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Technical
Space
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Tool Engineering
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Model Management
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Querying, Attribution, Analysis, Interpretation
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modeling

Metapyramid (Metahierarchy)
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10.1 Metamodelling in the Classical Metapyramid



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 lifted from M1 to M2
> Do not build model editors from scratch each time

- reuse functionality
- use meta-information

‘/
e
/ Model \

[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 element-of, reified-to, and instance-of relationships

| |
. :<<reified
I <<collection>> ; l<<Metametaclass>>|

M 3 | Concept.extent : | Concept !
I : I I
. it

---------------------- '<<reified- ' Co T ."/
<<co||ect|on>> to>> <<Metaclass>>
M 2 : Class.extent : Class 5
' .................... l '........:? .......... '
< <element-of>> <<[rjsvténce-of>>
] <<reified ]
M 1 <<collection>> -to>> _| <<Class>> |..-~
Person.extent Person

f’y
<<element-of>> .-~

.

o
c

MO John:Person |~
©
ol

.-=>" <<instance-of>>




Notation Clabject Hierarchy
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>  We write metaclasses (clabjects) with dashed lines, metametaclasses (clabjects) with
dotted-dashed lines

M3 ! ModellingConcept | ! ModellingConcept ,
R GREEEEEEE R

. <<instance-of>> <<instance-of>>
M2 . Class | . Class:ModellingConcept |

__________4 ________________________________ K _____________________ ]

. <<instance-of>> {  <<instance-of>>
M 1 Car Car:Class

™ I
c : <<ir~1§tange-of>> . <<instance-of>>
M O carl: car1:Car



Lifting a Domain Concept to a Language Concept
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» Advantages: support of domain-specific semantics by language semantics

» Which domain semantics has the concept Car?

<<instance-of>>

M O ca:r1 ;




Models in Software Engineering
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Models define abstractions of realities.

>

Process models (Workflow models) define
workflows and other processes

Domain models describe a domain of the
world, or a problem domain from the world of
the customer

System models specify systems or artefacts:

= Software models define the
structure of code

= Architecture models define
computational units,
distribution, runtime issues,
design patterns or architectural
styles

= Data models define die structure
of materials and the data (e.g.
relational model)

Metamodels define types for model elements.
They define the structure of models. Their
instances are models.

| 2

Process metamodels define concepts for
workflows

Domain metamodels define concepts of
domains

System metamodels define concepts of
systems

Programming Language Metamodels define
concepts of programming languages

Modeling Language Metamodels define
concepts of modeling languages

Domain-specific language (DSL) metamodels
define concepts of DSL

Pattern Language Metamodels define
stereotypes for classes

Data metamodels define concepts for
materials
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10.2 Metametamodels on M3



The Metametamodel (Metalanguage)
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» Def.: 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

= Viaits 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




Objects, their Clabjects in Models and Metamodels
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Metameta-Level |

<<schema_of>>

_52} | Relation I
| K o':'
Schema-/Meta-/Type Level
1 *
g oo TTTTTEESEEEEEEEEEs ) 1 kg CTTTTTTT ] """"" ;
M Z _ﬂ Class .%V\ has :
‘ _________ oo Material
A <<schema of>>
Type Level -
M 1 <<Tool>> Located-in <<Material>> 1 ; <<Material>>
Robot Building Room

@@m



Tower of Babel Problem
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Tragically, no uniform
metametamodell has
appeared... (tower of

babel)

Tools depend on their
MMM

[Jan-Pieter
Breughel
(wikipedia)]
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Metametamodels - Overview

16

Model-Driven Software Development in Technical Spaces (MOST)

@ © Prof. U. ABmann

> A metametamodel describes the context-free and -sensitive structure of a
metalanguage. It can be augmented with wellformedness rules 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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MOF Central Types
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+dependent

{Depends On

+provider

0.»*
ordered

Model Element

nams @ Etring
JogualifisdHame @ String
annotation : String

—

findRequiredElements ()

0..= isRequiredBecause( )
isFrozen()
+contained Element U"":""'bl“”
ordered Ei&
Contains
Namespace
+confainer lookupElement(]
resolveuali fiediame )
0.1 findElementsByType( )
iy nameIsWValidyy
+Supertype 0" [f‘
Y ordered
. \ Ceneralizable Element
Greneralizes
IsRoot @ Booclean
isLeaf : Boolean
+.E'HEJI'}'}J€ isAbstract : Boolean
wisibility 1 wigibilityEind
o..= allBupertypes| ]
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) [MOF]

lookupElementExtendedy §
findElamentsByTypeExtended] )

