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Abstract. This paperdescribesthe designand implementationof GNAT Pro
for ERC32,a ßexible cross-developmentenvironmentsupportingtheRavenscar
taskingmodelon top of bareERC32computers.The staticandsimpletasking
modeldeÞnedby theRavenscarproÞleallows for a streamlinedimplementation
of the run-timesystemdirectly on top of baremachines.The reducedsizeand
complexity of the run time, togetherwith its conÞgurability, makes it suitable
for mission-criticalspaceapplicationsin which certiÞcationor reducedfootprint
is needed.Softwarereliability andpredictability is also increasedby excluding
non-deterministicand non analysabletasking features.Productvalidation has
beenachieved by meansof a comprehensive testsuite intendedto checkcom-
pliancewith the RavenscarproÞleandAda standards,andcorrectbehaviour of
specialisedfeaturesandsupplementaltools.Codecoverageanalysisis alsopart
of thevalidationcampaign,with thegoalof achieving 100%statementcoverage.

1 Introduction

TheAda taskingmodelallows theuseof high level abstractdevelopmentmethodsthat
includeconcurrency asameansof decouplingapplicationactivities,andhencemaking
softwareeasierto designandtest [23]. However, taskingcapabilitieshave beencon-
sideredastoo complex for safetycritical systemsbecauseaccuratetiming analysisis
difÞcultto achieve. Advancesin real-timesystemstiming analysismethodshavepaved
the way to reliabletaskingin Ada. The RavenscarproÞleis a subsetof Ada 95 task-
ing thatprovidesthebasisfor theimplementationof deterministicandtime analysable
applicationson topof astreamlinedrun-timesystem.

Thispaperdescribesthedesignandimplementationof aßexible cross-development
systemsupportingthe Ravenscartaskingmodel on top of bareERC32 computers.
ERC32[13,4] is a highly integrated,high-performance32-bit RISC embeddedpro-
cessorimplementingthe SPARC architectureV7 speciÞcation.It hasbeendeveloped
with thesupportof theEuropeanSpaceAgency (ESA)asthecurrentstandardprocessor
for spacecrafton-boardcomputersystems.

In additionto a largenumberof compilerfeaturesintendedto detectviolationsof
theRavenscarproÞlelimitations(andany otherimposedrestrictions)at compiletime,
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thekey elementis theprovision of a restrictedAda run time that takesfull advantage
of the RavenscarproÞlerestrictions[3]. Additional restrictionson the Ada subsetto
beusedcanbeenforcedin orderto properlysupportthedevelopmentof high integrity
systems[17]. Thepurposeof suchrestrictionsis to enablea wide rangeof staticana-
lysis techniques,includingschedulabilityanalysis,to beperformedon thesoftwarefor
validationpurposes.

ThedevelopedAdaruntimetakesfull advantageof thelargelyenhancedmodularity
introducedin GNAT Pro recently. Key to achieving this goal is the fully conÞgurable
andcustomisablerun-timelibrary, whichallowsfor limiting therun-timelibrary just to
thoseunitsrequiredfor theapplication.

The cross-developmentenvironmentprovidesa full-featuredvisual programming
environmentthatcoversthewholedevelopmentcycle(language-orientedediting,com-
piling, binding,linking, loading,graphicaltasking-awaredebugging).

The work describedis this paperbuilds on someof the resultsof previous ESA
projectswhichresultedin thedevelopmentof UPMÕsOpenRavenscarKernel(ORK) [9,
25],anopen-sourcedevelopmentaimedatdemonstratingthefeasibilityof aRavenscar-
compliantAdaruntime on topof a bareERC32.

2 The Ravenscar profile

The RavenscarproÞle[7,3,2] deÞnesa subsetof the taskingfeaturesof Ada which
is amenableto static analysisfor high integrity systemcertiÞcation,and that canbe
supportedby a small,reliablerun-timesystem.This proÞleis foundedon state-of-the-
art,deterministicconcurrency constructsthatareadequatefor constructingmosttypes
of real-timesoftware[8]. Major beneÞtsof this modelare:

– Improved memoryandexecutiontime efÞciency, by removing high overheador
complex features.

– Increasedreliability and predictability, by removing non-deterministicand non
analysablefeatures.

– ReducedcertiÞcationcostby removingcomplex featuresof thelanguage,thussim-
plifying thegenerationof proofof predictability, reliability, andsafety.

