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Abstract. This paperdescribesthe designand implementationof GNAT Pro
for ERC32,a Rexible cross-deelopmentervironmentsupportingthe Ravenscar
taskingmodelon top of bareERC32computersThe staticand simpletasking
modeldebPnedy the Ravenscaiprobleallows for a streamlinedmplementation
of the run-time systemdirectly on top of baremachinesThe reducedsize and
complity of the run time, togetherwith its conbgurability makesit suitable
for mission-criticalspaceapplicationsn which certibcatioror reducedootprint
is needed Softwarereliability and predictabilityis alsoincreasedy excluding
non-deterministicand non analysabletasking features.Productvalidation has
beenachieved by meansof a comprehensk testsuite intendedto checkcom-
pliancewith the Ravenscamprobleand Ada standardsand correctbehaviour of
specialisedeaturesand supplementatools. Codecoverageanalysisis also part
of thevalidationcampaignwith the goal of achiezing 100%statementoverage.

1 Introduction

The Adataskingmodelallows the useof highlevel abstractdevelopmenimethodghat
includeconcurreng as a meansf decouplingapplicationactivities, andhencemaking
software easierto designandtest[23]. However, taskingcapabilitieshave beencon-
sideredastoo comple for safetycritical systemshecauseccurateiming analysisis
difbcultto achiese. Advancesn real-timesystemgiming analysismethodshave paved
the way to reliabletaskingin Ada. The Ravenscamprobleis a subsetof Ada 95 task-
ing thatprovidesthe basisfor theimplementatiorof deterministicandtime analysable
applicationsontop of a streamlinedun-timesystem.

Thispaperescribeshedesignandimplementatiorof aRexible cross-deelopment
systemsupportingthe Ravenscartasking model on top of bare ERC32 computers.
ERC32[13,4] is a highly integrated,high-performance2-bit RISC embeddedro-
cessorimplementingthe SFARC architectureV7 specibcationlt hasbeendeveloped
with thesupportof theEuropearspaceAgeng/ (ESA)asthecurrentstandargrocessor
for spacecrafon-boardcomputersystems.

In additionto a large numberof compilerfeaturesntendedto detectviolationsof
the Ravenscaproblelimitations (andary otherimposedrestrictions)at compiletime,
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thekey elementis the provision of a restrictedAda run time thattakesfull advantage
of the Ravenscarproblerestrictions[3]. Additional restrictionson the Ada subsetto
be usedcanbeenforcedn orderto properlysupportthe developmenbf high integrity
systemq17]. The purposeof suchrestrictionsis to enablea wide rangeof staticana-
lysis techniquesincludingschedulabilityanalysisto be performedon the softwarefor
validationpurposes.

ThedevelopedAdaruntimetakesfull advantageof thelargelyenhancedhodularity
introducedin GNAT Prorecently Key to achiezing this goalis the fully conbgurable
andcustomisableun-timelibrary, which allows for limiting therun-timelibrary justto
thoseunitsrequiredfor theapplication.

The cross-deelopmentervironmentprovides a full-featuredvisual programming
ernvironmentthatcoversthewholedevelopmentycle (language-orienteediting,com-
piling, binding, linking, loading,graphicaltasking-avaredehugging).

The work describeds this paperbuilds on someof the resultsof previous ESA
projectswhichresultedn thedevelopmenbf UPM@OpenRavenscaKernel(ORK)[9,
25], anopen-sourceevelopmenaimedatdemonstratinghefeasibility of aRavenscar
compliantAdaruntime ontop of abareERC32.

2 The Ravenscar profile

The Ravenscarmproble[7, 3,2] debPnes subsetof the taskingfeaturesof Ada which
is amenabldo static analysisfor high integrity systemcertibcation,andthatcanbe
supportedy a small,reliablerun-timesystem.This probleis foundedon state-of-the-
art, deterministicconcurrenyg constructghatareadequatéor constructingnosttypes
of real-timesoftware[8]. Major benebt®f this modelare:

— Improved memoryand executiontime efbcieng, by remaving high overheador
comple features.

— Increasedreliability and predictability by remaoving non-deterministicand non
analysabldeatures.