7

Classifier I

-

Is OF Type

o.*

——

+rvpe +iypedElement

Tvped
Element

>

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#

ECQbject

z

ElodelElermeant

i

EFactaory ENamedElament EAnnotation
Z; |
EFackage ECiassifier EEnumLiteral E TypedElement

c EClass EDataType EStructuralFeature EQperation EParameter
£
< [% Q
2
£ | |
© EEnum EAttribute EReference

@ [MOF]
htto://download . eclinse . ora/modelina/emf/emf/iavadoc

2 O O/ora/eclinse/emf/ecore/packaage-summarv.himi




ElladelElerment

+ehodelElement

¥getEAnnotation(source : String) : EAnnotation

0.* [ +eAnnotations $
23 Model- +eFactarylnstance

| | |
; 1
Elnnatation ENamedElamant EFactory —

gsource ; String - -
gdetails : EStringToStringhapEntry gname - String

Screate(eClass | EClass) | EObject
¥createFromString{eDataType - EDataType, literalvalue - String) © EJavaOhject

Z} ScomvertToString(eDataType : EDataType, instancevalue | ElavaObject) © String
| +ePackage | 1
ETypedElement Eillassifler EPackage
gordered ; boolean = true ginstanceClasshMame : String onsURL: String
unigue : boolean = true +eType | ¢instanceClass | ElavaClass &nsPrefix  String
lowerBound : int gdefaultvalue . ElavaObject
¢upperBound :int =1 0.1 i i i ¥yetEClassifieriname  String) - EClassifier
gmany : boolean %islnstance(object : ElavaObject) : boolean o
grequired © boolean ®getClassifier D © int ? +eSubpackages | Y-
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EStucturalFast +eliterals | 0.*
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gchangeable © boolean = true 0*
gvolatile : boolean EReference - +edttributaType
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Generic Types
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EMNamedElameant

a

+eTypeP aramet ers

EClassifier "ﬁ ETypedEiment
ginstanceTypelame : String h *
+eTypeFParameters Z‘\_\
+EHEWTFF?IE ETypeParameter <——4 ECperation
EClass 0.~
Ee%lassiﬂer 0..1]|+eTypeFarameter
© 4eBounds| 0. * | +eGenericExceptions|0..*
+eGenericSuperT ypes 0.7 +eGenericTypes
0.+ EGenericType
0.~ 0.1

+elllGenericsuperTypes
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+elGenericType
0.1 01 a.*

+elppeBound  +elowerBound +eTypefnyuments

@ http://download.eclipse.org/modeling/emf/emf/javadoc/2.9.0/org/eclipse/emf/ecore/package-summary.html



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

Chject

Elamanr
|ge MetaCiasg) : Class
canlainerf : Element
& ualgial amant ¢ Objed]  Boolean
g prapety [ Propey) | Cbjeci

Bage selipropa fy : Property, value :Obiect]
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waCi T e l
MNamad Elamen | Factary
creaieFomSingidalaType : DaTyoe, sning - Siing) - Object
comsan ToSrrgidataTyps - DalaTypa, abjact | Objact) | Siing
| i:-uﬂr.-l-nal.n-ﬂla:s: Class) : Element
Raflacticn a.*
From Logical View)

package | 1
Fackage

Tyma
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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
ST T T T T | ¥ eAttributes T T T T T eType e = = 1
| EAttribute ) S— EClassifier ETypedElement |
e : - e—— é — *eExceptions | T T T TR T T A—
M3 . e de— T
| EReference < EClass | | C
o I . e I EParameter |
* eReferences A \‘ ————————————— -
' R * pa?meters :
Lcsl g
_______________________________________________________________ S W
c Component E > Role RoleOperation i
P T : :  *roleTypes i e T
2 \ . * roleOperations
M A Natural 5
*naturalTypes: ..o ]

o




Ex. EMOF/Ecore based Metamodel of Statecharts
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o
c
@
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(]
<
o
Y
o
P
o
©

>

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

eReferences

. eReferefceTye 1
e

Atlri butes

EDatatype

ERefarence

EAtriute

~E At tutETyFET

min:Integer

max: Integer

min:Integer
max: Integer

STatecnar

|
states ™

State

PU—

Statchart

name: String -

1Mo 1Afom.

