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SUMMARY isters and manages the knowledge raised by therpestl ac-
tivities, in a structure modeled in this language.
This article follows a line of papers focused ofirdeg a

method to improve the realization of reliabilityedysis during /D5D. & SyshL model
the System Engineering process. As MBSE becomesdaf " update from specffic analysis
mental concept for specifying and designing systemas me- P@ futomatic Model ynthesis
thod takes full advantages of this approach andotnyrovide
tools to ease the specification stage and the ratieg of
RAMS early in the conception process. Our methodkda
MeDISIS is related to the use of SysML to suppoB3E and
RAMS activities.
Currently, MeDISIS is used within an industrial jet to de-
sign a hypersonic aircraft which is a relevant clampand
critical system. During this project, MeDISIS haeh
adapted to take into account technologies devategitbed-
ded systems. Furthermore, MeDISIS had to comply wie
tools, used by our industrial partners during tlesigh stage.
In this work, we present the new architecture oDV&S, and
the process added recently.
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Nowadays, the Model Based System Engineering
(MBSE) paradigm is becoming the predominant concspt
for System Engineering (SE) (1). The main idea ghdiby
this practice, is to enhance the design processmplex sys-
tems by making them more reliable and by organiziegel-
opment process activities through formalized systepnesen-
tations. The Model Based representations enablebtain Process.
more consistent, traceable, coherent, reusableegpressive
views of the system to be developed, thus helpiregrhan-
agement and realization of its design process. Wewe
RAMS activities are generally forgotten in this @vegring
field.

Our contributions to MBSE focus on defining a metho
improve the realization of reliability analysis thg the SE
process and its early design phases. This methiamiirced in
several publications (2)(3)(4), is called MeDISI®las related
to the use of SysML (5). We assume that input nwoee ex-
pressed in SysML and we intend to build a repogitoat reg-

MeDISIS proposes a deductive and iterative appré@ah
aims at facilitating crucial reliability analysisiéh enhancing
the use of the diverse tools and languages usedyg&func-
tional behavior validation. MeDISIS includes thdldwing

Deduction of the dysfunctional behaviour with an
FMEA, identification of the impacted requirements.
Construction of a model integrating functional and
dysfunctional behaviours with a formal language
such as Altarica DataFlow.

* Analysis and quantification of dysfunctional beha-
viour and the impact on requirements and timing
constraints with a semi formal language such as
AADL.

Those first two steps are described more preciad}§).



Our current work consists in the application ofsénene-

scribe a new way to extend MeDISIS to be used tjivahe

thods to the specification and the conception efémbedded design stage where safety and reliability issudisb@itake in-

controller of an aircraft system (LEA project). Vidd to the
specification stage of an embedded system a spetmitl
based on AADL to achieve the temporal study ofdpecified
system and highlight possible impacts on depenithahil the
same time. In addition we will highlight severakberactices
that should be merged with the design activitigsf@lowing
some rules and using some SysML artifacts (paracndia-
gram, BDD, item flow), it is possible to collect dalassify
the parameters which influence reliability, suchttees system
life cycle, the real mission profile of the systettre use condi-
tions and overstresses. For each identified claparameters,
we define the flow sets that will be used to creast vectors
and perform reliability studies.

After a first functional analysis, we use the FMgé&ne-
rator of MeDISIS. At this stage, each failure mamfeeach
component is capitalized in a dysfunctional modgository
and will be reused later to build a formal or sdanimal repre-
sentation of the system and its dysfunctional biehey

At the design stage, we focus on introducing failomod-
es in the system’s model thanks to SysML parametiée
grams and IBDs translated in Simulink blocks.

to account.

2 CONNECTION TO FORMAL DESCRIPTIONS WITH
ALTARICA DF

The second support needed in MeDISIS, is the iatEgr
of formal means of validation and quantificationtbé dys-
functional behavior. Many solutions to perform thésk are
available on the market. Therefore we concentratedreat-
ing bridges between the tools used by functionglrexers and
those dedicated to reliability studies. We focusadising the
AltaRica DF language, which is widely used amormbdity
engineers and which efficiently equips with soloicsuch as
BPA-DAS (Dassault Systems product) (2)(3)(4).

The service is performed in two major steps, whaca
the translation of the SysML model to obtain théaRlica DF
description of the functional view of the system¢gahe mod-
eling of the dysfunctional view using the Dysfuocial Beha-
vior Database (DBD) built with FMEA results and yimis
studies. The first translation is important in arétle construct
a reliability study dedicated model consistent with descrip-

After introducing the synchronization process betwe tion of the system that is common to the whole tpraent

SysML and Matlab, we present how performing failorede
propagation studies, using Simulink blocks generétem se-
lected parametric diagrams, or IBDs identifiedhia EMEA.

