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Modélisation des systemes 02/03/11




o »

Impreédictibilitée

« Predictability:
does the flap of a butterfly’s wings

in Brazil set off a tornado in Texas? »
[Lorenz, 72]
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Responsabilite

En vol

2 roues au sol
/ en rotation

En vol

Systemes de freinage inactifs

Systemes de freinage inactifs

02/03/11

A320 Lufthansa,Varsovie, 1993, P. B. Ladkin Accident report



Diversite

v Vv VvV VvV VvV V9V V9V V9V VvV V9V v v

Systemes hybrides
Systemes embarques
Systemes temps-reel
Systemes ambiants
Systemes multi-agents
Systemes reconfigurables
Systemes critiques
Systemes d’information
Systemes reactifs
Systemes autonomes

Systemes mecatroniques

v
~
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Modele mixte

Modele mixte

Sous-modele discret Sous-modele continu
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Modeéle mixte, généralisation

Modele
type A

Sous-modele
type C

Sous-modele
type B
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Exemple :

Deécisions sur le cours de la bourse

DE Director

Stock Exchange

Modele DE

TimedPlotter

El, f

Averages

Buy/Sell

Sous-modele FSM

- N
/’ N\

_Seus-modéle SDF

SDF Director

Short term

E short

>+

Long term

IE{ long

~ short_term Iong_térm do
» » g

guard: short_term < long_term
output: do = 1

guard: short_term > long_term

guard: short_term < long_term output: do = -1

output: do = 1

guard: short_term > long_term >
output: do = -1
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Exemple :
Deécisions sur le cours de la bourse

KA
TimedPlotter EIEI@EI
T T T T T T T T T T T T stock ™1
12 7| shortaverage ®
long average ®
mr b buyorsell ®

10
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Exemple :
Embouteillage

I Al
sentr EJR K A
1

0
.l : | ,' !

Ja

™ B
Kgg NEREF

Modélisation des systéemes

02/03/11



Exemple :
Embouteillage
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Exemple :

Embouteillage

DE Director

e jobArrivalRate: 1.0/3.0 jobs/minute
e setupTime: 1.0 minutes
e rawMateriallnflowRate: 1.5 liters/minute

Hybrid model of a plant where a continuous flow o maxinflowRate: 2.0 Tyl

of raw material is directed into bottles as the
bottles (jobs) arrive. The top level is a discrete-

e targetContainerLevel: 10.0 liters

event model with a modal continuous-time model e initialRawMaterialLevel: 3.0 liters
inside. Model parameters are to the right.

PoissonClock Queue

BufferLevel
ooo

1N

QueueStatus
ooo

Author: Edward A. Lee

10

This model uses a PoissonClock to simulate
the random arrival of events.

Contrast this with the HybridPlant model which
uses a Clock to simulate a deterministic arrival
of events.

Modele DE
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Exemple :
Embouteillage

guard: true

job

»

guard: jobDone_isPresent
set: processing.bottleInflowRate = 0.0;
processing.Bottle.initialState = 0.0

guard: jobDone_isPresent
set: processing.bottleInflowRate = 0.0;

processing.Bottle.initialState = 0.0

Filling the bottle at

set: processing.RMBuffer.initialState = initialRawMaterialLevel;
processing.Bottle.initialState = 0.0;
processing.bottleInflowRate = 0.0

Not filling a bottle.
Collecting raw material.

guard: job_isPresent
set: processing.bottleInflowRate = maxInflowRate

RMBufferLevel

jobDone

e

emptyBuffer

the in-flow rate (raw

material buffer is empty). Fill

the

guard: emptyBuffer_isPresent && !jobDone_isPresent
set: processing.bottleInflowRate = rawMaterialinflowRate

Sous-modele FSM

Sous-sous-modele CT

Continuous Directonvipde| of raw material buffer and
bottle being filled.

e bottleInflowRate: 2.0
PeriodicSampler

RMBufferLevel
|
Const —
[} rawMaterialinflowRate
AddSubtract  RMBuffer Detect Empty Buffer
: emptyBuffer
job + J falling |
» - Too | P
Bottle Detect Full Bottle :
Const2 e jobDone
rising
.[ _/10.0 _
WA
BottleLevel
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Probleme de la composition

Sous-modele
type B

Modele
type A

Sous-modele
type C

Conversion des données,
du temps & du controle
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Exemple :
Job processing
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Exemple :
Job processing

DE Director

Combination of discrete-event modeling (at the top level)
and continuous-time modeling (below that). This example
models a job shop where job arrivals are discrete events,
the processing rate is given by an exponential random
variable, and the job processing is modeled in continuous

time with an opaque composite actor.
Ramp

TimedPlotter
ooo|

Job Processor

gyl

lambdab

TimedDelay

Sampler
Baby

delay of
¢
This model assigns an integer number to each job.
It then approaches that number with a slope given by the (random
The higher the rate, the faster the job gets done. The job is done
the blue line in the plot reaches the red. The lower plot shows the
at which each job is generated and completed.

