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Topics

¢ Modelling Tool Assets and Modelling Tool Configurations
e Modelling tools: one asset for multiple tools

¢ Modelling Assets for High Integrity Applications
e UMLZ2RTSJ : RTSJ applications in UML
e UML2AdaRavenscar : Ada Ravenscar Applications in UML
 MAST_RMA : Modelling MAST in eclipse modelling tools
e MARTE1x1 : MARTE Profile
e MARTE_SA Gen : Integration of MARTE, RTSJ, AdaRavenscar and
MAST

¢ Application example: tele-presence robot
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Modelling Tool Assets

¢ ERMA provides support
to reuse same modelling

tools in multiple
modelling tools
1. Install ERMA
2. Import Assets
3. Deploy Assets
4. Install Assets

¢ The deployment is key

It customizes
1. UML Profiles
2. Model libraries

3. Commands &
Inter Assets
Communication

File Server

4. Software Behaviours
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Modelling Assets For Development of

High Integrity Applications

¢

¢

¢

Software development
1. Generators for RTSJ
2. Generators for Ada

Models Analysis .
3. Scheduling Analys -

UML for Real-Time

4 . MARTE 1 . 1 <2 pssemblys is Embedded = false
5. Edition support

TOOI I nteg ration MARTEBeta3

6. Mapping from
MARTE 2 MAST - s

/. MARTE 2 RTSJ
8. MARTE 2 Ada

generatefda 9

ereferenceds «EMF Descriptors

8 uml sreferenceds

whssemblys is Embedded = false MARTE_SA_Gen

MAST_RMA

RTS)Generator

generateRTS]
UMLZRTS) .

«imports
sdssemblys is Embedded = false

® generateRTS)

MARTE_Genera tion

@ GenerationConfig

MAST _analysis_provided

o0 AnalysisTool

MAST_Analysis

Technical University of Madrid OMG Real-TimeWorkshop 2012/04/19



Topics

¢ Modelling Tool Assets and Modelling Tool Configurations
e Modelling tools: one asset for multiple tools

¢ Modelling Assets for High Integrity Applications
e UML2RTSJ : RTSJ applications in UML
e UML2AdaRavenscar : Ada Ravenscar Applications in UML
e MAST_RMA : Modelling MAST in eclipse modelling tools
e MARTE1x1 : MARTE Profile
e MARTE_SA Gen : Integration of MARTE, RTSJ, AdaRavenscar and
MAST

¢ Application example: tele-presence robot

Technical University of Madrid OMG Real-TimeWorkshop 2012/04/19



UML2RTSJ : RTSJ applications in UML

¢ The kernel of UML2RTSJ is a
Java AST metamodel

e Represents Java programs as
ecore models

¢ UML model library for
representation of
e RTSJ library
e Some basic Java libraries

¢ QVT transformations from
UML 2.2 LO to javaxmi

¢ MOF2Text generators from
javaxmi to Java (Jamaica)

¢ Three basic commands
e Load UML library (Javax.rtsj)

e Generate javaxmi from UML
package

e Generate Java from javaxmi
Model

Technical University of Madrid

«EMF Descriptors
B Ecore

loadUMLJavaLibraryChWD

«referenceds
RTSIGeneratorCMD

8% generateRTS) 8 importl...

RTSlGeneratorIP & generateRTSICMD

«QWT Descriptions=

generateRTS) ImpertUMLUavalibrandP

B JavalSTGenerator

UML2ZRTS), is ...
Java&STGeneratorIP

«MOF2Text Desc...| 48 javalST...

UMLZRTS) «Java Jar Descriptions .
F1 RTS)Generator BT rtsjGenerator
proxy .
" proxy ...
presyy - Py Jawva&STGeneratorChD
“EMF Descrip... javax_realtim...
M javaxmi

«UML Model Libra...
<ML Model Libra... | B rtsj

B javal 6
proxy .
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UML2RTSJ : RTSJ applications in UML

¢ Cruise Control Example modelled with UML/RTSJ:
AsyncEvent, RealtimeThread, MonitorControl, ...

¢ UML model elements handled are UML Infrastructure
(Classes, Association, Operations, Instance specifications, ...)

and some UML
2.2 L1 elements:
Interfaces

¢ We create the
model (based on
RTSJ UML model
library) and then
e Generate Java
AST (this the

LO of Java
applications)

e (Generate Java
code

Technical University of Madrid

Q MonitorControl
simporte __________________=| [from javax:realtime)

.............

