Meta-Modelling
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Model vs. System

René Magritte. La trahison des images. 1928-29.
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Model of a model — The correspondence continuum

Meaning is rarely a simple mapping from a symbol to an object; instead it often
Involves a continuum of (semantic) correspondences from symbol to (symbol
to)* object. [Barry Smith. The correspondence continuum. 1987]

* Example

A photo of a landscape is a model of the landscape.
A photocopy of the photo is model of a model of the landscape.

A digitalization of the photocopy is a model of the model of the model of the
landscape.

etc.
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9
Basic entities of MDE and MDSD

System: a group of interacting, interrelated,
or interdependent elements forming a
complex whole.

repOf
R el Model

Model: an abstract representation of a
system created for a specific purpose.
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Vorführender
Präsentationsnotizen
 Systems
 Models
3) There is a very large variety of models. We can regroup them in Technical Spaces.


A very popular model: Geographical maps
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http://geography.about.com/library/blank/france.jpg

Limited substitutability principle

* The purpose of a model is always to be able to answer some specific sets of questions
in place of the system, exactly in the same way the system itself would have answered
similar questions.

System Model
< repOf

+ ask() + ask()

* A model represents certain specific aspects of a system and only these aspects, for a
specific purpose.
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Lewis Carroll and the 1:1 map

“That’s another thing we've learned from your Nation” said Mein Herr, “map-making. But
we’ve carried it much further than you. What do you consider the largest map that would be
really useful?”

“About six inches to the mile.”

“Only six inches!” exclaimed Mein Herr. “We very soon got to six yards to the mile. Then we
tried a hundred yards to the mile. And then came the grandest idea of all!l We actually made
a map of the country, on the scale of a mile to the mile!”

"Have you used it much?” | enquired.

“It has never been spread out, yet” said Mein Herr: “the farmers objected: they said it
would cover the whole country, and shut out the sunlight! So we now use the country itself,
as its own map, and | assure you it does nearly as well.”

Lewis Carroll. Sylvie and Bruno concluded.
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Lewis Carroll and the blank map

He had bought a large map representing the sea,

Without the least vestige of land:

And the crew were much pleased when they found it to be
A map they could all understand.

“What's the good of Mercator's North Poles and Equators,
Tropics, Zones, and Meridian Lines?”

So the Bellman would cry: and the crew would reply

“They are merely conventional signs!

Other maps are such shapes, with their islands and capes!
But we've got our brave Captain to thank:”

(So the crew would protest) “that he's bought us the best—
A perfect and absolute blank!”

Lewis Carroll. The Hunting Of The Snark — An Agony in Eight Fits.
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Every map has a legend (implicit or explicit)
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Maps without legends are meaningless
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The legend is a meta-model

Modelling with UML, with semantics

System Model
< repOf
+ ask() + ask()
Meta-model
+ terminology <
+ assertions conformsTo
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The model of a model is not a meta-model

Area of
Seattle

Modelling with UML, with semantics

repOf
< P
¥ <
S~ [repOf

Tourist map:
1/50 000
of the area Seattle

A

repOf

Tourist map:
1/100 000
of the area Seattle

S7


Vorführender
Präsentationsnotizen
A map may represent a given territory with a certain perspective. 
It has a certain scale, for example the map A of the Seattle area at 1/50 000. 
If we take a map of the same area at a different scale, this maybe considered either
as a map B of the same Seattle territory or alternatively as a model of map A. 
As illustrated, a model of a model may be thus apparently be a model.


Meta-models act as filters

Furniture

sitsOn

Person

All

Table Chair
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The metamodel

AIL

Attendant Presenter

Mary
Table 237
Chair 34
Paul
Victor
Emily

A model
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Meta-models as simple ontologies

* Meta-models are precise abstraction filters.
* Each meta-model defines a domain-specific language.

Each meta-model is used to specify which particular “aspect” of a system should be
considered to constitute the model.

represents

System | Model
|
|
conformsTo
S Meta-Model M
A metamodel defines a Q}termi nol ogy
consensual agreement on Q}assertions An ontology is an explicit
how elements of a system specification of a shared
should be selected to conceptualization.

produce a given model.

MM

The correspondence between a system and a model is precisely and computationally
defined by a meta-model.
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Multiple views and coordinated DSLs
* 1:1 map vs. blank map

> T e
* Limited substitutability principle

* A model has no meaning when separated from its meta-model.