— Reducecertibcatiorcostby removing comple featureof thelanguagethussim-
plifying the generatiorof proof of predictability reliability, andsafety

Thetaskingmodeldebnedy the probleincludesa bxed setof library level tasks
andprotectedypesandobjects,amaximumof oneprotectedentryperprotectecbbject
with asimpleboolearbarrierandnoentryqueuegor synchronisatiorareal-timeclock,
absolutedelays deterministidoxed-prioritypreemptve schedulingvith ceilinglocking
accesso protectedbjects andprotectecorocedurenterrupthandlersaswell assome
otherfeaturesOtherfeaturessuchasdynamictasksandprotectedbjectstaskentries,
dynamicpriorities, selectstatementsasynchronougransferof control,relative delays,
or calendaclock, areforbidden.

The compiler and run time have beendevelopedto be fully compliantwith the
latestdebnitionof the Ravenscarproble[3, 2], so thatit will be compliantwith the
forthcominglSO standardevision of the Adalanguage.



3 The high integrity approach

The high integrity edition of the GNAT Pro compileris intendedto reducecostsand
risksin developingand certifying systemghat have to meetsafetystandardssuchas
DO-178B[12], DEF Stan00-55[10], andIEC 61508[15].

Thecenterpiecef this approachs the Oconbgurabkein timeCcapability Applica-
tion developersandsystemntegratorscantogethedePneanAdasubsethatcloselybts
theneedsf the projectsthuslimiting thecostof certibcatiorof theruntime.Run-time
subsetaredebnedy usingthreedifferentmechanisms:

— Settingparameterf the Systenpackage.
— Includingonly a subsebf availablerun-timesystemunits.
— UsingpragmaRestrictions

The compilerwill thenRagandrejectthe useof constructshatarenot supported
by the dePnedsubset.Developersmay use presuppliedmplementationf units of
interest,or may developtheir own alternatves.This approactygives greatcontrol over
thescopeof certibcatioractivities whendevelopingin Ada.

While the conbgurableun time approachyives maximumBexibility, in mary sit-
uationsa projectdoesnotrequiresucha level of customisationThe ERC32toolchain
thereforancludesthreespecibdnstantiationof the conbgurableun-timelibrary:

— TheZem FootPrint runtime guaranteethatthe generateebjectmodulescontain
no referencego the GNAT Pro run-time library. This allows the constructionof
a standalongorogramthat hasno codeotherthanthat correspondingo the origi-
nal sourcecode(apartfrom the elaboratiorroutinegeneratedy the binder).The
elaboratiorroutinegeneratedy the binderalsoavoids ary referenceo run-time
routinesor data.This run time is designedo reducethe cost of meetingsafety
certibcationstandardgor applicationswritten in Ada. In addition, this probleis
compatiblewith SFARK [6].

— Thehighintegrity Ravenscaruntime offersa multitaskingprogrammingernviron-
ment(compliantwith the Ravenscamproble)with maximumperformancesit the
expenseof stringentrestrictions.This probleis tamgetedat applicationsaiming at
certibcatiorfor safety-criticaluseor very smallfootprints.

- Theextendedravenscaruntime offerssupporfor alargersubsetf Ada95,under
therestrictionsof the Ravenscamprobleandthe hardwareconstraintsThis proble
malessoftwaredevelopmenteasier{delugging,text output,stackchecking etc.),
attheexpense®f alargerfootprintandanincreasedompleity in theruntime.

Although limited in termsof dynamic Ada semanticsthesethreehigh integrity
problesfully supportstatic Ada constructssuchasgenerictemplatesandchild units,
taggedtypes(at library level), and otherobject-orientegprogrammingeaturesUsers
canalsofurtherrestrictcertainAda featureqsuchasdynamicdispatchingallocators,
unconstrainedbjectsjmplicit conditionalsandloops)throughappropriatgoragmaRe-
strictions

Traceabilityfrom Ada sourcecodeto objectcodeis facilitatedby giving access
to differentintermediatdormatsinternally generatedby the compiler Fromtheinitial



sourcecodethe compilergenerates simplipedcode,which is low level Ada pseudo-
code(targetindependent)hat expandscomplex constructinto a sequencef simpler
dataand code (including run-time calls). This codeis then compiledinto assembler
codewhichis latertransformednto objectcode.Theavailability of thesentermediate
representationiselpscertibcatiorof objectcodeby reducingthe semantiggapbetween
differentrepresentationsidditionally, representatioinformationfor declaredtypes
andobjectsis alsoaccessible.

