
package’sconfigurationheaderfile will beused,but it is possibleto specifyanalternativedesti-
nationusinga-file option.At presenttheonly legitimatealternativedestinationis system.h,
theglobalconfigurationheader. if_defineprocessinghappensin additionto, not insteadof, the
normal#define processingor thehandlingof otherheader-file 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:

#define CYGSRC_KERNEL 1
#define CYGDBG_USE_ASSERTS 1
#include � pkgconf/kernel.h �
#include � cyg/infra/cyg_ass.h �

The assertion header file does not care whether CYGDBG_USE_ASSERTS is #define’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
#define’s later on.

Example
cdl_option CYGDBG_KERNEL_USE_ASSERTS {

display "Assertions in the kernel package"
...
if_define CYGSRC_KERNEL CYGDBG_USE_ASSERTS
requires CYGDBG_INFRA_ASSERTION_SUPPORT

}

See Also
Propertiesdefine,define_format,define_header,define_procandno_define.
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Name
Property implements — Enablingthis optionprovidesoneinstanceof amoregeneral
interface.

Synopsis

cdl_option � name � {
implements � interface �
...

}

Description
TheCDL interfaceconceptprovidesanabstractionmechanismthatcanbeusefulin many dif-
ferentcircumstances.Essentiallyan interfaceis a calculatedoptionwhosevalueis the number
of active andenabledoptionswhich implementthat interface.For examplethe interfaceCY-
GINT_KERNEL_SCHEDULER hasa valuecorrespondingto the numberof schedulersin the sys-
tem,typically just one.

Theimplementspropertytakesasingleargument,whichshouldbethenameof aninterface.This
interfacemaybedefinedin thesamepackageastheimplementoror in someotherpackage.In the
lattercaseit maysometimesbeappropriatefor theimplementoror theimplementor’spackageto
havearequirespropertyfor thepackagecontainingtheinterface.An optionmaycontainmultiple
implementsproperties.It is possiblefor anoptionto implementagiveninterfacemultiple times,
andon occasionthis is actuallyuseful.

Example
cdl_option CYGSEM_KERNEL_SCHED_MLQUEUE {

display "Multi-level queue scheduler"
default_value 1
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implements CYGINT_KERNEL_SCHEDULER
...

}

See Also
Commandcdl_interface.
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Name
Property include_dir — Specifythedesiredlocationof a package’sexportedheader
files in theinstall tree.

Synopsis

cdl_package � name � {
include_dir � sub-directory �
...

}

Description
Most packagesexport oneor moreheaderfiles definingtheir public interface.For examplethe
C library exportsheaderfiles suchasstdio.h andctype.h. If thepackagefollows thedirec-
tory layout conventionsthenthe exportedheaderfiles will normally be found in the package’s
include sub-directory. Alternatively the include_filespropertycanbe usedto specifywhich
headerfilesshouldbeexported.

By default a package’sexportedheaderfiles will becopiedto theinclude sub-directoryof the
install tree.This is correctfor packageslike the C library becausethat is the correctlocation
for files suchasstdio.h. However to reducetheprobabilityof nameclashesit is desirablefor
packagesto usedifferentsub-directories,for exampleinfrastructureheaderfiles get copiedto
include/cyg/infra ratherthanto thetop-level include directoryitself.

It would be possibleto replicatethesesub-directoriesin eachpackage’s sourcetree,suchthat
the infrastructureheaderfile sourceslived in include/cyg/infra in the sourcetreeaswell
asin the install tree.This would make thingsmoredifficult for thepackagedevelopers.Instead
it is possibleto specify the desiredinstall treesub-directoryusingan include_dirproperty, for
exampleinclude_dir cyg/infra.
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The include_dirpropertycanonly be usedin the body of a cdl_package command,sinceit
appliesto all of the headerfiles exportedby a package,andonly oneinclude_dirpropertycan
beused.If thereis no include_dirpropertythenexportedheaderfileswill endup in thetop-level
include directoryof theinstall tree.

Example
cdl_package CYGPKG_INFRA {

display "Infrastructure"
include_dir cyg/infra
description "

Common types and useful macros.
Tracing and assertion facilities.
Package startup options."

...
}

See Also
Propertyinclude_files,andcommandcdl_package.
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Name
Property include_files — List theheaderfiles thatareexportedby apackage.

Synopsis

cdl_package � name � {
include_files � file1 � ...
...

