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METAMODELS, INSTANCE MODELS

Metamodeling and Domain Specific Modeling



Metamodel: Specify Concepts an Appl. Domain
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Instance model

= Metamodel:

O

Precise specification of
domain concepts of a
modeling language

= Goal: to define...

O

O

O

O

Basic concepts
Relations between concepts
Attributes of concepts

Abstraction / refinement
(Taxonomy, Ontology)
between model elements

Aggregation
Multiplicity restrictions




Metamodels and instance models
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Type conformance /Instantiation /Classification

(Atomaton) = Each model element is
an instance of (conforms to)
initial Tstates a metamodel element

tate )™ (Transition] o Direct type:
kind:StateEnum )
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Classification vs. Generalization

Fido is a Poodle

A Poodle is a Dog

Dogs a
A Pood|

A Dog i pecies

v' 1+2 = Fido is a Dog
v 14+2+3 = Fido is an Animal

' 1+4 = Fido is a Breed
!

2+5 = A Poodle is a Species

Generalization (SupertypeOf)
IS transitive

Classification (InstanceOf) is
NOT transitive




Type conformance of references

Metamodel = Alink in a modelis
X from RN type conformant if
| © TJ o type(src(link)) is subtype of
I : src(type(link))
::«instance» : | o type(trg(link)) is subtype of
| e trg(typeflink))
! : l o Informally:
«instance» : | : * The type of the source object
I I I is a subtype of the source
[sl:CompStat+ .frlom t1:Transition class of the link’s type.
Mbdel * The type of the target object

is a subtype of the target
class of the link’s type.

~ Can you define generalization
for references?



Containment hierarchy

= Each model element has a
unique parent
o N children = 1 parent
o Single root element

= Aggregation as relationship:

o Defined in the metamodel
along reference edges

11 Metamodel (Automaton] o Provides restriction for
refine instance models
.:51 States Clrcularlty
o No circular containment
: : Stat \
. . D[ = ] (in the model)
l 2L | l H22 | o Aggregation relations in the
| I metamodel may be circular
l s211 l s221 (hierarchy)




Multiplicity restrictions

= Definition: Lower bound .. Upper bound

o Lower bound: 0, 1, (non-negative integer)

o Upper bound: 1, 2, ... * (positive integer + any)
= Scope:

o References: allowed number of links
between objects of specific types

o Attributes: e.g. arrays of strings (built-in values)

( Team ]
L ) Which are the most
1 Imembers common multiplicity
0. definitions in practice?
captai Player ]




Derived Features

= A derived feature can be
calculated from others @ Player

o Usage: helpers for o birth : Integer
designers / tools o Jfage : Integer

o It need not be persisted
o Automatic updates

= Derived attributes:
age = currYear - birth

= Derived references:

Person Animal

dogs = -- pets --> Dog
= Derived objects: | knows .ﬂﬂ_knows
7. /member /member

o ,Gang": T e
everyone knows everyone | Jmember

_Peter

knows
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Example metamodel
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L 313 1 Egyenes

=l 5T+ Gobgds csap

Instance model, abstract syntax
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Instance model, concrete syntax

STAF  Spirovent tipus(
levegdlevalaszto

J%L BA 065L

DNB5

Honeywell Spirovent tipusu
keverdcsap Iszaplevalaszto
DN50 Kvs 40 BE 065L

Metamodeling and Domain Specific Modeling
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Domain specific modeling languages

Business 3 | System
analyst _ - designer
= Business process -
» j— Y
o rr"u'rrnll srachEx '\.111“ ._J
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Usage example of DSMs

Concrete syntax Abstract syntax Well-formedness
[ WORKSPALE 1° constraints
Ma et Earoen DR 0 E| E]E‘I!I':-Jlrl"" Examgles @ Errors {4 oems)
Eraredn i st ater A &3 File platform: fresource;fr.isa, riskell kerme

I Saker B i A0 B ™ 2 | —— - : F 0B & File platform: fresourcefr.irisa. triskell kerme

| [} UseCaseDiagram_L 3 Unable bo set the bype of Fan::State - sep:
- [ ClassDiagrarm_1 (%) Unrasolved byps 'Sttring’, (missing using 7)