ThetaskingmodeldeÞnedby theproÞleincludesa Þxed setof library level tasks
andprotectedtypesandobjects,amaximumof oneprotectedentryperprotectedobject
with asimplebooleanbarrierandnoentryqueuesfor synchronisation,areal-timeclock,
absolutedelays,deterministicÞxed-prioritypreemptiveschedulingwith ceilinglocking
accessto protectedobjects,andprotectedprocedureinterrupthandlers,aswell assome
otherfeatures.Otherfeatures,suchasdynamictasksandprotectedobjects,taskentries,
dynamicpriorities,selectstatements,asynchronoustransferof control,relative delays,
or calendarclock,areforbidden.

The compiler and run time have beendevelopedto be fully compliantwith the
latestdeÞnitionof the RavenscarproÞle[3,2], so that it will be compliantwith the
forthcomingISO standardrevisionof theAda language.



3 The high integrity approach

The high integrity edition of the GNAT Pro compileris intendedto reducecostsand
risks in developingandcertifying systemsthathave to meetsafetystandards,suchas
DO-178B[12], DEF Stan00-55[10], andIEC 61508[15].

Thecenterpieceof thisapproachis theÒconÞgurableruntimeÓcapability. Applica-
tiondevelopersandsystemintegratorscantogetherdeÞneanAdasubsetthatcloselyÞts
theneedsof theprojects,thuslimiting thecostof certiÞcationof theruntime.Run-time
subsetsaredeÞnedby usingthreedifferentmechanisms:

– Settingparametersin theSystempackage.
– Includingonly asubsetof availablerun-timesystemunits.
– UsingpragmaRestrictions.

Thecompilerwill thenßagandrejecttheuseof constructsthatarenot supported
by the deÞnedsubset.Developersmay usepresuppliedimplementationsof units of
interest,or maydeveloptheir own alternatives.This approachgives greatcontrolover
thescopeof certiÞcationactivities whendevelopingin Ada.

While theconÞgurablerun time approachgives maximumßexibility , in many sit-
uationsa projectdoesnot requiresucha level of customisation.TheERC32toolchain
thereforeincludesthreespeciÞcinstantiationsof theconÞgurablerun-timelibrary:

– TheZero FootPrint run time guaranteesthatthegeneratedobjectmodulescontain
no referencesto the GNAT Pro run-timelibrary. This allows the constructionof
a standaloneprogramthathasno codeotherthanthatcorrespondingto theorigi-
nal sourcecode(apartfrom theelaborationroutinegeneratedby thebinder).The
elaborationroutinegeneratedby the binderalsoavoids any referenceto run-time
routinesor data.This run time is designedto reducethe costof meetingsafety
certiÞcationstandardsfor applicationswritten in Ada. In addition,this proÞleis
compatiblewith SPARK [6].

– Thehigh integrity Ravenscarruntimeoffersamultitaskingprogrammingenviron-
ment(compliantwith the RavenscarproÞle)with maximumperformancesat the
expenseof stringentrestrictions.This proÞleis targetedat applicationsaimingat
certiÞcationfor safety-criticaluseor verysmallfootprints.

– TheextendedRavenscarruntimeofferssupportfor alargersubsetof Ada95,under
therestrictionsof theRavenscarproÞleandthehardwareconstraints.This proÞle
makessoftwaredevelopmenteasier(debugging,text output,stackchecking,etc.),
at theexpensesof a largerfootprintandanincreasedcomplexity in theruntime.

Although limited in termsof dynamicAda semantics,thesethreehigh integrity
proÞlesfully supportstaticAda constructssuchasgenerictemplatesandchild units,
taggedtypes(at library level), andotherobject-orientedprogrammingfeatures.Users
canalsofurtherrestrictcertainAda features(suchasdynamicdispatching,allocators,
unconstrainedobjects,implicit conditionalsandloops)throughappropriatepragmaRe-
strictions.

Traceabilityfrom Ada sourcecodeto objectcodeis facilitatedby giving access
to differentintermediateformatsinternallygeneratedby thecompiler. Fromtheinitial



sourcecodethecompilergeneratesa simpliÞedcode,which is low level Ada pseudo-
code(target independent)thatexpandscomplex constructsinto a sequenceof simpler
dataandcode(including run-timecalls). This codeis thencompiledinto assembler
code,whichis latertransformedinto objectcode.Theavailability of theseintermediate
representationshelpscertiÞcationof objectcodeby reducingthesemanticgapbetween
different representations.Additionally, representationinformation for declaredtypes
andobjectsis alsoaccessible.

