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Supélec T

B Context
» Heterogeneous systems: software/hardware, digital/analog, IPs...

bpeswii —\ Multiple modeling formalisms: level of refinement, aspect, domain...

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

» Maximize model reuse, facilitate and optimize designers collaboration
» Simulation, code generation, verification, validation, tests

‘!3{% Multi-formalism modeling =

allow the use of several modeling languages in a model

B Main issues
» Describe the semantics of a modeling language precisely

» Define the semantics of a combination of modeling languages
in @ model
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Set of rules that define the behavior of the model
by combining the behaviors of its components
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L Existing approaches & motivations
Supélec T

B Defining the semantics of modeling languages
[Kermeta]» UML meta-model + execution operations (imperative semantics)

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

» How to “glue” heterogeneous parts of a model ? *

%‘
B Combining modeling languages in a model

» Transformation toward a union meta-model
[aToM?] » Transformation toward one of the modeling languages
[PtolemyII]» Hierarchical layers using different Models of Computation (MoCs)

ModHel’X’s goal = provide support for the explicit specification of
interactions between hierarchical layers using different MoCs

4.
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B Encapsulation

» Components of a model = black-boxes with well defined interfaces
& e Goal: decouple the internal mechanism of a component from

the model in which it is used
B Observation

» Execution of a model = observations of its behavior = snapshots
e Triggered by time, environment changes and by components of the model

) Snapshot = combination of observations of the components of the
model according to the MoC

» Observation of a component (black-box) = update of its interface

B Hierarchy & delegation
i.‘.‘é? » Behavior of a component = internal model + internal MoC

» Update of a component = update of its internal model
» Semantic adaptation at the border of the component

one MoC by layer + local heterogeneity = reduced complexity ‘




General architecture of ModHel’X

SUPERIEURE

D'ELECTRICITE

Execut abl e descri ptions

of each MC =
A -
Het er ogeneous Ceneric nodel of
nodel execut1 on Semanti cs of
t he MoC

LY Start O Snapshot
P z
e

]
Generi c execution
engi ne h

Generic meta-model Generic algorithm Language for describing
for the representation of for executing « The operational
the structure of heterogeneous models semantics of a MoC

heterogeneous models . The interactions

between MoCs



SUPERIEURE

p= = Representing an heterogeneous model

D'ELECTRICITE

Supélc

B A set of few basic and generic objects

Model

Structure (CompositeBlock)

Pin Token

/ Interface

OO 2% @

Relation

Atomic
Block

C

)___

C

MoC

{ext ernal )

— ey g s

B Two separate aspects

» Structural: Blocks, Pins,
Relations, Tokens

» Behavioral: Model of
computation

B Specialization of these
objects for each MoC
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B A set of few basic and generic objects

Model B Two separate aspects

Structure (CompositeBlock) MoC » Structural: BIOCkS/ Pins,

loxternal) Relations, Tokens
Pin Token » Behavioral: Model of
/ Interface Atomic ComDUtatlon
lock Block
OO 2 @&——O OO L
Relation B Specialization of these
objects for each MoC

InterfaceBlock M Hierarchical heterogeneity
Model (i nter nal ) » An InterfaceBlock has an
internal model
Structure (CompositeBlock) _
S » The internal & the external
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the semantic adaptation

d




p= =sl Executing an heterogeneous model

SUPERIEURE
D'ELECTRICITE

Supaéc

snapshot
B One execution = I ﬁ -
» Sequence of successive snapshots of the model )Stat 3 ) — Zivfl'““?
S
aut

02/10/2007



Executing an heterogeneous model

SUPERIEURE

D'ELECTRICITE

Supélec
snapshot
] IN
B One execution = L
» Sequence of successive snapshots of the model )Stat — = :ivfl'““°2
B One snapshot = - our:
» Causal: state, + inputs, mp outputs, + state,,,
» Gradual update of the model blocks Model
e Schedule of the block to update Structure
(o Update of the block Provide Display
_ Inputs outputs
e Propagation of the produced data = - : T;

02/10/2007



SUPERIEURE

D'ELECTRICITE

Executing an heterogeneous model
Supélec

snapshot
] IN
B One execution = L
» Sequence of successive snapshots of the model )Stat - ) — :ivfl'““?
B One snapshot = ~~ %
» Causal: state, + inputs, mp outputs, + state,,,
» Gradual update of the model blocks Model
e Schedule of the block to update Structure
(o Update of the block Provide Display
_ Inputs outputs
e Propagation of the produced data =P o : .ry

B Generic execution algorithm
» A set of generic operations
» Semantics specified using our language

» Hierarchical execution

e InterfaceBlocks have special operations &
in order to adapt the semantics between MoCs @
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GlobalModel

GlobalStructure

"(‘I.offeeMachine (InterfaceBlock)

B Semantic adaptation:
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CoffMachModel

CoffMachStructure curr=idle
coin >coin coin?

coffee coffee served served
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) - ele
GlobalModel

GlobalStructure

'ééf%eeMachine (InterfaceBlock) B Semantic adaptation:
"""""""""""" time “gluing”?

» in: remove timestamps
» out: add timestamps

‘ which ones?

CoffMachModel

tix CoffMachStructure curr=idle
( 1 >coin coin?
3

coffee served

coffee? served! ﬂ)
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B Intended workflow and required effort to use ModHel’X

1. An expert of a modeling language describes:

e The structural and semantic elements of the language
o Specialized meta-model
+ Imperative semantics of the execution operations

once!
AL

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

2. Experts define interaction patterns (= “classical glues”) for each
\ pair of model of computation that may interact

3. Designers use ModHel’X

B Supported MoCs
» Continuous behaviors: numerical solving (approximation)
» Cyclic dependencies: fixed point semantics (monotonicity...)

» Non-determinism: “controlled” non-determinism (pseudo-random
functions allowed)

02/10/2007 g



woomll Discussion (2/2)

D'ELECTRICITE

Supélec

B ModHel'’X & Ptolemyll

» PtolemylII is our main source of inspiration
» Contributions:

ModHel’X Ptolemyll

Proprietary abstract

Abstract syntax UML meta-model
syntax

Generic execution

algorithm Structured Java code
+ imperative semantics

Specification of the
semantics of MoCs

InterfaceBlock
operations
+ imperative semantics

Specification of the
interactions between MoCs

Predefined
combinations

Execution paradigm Observation of blocks Firing of actors
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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
» Facets (non-functional properties for embedded systems)

02/10/2007 16 .
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