The proposed procedure is to select each impacigple
(requirement and flow set) from our FMEA tool, badsen
SysML. The SysML model analysis allows us to caititthe
impacted components or functions of the model. rAftesir
translation into Simulink, we obtain computable risdto
carry out reliability or safety studies.

In this paper, we present the processes used éofirgt
design step of our LEA project.

lifecycle. As SysML and AltaRica DF share an Object
Oriented approach, many elements are easy to atandlev-
ertheless, some divergent declaration philosopBigsh as the
treatment of state and flow variables, impose te n®re
complicated translation rules. Moreover, the cotgpéitoma-
tion of the translation is possible only if the séommal nature
of the SysML description is constrained by the tamtdion
rules of the SysML model like the utilization ofpgrssive al-
locations between the modeling elements.

The completion of the functional view by the degtian
of the dysfunctional behavior of the componentsipetto

To perform the processes of MeDISIS several toots apoint out the benefit of the MeDISIS framework atedlDBD

analysis routines have been defined to support phake and
optimize the speed and quality of the reliabilitydies. These
developments will permit to construct a completst&m De-
velopment Environment (SDE) supporting system desigd
MeDISIS. The results of this study produce the dysfional
behavior of each component that will be storedhia PBD
(Dysfunctional Behaviour Database) to be used latdvuild
the Altarica DF model for example. They are captal in a
dysfunctional models repository and reused to coosta
formal representation of the system using the AttaRData
Flow (6) language. The construction of this fornmabdel,
mandatory for system validation, is also helpedabglysis
techniques systematizing the creation of this bdlig-
oriented view. A service to support embedded systanaly-
sis has also been defined recently. It proposegetterate
AADL (7) models exploitable for real time applicati studies
using a scheduling tool named Cheddar (8). The FNE®-
matic synthesis has been explained in details jna(@l (4).
The first part of this paper will present how tafpem relia-
bility analysis using Altarica DF, the second paifl precise
how to make a timing analysis AADL, and finally wal de-

that centralizes the relevant information for reility studies.

In fact, the data raised by FMEA are added to thaRica DF

model, thanks to its expression in the DBD. The plete

model for formal reliability analysis is thus obted and then
exploited with the market software tools. The nmetadel of

the DBD has been developed in order to be cohevithtthe

SysML description and to store the needed elentemtshe

construction of the AltaRica DF final model. Thenef the
DBD is built in SysML and integrates state machidigram

to prepare dysfunctional models creation.

MeDISIS has been designed as an evolutionary frame-
work aiming at connecting all the needed specidliaealysis
tools, to assess all system behavior dimensionkadt been
augmented with a service for real time constraguissidera-
tions exposed in the next paragraphs.

3 SUPPORT TO THE EMBEDDED DESIGN PROCESS US-
ING AADL

AADL is a formal and textual language that appedoed
the first time in 2004. Its graphical form and etkextensions



were added in 2006. The recent revision (7) showsriterest
of the community in keeping the language up-to-dake use
of AADL gives the opportunity to formally analyzeal-time
and embedded systems. To reach this objectiveydbeof a
transformation of SysML models into AADL ones is effi-

cient support. Furthermore, some tools dedicatédDL ex-

ist such as Cheddar (8), which permits to studysttieeduling,
processor usage, and respect of temporal constraint

The aim of the translation is to automatically euke
knowledge contained in the SysML model, to perfoine real
time behavior analysis. However, certain piecesfoirmation
such as the temporal properties of the system feea absent
from the SysML model. In fact, SysML is usually dstr
high-level design that does not contain much tempofor-
mation. Nevertheless, we can help reuse informattomained
in the preliminary conception SysML model and egseom-
pletion with the missing pieces of information irder to en-
hance the analysis in terms of speed and consistémchis
perspective, we have identified the possible litieg could be
made between the two languages.

The object-oriented approach of both languagesvalian
efficient translation of architectural concepts.viigheless,
since AADL is a lower level representation, it usesre spe-
cific types of components. To classify the compdsecord-
ing to the 10 categories (Memory, processor ...)lalk in
AADL; we have to consider another source of infotiorato
perform the model translation. The usable techrigue listed
below:

* Imposing a methodology to model the system

SysML differentiating the various AADL stereo-

types.

