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Part 1

* Introduction to MDD for RT/E systems & MARTE in a nutshell

Part 2
* Non-functional properties modeling
* Outline of the Value Specification Language (VSL)
Part 3
* The timing model
Part 4
* A component model for RT/E
Part 5
* Platform modeling
Part 6
* Repetitive structure modeling
Part 7
* Model-based analysis for RT/E
Part 8
° MARTE and AADL
Part9
* Conclusions
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AADL Architecture Analysis Description Language A ADL

* Architecture Description Language dedicated to RTES
° International standard at SAE (AS5506, 2004)

* Adapted for many critical computer system domain
= Automotive, space, robotics, industrial control, medical, avionics, ...
* Allow specification, analysis and automated integration of real-time performance
critical
= Timing,
= Safety,
= Schedulability,
= Fault tolerant,
= Security,
= Distributed computing systems,....

G List THALES % INRIA
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System S1
[ Flot pethLes e
" powearry
pt3

Flow Specification
flow path F1. pt1-> pt2
flow path F2: pt1 -> pt3

What does AADL look like ?

System implementation S1.impl
- AADL

¢ flow path F5

Process P2 4
pt2
&d csp 2 rosamplesteps
Flow path F7

Process P1

Flow Implementation for flow path F1
flow path F1. pt1->C1->PIFS->C2-=P1F7-=C5-=pl2

L L L,

A graphical representation

O Lust

e it s e e e e aie outed -> computel.ined;
computel2: data port computel.outed ->> computeZ.ined;
computez3: data port computeZ.outed -> compute3i.ined;
actuateconn: data port computel.outed ->> actuate.ined;
bus access db —-> sense.devbus;
bus access db —-> actuate.devbus;

flows
etelatency: end to end flow sense.flowl -> senseconn —> coml-—

putel.flowl
—> computelZ —-»> computeZ.flowl —-> computeZ3 —-> com-
pute3.flowl

—» actuateconn -»> actuate.flowl { latency => 153 ms;};

end application.twosamplesteps;

A textual representation

THALES % INRIA
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MARTE

Generic for Real time Embedded

Reference MARTE Tutorial — November 2007 — Version 1.1

System application modeling and

analysis

Address early and detailed design

stages

Complementary and consistent
views make the model more
understandable

O Lust

Platform execution model can be
explicitly modelized

Full integration of non-functional
properties in the model (Time,
performance, scheduling
features...)

THALES

AADL

Specific to synchronous data flow
application modeling and analysis

Address detailed design stages

Based on an implicit execution platform
model
= specific thread execution automata

= Applications and platform execution
semantics have to be in line

Lack of non-functional properties model
integration

% INRIA

Guidelines for modeling AADL application in MARTE
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O Lust

AADL useful for....

Non functional
aspects through
properties
specification

» Temporal, safety,
reliability,...

Architecture and design

» Components and interfaces,
connections

» Data and control flows
» Run time architecture

THALES

Analysis and verification
aspects

» End-to-end latency

» Age of signal data and jitter
> ...

% INRIA
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MARTE-AADL concepts mapping

First AADL — MARTE alignment based on AADL constructs and features and

MARTE artifacts.

Next step: Deeper map AADL component semantics, AADL properties and implicit
AADL platform semantics on MARTE concepts (MARTE concepts properties and

NFP, VSL language)

AADL concepts

MARTE concepts

Software components

memoryPartition, wSchedulableRessource,.

Hardware components

hwProcessor, hwMemory,. UL @ :

O Lust

Binding Allocated
AADL features MARTE flowPorts, UML re,wa. . RI E -
interfaces...
Subcomponents UML Parts
Port Connections UML delegation/assembly gy
Flow specification UML object flows L~
Modes UML state machines -
Properties Not yet documented
THALES % INRIA
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AADL Component Types

Reference MARTE Tutorial — November 2007 — Version™ .1

features (ports, port groups, flow
specifications, subcomponent access..),
properties

UML package containing AADL component
declaration)

AADL Component Implementations

Describes the internal structure and behavior..of"'

connections and flows across them, and
behavioral modes

UML package containing AADL component
implementations

AADL implementation liked to AADL declaration
through UML Realization

AADL Component Extension

UML Generalization

=D Llust

Component Implementation:
UML Realization

Declaration /

AADL component (Type and Implementation)

==memoaoryPartition== ==memoaryPartition==
Gps Gps_secur
X S
| ~ ‘ . N
Implementation - |
u, ‘\

