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Topics @

« CONCERTO methodology and
component model

« CONCERTO and the AUTOSAR process
« CONCERTO tool support for AUTOSAR
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CONCERTO project (2/2) @

« “Guaranteed Component Assembly with Round Trip
Analysis for Energy Efficient High-integrity Multi-core
Systems” ARTEMIS JU Call 2012

Correctness-by-construction for multicore systems
through model-driven engineering

« Enhanced hierarchical, multi-domain component model

* Support for separation of concerns into the multi-domain,
multicore environment

« Coverage of industrial domains

« Building on the results of the CHESS project
(ARTEMIS-2008-1-100022)

« CHESS is now a Project under the Eclipse Polarsys
Working Group (https://www.polarsys.org/chess/) g% ~pgg
N

Hereafter we will refer to CHESS as component model, methodology
and tool, as used and extended by the CONCERTO project
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CHESS goals @

* Model-driven engineering
* Models as the central development artifacts
« CHESS Modellig Language
« Tool assisted automated development
» Based upon Eclipse, UMLPapyrus
« Component based development

« Specialized to capture the extra-functional properties of
components
* Real Time
* Dependability
« Multi-View / Separation of concerns
 The architectural description of the system is organized into

one or more views of the system where each view addresses
one or more concerns of the system’s stakeholders

» ISO/IEC/IEEE42010:2011Systems and software engineering
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The CHESS Modelling Language

Standard Unified

Standard profile for Modeling Language

System and
Requirements Modeling

Standard profile for
Modeling and Analysis of
Real-Time and

UHIFED U L@ Embedded Systems
o2 -? P . M- RTE
R, ? 7
\\ | //
\\ | //
AN : //
Imports subsets of
pd d | Ny Integrates and extends standard

standard languages ’§§‘_ OMG lanauaces

v avoid redundancy &> @& guag

v'fix semantic variations ﬂlf/

Introduces a new
Dependability Profile
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The CHESS Component Model

Exposes a set of cohesive
functional services

L

Declares the functional
services required from other
components or the system to
operate correctly

Component
A

A component is a
pure functional unit

o

Reuse of components under
different extra-functional
concerns — increased reuse
potential

enables

Declares the applicable extra-
functional constraints and

of its functional interface

The source code of components
IS pure sequential code.

Extra-functional concerns are
realized (and warranted) by the
component model infrastructure

requirements in terms of annotations
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CHESS Container and Connector

-Wrapper responsible for the declared extra-
functional attributes (e.g. the realization of

tasking, timing behavior, fault containment and
fault tolerance)

Container A - Provides the component with a mediated

connection with the execution platform and the
system in general

Connector

| Connector AB | | O

Component Component

B

Container A Container B

- Addresses interaction concerns
- Decouples the component from the other end-point(s) of a communication

- Realizes connection properties , e.g. procedure/function call, remote message
passing ...
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CHESS Design Flow

1. You construct a PIM to . 2y | t the PIM with

. Design space . YOU complemen (S wi
represent your solution to o information on the target platform
your problem,

) and the deployment plan.
independent of any Platform
specific implementation. description

0
c
G Deployment This is a feature-rich
1-2a. Dependability/safety information spec!flcatlon space for
analysis is performed at PIM multicore HW!

system/SW and platform

specification level, with back
propagation of analysis results.

3. Automated model transformation

produces a PSM from the user PIM

4. Real-time relevant analysis

i - I
is performed on the PSM The PSM is read-only!

The implementation product
is guaranteed to be
deterministic

5-6. The analysis results

are back propagated to . e
the PSM and to the PIM Analysis tool Run-time
: Environment

7-8. The implementation is deployed to the HW,
with run-time verification support if needed.
Run-time monitoring is activated to grab live
data for run-time monitoring analyses and back
propagation of results, as in 5-6.
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The user iterates the

1-6 cycle as many
times as needed




CHESS extensions provided by CONCERTO @

e Cross domain
« Scheduling and timing analysis for multicore

« Dependabillity profile and analysis
 Failure logic analysis, state based analysis

* Run-time monitoring

« Matlab/Simulink Synchronous Block Diagrams
(SBDs) support

« Domain specific
* Avionics
 Telecare
« Automotive...
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AUTOSAR @

AUTOSAR

 (AUTomotive Open System
ARchitecture)

. Application Layer
* Open and standardized _

software architecture for

automotive, jointly developed
by automobile manufacturers,
suppliers and tool developers

« Goals:

« Scalability to different vehicle
and platform variants

* Integration of functional
modules from multiple
suppliers

« Maintainability

Microcontroller

Legend: Basic Software (BSW) Layers
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AUTOSAR methodology steps

« The AUTOSAR methodology comprises the following steps
« Application Configuration
« System Configuration
« ECU specific information extraction
« ECU Configuration

