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B Context
i T1ELEFOgENEOUS systems: software/hardware, digital/analog, IPs...
F5 % » Multiple modeling formalisms: level of refinement, aspect, domain...

Global reasoning is impossible!

E Multi-formalism modeling =

allow the use of several modeling languages in a model

B Objective: having a global model of the designed system
all along the design cycle

» Design, test, verification, validation, ...

B Main issues
1. Describe the semantics of a modeling language precisely (executable)

2. Define the semantics of a combination of modeling languages
in @ model

3.
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1. Defining the semantics of modeling languages
[Kermeta] » Ad-hoc meta-model + execution operations (imperative semantics)

gFSM E| FSMException
reset() ‘

4§ run(input: String): String |

0..1 ¥ owningFsSMm | El NonDeterminism I | El NoTransition I

1 | initialState  0..* | ownedState .
outgoingTransition | = Transition
E state
1 0. | = input: Character -
0.1 = name: String P
source

= output: Character
currentState | g step(c: Character): Character

4 fire(): Character

target | 1

0..* [ incomingTransition

[PtolemyII]» Fixed component-oriented abstract syntax
+ Model of Computation (MoC)

FSM

input

»

>
{ - mode controller e
.—’

-

Blending_A_jo_B

5o g]ﬂ"_

4
Blending_B_jo_A
Controller_B L

D1 5o

Confroller_A
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1. Defining the semantics of modeling languages
[Kermeta] » Ad-hoc meta-model + execution operations (imperative semantics)

gFSM E| FSMException
reset() ‘

4§ run(input: String): String |

0..1 ¥ owningFsSMm | El NonDeterminism I | El NoTransition I

1 | initialState  0..* | ownedState .
outgoingTransition E Transition

E state

1 0. | = input: Character -
0.1 = name: String P
source

= output: Character
currentState | g step(c: Character): Character

4 fire(): Character

target | 1 . .
0..* [ incomingTransition

[PtolemyII]» Fixed component-oriented abstract syntax
+ Model of Computation (MoC)

—

Set of rules that define the behavior of the model
by combining the behaviors of its components Qé”

III

= “way of interpreting the mode MoC

X
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[Kermeta] » Ad-hoc meta-model + execution operations (imperative semantics)

[PtolemyII]» Fixed component-oriented abstract syntax
+ Model of Computation (MoC)

\ How to “glue” heterogeneous parts together in a model?

=
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2. Combining modeling languages in a model
» Transformation toward a union meta-model
[aTomM3]» Transformation toward one of the modeling languages

Language B

[PtolemyII]p Hierarchical layers using different Models of Computation (MoCs)

FSM

- ~ Pmode controller Rt
@ SDF
' [ ]
’ Ramp
Blend Step
j |
step
Controller_A * h
Ellendmg [BI nd E
pression output
= ;I B}D H(Iﬁp nputB + (STEP - step) * i ptA)fSTEPH
Blending_B_jo_A
Confroller_B
]3] E}D
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2. Combining modeling languages in a model
» Transformation toward a union meta-model

Language B

[ProlemyII]p Hierarchical layers using different Models of Computation (MoCs)
Issue: predefined & implicit glue between layers

N

Modification of the models
in order to obtain an adapted glue

ModHel’X = hierarchical layers + MoCs
+ explicit specification of glues
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Executable specifications
ofeach MoC

=7 CGeneri c S . ; g
executi on ggﬁﬂt Istcz 2
Structure al gorithm ¥

of the model

Semantic “glues”
between MoCs

Execution
engine

\ ) - J
Y Y
Generic Generic Language for
component-oriented model of execution specifying semantics
& hierarchical

abstract syntax

(MOF meta-model)

7.



wl Agenda

Supélec

1. Context, existing approaches & motivations
P 2. ModHel’X: underlying concepts
3. The coffee machine example

4. Discussion & conclusion

11/04/2008



=9l Agenda

D’ELECTRICITE

Supélec

1. Context, existing approaches & motivations

P 2. ModHel’X: underlying concepts
e Abstract syntax, MoC, hierarchy & glue
e Model execution

3. The coffee machine example

4. Discussion & conclusion

11/04/2008



p= =9l Generic block-oriented abstract syntax

SUPERIEURE
D'ELECTRICITE

Supélc

B A few basic concepts: blocks, pins and relations

Pin Token
\ Block Block
<) ( Relation ) CD
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B Structure of a model
Model

Structure (CompositeBlock)

Pin Token
\ Block Block
OG-0 @O OO
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B Associated semantics: the MoC

Model

Structure (CompositeBlock)

Pin Token
\ Block Block
C><) ( Relation ) CD

—(
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\ Block Block
C><) ( Relation ) CD (>
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coffee? served!
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B A given structure, 2 different semantics with 2 different MoCs !