~

i
v

==memoryPartition=:=

==memoryPartition==
Gp=s_secure.Handled

=<=memoryPartition=:=
Gp=.handled

Gp=.Ba=sic q_ﬁ

/

Component Extension :
UML Generalization

THALES
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— declaration AP_Position_Inguiap Toggle
==hlock== —.' | > |
AADL SyStem Huflﬂ‘;em y Position_Output i “kﬁclk” 3
= Represents a composite software, execution - i
platform or system components u{& retwork
-, Metwwark
* Represented by a “SysML” block PSP ap Toggle
==hlock== E
Flight_we'\
|
AADL Subcomponents | System Types
|
= represented by UML parts L .
S t | implementation
ystem
H \\\. Flight ;;:‘It?:rr:hneric L
Implementation e
e ] ==hlocks==

system Flight System
end Flight System;

system implementation Flight System.Generic
subcomponents
S _HCI : system HCI System.PowerPC G4;

S NAP : system Nav_Autopilot System.PowerPC G4;

LAN : bus LAN Bus;

5_HCI : HCI_System.PowerPC_G4

/ [ Metwark

==hvwBus==
LAH : LAH_Bus

AADL

Reference MARTE Titarial - Navemher 2007 — Version 1.1

O Lust

System subcomponents

THALES

AN UVLED
MARTE
Subcomponents

relationships
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AADL Bus and Data components access

Provide data/service to other AADL components

Access required from other AADL components

* Declaration part : Provide/required access modeled
in MARTE via provided / required UML Interfa

* Implementation part :

oA
-

= Access design by delegation / assembly

connectors

* Resources may be specialized with real time

features or associated to services

(synchronization, concurrency access ...)

processor powerPC
Features
MemBus : requires bus access Memory Bus;
Dev_Bus : requires bus access Device Bus
End PowerPC;

bus Memory Bus
end Memory Bus;

AADL

=D st THALES

Required data/bus access

I3

ol

[0}

==hwBus== 5

Memory_Bus | =

I o

—

Q.

>

-

i)

=

7]

(0]

==hwwProcessor== n

PowerPC 3

.©

o

—

(0]

Bus== e

Device_Bus e

o

o

@ 3

()

User E

[0

0

()

—

(%)

. -

Access declaration =

=

=

~

==hlack== = g

{Hav_Autopilot_System.PowerPC_G4 N

<

Meg Bus ==hyeMemory== ;

em : RAM.Generic =

P Toagle Metwork [ | O

==hwBus== ©

Meni_Bus : Memory_Bu E

J

Mem|[Bus ==hwProcessor== %

ﬂ_pc,gm.:.n_mpm Proc : PowerPC.Gg i, Citput 'J )

B = ©

o

B

-

o

2

[ o

>

Access connections UMLED
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AADL Ports
* Flow ports are represented by MARTE Flow Ports

Ports and Connections

/-‘

system Nav_Autopilot Systemfeatures
AP _Toggle : in event port;
AP Position_Input : in event data port Nav_Types::Position.GPS; ...

AADL

Reference MARTE Tutorial — November 2007 — Version 1.1

AADL Port, Bus and Memory Connections

* Bus/data access data are represented by UML connector

between the port providing the access and the device

Flows ports connections are represented by UML— |

connectors (delegation or assembly connectors)

_Cutput

AP _Position_Input

3

Hav_Autopilot_System

==hlock==

Metwiark
P

=]

AP_Toggle

==huwDevices=

ngine_RPM_Controller : Actuator

==hwBus==
Dev_Bus : Device_Bus

Detta_Roll_Output

Inpt

Detta_ e _Cn

AP_Togls

system implementation Nav_Autopilot System.PowerPC_G4
bus access Dev_Bus -> Engine RPM_ Controller.Connector Bus;

data port P Nav_Con.Engine RPM_Output -> Engine RPM_ Controller.I

9

AADL

Py

? Pasition_jnput

Ld
==methoryPattition=-

,r_Nau_Con : Hav_Control_Process.PowerPC_G

Lt put

—

rcial use strictly prohibited.

@

User

B[ Cetta_Ritch_out
A
»
Engine_RPM_Cn
B

O Lust

THALES

> | — > |
AP _Position_Input GPS Error

M~RTE
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System binding

Exechn platform

\ ==hlock== E
HCI_System.PowerPC_G4
AADL System bindings S
==hwhemory ==
* Are represented by MARTE / Mom :RaM.Generic — — — — — — — — >\ —
<<allocation>> stereotyped UML T
Dependency
==hwBuse==
Mem_Bus : Memory_Bus eealodstior=s

Mem_Bus |
| gl

«:{thrDIEIssor}} dthBuS_::‘;- l

Proc : PowerPC.G Dev_Bus : Device_Bus |

. Dev_EBus |

AADL Bindings x \ '

|

K ==allocation== |

\ |

i |

L Y J

Software Application — o
P_HCI: HCI_Iiucess.PuwerPE_G#.l 1 3
it AP_Togole \5
b ] » ol >
UMLED T
asition Lit
M RT E _Postion_Input g

