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* Need of effective design
methodologies for Real-
Time and Embedded
Systems (RTES)

« High abstraction level
based approaches are
promising: reducing time to
market and system
complexity

= Model Driven Engineering,
UML
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* For Systems Engineering

= Aspects such as Non Functional
properties, Time concepts are
not present for RTES
specifications

= Allocation aspects

« Widely adapted in the
iIndustry with supporting tools

Time-Critical Systems, 18th April 2012, Paris-France
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SupervisorySubSystem
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<<Block>> <<jllgcated>>
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O
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1

<<Block=> <<illocated=>
PhysicalSubSystem

O

<=Block==

DFi{Bridge)

0.1
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==Block==

Device

O
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For RTES design and

specifications
= Co-Design,

= Non Functional properties,
= Time aspects,
= System analysis possible

Specification are complex to use

Currently lacks sufficient tool
support and complete
methodologies

MADES PROJECT- FP7 248864

2]

<<Hwl_0==
uartcontroller : UARTController

memory : Memory

1

2]

controller : Controller

==Hwl
batty

<<HfpConstraint>>

{:procUtiliz = (90, percent ) 7

clockFreq==(100, MHz) :
clockFreq==(50, MHz)
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=<Hwl_0==
display : Display




MADES OVERVIEW

MADES PROJECT- FP7 248864 OMG Workshop on Real-time, Embedded and Enterprise-Scale

Time-Critical Systems, 18th April 2012, Paris-France




The Vision

‘MADES aims to develop a holistic, model-driven approach to
improve the current practice in the development of embedded
systems. The proposed approach covers all phases, from design to
code generation and deployment”
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* Project type: Collaborative
Project (STREP)

« Duration: 30 months
* Project start: February 1, 2010
* Project end: July 31, 2012

* Objective: Embedded Systems
Design

6 partners TXTe-solutions
SOFTEAM T UNIVERSITY@j/mk

Think Object

tue(pen crour & CASSIDIAN

o) G"V*\\ POLITECNICO
,@;:1 \ DI MILANO

’E
o}
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Partner Roles

User needs, models and Use Research/development
Cases = Politecnico di Milano(IT)
= Cassidian [EADS] (DE) — = University of York (UK)

= TXT E Solutions (IT)

Standardization and N ‘ Technology/IT industry

dissemination = Softeam (FR)
= Open Group (UK) = TXT e-solutions (IT)

MADES PROJECT- FP7 248864 OMG Workshop on Real-time, Embedded and Enterprise-Scale

Time-Critical Systems, 18th April 2012, Paris-France



MADES Approach 7 N

Design activities exploit a dedicated
language developed as an extension to
OMG's MARTE and SysML profiles

Validation include the verification of key
properties on designed artifacts, closed-
loop simulation

Code generation addresses both hardware
description languages and conventional
programming languages
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l _

A ground based radar

processing unit An onboard radar control
provided by Cassidian unit provided by TXT
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MADES Case Studies: TXT e-solutions Zm

Onboard Radar System User Interface -

/ FMS/AHRS /

\— Flight parameters

The radar has to follow the aircraft
movements to be able to direct the
antenna on the target accordingly. T

Data processor "'"'""i !

P Devices

| {1 1O management
The radar system receives the I e -

navigation information from the AT | v

FMS (Flight Management System) )
and the AHRS is the inertial
platform: a set of sensors managed
by a computer that provides the
values related to position, asset,

velocity and other values.

-------------- B User Interface

Radar Ul
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MADES METHODOLOGY
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End User Requirements

e System Specification
» Requirements modeling
= Functional system design

« System Co-Design
= Software design
= Hardware design
= Allocation
= Timing and Scheduling
= Behavior

« Verification, Simulation, Code Generation and Synthesis

OMG Workshop on Real-time, Embedded and Enterprise-Scale
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Challenges for MADES

« MARTE : designed to enable flexibility

Drawback: Large number of concepts (700+ pages of specs)

Same concept can be applied to different UML elements (classes,
instances, connectors, ports, attributes)

Same design may be modeled in different ways using MARTE concepts
from different MARTE packages and different UML elements

Current academic/industrial MARTE modeling tools are too generic :
provide all concepts, no usage tips

