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l1l. Meta-modelling

Meta-modelling is a

core part of DSL t
ign: tract syntaX

kde&gn. Abs Yy ")
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1. Background / Motivation |-

r

' d “ros
Mid / end 90ties: A bit coarse an y

: : . history!
= CASE (Computer Aided Software Engineering) COOK at y

modelling tools become more popular
= code generation and round-trip-engineering
= "UML-like” notations (and others "Booch”, "OMG”)
= many dialects, variations, extensions

- M

N

= Though UML starts prevailing, many other notations are in use
(today called Domain Specific Languages/DSLS)

= Tools programmed manually

— Tools, models, generated code, ... iIncompatible
— Hinder industrial success
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Approaches

M

= Standardisation of a single notation: UML
= Standardisation of a transfer format

= Still many problems with exchanging models
—Need for other modeling notations

= Observation: Basic infrastructure for any CASE tool
IS Independent from the modeling notation

= CASE tools should be implemented using their
technology

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 4



DTU Informatics

O u tS et Department of Informatics and Mathematical Modelling g
M2 Unified Modelling Notation modelling
notation
M1 Model design-time
MO User data run-time
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PetriNet
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"\What, if we would Iike to
use another modelling

Lnotation!

M2 Unified Modelling Notation
T A

M1 Model
f

MO User data

T:

conforms to / is instance of
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“meta—meta—mOde\ )
MOF notation , meta-modelling
A A notation
| =
modelling notation >
f
M1 )
Model _ design-time
T J
MO )
User data - run-time
Beware a myth: Though “suggested”

by the first versions of MOF and

= conf T
T orms to / is instance of related standards, the number of
levels is NOT fixed!

1S\There E:an be any number of levels! -
8
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= |s that any good?

= There is one level that we did not have before!
So, this seems to be more complicated!

= |[f UML can be defined in terms of itself, why should
we define it in terms of something else?

Advanced Topics in Software Engineering (02265), L03: Meta-modelling
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M3 MOF notation
\ / A 'L’\
M2 Any modelling notation
A
|
M1 Model
A
|
MO User data
N\ J
(. ion is based on:
This presentatlon _Is
. Meta Object Facility (MOF) Core
T = conforms to / Is instance of Specification, Version 2.0, OMG
ormal/06-01-01 ),

f
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Meaning of "Meta-~
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Meta (from Greek: peta = "after{, "beyond", J'with", "adjace a
prefix used in English in order to Nadicates concept which i gCtion

from another concept, used to complete or add terThe latté

In epistemology, the prefix meta- is used to medp about (ityyown category).
For example, metadata are data about data, someétissag-etiout something
(who has produced them, when, what format the data are in and so on).
Similarly, metamemory in psychology means an individual's knowledge
about whether or not they would remember something if they concentrated
on recalling it. Furthermore, metaemotion in psychology means an

individual's emotion about his/her own basic emotion, or somebody else's
basic emotion.

Another, slightly different interpretation of this term is "about” but not "on
(exactly its own category). For example, in linguistics a grammar is
considered as being expressed in a metalanguage, or a sort of language for
describing another language (and not itself). A meta-answer is not a real
answer but a reply, such as: "this is not a good question", "l suggest you ask
your professor". Here, we have such concepts as meta-reasoning and meta-
knowledge.

From: http://en.wikipedia.org/wiki/Meta
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Meaning of meta | s
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Co-notations and meaning in Software Engineering:
= pbeyond, "one level higher”

= possibly self-referential
(with all the problems of self-referentiality)

Often also:

Abuse of language

le
ntroduced by pe?op
o el ‘vr\\lorking only of just too
much on the meta-\eve\.
" A CiESS am
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3.1. EMOF model

‘ ?TPK(:tually, this comes from the \

UML infrastructure
Core::Basic.
EMOF Types
The MOF standard refers to
and uses concepts and
notations from the UML
standard (the “UML
Flement * infrastructure”). -/
A 0..1
ownedComment | 0..*
NamedElement /annotatedEIement :
name: String [0..1 0..% Comment
A A a body: String
TypedElement type Type
0..1

Adva iCS | '
nced Topics in Software Engineering (02265), LO3: Meta-modelling
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EMOF Classes