}

Description
Most packagesexport oneor moreheaderfiles definingtheir public interface.For examplethe
C library exportsheaderfiles suchasstdio.h andctype.h. If thepackagefollows thedirec-
tory layout conventionsthenthe exportedheaderfiles will normally be found in the package’s
include sub-directory. For packageswhich do not follow theseconventions,typically simple
onesfor which a complicatedsub-directoryhierarchyis undesirable,therehasto beanalterna-
tive way of specifyingwhich headerfile or files definethe public interface.The include_files
propertyprovidessupportfor this.

By default, if a packagedoesnot have an include subdirectoryand it doesnot have an in-
clude_filespropertythenall fileswith asuffix of .h, .hxx, .inl or .inc will betreatedaspub-
lic headerfiles. However someof thesemaybeprivatefiles containingimplementationdetails.
If thereis aninclude_filespropertythenonly thefiles listedin thatpropertywill beexported.

Example
cdl_package � SOME_PACKAGE � {

...
include_dir � some directory �
include_files interface.h
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}

See Also
Propertyinclude_dir,andcommandcdl_package.
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Name
Property legal_values — Imposeconstraintson thepossiblevaluesfor anoption.

Synopsis

cdl_option � name � {
legal_values � list expression �
...

}

Description
Optionswith the data or booldata flavors can have an arbitrary sequenceof charactersas
their data.In nearlyall casessomerestrictionshave to beimposed,for examplethedatashould
correspondto anumberwithin acertainrange,or it shouldbeoneof asmallnumberof constants.
Thelegal_valuespropertycanbeusedto imposesuchconstraints.Theargumentsto theproperty
shouldbe a CDL list expression,seethe sectioncalled List Expressionsin Chapter3 for the
syntacticdetails.Commonexamplesinclude:

legal_values 0 to 0x7fff
legal_values 9600 19200 38400
legal_values { "RAM" "ROM" }

Thelegal_valuespropertycanonly beusedfor optionswith thedata orbooldata flavors,since
it makeslittle senseto furtherconstrainthelegal valuesof abooleanoption.An optioncanhave
at mostonelegal_valuesproperty.

Tip: If the first entry in a legal_values list expression is a negative number, for example
legal_values -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 legal_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_MAXINT, rather than hard-wiring numbers such as 0x7fffffff 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_proc

property which specifies a Tcl script that can be used to perform the validation.

Example
cdl_option CYGNUM_LIBC_TIME_STD_DEFAULT_OFFSET {

display "Default Standard Time offset"
flavor data
legal_values - -90000 to 90000
default_value - 0
description "

This option controls the offset from UTC in
seconds when in local Standard Time. This
value can be positive or negative. It
can also be set at run time using the
cyg_libc_time_setzoneoffsets() function."

}

See Also
Propertiescalculated,default_value,andflavor.
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Name
Property library — Specifywhich library shouldcontaintheobjectfilesgeneratedby
building thispackage.

Synopsis

cdl_package � name � {
library � library name �
...

}

Description
By defaultall objectfiles thatgetbuilt for all packagesendupin asinglelibrary, libtarget.a.
Thismakesthingseasierfor thetypicalapplicationdeveloperbecauseit is only necessaryto link
with asinglelibrary, ratherthanwith separatelibrariesfor eachpackage.It is possibleto specify
an alternative library for specificfiles asan option to the compileandmake_objectproperties,
andthereis onelibrary libextras.a which servesa specificpurposein thebuild system.The
library propertyallows an alternative library to be specifiedfor all the objectfiles that will be
generatedfor agivenpackage.

Theuseof thelibrary propertyshouldbeavoided,sinceit makesthingsmoredifficult for appli-
cationdevelopers.Thepropertyis intendedonly for specialcases,for exampleif therearelegal
objectionsto mingling objectfiles from differentpackagesin a singlelibrary. It could alsobe
usedto work aroundnameclashproblemsif two packageshappento definean exportedsym-
bol with thesamename,but any attemptto usemultiple librariesin this way is error-proneand
shouldbeavoided.

Thelibrary propertytakesasingleargument,thenameof alibrary, whichshouldfollow thestan-
dardnamingconventionof lib � something � .a. A library propertycanonly occurin thebody
of a cdl_package commandandappliesto all objectfiles generatedfor thatpackage(except

181



library

whereexplicitly overwrittenwith a-library= optionto oneof thebuild-relatedproperties).A
cdl_package bodycancontainatmostonelibrary property.

Example
cdl_package � SOME_PACKAGE � {

...
library libSomePackage.a

}

See Also
Propertiescompile,make,andmake_object,commandcdl_package.
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Name
Property make — Defineanadditionalcustombuild stepassociatedwith anoption,
resultingin a targetthatshouldnot go directly into a library.