________________

Q ThrottleControl

- currentSpeed @ int

+ THROTTLE_ARRIVAL ¢ int {read-only} QllealtimeThread

+ THROTTLE PRIQRITY : int{read-onlvt _| [from javaxirealtime) = ————
+ ThrottleCantrol [)

+ startAccelerating ()

+ setCruiseSpeed ()

+ «SaStepx deschedulePeriodic ()

+ schedulePeriodic ()

+runil

1o
- myThrottle

1

Q ThrottleDeadlineMissHandler

- missedDeadlines :int Q AsyncEventHandler
- THRESHOLD : int ~

— I . . . -
+ ThrottleDeadlineMissHandler () (from javax:realtime) <.
+ handledsvncEvent (1

OMG Real-TimeWorkshop 2012/04/19

simports

Q SpeedMonitor

- numberRotations : long

- lasthumberRotations : long
- calibration @ int

- currentSpeed :int

- iterationsInOneHour : int

- cmInKillometer : int

+ SpeedMonitor ()

+ getCurrentSpeed [)

+ run i

o1
- mySpeedo

1

Q SpeedDeadlineMissHandler
- missecdDeadlines : int
- THRESHOLD : int

+ SpeedDeadlineMissHandler [)
+ handlefsvncEvent (1 7



UML2AdaRavenscar : Ada applications in UML

¢ Ada Ravenscar centre is the UML neutral model of Ada

applications

¢ Generates pattern based plain UML output model

e Only standard UML 2.2 types and data types

e Most common real-time patterns (periodic, sporadic,

shared...)

e Generic UML classes with direct translation to Ada

generic packages
e MOF2Text generators to Ada Ravenscar

= Priority : Property
{=): Offset : Property
*: StackSize : Property

L3

THE

_5 Activity : Operation ‘_’:‘; Separation : Property
= WCETOwr : Operation a: Sporadic_Activity : Operation
{=4: WCETBudget : Property {=): Release : Class

] Active E] sporadic

{: Constraint_Error_Handler : Operation
E!E Program_Error_Handler : Operation
E!E Storage_Emor_Handler : Operation

=y = . N
2! Tasking_Error_Handler : Operation
&: Ceiling : Property &% Tasking_Ermor_ per

; Name : Property {=h: Other_Error_Handler : Operation
— Protected ] Synchronous_Task_Control E] Ravenscar_Exception_Aware_Execution
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MAST (1.3.8) Asset

¢
¢

® &

® &

Integration of MAST into eclipse
EMF Models

e MAST Modelling - representation of MAST input
models in ecore

e MAST Results - representation of MAST output
models in ecore

Artefacts - mast analysis and convert programs

Editors - edition based on navigators of MAST analysis
and MAST result models

Commands for invocation of MAST analysis
Parameters for configuration of analysis

e Unified time unit

e MAST analysis method
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MARTE1x1 : MARTE Profile

¢ MARTE1x1 asset was designed as
interchange language from CHESS
ML to transformators to
analysis/code

e MARTE 1.1 profiles
e MARTE Model Library

Profile 0.

e Tool independent URIs L.
¢ Thereis not VSL and it supports XMI

of MARTE standards SN
¢ We have included ours editors of

MARTE stereotypes. This is ——

supported in: UML2, RSA, Papyrus
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MARTE SA Gen :

AdaRavenscar and MAST

¢

¢

Technical University of Madrid

Integration of MARTE, RTSJ,

MARTE_SA Gen purpose: integrate MARTE, MAST analysis, and

RTSJ or Ada Ravenscar platform

MARTE_SA Gen includes
some QVTO transformators,

MARTE UML Model

modules, and libraries for
generation of MAST models,
and to extend RTSJ/Ada
generators based on MARTE

traceability

Input Model of v

h
MARTE to MAST
QVT Model
transformation

h 4

MARTE_SA_Gen

MAST Model Neutral Model

ry

[
AN / traceability

e UML+SAM+GQAM+GRM

Output Models

e Ada Neutral UML
e RTSJ Javaxmi

e MAST model

Round-trip transformator
from MAST result to

aaaaaa bility

Ravenscar Ada 2005 code

UML+SAM+GQAM
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MARTE_SA Gen : Integration of MARTE-MAST

¢ MARTE_SA Gen generates MAST models based on SAM-GQAM-
GMR without any assumption about execution platform