’ E Ii|a-s:-Eliagrarn 2
FAddabcmosear JH] +1akel |E| Clas=Diagram_4

i : ClassDiagram_3
— ClassDiagram_5

B ohjectDlagram_L
DS statechartDiagram_
[5) ActivityDiagram_1
E LequenceDiagram_

Behavioural semantics,
simulation, refactoring

o Cal Merarchy [ el T
Mermbers caling Thame' - In workspace III:-.I:I|t ;s j— ] _,m:“‘
S (Tame - jund Framesoek. TeshD ase | Frara ] Iﬂj ‘r""-u.-.
- . . S = x ) LT .
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(different DSM)
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Structure of DSMs

Graphical syntax Abstract syntax Well-formedness

constraints
3 Errors (4 jems)

Horath B o b g wic (=] % Phnng - &3 File platform: fresource;fr.isa, riskell kerme

& File platform: fresourcefr.irisa. triskell kerme

Q FTSAC @ Unable to set the bype of Fam::Stabe::step:

() Unresobved byps 'Sttring, (missing using 7)

s WL
=

L
Y number

[t
3%s custs

wlenkhis

£

Behavioural semantics,
simulation, refactoring

Mappin Code generation

of M mEwher 3hlps
gprofile defaultProvider="Sitefinicy ™
Cprovideras

£E LBarS >

SocialMetwork {
Person Wihelvi |

=ale <add nasme="Sitefinity™ connectiond
msemberships BME, VWEL proyrderax
} <propecties®
Ferson Hervath { cadd mamss"Firaciess"/ =
male <add name="LastHeme™S>
memberships FT5RG Kl== ENF apecific PEOPEITIES ==3
} Ladd pamse"NickNass™ S
Community BME { <add name="Gender™ /3
ED'I“LH'it:\' FTSRG { lim Sareh Hi ke
Lommunity Lest
s View Code
(documentation,
Textual syntax . .
configuration)
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Aspects of Defining DSMLs

Abstract
syntax

WEIE
Collaborate formedness
constraints

Views
translations
mappings

Concrete
syntax

Behavioural
(dynamic)
semantics

Metamodeling and Domain Specific Modeling



Designing modeling languages

= Language design checklist

o Abstract syntax (metamodel)
* Taxonomy and relationships of model elements
* Well-formedness rules

o Semantics (does not strictly belong to a language)
* Static

 Behavioural
o 7?7

o Concrete syntax
* Textual notation
* Visual notation

Metamodeling and Domain Specific Modeling



Generalization

Instantiation

Meta (Language) leW

Revisiting the example
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Model in abstract syntax
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Revisiting the example

4 \
Automaton

. J

. transitions
initial | | states

VvV VY

[ AccState | {>[ State )™M [Transition
color:{R,G,B
L J RGBf—__

Meta (Language) level Metamodel

Model level

fr | U7t ] to
A 4 tl @
t1 o S2 e t2
to fr
Abstract syntax Concrete syntax
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Example: Concrete Syntax

request() {
@ — e if (state == "idle" &&
this.load<10)

A
Parequest state = "calculating";
lload<10] Paresponse
- . response() {
Calculating if (state == "calculating")

state = "idle"

Graphical notation Textual notation

Metamodeling and Domain Specific Modeling



Textual vs. Visual

= Textual notation:
+ Easy to write: Able to capture complex expressions

- Difficult to read: Difficult to comprehend and manage
after certain complexity (e.g what refers me?)

= Visual notation:

+ Easy to read: Able to express (selected / subset of)
details in an intuitive, understandable form

+ Safe to write: Able to construct syntactically correct
models

- Difficult to write: graphical editing is slower

Metamodeling and Domain Specific Modeling



Example: UML model

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

<uml:Package name="geography" xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:uml="http://www.eclipse.org/uml2/3.0.9/UML"

a B0 «<Package> geography

?,'r. <Element iImport> Boolean

Zan <Element Import> String xmi:id="_7qi_AS2uEd-VCP9iY9GYHg">
i <Element Import> UnlimitedMatural [...]
E; «<Element Import> Integer <packagedElement xmi:type="uml:Class" name="Country" xmi
# = <Class> Country L Country <ownedAttribute name="name" aggregation="composite" xnm
1 «Property> name: String <type xmi:type="uml:PrimitiveType" href="pathmap://U
4 & <Property> formerCapitals ; City [0..*] | name : String </ownedAttribute>
61F <Literal Unlimited Matural> * = formerCapitals : City [0..%] <ownedAttribute name="formerCapitals" aggregation="com
10 <Litersl Integers 0 <upperValue value="*" xmi:type="uml:LiteralUnlimited
= ; = i coupl ) <lowerValue xmi:type="uml:Literallnteger" xmi:id="_y
& <Operation> coup
. 0