Synopsis

cdl_option � name � {
make [-priority= � pri � ] {

� custom build step �
}
...

}

Description
Whenbuilding an eCosconfigurationthe primary target is a single library, libtarget.a. In
somecasesit is necessaryto build someadditionaltargets.For examplearchitecturalHAL pack-
agestypically build a linker scriptandsomestart-upcode.Suchadditionaltargetscanbespec-
ified by a make property. Any optioncanhave oneor moremake properties,althoughtypically
suchpropertiesonly occurin thebodyof acdl_package command.

The make propertytakesa singleargument,which resemblesa makefile rule: it consistsof a
target,a list of dependencies,andoneor morecommandsthatshouldbeexecuted.However the
argumentis not a makefile fragment,andcustombuild stepsmay get executedin build envi-
ronmentsthatdo not involve make. For full detailsof custombuild stepsseethesectioncalled
CustomBuild Stepsin Chapter4.

183



make

Warning
Theexactsyntaxandlimitationsof custombuild stepshave not yet been
finalized,andaresubjectto changein futureversionsof theconfiguration
tools.

Themake propertytakesanoptionalpriority argumentindicatingtheorderin which build steps
take place.This priority complementsthedependency list, andavoids problemswith packages
needingto know detailsof custombuild stepsin otherpackages(which may changebetween
releases).Thedefinedorderis:

Priority
0

Theheaderfilesexportedby thecurrentsetof packagesarecopiedto theappropriateplaces
in the include subdirectoryof the install tree.Any unnecessarycopiesare avoided, to
prevent rebuilds of packageandapplicationsourcemodulescausedby 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 compilepropertieswill getbuilt, producingthe correspondingobject
files. In additionany custombuild stepsdefinedby make_objectpropertiesget executed,
unlessthereis a-priority= option.

Priority
200

Thelibrariesnow getbuilt usingtheappropriateobjectfiles.
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Priority
300

Any custombuild stepsspecifiedby make propertiesnow getexecuted,unlessthepriority
for a particularbuild stepis changedfrom its default.

For example,if a custombuild stepneedsto take placebeforeany of the normalsourcefiles
getcompiledthenit shouldbegivena priority somewherebetween0 and100.If a custombuild
stepinvolvespost-processinganobjectfile prior to its incorporationinto a library thenapriority
between100and200shouldbeused.

Example
cdl_package CYGPKG_HAL_MN10300_AM33 {

display "MN10300 AM33 variant"
parent CYGPKG_HAL_MN10300
implements CYGINT_HAL_MN10300_VARIANT
hardware
include_dir cyg/hal
define_header hal_mn10300_am33.h
description "

The MN10300 AM33 variant HAL package provides generic
support for this processor architecture. It is also
necessary to select a specific target platform HAL
package."

make {�
PREFIX � /lib/target.ld: � PACKAGE � /src/mn10300_am33.ld

$(CC) -E -P -Wp,-MD,target.tmp -DEXTRAS=1 -xc $(INCLUDE_PATH) $(CFLAGS) -o $@ $
�

@echo $@ ": \\" � $(notdir $@).deps
@tail +2 target.tmp ��� $(notdir $@).deps
@echo ��� $(notdir $@).deps
@rm target.tmp

}
}

See Also
Propertiescompile,make_objectandlibrary.
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Name
Property make_object — Defineacustombuild step,resultingin anobjectfile that
shouldgo into a library.

Synopsis

cdl_option � name � {
make_object [-library= � library � ] [-priority= � pri � ] {

� custom build step �
}
...

}

Description
Whenbuilding aneCosconfigurationtheprimarytargetis asinglelibrary, libtarget.a. Most
of theobjectfiles which go into this library will begeneratedasa resultof compileproperties.
Occasionallyit maybenecessaryto have specialbuild stepsfor a givenobjectfile, andthis can
beachievedwith a make_objectproperty. Theuseof this propertyshouldbeavoidedwhenever
possiblebecauseit greatly increasesthe risk of portability problems,both on the hostsidebe-
causeof possibleproblemswith thetools,andonthetargetsidebecauseacustombuild stepmay
not allow adequatelyfor thewidevarietyof architecturessupportedby eCos.

Themake_objectpropertytakesa singleargument,which resemblesa makefile rule: it consists
of a target, a list of dependencies,and oneor more commandsthat shouldbe executed.The
targetshouldbe anobjectfile. However themake_objectargumentis not a makefile fragment,
andcustombuild stepsmay get executedin build environmentsthat do not involve make. For
full detailsof custombuild stepsseethesectioncalledCustomBuild Stepsin Chapter4.
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Warning
Theexactsyntaxandlimitationsof custombuild stepshave not yet been
finalized,andmaychangein futureversionsof theconfigurationtools.