—>|.arxml| —>,
gﬂnlﬁgﬂfe Configure
ication
pp System System
Configuration arxml| —
Input: System Extract
ECLU
System Specific anml_3
Configuration |nformation
Description : Configure
System ECU Extract of ECU
ract of
Sysiem anml |5y 5 .exe
Configuration:
AUTO SAR e
, Configuration EXecutable  pyecijiaple
Values
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CHESS support for AUTOSAR steps

« The CHESS methodology supports the following
AUTOSAR steps

« Application Configuration
« System Configuration
« ECU Configuration

5 %
> —>|.arxml QE
gﬂnlﬁgﬂfe Configure
pplication System System
Configuration arxml| —
Input: System Exiract -
ECLU ==
System Specific anml_3 >34
Configuration |nformation
Description : Configure
System ECU Extract of ECU
ract of
Sysiem anml |5y 5 .exe
Configuration:
AUTO SAR e
, & Configuration EXecutable  pyecijiaple
Values
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Modelling the Component-based design with
CHESS

- >
¥% CHESS
______
-, I
1 \
| T
| | MATLAB Export the_ .
! ! Perform SIMULINK ! Design\Refine the s s
1 Model the 1 2?2?;};5_ — component based
| | i - - design. Setirefine the
\ components 1 Senl:?esrs;té e Import the extra functional Export the
R - w?ﬁ] e i simulink properties. Perform application
e funmmngl model ~ early validation. model, SW to
criticalities model with : 'f' HW allocation
Simulink .‘1 " /
Generates o S Contributes to
¢:%
“q
> | .axml | Contributes to Partially
Configure Conﬂgure\ performed with
Application System System CHESS
' Configuration arkml |—s
Input: System
= Extract ECU
Performed with System Specific \ I
CHESS Configuration  |nrormation Aarxm 5 L J
Description :
Partially System
erformed with ECU Extract of  Configure
. System =CU anxml |3 —5 .exe
CHESS Configuration:
System - i
enerate
(-r—-A ECU ECU
I Executable
Au £ a)SA R Configuration Executable

Values
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Modelling the Component-based design with

CHESS

Modelling Interfaces, Component Types and Component

°
_
2 «Interface» d «Interface» =) «Interface» e
IF_Lamp IF_SpeedController =] IF_MotorTorque
1andKind) | [ + setlamp( in on: boolean)| | % + disengage() & + setTorque( in torque: float32)
& + setRefSpeed( in speed: uint8)
A A
E ; 57 X ¥
ik 3 : . - R ~. ¢ III
. 21| iy ’
«Components L . -
«componentType» «Component»
«componentTypes»

= 1 MonitorFunction

<1SpeedController

@& + sendCommand( in command: CruiseCommandKind)

A

& + setRefSpeed( in speed: uint8)
& + disengage()

«Components
= | SpeedController

«ClientServerPort»
[O:I + SpeedController_PP

[’ «FlowPort»
+ Speed_RP

«ClientSeryerPort»

[

+ MotorTprque_RP

Esd: End2End_Disengage_Scenario)

A | o signalAcquisition_lmpI:SignaIAcquL.. | l 7 monitorFunction_Impl:MonitorFun... I E
, 5N

|

|

|

1

«Component»
«componentimplementation»
Z1MonitorFunction_Impl

«Component»
«componentImplementation»
=1SpeedController_Impl

& + sendCommand( in command: CruiseCommandKind)

& + setRefSpeed( in speed: uint8)
& + disengage()
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1 sendCommand(command: CrulseCommandKi‘nd)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
'

% disengage
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CHESS and AUTOSAR Component Model @

CHESS and AUTOSAR share the definition of
software component based design

Similar fundamentals concepts are available:
* hierarchical structure

 ports and interfaces

* connectors

* Internal behaviour

Extra concepts availalble in AUTOSAR (more
on this later in the presentation)
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Modelling the Component-based design with
CHESS (cont’d)

3

== CHESS

U

7 ~
[ _,_,-\k/,;’
\ MATLAB ?‘ \ Export the

tasks definition

T Perform SIMULINK
ode e Safety i . .
components i —> | Set/refine extra functional
SRl EE mpo| PTOperties. Export the
analyze the : . . application
wih S smi Perform early validation R
criticalities model with HW allocation
Simulink /
Generates - S Contributes to
> |.anml |— Contributes to .
Partially
Configure Conﬂgure\ performed with
Application System System CONCERTO
' Configuration arxml —s
Input: System
= Extract ECU
Performed with System Specific S I
CHESS Configuration  |nfgrmation axmi) 5 v
Description :
Partially System Conﬂgure\
. ECU Extract of
performed with System ECU anxml |5 . exe
CHESS Configuration:
System - i
- enerate
(,r—\ - ECU ECU
I Executable
Au ¢ a_,)SA R Configuration Executable

Values
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Modelling extra-functional properties with CHESS

