ELE UNICACIC

|ESCUELA TEIlCA SS N R0S [

MODEL-BASED DEVELOPMENT
FOR RTSJ PLATFORMS

Java Technologies for Real-time and Embedded Systems
24-26 October 2012
Copenhagen, Denmark

MIGUEL ANGEL DE MIGUEL EMILIO SALAZAR

mmiguel@dit.upm.es esalazar@dit.upm.es



STRAST 4!
Topics

e RTSJ Java code generation process

* RTSJ code generation approaches
» RTSJ
» MARTE

* Integration MARTE-MAST-RTSJ

e RTSJ generation code
» Handled RTSJ Classes
» NOT handled RTSJ Classes

e Transformation Patterns
e Application example
e Tools availability
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RTSJ code generation approaches

e Models that reuse the RTSJ UML model library
» Load of RTSJ in UML models
» Reuse of RTSJ Types and Methods
» Software models and Scheduling Analysis models are independent

e Models annotated with MARTE (GRM, SwConcurrency, GQAM

and SAM)

» Application of profiles
» Stereotype applications
» Scheduling analysis models and Java RTSJ code consistent
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RTSJ Models and RTSJ Generation

e Import of RTSJ Model library
e Reuse, in user model, of RTSJ classes and methods (Realtime-

Thread, AsynEvent, ...)
e Generate RTSJ Java code HEr—

simport» - J {from javax:realtime)
» Generate Java AST (this |
the LO of Java applica- |

tions)

: chlolile(:onlml l _ ; HI
» Generate Java code -centspesd it T | | Elspeeotontor
+ THROTILE ARRIVAL : int {read-only} = RealtimeThread | - numberRotations : long

_+ THROTTLE PRIORITY : int{read-onlv} | o (from javaxirealtime] <} . JastNumberRotations : long
+ ThrottleControl () L ; | - calibration : int

+ startAccelerating () - currentSpeed : int
+ setCruiseSpeed () - iterationsInOneHour | int

+ «SaStep» deschedulePeriodic() - cmInKillometer : int

+ schedulePeriodic () + SPEEDMETER ARRIVAL : int{read-only}
L+ run () + SPEEDMETER PRIORITY ; int{read-onlv} |
i + SpeedMonitor ()
0.1 + getCurrentSpeed ()
- myThrottle +.run () .
0.1
- mySpeedo
1
= x 1
| lémlollleDeadlineMissHandlu [ EIS D v
S : ! ’ . peedDeadlineMissHandler
- ?A:;::éfghne: G I \ E AsyncEventtiandies 1} missedDeadlines : int
+ ThrottieDeadlineMissHandler () I (from javax:irealtime) F : | = THRESHOLD : int .
|_+ handleAsyncEvent () | { 3 : zgazfe%iﬂlég\fx&:(s:ﬁandler 4]
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Scheduling Analysis Annotations MARTE-MAST

e MARTE-Scheduling analysis and software model are supported

in the same UML model.
» MARTE-Scheduling analysis introduces information to make schedul-
ing analysis

IntesactionEngneShaftThrottle

' e . g prAsyn B gneHandlerEngmneHandler | enuise:CruseContral | | thromeContrelThrotdeCantrol p SpeedManita hafth
| l n I n I n s #GaWorkioadEvent, Safteps
L:run SaSepe
~11:getCount
. t L] 12 nt
.............................................
handicAsyn i 21. gelCunentSpee i
2.2: getCumentSpes eAsyn
SaStepe
11: setCruiseSpeed
- stCruissSpe=d
.....
233 schedulePerindic 5,
2.4 activate
IeAsyne Eve,
dleAsynck
i ' 6 desctvate
6.1.2: deschedulsPeriodic
GaWor nt,

6.2: deactivete

8: handleAsync Event

6/17



STRAST %t FESH
UML+MARTE to Java RTSJ and MAST

e Model with MARTE: timing information is represented with
MARTE and not with UML-RTSJ libraries

e Integrated generation of MAST and RTSJ Java code
» Generate Java AST and MAST analysis model
» Generate Java code (the same for any javaxmi)

brakelnterupt : AsyncEvent «SchedulableResources | - 3haft | «SchedulableResource, Interru,..
Javax,realtime AsyncEvent.., speedometer : SpeedMonitor shaftHandles : ShaftHandler
retumn new... W,
|
l <<<<<<
auise : CruiseControl |
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ctive = : boolean [0..1] = fa :
brakeHandier ; BrakeHandler yCru Fisies : " shaftinterrupt : AsyncEvent
= | boolean [0..1] = false AsyncE
o new : boolean [0..1] = false . LiL
aaaaaaaaaaaaaaaaaaaaa [0..1] = false
= : boolean [0..1] = false
ttieStarted = : boolean [0,.1] =
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ’
engineHandles : EngineHandler SchedulableResource, InterruptResources
return new... leverHandles : Leves
- throttle
¥
enginelntermupt : AsyncEvent «SchedulableResources
Javax.realtime AsyncEvent... throttie : ThrottleControl
leverdnterupt : AsyncEvent.
veturn neiv... javax.realtime AsyncEvent.,,
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Integration of MARTE-MAST-RTSIJ (1)

e UML2RTSJ supports the mapping from UML 2.2 LO to javaxmi
e MARTE_SA Gen extends this for the integration of MARTE

Scheduling analysis into javaxmi models
e Java AST models based on RTSJ (javaxmi) are consistent with

MAST models generated

+_< -

UML2RTS)
(
ML2RTSJ
MOF2Text
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Integration of MARTE-MAST-RTSIJ (2)

e UML+RTSJ Model Library and UML+MARTE differences:
» UML+RTSJ includes explicit references to RTSJ library (types, method
calls, generalizations, ...)

