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Technical Space-

Method Engineering

Technical Mega- and Macromodels

Space
Bridges

Pattern
Languages

Model Management
Mapping, Transformation, Slicing, Composition

Model Analysis
Recognition, Querying, Metrics, Analysis

Metapyramid (Metahierarchy) for Token Modeling
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The Metamodel Hierarchy (Metapyramid, Metahierarchy)
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> Models are widely used in engineering disciplines
> Need for tool support that enables model-editing

> Domain experts want domain specific languages (DSL)
- domain specific models with types from the domain

» Do not build model editors from scratch each time

- reuse functionality
- use meta-information

»
) / -\
/

[F. Klar, TU Darmstadt]



Remember: The Clabject Metahierarchy and Metapyramids
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» We call a hierarchy of instance-of relationships a metahierarchy.

» A metapyramid is a network of instance-of relationships
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Notation Clabject Hierarchy
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» We write metaclasses (clabjects) with dashed lines, metametaclasses (clabjects)
with dotted-dashed lines

<<ijnstance-of>> +  <<instance-of>>

Class:ModellingConcept

<
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The Metametamodel (Metalanguage)
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> A Metametamodel (MMM, Metalanguage) is a structural graph schema of a language

Defines types for the concepts of a language (the metaclasses on M2)
Contains the modeling concepts for languages

Structural - no behavior

Contains wellformedness rules for the graphs on M2

Via its multiplicity constraints, the metametamodel defines the form of data
structure on MO (sequence, list, table, tree, link tree, reducible graph, graph)

Should be minimalistic

Problem: All tools and materials heavily depend
on the MMM of the technical space
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Objects, their Clabjects in Models and Metamodels
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Metameta-Level

) ol
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Tower of Babel Problem
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e

Tragically, no uniform
metametamodell has
appeared... (tower of

babel)

Tools depend on their
MMM

[Jan-Pieter
Breughel
(wikipedia)]
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Metametamodels - Overview
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> A metametamodel describes the context-free and -sensitive structure of a
metalanguage. It can be augmented with wellformedness roles of the metalanguage.

Examples:
» Meta Object Facility - MOF
= Complete MOF - CMOF
UML core
= Essential MOF - EMOF
Ecore (Eclipse implementation of EMOF)
» GOPRR - Graph Object Property Role Relation (MetaCase.com)
» CROM of ROSI (DFG training group at TU Dresden)
» GXL - Graph eXchange Language

Problem: All tools and materials heavily depend
on the MMM of the technical space




10.2.1 Ecore and MOF as Simple
Metametamodels
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Overview of Metalanguage MOF
(CMOF: Complete MOF)
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UML Core
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» UML core is subset of
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MOF Central Types
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MOF is for modeling of material, tools,
automata (not distinguished)



Central MOF Metaclasses with Associations
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EMOF (Essential MOF)
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Subset of CMOF
No (bidirectional) associations
Can be mapped to Java, C#
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EMOF Classes in Detail
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EMOF Data Types and Packages
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EMOF Types
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EMOF Reflection
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offers access to the metamodel

(getMetaClass())
provides a Factory, for creation
of a Class from String
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CMOF Reflection
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Ex.: Deriving a DSL from EMOF and its Implementation
Eclipse ecore
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> Ecoreisthe Eclipse implementation of EMOF

> |cslis a domain-specific language for component-based modeling [C. Wende]
» Two new Metaclasses Natural and Role derived from EClass

ecore
————————————— | eAttributes R eType m— e — e — =
| EAttribute <o EClassifier ETypedElement |
Eerm e : " — é& — e * eExceptons | < TT/orm—— % ———— A_
M 3 G | r IR SIS
| EReference < EClass | | c
e I e | EParameter |
* eReferences —A -%, ————————————— -
' . * pa?meters
Lcsl g
________________________________ ; ST W
c Component L >i Role 5 RoleOperation i
v *roleTypes i ] i
\ ' * roleOperations
M 2 A |




Ex. EMOF/Ecore based Metamodel of Statecharts
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Ecore is the Eclipse implementation
of EMOF, provided by the Eclipse
Modeling Framework (EMF) on M3

Here: a metamodel of statecharts
(M2), (which is a little DSL)

a set of states and their transitions
(M1)

EPackage

ECassifier
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10.2.2 Lifting of a Metamodel to a
Metametamodel
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Lifting of Metamodels

30 Model-Driven Software Development in Technical Spaces (MOST)

/

A Metamodel of a data definition language in M2 is being
lifted (promoted), if it is used as metametamodel on M3

» Ex.MOF is asimple DDL (Datendefinitionssprache, structural language) for graphs

= |t can be used on M2 to define new languages with package merge (see
UML)
= |t can be used on M3 to define metamodels on M2 as instances