Full Safetyand SecurityAnnex support[1, H] is provided,including capabilities
for detectinguninitialisedvariableq11], by meansof compilerwarningsandrun-time
errors(usingpragmaNormalize_Scalarandsomeadditionalvalidity checkinglevels
thatcanbeselectedy theusers).

4 Restricted Ravenscar run time

Therun-timesystemis madeup by severallibrariesthatimplementfunctionalitiesre-
quiredby featuresot otherwisegeneratediirectly by the compiler The compleity of
theruntime basicallydepend®n thefeaturesupported.

A compactand efbcientrun time hasbeendesignedo take full advantageof the
RavenscarProblerestrictions which is substantiallydifferentfrom the run time used
when no suchrestrictionsarein effect. The Ravenscarrun time provides simplibed,
moreefbcientversiondor the setof taskingandsynchronisatioperations.

The Ravenscaruntime hasbeencarefully designedo isolatetargetdependencies
by meansof a layeredarchitectureThereis a targetindependentayer, called GNU
Ada Run-Time Library (GNARL), which providesthe interfacethatis known by the
compiler The partof the run time that dependn the particularmachineandoperat-
ing systemis known as GNU Low-Level Library (GNULL), which providesa target
independeninterface.GNULL is someglue codethattranslateghis genericinterface
into callsto the operatingsysteminterface thusfacilitating portability. On bareboard
tamgets(suchasthe ERC320ne),GNULL is afull implementatiorof this interface.

Hence retagetingthe run time to a differentoperatingsystemis a matterof map-
pingthe GNULL interface(roughlya dozenprimitives for creatingthreadssuspending
them,etc.)into theequivalentoperationgprovidedby theoperatingsystemRetageting
theruntimeto adifferentbareboardsystenrequiregeimplementinghe GNULL layer
ontop of theBoardSupportPackagg BSP).

4.1 Static tasking model

The implementationtakes full adwantageof the static Ravenscartasking model, in
whichonly library level non-terminatingasksareallowed.

First,thecompletesetof tasksandassociategparametergsuchastheir stacksizes)
are identibedand debnedat compiletime, so that the requireddatastructures(task
descriptorsandstacks)canbe staticallycreatedoy the compilerasglobaldata.Hence,
memoryrequirementsanbedeterminedatlink time (linking will fail if availablemem-
ory is notenough)xndthereis no needfor usingdynamicmemoryat runtime.



In addition,taskcreationandactiationis very simpleanddeterministicithe ervi-
ronmentask(aspartof its elaborationyreatesll thetasksin the systemandoncethat
is doneall tasksarethenactivatedandexecutedconcurrentlybeingscheduledccord-
ing to their priority.

Finally, only library level non-terminatingasksareallowed,sothatthereis noneed
for codefor completingor bnalisingtasks,andno supportis neededor mastes and
waiting for dependentaskseither

4.2 Simple protected object operations

Protectedbjectoperationsanbe easilyimplementedakingadwantageof therestric-
tionsimposedby the Ravenscaiproble:

— NoasynchronoueperationsThereareno abortstatementandno timedor condi-
tionalentrycalls.

— Simple creationand Pnalisationof protectedobjects.Protectedobjectsare only
allowedatlibrary level, andallocatorsarenot allowedfor protectedypesor types
containingprotectedypecomponents.

— Simplemanagementf entry queuesOnly oneentryis allowed per protectedob-
ject, with at mostonetaskwaiting on a closedentry barrier In addition,requeues
arenotallowed.

— Simplepriority handling.Dynamicprioritiesarenotallowed.

— Simple locking operations.On a single processorimplementation(such as the
ERC32),the ceiling priority rulesandthe strictly preemptve priority scheduling
policy guaranteghat protectedbjectsarealwaysavailablewhenary tasktriesto
usethem[16,19] (otherwisetherewould be anothettaskexecutingat a higherpri-
ority), andhenceentering/giting to/from the protectecobjectcansimply be done
by justincreasing/decreasinigsk&priorities.

Operationgelatedto protectebjectswithout entriesareimplementedn aneven
simplermannetbecausehereis no needto checkwhetherthereis ary taskwaiting, no
needto reevaluatebarriers no needto serviceentryqueuesetc.