¢ SAM-GQAM-GRM annotates any UML models: e.g. RTSJ model
with object and behaviour diagrams (e.g. sequence, activity, ...)

brakeInterrupt : AsyncEvent «SchedulableResources - shaft «5chedulableResource, Interru...
Javax.realtime AsyncEvent.., speedometer : SpeedMonitor shaftHandler ; ShaftHandler
R —— < return new...
l - speed
ise : CruiseControl
«5chedulableResource, InterruptResources - engineActive = : boolean [0..1] = false
brakeHandler : BrakeHandler - myCruise | e _ __ shaftinterupt : AsyncEvent
i e ke
- accelerating = : boolean [0..1] = false
- Cruising = : boolean [0..1] = false
- throttleStarted = : boolean [0..1] = false
- myCrui
mykrise - myCruise
«SchedulableResource, InterruptRe... |
engineHandler : EngineHandler z5chedulableResource, InterruptResources
return new... leverHandler : Lever
return new...
- throttle
engineInterrupt : AsyncEvent «5chedulableResources ‘
Jjavax.realtime.AsyncEvent... throttle : ThrottleControl

return new.. javax.realtime. AsyncEvent...
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MARTE_SA Gen : Integration of MARTE-MAST

¢ SAM-GQAM-GRM is a parallel model of software model
¢ Both can contain inconsistencies

InteractionEngineShaftThrottle

enginelnterrupt:AsyncEvent engineHandlerEngineHandler cruise:CruiseControl throttle Control:ThrottleControl speedMonitorSpeedMonitor shaftHandler:ShaftHandler shaftinterrupt:AsyncEvent
wGaWorkloadEvent, SaStep»

Lirun «5aSteps
11: getCount

1.2: getCount

«GaWorkloadEvent, SaStep» «SaStep» «SaStep, GaWorkloadEvents
2: handleAsyncEvent 2.1: getCurrentSpeed 3 handleAsyncEvent
2.2 getCurrentSpeed 4: handleAsyncEvent
«SaSteps «SaStepn
23: activate 2.3.1: setCruiseSpeed

2.3.2: setCruiseSpeed

«SaStepn
2.3.3: schedulePeriodic

2.3.4: schedulePeriodic

2.4; activate

5: handleAsyncEvent

6: handleAsyncEvent )
6.1: deactivate
6.1.1: deschedulePeriodic

6.12: deschedulePeriodic

«GaWorkloadEvent, SaSteps
T:run

6.2; deactivate

8! handleAsyncEvent
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MARTE_SA Gen : Integration of MARTE-MAST-

RTSJ
S

¢ UML2RTSJ supports the mapping from UML 2.2 LO to Javaxmi

¢ MARTE_SA Gen extends this for the integration of MARTE-SAM-
GQAM-GRM into javaxmi models
Java AST models based on RTSJ (Javaxmi) are consistent with
MAST models generated

UML2RTSJ
(MOF2Text)

Technical University of Madrid OMG Real-TimeWorkshop 2012/04/19
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MARTE_SA Gen : Integration of MARTE-MAST-
RTSJ

¢ What are the differences of UML+RTSJ Model Library and
UML+MARTE

e UML+RTSJ includes explicit references to RTSJ library (types, method calls,
generalizations, ...)

e UML+MARTE does not include any reference to RTSJ. Any reference to RTSJ
in Java code is generated based on SAM-GQAM-GRM

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

e UML+MARTE do not use Java types.

e The consistency of MAST model and RTSJ behaviour depends on modeller
 MARTE_SA_ Gen guarantees the consistency of MAST and RTSJ behaviour

RTSJ ||
(javaxmi)

MARTE_SA_Gen
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Application Example: tele-presence car
[

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

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

e Combined obstacles detector: indoor localization sensor, webcam
images filter, IR detector

«COMmponents
=COMponents — = ]carController
= | detectionWithWebCam ObstacleDetector

scomponents RoviaSpecAPT
= |obstacleDetector ———————f3
«components —T - G
= |detectionWithIR = ObstacleDetector Rovio5pecAPl
f