Step n°4. Creating the structural model in AADL (tex-
tual and graphical models can be made at this point
Step n°5. Filling in the properties that are not deducted

from the SysML model.

Step n°6. Creating the final AADL model, which in-
cludes the structure description and the systemp-pro
erties.

It is visible that steps 1,2,4,6 can be instantasewith
proper software, but even with the database, Segusd 5 re-
quire a specialist, because some information mayhave
been recorded in the database yet.

Concepts AADL SysML
Software component  Software component  Block
/Implementation /Implementation Part
Hardware component Hardware component Block
/Implementation /Implementation Part

Bindings Bindings Block Bindings

Subcomponents Subcomponents Part

Connectors Port Connections Flow ports

Flow Event, Data, Data- Value type / Block
Event Flow Port Direction /
In, Out, Inout Interface

States Modes State Diagram/state

Properties Properties Requirement Diagram,

Parametric Diagram

Figure 2. Concept correspondence between AADL and
n SysML
The table from figure 2 highlights the correspormehe-
tween the main concepts of both languages, SysMd an

» Asking a specialist to classify each component. FQ\DL. This table is a basic translation table theads us to

example, using a questionnaire can be a way.

steps 1, 2 and 4.

*+ Using a database of correspondences between Using those steps with our DBD, we can easily obgai
SysML blocks and their category in AADL, basedA\ADL DBD since dysfunctional model only contain $Ais

on the recorded past projects.

A similar problem is found to define all the profies that
size the system, representing the quantitative gotigs
needed to use tools properly such as Cheddar (S3MA
(11). To completely define thpropertiesof our system, we
suggest the development of one of the three solsitjore-
sented before.

artifact used also in the functional model. Thedchee model
dysfunctional behaviour in AADL is not new, moreoas ex-
tension released by the SAE in 2006 (13) was cdeatéulfill

this need: the error model annex. This annex shpuigide
artifacts to model dysfunctional behaviour in AARKd pro-
vide help to generate dependability studies. Tleaighe er-
ror model annex and the enhancement it can pravidafety

To manage those problems, we use a similar methodstudies are well presented in works such as (14).

the one used to create FMEA and AltaRica DF modedsig
specialist judgment to complete our model, and taaira da-
tabase of feedbacks for future projects. The steged to

The main difference between our dysfunctional regine
tation in the DBD using classic AADL artifact aruetuse of
the error model annex is the modeling of failuregargation:

create the AADL model where described in (12) amé &ecause our SysML DBD was made to ease FMEA aalysi

summarized below:

the failure propagation is made through the faat the data

Step n°1. Identifying all the SysML blocks and partstransmitted are corrupted and false, but no newasis emit-
and establishing the hierarchy between all thoged (i.e. the error model annex use a signal desticto the
entities, taking the different levels of designointpropagation of an error), then a component mustptena

consideration.

diagnosis of their input data to detect a faildts. very effi-

Step n°2. Mapping every component with each othegient to simulate the whole system in functionad alysfunc-

using ports and connections.

tional mode and to study the real impact of a failon output

Step n°3. Categorizing each component of the systemata. But this method is too heavy to allow fatées or Mar-
(e.g.: this «shared memory » block belongs to tikev model generation, used generally to study gafetiabili-

memorycategory).



ty and availability. In addition, the errors modeflslow-level
components need specific information for this tgpestudies.
Dependability analysis requires dependability-edanhforma-
tion from the model: fault assumptions, repair agstions,
fault-tolerance mechanisms, stochastic paramefetiseosys-
tem (i.e., the occurrence of fault events and pgapians).

Finally, the error model annex will permit to enbharthe
dysfunctional models of our components from the DBD
AADL. The tools provided by the error model anneg aery
useful to carry out a dependability analysis ofgkistem orig-
inally modeled in SysML that is used as the backbohour
entire method. However, we use our error modehke tinto
account the main dysfunctional behaviour in theigtestep.
This is underlined in the part four.

4 SUPPORT TO DESIGN USING MATLAB/SIMULINK

We want to transpose our method to standard engmgee inport/outport

and safety tools. In a recent partnership, we ude®ISIS

during the specification of a hypersonic vehiclad ave en-
countered several problems. The first was the gepdmt of
our tools in our partner’s industrial network, athé second
was the deployment of our methodology on the toolemon-
ly used by our partner. Simulink appeared to beda that
could solve our issue since it is widely used iduistrial

processes and offers artifacts of modeling comfeatiith

SysML. Furthermore Simulink is an important ste@idesign
process since it permits to detail the design argirhulate the
system.