Architect S Landlord’s

Plumber’s view view

view

Renter’s

/ view
M?/is:\lc > / Interior
Designer’s
view
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Multiple views and aspects of a software system

System functions
from the user view

ModelElement
fhom o Condep k)

propechon

Frojection

+placement: List of Point
+=tyle:Uninterpreted

WiewElement
(hom Core Coreep k)

i

Lriagram

Objects and basic relations between
these objects

UseCaseliagram

ClaszDiagram |

|Depll:n,rmentDiagram|

/ComponentDiagram|

Physical components
of an application

Class static structure

and relations between these classes
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StateDiagram

Sequenceliagram Objecthiagram

AuctivityDiagram |l3|:-llabl:-ratil:-nDiagram|

Representation
of behavior
in term of states

Schemas of component
installation
on hardware devices

Representation of objects,
of their mutual links and
potential interactions

Representation of
objects and their

temporal interactions
Representation

of operation behavior
in terms of actions

61



'S
Meta-models

* A meta-model is just another model.
°* Model of a set of models
* Meta-models are specifications.
* Models are valid if no false statements according to meta-model (e.g. well-formed)

* Meta-models typically represent domain-specific models (real-time systems, safety critical
systems, e-business)

* The domain of meta-modelling is language definition.
* A meta-model is a model of some part of a language
*  Which part depends on how the meta-model is to be used
* Parts: syntax, semantics, views/diagrams, ...

* Meta-meta-model

* Model of meta-models
* Reflexive meta-models expressed using itself

Modelling with UML, with semantics
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Vorführender
Präsentationsnotizen
Metamodeling is a controversial topic which is currently critical within the UML/OMG/MDA community.
A metamodel is just another model (e.g. written in UML) and is thus a model of a set of models. 
Metamodels are specifications. Models are valid if no false statements according to metamodel (e.g. well-formed) 
Metamodels typically represents domain-specific models (real-time systems, safety critical systems, e-business) 
The domain of metamodeling is language definition. A metamodel is a model of some part of a language. Which part depends on how the metamodel is to be used. Examples of parts are syntax, semantics, views and diagrams. 
Then we also have what is known as a meta-metamodel. This can said to be a model of metamodels. Reflexive metamodel are expressed using itself. A minimal reflexive metamodel contains all of the parts used to describe the set of models that are of interest.


A “lattice” of meta-models

Top

Nothing :
Lewis CARROLL
white map

A0,

Q0.

MM MM
M

s

MM

DS

N

.

<>
><->/<

G

P

( mm )
A collection of several hundreds Everything:

of small meta-models (DSLS)

with high abstraction power.

Modelling with UML, with semantics

Lewis CARROLL
1:1 map

A model
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®)
The basic assumptions of MDE and MDSD

®* Models as first class entities

* Conformance and Representation as kernel relations central to MDE
* MDSD as a special case of MDE

MetaModel
1

conformsTo

I
Model

IsSRepresentedBy

I
System

Modelling with UML, with semantics
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Vorführender
Präsentationsnotizen
Similar approaches, differently in details.

MDA 
standardization initiative of the OMG about MDSD
focusing on UML based modeling languages 
a goal: interoperability between tools and in the long run the standardization of models for popular ranges of application.

MDSD 
no restrictions concerning modeling languages 
a goal:  Supply of practically applicable components for software development processes, which are generally applicable in connection with model-driven approaches. (independently of tools or OMG MDA standards)



Meta-modelling hierarchy or the meta-modelling stack

conformsTao

dh

Metametamodel

M3

A

conformsTao

‘ Metamodel

‘Mz

A

conformsTo

Model

MT

A

System

representedBy

Mo

Modelling with UML, with semantics

MOF

The MOF (some kind of "representation ontology")

The UML metamodel and other MMs

UML

madel

Some UML Models and other Ms

Various usages of these models
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Abstract Syntax Systems Compared

Technology #1 Technology #2 Technology #3
(formal grammars (MOF + OCL) (XML Meta-Language)
attribute grammars, etc.)

A XML DTD
or Schema

Pascal Language
Grammar

The UML A XML A XML DTD
meta-Model document or Schema

A specific
Pascal Program

A Specific A XML
UML Model document

+Xpath, XSLT
+RDF, OIL, DAML
+efc.