IObstaclesHandler

«Components —(}:l
= | detectionWithNS = ObstacleDetector

RovioSpechFI
«components e
= ] cruiseControl I0bstaclesHandler RovioSpecAFl
scomponents
throttleControl : Throttle Control shaftHandler : ShaftHandler bl :jsteeringWheel
veMode
IDriveModel Q
H Carspeed carspeed \F‘l driveModel ! DriveModel
speedMonitor : SpeedMonitor cruiseControl : CruiseCaontrol —& Gr— «components
= | carSimulator
mixedUIView | MixedUIView
lever: Lewer brakeHandler : BrakeHandler carSimulator : CarSimulator

mixedCaontroler : MixedCantroler
motorSimulatar : MotorSimulator
engineHandler : EngineHandler
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Application Example: tele-presence car
L

¢ Transformations and generators provides:
e MAST scheduling analysis for schedulable resources

e RTSJ Java code-> RTSJ code generated + logical code in Opaque
Behaviors

Cruise Control

Cruise Speed

o]

Ignition Throttle | I Disabled

Brake [ |

!englneUn‘ engineOff accelerate‘ brake ﬂﬂ resume | speed+ | speed-
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Application Example: tele-presence car
I

¢ Modelling and programming languages:
e UML+MARTE
e Scheduling analysis models
e Java+RTSJ, Ada-Ravenscar+ORK

I ,

File Edit Diagram Mavigate Search Project Run Modeling Window Help
mihs CModel v 2 @ EvHvErQrQr Fv vl oo
Segoe Ul 8 B /| —vAv. v mel e8| @ Biveleis|i| I=RA=RN 'RAR N (FUA 22 (& Crash Reporter
[t Project Explorer 12 EE A CruiseControlGenerated f CruiseControl 52 [&) SAM2MAST Ravenscar_RTS)_mast_model.mast_mdl 53 =8
el e n + ¥3a5TEps GELCOUAT | ) ITeger (U1 E
i CuiseControliava + startCallibration ( ) < || 12 Resource Set
i s + endCallibration ( distance : Integer (0.1]) 141 platform:/resource/CruiseControlAndDriverRTS)/SAM2MAST Ravenscar_RTS) mast model.mast_mdl B
[ CruiseControl.carControL.rovioAPI i + getCallibration () : Integer [0.1] 4 MASTMODEL Type CruiseControl 7
i CruisCantrol.carControl.ravioAPLimpl + «SaStep- firehux () 4 <prioritylnheritanceResource> Priority Inheritance Resource N_F_OysXy0EeGAsLimudSTFQ_speedometer |
B CruiseControl.carSimulator 4 <primaryScheduler> Primary Scheduler N_GAKPcHyOEeGAsLimudSTFQ_CPU_Scheduler
i CruiseControl.carSimulatorsteeringWheel 4 <regularProcessor> Regular Processor N_GAHjgHy0EeGASLimu9STFQ_ CPU_ RegularProcessor
g CruiseControl.cruiseControl.control K] BrakeHandler iy Cruise 4 <priority Resources Pricrity Resource N_GAKPeny0EeGASLimuISTFQ shaftHandler
& CruiseCantrol.cruiseCantrol.deployment = BRAKE HANDLER PRIORITY : Integer iread-only: . i 4 <prioritynheritanceResource> Priority Inheritance Resource N_GAuAcXy0FeGAsLimu9STFQ throttle_Prioi
H# CruiseControl.positionAndObstacles ZZRAKL COMIPOL 306 SCDRES HluieGerIdad-onir 4 <regularSchedulingServer> Regular Scheduling Server N_GBATYHyOEeGAsLimudSTFQ_shaftHandler
[ CruiseControl steeringWheelModel E 2 BRAKE DAT2 REG SDDRESS i Intener fread-onty, . : .
~ BRAKE HANDLER ARRIVAL: Inteac read-oniyt ] CruseControl 4 <regularSchedulingServer> Regular Scheduling Server N_GBT2UHy0EeGAsLimuISTFQ_brakeHandler
N DriveModel java 1 [“BrakeHandler (] engineAdive : Boalean - spe) 4 <regularSchedulingServer> Regular Scheduling Server N_GBAnUHy0EGASLimuISTFQ shaftinterrupt
2 DriveModel * j_iasrepnm:::‘[‘]”” 0 ~braking : Boolean 1 4 <regularSchedulingServer> Regular Scheduling Server N_GBSsMHy0EeGAsLimudSTFQ_enginelnterrupt
< heading z:ﬁi‘;’;t"égmi:f““” 4 <regularSchedulingServer> Regular Scheduling Server N_GBSsMXy0EeGAsLimudSTFQ_leverlnterrupt