We will now outline the help that can be broughttbg
modeling of our system using Matlab/Simulink. Thiedel
would allow us to simulate the system to get infation
about error propagation, early in the design pracége will
highlight how to translate SysML artifact to SimKiand af-
ter, we will describe the possibility provided HetSimulink
model to study the dysfunctional behaviour of thstem dur-
ing its design.

Concept Simulink SysML

Components Block Block / Part

Bindings Line Block Association

Subcomponents Subsystems Part

Connectors Inport / Outport Line Flow ports

Flow Flow specification

States Stateflow Diagram/states  State DiagranefSta

Constraints Block Parametric diagram
[/Constraint block

Constraint associ- Line Parametric diagram

ation /Connections

Requirement Block Requirement Diagram

Requirement as- Line Requirement Diagram

sociatior /Connection

First, we can easily find correspondence betweeM&y
artifacts of modeling and the one from Simuliltocks and
line are basic entities of a Simulink modelblock represents
a system that might contain a subsystem. The stdmys
specified usindnport andOutport relationships. Aine con-
nects twoblocks together. We can find equivalent modeling
entities in Simulink and in SysML, as both languagee ob-
ject oriented.

A Simulink block will be represented by a SysMilock
and asubsystemwill be represented by dnternal block dia-
gram structure Lines between Simulinlblocks correspond to
SysML connectorswith ports attached to it. Control flow and
data flow through a Simulinkonnector can also be directly
represented asontrol anddata flowin SysML. SysML pro-
vides options for standard port requiring serviesdd inter-
face that is used in conjunction witlow portsto specify the
structure and line representing
flow/interaction betweemlocks in Simulink. In terms of be-
haviour mappingStateflow in Simulink is represented by a
state machine diagranm SysML. And the constraints im-
posed to our system that are modeled ugiagmetric dia-
gramsin SysML will be represented also usibipcks and
linesin Simulink.

As we can see in figure 3, some different artifacts
SysML will be transformed into the same type offacts in
Simulink, for examplelines in Simulink will represent both
the association connection and the flowport coraestfrom
the SysML model. In fact, the transformation froysBIL to
Simulink is surjective, which means that there Ww#l a loss of
information in the transformation process, or afstea loss of
precision in the representation of the system. b dther
way, the transformation from Simulink to SysML wpltoduce
a model far from being complete since some infoionat
needed in SysML cannot be stored in a Simulink rhode

For example, tagging a line with “Association” ifwas a
block association in SysML or with “Flow” if it waa flow
port connection.

This process added in MeDISIS (figure 1) will give a
functional model in Simulink in parallel with ouwdrictional
model in SysML. In fact every process based onSheML
functional model would be conceivable, but the tiveg draws
our attention is the FMEA synthesis. The FMEA swsik
will be easier due to the simulation of the systkat will help
find the effects on the systems of error propagatio

To make the simulation of error propagation possiible
will use a dysfunctional library associated withr dBD to
complete our Simulink model with dysfunctional beioar.
Finally, the system will be simulated for each méilure
mode to determine the possible causes and thesffdas on
the system.

Based on a functional model of our System in Sysié,
saw how we could help through the process of rauaan
FMEA, and how the information obtained during thiecess

Figure 3. Correspondence table between Simulink andould help us model the dysfunctional behaviouthef sys-

SysML artifacts

tem. At this moment, we obtain the same level ofleling as



in the previous AADL process using the error modehex
but we are able to study physical effects of aifaeilmode. The
whole system can be simulated to check error pratagand
the effects of such failure mode on the systemitmnblocks.
It is now possible to design some mechanism orroblaw to
avoid the propagation of failure in the system.

In addition with that aspect of modeling functioraaid
dysfunctional behaviour, Simulink provides meangdoform
detailed design, to enhance the precision of ouEAMynthe-

sis that is still possible from the Simulink Mo@e we can see

on the figure 3.
4.1 D.B.D. update for design in Simulink

After building the FMEA from the functional modef o
the specification stage, we obtain the list of fditure modes
and their severity. So, we can introduce in thegiesodel,
dysfunctional behaviour of selected components.s&hse-
lected components are the ones on which the effexfailure
is partially known or on which the designer chaseévelop a
control law or mechanism to decrease the effetdibfre.