Model
Structure (CompositeBlock)
Pin Token
\ Block Block
C><) < Relation> C) Q
—
- t ﬁ;bcuTﬁt.-; Talhy
3 L b 'j!ﬂT

(TheMathworks SimEvents)




p% =l Model of Computation (MoC)

SUPERIEURE
D'ELECTRICITE

Supélc

B A given structure, 2 different semantics with 2 different MoCs !
Model

Structure (CompositeBlock)

Pin Token
\ Block Block
C><) < Relation ) CDCD

» Specialization of the abstract syntax allowed to
e Represent particular concepts used in certain MoCs
e Constrain the structure of models for particular MoCs
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Model
Structure (CompositeBlock) MoC
{ext er nal
T
OO OO OO
Relation
InterfaceBlock
Model (i nt ernal )
Structure (CompositeBlock)
)
O S ? O
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B Where is heterogeneity?

Model

Structure (CompositeBlock)

MoC
{ext er nal

Interface

O-Q Bk 6O

Relation

Block

O----0O

InterfaceBlock

Model (i nt ernal )

Structure (CompositeBlock)

V
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Model
Structure (CompositeBlock) MoC
{ext ernal )
IN ‘ OuT ?
U O O
snapshot
IN

G G model

evqutioE
state state .,
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B Model execution = sequence of snapshots

Model
Structure (CompositeBlock) MoC
{ext ernal )
IN ~ ‘ OouT ?
Q O
snapshot
|p|\| » When?

@ @ » e Regularly
mode

e When the time changes

Ut
J } Yo “t'°2 e When the environment changes
state | state ., _
‘ e When the model changes (internally)

Depending on the MoCs involved!
(use of constraints)
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B Snapshot = combination of block updates (observations)
Model

Structure (CompositeBlock) MoC
{ext ernal )

IN
Block ‘ Block
y() O Q O O
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B Snapshot = combination of block updates (observations)
Model

Structure (CompositeBlock) MoC
{ext ernal )

OouT ?

IN
’ Block Block
O OO OO

» In which order to update the blocks? (control and concurrency)
e Topological order (e.g. DE)
e Transitions (e.g. FSM), ...

» How to propagate the results of the updates? (communication)
e Timed events (e.g. DE)
e Signal flows (e.g. SDF), ...

Rules expressed by the MoC
(scheduling and propagation operations) 6 .
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Model

Structure (CompositeBlock) MoC
{ext ernal )

OouT ?

IN
Interface Block
’-o Block <}$@ o™
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B Heterogeneity = hierarchy

» Delegation
of the update

» Adaptation
e Data

e Control
e Time

\ Glue (Qf)

IN
’ Interfacezﬁ(
Block
<) ( elation )

Model

Structure (CompositeBlock)

OouT ?

Block

O----0O

MoC

{ext er nal )

InterfaceBlock

Model (i nt ernal )

Structure (CompositeBlock)

—E

N

%
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Coffee
machine

Rl ¢
Pr=s %
¥

GlobalModel

GlobalStructure
O

'ééf;‘éeMachine (InterfaceBlock) ]
B Coffee machine

automaton

CoffMachModel

CoffMachStructure init=GL
curr =Gl Gl—————»coin?
<>coin i
<>coffee served (G2 ——» coffee? served!

(‘5 O AZJ
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V=%
\4

GlobalModel

GlobalStructure é
O

'ébffeeMachine (InterfaceBlock)

CoffMachModel
CoffMachStructure curr=idle
<>coin <>coin coin?
coffee coffee served served

<> CR coffee? served! (P C>
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al S |
\4

GlobalModel

GlobalStructure ‘e
O

B Semantic adaptation:
time “gluing”?