Full SafetyandSecurityAnnex support[1, H] is provided,including capabilities
for detectinguninitialisedvariables[11], by meansof compilerwarningsandrun-time
errors(usingpragmaNormalize_Scalars andsomeadditionalvalidity checkinglevels
thatcanbeselectedby theusers).

4 Restricted Ravenscar run time

Therun-timesystemis madeup by several librariesthat implementfunctionalitiesre-
quiredby featuresnototherwisegenerateddirectlyby thecompiler. Thecomplexity of
therun timebasicallydependson thefeaturessupported.

A compactandefÞcientrun time hasbeendesignedto take full advantageof the
RavenscarProÞlerestrictions,which is substantiallydifferentfrom the run time used
whenno suchrestrictionsare in effect. The Ravenscarrun time providessimpliÞed,
moreefÞcientversionsfor thesetof taskingandsynchronisationoperations.

TheRavenscarrun time hasbeencarefullydesignedto isolatetargetdependencies
by meansof a layeredarchitecture.Thereis a target independentlayer, calledGNU
Ada Run-Time Library (GNARL), which providesthe interfacethat is known by the
compiler. Thepartof therun time thatdependson theparticularmachineandoperat-
ing systemis known asGNU Low-Level Library (GNULL), which providesa target
independentinterface.GNULL is somegluecodethat translatesthis genericinterface
into calls to theoperatingsysteminterface,thusfacilitatingportability. On bareboard
targets(suchastheERC32one),GNULL is a full implementationof this interface.

Hence,retargetingtherun time to a differentoperatingsystemis a matterof map-
pingtheGNULL interface(roughlyadozenprimitivesfor creatingthreads,suspending
them,etc.)into theequivalentoperationsprovidedby theoperatingsystem.Retargeting
theruntimeto adifferentbareboardsystemrequiresreimplementingtheGNULL layer
on topof theBoardSupportPackage(BSP).

4.1 Static tasking model

The implementationtakes full advantageof the static Ravenscartasking model, in
whichonly library level non-terminatingtasksareallowed.

First, thecompletesetof tasksandassociatedparameters(suchastheir stacksizes)
are identiÞedanddeÞnedat compile time, so that the requireddatastructures(task
descriptorsandstacks)canbestaticallycreatedby thecompilerasglobaldata.Hence,
memoryrequirementscanbedeterminedatlink time(linking will fail if availablemem-
ory is notenough)andthereis noneedfor usingdynamicmemoryat run time.



In addition,taskcreationandactivationis very simpleanddeterministic:theenvi-
ronmenttask(aspartof its elaboration)createsall thetasksin thesystem,andoncethat
is doneall tasksarethenactivatedandexecutedconcurrently, beingscheduledaccord-
ing to theirpriority.

Finally, only library level non-terminatingtasksareallowed,sothatthereis noneed
for codefor completingor Þnalisingtasks,andno supportis neededfor masters and
waiting for dependenttaskseither.

4.2 Simple protected object operations

Protectedobjectoperationscanbeeasilyimplementedtakingadvantageof therestric-
tionsimposedby theRavenscarproÞle:

– No asynchronousoperations.Therearenoabortstatementsandnotimedor condi-
tionalentrycalls.

– Simple creationand Þnalisationof protectedobjects.Protectedobjectsare only
allowedat library level, andallocatorsarenot allowedfor protectedtypesor types
containingprotectedtypecomponents.

– Simplemanagementof entryqueues.Only oneentry is allowedperprotectedob-
ject, with at mostonetaskwaiting on a closedentrybarrier. In addition,requeues
arenotallowed.

– Simplepriority handling.Dynamicprioritiesarenotallowed.
– Simple locking operations.On a single processorimplementation(such as the

ERC32),the ceiling priority rulesandthe strictly preemptive priority scheduling
policy guaranteethatprotectedobjectsarealwaysavailablewhenany tasktriesto
usethem[16,19] (otherwisetherewouldbeanothertaskexecutingat a higherpri-
ority), andhenceentering/exiting to/from theprotectedobjectcansimply bedone
by just increasing/decreasingtaskÕs priorities.

Operationsrelatedto protectedobjectswithout entriesareimplementedin aneven
simplermannerbecausethereis noneedto checkwhetherthereis any taskwaiting,no
needto reevaluatebarriers,noneedto serviceentryqueues,etc.