In addition, efbcientexecutionof queuedprotectedentriesis achieved by imple-
mentingwhatis calledthe proxy model[14] for protectedentry execution.At the end
of the executionof ary protectedprocedurgthatmaychangehe stateof the barriers),
if thereis a taskwaiting on the protectedobject®entry, thenthe barrieris evaluated,
andif neededtheentryis executedby thetaskthatopenedhebarrieron behalfof the
gueuedask.It enhancegfbcieny by avoiding unnecessargontext switches.

4.3 Exception support

TheRavenscaprobledoesnotplaceary explicit limit onthefeaturef sequentiafda,

andthereforeit doesnot restrictthe useof exceptiong(in fact,someexceptionsupport
is requiredby the Ravenscamproble[18]). Therefore several schemesredebnedor

supportingexceptionsproviding differentlevelsof functionalityandcomplexity.



The simplestexceptionschemesupportedoy the GNAT Pro run time is the ONo
Exceptions@ne, thatis calledthe O&clusionstratgyOin [17]. Raisestatementsand
exceptionhandlersarenot allowed,andno language-debnedn-timechecksaregen-
erated.Hence,programwill becomeerroneousf arun-timeexceptiondoesoccur so
thatthe absenc®f erroneoustatesusuallyleadingto theraisingof anexceptionmust
bedemonstrated.

Thesecond:hoicecorresponds the ONcExceptionHandlers@echanisngcalled
Obelt-and-bracestatay in [17]). It seekgo avoid dependengon theexceptionmech-
anism, but recogniseghat a predebPnedxceptionmay neverthelessoccur for some
unforeseemeason.Exceptionpropagationis not allowed, but exceptiondeclarations
andraise statementgrestill permitted.No handlersare permitted;a userdePnedast
chanceexceptionhandle{whichcannoresumeaskexecution)is introducedattheout-
ermostscopdevel, andhencenorun-timesupporis neededlf run-timecheckings en-
abled thenit is possiblefor thepredebneéxceptionConstraint_Error, Program_Error,
or Storage_Error to beraisedatruntime.

A third exceptionhandlingmechanisnis implementedn the extendedravenscar
Proble supportingthefull semanticof Ada 83 exceptions;Ada 95 enhancementare
not included.This run-time systemsupportspropagatiorof exceptionsand handlers
for multiple tasks.The run-timelibrary provided by this problesupportsalsolimited
Ada 95 exceptionoccurrencesand Ada.Exceptions.Exception_Name. Mappingof the
usualtrapsfor hardwareexceptiongo Ada exceptionds alsodone.

The implementatiorof a forth alternatve exceptionhandlingmechanisnis being
consideredsupportinghe Ocontainmentirateyy dePnedn [17], thatwould authorise
exceptionhandlingcloseto theraisinglocation.Whenanexceptionis raised theexcep-
tion handleris executedf it is locatedin any of theenclosingsyntacticscopesipto the
innermostsubprogranscopeln otherwords,exceptionsarenever propagatedutside
the subprogranwherethey wereraised.Every exceptionnot beinghandledwithin its
innermostsubprogranscopeforcesthe executionof the lastchancehandler No run-
time supportis neededor exceptionpropagationsothatthereis no dravbackeitherin
efbcieny norin compleity of theruntime.

S Multitasking core

The Ravenscamprobleis designedo be easilysupportedvith a smallruntime. Within
theframework of this projectwe have alsodesignedcandimplementeda simpleRaven-
scarcompliantmultitaskingcorethatis in chage of taskschedulingdispatchingand
synchronisationinterruptmanagemengndtiming serviceqtime-keepinganddelays).
It implementsa preemptve priority schedulingpolicy with ceilinglockingand256 pri-
ority levels(althoughthis numbercanbeeasilyreconbgured).

It hasbeenwritten in Ada (exceptfor somelow-level codewrittenin assembleto
implementcontet switchesandtrap handling).A reducedsimple,andsafesubsef
Ada, following therecommendationmadeby thelSO 1594 2technicakeport[17], has
beenused.

In orderto enhancgortability, it hasbeendesigned BoardSupportPackagegBSP)
layer, giving accesgo key hardware dependenservicesthat minimisesandisolates



specibanachinedependenciest is madeup by afew assemblyplesandalimited and
identipedsetof Ada packages.

