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Need for MARTE methods & tools!

1) Execution Framework

2) V&V Framework (e.g.
Timing)

Scenarios

LOGICAL
MODEL

g

A (Partial)
Generic Process SCHED. & PERF. [
for MARTE MODEL D

WCET Calculation
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UML D

WRTE 1) Execution Framework: ACCORD

@ \Wetarget a particular Model of Computation = ACCORD approach
@ Based on the Active Object pattern (others: Rhapsody, Rose RT)
@ Usearestricted MARTE RTEMoCC to build well formed models

aRealTimeObject
Message processing &
attribute access control

|

Memory space

External
interface

operation 1
operation 2

Method
code

Signals

Operation calls
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2) V&V Framework (e.g, Timing)

For avoiding timing problems (overload, miss deadlines, ...)
For dimensioning resources

For optimization of application-platform deployment
Automate the generation of analysis models (time savings!)

Automated model
conversion

Requirements Manag.

Model Editing Tool

Analysis Tool

Results conversion
‘ back to models
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WRTE ACCORD Framework Architecture

Eclipse
Plug-ins

Modeling environment

Accord UML modeling component

UML Extensions Transformations
(profile)
Edition (Action Modelling rules

Language)
Supported UML modeling tools T T i
PP g Papyrus C++ Generating Accord Kernel

-0- code —— > (Scheduling &

generation Communication)

OS_AL
(POSIX abstraction layer)
Executing

Execution framework

Modeling

Supported OS

Powered by Papyrus: a
http://www.papyrusuml.org
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«RtUnit»
isDynamic = false

operationalMode = RtUnit_ex::CruiseControl-:CruiseControlBehavior

\

«RtService» artUnits
concPolicy = writer CruiseControl
exeKind = deferred i - targetSpd- Speed [1]
synchKind = asynchronous pos—

---------- «rtService» + start()
«artService» + stop()
artService» + regulate()

Algo rlthmlc part Of the «RtBehavior»

queueSchedPolicy = EarliestDeadlineFirst

CruiseControlBehavior

wrtBehaviors ‘

I start

Istop

/regulate

behavior ™
Control part of the behavior &
C++ code
generatio

C++ code using

n

From MARTE models to RT executable code

Automatic
transformations
(Patterns applications)

«CppExternClass»

name = ACCORD_Lib/ActiveObject/RtUnit_stub h j

Accord kernel
facilities

G0 List

«cppExternClass»

RtUnit _stub

CruiseControl

- m_instances: setOfpChron.

+ start(in RTF)
+ stop(in RTF)
+ handleSignals(in Signal)
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name = ACCORD_Lib/ActiveObject/RtUnit_.h

[ «cppExternClass»

RtUnit

«CppExternClass» j

CruiseControl_impl
M + m_currentState: StatesEnum [1] {unique}

-m_stub ||+ checkPreCond{in SRcompeting): EvState
{unique} ||+ checkPostCond(in SRcompeting)

+ statCL{in SRcompeting)

- _start()

- _stopl)
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Model-Based Schedulablility Analysis

Application Application A Application Application h lability Analvsis Tool
S \ o \ Appg:ﬁuon o S Schedulability Analysis Too

Basic SW Basic SW Basic SW ke o= -
% : P ~—HEEHI==" o
EGQU ECU ECU =
Bll51 v e, e .. S . et —
* Bus 2 S i o
Signal path (from sensor 1o actuslor) (e.g., SymTAS, MAST,

RapidRMA, Cheddar)

# Calculation of response times (function exec./message transmission):
=» End-to-end timing chains (e.g., from sensor to actuator over a network)

# Taking into account timing dependencies...
=>» preemptions, blocking, buffering, data-dependent execution times,...

#* |n order to study timing problems...

