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 Model-Integrated Computing
— Specification of Domain Specific Modeling

Languages
— Specification and Generation of Model

Translators
 Model Synthesis Example
— Construction of Design Spaces
- Exploration of Design Spaces
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The “Grand View” of
Model-Integrated Computing

Tools for Model-Integrated Computing
Technology
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Embedded Computing
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Platforms

Time-Triggered Architecture (distributed, hard real-time, safe)

Environment-

sensors, e.g. Steering
Front-Axle yaw-rate, camera Driver Wheel
Feedback Sensors
/ Servo Servo Servo Servo
Controller Controller Controller Controller

? Actuators  ; )
i Assistance / Steering
= isystem — { Wheel
Speapast: ()
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Wheel Angle
Sensors

D Actuator

@ sersor

Electronic Contral Unit
.J Redundant Units

Integration framework, composition mechanisms, components

QoS Middleware (such as CORBA)

Application

QoS parameters

Control
Operating System Operating System Algorithm || ”
Control

Hardware Hardware Strong isolation Measured

between SW and vars. vars.
CPU, MEM, I/O CPU, MEM, 1I/O HW by Active Coftrol

Application Application

QoS Middleware

QoS Middleware
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Challenges in Model-Based
Desi

Application
Space

Model-Based
Design

Implementation
Space
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Implement.
Models

Model-Based
Design of Embedded Systems

Composition of

 Domain Specific Modeling
Languages (DSML)

* Model Synthesis

 Model Transformation




Specification of Domain Specific
Modeling Languages (DSML)

L=<C, A, S, Mg, Mc>

Concepts )

Relations , fSemantic\ Mathematical
Well formed-ness _§_e_|_T]§t_nt|cs Domain | abstraction for
mes 2 N A /J L 1T S specifying the

meaning of models

Notation for
representing models
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Concrete Syntax and =——"—

Abstract Syntax ——

Concepts, Relations
Well formed-ness rules:

Signal Flow Language (SF)

Mathematical abstraction
e s for specifying the
: Abstract Mg . £ Semantic p ying
5 syntax ) Semantics > oomain meaning of models
e || =i - S
<=Cn?1lr?;cat:nn>> ...........j \ ’?
UML_CD/OCL T pa&ito But What About S H
Self.InputPorts()® forAll(ip¥ip.src()® forAll(x1,x2¥x1=x2)) \
MC Concrete

Syntax
C

m_.mmp out A Car ROl
A RO
U EET ROl Extraction )
( ( Notation for
ouml—IBin 0utﬂ|~ﬂ1mn out representing models:
) : E.g.: Block Diagram
Spectral Filter hutiply IFET
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Meta-Modeling sass

INTEGRATED SYSTEMS

Meta-modeling language with Meta-Model of StateFlow using uml/OCL
well-defined semantics as meta modeling language.

ateshee
T Mame: [StateShest Paradiom aapect|ClassDiagrar

I3
Abstract - Semantic |
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Concrete £<atom>> £<atom>> £<at ﬂm)) £<atoms»> £<at Ellfr\v) EEEEEEEEEEEEE
Syntax

:- : Structural
b Semantlcs

DSML: Meta-model

Represented by i StateFlow

Meta-model

1
1
1
 Semantics
1
1

N v
S DOMAIN-MODEL
& GM evel]
. Ei jow  Help
Abstract S . Semantic = 2l els| 7 |wfF #| Sm<lE 2]
emantcs H Name: [TopLevel [Behavioialodel — [Type  Aspect [Benavioispect ~][Fehavioral
Syntax Domain

|[&]0l8]$ 71

Initial ReadyTrans
n out !—- H
nil i

Concrete

Syntax

OnPlatformTargetSeek

EDIT [100% [ACS_v30 [4:35 PM
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Semantics via Translation = —

INTEGRATED SYSTEMS

Modeling language with

Synchronous Dataflow (SDF
well-defined semantics y ( )

Actar
“OF ==hodel>» Eon E"i
==Folder== File - field 5| SsAtom= } .
. Memory:  field - i :
Abstract Semantic WCET:  field |

Syntax

Semantics . Script: el
< Domain

- InputFort DutputPort
/\ =<=Atam== <=Atom==
pa&ito

Concrete
Syntax

Signal :
- ==Connection== |___________2

Lee, Sangiovanni-Vincentelli

AN

Semantics
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Semantics

-—— e o e e e e e e e e e e

T

1

1

:

1 .
'Behavioral
1

1

|

:

1

“
7 e e e e em e en en e En em Em En e Em Em Em em e =

:
:
translator !

IN
AN |

SF Base o |

£2 0.
<<Folder== <<hiodsl== 77| <=Atorm== }
T 1 i

Abstract
Syntax

Cormpound Primitive
==Mode|>» ==hodel=>

Area:  field

InputPort OutputPort
==Atorm== <=Atarm==

Script: field
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File:  field

Signal |
H ==Connection=» L.t g

Hierarchical Signal Flow (HSF)
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HSF*
SEMETIE Semantics Abstract
Domain Syntax
ALl
paé&to
Concrete

Structural Syntax L,lIL,
Semantics

Semantic
Domain

Consistency! >

!I Abstract

Semantics

DSML Composition

SDF+Cont.Dyn

Abstract
Syntax

Semantics

Concrete
Syntax

' Syntax

paéeito

FSM
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Concrete
Syntax

Abstract
Syntax

Semantics

pa&ito

Concrete
Syntax

CSP
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INSTITUTE FOR SOFTWARE

INTEGRATED SYSTEMS

Composed
Behavioral

HYBRID
SYSTEM

New
Semantic
Domain!