.»!« T ransitions
]

Transition

|
—>( sart }—s{ vorking




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

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

LR NN

MOF

’
,
’
’
’
’
,
’
’
’
,

’

’

’
A AN A
v ~

' 4 < 7 ~
g N | N
-

<<instanceOf>> <<instanceQf>> <<instanceOf>>

M2 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)

M3 metametamodel

level

M2 metamodel level

M1 model level

MO Object level

Metamodelling concepts

{} validinstanceOf IELscribes
L

Modelling concepts UML-core < EMOF < MOF
i | validinstanceOf |_| describes
L ~~
Language descriptions UML-CD, UML-SC, UML-
AD, etc.

i | validinstanceOf @describes
L

Types, programs, models UML diagrams

{} validlnstanceOf I_I
LI ~N~
Software objects model instances
describing world objects

describes




Ex.: MOF-Metahierarchy for UML
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M3 (MOF) Class
!
winstanceOfs / i inst@nceDf kY \\ winstanceOfs
/ ‘~ .
! \ ‘\\\
ff } .
M2 (UML) Attribute Class -El:ilaﬁsifier Instance
7 A
N A |
winstanceOfs» ‘f {cmﬁré'nce[:fm ﬂmﬁtan‘gg'ei}fm aifistancedf»
/ / f
/ / ,-'
i '
/ ; ]
f! video snapshot ;’f
M1 (User model) - " . T
e 'itle: String_ pe- / Video

fitle = "2001: A Space Odyssey™

N< instanceOf=

™

MO (Bun-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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S\

\\

QX

&

[y

@:‘; ) § Constraints

N—

s

@

* Wellformedness Constraints for detailed
definition of language

* Definition of erroneous states

* Rules to comply with special design guidelines

* Transformationen to repair

* (Meta-)Modeling of M
etamodel
language constructs erroneous models

* Definiton of language structure
* Domain specific semantics

* Conversion of incompatible models into
design compliant models
* Automatic adaption to design guidelines

Transformation

Abstract Syntax

[F. Klar, TU Darmstadt]

@ © Prof. U. ABmann



The Metahierarchy for CPS: Objects on MO are Digital Twins
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>

In a CPS, real-world objects on M-1 are causally connected with MO-objects

: Modelling | Metalanguage concepts
Conceptual level | Concept | Modelling concepts
_ AT T (Metametaclasses in the
A metametamodel is a ST metametamodel)
metalanguage :
Language concepts
Language T oo e {Metaclasses in the
Method

language specification

Class
A metamodel is a

Att”bUte metamodel)

Software.CIasses Car void proc() Color Application
(meta-objects) = A 0 concepts
(Model) 5 |
Digital Twins = | |
M 0 carl r1.drive() carl.color World
A A A
Software Objects : concepts
= 5 causal
connection
M 1 Ciar drivin car c::olor World
: - Real World 9 things



10.2.3 Metahierarchies for Metaprogramming
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Metalevels in Programming Languages
(The Metahierarchy for Metaprogramming)

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

> InMetaprogramming, all meta®-concepts are open for programming

: Modelling | Metalanguage concepts
Conceptual level | Concept | Modelling concepts
_ AT T (Metametaclasses in the
A metametamodel is a R metametamodel)
metalanguage :
, Language concepts
Language proseesss et ey b D {Metaclasses in the
Class L Method Attrlbute metamodel)
M A metamodelisa 2l e s r
language specification ' i i
Software.CIasses Car void proc() Color Application
(meta-objects) a A a concepts
(Model) 5 5 |
car ar1 d |ve() carl.color World
A A 4 concepts

Software Objects

M 1 ciar dri\ilin car ci:olor World
E - Real World 9 things



Excursion: Metaprogramming with M2
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» (Dynamic) Metaprograms (reflective programs) contain code on the basis of the
metamodel of their own language (self model)

= They permanently run in the application and regenerate its parts
= Hard to statically analyse on termination and other features

= Reflection is slow

» 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

> Introspective Programs inspect the metamodels or metadata of other programs /
components and adapt to them (-> CBSE)

@ © Prof. U. ABmann



Metalevels in Smalltalk, a Dynamic Metaprogramming
Language
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Metalanguage concepts

I
Conceptual level | | Modelling concepts
_ I A (Metametaclasses in the
A metametamodel is a metametamodel)
metalanguage
____________________________________________ Language concepts
Language . Class . (Metaclasses in the
M 2 A metamodel is a Rat¢ metamodel)
language specification 2 S
Software.CIasses Car void CaAr.drive() Color Application
(meta-objects) 1 ~ e concepts
(Model) -
M 0 car1:Car car1.drive() carl.color |World
x x
Software Objects ‘ concepts

- car drivin car color
EM 1 Real World g



Static Metaprograms
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» Codegenerators are metaprograms producing new code or models by introspection

» Static Metaprograms run in the compiler and code-generate a program



The End
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»  Why s lifting an application concept to M2 advantageous?