Type
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MultiplicityElement |

TypedElement

Class

class

isAbstract: Boolean = false

ownedAttribute

JAN

isOrdered: Boolean = false

isUnique: Boolean = true
lower: Integer = 1

upper: UnlimitedNatural = 1

JAY

Property

0..1 {ordered} 0..*

k
0.
N

superClass

class

isSReadOnly: Boolean = false
default: String [0..1]
isComposite: Boolean = false
isDerived: Boolean = false
isID: Boolean

0.1

Operation

‘ ownedOperation
0..1 {ordered} 0..*

opposite

To be continued on
next slides!
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Additional constraints (e.g.):
= Qopposite properties are properly paired
= no cycles in inheritance structure
= an object can be contained in at most one container

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 15



EMOF Classes (cntd.)

TypedElement || MultiplicityElement

JAY

JAY

Operation

&

operation ownedParameter

‘ DTU Informatics DTU
Department of Informatics and Mathematical Modelling “II

>
TypedElement || MultiplicityElement

JAY JAY

Parameter
{ordered} O0..*
N e
0..* raisedException
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EMOF Data Types

Type
/\

Datalype
JANIAN

DTU Informatics

Primitivelype Enumeration

DTU
Department of Informatics and Mathematical Modelling n
NamedElement
enumeration I
o """ | Enumeration

0..1 1iordered} O0..*
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= Boolean
= String
" |nteger

= UnlimitedNatural (* for "infinity”)
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EMOF Packages

NamedElement

N\

Package

uri: String

package

&

ownedType
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0..1

nestingPackage

‘

0..1
0..*

nestedPackage

0..*

Type
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= Can EMOF be defined with its own concepts?

= |s it expessible enough?

MOF (CMOF), later.

(EMOF stands for Essential
MOF: we will discuss more
complete model, Complete

= What is missing (as compared to UML diagrams)?

= How does EMOF relate to ECore
(the model underlying EMF)?

= Can UML be expressed in it?

= Any other problems?

rEMF | ECore might be the
reason, EMOF was
included in the MOF

kstandard.

\

_J
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3.2 Reflection capability |57

M

= Creating models and their instances (resp. meta-
models and their conforming models) dynamically

= Navigating between model elements and instance

—By navigation between different meta-levels in an

arbitrary way, MOF Is not restricted to a fixed
number of levels.

g )
“Reflection”: Knowing
something (and reasoning)

about oneself.

_J
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provides simila_r
functionality in its

AP

Object

DA

Element

getMetaClass():Class
container():Element
equals(el:Object):Boolean
get(prop:Property):Object
set(prop:Property,val:Object)
isSet(prop:Property):Boolean
unset(prop:Property)

AN

NamedElement

=
—
=

convertToString(d:DataType,0:0bject):String
create(mc:Class):Element

For properties with more than one value, there exist ReflexiveCollection and
ReflexiveSequence (similar to Java Collections)!

Advanced Topics in Software Engineering (02265), L03: Meta-modelling
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Type
isInstance(o:0Object):Boolean
Package
N
1 | package
Factory
createFromString(d:DataType,s:String):Object
22
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= As discussed, EMOF lacks some features:
= Associations (only by paired properties, and only binary)
= Visibilities
= Subsetting and redefing properties ﬁUke “MOF. in CMOF thesg
" .. definitions refer to UML
Linfrastructure. )

= In the following, we indicate how some of these
features are captured in CMOF

* Like EMOF, CMOF can be defined in terms of its
own concepts (or in terms of EMOF)

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 23
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SruouaiFeaue

! igFeaniCily : Bookeon - foke
" | ieived_nion : Bookeen-tale

) ecefired Prperty
"+ jabeets ecfirecElenEn)

2 bestiacPicpery

o

See MOF specification (2.0):
Fig. 14.2
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= Reflection similar to EMOF (a bit more complex)

= explicit creation of Links (see next slides)
= invocation of operations

= instanceOf can check class hierarchy (instance of
subclasses)

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 26
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= "Semantic domain model” introduces the concepts
for the instances of a model and

= how the reflection capabillities behave on the model

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 27
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4. XMI