« headinglisteners . tarted . Boolean 4 <regularSchedulingServer> Regular Scheduling Server N_GCDAMHy0EeGAsLimudSTFQ_leverHandler
< theta ~ CruiseContral ) . N e e N . e mrrimaas ne e ‘A._.,. R .
% thetalisteners - uSaSteps activate ()
- throttle B ] EngineHandier ~myCruise _ deamva[t]e 0 Selection | Parent| List | Tree| Table| Tree with Calumns
= < resume
< throttleListeners myReg = ENGINE HANDLER PRIORITY : Integer {read-only 1 - startAcceleration (] [
SAM2MAST_Ravenscar_RTS)_neutral java jovaxmi 32
& DriveModel() 1 1 | ZENGINE CONTROL REG ADDRESS : Integer (read-oniyl = «5astep= stopAcceleration () = - - i
= ENGINE DATA REG ADDRESS : Inteqer {read-onlyt + ignitianon () - B Resource Set
& DriveModel(int, int) | = ENGINE HANDLER ARRIVAL : Integer [read-onhy] = ignitionOff [} -thro
® addHeadingListener(HeadingListener = EnginzHandier () - uSaSteps brakeEngaged () @ & o ; e/CruiseC DriverRTS)/SAMZMAST_Ravenscar_RTS)_neutral_java javaxmi
o sddHeadingListeners(HeadingListens = «GaScenario, SaStep» handleAsyneEvant () - brakeDisengaged (} 1 & Model CruiseControl
- uSaSteps firedux [} N () -
@ addThetaListener(ThetaListener) : voi 4 Package instanceSpecifications
© addThetalisteners(ThetaListener) : v - myCruise 4 Package CruiseControl
@ addThrottleListener(ThrottleListener) [ Lever 0.1 % Package carCentrol
© addThrottleListeners(ThrottleListener \ [ =IviR HANDIER PRIORIY sinfeast freadant % Package positionAndCbstacles
® fireHeadingChanged() : void | ~LEVER CONTROL REG ADDRESS ; Integer (read-onlyt < Package steeringWheelModel
@ fireThetaChanged() : void LEVER DATA REG ADDRESS : Inteder iread-onl 4 Interface Declaration ThetaListener
@ fireThrottleChanged() : void —'[EYS‘ HANDIER ARRIVAL Inieqeriread-ont ; 4 Interface Declaration ThrottleListener
@. getHeading() : int 5cens SaStep» handleAsyncEvent 4 Interface Declaration HeadinglListener
® getHeadingListeners(int) : HeadingLis = w3asteps firehux (1 = < Class Declaration DriveModel
@. getTheta() : int <4 Annotation
© getThetaListeners(int) : Thetalistenes 4 Modifier public
& _netThenttlah - dohle e <4 Field Declaration i
‘ m v - .
E] [ I ] » Selection | Parent | List | Tree| Table| Tree with Columns
o= =g
B Layers 32 5% Dutlmq = = =
= o+ ‘ = Properti fE Ccm;nleﬁ‘; Debug fq‘ Search f@ Error Lo, ﬂj_\ Problem fﬁz Code Vi fﬁ MARTES &2 O || ] MARTE Stereotypes Properties View 3 =0
® LR —
Property (4]

This diagram does nat have any layers added. Click here to
2dd a new layer to this diagram.

SchedulableResource - Precision

resMult = null [ Source
4 = schedParams[0.”]-> (MARTE_Library_GRM_BasicTypes_SchedParameters) " StatQ
» 1= schedParams[0]-> (MARTE_Library_GRM_BasicTypes_SchedParameters) Unit
4 = GaWorkloadEvent Value 1
4 = pattem-> (MARTE Library_BasichFP_Types_ArivalPattern) Worst
= periodic = null |37 = 5
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Tools avallable

http://www.erma-assets.org

Eclipse Indigo with ERMA 64K and 32K

Eclipse Indigo 64K with ERMA and Papyrus
ERMA plug-ins site

ERMA plug-ins for RSA 8.0.3

ERMA Safety-aware Assets

¢ S&D Profiles and Model Libraries

¢ FTA & FMECA Eclipse Languages

¢ UML to FTA & FMECA transformations

¢ Item Toolkit Bridges

ERMA Assets

¢ MARTE 1.1 Conform Standard and Stereotypes Editor
¢ RTSJ and Ada-Ravenscar Modelling tools

¢ MAST Eclipse Languages

¢ MARTE to MAST, RTSJ and Ravenscar generators
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