O Lust
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Subprogram
» Are represented by Operation
Subprogram calls

» Are represented through UML Messages on sequence

diagrams

Subprogram call

==Zw_SchedulableRessources== : library

: second_library

: my_thread I
' |
' |

| 1 my_subprogramil

.

thread implementation my_thread.impl
calls {

}

end my_thread.impl;

first_subpgr : subprogram my_subprogram;
second_subpgr : subprogram my_second_subprogram;

AADL

O Lust

THALES
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Modes with MARTE guidelines

contraller switch_to_flight § change_to_flight _mode

[

controller switch_to_ground f change_to_ground_mode

==Process==
control_algorithms.impl
/ ==Sw_SchedulahleRessource== ‘
stat dat controller : controller
H stetuz data swyitch_to_ground
M - | |
swwitch_to_tflight ‘E|
==Syy_SchedulshleRessource==
ground_algorithms : ground_algorithms
(9]
_H aircraft_data command_data F7C3
airgraft_data commal
==Syy_SchedulshleRessource=»= _!
flight_algorithms : flight_algorithms
o2 _H aircraft_data command_data
4
Gl ™
/ Y
i
!
. AN
e e ! . f"_d______"‘-ﬁ
— - —
- L AN - Dy
- =% - flight -
- ground -~ . = = e = = e e =
T T R P
e ™ <
N y
A ==Process=»= \
i : control_algorithms.impl o =<Process==

aircraft_data

Loy 3

comtmand

- commancd
aircraft_data

4
\
| !
aircraft_dsta comrmand_data r L aircraft_data command_data
» 4
bl F
B i cazouroa-- / UL @ =2 —
\ el - Y. . ==5w_SchedulableRessources==
ground_algorithms : ground_algorithms y . flight_algorithms : flight_algorithms
s M~ARTE T e
~
N ' 4 -
~ o —
~ - ~ e
—
., - > - — — L

-

a0 List

THALES

e—  configuration through

\ 4 T /Collaboration diagrams
A f \

\

I

[
|

Mode transition modelized by an UML st

machine

Different mode
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AADL Properties

* Are represented by <<AADL properties>>
stereotyped UML comments

* Wil be aligned using NFPs, VSL language
and MARTE concepts properties

Properties

==zwESchedulableResources=
Autopilot_Compute_Thread.PowerPC_G4
—® [type ="periodic{period =20 ms)"}

=D st THALES

UvLED
M~ RTE
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° MARTE to AADL code generator is already available

Reference MARTE Tutorial — November 2007 — Version 1.1

* Bridge between MARTE/AADL and Cheddar (Scheduling analysis) already

tested

O Lust

MARTE-AADL code generator

process implementation Nav_Control Process.PowerPC_G4

subcomponents

T _GPS_Reader : thread GPS_Sampling Thread.PowerPC_G4 in modes (GPS_UP_AP_UP, GPS UP_AP DOWN);

T AP _Compute : thread Autopilot Compute Thread.PowerPC G4 in modes (GPS_UP_AP UP);
Autopilot Modify Parameters Thread.PowerPC_G4;

D AP Destination : data Nav_Types::Position.Simple;
D _AP_Airspeed : data Nav_Types::Integer;
D_AP_Altitude : data Nav_Types::Integer;
connections
data port GPS_Position Input -> T GPS_Reader.Position Input in modes (GPS_UP_AP UP, G P APN

data port T_GPS_Reader.Position_Output -> Position_Output in modes (GPS_UP_AP_UP. GPS DO
_UP);
AP_UP);
data port T AP_Compute.Engine RPM_Output -> Engine RPM O ) 3PS _UP_AP_UP);
event data port AP_Position Input ->T AP Params.AP Posjdg modes

GPS_UP_AP_DOWN : initial mode;
GPS_UP_AP_UP : mode;

-- <INITIAL_MODE> -[ <EVENT> ]-> <FINAL M E
GPS UP_AP DOWN -[ AP_Toggle ]-> G h
GPS_UP_AP_DOWN -[ GPS_Error |- WN;
GPS UP_AP UP -[ GPS_ Error

end Nav_Control_Process.PowerPC_G4; ...

creen_Display Thread.PowerPC_G4;
ilot_Input Thread.PowerPC_G4;

process implementation HCI_Process.P:

subcomponents
T_Screen_Dis
T Pilot Input : t
connections
event port T Pilot Input. AP Toggle -> AP _Toggle;
event data port T Pilot Input.AP_Position_Output -> AP_Position Output;

T AP Params : thread

WN);
)

T Pilot [ P _Toggle -> T Screen Disp, Togale:
L

W!N!{IA
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