Authors: Edward A. Lee and Haivang Zheng

Modele DE

Modele CT

Continuous Director

job

rate

ZeroOrderHo

Continuous-time model that uses the input rate to
determine how long it takes to complete a job.

This model generates a first jobDone output at time 0.5.
This breaks the feedback loop at the top level, triggering
the first job request.

Step function
indicating which
job is being
processed.

TimedPlotter

/[Talling
/0.0
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Exemple :
Leve-vitre

X Xa)

X powerwindow01

File Edit View Simulation Format Tools Help

Modele continu

Sous-modele discret

a o

driver_switch

K

power_window_control_system

window_system

Copyright 1990-2010 The MathWorks, Inc.

Sous-modele continu

@emeutral
b entry:

moveUp =0;

moveDown =0; [passenger(3]]

passengerDown
entry: moveDown =1;
exit: moveDown =0;

[passenger[I]]v/

iniPassengerDown

after(100,ticks) [passenger[1]]

1
(94

[passenger([2]]

[passenger(1]]

[endstop | after(100,ticks )]

[endstop]

[passenger(2]]

passengerUp
entry: moveUp =1;
exit: moveUp =0;

— o
position

gain  angular velocity window position

<ol

7y
QtoPassengerDown passengerDown
/

friction

T
[driver[3]] 2| [endstop]

driverDown
entry: moveDown =1;
exit: moveDown =0

[driver[ 1]] [driver[1]]

[driver[1]]

[endstop]

T
! [driver[ 2]]

|

driverUp

entry: moveUp =1;
exit: moveUp =0;

Y

faﬂer( 100, ticks
z ! [driver[1]]
Y

¢ 2\V [driver] 2])
DriverDown et 1
] / [driver[3]]

b 21
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Impléementation : logiciel / matériel ?

aYaya)

X powerwindow(01
File Edit View Simulation Format Tools Help

-
ke ol

\

Circuits dédies ?

— U dédiés ?
a & o :
S — Circuits configurables ?
driver_switch

a o

?

U/ ),

passenger_switch

power_window_control_system window_system

Copyright 1990-2010 The MathWorks, Inc.
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[ ) [ )
Partitionnement
Spécification
fonctionnelle
* Circuits dédiés ?
\ Ju dédiés ?
[ Partitionnement Circuits configurables ?
7N
e )

Co-développement

NoY
(" ograton )
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Co-design & allocation

Spécification
fonctionnelle
!: '|l: :
q'," A 4 )
i1
b i Loaiciel Plateforme
o giclel | e 5| matérielle
R temps-réel P
(i d’exécution
e i
i by, . J
£
i

[ Allocation ]

o
Q
o
D
<
@
(o]
©
©
(1]
3
D
\\3
pry
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Modele d’allocation

Modele Modele
de composant de composant
logiciel logiciel

Allocation Allocation

Modele
de plateforme
matérielle
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Transformation de modele

» Obijectif = généralisation de « WYPIWYE » [G. Berry]

/
/
! 4 N\
/ Modeling
/

conception

Simulation
Tests
Model-checking
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Transformation de modele

Modele X
Langage A

Transformation .
Transformation

Modele X
Langage B

Modele X
Langage C

P 29 Modélisation des systemes
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Transformation de modele

Méta-modele
source

J

A

conforme a

y-

-

Modéle
source

» Types de transformations

» M2M [/ M2T
» Endogene / Exogene

Définition de la
transformation

exeécute

» Unidirectionnelle / bidirectionnelle

; o aa. ‘/ ----------------
Qi I Modele
‘ E résultat

cible
N

Meéta-modele ]

conforme a

T Gilisation

v Vv Vv Vv Vv Vv

Conversion
Raffinement
Génération de code
Restructuration
Inclusion de patrons

Tissage d’aspects...