In addition,efÞcientexecutionof queuedprotectedentriesis achieved by imple-
mentingwhat is calledtheproxy model[14] for protectedentryexecution.At theend
of theexecutionof any protectedprocedure(thatmaychangethestateof thebarriers),
if thereis a taskwaiting on the protectedobjectÕs entry, thenthe barrieris evaluated,
andif needed,theentryis executedby thetaskthatopenedthebarrieronbehalfof the
queuedtask.It enhancesefÞciency by avoidingunnecessarycontext switches.

4.3 Exception support

TheRavenscarproÞledoesnotplaceany explicit limit onthefeaturesof sequentialAda,
andthereforeit doesnot restricttheuseof exceptions(in fact,someexceptionsupport
is requiredby the RavenscarproÞle[18]). Therefore,several schemesaredeÞnedfor
supportingexceptions,providing differentlevelsof functionalityandcomplexity.



The simplestexceptionschemesupportedby the GNAT Pro run time is the ÒNo
ExceptionsÓone,that is calledthe ÒexclusionstrategyÓin [17]. Raisestatementsand
exceptionhandlersarenot allowed,andno language-deÞnedrun-timechecksaregen-
erated.Hence,programwill becomeerroneousif a run-timeexceptiondoesoccur, so
thattheabsenceof erroneousstatesusuallyleadingto theraisingof anexceptionmust
bedemonstrated.

Thesecondchoicecorrespondsto theÒNoExceptionHandlersÓmechanism(called
Òbelt-and-bracesÓstrategy in [17]). It seekstoavoiddependency on theexceptionmech-
anism,but recognisesthat a predeÞnedexceptionmay neverthelessoccur for some
unforeseenreason.Exceptionpropagationis not allowed, but exceptiondeclarations
andraise statementsarestill permitted.No handlersarepermitted;a user-deÞnedlast
chanceexceptionhandler(whichcannotresumetaskexecution)is introducedattheout-
ermostscopelevel,andhencenorun-timesupportis needed.If run-timecheckingis en-
abled,thenit is possiblefor thepredeÞnedexceptionsConstraint_Error,Program_Error,
or Storage_Error to beraisedat run time.

A third exceptionhandlingmechanismis implementedin theextendedRavenscar
ProÞle, supportingthefull semanticsof Ada 83 exceptions;Ada 95 enhancementsare
not included.This run-timesystemsupportspropagationof exceptionsandhandlers
for multiple tasks.The run-timelibrary providedby this proÞlesupportsalsolimited
Ada 95 exceptionoccurrences,andAda.Exceptions.Exception_Name. Mappingof the
usualtrapsfor hardwareexceptionsto Ada exceptionsis alsodone.

The implementationof a forth alternative exceptionhandlingmechanismis being
considered,supportingtheÒcontainmentÓstrategy deÞnedin [17], thatwouldauthorise
exceptionhandlingcloseto theraisinglocation.Whenanexceptionis raised,theexcep-
tion handleris executedif it is locatedin any of theenclosingsyntacticscopesupto the
inner-mostsubprogramscope.In otherwords,exceptionsarenever propagatedoutside
thesubprogramwherethey wereraised.Every exceptionnot beinghandledwithin its
inner-mostsubprogramscopeforcestheexecutionof the lastchancehandler. No run-
timesupportis neededfor exceptionpropagation,sothatthereis nodrawbackeitherin
efÞciency nor in complexity of theruntime.

5 Multitasking core

TheRavenscarproÞleis designedto beeasilysupportedwith a small run time.Within
theframework of thisprojectwe havealsodesignedandimplementeda simpleRaven-
scarcompliantmultitaskingcorethat is in chargeof taskscheduling,dispatching,and
synchronisation,interruptmanagement,andtiming services(time-keepinganddelays).
It implementsapreemptivepriority schedulingpolicy with ceiling lockingand256pri-
ority levels(althoughthisnumbercanbeeasilyreconÞgured).

It hasbeenwritten in Ada (exceptfor somelow-level codewritten in assemblerto
implementcontext switchesandtraphandling).A reduced,simple,andsafesubsetof
Ada,following therecommendationsmadeby theISO15942technicalreport[17], has
beenused.