Semantics:
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Using the same core modeling tools

ﬁETAMODELER’S TOOLS\

Meta - Modeling

. Implemen
Environment

creates

MetaModel| configures

for everything:

Metaprogrammable
Graphical Modeling Tool

Emplemented by

of

Domain

N

Implemented by

Model Database Engine fjm,

(MS Repository, XML)
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Domain - Modeling
Environment

creates

Y 5

Domain
Specific

~_ /

§“Metaprogrammable” Modeling Tool: E5===

Efficient AND Affordable
Modeling

* Model databases, graphical
modeling tools are extremely
expensive to develop (20-30+
man-year)

« We use COTS and
metaprogrammable solutions:
domain-specific customization
takes only hours

 Opens up new opportunities:
“Design your domain specific
modeling language for your
R&D program and configure the
modeling and model repository
tools using libraries.”
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GME Architecture =————=

INTEGRATED SYSTEMS

Internal Structure Use

UML Class Diagram

4 GME )

vea | ||| =
Graphical User Interface [ | models
‘ E ||nputPon I } 0utputh| ICDmpLundBlolckl
Editor Core
’ GME Metamodel

S
==Folder==
[
Dataflow
......... ==Connection==
sre 0.7
Fert / P Block
==Atom== [0.5 ==Model==
[ [
4
InputPort QutputPort CompoundBlock PrimitiveBlock
==Aform== <<Atarn == <=hindel== <=hiodel==
g 3in out3 in out——3
Mode! database o

Domain model

S[Zqownlti)tgd site: http://www.isis.vanderbilt.edu/Projects/gme] "
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GME Support for
Compositional Meta-Modeling
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Metamodel composition with GME

| *.* GMEZ00D - MetaComposition 10l x|
Composition Operators
p p J_\/d-|nEX|9Q|1‘TTIT|S£H:§§HE|EED|? |JCOmponents:|ﬂ
O@Esoanon M| o ST
- itz s o Name:ISignaIflow ParadigmShest Aspect:l ClassDiagrarn j Base: IN.-"A T Name:lHielarCh}l IParadi
Operator Symbol Informal semantics = -
Q Biock
==pModel==
. ,@ Faort E Connection L Frocessing SWy il
) -_<>_ Compl ete equivalence of two classes e “efotreLL, gie] *4ConnEdons <<Model>> | o <=Folder-> -
Equivalence = 5 ‘ ﬁ
(1
4
) . . , . ’L‘ LeafBlock Container
‘ Child inherits al of the parent’s attributes ! <<Madel=> || <<Model=>
Im Iementation . Lo Diagram Operatar
p and those containment associations where nputeart | | outputPart “=hodel=> |e—] <<Model=>
. . . ==ptom== | | ==Atormn== b
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‘ 1 | S ES - i [
[E]HDFS =10l x|
Interface ‘ Child inherits al associations except T Neme:[FOFS [ParadigmBhest ™ Aspest]ClassDiagram | Base: /A
| nheritance containment associations where parent i~
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Caontainer Diagram LeafBlock Qperator
==hodelPromy== ==hodelProx== ==iodelProwm== ==ModelProxy==
r 4 4 4
CompoundBlock PrimitiveBlock
=<plodel== =<hodel==
=
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Research Issues In Domain
Specific Modeling Languages

& Precise, compositional meta-modeling

& Multiple aspect modeling in the
compositional meta-modeling
framework

4 Practical issues:
Examples, meta-model libraries

Meta-programmable tools
Link to UML-2
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Model Synthesis and

INSTITUTE FOR SOFTWARE

Transformations

Model-Based
Design of Embedded Systems

2|5 98 [Mms0|e
R—

Domain-Specific Modeling

= F} Languages

Model-Based Generator
\rechnology

- Modeling of generators

- Generating generators

- Provably correct generators
Embeddable generators

Generator

* Model Synthesis

* Model Transformation

Configufat|on LjJ =

P s oom

Specification == — :
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Generator Technology In MIC

1. Direct implementation

Input tree generation
(implicit: models ARE the input tree)

Traverse Input tree and incremental
construction of output tree

Printing out the “product”
Widely used in MIC, good tool support

2. Pattern-based design
“Visitor pattern”
Explicit specification of traversal paths
See Karsal and Lieberherr

Sztipanovits
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Generator Technology In MIC

3. Meta Generators (Karsai)
Formal modeling of generators and
generating the generators from the formal

models
Formalism: graph grammars and graph

rewriting
Output graph: G, (Coi Ayy)

/¥n)

Input graph: G,, (C,,,

Sztipanovits
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Meta-generators: Model
Transformations in Tool Integration