=» Overload, miss deadlines, buffer overload, stability of distributed control
G0 Lust
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From MARTE models to Analysis input files

@:I’TUII"IiTP «hwResources
.. .. .. (RabotArm:: Prl_RobotArm:: ResowcesPlatform:: Robot_Platfarm)
Commandinterpreter '/— (Robotﬂ.rm..DAM_RoboEArm..Gom@ﬁ_ﬁEgﬁﬁim.f‘g?)rpgg{ag?;?réoﬁ Robot_Platform
L]
statCormmand(l . ehwProcessors
I «rif» activateCommand{command, ... ° ‘ Automatic mOdeI to station: Station [1]
PO iC

plarr;Trajectury(trajeu:tory)

Off ,
N \ model transformations
encodeCommiessageltrajectory):. .

sendCommand{message]

| | ctortCommand; (Pattern applications)

can: CAN_Bus [1]
. On E
State-based behavior / £
models and annotations el Somete

act ateCDmmand(CDmrI HW&SW resources
models

—

Scenario-based behavior models and annotations

«SaEnd2EndFlows <SaEnd2EndFlows eSSz et
end2EndT = [{(expr=H2)]

end2EndD = [(value=5 unit=rms)]
end2EndT = [[expr=Hvd))
M 0 d el to M O d eI end2EndD = [(value=1000 unit=rm=1] end2EndD = [{value=100 unit=ms)]

end2EndT = [(Brpr=Fwd)]

. 4 «saEnd2EndFlows N[ esaBnd2EndFlows ™ (7 «saEnd2EndFlows
__/\ Tr an S fo 'm atl O N Command

Report Control

«GawWorkloadEvents «GaWorkloadEvents eGaworkloadEvents
X M L Fi Ies for pattern = periodicvalue=1000,unit=ms)

pattern = periodicivalue=100 unit=ms) pattern = periodic(value=5,unit=ms)

AnaIyS|S TOOI  egaWorkdoa. .  cgaor..

- cgavtorkl..
) InitCommand I e InitControl
|' cgaScenarios | [ «gaScena. . | ‘ «gaScenar ‘
I \ Call Command Call Repont

Call Control

CSON Y ¥}
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Example: A Robot Arm

station
activation tasks

: CAN bus
VME bus “/ response

servos controller

#* Industrial Robot Controller project (University of Cantabria)

#* 3 end-to-end flows
= Refresh Report, Control Arm, Send Command

=» Periodic activation (5 ms, 100 ms, 1 s)
# Evaluate end-to-end deadlines
= Deadlines = activation period
G0 List
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Demo

G0 List
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Backup Slides
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A Schedulability-Aware Execution Framework for MARTE-based Models Ottawa, June 26th, 2008 11



UML D
M~ARTE

G0 List

Context of the SAM Sub-profile

MARTE Foundations

1 1
NFP <« Import » Time
S import »--y e « import »-
l
Components [—«import »= Resources <« IMPOTrt »-- Allocation
A
« Import »
' . « import »
MARTE Design MARTE Analysis
N ]
General
MoCCs Analysis
A A
] ] « |mport » «Import »
Ak — SCheduTanT |
Resources Resources chequiabitity Performance
(end-to-end)
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The Notion of End-To-End Flow

An “End-To-End Flow” is the basic workload unit to evaluate

- An end-to-end flow refers to the entire causal set of steps triggered by one or
more external workload events.

Workload event; basic stimuli

@ IT unit (e.g., timers, external

Domain occurrences, internal
s - events,...)
Y
/ B
a 1 .
e, > a IT : end-to-end flow
\ ) \ e; : workload event
+ as ) au Bj : behavior scenario
e, I > a, /?/, | ay : step
/ | | processing times (worst
. _ _ (cwy,cbg)
Step: basic behavioral unit and best case)

(e.g., execution actions,
call actions, messages,...)
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Resources Concepts

@ Provide additional (analysis-specific) annotations to annotate resources platform
models

Processing

@ resources

(execution and
Domain 4 communication)

Ca X0 U2 K1 -+

@ g : execution host
ShaR : Kj : communication host
! {gl gg{ @ gj( : shared resource
SCH, : scheduler
SC\H( SchR; {11,1}3,&15\})@ Chn {t1,72,73} \Q Tm : Schedulable resource
Schedulable resources

Shared Resources (e.g., threads,
SeneeliEr channels,...)

G20 st
~ - A Schedulability-Aware Execution Framework for MARTE-based Models Ottawa, June 26th, 2008 14



UML D
M~ARTE

Analysis Context concepts

@ An analysis context is the
root concept used to collect
relevant quantitative
information for performing
a specific analysis
scenario.

® An analysis context
integrates workload
behavior models and
resources platform
models.

O

Domain
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