@

SendCommand must be

«Component»
= ] SwSystem
10 |.Q + signalAcquisition_Impl: SignalAcquisition_Impl [1 B +monierfunciion Impk Monioetu
1 + Acc_PedalStatus_RP: PedalS A
1 o
s [1] + Cr ommand_RP [1]
tus [1] [:Ijl E:I + CruiseCommands_PP [1]
R Clhector2
BtnStatus [1] £ N —
. . «cHRtSpecification» 1 + SpeedConi
Extra-functional attributes sl
nStatus [1]
BtnStatus [1] ‘ C! =
= i (]

executed sporadically.
MIAT=80ms

Deadline = 80ms
WCET=25ms

PN

)

CHESS
Ports

Part with port

Local WCET

Occ kind

RidI

Relative priority

Ceiling

nentv SystemAndDeploymentl B3 CriticalitySpecif... B3 HwTypes‘ ) Signals | >

@R E Y= ¢c

#% sendCommand

sequential -
&=l monitorFunction_Impl I:J @
(value=25.0,unit= ms)

sporadic(mininterarrival=(value=80.0,unit=ms))

(value=80.0,unit=ms)

4

' <Undefined> {_]
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Performing timing analysis with CHESS (1/2) @

« The CHESS component model allows to
perform timing analysis on the model
taking into account the timing properties
that decorate the components interfaces

* An extended version of the MAST tool
( ) IS used for timing
analysis execution
* This way the modeller can perform early
validation on the model and adjust the
model until analysis results are satisfactory
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Performing timing analysis with CHESS (2/2)

* Once the extra-functional properties are modelled
and the analysis context is set, the CHESS user
can perform timing analysis to verify if the system is
schedulable

) = = —m ——

7] sd: End2End_Disengage_Sce

|D signalAcqyisition Impl:SignalAcqui. | l‘:’mo itorFunction_Impl:MonitorFun. | |:HspeedControlIer_lmpI:SpeedCont...

g alAcql sition0) : i )
‘—qﬁ ndCommand(command: CruisesCommandKind) i DeSIQn Space P|atf0rm

@ disengage() i deSCI"I ptlon

«Component»
] SwSystem

E:j Deployment

/ } > (=1 + monitorFunction_Impl: MonitorFu II’]fOrmatIOI"I

+ CruiseCommands_PP [1] /
Extra-functional attributes «chspecmcano:jB lm e /
‘j ,

SendCommand must be /7 Implement

executed sporadically. / ation /
analysis /

MIAT=80ms / execution
space

WCET=25ms /

Deadline = 80ms /

= [ ] — /
Response T|me 70ms ' Analysis tool
@ I S s .. L4
J
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Perform
Safety
Analysis
derive safefy
requirements
with
criticalities

Model the
components

Configure
Application

!

Performed with

CHESS

AUTO SAR

-> ->
3
,m———— - N
( \
-’rfﬂ ~
|
MATLAB | ExportTask
SIMULINK initi
! Design'\Refine the \l\ dEfInItlon
component based |
- design. Setirefine the |
3"'”['_3”[[ Import the extra functional I EXpOI‘t the
?‘”a"_"fe “IhE simulink properties. Perform | licati
“'”EI-'F”E_‘ . model .. early validation application
moadel Wit - X
Simulink !}.’ ),‘ model. SW
. —— to HW
Generates -;"' . Contributes to
L £2 allocation.
{ ¢
—> | .axml —> Contributes to Partially
Conﬂgure\ performed with
System System
Configuration .arxmil | CHESS
Input: System /
St Extract ECU
ystem Specific
J Configuration In?ormation arxml v
Description :
Partially System .
et i ECU Extract of Configure
System = arxml |3 —5 .exe
CHESS Configuration
System
' Generate
, Executable ECU
Configuration Executable
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Feedbacks @

The CHESS methodology and toolset allow to
sufficiently cover the initial steps of the
AUTOSAR methodology

The automatic generation of the AUTOSAR
model starting from the CHESS one allows easy
Integration with external AUTOSAR tools

The extraction of the information about the tasks
has to be taken into account to make the added
value of CHESS with respect to the AUTOSAR
process and commercial tools stronger

The AUTOSAR development can benefit from
the analysis features of extra-functional
properties provided by CHESS
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Future work @

« Evaluate CHESS component model extensions

 Inter-runnable variable: AUTOSAR allows to model variables
which are shared by runnables (i.e. functional code) defined in
the same component. In particular AUTOSAR allows
specifying how runnables can access this shared state such
that safe (in the multithreading sense) exchange of data is
possible.

* In CHESS access to the shared data could be realized through
get/set provided operations, decorated with protected or unprotected

access
« CHESS does not allow having data flow between components
realized through flow ports; data flow ports are allowed for a
given component only to represent the sending/receiving of
events to/from the run-time environment. This iIs however a
minor point, given that inter-components data flow can be
realized through operation calls

* Improve modelling support for AUTOSAR RTE

 E.g. to consider the impact of the basic software on the
processor utilization and the system scheduling
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Thank you for

your attention!
Questions?
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