EoffeeMachine (InterfaceBlock)

CoffMachModel

CoffMachStructure curr=idle @
. . coin?
<>c0|n <>COII’]

coffee coffee served served

<> CR coffee? served! (P C>
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J | 7 > mac
) < | e3¢
U - L

GlobalModel

GlobalStructure
: { J

'éaf;‘éeMachine (InterfaceBlock) B Semantic adaptation:
H \ H II?
CoffMachModel time gIUIng )
CoffMachStructure curr=idle @ » in: remove timestamps
coin coin coin? » out: add timestamps
O O

»which ones?

coffee coffee served served

<> CR coffee? served! (‘) C>
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Coffee

U machine
,.2 | >

GlobalModel

GlobalStructure
: { J

'ééf‘féeMachine (InterfaceBlock) T B Semantic adaptation:
time “gluing”?

» in: remove timestamps
» out: add timestamps

»which ones?

CoffMachModel

tix CoffMachStructure curr=idle
coin coin?
()—J—N)
<3

coffee served

coffee? served! C‘)
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£ Jay [Hat offee machine example (=1
Fle Edit Source Refactor Mavigate Search F
| ch AR A B A AR
e— = N T N = SystemModel
: T Herarch | = Navigato | = O I
ey = SystemModelStructure
i | H S|«
B2 ModHelxCode a User guﬁéel\%atlzhini b
ervingDelay: %
I E core concepts ~Eoin | TimeCoffeeReceived: 0 fime: 0
-8 coreengine EET adaptin aventlist [
B coreihm ColleE e TY—— 1
g8 core Lt offeetdachinetlode
-8 samples DE . CoffeeMachineModelStructure o
a . constraint list: |
B samples, DE.biblio J o e :
-8 samples. FSM i reset
& samples,FSM.biblio in dajprev enable | BIOCKS 0 Updatej|
Ao @5 @" : "G1:coin? ;
-3 test coiff” coin next next ] sefved
-8 testhbiblio next fireable guapd: [
E-mh JRE System Library [JRE1.5.0_08] - : skrved
; AZ:served!
4| 4 oot
2= Outiine 52 e ¥ = O] Pl enable. T served
Anoutline is not available.
o [ o]

[21 Problems | @ Javadoc | B Console 2 & Progress]
ModHelxCode [Java Application] C\Frogram Fles\Javaljrel.5.0_0&\binjavaw.exe (7 avr, 08 17:46:42)

Moc "DE" : presched (empty), time: 0
Moo "DE" @ update, time: 0

"User" : update

Moc "DE" @ intersched (empty), time: 0

oc "56v § boschoncd ampisy. cine: 0 Proof of concept demo

Moc "DE" @ snapdet, time: 0

Moc "DE" : initsched, time: 0 . . .

Moc "DE" : preprop, time: O http://wwwdi.supelec.fr/logiciels/modhelx/
Moc "DE" : presched (empty), time: 0

Moc "DE" @ update, time: 0

"CoffesMachine™ : adaptIn

K
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B Use for tests:
Simulation & real-time execution of heterogeneous models

» Rapid prototyping
» Execution of test scenarios
» Generation of traces for analysis, ...

B Supported MoCs
» Continuous behaviors: numerical solving (approximation)
» Cyclic dependencies: fixed point semantics (monotonicity...)
» Non-determinism: “controlled” non-determinism (pseudo-random functions)

B How to add support for an additional language in ModHel'X?

f'1. An expert of the modeling language describes:

e The MoC corresponding to the language (structure + semantics)

e Transformations from the original meta-model of the language
to the ModHel’X meta-model

2. Experts define usual interaction patterns (“glues”) for pairs of MoCs

- =
23

once!
AL
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B ModHel’X = an approach to multi-formalism modeling with

» A generic meta-model for representing heterogeneous models

e A specific structure for the explicit and flexible specification
of the interactions between MoCs

» A generic algorithm for executing heterogeneous models
e A fixed frame for expressing MoCs

B Work in progress

» Prototype based on the Eclipse Modeling Framework (EMF)
e Several implemented MoCs
e Working on the Synchronous DataFlow and UML StateCharts MoCs

» Concrete syntax of our language (OMG ImperativeOCL - QVT)
e Verbosity
e Formal semantics

B Perspectives
» Model based expression of glues
» Combination of formal properties
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