In orderto enhanceportability, it hasbeendesignedaBoardSupportPackage(BSP)
layer, giving accessto key hardwaredependentservices,that minimisesandisolates



speciÞcmachinedependencies.It is madeupby a few assemblyÞlesanda limited and
identiÞedsetof Adapackages.

5.1 Timing services

The implementationof timing servicesis both accurateand efÞcient,providing low
granularity(limited only by theoscillator)timemeasurementsanddelaystogetherwith
a low overheadoperation,by meansof usingtwo differenthardwaretimers[26].

TheERC32hardwareprovidestwo 32-bit timers(a very commonarrangementon
32-bitboards)whichcanbeprogrammedin eithersingle-shotor periodicmode[4]. We
useoneof themasa timestampcounterandthe otherasa high-resolutiontimer. The
formerprovidesthebasisfor ahighresolutionclock,while thelatterofferstherequired
supportfor precisealarmhandling.

Given thatthemaximumtimestampcountthatcanbestoredin thehardwareclock
is equalto 2**32 systemclock ticks (215secondsfor a 20 MHz ERC32board),which
is largely insufÞcientfor fulÞlling Real-TimeSystemsAnnex requirements[1, D.8 par.
30]of aminimumrangeof 50years,amixedhardware-softwareclockhasbeendevised.

Timeis representedasa64-bitunsignedintegernumberof clockticks.Thehardware
clock interruptsperiodically, updatingthe mostsigniÞcantpart (MSP)of theclock, a
32-bit unsignedinteger kept in memory, while the leastsigniÞcantpart (LSP) of the
clock is heldin thehardwareclockregister.

The64-bit clock valuevery easilyandefÞciently, by simply concatenatingthethe
MSP 32-bits,storedin memory. andthe valuestoredwithin the hardwarecounteras
theLSP32-bits.EfÞciency isachievedby using32-bitoperationsinsteadof 64-bitones
(ERC32doesnotprovide64-bithardwareoperations).Eachhalf of aTimevalue(MSP
andLSP)is handledseparately.

An efÞcienthigh resolutiontimer is achieved by programmingthehardwaretimer
ondemand,andnotperiodically.

5.2 Interrupt handling

Thethreemajorgoalswhendesigningthe interrupthandlingmechanismswheresim-
plicity, efÞciency, andlow interruptlatency.

Simplicity andefÞciency areachievedby takingadvantageof theRavenscarrestric-
tionsonasingleprocessorsystem;protectedprocedures(togetherwith ashortprologue
andepilogue)areusedaslow level interrupthandlers,andno otherintermediatesyn-
chronisationcodeis required.

Thanksto theuseof theceiling locking policy, theRavenscarproÞlepreventsthe
caller from getting blocked when invoking a protectedprocedure.The priority of a
protectedobjectwhich hasa procedureattachedto an interruptmust be at leastthe
hardwareInterrupt_Priority of that interrupt(otherwisetheprogramis erroneous),asit
is statedin theSystemsProgrammingAnnex [1, C.3.1par. 14].

As aresult,for aslongastheactivepriority of therunningtaskis equalto or greater
thantheoneof an interrupt,that interruptwill not berecognisedby theprocessor. On
the contrary, the interruptwill remainpendinguntil the active priority of the running



taskbecomeslowerthanthepriority of theinterrupt,andonly thenwill theinterruptbe
recognisedandprocessed.

If an interrupt is recognised,then the call to the protectedprocedureattachedto
thatinterruptcannotbeblocked,astheprotectedobjectcannotbein use.Otherwisethe
active priority of therunningtaskwould beat leastequalto thepriority ceiling of the
protectedobject,whichcannotbetruebecausetheinterruptwas recognised.

Low interruptlatency is accomplishedby allowing interruptnesting;otherwise,in-
terruptswould bedisableduntil controlreturnsbackto theinterruptedtask,andinter-
rupt latency would be high sincehigh priority interruptswould not be handledwhile
low priority interruptsareserviced.

How stacksareorganisedis a critical issuewhendesigninga nestedinterrupthan-
dling mechanism.Thesimplestapproachis to borrow thestackof theinterruptedtask.
Theproblemwith thisapproachis thatit artiÞciallyinßatesstackrequirementsfor each
tasksinceeverytaskstackwouldhaveto includeenoughspaceto accountfor theworst
caseinterruptstackrequirements,in additionto its own worstcaseusage.