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

»  Why is MOF semantically more rich than EMOF and UMLcore?

»  Whatis the purpose of a metametamodel?

>  Would it make sense to use Tools-and-Materials Pattern Language (TAM) on the M3
level, i.e., in the metametamodel?

> Explain why TAM stereotypes do not occur on M2.



Different Types of Semantics and their Metalanguages
(Description Languages)
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» Structure
= Described by a context-free grammar or a metamodel
= Does not regard context
» Static Semantics (context conditions on structure), Wellformedness

= Described by context-sensitive grammar (attribute grammar, denotational
semantics, logic constraints), or a metamodel with context constraints

= Describes context constraints, context conditions, meaning of names
= Candescribe consistency conditions on the specifications
“If | use a variable here, it must be defined elsewhere”
“If | use a component here, it must be alive”
» Dynamic Semantics (Behavior)
= Interpreter in aninterpreter language (e.g., lambda calculus), or a metaobject

protocol
= A dynamic semantics consists of sets of run-time states or run-time terms

= |n an object-oriented language, the dynamic semantics can be specified in the
language itself. Then it is called a meta-object protocol (MOP).

@ © Prof. U. ABmann
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Q10: The House of a Technical Space
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Technical Meta-
Space .
Bridges modeling
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10.1 Metamodelling in the Classical Metapyramid



The Metamodel Hierarchy (Metapyramid, Metahierarchy)

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

> 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 lifted from M1 to M2
> Do not build model editors from scratch each time

- reuse functionality

- use meta-information

Model

[F. Klar, TU Darmstadt]

( 5 © Prof. U. ABmann



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

> A metapyramid is a network of element-of, reified-to, and instance-of relationships

i I
| . s<<rej | :
I <<collection>> reified I<<Metametaclass>>j

M 3 i Concept.extent | i Concept !
| - 1 J

T T iccreified-1 T
i<<collection>> _1o,, _<<Metaclass>>
M2 i Class.extent i Class

. <<reified
M 1 <<collection>>[ -to>> | <<Class>>
Person.extent Person
"4
<<element-of>> .-~

: " <<instance-of>>
MO John:Person




Notation

Clabject Hierarchy
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>

dotted-dashed lines

<<instance-of>>

We write metaclasses (clabjects) with dashed lines, metametaclasses (clabjects) with

<<instance-of>>

M 2 Class

Class:ModellingConcept

A L)

i <<instance-of>> i <<instance-of>>
M 1 Car Car:Class

LN I
c <<iﬁ§tange-of>> <<instance-of>>
MO caril: car1:Car




Lifting a Domain Concept to a Language Concept
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> Advantages: support of domain-specific semantics by language semantics

»  Which domain semantics has the concept Car?

M2 Clalss <1— Car

<<instance-of>>

M 1 Al;di

T\

nn

<<instance-of>>

Mo -

©




Models in Software Engineering
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Models define abstractions of realities.

>

Process models (Workflow models) define
workflows and other processes

Domain models describe a domain of the
world, or a problem domain from the world of
the customer

System models specify systems or artefacts:

= Software models define the
structure of code

= Architecture models define
computational units,
distribution, runtime issues,
design patterns or architectural
styles

= Data models define die structure
of materials and the data (e.g.
relational model)

Metamodels define types for model elements.
They define the structure of models. Their
instances are models.

> Process metamodels define concepts for
workflows

» Domain metamodels define concepts of
domains

» System metamodels define concepts of
systems

> Programming Language Metamodels define
concepts of programming languages

> Modeling Language Metamodels define
concepts of modeling languages

> Domain-specific language (DSL) metamodels
define concepts of DSL

» Pattern Language Metamodels define
stereotypes for classes

» Data metamodels define concepts for
materials
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10.2 Metametamodels on M3



The Metametamodel (Metalanguage)
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> Def.: 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
= Viaits 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




Objects, their Clabjects in Models and Metamodels
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[Metameta—LeveI

....... S

) Relation

A

<<schema_of>>

Material

e /B S ]\ﬁ:‘.":_‘:’ .

i <<schema_of>>

Type Level '."