» UML+MARTE does not include any reference to RTSJ. Any reference
to RTSJ in Java code is generated based on MARTE

» UML+RTSJ are based on Java primitive types (e.g. long, void, ...)

» UML+MARTE do not use Java types.

» The consistency of MAST model and RTSJ behaviour depends on mod-
eller

» Generator guarantees the consistency of MAST and RTSJ behaviour

)
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RTSJ Classes handled in mappmg

e Threads
» RealtimeThread

e Scheduling

» SchedulingParameters, PriorityParameters ReleaseParameters, Peri-
odicParameters AperiodicParameters, SporadicParameters, Processing-
GroupParameters

e Synchronization
» MonitorControl, PriorityCeilingEmulation, Prioritylnheritance

e Asynchrony
» AsyncEvent, AsyncEventHandler, BoundAsyncEventHandler
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RTSJ Classes NOT handled in mapping

e MARTE handles memory as resource, but we cannot make clas-

sifications as: Immortal, Heap, Scoped
» Fundamental in RTSJ execution time predictability

e Threads
» NoHeapRealtimeThread

* Memory Management
» Scoped Memory, Immortal Memory, Physical Memory Manager, Raw

Memory Access

e System and Options
» POSIXSignalHandler, RealtimeSecurity
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Transformation Patterns (1)

e MARTE2RTSJ generates Java anonymous classes for handling
SchedulableResource and handlers of GaWorkloadEvent. These

classes
» Template for each RTSJ thread pattern
- Periodic, Sporadic, Aperiodic
» Handling of exceptions
- Deadlines, Execution times

e MARTE2RTSJ configures object monitor based on SaSharedRe-
source

e MARTE2RTSJ supports combination of AsyncEvent and AsyncEv-
entHandler based on InterruptResource/SchedulableResource,
and GaSteps sequences
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Transformation Patterns (2)

e MARTE2RTSJ AperiodicThread template for handling Bursty
and Deferred MARTE aperiodic

» release method for notification of aperiodic event arrival
» run method: thread cycle
» array of timers for handling aperiodic events deadlines

e AsyncEvent -> BundedAsyncEventHandler sequence are repre-
sented with

GaWorkloadEvent — GaStep > GaStep
InterruptResource, SchedulableResource

| SchedulableResource
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Application Example: tele-presence car

e Tele-drive for a tele-presence car. Main components:
» Steering wheel and throttle pedal handlers

» Cruise control system: handlers of brake, throttle, lever, speed and

engine, and control

» Combined obstacles detector: indoor localization sensor, webcam im-

ages filter, IR detector

«components
_ =components — - | carController
| detectionWithWebCam ObstacleDetector
«components RovioSpecAPI
< JobstacleDetector ——————3
scomponents —y ¥
2] detectionWithIR = ObstacleDetector | . Rovo SpecAfl
=l
1ObstaclesHandler
scomponents >
< ldetectionWithNS ~ ObstacleDetector
ooooo SpecAPl
nnnnnnnn t»
*lcruiseControl I0bstacies Handler Rovio SpecAPl
= = scomponents
throttleContro| : ThrottieContro| shaftHandler ; ShaftHandler “IsteeringWheel
rottleControl rottieContro aftHandler andler %Eel_vlodel
IDriveModel ;:
0 g CarSpeed carspee \F'-' driveModel : DriveModel
speedMonitor : SpeedMonitor cruiseControl ¢ CruiseControl — Gr——— «components
= | carSimulator z
| =) mixedUIView : MlxedUIV;eTu
lever:Lever brakeHandler : BrakeHandler carSimulator ; CarSimulator

?] motorSimulator : MotorSimulator
engineHandler : EngineHandler
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Application Example: tele-presence car

e Transformations and generators provides:
» MAST scheduling analysis for schedulable resources
» RTSJ Java code-> RTSJ code generated + logical code in Opaque Be-
haviors

T el
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http://www.erma-assets.org

e Eclipse Indigo with ERMA 64K and 32K
e Eclipse Indigo 64K with ERMA and Papyrus
* ERMA plug-ins site
e ERMA plug-ins for RSA 8.0.3
e ERMA Safety-Analysis Assets
» S&D Profiles and Model Libraries
» FTA & FMECA Eclipse Languages

» UML to FTA & FMECA transformations
» ltem Toolkit Bridges

e ERMA Real-Time Assets
» MARTE 1.1 Conform Standard and Stereotypes Editor
» RTSJ and Ada-Ravenscar Modelling tools

» MAST Eclipse Languages
» MARTE to MAST and RTSJ
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Thank you for your attention!
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