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Challenges in Model-Based 
Design
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Design of Embedded Systems



6Sztipanovits

Specification of Domain Specific 
Modeling Languages (DSML)
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Concrete Syntax and 
Abstract Syntax

Notation for
representing models:
E.g.: Block Diagram

Concrete
Syntax

C

Abstract
Syntax

A

Semantic
Domain

S
Semantics

parses to

MC

MS

Mathematical abstraction
for specifying the 
meaning of models

But What About S?

Signal Flow Language (SF)Concepts, Relations
Well formed-ness rules:

Self.InputPorts()→forAll(ipip.src()→forAll(x1,x2x1=x2))

UML-CD/OCL
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Semantics via Meta-Modeling
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Meta-Model of StateFlow using uml/OCL
as meta modeling language.
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Semantics via Translation
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Lee, Sangiovanni-Vincentelli
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Consistency!

DSML Composition

Semantic domain impact!
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“Metaprogrammable” Modeling Tool: 
Generic Modeling Environment (GME)

DOMAIN MODELER’S TOOLS

METAMODELER’S TOOLS

Meta - Modeling
Environment

Domain - Modeling
Environment

MetaModel
of

Domain

creates

Domain-
Specific
Models

creates

configures

Metaprogrammable
Graphical Modeling Tool 

Model Database Engine
(MS Repository, XML)

Implemented by

Implemented by

Implemented by

Implemented by

Using the same core modeling tools 
for everything: 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

 
GME  

Persistent Storage 
Model database 

Storage Interface 

Editor Core 

Graphical User Interface 

Constraint Checker 

Meta 
models 

Model data 

 
Domain model 

[download site: http://www.isis.vanderbilt.edu/Projects/gme]

Internal Structure Use
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GME Support for 
Compositional Meta-Modeling 

` 

Child inherits all associations except  
containment associations where parent  
functions as container.  

Interface  
Inheritance 

Child inherits all of the parent’s attributes  
and those containment associations where  
parent functions as container. 

Implementation 
Inheritance 

Complete equivalence of two classes  
Equivalence 

Informal semantics Symbol Operator 

 

Composition Operators

Metamodel composition with GME
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Research Issues in Domain
Specific Modeling Languages

u Precise, compositional meta-modeling

u Multiple aspect modeling in the 
compositional meta-modeling 
framework

u Practical issues:
– Examples, meta-model libraries
– Meta-programmable tools
– Link to UML-2
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Model Synthesis and 
Transformations

• Model Synthesis

• Model Transformation

Model-Based
Design of Embedded Systems

Matlab
Code-Gen.

if (inactiveInterval != - 1) {
int thisInterval =

(int)(System.currentTimeMillis() -
lastAccessed) / 1000;

if (thisInterval > inactiveInterval) {
invalidate();

ServerSessionManager ssm =
ServerSessionManager.getManager();

ssm.removeSession(this);
}

}
}

private long lastAccessedTime = creationTime;

/**
* Return the last time the client sent a request 

associated with this
* session, as the number of milliseconds since midnight, 

January 1, 1970
* GMT.  Actions that your application takes, such as 

getting or setting
* a value associated with the session, do not affect the 

access time.
*/

public long getLastAccessedTime() {

return (this.lastAccessedTime);

}

this.lastAccessedTime = time;

/**
* Update the accessed time information for this session.  

This method
* should be called by the context when a request comes 

in for a particular
* session, even if the application does not reference 

it.
*/

public void access() {

this.lastAccessedTime = this.thisAccessedTime;
this.thisAccessedTime = System.currentTimeMillis();
this.isNew=false;

}

lastAccessedTime = 0L;

lastAccessedTime = ((Long) stream.readObject()).longValue();
maxInactiveInterval = ((Integer) 

stream.readObject()).intValue();
isNew = ((Boolean) 

stream.readObject()).booleanValue();

Matlab
Code-Gen.

Domain-Specific Modeling 
Languages

Generator
Model-Based Generator
Technology

- Modeling of generators
- Generating generators
- Provably correct generators 
- Embeddable generators

Configuration
Specification

Analysis Tool

Code

Pi-1

Pi

Pi+1
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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 Karsai and Lieberherr
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3. Meta Generators (Karsai)
– Formal modeling of generators and 

generating the generators from the formal 
models

– Formalism: graph grammars and graph 
rewriting

Generator Technology in MIC

Input graph: Gin (Cin, Ain ) Output graph: Gout (Cout, Aout )

gin (cin, ain ); cin, ⊂ Cin ain, ⊂ Ain

gout (cout, aout ); cout, ⊂ Cout aout, ⊂ Aout

F: Gin? {T,F}
M: gin ? gout  where gin ⊆ Gin and gout ⊆ Gout and F (gin) = T
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Meta-generators: Model 
Transformations in Tool Integration

Approach: Meta-models for 
source and target models plus 
transformations, then 
generating the transformer

Transformer

Domain-specific model

Target model

Meta- model for source

Meta- model for target

Meta- model for transform

GENGEN

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



NSF

Meta-
Programmable
Model Builder

(GME) Instance of

ASDF

Meta-model-2

lSF∈LSF

HSF Domain model

lSDF ∈LSDF

SDF Executable model
SDF Platform

ASF

Meta-model-1

instance 
of  

GENGEN

Generator
Specification

G: ASF ? ASDF

Transformer

Meta-generators: Model 
Transformations in Component Integration
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Research Issues in Model
Transformations

u Languages and tools for meta generators

u Model synthesis using explicit design patterns

u Model synthesis using constraint-based 
design-space exploration

u Generative modeling extensions to languages

u Embeddable generators
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Driver Environ.

Electrical Engine Transm. Driveline Chassis Brakes Steering

Bus

Driver Environ.

Electrical Engine Transm. Driveline Chassis Brakes Steering

Bus

Example: Constraint-based
Model Synthesis

Driver Environ.

Electrical Engine Transm. Driveline Chassis Brakes Steering

Bus

Model Bus

Driver Bus

Env. Bus

Plant Bus

Control Bus

A modeling problem:

Source: Ken Butts, Ford

Design Space:
Hierarchically layered alternatives
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Reusable Model Synthesis 

Component
Abstraction (TA)

Design Space
Modeling (MD)

Design Space
Encoding (TE)

Design Space
Pruning 

Design 
Decoding

Component
Reconstruction

Behavioral
Models 

And
Model

Components

Behavioral Design Flow

Behavioral Design Flow Design Space Modeler

DESERT Model Synthesis Flow
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Component Abstraction
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Metamodel

Abstracted Simulink
Model Components

Design Space
Metamodel
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Design Space Modeling

Design Space
Modeling (MD)
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Design Space Encoding

Design Space
Encoding (TE)
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Design Space Pruning

Design Space
Pruning 
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DESERT Tool Chain Summary

GME
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Conclusion

u The hard problems of building large 
embedded systems are Semantics and 
Compositionality

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

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


