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MBSE context: research problematic

1) To create Domaln Spemflc Modeling Language (DSML) swtable for
modelling a system (multi disciplinary, multi views / aspects, ...) i.e ouilding
models

Each Model is...
» A partial and incomplete, may be
| 2) Model V&V: a: false but crucial representation of  'd conformity
d (Verification), jus the Sol > (Validation)
— * An input for reasoning during

Contribution:

A tool-equipped approach for the design and use of V&V
. smtable Domaln Specific Modeling Languages for MBSE
S ] N el tems Engincering—> (Safety, Costs, JEEEEE.
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! " models Mechanical...) /.‘///-.. :
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lllustration: enhanced Functional Flows Block Diagram

(eFFBD)
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1) To create DSML: things to consider

1) To create Domain Specmc Modeling Language (DSML) smtable for

modelling a system (multi disciplinary, multi views / aspects, ...) i.e. building
models
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2) Model V&V

2) Model V&V: assure model’s well-formedness, coherence and conformity
(Verification), justifiability and relevance for expert’s objectives (Validation)

Expert’s model evaluation

Model simulation

Formal properties proof

! Results

Based on 3rd party formal approaches (M2M transformation)

(+) Reuse of existing approaches
(-) Information loss, relevance between the source and the target




Detailed contribution

A tool-equipped approach for the design of DSMLs

allowing Verification and Validation of models by
using simultaneously simulation and formal
properties proof

xviCore: eXecutable, Verifiable
and Interoperable Core




Contributions
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Conceptual contributions: life cycle

Contribution goal: to provide stakeholders with a life cycle
including the design of V&V suitable DSMLs and models

| 7 A 4 4 0 4 " "
Objective: Define a DSML
« Conceptualize and formalize
] . the stakeholders’ domain

! knowledge
! well-constructed DSML? * Respect to metamodeling
s, ([ .' h rules and patterns
< .
g Phase I1: DSML run time Objective: Detine a Model .
R .  Conforms to a metamodel
X1 | £~ Phase IL.1: Model design time ili « Correctly represented
§ AR — I\ ¢ Respect the domain
= E gi well-constructed Model? | P T
ol @i Phase I1.2: Model runtime - Objective: model V&V analyses
B RSN _J |+ Model execution
| \El ----------------------------------- )+ Property proof



Conceptual contributions: meta languages

xviCore follows previously proposed lifecycle
xviCore promotes 3 meta-languages

Phase II: Phase I1.A: Model design time

DSML run time

Behavioral model of a Functlon
4 PC

Phase I:

DSML design time

( Fire

R

Fire
detected

Detecting Fire

update : transforminglnputs update : transforminglnputs
condition : itemInputs.all(present) AND

events :resume
(Authorize @t\ 5. (Suspended
sN T conditi ; events : susvend

condition : ;nternal Ti ime- |
startedlime=>=tmin

update - providineOuiputs condition:externalT ime-
p p RLutp startedTime=> 2
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\ A 4 AND .. :
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|
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Conceptual contributions: simulation mechanisms

Observation

The operational semantics is defined as a set of behavioral models that
are associated to chosen domain concepts of a DSML

Problem

How to coordinate all behavioral models from one or several DSMLs
during simulation?

State of the art: Blackboard Design Pattern (Engelmore and Morgan,

1988)
E Control }4 ----------------------- -
‘,, * \N\** i
Process-1 Process-2 | ------- Process-N '"Pi
Blackboard | | = Fem=m—m---- J

Engelmore, R., and Morgan, T. 1988. Blackboard systems, edited by Robert Engelmore, Tony Morgan. Addison Wesley
12 Publishing Company



Methodological contribution: simulation mechanisms

Objective: applying the Blackboard Design Pattern in the MBSE

context

o] ”Ejtﬁ 1117 blackbohbs R . [0.%] schecmmoram odel [0..1] concept

% Controller |1 F5 ] BlackBoard 111 t:Cutputstiro [£] BehaviorallMode]  eciass
= | *] outputsy, {P--*] provideClutpuis -

1 -
FE DiscreteController EE ContinuousControler
L

H Output , 1 A 1
& DiscretelModel E@ ContinuousModel

]

inputs [0..*] readIpputs
t Input

[ E elsMController ]
L J

o Allows data exchange between behavioral models

Proof o on a simple execution algori SIVI)
(Vander! Read inputs from blackboard

Calculate future state

Write outputs into blackboard

SEIeEl 5 and other original rules

Underlying structure based on the LTL (Linear Temporal Logic)