<<Tool>>
Robot

Located-in

<<Material>>

*

Building

<<Material>>
Room




Tower of Babel Problem
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Tragically, no uniform
metametamodell has
appeared... (tower of
babel)

Tools depend on their
MMM

[Jan-Pieter
Breughel
(wikipedia)]

@ © Prof. U. ABmann



Metametamodels - Overview
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> A metametamodel describes the context-free and -sensitive structure of a
metalanguage. It can be augmented with wellformedness rules 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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MOF Central Types
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0.0
+dependent | ordered

IDepends On

Model Element

TamE T SEEIng

Jqualifiedvame : Striag

+provider | annotation s string
TTraRcquTreareREREa (]
0.+ isRequiredBecause()
iaFrozen()
+contain )
ordered %
Contains
Namespace
+container | TookapElementi]

resolvequalifiedsemer)
findElementaByType! |
nameIsvalid()

0.1

oy ordered

Generalizes

Generalizable Element

+subtype

TaRoot 1 Boolean
lsleaf : Boolean
isAbatract : Boolean

1ity : visibilityxind

0.*

SIlSupesiypes(]
loakupslementExtendedy )
£1ndElementaByTypeExtended| )

Classifier I Is Of Type 0.

+1ype +rypedElenment

@ [MOF]

Typed
Element

>

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
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@ [MOF
httn://download.eclinse.ora/modelina/emf/emf/iavadoc

EObject
to Java, C# Z%
EMadaiElement
| | |
EFactary ENammedElement EAnnatation
4 | |
EFackage EClassifier EEnurnLiteral E.Typed.EJ;ement
EClass EDataType EStructuralFeature EOperation EParameter
EEnum EAttribute EReference

2.9.0/ora/eclinse/emf/ecore/packaae-summary.html
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ETypedEiement EClassifier EPackage
ordered : boolean = true instanceClassMame : String onsURI - String
gunique : boolean = true +aType_| @instanceClass : ElavaClass onsPrefx - Stiing
GlowerBound : int odefaultyalue | ElavaObject
upperBound - int = 1 0.1 SyetECassifier(name © String) : EClassifier
gmany - boolean Mslnstance(nhjem ElavaObject) - boolean i
Srequired - boalean PgetClassifierlDi) - int t +eSubpackages
* +ePackage +eSuperPackage
+eExceptions | 0.7 1] +eClassifiers a 2 g

\ |

EClass EDataType

——
§ +eOperation -
gabstract - boolean gsarializable - boolean = true

+eParameters ginterface : hoolean

‘\sSuperTypeOf(sameC\ass EClass) : boolean

+e0perations +eContainingClass

FgelE D: int): E eature 1
+eAll0perations SyetE String) - E atur EEnurnLiteral
0- eralue - int
+eRef T ginstance | EEnumerator
+eAllStructuralF eatures [0 . eContainingClazs| || T IenCETIR +eSuperTypes
+eliterals | 0.~
sature eatire: oAl +eAlIBUpe Types eHerls
ochangeable - boolean = true -
volatile : boolean EReference +eAttributeType
transient : boolean gcontainment : boolean 0
- gdefaultalueLteral : String ocantainer : boalean — +eEnum
S gdefault\alue : EdavaObject gresolvePraxies : boolean = true EEnum
£ ounsettable : boolean 0.7
=3 ¢derived : hoolean 0.1 +eReferences @,
< +eOpposite getEEnumLiteraliname - String) - EEnumLiteral
3 SyetFeaturelDg : it 0% +eAllAttributes SyetEEnumLiteralivalue - int) - EEnumLiteral
5 ®getContainetClassl) | EJavaClass EAftribute 0.* +eAttributes
o ¢iD : boolean 0.1 +elDAttribute

@ http://download.eclipse.org/modeling/emf/emf/javadoc/2.9.0/org/eclipse/emf/ecore/package-summary.html



Generic Types
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ENamedElement

| +eTypeP arameters

EClassifier o+
instanceTypeMarme : String

+eTypeParameters

+9R3WTYqE | ETypaParameter H ECperation |
I 10, [ ]
I 1™ L l

L]