Modelling with UML, with semantics

Technology #4
(Ontology engineering)

Representation
Ontologies

KIF
Theories

+Description
Logics
+Conceptual
Graphs
+etc.
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Vorführender
Präsentationsnotizen
OWL: Web Ontology Language
RDF: Resource Description Framework
DAML: Darpa Agent Markup Language
OIL: Ontology Inference Layer
KIF: Knowledge Interchange Format


®)
Three-level hierarchy: Example — Petri-nets

conformsTo
Metametamodel
T meta
; ' M3
conformsTo 1\\//
Metamodel -
M2 System
Classical 1\ \/
representation Confo msTo
P1
N Model of
p|ace arcPT Tmns arcTP Place _re_p_ M alive
M1
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Vorführender
Präsentationsnotizen
Let us represent the system on the right with the Model Engineering Technical Space. This system is a Petri Net. Note that it is also a model of another Technical Space. We have three nodes: P1, P2, T1 and two edges: arcPT and arcTP.
We have two node types: Place and Trans(ition). We have two edge types: arcPT from Place to Trans and arcTP from Trans to Place.
There are meta links between the model and the metamodel elements.
Therefore, there is a conformsTo relation between the model and the metamodel.
The metametamodel is composed of…
There are meta links between the metamodel and the metametamodel elements.
Therefore, there is a conformsTo relation between the metamodel and the metametamodel.
There are meta links from the metametamodel elements to other metametamodel elements.
Therefore, there is a conformsTo relation from the metametamodel to the metametamodel.


conformsTo Q m

Classical

Metametamodel: ) %s:dlement name="clement">
XML Schema for <xs:complexType >

xs:attribute name="name"

XML Schema type="xs:string"/>
</xs :complexType >
</xs:element>
conﬁormsTo

Metamodel: \:xs:elemen'r kame=“place">
a Petri Net <xs:complexType >

: ﬁrlbute name= “name”
XML Sche

</xs:element>

representation C&t(;r\'\STO 1‘ / /

P1

P2

T

—

Model: an XML ‘\ﬁe"'“e*rg/mépl,. /)

place
document <place riame="P2"/>
<transition name="T1"/>
<arcPT source="P1"” target="T1"/>
<arcTP source="T1" target="P2/>
</petrinet>
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conformsTo

Classical

representation

P1

P2

T1

D

Metametamodel: / T ;
metTa
EBNF grammar productionRufe := IDENT ":=" seq\\
of EBNF seq,:= altérnative seq?;
alternative := rep ("|“alternative)?; >
rep 1= atom ("?” | “*")?;
atom\ := terminal | (‘M
terminal := STRING*/ IDENF: M3
confc&rmsTo% \ \
Metamodel: \pe'rr'i et :=\"pe1'r'ine:;.u
. placeX transiti
a Petri Net orcP T arcTP* )"
Grammar place := “place” T
transition := “transition>IDENT “;”;
arcPT := “arcPT” IDENT “->" IDENT;
ﬁgar‘cTP := “arcTP” IDENT “->" IDENT; MZ SYSTem

\c\&or‘msTo 1‘

Model: a etrinef {
. lace P1;
string place P2;

ransition T1;
arcPT P1 -> T1;
arcTP T1 -> P2;

}

'H Palive
ﬂ %dead

repOf

M1
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9
Basic entities of MDE and MDSD

Technological Space: a model management
framework usually based on some algebraic structures
(trees, graphs, hypergraphs, etc.).

System: a group of interacting, interrelated,
or interdependent elements forming a
complex whole.

Model: an abstract representation of a
system created for a specific purpose.
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Vorführender
Präsentationsnotizen
 Systems
 Models
3) There is a very large variety of models. We can regroup them in Technical Spaces.


The notion of Technological Space (TS)

* A Technological Space corresponds to:

°* Auniform representation system
Syntactic trees

Description
logic

-~

* XML trees

* Sowa graphs Corba

e UML graphs XML

* MOF graphs documentware
* Aworking context WWW :/ ~
* Aset of concepts == Semantic Web
- Aset of method MDA

Set 0T methods Modelware

* Ashared knowledge and know-how
* etc.
* ltis usually related to a given community

with an established expertise, know-how and
research problems.

* It has a set of associated tools and practices,
etc.

° Protégé, Rational Rose, ...

Grammarware
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Main Technological Spaces

Grammar

Synta%

Program

Schema
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Meta-Model

"y
@

MDA /

Model

Schema

Document

Top Level O.

Ontologz
enginegring

Ontology

TS’s may be

connected
via bridges
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