</ownedAttribute>
<ownedOperation name="coup" xmi:id="_ fHicEC2vEd-VCP9iY

< Prigpesty=name:; Sy <ownedParameter direction="return" xmi:id="_1e7b8C2v
= <Property> founded : Integer </ownedOperation>

4/ <Asscoation> &_country_cities [L.*1cities </packagedElement>
a & <Property> country : Country <packagedElement xmi:type="uml:Class" name="City" xmi:id

4 5 <Class> City untry

231¥ <|teral Unhmited Matural> 1 = Gty <ownedAttribute name="name" aggregation="composite" xm
a0 <Literal Integer> 1 <type xmi:type="uml:PrimitiveType" href="pathmap://U
4 B <Property> cities : City [1..%] :“m; ?T? </ownedAttribute>
T2F <Liveral Unlimited Natural> * = TOURTRE s dmeg <ownedAttribute name="founded" aggregation="composite"
10, <Literal Integer> 1 </ZEﬁZEA§$iQEﬁEZ: uml:PrimitiveType" href="pathmap://U
</packagedElement>

<packagedElement xmi:type="uml:Association" xmi:id="_Xq_
<ownedEnd name="cities" type="__ KgpUC2vEd-VCP9iY9GYHg"
<upperValue value="*" xmi:type="uml:LiteralUnlimited

Abstract Syntax Graphical notation Textual notation
(Class Diagram) (XMI 2.1)

_____

Metamodeling and Domain Specific Modeling



Multiplicity of Notations

= One-to-many
o 1 abstract syntax = many textual and visual notations
* Human-readable-writable textual or visual syntax

* Textual syntax for exchange or storage (typically XML)
* |In case of UML, each diagram is only a partial view

o 1 abstract model - many concrete forms in 1 syntax!
* Whitespace, diagram layout
* Comments
* Syntactic sugar

o 1 semantic interpretation > many abstract models
* e.g. UML2 Attribute vs. one-way Association

Metamodeling and Domain Specific Modeling



METALEVELS
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m Metalevels

= Nodes

o Film, Human, Novel, Psycho (film), Book, Man, Thriller,
Work of Art, The Bourne Identity (novel), Genre,
Robert Ludlum, Sir Alfred Hitchcock, this book here:

ROBERT
LL.DLL_J Vi

Demonstrated by the exercise:
Instantiation vs. subtyping .r;-_.,
Edge subtyping L
Metalevels [IHF F
Multi-level metamodeling
Deep instantiation

= Edges

o written by, directed by, creator, subtype, instance

Metamodeling and Domain Specific Modeling



Metalevels

rAutomaton]

|

)
initial states e ) . .
- >[ State O™ (Transition ,Meta” relationship

olor{RGB)«? J between models

/

«instance» / \ 7 ...
p 4

-\

/ /7
/ ini %

I
|
’ ]
! Clear level separation:
/st\ st \ I
I
|
I

o Loses some flexibility

sl [ al " s3

+ tr st tr ¢

o Much easier to understand

fr

il ey D ey U o Usually enough to keep two

levels in mind at once
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Metalevels in MOF

= OMG’s MOF (Meta Object Facility)

o 4-layer approach

M3 level L MOF Model Fixed:
e — MetaClass, MetaAttr,
o
M2 level ) UML MetaClass (‘Class’, MetaAttr (‘name’))
metamodel | Metamodel MetaClass (‘Attr’, MetaAttr (‘name’))
M1 level W UML Model  cjass(’Car’,Attr(‘licensePlate’))
model ——
MO level \\ Application Car(‘ABC-123’), Car(‘DEF-456’)
data —— Data

o Why exactly four levels?