Lack of guidelines and examples

« SysML and MARTE combination: poorly expressed

Not effective dedicated methodologies or tools
Need of lowering entry barriers
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Challenges for MADES N\
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( Requirements

| J

SyS ML Fun::FtionaI

Specifications

Initial Behavioral
Specifications

Specifications

MARTE ‘x Refined Functional

it

« Effective SysML/MARTE subset

= SysML for functional
specifications

» MARTE for non functional and
co-design specifications

» UML behavioral specifications
supported
Software

Hardware " I
;' Specifications \ ;

Specifcations ) » Integration of Verification and

Y

| ~ Validation (V&V) + code

\ ( Detailed Hardware) ,: i C
“\___ Specifications /' A

Detailed Soﬂware) ; generation concepts

Allocation )
Specifications
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Specifications
« Dedicated diagrams

 |Influence on future revisions of
SysML and MARTE standards
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MADES Implementation Approach g

MADES Language
Design Models

« Generic MADES
methodology, guidelines

[Hardware—independentj

software \ and examples to guide
i ity A-——8-——% , system designers:
| & : | (s | | Modeling, Verification
| | | v : . .
| | e || e | ( J .= Code generation, Synthesis
I mappings escription UARE | . . -
e % '+ Reducing ambiguities
I — | |Hardwarede§cription| ] . ]
:( e )! et e Reducing design time and
| n ettt R R
: ( Platform-specific software. ) : : [Verifi.cattion][.Usert][Simu!aiion] \I COStS |
| depleseelr =T~ —71 1+ Reinforce formality for
( totverication )i Validation and Verification
< ___F Verifiation y
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MADES Implementation Approach g

{MADES

9| oy 'b( AR
Control_ | ‘ 3 ?’:/J._'- . '__ _
1’._‘ /' Y
r“: x

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ . W e l I
Modeling Verification ~ S :
L T T T T TP PYrTE TR 1 1
-V = i — ' ’ - i { -

PONENT REPOSITORY

A ground based radar
processing unit
provided by Cassidian

 Code Generation ~ Component Repository
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MADES Implementation Approach -

{MADES

Joystick Buttans Screens

" Modeling ~ Verification > Dot ooy [ (S,
P, T — T ErYPICTETEY
% 7 Antenna
An onboard radar control
unit provided by TXI

~ Code Generation - Component Repository
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MADES Diagrams

: Requirements diagram
Requirements : . ey .
Specification SysML based requirements for initial system functional
requirements

Initial Behavior UML behavioral diagrams
Specification Use case, Activity, Sequence, State and Interaction
overview for initial system behavior

Functional Functional/Internal Functional Specification diagrams
Specification Description of system functionality by means of SysML
block and internal block descriptions
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MADES Diagrams

— : Refined Functional Specification diagram
efined Functional . .

Specification Refinement of SysML concepts into MARTE aspects,
addition of non functional properties

Hardware Hardware Specification diagram
Specification Description of generic hardware : nodes, memories,
communication channels, clocks etc

Software Software Specification diagram
Specification Description of application tasks and software aspects
running on hardware platform
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MADES Diagrams

_— Detailed Hardware Specification diagram
etailed Hardware - - -

Specification Refinement of hardware concepts with details closer to
execution platform details

Detailed Software Detailed Software Specification diagram
Specification Description of underlying OS (if any), refinement of
software aspects

Allocation Allocation Specification diagram
Specification Mapping of software and hardware aspects of the
system
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Clock Clock Specification diagram

Specification Definition of system clock types and clocks, clock and

timing constraints for hardware/software aspects

ﬂ Detailed Hardware Specifications Diagram 2

4

= Default £ = P
 Dedicated commands in each e i |
MADES diagram to speed up the = oi” | oo || smmn
. &) cnen_;i:::; = . ] -
design process S = W -
= Implemented in Modelio Open = o i e T
Source CASE tool Sy — B
= Valuable input from partners to e e
iImprove design experience o S
0 o . =] Media I:II
» [ncreased efficiency, decrease in  |=se
design time R ——
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cael
(= Imports links
[= Information Flows @'
= Common
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@' modelio
' the open source modeling environment

Open source community
» Forums, Wiki, Projects

UML and BPMN

Wide range of modules
= TOGAF, SoaML, Java

= SysML, MARTE, MADES

~ © Modelio Con

Ill NMODELIOSOFRT
Commercial solutions

Enterprise solutions based on the leading open so
= Business Architect
= System Architect
= Developers
Warranties
Support
Services