This problemis addressedby providing a dedicatedÒinterruptstackÓmanagedby
software.Thereare two fundamentalmethodsthat can be adopted.The Þrst usesa
singlestackfor all interrupts,andthe secondusesmultiple stacks(themultiple stack
methodusesa stackfor eachinterrupt).The single interruptstackapproachhastwo
majordisadvantages:

– It forcescontext switchesto bedelayeduntil themomentwhentheoutermostin-
terrupt(lowestpriority interrupt)hasÞnishedits execution(seeORK documenta-
tion [22] for details),becauseotherwiseinterrupthandlingis left in aninconsistent
state.Hence,taskswhich areunblockedasa resultof interrupthandlingmay be
artiÞciallypreemptedby theexecutionof interruptswith a lower priority (priority
inversion).

– It introducesanasymmetryin theway dispatchingoperationsareexecuted.Whena
context switchis required,it is neededto checkÞrstwhetherwe arein aninterrupt
handlerbeforeweactuallyproceedwith thecontext switch.

Thetotal sizeof thedifferentinterruptstacksshouldbesimilar to thatof thesingle
interruptstack,assumingthatappropriateworstcaseanalysisfor maximumnestinghas
beenaccomplishedfor thesingleinterruptstack.

Themultiple stackmethodsolvesthepriority inversionproblemthatwe couldÞnd
with the single interruptstackapproach.By having differentstacksfor the different
interruptswe cansimplysave thestateof theinterruptedtask.Exiting from thecurrent
interruptstackmay be delayedafter the context switch (until the interruptedtask is
executedagain).

5.3 Context switch

The RavenscarproÞleprovidesthe basisfor the implementationof deterministicand
timeanalysableapplications,but toperformapreciseschedulabilityanalysisof aRaven-
scarcompliantapplication,thecontext switchtime mustbedeterministic[24]. In addi-
tion, efÞciency enhancessystemschedulability, andsimplicity allows for cost-effective
certiÞcationof theruntime.



EfÞciency hasbeenenhancedby limiting thenumberof hardwareregistersthatare
saved/restoredevery context switch (ERC32has128 integer registersand32 ßoating
point registersaccessibleto theuser).

TheERC32architecture(aSPARC V7) includestheconceptof registerwindows[4,
21]. Therearetwo differentapproachesto follow for theßushingpolicy: eitherto ßush
all registerwindows or just thewindows currentlyin use[5]. Takingadvantageof the
executionpointsat which it is not necessaryto save (andalsonot necessaryto restore)
theentirestateof themachine[20], therun time adoptsthelatterapproachsoasto re-
ducetheexcessiveoverheadof savingandrestoringunusedwindow registers.Hence,all
theregisterwindowsthathavebeenmodiÞedbetweentwoconsecutivecontext switches
areßushedon thetaskstack,andthenew windows areloadedwith thecontentsof the
stackcorrespondingthethetaskthatis aboutto execute.

Not only efÞciency, but also the predictabilityof executionis a crucial concern.
The worst caseexecutiontime (WCET) of the two alternative approachesis approxi-
matelythe same.Theadoptedimplementationhowever exhibits a betteraverageexe-
cution time. This is of no usefor timing andschedulinganalysisthough,which must
by deÞnitionuseonly WCET values.Note that by automaticallysaving/restoringall
theregisterwindows thathavebeenusedby taskshasoneinterestingadvantagewhich
is predictability;beforeandafter the context switch the stateof the differentregister
windows (aswell asthecurrentwindow pointerandthewindow invalid mask)arethe
same.

Anotherissuethathasbeentakeninto accountis thatnot every task(andcertainly
not every interrupthandler)usetheßoatingpoint unit. Thus,theßoatingpoint context
is not ßusheduntil necessary. The ßoatingpoint stateremainsin the ßoatingpoint
registers,anddoesnot changeuntil anothertask(or interrupthandler)tries to usethe
ßoatingpointunit.

The ORK implementationalwayssaves/restoresthe ßoatingpoint registerswhen
performinga context switch [22], leadingto non-negligible performancepenalties.In
thecaseof interrupthandlers,theßoatingpointcontext is saved andrestoredeachtime
aninterruptis recognised,to allow userhandlerstheuseof theßoatingpointunit safely.

Theschemethatweimplementis thatßoatingpointarithmeticis disabledbydefault
(both for tasksand interrupthandlers).Then,when getting a ßoatingpoint trap the
handlertakescareof saving andrestoringwhat is needed.It meansthat the ßoating
pointunit is disabledaftereverycontext switch,in orderto avoid saving thecontext of
theßoatingpointunit whenit is notneeded.