Modélisation des systéemes 02/03/11



Exemple :
Organigrammes = contacts

Méta-modele source

-

Person

+ last_name: String [1]
+ first_name: String [1]
+ function: String [1]

NS

Modele source

conforme a

(e

&
Contact.name=

Person.first name
+ n n

+Person.last name

ontact = Person

—

A

exeécute

-

Bravo, Alain,
DG

N

Friedel,
Olivier, DE

~

Moteur de
transformation

/

~

Méta-modele cible

~

Contact

+ name: String [1]
+ address: String [1]

-

/

conforme a

Modele résultat

<contact>

<name>Alain Bravo</name>
<address></address>

</contact>
<contact>

~

<name>Olivier Friedel</name>

<address></address>

\\j/contact>

/

b 3
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Exemple :
Réseaux de Petri, méta-modele

Méta-modele

(9 PetriNet

T name : EString

nodes
0.*

arcs

& Node

source

@' Arc

T name : EString

1

s~

1

7' nbletons : Elnt
7 kind : ArcKind

cible

@ Transiticn

o1 temos min : Elnt
o1 temos max : Elnt

@ Place

T nbletens : Elnt

<<enumeration>>
ArcKind

= normal

= read arc

conforme a

Modele

Modélisation des systéemes
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Exemple :

Réseaux de Petri, méta-modele

Méta-modele

(9 PetriNet

T name : EString

AN arcs

net 1 net
nodes
. /\0
G Node source

@ Arc

T name : EString

1

She— |

7' nbletons : Elnt
T kind : ArcKind

1

/

<<enfimeration>>

@ Transiticn G Place -
= . - ArcKingd
= temos min - Elnt T nbletons : Elnt - nornal
- .

o1 temps max : Elnt = repd arc

Modele

Modélisation des systéemes
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Exemple :
Réseaux de Petri, transformation

Modele (

PetriNetElement

1 name : EString

n

PetriNet

Place

1 nbToken : Elnt

ArcKind

<<enumeration>>

nermal

read arc

Transition

7 tmin : Elnt
1 tmax Elnt

1 nbToken : Elnt
1 kind : ArcKind
1 place : EString

>

Regles de

transformation

Meéta-modele source

\
E 1

’/

\
N

(9 PetriNet

7' name : EString

]
G, Nodg,

source

3 \
T namey: EStfing |1

1 net 1 net
5
0.%N\ arcs
A ¥

i

G Arc

T nbletons : Elnt
T

N 1 \/ kind : ArcKind
'llx “ cible

7 A

i Y

— (C) Tra.nsition L, — (2 Place <<enuﬂi::;'°n>>
Méta-model o1 temps min : Elnt 7 nbletons : Elnt —
eta-mo Ele o1 temps max : Elnt - read.arc
CiDle
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Exemple :

Feux tricolores, transformation

Fonctionnement
normal

Pgo
guard: true
» o:tpst.l guard: Pstop_isPresent
red=1; output: Pred=1; Parn=0
Pstop Pgrn=0 °

guard: Pgo_isPresent
output: Pred=0; Pgrn=1

This model turns the pedestrian lights
green when the car control lights go red.

Modele source

Modele résultat

[.]

< ' Controller : FSM-Actor |
currState "init,
initState 'init,

transitions : (

('relation 'Pred --> 'Pgreen {
guard: (isPresent('Pgo))
output: (('Pred |-> # 0) ;

('Pgrn [-> # 1))
set: (emptyMap)}) ;

('relation3 'Pgreen --> 'Pred {
guard: (isPresent( 'Pstop))
output: (('Pred |-> # 1) ;
('Pgrn [-> # 0))
set: (emptyMap)}) ;
('relation2 'init --> 'Pred {
guard: (# true)
output: (('Pred |-> # 1) ;
('Pgrn [-> # 0))
set: (emptyMap)})),

P 35 Modélisation des systéemes
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Question

» Quelle est la difféerence entre un genérateur de code (ou compilateur...)
et une transformation de modele ?

p 36 Modélisation des systemes 02/03/11
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Modeles multi-vues

Vue |
(projection)

Vue 2

Modéle (projection)

= union des B
projections -

p 38 Modélisation des systemes 02/03/11



Exemple
e-Commerce
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Exemple
e-Commerce, vue Besoins

v B3 model S~

~

v B3 Requirements

>
>
>

User
WebUser
SalesPersonel

» (O ViewCatalog

» / A_webuser_usecase
» / A_admin_usecasel
p (O Authenticate

» / A_user_authenticate
p (OO ViewProductList

p (O ViewProductDetail
P CCO ManageCatalog

P D Login
p CC Logout
p ¢ ManageShoppingCart

p 2O AddProductToCart

p ¢ RemoveProductFromCart
p CCD ManageAccount

p €O AddProduct

p ¢ DeleteProduct

» 2> ModifyProduct

22 Requirements
v B3 Design
v E3J entities
> E User
> Q Catalog
» & Product
> E Component
>
> Q WebUser
I Address
> E ShoppingCart
>/
» £3 Composition
» £ ShoppingCartitem
» E3 controllers

» / A_salespersonel_managecatalog

» / A_webuser_manageshoppingcart

» / A_webuser_manageaccount

Prgje

A_user_authenticat Authenticate

rtion

/" \

SalesPersonel

--ginclude»

\ «include»

A_webuser_usecase®,
\

xinclude»

7\

WebUser

webuser_manageshoppingcart

w

«include»

A_salespersonel_managecatalo ManageCatalog

B

«extend»

ViewCatalog

e -gzlnC[udL‘:

«mcludn.