PRODUCTS SERVICES

www.modelio.org

www.modeliosoft.com
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Modelio (Screenshot)

Dedicated commands in Diagram Palette

@ CCAS_MADES_120221 - Modelio by Modeli
| File Edit Configuration MDA Views Help

] [& 5] Search:

I® Diagrams 52 2. Analysis| 2 MDA| 5
&I SendSensorDistanceToContrl Interaction diagram -

rdware Specifications Diagram Classes-Software Specifications Diagram 2
@ ae S |

b Detailed

BrakeSystem State machine diagram T Ty PO A I T RO X AT + odmconirollercommunication +hys -
Controller State machine diagram Default 1 4+ odmcontrollercommunication 2
[z Radar Behavior State machine diagram .
CCAS Time Domain Clock Diagrafﬂ [% Select «Scr'::cllz’;e_?;;:”rw’ <<SchedulableResources= <<SchedulableResources= —
Classes-Software Specifications Diagram ], Marquee L e anias 5y;
lifll Detailed Hardware Specifications Diagram & Class model + getData(in data: integer) + Notify Raw Data(in raw data: integer) | | + Motify Distance(in distance: integer) +Per
ﬁ Detailed Hardware to Detailed Software Allocation O Flow + Perform Calculation() + Brake Operation()
Detailed Software Specificati Di . . +Air Bag Operation() =
kl ﬂ alled software specifications 'agra'l"” - Specification CtriCommunication + Seat Belt Operation()
] 1 3 . N S = ==8ch
(D Client Server - + Lighting Control Operation()
- + ciritoimgctricommunication +Alarm Operation
=5 Specification piicommand( ! ciritoimactrl icafi B 0 Heah
2 Model 22 (=] + Display Update()
P CCAS_MADESV2.0 110812 .|| © Interface 3 +Sensor Operation() . Elot 1
[ Car Usecase Scenarios I ESChEdL”E’ + Switchtolmage() +Nr:[
[z Functional Specification =5 Schedulable I:;:T'}[ask
[§3) Refined Functional Specificatio L Resource .- ControllerBrakeCommunication + hrake ;Eﬂatg
B Hardware Specifications 3 §Seco i hage() + controllerbrakecommunication
I B SaR, + send brake command()
[ Software Specifications R oRadar() H e
f Allocation Specifications | +air bag task
E® Clock Specifications (= Instance model _ N
- Gl e linke ControllerAirbagCommunication i + Mot
9 Analysis IOPOIS In [P caiion + controllerairbagcommunication +De}
Fa ccas Library T | = Information Flows +send air bag command() il
Zowne . Diagram EXplOrer s \gemen J - | — | :
— = =1 % Element 52 . 77 Links Editor | = Symbol | T3 Audit| €% SysML| %% MARTE || MADES 2, X ¢ 4 ¥ =0
E&«UM Static Diagram | Value
—— = Extensions ] Name Classes-Software Specifications Diagram
. « softwarediagram » Context Software Specifications (from CCAS_MADESV2.0_110812) g
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Car Collision Avoidance System g

« A system able to detect and prevent collisions
= Either using a radar tracking module
= Or an image processing module

= |nitial version presented at OMG Technical Meeting at Arlington, VA —
USA (March 2011)

5 Car Usecase Scenarios

Eal Functional Specification

sl Refined Functional Specifications
] Hardware Specifications

0 Software Specifications

ks Allocation Specifications

C®m Clock Specifications

0 Analysis

£ CCAS Library

f® Clock specification

> -l

4 [-[0 CCAS MADESV2.0_110812
¥
ks
¥
ks
¥
ks
¥
ks
¥
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Extract of CCAS Specifications

System Requirements

==Reguirement=>

bal Collision Avoidance Strategy

==Refing>>
Avoid Collisions )

=<Derive==

Detect Collision by means of the installed

radar detection or by the image tracking
Zsystem. Switching between radar and
image tracking depending upon user
Arequirements and weather conditions.
Take appropriate actions to avoid
collisions and notify the driver

=<[Rarive==

=<Derive=> =<Dearives=>

==Satigfy==

<=Reguirement==
Imminent Collision Strategy

<=Requirement==

nging Lanes Strategy

<<=Reguirement==
Additional Timing requirements

o
=8
=
2
3
b
3
o
g
o
[1-]