T

H eISM

Oper

13 Vandermeulen, E., 1996. Machine Séquentielle Interprétée. PhD Thesis University of Montpellier Il, (in French).



Methodological contribution: verification mechanisms

Formal properties proof mechanisms of xviCore approach
Formal specification
- syntaxes i.e. structure of the model
- dynamic semantics i.e. behavioral models)
Formal properties (structural and behavioral properties)
- using property modelling language: UPSL-SL(Chapurlat, 2013)
A model-checker tool (bridging specification and properties)
Reuse of existing tools :
OCL interpreter for structural properties
LTL model checker for behavioral properties

Chapurlat, V. (2013). UPSL-SE: A model verification framework for Systems Engineering. Computers in
14 Industry, 64(5), 581-597.



Technical contribution: current editors

DSML design
Editor for the DSML structure
Editor for the DSML behavior
Editor for the DSML constraint

& “effbddep class diagram | test.ecore #) world.ecore &% world class diagram [tz] world.genmodel & “new MSI diagram 3

B-Biv| S| O~ |m R B @S 150% | 5 Palette
‘e~
(= MSI Creation
4 PC < State
update : notify €venis :internalBreakdown 4 Transition

y update : notify
/D events : stalt;/P\ Ip f 4 PD

> @
events : stop ‘events : resume . :
\f/ update : notify |"pdale : notify E: ZZZ:::’O’"
y events :external Breakdown| °*
4 enls : activate = requires

update : notify update notify s
&* mission
@ &% function

events : deactivate events : resume
update : notify update : notify

m

notify : -Outputs.set(function, state)
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echnical contribution: extending EMF

We have extended the code generation library of EMF
Generation of a simulation library

S H I ﬁ Iﬂ_) Sirius - toto/src/toto/impl/TotoPackagelmpl.java - Obeo Designer Communi
Im u a O| File Edit Source Refactor Navigate Search Project Run Window Help

13) Sirius - toto/src/ts pl/TotoPac Impl.java - Obeo Designer Communit

File Edit Source Refactor Navigate Search Project Run Window Help

i & > BN RS HEYO- QR & 5P g5 reobro Quick Access | [ | o Modeling 45 Debug &’
&[] Properties <> Interpreter |* Problems [ Console 82 2 Call Hierarchy < Search %% Debug X % | & L3 [E ME-Nr= 8
%', New_config [Eclipse Application] C:\Program Files (x86)\Java\jrel.8.0_31\bin\javaw.exe (3 juil. 2015 18:09:59)

= org.eclipse.emf.ecore.impl.BlackTableRowImpl@1b7678a (timeOfAdding: 5, varName: debit, varType: EDouble, varValue: 2.5, recivers: [toto.impl.ReservoirImpl@6561b (niveauEau: 7.3, ni x: 10.8, ni: in: 1.8), toto.impl.

Global logic time : 6

Runing MSI : VanneMSI pour 1l'object : toto.impl.VanneImpl@194a966 (debit: @.@, debitMax: 2.8, croissenceDebit: @.2, decroissenceDebit: ©.2)
VanneMSI incrementation de temps externe (6 uT)

VanneMSI IE : lecture des entrees

VanneMSI IE : calcule des vars propositionnels

VanneMSI initialisation T interne

VanneMSI PC : etat currant (avant CEF-ARS) : Sclosed

VanneMSI incrementer T interne

VanneMSI PC : CEF State before CEF : closed

VanneMSI State after CEF : closed

VanneMSI IS : execution des fonction de mis a jour

VanneMSI MSI : Stability Reached....

Runing MSI : ControlerNewMSI pour 1l'object : toto.impl.ControlerImpl@bdd996

ControlerNewMSI incrementation de temps externe (6 uT)

ControlerNewMSI IE : lecture des entrees

ControlerNewMSI IE : calcule des vars propositionnels

ControlerNewMSI initialisation T interne

ControlerNewMSI PC : etat currant (avant CEF-ARS) : SOF

ControlerNewMSI incrementer T interne

ControlerNewMSI PC : CEF State before CEF : OF

ControlerNewMSI State after CEF : OF

ControlerNewMSI IS : execution des fonction de mis a jour

ControlerNewMSI MSI : Stability Reached....