Domain-specific model Meta- model for source

Roles transformations play in
model-based design:

*Refining a design into an
implementation

Code generation

*PIM -> PSM mapping

«Support for model interchange
for tool integration

> H > }

Approach: Meta-models for = ,ﬁ\ T
source and target models plus | e—==. | ’%’ | I =
transformations, then = I L
generating the transformer Target model Meta- model for target
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@hess Meta-generators: model

& Transformations in Component Integration

Actor

SF Aaae Fort = ==Madel==
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Image
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e ol o SDF Platform
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Research Issues In Model
Transformations

¢ Languages and tools for meta generators
¢ Model synthesis using explicit design patterns

¢ Model synthesis using constraint-based
design-space exploration

¢ Generative modeling extensions to languages

¢ Embeddable generators
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Example: Constraint-based
M O d el S n t h e S i S NTECRATED SYSTEMS

A modeling problem:

Driver Bus
Driver H Environ.H )
X 2 Design Space:

- Hierarchically layered alternatives

Env. Bus,
Model Bus

_Plant Bug
Control By

¥ ¥ ¥ ¥ ¥ ¥ ¥
EIectricaH Engineu Transm.u Driveline’H Chassisu Brakesu SteeringH

Bus

Source: Ken Butts, Ford
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Reusable Model Synthesis

Behavioral Design Flow Design Space Modeler

| Component ,| Design Space | Design Space
Behavioral Abstraction (T,) Modeling (Mp) Encoding (Ty)
Models
And
Model L w v
Components | __ Component |, Design < Design Space
Reconstruction Decoding Pruning

DESERT Model Synthesis Flow

Behavioral Design Flow
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Component Abstraction ===

INTEGRATED SYSTEMS

u Model = .
N 1 1 >
-Name 5"'"9’—‘ SignalFlow Base o
Jetamte 1 :
LineDefaults BlockDefault: hamme Strlng = harme St”ng nal
1 position : String | | position : String po) M I m n n
07| DefFile : String Ex
Zr 1
Annotation System Block Container
Name ol 1 (Name 9 0.
1 1
1 ConnBase e Signal
[ - N i
8 hame: String [dst E:;Tt?n.n'g{;::g
ine] DirectLine position ; String (07
Gompound Template
1.3 1 Subsystem Reference Primitive
' ° 4
Branch L
Bus
1 Port o ==fAtom==
Masked Normal "’
DirectBranch 0=
1 _dstPort StarConnectar .
I NE— InputPort OutputPort .
dsPort Caonnectivity © Integer
1 I L Mus Dernu
: [ ]
0.
-srcPort 1
Parameter
Name : String|
Text Boolean Enumeration Integer Double Vector Type
[Value : String Value : Boolean [Value : String [Value : Integer [Value : Double] Value : Variant [Value : Variant

Simulink® Design Space
Metamodel Metamodel

.| Component
Abstraction (T,)

v
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Design Space Modeling =—=-=

INTEGRATED SYSTEMS

Image ROl
pectralCorrelation ROl Extraction g
) Attributes | Preferencesl
ICnnstraint
SDEC Filter Expression [ self.children"Corelation' . implementedBy(] = v

zelf.children( Carrelation].children["'S pectralCornelation’]  implies
self.children["'MatchFilter'"] implementedB y[] =
zelf.children("MatchFiter). children("S pectralFilker] |
and
[ zelf.children("'Carnrelation”.implementedBiy(] =
zelf. children("'Correlation"].children("S patialCorrelation']  implies
self children[' "M atchFilter'"] implementedBy() =

zelf.children["MatchFilker'). children("'S patialFilker]
ISI—‘{ZIInp out

Image

FFT

%::g out Sine ot
Filter CorrSurf

Multiply IFFT

Design Space
Modeling (Mp)

v
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Design Space
Encoding (Ty)

ooodo oool oo1o

S=0 V53 S 1= Vo=V~ V3 S211= VgV —V;
S =0, VD W 5 S 1= V=V VY3 Sr12= VoV, V2
S, =0, 1M 54053 S 3= V=,V V3 Sr31= VgV V3
S =021 W2y S 2=V, Sr32=" VgV V3
S50 23, Y0 23, S3=Vp—7V,
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Design Space Pruning

CC=0511=2373;
CC=0, 1M 231V 51

KL BB

Design Space
Pruning

A
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DESERT Tool Chain Summary sS5es

INTEGRATED SYSTEMS

utomated Model Compiler
|  Automated Model Compil
Matlab/Simulink |
Statefl ow I Design Space Models DESERT
I '_ et e o == ;: 4._._ = :__
| =)
| -
| GME S—
| A
|
I Component Ahsiraction Design Space Abstraction
R sl aml
— TI‘Q.]‘IS
Diesien
Component 1D = rodl Sp a% . DESERT — I
Ll ekl Mapprg Model Mopping
Bigiprott folsy I Eeposttory
— () o o
I mdll m amd xml
|
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Conclusion
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¢ The hard problems of building large
embedded systems are Semantics and

Compositionality

& Model-based integration technology
has the power to solve the problem

¢ Composable DSMLs and model
transformations are key for tool reuse.
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