= MOF is self-descriptive

@ © Prof. U. ABmann



Self-Descriptive MOF
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» MOF is self-descriptive (selbstbeschreibend), because the structure of MOF (M2) is
defined in the lifted MOF (M3)

» MOF is lifted, because it is used on M2 and M3
» Many other metamodels are also lifted, e.g., EMOF

L el R S

MOF

’
.
[
[
’
’
’
’
’
’
’

'l
1
1,
A ANY ’
N
s A n -
- 1

<<instanceOf>> <<instancegf>> <<instanceOf>>

w2
MOF UML CWM

----------------------------------------------------
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The UML-Core/MOF Metahierarchy
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» The UML language manual uses UMLcore, a subset of MOF, as metalanguage

M4 level = M3
(self-descriptive)

Metamodelling concepts

{} validInstanceOf IElscribes
L] N~

Modelling concepts UML-core < EMOF < MOF

M3 metametamodel
level

{} validinstanceOf |_| describes
L ~~

M2 metamodel level

: Language descriptions UML-CD, UML-SC, UML- i
: AD, etc. ;
| | validinstanceOf I_I describes
: |_’ < =
M1 model level Types, programs, models UML diagrams 5

describes

{} validinstanceOf I_I

L ~~
Software objects model instances
describing world objects

MO Object level




Ex.: MOF-Metahierarchy for UML
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M3 (MOF) Class
/
winstanceOfs / win st!a.mceijf ) \\ ginstancef»
/ ‘~ .
! \ ‘\\\
ff } .
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7 A
| ;oS -/ |
ginstanceOfs ‘f amﬁrgncef_':f» <:|nstan‘¢eDf» aifistancedf»
/ / f
/ / |
£ ;
/ ; ]
f{ Video ri _
«Enapshot?f Videg

M1 (User model) "':"[i’[lE" String ey

fitle = "2001: A Space QOdyssey”

\1 instanceOf»

MO (Run-time instances) aVideo

From: UML 2.0 Infrastructure Specification; OMG Adopted Specification ptc/03-09-15
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Metamodeling - Benefits
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* Constraints for detailed definition of language
* Definition of erroneous states
* Rules to comply with special design guidelines

* (Meta-)Modeling of

language constructs
* Definiton of language structure
* Domain specific semantics

Abstract Syntax

[F. Klar, TU Darmstadt]
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* Transformationen to repair
erroneous models
* Conversion of incompatible models into
design compliant models
* Automatic adaption to design guidelines

Metamodel

Transformation |




10.2.3 Metahierarchies for Metaprogramming
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Metalevels in Programming Languages
(The Metahierarchy for Metaprogramming)
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> In Metaprogramming, all meta* concepts are open for programming

: Modelling : Metalanguage concepts
Conceptual level | Concept | Modelling concepts
M 3 _ S (Metametaclasses in the
A metametamodel is a P BN metametamodel)
metalanguage . '
: . Language concepts
Language ... R It :
:' v T Metaclasses in the
M 2 _— Class | | Method .| Attribute Enetamodel) |
A metamodel is a P Y s

language specification

Software Objects

Software Classes . i Application
M 1 (meta-objects) (iar void f roc() Cc;lor concepts
(Model) ’ 5 |
M 0 car ar1 d rive() carl.color World
* 4 4 concepts

-1 car drivin car color
g M Real World 9
N



Excursion: Metaprogramming
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> Metaprograms (reflective programs) generate code on the basis of a metamodel of
their own language (self model)

» Metaprogram-Procedures (Semantic Macros, Hygenic Macros, Programmable Macros
[Weise/Crew], Orchestration Style Sheets) can be typed by a metamodel

= Parameter types and return types of prodedures are metaclasses

» — See course CBSE



Metalevels in Smalltalk
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Metalanguage concepts

| Cl
Conceptual level | ajs ______ Modelling concepts
M _ I 4 (Metametaclasses in the
A metametamodel is a metametamodel)
metalanguage
DTS Language concepts
Language L Class '~ (Metaclasses in the
M 2 A metamodel is a ‘R metamodel)
language specification Metlg'od
Software Classes - . Application
M 1 (meta-objects) Cfr void CaAr.drlve() Ccilor concepts
(Model) 5
M 0 car1:Car car1.drive() carl.color |World
A A
Software Objects ‘ concepts
car drivin car color
g M '1 Real World g



The End
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» Compare MOF and EMOF. Why do many programmers like EMOF more than MOF?
» Explain the advantages that MOF sopports general associations.

» Whatis the purpose of a metametamodel?
»  Would it make sense to use TAM on the M3 level, i.e., in the metametamodel?

» Explain why TAM stereotypes do not occur on M2.
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