M

= Mapping MOF-models and its instances to XML
In a standard way

= A MOF model is mapped to an XMLSchema for its

Instances
= XMI is a standard associated with MOF

=>You can easily exchange MOF models

=>0nce you agree on the MOF-model, you can
exchange instances of that model

anrning: Ify
model, you often can
older versions! That is why XML

syntax is often explicitly defined

Advanced Topics in Software Engineering (02265), L03: V{ (laterin this course).

ou change the meta \
an no longer read
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<?xml version="1.0" encoding="UTF-8"?>
<emof:Package xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"

xmlns:emof="http://schema.omg.org/spec/MOF/2.0/emof.xml" xmi:id="PetriNets"

name="PetriNets" uri="APetriNetEditorInl5Minutes">

<ownedType xmi:type="emof:Class" xmi:id="PetriNets.PetriNet" name="PetriNet">

<ownedAttribute xmi:id="PetriNets.PetriNet.object" name="object"
isOrdered="true"

lower="0" upper="*" type="PetriNets.Object" isComposite="true"/>
</ownedType>

<ownedType xmi:type="emof:Class" xmi:id="PetriNets.Object" name="Object"
isAbstract="true"/>

<ownedType xmi:type="emof:Class" xmi:id="PetriNets.Node" name="Node"
isAbstract="true, superClass="PetriNets.Object">
<ownedAttribute xmi:id="PetriNets.Node.name" name="name" i1isOrdered="true"
lower="0">
<type xmi:type="emof:PrimitiveType"
href="http://schema.omg.org/spec/MOF/2.0/emof.xml#String" />
</ownedAttribute>
<ownedAttribute xmi:id="PetriNets.Node.in" name="in" isOrdered="true"

lower="0" upper="*" type="PetriNets.Arc"
opposite="PetriNets.Arc.target"/>

<ownedAttribute xmi:id="PetriNets.Node.out" name="out" isOrdered="true"
lower="0" upper="*" type="PetriNets.Arc"
opposite="PetriNets.Arc.source"/>

</ownedType>

Advanced Topics in Software Engineering (02265), L03: Meta-modelling
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<ownedType xmi:type="emof:Class" xmi:id="PetriNets.Arc" name="Arc"
superClass="PetriNets.Object">

<ownedAttribute xmi:id="PetriNets.Arc.source" name="source"
isOrdered="true"

type="PetriNets.Node" opposite="PetriNets.Node.out"/>

<ownedAttribute xmi:id="PetriNets.Arc.target" name="target"
1sOrdered="true"

type="PetriNets.Node" opposite="PetriNets.Node.in"/>
</ownedType>

<ownedType xmi:type="emof:Class" xmi:1d="PetriNets.Transition"
name="Transition" superClass="PetriNets.Node"/>

<ownedType xmi:type="emof:Class" xmi:id="PetriNets.Place"
name="Place" superClass="PetriNets.Node">

<ownedAttribute xmi:id="PetriNets.Place.token"

name="token"
isOrdered="true" lower="0" upper="*,
type="PetriNets.Token" isComposite="true"/>
</ownedType>

<ownedType xmi:type="emof:Class" xmi:id="PetriNets.Token"
name="Token" />

<xmi:Extension extender="http://www.eclipse.org/emf/2002/Ecore">

<nsPrefix>APetriNetEditorInl5Minutes</nsPrefix>
</xmi:Extension>

</emof :Package>

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 31
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XMl Instance 1rThe serialisation

<?xml version="1.0" encoding="UTF-8"?>

<APetriNetEditorInlbMinutes:PetriNet xmi:version="2.0"

xmlns:xmi="http://www.omg.org/XMI"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance

| oy

—

of instances can
be customized in
K}ools like EMF.