5.1 Timing services

The implementationof timing servicesis both accurateand efbcient, providing low
granularity(limited only by the oscillator)time measuremeni@nddelaystogethemith
alow overheadperationpy meansof usingtwo differenthardwaretimers[26].

The ERC32hardwareprovidestwo 32-bittimers(a very commonarrangemenon
32-bitboards)which canbe programmedh eithersingle-shobr periodicmode[4]. We
useoneof themasa timestampcounterandthe otherasa high-resolutiortimer. The
formerprovidesthe basisfor a highresolutionclock, while thelatterofferstherequired
supportfor precisealarmhandling.

Given thatthe maximumtimestampcountthatcanbe storedin the hardwareclock
is equalto 2**32 systemclockticks (215secondgor a20 MHz ERC32board),which
is largely insufecientfor fulblling Real-Time SystemsAnnex requirement$§l, D.8 par.
30] of aminimumrangeof 50years amixedhardware-softvareclockhasbeendevised.

Timeis representedsa64-bitunsignedntegernumberof clockticks. Thehardware
clock interruptsperiodically updatingthe mostsignibcantpart (MSP) of the clock, a
32-bit unsignedinteger keptin memory while the leastsignibcantpart (LSP) of the
clockis heldin the hardwareclock register

The 64-bit clock valuevery easilyandefbciently by simply concatenatinghethe
MSP 32-bits, storedin memory andthe value storedwithin the hardware counteras
theLSP 32-bits.Efpcieny is achieved by using32-bitoperationsnsteadof 64-bitones
(ERC32doesnot provide 64-bit hardwareoperations)Eachhalf of a Timevalue(MSP
andLSP)is handledseparately

An efbcienthigh resolutiontimer is achieved by programminghe hardwaretimer
ondemandandnot periodically

5.2 Interrupt handling

The threemajor goalswhendesigningthe interrupthandlingmechanismsvheresim-
plicity, efbcieng, andlow interruptlateng.

Simplicity andefpcieny areachieved by takingadvantageof the Ravenscarestric-
tionsonasingleprocessosystemprotectecroceduregtogethemwith ashortprologue
andepilogue)areusedaslow level interrupthandlersandno otherintermediatesyn-
chronisatiorcodeis required.

Thanksto the useof the ceiling locking policy, the Ravenscaiproblepreventsthe
caller from getting blocked when invoking a protectedprocedure The priority of a
protectedobjectwhich hasa procedureattachedo an interrupt mustbe at leastthe
hardwarelnterrupt_Priority of thatinterrupt(otherwisethe programis erroneous)asit
is statedn the SystemdProgramminginnex [1, C.3.1par 14].

As aresult,for aslongastheactive priority of therunningtaskis equalto or greater
thanthe oneof aninterrupt,thatinterruptwill notberecognisedy the processorOn
the contrary the interruptwill remainpendinguntil the active priority of the running



taskbecomedowerthanthepriority of theinterrupt,andonly thenwill theinterruptbe
recognise@ndprocessed.

If aninterruptis recognisedthenthe call to the protectedprocedureattachedo
thatinterruptcannotbe blocked,asthe protectedbjectcannotein use.Otherwisethe
active priority of therunningtaskwould be at leastequalto the priority ceiling of the
protectedbject,which cannotbetrue becauseheinterruptwas recognised.

Low interruptlateng is accomplishedby allowing interruptnesting;otherwisejn-
terruptswould be disableduntil controlreturnsbackto theinterruptedtask,andinter-
rupt lateng would be high sincehigh priority interruptswould not be handledwhile
low priority interruptsareserviced.

How stacksareorganiseds a critical issuewhendesigninga nestednterrupthan-
dling mechanismThesimplestapproachs to borrow the stackof theinterruptedask.
Theproblemwith this approachis thatit artibciallyinRatesstackrequirement$or each
tasksinceeverytaskstackwould have to includeenoughspaceo accounfor theworst
caseinterruptstackrequirementsin additionto its own worstcaseusage.