Metamodeling and Domain Specific Modeling



Metalevels in other approaches

" EMF (Eclipse Modeling Framework)

Ecore Fixed:

[ meta-metamodel L> EClass, EAttr
P
|
V«instance»

Ecore Model EClass(’Car’,EAttr(‘licensePlate’))

[ metamodel r\>’(EPackage) >

V«instance»
Application Data Car(‘ABC-123’), Car(‘DEF-456’)
model (Resource)

= Multi-level metamodeling
o VPM
o Ontologies

Metamodeling and Domain Specific Modeling



SEMANTICS
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Semantics

= Semantics: the meaning of concepts in a language
o Static: what does a snapshot of a model mean?
o Dynamic: how does the model change/evolve/behave?

= Static Semantics
o Interpretation of metamodel elements
o Meaning of concepts in the abstract syntax

o Formal: mathematical statements about the
Interpretation

* E.g. formally defined semantics of OCL

Metamodeling and Domain Specific Modeling



Dynamic Semantics

= Operational
o Modeling the operational behavior of language concepts
o ,interpreted”

o e.g. defining how the finite automaton may change state at
run-time

o Sometimes dynamic features are introduced only for
formalizing dynamic sematics

= Denotational (Translational)

o translating concepts in one language to another language
(called semantic domain)

o ,,compiled”
o E.g. explaining state machines as Petri-net

Metamodeling and Domain Specific Modeling



Example: Denotational semantics

4 \
Automaton

. J

transitions
initial states

A

[ AccState | {>[ State )™M [Transition
color:{R,G,B
L J RGBf—__

Meta (Language) level Metamodel
Model level
fi t3 al
r A X t3
n 1
sl
'/;t\ st s3
sl | al "l s3
] o7t N e
t1 o S2 |e t2 t1 ) t2
to fr
Abstract syntax Semantic Domain
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Example: Operational semantics
St ) : transitions

initial states
Transition

color:{R,G,B ;47
to \_J

Meta (Language) level Metamodel

(Instance) Model level

fr 4 3 Possible evolution:
) i~ 1 ‘current’ is redirected
At first, A/ﬁs?\\ ) along a transition

‘current ‘= ‘initial’ sl [ al
fr v st
t1 o S2 e t2
to fr

Model in abstract syntax

Metamodeling and Domain Specific Modeling



Relationship of models

Concrete syntax

scanning and layout
parsing operational
semantics

Abstract syntax ‘ 3

denotational semantic
semantics feedback

Semantic domain/
Programming language

Metamodeling and Domain Specific Modeling



DOMAIN-SPECIFIC MODELING

LANGUAGES IN ENGINEERING PRACTICE

Metamodeling and Domain Specific Modeling



*"MATLAB, SQL, Erlang,
Shell scripts, AWK, Verilog,
YACC, R,S, Mathematica,
XSLT, XM, OCL,

Template languages, ...




Industry standard DSMLs

Automotive
o AUTOSAR, MATLAB StateFlow, EAST-AADL

Aerospace
o AADL
Railways
o UML-MARTE
Systems engineering
o SysML, UML-FT

Metamodeling and Domain Specific Modeling
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DSM Technologies

= MATLAB COTS

= Rational Software Architect

" Eclipse Language
o EMF, Sirius g g

o Xtext/Xcore/etc. enginee ring

= Microsoft :
o DSL Tools (Visual Studio) / M / Oslo etc. (Ind UStry)

= MetaCase
o MetaEdit+

= JetBrains MPS

= WebGME, Kermeta Academia

Metamodeling and Domain Specific Modeling
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Xtext

Java - my-home/sre/Home, rules - Eclipse SDK

L T e T e o T Y ey

4 PackageEx Iz - O
-
¥ = my-home
w '.m B.l'c
Home.rules

k= 8. JRE System Library
F L SRC-gen

Home. rules B2

Device Window can bBe OPFEN, SHUT
Device Heating can be OM, OFF

Aule "Close Window, when heating turned on'
when Heating.ON
then Window.SHUT

Rule "Switch oft heating, when windows gets opened’
when Window, OPEN
then Heating.OFF

‘2 0FF - Heating.OFF State OFF
20N - Heating.ON
T 0OPEN - Window.OPEN
ESHUT - Window. SHUT
Probdams: Javadoc Declaration Search () Console &2

Mo consoles to display at this tima.