—

xmlns:APetriNetEditorInl5bSMinutes="APetriNetEditorInl5Minutes">
<object xsi:type="APetriNetEditorInl5Minutes:Transition”" name="t1"

in="//Qobject.7" out="//@object.4"/>

<object xsi:type="APetriNetEditorInl5Minutes:Transition”" name="t2"

in="//@object.5" out="//@object.6"/>

<object xsi:type="APetriNetEditorInl5Minutes:Place" name="pl"

in="//@object.6" out="//Qobject.7">
<token/>
</object>

<object xsi:type="APetriNetEditorInl5Minutes:Place”" name="p2"

in="//@object.4" out="//@object.5"/>

<object xsi:type="APetriNetEditorInl5Minutes:Arc"
source="//Qobject.0" target="//Robject.3"/>

<object xsi:type="APetriNetEditorInl5Minutes:Arcw
source="//Qobject.3" target="//Robject.l1"/>

<object xsi:type="APetriNetEditorInlbMinutes:Arc"
source="//Qobject.l" target="//Robject.2"/>

<object xsi:type="APetriNetEditorInl5Minutes:Arc"
source="//Robject.2" target="//Qobject.0"/>

</APetriNetEditorInl5Minutes:PetriNet>

Advanced Topics in Software Engineering (02265), L03: Meta-modelling
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via paths (XPath).

If model elements
have ids, the |
references will be via

the ids! .
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= MOF models can also be mapped to a programming

language with an API

= The Java Metadata Interface (JMI) is a standard

mapping to Java

= The mapping of EMF models to Java is another one

(not compatible with JMI)

—
« EMF has a reflective interfaces: seé methods XXXPackage;

. Packages can be registered and used without code generation

. http://www.devx.com/Java/Article/29093/ 1954

In our tutorials, we
use EMF —ade
facto standard.

. http://www.eclipse.org/gmt/epsilon/doc/articles/reﬂective-emf-tutorTaI/ J

~Aa [ '
vanced lopics in Software Engineering (02265), L03: Meta-modelling
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T = conforms to/ is instance of
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= Why EMOF and CMOF?

= Relation between UML infrastructure and MOF
= Relation between EMOF and ECore (EMF)

Advanced Topics in Software Engineering (02265), L03: Meta-modelling
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|
M2 ePNK / SE2 CASE Tool
A
|
M1 Model
A
|
MO User data

T = conforms to/ is instance of

Advanced Topics in Software Engineering (02265), L03: Meta-modelling




=
—
=

DTU Informatics

Ove rVI eW Department of Informatics and Mathematical Modelling “""‘
Ekkart Kindler >
| |
L Fimeat -
o ill ]

e

smrmie A mem Comnmail

seder e S|

| T
T | TipsdElement emck
S ptEe 1
= )

CiliTyps | 4 -rir

SrameAnt b

Emue structarng [ 1 semrmees | [0 ety
conceats AT
v

Meta Levels | Implementations
ubset 4 A
M3: Meta meta model MOF & o EMOF [<imple |ents— ECore
conforms to | instance of instance of
UmML2
: UML = implements
M2: Meta model | Tools
conforms to | ) /|\
conforms to ‘ instance of
M1: Model Design PM | [paMm | ! Clags CASE Library
+ Mode Model | Diagram Tool Model
Foilray Ty
| . ~ . & Write - Miz-ae _aizen
conforms to instance of instance of instance of L 4 bmplevs Ho o
| -4 Emplzyze Soptlz
< R Pelrik,
L. 4 Lib-=y Inbarmatizs s=cho-
MO0: Data Customer | Cusu?mer Wiper Library i 4 BookMOF i abutswol
' Data Datﬂ in DB Example Exﬂmple ' 4 Book Ihe sndecs wav of rodsing
| -4 Library Stazktics sezzon
%
|_HamedEiement | l_fhl Thpe ]/ + conforms to \ A Fresmatintayer
4 uses T T
pr—— (M Trevmarttms i
headOniv, unon} e o source targst
PudafiasbleEiumeat R {s.bsats soLice,| mita model meta model
Tslea®: Doaean flesdonb, kel s bisste enert
+ (racasrad_amar il o | Assiannbgnct | Rewsirsanagn:
ot E TR e
{sLtséts recefing
ety wion, {rbses o et Gz |
vy | B ) e
. ni I 3
BT 3) M2M Transformation

(thanks to Patrick)

Advanced Topics in Software Engineering (02265), L03: Meta-modelling 37


http://www2.imm.dtu.dk/%7Epk/images/meta-levels.pdf
http://www2.imm.dtu.dk/%7Epk/images/meta-levels.pdf
http://www2.imm.dtu.dk/%7Epk/images/meta-levels.pdf