Runing MSI : ReservoirMSI pour 1l'object : toto.impl.ReservoirImpl@b6561b (niveauEau: 7.3, ni : 18.0, ni in: 1.0)
ReservoirMSI incrementation de temps externe (6 uT)

ReservoirMSI IE : lecture des entrees

ReservoirMSI IE : calcule des vars propositionnels

ReservoirMSI initialisation T interne

ReservoirMSI PC : etat currant (avant CEF-ARS) : Ssl

ReservoirMSI incrementer T interne

ReservoirMSI PC : CEF  State before CEF : sl

ReservoirMSI State after CEF : sl

ReservoirMSI IS : execution des fonction de mis a jour

ReservoirMSI MSI : Stability Reached....
Runing MSI : VanneMSI pour l'object : toto.impl.VanneImpl@1@S5dcab (debit: 2.5, debitMax: 3.8, croissenceDebit: @.5, decroissenceDebit: @.5)

VanneMSI incrementation de temps externe (6 uT)

VanneMSI IE : lecture des entrees

VanneMSI IE : calcule des vars propositionnels

VanneMSI initialisation T interne

VanneMSI PC : etat currant (avant CEF-ARS) : Sopening

VanneMSI incrementer T interne|

VanneMSI PC : CEF State before CEF : opening

VanneMSI State after CEF : opening

VanneMSI IS : execution des fonction de mis a jour

VanneMSI MSI : Stability Reached....

Printing TN

Printing the content of the Black Table

org.eclipse.emf.ecore.impl.BlackTableRowImpl@6fe482 (timeOfAdding: 5, varName: debit, varType: EDouble, varValue: @.@, recivers: [toto.impl.ReserveoirImpl@b6561b (niveauEau: 9.8, niveauEauMax: 1.8, niveauEauMin: 1.0), toto.impl.V
org.eclipse.emf.ecore.impl.BlackTableRowImpl@1bdee@é (timeOfAdding: 5, varName: open, varType: Event, varValue: true, recivers: [toto.impl.VanneImpl@1@5dcab (debit: 3.8, debitMax: 3.0, croissenceDebit: @.5, decroissenceDebit: .5
org.eclipse.emf.ecore.impl.BlackTableRowImpl@1d@sb1l5 (timeOfAdding: 5, varName: close, varType: Event, varValue: true, recivers: [toto.impl.VanneImpl@194a966 (debit: @.0, debitMax: 2.0, croissenceDebit: ©.2, decroissenceDebit: @.
org.eclipse.emf.ecore.impl.BlackTableRowImpl@4fc235 (timeOfAdding: 5, varName: niveauEau, varType: EDouble, varValue: 7.3, recivers: [toto.impl.ControlerImpl@dd996], sender: toto.impl.ReservoirImpl@b6561b (niveauEau: 9.8, niveau
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Application case: EFFBD and PBD
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Reminder: enhanced Functional Flows Block Diagram

(eFFBD)

Formal specification using UPSL-SE:
C=[T]
R=[=]

‘%‘ﬁti‘ £=|Vfe Function /[ (Vref.resourceFlowInput/r.requestedQuantity=0)

Al and (Vr'ef.providings | r'.providedQuantity=0)]

EA\- courtwLnrUre - rrrerrrivar L rrie™
g’ glartedlime> ~imin I condition : exter nal]! ime
' update : providingQutputs - external -
@ P p RYUIp startedTime=> 2
S
% Finished condition :

1n1she outputltems.all(present)

Uy ODECTEy = T

xeFFBDEDMM | | xeFFBDTM3
g ltem 0 Event 1 ::ExFFEOCorxs.’ru«;ll ‘
T — 11 niogenas |
8 lte.'nEvemJ ’ S Furcion J i Co.'lsr/u',:rEvem: |
2y 2
B Prov T[J’Lm I Z\M ;:.:S,!.{xrr‘.:‘Z[’\‘E.ITM):T: ['Fv;i?]e::‘r J:)J:“ """ <<merge>> ’ | T
=| Structural Property: “The quantity of a Resource that a function
provides or requires must be positive or zero”

iire
‘Ected

Detecting Flood

Flood Detector

Assessing Threat

@( Slrt:pa;'rgn | ( Acknowledgement
J—Y_"i

Warn Surveillance
Center
Surveillance Center

| an

1 [ = isTrigger : EBoolean I ] good ) . > maximalTi
H| | |E XeFFBDConstruct || = medium T (ompose?f()f' 8 XeFFBDControlConstruct |
1 . a ‘—l—w‘ ¥
{0 * TioObjec - 25 bad endson - branchs I 4 beginsOn| 1
! 8 'EFFd‘JD agram 4 'end [ - X(’FFBDO;N,‘I(NOICanIIu(Consrm(:‘\ 8 XeFFBDFunctionCont
‘ enumera hﬂ)mf-ou. 1t
' eainsOn orde0) ~ anch - £ Begin : i
1| _beginsOn $1 1 $endsOn 1 §mainBfanch # lemType JI l ? 1
+|__EBegn J BEnd _|[ BBrach | [T am TAD o T } o