[ ——

When the driver is about to
change lanes or if the car
dewviates from the current lane

When external object is less than 2
meters away, the driver should be notified
by an alarm and HUD, and system

The radar or the image tracking module
should send the data to the Controller
every 100 ms via the system bus and the

When external object is less than
3 meters away, the controller

should switch to a critical warning state.
If the system remains in critical warning
state for more than 300 ms and distance
from object is still less than 2 meters
then the engine should be stopped,
brakes should be applied, seatbelts
should be tensioned and air bag should
be deployed. The brakes should be
applied for 100 ms

==Satisfy=>

should switch to a warning state.
If the system remains in this
state for 300 ms, then the driver
should be notified via an alarm
and HUD, normal brakes should
be applied for 10 ms for reducing
car speed. Hazard warning lights
should be activated in the HUD.

Ed
=<Satisfy==

intentionally, the driver should be
notified via the HUD. If the driver
is chaning lanes himself, the car
turn signal should be on

=<3atisfy==

MADES PROJECT- FP7 248864

<<Mllocated=> <<Block=>

Car Collision Avoidance Module

A

communication should take 20 ms,
during which the bus should be busy. In
case of imminent collision, the controller
should send the brake command which

ishould take no more than 20 ms

Satisfy=>
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Functional Specifications

<<Block==

Doors

<<Block=>
Windows

Wheel and Tire Parts

<<Block==

Air Conditioner System

=<Block=>

<<Block=>

Electric Supply System

Audio/Video Multimedia Devices

==Block==

=<Block=>

Charging System

==Block=>
Gauges and Meters

=<Block=>

<eBlock==

Engine Component Parts

<<Allocated=> =<Block==
Car Collision Avoidance Module

<Zhllocated=>=

Avoid Collisions

==Allocate== Allocate

<<Blocks>
Wiring Harnesses

<<Blocks>
Suspension and Steering System

<Block==
Fuel Supply System

<<Block==

lgnition System

<<Block=>

Transmission System

<<Block=>
Exhaust System

Switches

<<Block=>

=<Block=>

1

Starting System

1 Engine Oil System

=<Block=>

Engine Cooling System

MADES PROJECT- FP7 248864

Functional

Mapping

Refined

<=<Block=> ==Allocated=>
Car Collision Avoidance
Module

Specifications

<<Block=> <<Allocated==>

Car Collision Avoidance Module

==Allocate== Allocate

=eRtUnit=> =<fllpcated>>
RH_Car Collision Avoidance Module
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<<5torageResources>
shared mem : Shared Memory

=

<<DeviceResource==

—

<<ClockResources> ==Clock=>
sys clk : SystemClock

=

<<ComputingResource=>
ctrl : Controller

<<ClockConstraint=>

{ConstraintThe SystemClock has a
rate 10 times faster than the

|dealClock}

=

ctrl mem : Controller Memory

<<StorageResources>

-

—
—

\_//

=

=

MADES PROJECT- FP7 248864

odm : Obstacle Detection Module ~
P E
( <<ComputingResource==
= ~ imq proc : Image Processing Module
-y
<<DeviceResourcess> e — S
— —
radar : Radar ‘ _—————
= % <¢5torageResourcess
=<DeviceResource== <<CommunicationMedia== img mem : Image Processor Memo
alarm : Alarm can : CAN
==DeviceResources=
add sens : Additional Sensors
==DeviceResources= ==DeviceResources=
light-sig sys : Lightning and Signaling System display : HUD Display
<<DeviceResource=> <=DeviceResounces> <<DeviceResource=>
braking sys : Braking System air baq : Air bag belts : Seat belis

Hardware Specifications
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RadarODMCommunication CAN

+radarodmcommunication - <<TimerResources>
+send raw data(in data: integer) 1| +send sensor distance(in distance: integer) Scheduler Timer
H + send brake commandy)
+ radarodmcommunication + pdmacpntrollercommunication + system kchedul
4 +odmeontrollefcpmmunication system ’g eduler
<<fehedulableResource>> <=§chedulzbleResources= ==5chedulableResources> <==§chedulers=
Radar Task ODM Task Controller Task System Scheduler
+ getData(in data: integer) + Notify Raw Data(in raw data: integer) + Motify Distance(in distance: integer) + Perform Scheduling()
+ Perform Calculation() + Brake Operation()
. +Air Bag Operation()
CtriTolmgCtriCommunication + Seat Belt Operation()