+eClagsifier 0..1|+eTypeP arameter
+eBounds| 0. * +eGenericExceptions (0.7

+eGenericSuperT ypes 0.7 | +eCGenericTypes
EGenericType
0.
0.r 0.1
e

+eAllGenercSuperTypas
+eGenericType
0.1 0.1 nr
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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
> lcslis adomain-specific language for component-based modeling [C. Wende]
> Two new Metaclasses Natural and Role derived from EClass

ecore

TTT T | * eAttributes [T T . €Type T T T T T q
| EAttribute S% EClassifier é ETypedElement ‘
********** =— "***'é*"*l * eExceptions ST **"*A*
M3 .. L]
LT | e } EParameter H
* eReferences —A %, ———— e —— e — i
H . * pa?meters
T ey \
; . ‘ T
>i Role i RoleOperation
*roleTypes ~ | >

* roleOperations

Natural




Ex. EMOF/Ecore based Metamodel of Statecharts

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

> Ecoreis the Eclipse implementation aCassifas T[ ¥ EETyES
of EMOF, provided by the Eclipse | EPackage I‘:1>| ECessifr_|<]
Modeling Framework (EMF) on M3 A ererenceTye
> Here: ametamodel of statecharts e [ iutes |-2ABDIETYAI

(M2), (which s alittle DSL) L[ Erergrence |[ EAtmitie

min:integer | [~ min:integer
maxinteger || maxinteger

> aset of states and their transitions
(M1)

statecnar

State
name:sting -

—( sulm F—={ woting }—{( E:d }:
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10.2.2 Lifting of a Metamodel to a
Metametamodel
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Lifting of Metamodels

33
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A Metamodel of a data definition language in M2 is being

lifted (promoted), if it is used as metametamodel on M3

» Ex.MOFis 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



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

....................................................

M3 /

Wi AN I

<<instanceOf>> <<instancégi>>  <dinstanceOf>>

MOF UML CWM

2
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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
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Ex.: MOF-Metahierarchy for UML

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

M3 (MOF)
/f
M2 (UML) | Attribute

7

/
winstanceOf» / «inﬁrgnce(_)f» ecinstan‘g!e{}f» «ifistanceOf»

.,
—

/ / !
4
l/ /{‘}

f{ Video

Vi
i wsnapshots’
Fetitle: String £

|

M1 (User model)

title = "2001: A Space Odyssey"

\\« instanceOf»

™~

MO (Run-time instances) aVideo

From: UML 2.0 Infrastructure Specification; OMG Adopted Specification ptc/03-09-15

( 5 © Prof. U. ABmann



Metamodeling - Benefits
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ab}§

Constraints

@ * Wellformedness 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

* Transformationen to repair
erroneous models
* Conversion of incompatible models into
design compliant models
* Automatic adaption to design guidelines

Metamodel

Abstract Syntax

[F. Klar, TU Darmstadt]
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Transformation

v

Hier hinein muss die Kompositino noch.






10.2.3 Metahierarchies for Metaprogramming
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Excursion: Metaprogramming with M2

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

> (Dynamic) Metaprograms (reflective programs) contain code on the basis of the
metamodel of their own language (self model)

= They permanently run in the application and regenerate its parts
= Hard to statically analyse on termination and other features
= Reflection is slow

» 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

> Introspective Programs inspect the metamodels or metadata of other programs /
components and adapt to them (-> CBSE)
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Static Metaprograms
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> Codegenerators are metaprograms producing new code or models by introspection
> Static Metaprograms run in the compiler and code-generate a program



The End
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>  Why is lifting an application concept to M2 advantageous?

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

>  Why is MOF semantically more rich than EMOF and UMLcore?

>  Whatis the purpose of a metametamodel?

» Would it make sense to use Tools-and-Materials Pattern Language (TAM) on the M3
level, i.e., in the metametamodel?

> Explain why TAM stereotypes do not occur on M2.



Different Types of Semantics and their Metalanguages
(Description Languages)
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> Structure
= Described by a context-free grammar or a metamodel
= Does not regard context
» Static Semantics (context conditions on structure), Wellformedness

= Described by context-sensitive grammar (attribute grammar, denotational
semantics, logic constraints), or a metamodel with context constraints

= Describes context constraints, context conditions, meaning of names
= Candescribe consistency conditions on the specifications
“If | use a variable here, it must be defined elsewhere”
“If | use a component here, it must be alive”
> Dynamic Semantics (Behavior)
= Interpreter in an interpreter language (e.g., lambda calculus), or a metaobject
protocol
= Adynamic semantics consists of sets of run-time states or run-time terms

= Inanobject-oriented language, the dynamic semantics can be specified in the
language itself. Then it is called a meta-object protocol (MOP).
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