Writable Insart 10: 8
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%= Outline I = 08
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| B
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F I Window
F UE Heating

! Close Window, whan
: Bwitch off heating, w
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Xtext
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kAl

ry.state == NULL ||
F ARSI ary . postlUpdate(
F Cameras
Car
Danicies
gPresent
st
Recuperalor or
Lensors peedtestRerun received command ON

Speagtect
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Microsoft DSL
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MPS

¥ calculator - [CAUsers\user\MPSProjects\calculator] - jetbrains.mps.tutorial calculator structure\InputFieldRefer... @ﬁ

I"

File Edit Search Yiew Go To Geperate Build Run JTools Version Control Window Help
— | & ﬂ G s " |-1 '?'_' ¥ !"IE ’-:i ": [ - o .ﬁ
T | MyCalc & typeof InputFieldReference M
o | Create new I
[l — | ©
2l ® typ :af_]nputFI:tdﬂnferenncE E:I_
=
role typeaf InputFisldRefarsnce |
applicable for concept = InputFieldReference as inputFisldRelerence
overridas false
do |
W typaol (lnputlleldisfarancs) 1! {;E*GEITL‘L"E :
] 2 lncegerConceptFroperty lang: J.m.lang.scrIucoure
i IncegerConcepcPropercylDeclaracion lang: 3j.m.lang. :‘.’.:'.'.n:'.;.:rtr.
IntegerConstant lang: j.mps.baselanguagef
3l lncegeriiceral lang: Jj.mps.bassLAanguage
Ine 3 -'!:-!.i'-ET_.a.:".l'.Jua;E'
Interface lang: j.mps.basslanguage]
5l InterfaceConceptDeclaration lang: j.m.lang.structurey
5l InterfaceConcaptRafaranse lang: j.m.lang.scru rurs
Internaldegquencelperaticn lang: j.=:baselanguage.collectional
= lnceraectUperacion iangs: :n.'-..Ea!fLﬂﬁT&ﬂ;t.-3{“11'_‘6“313‘.':3!
E ] | ]
Structure | Editor | Constraints | Behawol | Typesystem
Actons | Befactonngs || Intentions fF=n-'. LIsages ﬂ Fliowe " Generator | Tewiaen

0: MPS Messages @ Version Control || & & Output 2 2: Inspector

B d02Mafaozm
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Summary of DSMs

= Metamodeling
o Structural, formal definition of domains
o Abstract syntax

"= Domain-Specific Modeling
o Concrete notations

o Syntax known by experts of the field

= Metalevels
o Meta-relationship between models

= Semantics

o Formal dynamic - Denotational / Operational

Metamodeling and Domain Specific Modeling



ECLIPSE MODELING FRAMEWORK
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What does EMF provide?

= EMF = Eclipse Modeling Framework

o Reflective Metamodeling Core
(Ecore = MOF 2.0)

o Support for Domain Specific Languages

o Editing Support
(Notification, Undo, Commands)

o Basic Editor Support
o XMl Serialization, DB Persistence
o Eclipse Integration

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Role of EMF/Ecore technology in DSL

GMF, Graphiti, _ " Goal:
EuGENia, Provide common base
Sirius, Spray, for advanced DSL tools
Xtext, ... Consistent model
manipulation
Persist models

Default editor

EMF Compare, EMF ;

EMF Diff/Merge \ modeling / Accfeleo, ATL,
VIATRA,

QVT, Xtend, ...