<<EchedulableResource>=

N 3 + Lighting Control Cperation()
+ send switch command() + ciritoimgciricommunication +Alarm Operation() Brake Actuator Task O tW ar e

+ Display Update() + Nolify Brake)

+ cirltoimgctricommunicati = ey + Sensor Operation()
T ™~ + Switchtolmage() + Emergency Brakes()

" e .
2] T— S pecCl fications
Img P ing Task

mg Frocessing fas! \ ControllerBrakeCommunication + Jator task

{ + controllerbrakecommunication
+ Get Image() ‘ +send brak 4
\ +Process Image() send brake command() «<SchedulableResource>>
+ Send Output) / i + air bag task Air Bag Task
) s 3
- |mgcontroHercamcommunlcatlo'!h¢~ — — - ) - ControllerAirbagCommunication + Motify Air Bag Command()
imgControllerCamCommunication + controllerairbagcommunication e T — + Deploy Air Bag()
+send image COI’TIIT'ISI’]CI(} 1 1 belts task <<SchedulableResources>
4 seat belts tas
Seat Belts Task
+camera task ControllerSeatbetCommunication S
1 + controllerseatbeltcommunication 1| + Notify Seat Belts Command))
«<SchedulableResource>> : * send seat belt command() +Tighten Seat Belts()
Camera Task )
+ controllerdispcommunication + display refresh task —
; _ . edulableResour
+ Take Picture() ControllerDispCommunication ; Display Refresh Task
1 -
«<SchedulableResource>> + send display refresh command() + Notify Display Command()
Alarm Task + Refresh Display()
+ controllerlightsyscommunication .
+ Notify Alarm Command() ControllerLight SysCommunication |idnt systems task ‘::;;“S”::t:ﬁ;“;:;’
+ Sound Alarm() i
+send lightning system command() 1 + Nofify Light Sys Command0)
+alarm task +Indicator Signal()
+cpnirollersensordommunication
ControllerAlarmCommunication Controller SensorCommunication

<=SchedulableResources>

+send alarm notification command() +5end sensor sweep command() sk Sensor Task
+ 5ensoriasl

| + Molify Sensor Task()
+ Perform Weather temperature sensor sweep()

-
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‘StorageResourcess
mage Processor Memory

&

=

<eDeviceResources>

odm : Obstacle Detection Module

: ImgControllerCamCommunication

<Allocate== AllocglE_ T comm11
=

<25chedulableResources=

odmT : ODM Task

=<<Allocate==Allocate
=

=

==5chedulableResources=

radarT : Radar Task

==Allocate== Allocate

=
<<SchedulableResources==

ctrT : Controller Task

--------- - ==Allocate== Allocate

=<Allocate== Allocate

==Allocate== Allocate

=

i,

Allocate==Allocate

<<SchedulableResource=>
alarmT : Alarm Task

Allocation

<=Allocate== Allocate

=

<<SchedulableResources>

dispT : Display Refresh Task

Specifications

==Allocate== Allocate

=

<<SchedulableResource=>

brakeT : Brake Actuator Task

=

==Allocate== Allocate

light-siq sys : Lightning and Signaling System

<=DeviceResouree==

==DeviceResource==
radar : Radar
fem @
==CommunicationMedias= =<ComputingResource=>
can : CAN ctri : Controller
= A
[I—
==Allodate== Allocate
B
<< §chedulers=
= scheduler : System Scheduler
=DeviceResource==
alarm : Alarm
=<DeviceResources==
add sens : Additional Sensors

<< 5torageResource=>

ctrl mem : Controller Memory

B
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<<SchedulableResources=

abaqT : Air Bag Task

<<SchedulableResource==
sensorT : Sensor Task

<< SchedulableResources=

lighiT : Light Systems Task

=

<<SchedulableResources=

sbeliT : Seat Belis Task
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MADES: Verification and Validation

<= TimadConstraint=>

{@nd.start - @ssd.stop=2}

= = =

radar : Radar can : CAN ctrl - Controller

o sendsensorDistance (K)