This way, tasksandinterrupthandlersthatdo not usetheßoatingpoint unit do not
have the unnecessaryoverheadrelatedto saving/restoringthe ßoatingpoint context.
Moreover, whencomputingworst caseexecutiontimes(WCET) theoverheadassoci-
atedto saving andrestoringtheßoatingpointcontext needsto beaccountedonly when
a task(or interrupthandler)is aboutto usetheßoatingpointunit.

The interrupt latency is also reducedbecauseinterrupt handlersdo not save the
ßoatingpointcontext; only theintegercontext is saved in orderto processinterrupts.



6 Related work

This projectbuilds on someof theresultsof previousESA projectswhich resultedin
the developmentof ORK [9,25]. Amongothers,the GNAT Pro for ERC32compiler
hasthefollowing advantagescomparedto ORK:

– TheconÞgurableruntimecapabilityallowsfor aÞnegrainedselectionof run-time
entities.

– Duplicatedandredundantcodeanddatahasbeeneliminated.Sincethe run time
provides most of the functionality neededfor tasking,somecodeand dataare
presentboth in the ORK kerneland in the GNAT Pro run time. Currently there
is noseparatekernelbut acompleteAdarun-timesystemwith theneededinforma-
tion storedat therequiredlevel.

– Staticcreationof taskdescriptorsandstacks(seeSection4.1).The compilerhas
beenmodiÞedsothatall taskingrelateddatais createdat compiletime, removing
theneedfor dynamicmemoryat run time.

– Taskcreationandactivationhasbeenlargely simpliÞedby meansof adoptingthe
RavenscarproÞlerestrictions.

– Severalrestrictedexceptionmodels(seeSection4.3)arecurrentlysupportedoffer-
ing a wide rangeof choiceswhicharewith therecommendationsmadeby theISO
15942[17] technicalreport.

– MoreefÞcientanddeterministiccontext switchesandinterrupthandling.This part
of the BSPhasbeenredesignedin orderto attainthe simplicity anddeterminism
requiredby high integrity real-timeapplications.

– ORK is basedona veryold GNAT version(3.13),andtherehavebeena lot of fea-
turesaddedsincethen,suchasa full-featuredsoftwaredevelopmentenvironment,
a moreefÞcientback-endcodegenerator, etc.

– Thevalidationtestsuitehasbeenlargely increased,includingcodecoverageanal-
ysis(with theobjectiveof achieving 100%statementcoverage).

– Professionalsupportandonlineconsultingfor Adasoftwaredevelopment.

In orderto have an ideaof thesimpliÞcationattained,it canbesaidthat theORK
kernelis madeup by around1500linesof Ada code(plusaround500assemblylines),
while the GNAT Pro equivalent functionality is currently implementedwith around
1000linesof Adacode(andlessthan400of assembly).

Additionally, comparingthesizeof a simpletaskingprogram(includingbothdata
andcode,but excludingstacksandthe trap table),the resultingfootprint with GNAT
Profor ERC32(usingthehighintegrity Ravenscarruntime) is around10KB,while the
sameexecutablecompiledwith ORK hasa footprintof around175KB.

7 Conclusions and future work

TheRavenscarproÞledeÞnesan Ada subsetthat excludesnon-deterministicandnon
analysabletaskingfeatures.In addition,featureswith a high overheador complexity
arealsoremoved,allowing for a greatsimpliÞcationin therequiredrun time. It allows
for a10KB footprint for a simpletaskingprogram.



Thefully conÞgurableandcustomisablerun-timelibrary allows for a Þne-grained
selectionof run-timefeaturesso that the footprint andcomplexity of therun time can
be limited. This approachgives greatcontrol of the scopeof certiÞcationactivities,
allowing for a cost-effectiveusein safety-criticalapplicationswhereevidencesof pre-
dictability, reliability, andsafetymustbe generated.Additionally, full sourcecodeis
included.

The run time hasbeencarefullydesignedto isolatetargetdependencies,allowing
its portability to new embeddedarchitectures.We have plansfor porting this work to
othertargets.

GNAT Pro for ERC32is a ßexible solutionfor large,safety-criticalsystemsusing
theRavenscarproÞle,allowing for developingmultitaskingsystemsfor mission-critical
spaceapplicationswith safetyrequirements.
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