Collabo- /' Process &
rate View

Metamodeling and Domain Specific Modeling —N TR =5




EMF model structure

= Containment hierarchy

ResourceSet

EObject Root object
(typically single)

EObject i Objects with

) attributes
Containment

reference
Resource (typically file)

EObject EObject

EObject
Cross-reference

Metamodeling and Domain Specific Modeling



ECORE METAMODELLING
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Core Ecore constructs

EDataType
name[1]: EString

eDataType T 1

EAttribute

p..* |name[1]: EString
EClass lowerBound: int=0

- s <
: upperBound int = 1
name[1]: EString eAttributes |"P-

0.*
[ =
eReferences|name[1]: EString
containment[1]: boolean = false | 0..1
eReferenceType lowerBound[0..1]: int=0 =
upperBound[0..1]: int = 1 eOpposite

EReference

T

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Core Ecore constructs

Class with arbitrary num. of
superclasses
associations EDataType

EDataTypeT 1

EAttribute Typed

o..~ |name[1]: EString Attribute
lowerBound: int=0

upperBound int = 1

0."

eSuperTypes

EClass
name[1]: EString eAttributes

0.*
[ =
eReferences|name[1]: EString
containment[1]: boolean = false | 0..1

1 eReferenceType lowerBound[0..1]: int=0 =
upperBound[0..1]: int =1 e0

EReference

l"-

Unidirectional (binary) relation (Association)
 typed

optional inverse end
Budapesti Miszaki és Gazdasagtudomanyi Egyetem muItipIicities ﬁ
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Complete Ecore hiearchy

| EObject \

Iy
[k

EModelElement

(EFactory | ‘ ENamedElement | "Eﬂﬁﬁc}'{é}i&ih ]
."'l""'-.
i
' EPackage EClassifier | ‘ EEnﬁﬁ;Liiera'| i ETypedElement |
M -"'.l"'w.
A A
‘ EClass \ ‘ EDataType ‘ | E StructuralFeature | ‘ EOperation ‘ ‘ EParameter

s

.'l b1

I Eﬁltribule ‘ EFEEF;ETEHL‘E |

Budapesti Mliszaki és Gazdasagtudomanyi Egyetem
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Complete Ecore hiearchy

Aside:
EClass deep_instantiates(2) EObject
| ECbject \ = every EClass instance implicitly subtypes EObject

= every instance of every instance of EClass
implicitly instantiates EObject

EModelElement

EFactory | ‘ ENamedElement | ‘ EAnnotation | Methods connected
T— ' to the EClasses

.
Ik
-

. E F'a.n:kage

EClassifier | ‘ EEnumLitera | | ETypedElement |
.'.l".
‘ EClass \ ‘ EDataType ‘ | E StructuralFeature ‘ EOperation ‘ EParameter

EMF-based

[ EEnum

‘ ERelerence | Parameter for
the Eoperation

I EAttribute

Enums

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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DEFINING A DSM
... |HE EMF WAY
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The Classical EMF/Ecore Waterfall

Design domain metamodel
(Questionnaire.ecore)

Specify derived features & constraints
(OCL, Epsilon, Viatra Query, Java)

Generate tooling
(Questionnaire.genmodel)
Edit instance models
(Forml.questionnaire)
Validate instance models

Metamodeling and Domain Specific Modeling - w2 i




The EMF Toolkit

Platform
Independent _-__IE"_I?_"_'“E__ Generator
Model Model
(ecore)
Java Emitter B aratas

Templates

l , l

0
EMF.model EMF.edit

a
EMF.editor

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Metamodel of the Domain /

Modeling language

Platform
Independent _-__IE"_I?_"_'“E__ Generator
Model Model
(ecore)
Java Emitter B aratas

Templates

l , l

0
EMF.model EMF.edit

a
EMF.editor

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Platform
Independent _-__IE"_I?_"_'“E__ Generator
Model Model
(ecore)
Mapping of the Ecore model
to the impl platform
Java Emitter B aratas

Templates

l , l

0
EMF.model EMF.edit

a
EMF.editor

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Platform
Independent
Model

(ecore)

Java Emitter

Import

il = o= = o oo - -

Generator
Model

Templates

—

Generator

l

L 4

Code templates for

generating implementation

EMF.model

EMF.edit

a
EMF.editor

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Platform
Independent _-__IE"_I?_"_'“E__ Generator
Model Model
(ecore)

Java Emitter

Templates Generator
Code generation is carried out A 4 . l .
based upon EMF.edit EMF.editor

* the generator model
e code templates

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Platform
Independent _-__IE"_I?_"_'“E__ Generator
Model Model
Core model manipulation
and persistence impl.
(Java library)
Generator

, !