H oo notifyDistance (k)

<<Tim=dConstraint=>
S {@sendBrakeCommand.enter - @sendBrakeCommand.exit=2} 2

= = =

ctrl : Controller can : CAN brakes : BrakingSystem

0. sendBrakeCommand (}E

: H oo notifyBrake ()
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MADES: Verification and Validation

Temporal Logic: Example of temporal properties

Name: |CCAS

% Verification Project Configuration | | Zot Configuration - = Common

Zot Setup Information

Time Bound: 100 Zot Plugin: | meezot s

Solver: | minisat s ]

Set property to be verified (eventl implies event2)

| Event 1 | Constraint - [distance < 2] | Start 3] Event 2 | State - braking | Start v

| Lasted +| |50 | Within Past +| |50

Directory of Zot executahle

Zot Directory: Ifusrflucal}hir{ I | Browse
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MADES: Verification and Validation

EL Problems | @ Javadoc |@ Declaration | El Console 5

GenCCAS build.xml [Ant Build] /System/Library/lava/JavaVirtualMachines/1.6.0.jdk/Contents/Home/binfjava (Mar 2
[exec] 37.462327 seconds of total run time (36.888518 user, @.573809 syztem)
[exec] [ Run times consist of @.685 seconds GC time, and 36.858 seconds non-GC time. ]
[exec] 81.92% CPU
[exec] Q7,138,708 ,872 processor cycles
[exec] 334,639,824 bytes consed
[exec]
[exec] This was zotZcnf. Solver time coming next.
[exec] WARNIMG! DIMACS header mismatch: wrong number of variables.

[exer] ====—======================= [ Problem Statistics Jesssmmsccmmmmmccsssssosmma=a=

[exec] | I

[exec] | Number of variobles: 246384

[exec] |  Number of clouses: 2562352

[exec] | Parse time: 1.38 s

[exec] | I

[exeL] ===========sosoooooosoooooo=o= [ Search Statistics Jessssssssssssssssssssssssssses

[exec] | Conflicts | ORIGIMAL | LEARNT | Progress |

[exec] | | Yars Clauses Literals | Limit Clouses LitsCL |

[Exer] ==============mom—mmmmmmmm

[exec] | 180 1 333463 921920 2386926 | 377413 92 13 | 60,598 % |

[exec] | 258 | 265186 744355 1884535 | 415154 165 12 | 6E.675 % |

[exer] ========================m=————————————mmmmmmsm s s s s — s s s mm——m—————————mm———m— e

[exec] restarts : 3

[exec] conflicts : 331 (65 S=sec)

[exec] decisions : 3408 (8.88 ¥ random) (691 fzec)

[exec] propagations : 11872880 (2344689 fsec) L .
[exec] conflict literals : 3454 (17.608 % deleted) Ver|f| Cat| on
[exec] Memory used : 156.86 ME

[exec] CPU time : 5.86373 =

[exec] SATISFIABLE ReS u |tS

[exec] Evaluation took:

[exec] 18.876 seconds of real time

[exec] @.8085957 seconds of total run time (Q.001064 user, @.004893 system)
[exec] a.8e6% CPU

[exec] 23,088,525 ,848 processor cycles

[exec] 32,672 bytes consed
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* Focus on the image

7 - El <<ClockConstraint>
n m e n =<ClockResources» s<Clocks> | {ConstraintThe SystemClock has a
rO CeSS I O u a I S = sysclk: SystemClock [ rate 10 times faster than the
IdealClock}
<
shared mem : Shared Memo =] = T ——
<t
r e a e aS B8 «ctr : Controller
viceResource>

= \Would benefit from custom
architectures

= Computation requirements are
high
* |mage manipulation code is
available in standard benchmarks
» Involves data movement Image Processing
module in CCAS

<<DeviceResources>
isplay : HUD Display

belts : Seat belis
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« Automatic generation of implementation hardware from

MADES design models

Search Project Run Window Help
-0 Q- HEG- @  EOS

&

5
&

O =B @

1 MADES - Run hardware generation 3 ip
2 MADES - Generate Anvil) Architecture ['k .
3 MADES - Validate models

4 Refactering run configuration 1"
Debug As W
Debug Cenfigurations...

Organize Favorites...

tereotyp

15

12
13 for(c in "mades processingnode”.