Themake_objectpropertytakesanoptionallibrary argument.If no library is specifiedthenthe
default library for the currentpackagewill be used,which will be libtarget.a unlessthe
cdl_package commandcontainsa library property.

Themake_objectpropertyalsotakesanoptionalpriority argumentindicatingtheorderin which
build stepstakeplace.Thispriority complementsthedependency list, andavoidsproblemswith
packagesneedingto know detailsof custombuild stepsin otherpackages(which may change
betweenreleases).Thedefinedorderis:

Priority
0

Theheaderfilesexportedby thecurrentsetof packagesarecopiedto theappropriateplaces
in the include subdirectoryof the install tree.Any unnecessarycopiesare avoided, to
prevent rebuilds of packageandapplicationsourcemodulescausedby 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 compilepropertieswill getbuilt, producingthe correspondingobject
files. In additionany custombuild stepsdefinedby make_objectpropertiesget executed,
unlessthereis a-priority= option.

Priority
200

Thelibrariesnow getbuilt usingtheappropriateobjectfiles.
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Priority
300

Any custombuild stepsspecifiedby make propertiesnow getexecuted,unlessthepriority
for a particularbuild stepis changedfrom its default.

For example,if a custombuild stepneedsto take placebeforeany of the normalsourcefiles
getcompiledthenit shouldbegivena priority somewherebetween0 and100.If a custombuild
stepinvolvespost-processinganobjectfile prior to its incorporationinto a library thenapriority
between100and200shouldbeused.It is not sensibleto have a priority above 200,sincethat
would imply building anadditionalobjectfile for a library thathasalreadybeencreated.

Example
cdl_option XXX {

...
make_object {

parser.o: parser.y
yacc $ �
$(CC) $(CFLAGS) -o $@ y.tab.c

}
}

See Also
Propertiescompile,makeandlibrary.
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Name
Property no_define — Suppressthenormalgenerationof apreprocessor#define
symbolin a configurationheaderfile.

Synopsis

cdl_option � name � {
no_define
...

}

Description
By default all active andenabledpropertiesresultin eitheroneor two #define’d symbolsin
the package’s configurationheaderfile, andthis is oneof the main waysin which optionscan
affect packagesat build-time. It is possibleto suppressthedefault #define’s by specifyinga
no_definepropertyin the body of an option or otherCDL entity. This propertytakesno argu-
mentsandshouldoccuronly oncein a givenbody.

Theno_definepropertyis frequentlyusedin conjunctionwith oneof theotherheader-file related
propertiessuchasdefine.If oneof theotherpropertiesis usedto export therequiredinformation
to a configurationheaderfile thenoftenthereis little point in exportingthedefault#define as
well — in facttherecouldbeanameclash.Theno_definepropertycanalsobeusefulif thesole
purposeof anoptionis to affect which files getbuilt, andthedefault#define would never get
testedin any sourcecode.However in suchcasesthe default #define is mostly harmlessand
thereis little to begainedby suppressingit.

Example
cdl_component CYG_HAL_STARTUP {
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display "Startup type"
flavor data
legal_values { "RAM" "ROM" }
default_value {"RAM"}
no_define
define -file system.h CYG_HAL_STARTUP
...

}

See Also
Propertiesdefine,define_format,define_header,define_procandif_define.
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Name
Property parent — Controlthelocationof anoptionin theconfigurationhierarchy.

Synopsis

cdl_option � name � {
parent � component or package �
...

}

Description
Configurationoptionslive in a hierarchyof packagesandcomponents.By default a given op-
tion’s positionin the hierarchyis a simpleconsequenceof its positionwithin the CDL scripts.
Packagesaregenerallyplacedat the top-level of theconfiguration.Any componentsor options
thataredefinedat thesamelevel asthecdl_package commandin a package’s top-level CDL
scriptareplacedimmediatelybelow thatpackagein thehierarchy. Any optionsor components
thataredefinedin thebodyof a cdl_package or cdl_component command,or thatareread
in asa resultof processingacomponent’sscriptproperty, will beplacedimmediatelybelow that
packageor componentin thehierarchy.

In somecircumstancesit is usefulto specifyanalternative positionin thehierarchyfor a given
option.For exampleit is oftenconvenientto re-parentdevicedriverpackagesbelow CYGPKG_IO

in the configurationhierarchy, thus reducingthe numberof packagesat the top level of the
hierarchyandmakingnavigationeasier. Theparentpropertycanbeusedto achievethis.