-.«includex
«include»

AddProductToCart

RemoveProductFromCart

P 40
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Exemple
e-Commerce, vue Architecture

[ve&= model | T TTTTme---
v B3 Requirements User
> User + login: String (1)
> Weblser s Sl
> SalesPersonel + last_name: String [1]
p €O ViewCatalog + shoppingCart: ShoppingCart
» / A_webuser_usecase (1 ShoppingCart
» / A_admin_usecasel +/ total: double [1)
p 2D Authenticate
» / A_user_authenticate

p (OO ViewProductList
p (O ViewProductDetail

p (2> ManageCatalog <> + shoppingcart: ShoppingCart
» / A_salespersonel_managecatalog WebUser ShoppingCartitem
b ¢ Login + shipToAddress: Address [1] + quantity: Integer [1)

+ billingAddress: Address [1] +/ price: double [1]

p CC Logout

p ¢ ManageShoppingCart

» / A_webuser_manageshoppingcart
p 2O AddProductToCart

p ¢ RemoveProductFromCart

p CCD ManageAccount

(1]

+ webUser: WebUser

+ product: Product

Product
:E; gd:":“;du;( . Catalog + name: String (1]
-2 DeleteFroduc H H + reference: Integer (1
» 2> ModifyProduct Pro]eCtlon ilc]m,og, Catalog -/ costPrice: dou?)le {1}
» / A_webuser_manageaccount - + sellingPrice: double [1])
;g Requirements + product: Product
v B3 Design [*]
v E3J entities
» & user + product: Product <> Composition
> Q Catalog + quantity: Integer (1)
» & Product
> E Component + component: Component
> «DataType» Component
» =] webuser Address + name: String [1]
> Address + street: String (1] + reference: Integer [1)
> E ShoppingCart + ci'ty. String (1] + unitPrice: double [1]
>/ + zipcode: Integer [1)
» £3 Composition
» £ ShoppingCartitem
» 3 controllers | ___--

p 4l Modélisation des systemes 02/03/11



Exemple

e-Commerce, vue Interactions

[v B2 model
v E3 Requirements
> User
> WebUser
> SalesPersonel
» (O ViewCatalog
» / A_webuser_usecase
» / A_admin_usecasel
p (O Authenticate
» / A_user_authenticate
p (OO ViewProductList
p (O ViewProductDetail
P CCO ManageCatalog
» / A_salespersonel_managecatalog
P D Login
p CC Logout
p ¢ ManageShoppingCart
» / A_webuser_manageshoppingcart
p 2O AddProductToCart
p ¢ RemoveProductFromCart
p CCD ManageAccount
p €O AddProduct
» 2D DeleteProduct
» 2> ModifyProduct Pro
» / A_webuser_manageaccount
22 Requirements
v B3 Design
v E3J entities
> E User
> Q Catalog
» & Product
> E Component
>
> Q WebUser
I Address
> E ShoppingCart
>/
» £3 Composition
» £ ShoppingCartitem

» F3 controllers

|€

\!
1
1
1
1
1
1
1
1
1
1
1
1
1
1

:ProductDetailedView | | ShoppingCartManager | |

:Catalog

ction

I
|
- addProduct(id)

>

I
|
I
. . |
findProduct(id) |

findProduct(id)

ShoppingCart

i = new ShoppingCartltem(1,p)

addltem(i)

true

=)
=

ShoppingCartitem

b 42
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En réesume

» Hétérogénéité des systémes P hétérogénéité des modéles

» Conception de systemes hétérogenes =

beaucoup de problématiques differentes

» Besoin d'outils de modélisation adaptes

» Besoin d’outils d’analyse fiables, de bout en bout du cycle

» Modélisation hétérogene = beaucoup de techniques differentes

»

Entre autres :

»

Automates hybrides et modeles modaux
Composition de modeles

Co-design et allocation

Transformation de modeles

Projection de modeles (modeles multi-vues)

Modélisation des systéemes
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Conclusion ?
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