This problemis addressetby providing a dedicatedDinterrupstackOGnanagedy
software. Thereare two fundamentaimethodsthat can be adopted.The brst usesa
single stackfor all interrupts,andthe secondusesmultiple stacks(the multiple stack
methodusesa stackfor eachinterrupt). The single interrupt stackapproachhastwo
majordisadwantages:

— It forcescontext switchesto be delayeduntil the momentwhenthe outermosin-
terrupt(lowestpriority interrupt)hasbnishedts execution(seeORK documenta-
tion [22] for details),becaus@therwisenterrupthandlingis left in aninconsistent
state.Hence,taskswhich are unblocled as a resultof interrupthandlingmay be
artibcially preemptedy the executionof interruptswith a lower priority (priority
inversion).

— It introducesanasymmetryin theway dispatchingperationsareexecutedWhena
contet switchis requiredjt is neededo checkbrstwhethemnwe arein aninterrupt
handlemeforewe actuallyproceedwvith the context switch.

Thetotal sizeof thedifferentinterruptstacksshouldbe similar to thatof the single
interruptstack,assumindghatappropriatevorstcaseanalysisfor maximumnestinghas
beenaccomplishedor the singleinterruptstack.

Themultiple stackmethodsolvesthe priority inversionproblemthatwe couldbnd
with the single interruptstackapproachBy having differentstacksfor the different
interruptswe cansimply save the stateof theinterruptedask.Exiting from the current
interrupt stackmay be delayedafter the context switch (until the interruptedtaskis
executedagain).

5.3 Context switch

The Ravenscamprobleprovidesthe basisfor the implementatiorof deterministicand
timeanalysabl@pplicationsbut to performapreciseschedulabilityanalysisof a Raven-
scarcompliantapplication the contet switchtime mustbedeterministid24]. In addi-
tion, efbcieny enhancesystemschedulabilityandsimplicity allows for cost-efective
certibcatiorof theruntime.



Efbcieng hasbeenenhancedy limiting thenumberof hardwareregistersthatare
saved/restoreavery context switch (ERC32has128 integer registersand 32 R3oating
pointregistersaccessibleo theuser).

TheERC32architecturda SFARC V7) includestheconcepbf registerwindows[4,
21]. Therearetwo differentapproacheto follow for the Bushingpolicy: eitherto Bush
all registerwindows or just the windows currentlyin use[5]. Takingadwantageof the
executionpointsatwhichit is notnecessaryo save (andalsonot necessaryo restore)
the entirestateof the machingf20], the run time adoptsthe latterapproachsoasto re-
ducetheexcessve overheaf saving andrestoringunusedvindow registersHenceall
theregisterwindowsthathave beemrmodibedetweenwo consecutie contet switches
areBushedn thetaskstack,andthe newv windows areloadedwith the contentsf the
stackcorrespondinghethetaskthatis aboutto execute.

Not only efbcieng, but alsothe predictability of executionis a crucial concern.
The worst caseexecutiontime (WCET) of the two alternatve approachess approxi-
matelythe same.The adoptedmplementatiorhowvever exhibits a betteraverageexe-
cutiontime. This is of no usefor timing andschedulinganalysisthough,which must
by debnitionuseonly WCET values.Note that by automaticallysaszing/restoringall
theregisterwindows thathave beenusedby taskshasoneinterestingadvantagevhich
is predictability; beforeand after the context switch the stateof the differentregister
windows (aswell asthe currentwindow pointerandthe window invalid mask)arethe
same.

Anotherissuethathasbeentakeninto accounts thatnot every task (andcertainly
not every interrupthandler)usethe Roatingpoint unit. Thus,the Roatingpoint context
is not Busheduntil necessaryThe Roating point stateremainsin the Roating point
registers,anddoesnot changeuntil anothertask(or interrupthandler)tries to usethe
Boatingpointunit.

The ORK implementatioralways saves/restoreshe [3oating point registerswhen
performinga context switch [22], leadingto non-ngligible performanceenaltiesin
thecaseof interrupthandlersthe Roatingpoint context is saved andrestoreceachtime
aninterruptis recognisedio allow userhandlergheuseof theRoatingpointunit safely

Thescheméhatwe implements thatRoatingpointarithmeticis disabledby default
(both for tasksand interrupt handlers).Then, when getting a Roating point trap the
handlertakes careof saszing andrestoringwhat is neededlt meansthat the 3oating
pointunit is disabledafterevery context switch,in orderto avoid saving the context of
theRoatingpointunit whenit is not needed.