Theparentpropertytakesa singleargument,which shouldbethenameof a packageor compo-
nent.Thebodyof acdl_option or otherCDL entity cancontainatmostoneparentproperty.

Although the parentpropertyaffects an option’s position in the overall hierarchyand hence
whetheror not thatoptionis active,a re-parentedoptionstill belongsto thepackagethatdefines
it. By default any #define’s will beexportedto thatpackage’sconfigurationheaderfile. Any
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compilepropertiescanonly referencesourcefiles presentin thatpackage,andit is not directly
possibleto causesomefile in anotherpackageto 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_I386 {

display "i386 architecture"
parent CYGPKG_HAL
hardware
include_dir cyg/hal
define_header hal_i386.h
...

}

See Also
Propertyscript,commandscdl_component andcdl_package.
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Name
Property requires — List constraintsthattheconfigurationshouldsatisfyif agiven
optionis activeandenabled..

Synopsis

cdl_option � name � {
requires � goal expression �
...

}

Description
Configurationoptionsarenot independent.For examplethe C library canprovide thread-safe
implementationsof certainfunctions,but only if the kernel is present,if the kernel provides
multi-threading,andif thekerneloptionsrelatedto per-threaddataareenabled.It is possibleto
expresssuchconstraintsusingrequiresproperties.

Theargumentsto arequirespropertyshouldconstituteagoalexpression,asdescribedin thesec-
tion calledList Expressionsin Chapter3.Mostgoalexpressionsarerelatively simplebecausethe
constraintsbeingdescribedaresimple,but complicatedexpressionscanbeusedwhennecessary.
Thebodyof anoptionor otherCDL entitycancontainany numberof requiresconstraints.If the
option is active andenabledthenall theseconstraintsshouldbe satisfied,andany goalexpres-
sionswhich evaluateto 0 will result in conflictsbeingraised.It is possiblefor usersto ignore
suchconflictsandattemptto build the currentconfigurationanyway, but thereis no guarantee
thatanything will work. If anoption is inactive or disabledthenits requiresconstraintswill be
ignored.

Theconfigurationsystemcontainsaninferenceenginewhichcanresolvemany typesof conflicts
automatically. For example,if option A is enabledand requiresan option B that is currently
disabledthenthe inferenceenginemayattemptto resolve the conflict by enablingB. However
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this will not alwaysbepossible,for exampletheremaybeotherconstraintsin theconfiguration
which forceB to bedisabledat present,in whichcaseuserinterventionis required.

Example
cdl_component CYGPKG_IO_SERIAL_POWERPC_COGENT_SERIAL_A {

display "Cogent PowerPC serial port A driver"
flavor bool
default_value 0
requires (CYGIMP_KERNEL_INTERRUPTS_CHAIN || \

!CYGPKG_IO_SERIAL_POWERPC_COGENT_SERIAL_B)
...

}

See Also
Propertyactive_if.
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Name
Property script — Includeadditionalconfigurationinformationfrom anotherCDL
script.

Synopsis

cdl_component � name � {
script � filename �
...

}

Description
It is possibleto defineall theconfigurationoptionsandsub-componentsfor agivenpackagein a
singleCDL script,eitherby nestingthemin theappropriatecommandbodies,by extensive use
of theparentproperty, or by somecombinationof thesetwo. However for largepackagesthis is
inconvenientandit is betterto split the raw configurationdataover several differentfiles. The
scriptpropertycanbeusedto achievethis. It takesa singlefilenameasargument.If thepackage
follows thedirectorylayoutconventionsthentheconfigurationtoolswill look for thespecified
file in the cdl sub-directoryof the package,otherwiseit will look for the file relative to the
package’s top-level directory.

The script propertycanonly occur in the body of a cdl_componentcommand,andonly one
scriptpropertyperbodyis allowed.

Example
cdl_component CYGPKG_UITRON_TASKS {

display "Tasks"
flavor none
description "
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uITRON Tasks are the basic blocks of multi-tasking
in the uITRON world; they are threads or lightweight
processes, sharing the address space and the CPU.
They communicate using the primitives outlined above.
Each has a stack, an entry point (a C or C++ function),
and (where appropriate) a scheduling priority."

script tasks.cdl
}

See Also
Commandcdl_component, andpropertyparent.
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Chapter 6. Templates, Targets and Other
Topics

Templates
Thissectionis still underconstruction.

Targets
Thissectionis still underconstruction.
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