) = energy | || = currentiteration : EInt || = loopCondition : EBoolean

8 XeFFBDOperator - material “ totallterations : Elnt |

ydel (MSP)




Sum up and application to Physical Block Diagram

(PBD)

Flood Detector Fire Detector
Subsy SLCILTL S 1bsystem
- AJ
Cable connexion Cable connexion
| 4 a |
Al Unit
Supsystpm
w
Al Unit - Surveillance
Center_protocol

N

Surveillance Center

External System

Components

Interfaces

Links

Model of architectural composition (the physical components of a system)
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Example: Physical Block Diagram (PBD)

PBD abstract syntax (SP)
[0..*] builtFrom

J [0..1] builtn |
\_[0..1] source
= Component [ ] Context ]

[O..*]\l;tquires lf‘ fO.. 1]|target (

1

£ Interface H 5 Link 1[0..1] externalSource

[0..1] external Target

——

PBD model (MSP) PBD BP (for Component)
S Request: 4 PC e
ood Detector Fire Detector | - ; events :internalBreakdown
update : noti 1 :
Subsystem Subsystem beha‘ £)ents : Starif;/\ update by nOtlf* ¢ PD
Cable connexion Cable connexion <€ P ) <€ S S
events :stop “;— events : resume -
A = builtin
update : notify |update notify :
Al Unit = builtFrom
- events - activate events : rexternalBreakdown ‘-:'_": )
ubsystem 1 - requires
- e update : noti update : notify o.x eq
Al Unit - urveillalnce p fy | l%" mission
otoco
%&“‘J‘ ; . ’@ =2 function
Sumveillance Conter events : deactivate events : resume
< update : notify update : notify
External System

notify : -Outputs.set(function, state)




Dependencies between eFFBD and PBD

“Physical components of a system perform one or more functions and
functions are allocated to a component”

EFFBD model
[f— S — | Fire

'Uetected
@ Flood Detector
Subsystem
) ‘ > Detecting Flood - )
Flood Detector Cable connexion

[\Fl°°d}—| Flood .
NG idetectedj 1) Structural Dependencies A Ut
————— 2) Behavioral Dependencies Subsystem

Al Unit - Surveillance
Center protocol
Acknowledgement
L 2 o
Surveillance Center
o Warn Surveillance
Center External System

Surveillance Center

PBD model

Detecting Fire

Fire Detector

Fire Detector

Subsystem

Cable connexion




Dependencies between eFFBD and PBD

EFFBD DSN |tk : DSML
i If a component enters a breakdown state (internal or
2| external), its functions must suspend execution”
i Formal specification using UPSL-SE:
= [VceComponent| c.State=SS OR c.State=ES/ g
R:= [ :>] ;get
=[o(Vf€ec.performs|f.State#Execution)]
| — —
Behavioral dependencies v
v
PC 4 PC
update : transforminglnputs [~ ~ — — — ™ 7 — = = T T 7| T T Wpdate: niofffn events :internalBreakdown
condition : itemInputs.all(present) AND eg:’t;s t;g;’z;],;?er minglnputs M)’W—nmlf;@ 4 PD
g < <
@ Execu‘[} > @ events : stop N_'events : resume = builtin
=0 condition :internal];k— | events : suspend update : notify| |”P date : notify 2 builtFrom
S startedTime>=tmin | I condition - ex ternal]!ime- events : activate | |events : externalBreakdown ;*’re ires
é update : providingOutputs : tetod Timoa dpdate : notify I ufdate notify o% ng e
= I 1 )
2 . condition : . 7@ &= function
» ‘.‘—‘Aborted : vate—] 3 ]
outputltems.all(present) | . _—— lggftlg?%i%zjtaw_ uepvgg;‘g;zegtzéﬁe

notify : -Outputs.set(function, state)
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Simulation of eFFBD and PBD
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Conclusion and Perspectives

Research focus
Modelling Complex Systems

Contributions
A lifecycle process for modeling, verification and validation
An approach for the design of DSMLs and models
Simulation and Formal verification of properties

Tool support

Application case: eFFBD and PBD

Future works
Continuous and Hybrid behavioral models
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