This way, tasksandinterrupthandlerghatdo not usethe 3oatingpoint unit do not
have the unnecessargverheadrelatedto saving/restoringthe 3oatingpoint context.
Moreover, whencomputingworst caseexecutiontimes (WCET) the overheadassoci-
atedto saving andrestoringthe Roatingpoint context needgo beaccounteanly when
atask(or interrupthandler)is aboutto usethe 3oatingpoint unit.

The interruptlateng is also reducedbecausenterrupt handlersdo not save the
Roatingpoint context; only theintegercontext is saved in orderto processnterrupts.



6 Related work

This projectbuilds on someof the resultsof previous ESA projectswhich resultedin
the developmentof ORK [9, 25]. Among others,the GNAT Pro for ERC32compiler
hasthefollowing advantagesomparedo ORK:

— Theconbgurableuntime capabilityallows for a Pnegrainedselectiorof run-time
entities.

— Duplicatedandredundantodeanddatahasbeeneliminated.Sincethe run time
provides most of the functionality neededfor tasking, somecode and dataare
presentboth in the ORK kernelandin the GNAT Pro run time. Currentlythere
is noseparaté&ernelbut acompleteAdarun-timesystemwith theneedednforma-
tion storedat therequiredevel.

— Staticcreationof taskdescriptorsand stacks(seeSection4.1). The compilerhas
beenmodibedsothatall taskingrelateddatais createdat compiletime, removing
theneedfor dynamicmemoryat runtime.

— Taskcreationandactivationhasbeenlargely simplipedby meansof adoptingthe
Ravenscaiproblerestrictions.

— Severalrestrictedexceptionmodels(seeSectiord.3) arecurrentlysupportedffer-
ing awide rangeof choiceswhich arewith therecommendationsiadeby the SO
15942[17] technicalreport.

— More efbcientanddeterministiccontect switchesandinterrupthandling.This part
of the BSP hasbeenredesignedn orderto attainthe simplicity anddeterminism
requiredby highintegrity real-timeapplications.

— ORK s basenaveryold GNAT version(3.13),andtherehave beenalot of fea-
turesaddedsincethen,suchasa full-featuredsoftware developmentervironment,
amoreefbcientback-endcodegenerataretc.

— Thevalidationtestsuitehasbeenlargely increasedincludingcodecoverageanal-
ysis (with the objective of achiezing 100%statementoverage).

— Professionasupportandonlineconsultingfor Ada softwaredevelopment.

In orderto have anideaof the simplibcationattainedjt canbe saidthatthe ORK
kernelis madeup by around1500lines of Ada code(plusaround500assemblyines),
while the GNAT Pro equivalentfunctionality is currently implementedwith around
1000linesof Ada code(andlessthan4000of assembly).

Additionally, comparingthe size of a simpletaskingprogram(includingboth data
andcode,but excluding stacksandthe trap table),the resultingfootprint with GNAT
Profor ERC32(usingthehighintegrity Ravenscaruntime)is aroundlOKB, while the
sameexecutablecompiledwith ORK hasa footprintof around175KB.

7 Conclusions and future work

The RavenscamprobledebPnesan Ada subsethat excludesnon-deterministi@nd non
analysablgaskingfeatures.In addition,featureswith a high overheador compleity
arealsoremoved,allowing for a greatsimplibcationin therequiredruntime. It allows
for a 10KB footprintfor a simpletaskingprogram.



Thefully conbgurabl@ndcustomisableun-timelibrary allows for a Pne-grained
selectionof run-timefeaturesso that the footprint andcomplexity of theruntime can
be limited. This approachgives greatcontrol of the scopeof certibcationactiities,
allowing for a cost-efective usein safety-criticalapplicationsvhereevidenceof pre-
dictability, reliability, and safetymustbe generatedAdditionally, full sourcecodeis
included.

The run time hasbeencarefully designedo isolatetarget dependenciesllowing
its portability to new embeddedrchitecturesWe have plansfor porting this work to
othertargets.

GNAT Profor ERC32is a Rexible solutionfor large, safety-criticalsystemausing
theRavenscaproble allowing for developingmultitaskingsystemsor mission-critical
spaceapplicationswith safetyrequirements.
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