Imbcput pu2 pu
iptype : st. E.
= &
i3:
bramcput

| =

i, XM

12 : Imbeput | ol

.
rin
sit
b
p-2
T R A T =~ M H S
e s
o - -
L .  —
Contree it
3
MPCAR pib
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MADES: CCAS Software Generation

Architecture-neutral code
Easy to write, but wouldn’t work on the real hardware

l written for

Virtual platform

Simple, supported by the language

)

this simple architecture

l translated to

Architecture-specific code
Hardware specific, would be hard to write manually

. Y (R )

] C/Java/ etc. Assume

lfor execution on

r )
| | M .
CTU CF;U = bl Many different actual
Actual platform | gl Cridse CPU platforms may be
mem | ( Acc | . targeted
\ J
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MADES: CCAS Software Generation

* Integrated into the Eclipse development environment

48Y3 - CasEaluOy S/ CasesiUly/ IVialibjava o ECUPSE -
ile Edit Source Refactor Navigate Search Project Run Window Help
A A % - o = Anvill refactoring Llﬂlﬂ
rs~ $-0-Q- HCG- O BSOS A~ F
£ Package Ex 5;; 1 &) 1 MADES - Generate Anvil) Architecture &
"1 &) 2 MADES - Run hardware generation (File)
&1 anvilj | €] 3 MADES - Run hardware generation
L7 anviljrefactoring {:E\J 4 MADES - Generate Anvil) Architecture (File)
432 casestudy @ 5 Refactoring run configuration ic int QUALI
4 (8 sic ic String fi ] ’ ] [
\ Debug As » Run in Background Cancel Details » >
« @ stestud_ g - : 1 ReadThread I
H_j DCTT Debug Configurations... 1 DCTThread
[}_] Main Organize Favorites... 1 QuantizeTh
4] Outpt g=y T
[J) QuantizeThread.java 12 static {
[) ReadThread.java 13 quantizeThread = new Quant
@ da s !
M dienlav nithl 3 $at3rc £3nal O1¥n 1+C+a
"3 public static final ReadThread readThread = new ReadThread(filename);
"9 public static final DCTThread dctThread = new DCTThread(QUALITY);
"

10 |Anvill thread "quantizeThread" bound to CPU "CPU2"pntizeThread;
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MADES: Synthesis on Execution Platform =\

{MADES)

B Synthesis
S ln Place & Route

/

Programming
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END USER FEED BACKS
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TXT Case Study

 Evaluation and Procedure followed:
= Evaluation of First & intermediate versions of the tools
» Feedbacks provided on unique MADES diagrams and stereotypes

= Final version of the tools has been released taking into account
end user feedbacks

» Final evaluation started from beginning of March 2012 with real life
end user case studies
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TXT Case Study

Modeling of RTES using MARTE and SysML
through MADES Language subset,

Component modeling
and storage features,

Non-functional properties
specification and verification,

Usage of a specific set of unique
diagrams for expressing different aspects
related to a system,

First experimentations with MADES
Integrated environment
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TXT Case Study Extract

==TimedConstraint=>

-------------- {Constraint{{t1-10)=(25 ms)}} Send to
Radar
] )] 7
_— Extra Signal Update 0 Select Data
Value
L Sendto Ul

<=TimedConstraint=>

{Constraint{{t2-t0)=(150 ms)}}

+ mainmmi + paneldata

<=RtUnit=> <<Rtlnit==
MainMMI PanelData
{RiUnit_Class.isliain}

+ environment _1+ environment

==PpUnit==
Environment
+ environment + environment
1 1
+radardata +environment 4 paydata
4+ weatherdata
==Rtlnit=> ==Rtlnit=>
RadarData <Rl nit== NavData
WeatherData
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CONCLUSIONS
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Conclusion

« MADES : SysML/MARTE methodology

= Combined usage of the two complex profiles
= High level Modeling, Verification & Validation, Code generation and
eventual platform implementation on FPGA
« MADES diagrams and guidelines available

« 10 dedicated diagrams + 5 UML behavioral diagrams
— Available as open source at http://www.modelio.org/

« Rapid prototyping of RTES
* Possible positive influences on future versions of OMG
specifications

MADESy Lowering SysML/MARTE entry barriers
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http://www.modelio.org/
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TXT e-solutions
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