Manual Mode

manual

| default

Switch4 Failure mode

State

activation

Failure and Repair Occurance Model

Constant

Memary

—.
»—
—

Switch3

>
>

Switch2

=

Ground

n.'—‘
\ﬂ\ »{round E 1
|
Random  Rounding intermittent Signal
Number  Funetion
Signal >
Bam:l.-Lirrits:I Degraded Signal (randamly)
White Noise
Mo Signal
; A A 4 A 4 A
+ !
Switch “‘-\__‘_‘_‘_‘_q 3 =)
Cutput Signal

Figure 4 Simulink model of a failure mode.

ic DBD. The achievements of the FMEA are done lgy up-
date of each component in the project DBD. The Kedge
about dysfunctional behaviour can be obtained ftoenAlta-
rica or AADL model analysis. For each selected gonent,
the design of Simulink dysfunctional model is reedl from a
generic dysfunctional model chosen regarding tipe tf the
component.

The dysfunctional generic model (figure 4) introdsic
some configuration parameters:

Failure type,
Activation mode,
Failure and repair law

Concerning the failure type, there are multipleicés to
consider: no service, degraded service, interntitsEmvice,
and even the “no failure” value.

The activation mode provides two choices: manugt tr
gered and automatic activation following failuredarepair
laws. In our studies, we only use manual mode. Wwate
one or several failure modes following the testhac®s ela-
borated during previous safety studies.

Considering the possibility to choose automatidvaet
tion, we needed to introduce parameters of corditium:

The failure law (Exponential law or Uniformly dis-
tributed Law),

The failure rate to be used with an exponential law
The possibility to repair the system,

The repair rate to be used following an exponential
law.

After the update of the DBD, the designer have sopw
blocks that are the fault model to be selectedaidopm fault
diagnosis, feedback control with fault rejectionfault tole-
rant control. This activity follows the rules anefishitions
from the field of control theory. In our actual djiwe use the
models defined by (15) which are efficient for anldi faults
and system structural changes for linear systems.

The failure mode block (figure 4)) represents aegen
failure mode for an electronic component (i.e. aedfor em-
bedded system). To have a better understandingljuseate
our reasoning with an example of how to integraiehsa
block (figure 5) in a Simulink model.

4.2 Generic failure mode and the functional model

We can place the failure mode block for each sigimz
must be studied. Two points of view are possible tfee
placement of failure mode block (FMB). In case auilf injec-
tion study, we chose to insert the block as antimb@a block
(functional block or component block) to study tiéect of
the failure on this block. On the other hand, wihen must
study the impact of error propagation from FMEAules we
insert the FMB after the output of the faulty blodk this
case, the output of the FMB block became the netpubiof
the faulty block.

Figure 5 shows how this failure mode simulationcklo
interacts on the signal. On this example, we decideuse an

Formerly, we must update the project DBD. As wel sal, ;jomatic mode configuring both failure and repaiv in the

before, the FMEA process establishes a selectithergener-

block parameters. This explains why there is coniiasignal



for the “manual mode” entry. A constant 1 signahmected 2.
to the “activation” entry allows activating the geation of the
failure law. In fact, the “manual mode” port carcew/e a sig-
nal with pulse that will command the failure oceurce and
the “activation” port can inhibit the failure ocecance in au- 3.
tomatic mode. The signal on which the block is agublis
represented by a Sine wave. The two-scope-repagenbe-
low represents the signal of failure and repairuo@nce and
the output signal with its failure mode (i.e. novee).

[\U s Signal
Sine Wave Signal
Manugl Mode Failure Mode  Output Signal
Modelling Blodk 5.
Constant Scoped
Activation
Constantt 6
80 PFPL ABEB B A%

Figure 5 Example of automatic failure generation 10.

CONCLUSION

11.

The complexity of the multi-domain design and ojitian
tion at the specific tool level is a major obstaatminst a bet-

ter design process. While considering a model bappdoach 12,

for complex systems, we want to handle the complessues
at the specific tool level, the exchange of modébrimation
and parameters between different domains, the coniwation
from the specific tool level back to the systemeleyi.e.

SysML model) and “include this process in the MelSI&e- 13,

thod. The embedded system specification can bedad) the
description language AADL. With the bridge to Simll 14
models, we finalize the specification stage andbegin the
design process of our system.

Some work like (16) describe, from a control engine

point of view, a comprehensive method based or faldrant 15,

control scheme to design a fault tolerant contraifecompact
disc player. Our study links the FMEA process araldentric

SysML model to this kind of work in a coherent drateable 16.

way. The AADL process provides to the designes,dbntrol
structure of the embedded system and the Altariegpidcess
establishes the vectors of test from the most fogmit failure
scenarios.
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