EMF.edit

EMF.model EMF.editor

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Platform
Independent _-__IE"_I?_"_'“E__ Generator
Model Model
(ecore)

Displaying EMF objects
Command based model manipulation
(with undo/redo support)

Java Emitter
Templates

-

EMF.model

!

EMF.editor

EMF.edit

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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The EMF Toolkit

Platform

Independent _-__IE"_I?_"_'“E__ Generator
Model Model
(ecore)
Automatically generated
tree view editor
J?.::If;:tt::r Generator
[ , 1
0 o a
EMF.model EMF.edit EMF.editor

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Creation of Ecore metamodels

Java
Interfaces

Emfatic
Model

Platform

Independent
Model

(ecore)

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Creation of Ecore metamodels

UML class diagram
* Rational Software Architect .

e EclipseUML (Omondo) lnl
* Borland Together Architect

UML Tool XML Emfatic Java
Model Schema Model Interfaces

Platform
Independent
Model
(ecore)

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Creation of Ecore metamodels

An XML schema is the

metamodel of an XML
document 'nl

XML Emfatic Java
Schema Model Interfaces

Platform
Independent
Model
(ecore)

UML Tool
Model

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Creation of Ecore metamodels

Simple programming language

for defining Ecore models

1

UML Tool XML Emfatic Java
Model Schema Model Interfaces
e s 2
Platform
Independent
Model
(ecore)

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Creation of Ecore metamodels

Direct Ecore defining
* Ecore tree editor
* Ecore Tools diagram

1 l

UML Tool XML
Model Schema

Emfatic | Java
Model Interfaces

Platform
Independent
Model
(ecore)

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Creation of Ecore metamodels

Specially annotated
Java interfaces,
defines the

metamodel

UML Tool XML Emfatic
Model Schema Model

Platform
Independent
Model
(ecore)

Java
Interfaces

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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THE PETRI NET EXAMPLE
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Domain Metamodel: Petri Nets

() PetriNet | ; G
i o pame : Esting
|

I =]
g 1‘ | 1 = _ -
M, & ; "

-'--...
* o | ...
o - places -
EoUAPlE v " _ (2 Place ‘ (3 Transition
{9 Transition - (O Place o token : EInt
| o token ; Elnt | |
= 1 - toPlace 1
- fromTransition i e s ~fromPlace - —_—
- mmmmyﬁ' i | Oax }
| B weight : EInt
i i T, e I
- outgaingarcs | MNEOMINGAF .« | outgoingArcs e
T - IncomingAre / '
O TPArc " (39 PTArC

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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EMF model Ecore representation

i# Pefridets.ecore 2D

= @] platfor m;/resource/fu. bme, mit.velocityexample/model/Petr iNets. econe
= i PelriNals
- petrinet

= H Place == PNElermant
7 token : Eint
= OUO0INgArce : PTArC
i incomingarcs : TPArRC

= B FrElement
F nane : EString

= | PTArc -= Arc
Z* fromPlace ; Place
5* oTransition ; Transition

= q Arc
T wzight : Elnt

= | Tramsition -> PNElBmert
oa Outgoingéres @ TRArc
& IncomingArcs | PTAC

- B TPArc -» Arc
7* fromTransition : Transition
5* toPlace : Place

= H PefriNet
dw ransitions | Transton
% places : Placa

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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EMF model Ecore representation

Path of containing
resource

i# | PetriNets.ecore 52
= @] platiorm: fresource/fu.bme. mit. weloCtyexampie,
EPackage = i Petritets

- i Em{l

= H Place -> PNElermant

T token ; Eint
2 outDoingArcs : PTAFC Type of EReference
o IncomingAres | TRARC

H FrElEmant

¥ name : EString
Bl PTArC -> Arc
Z* fromPlace ; Place

5* oTransition ; Transition
= Arc

2 wzight : Elnt .
S B Transition -> PNElament Type of EAttribute
oa Outgoingéres @ TRArc

& IncomingArcs | PTAC
= [ TPArC -> Arc
== feapm Transition | Transition

Root element

Reference to all
model elements

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Class Definition in PetriNet.ecore

<eClassifiers xsi:type="ecore:EClass" name="Place"
eSuperTypes="#//petrinet/PNElement">

<eStructuralFeatures xsi:type="ecore:EAttribute" name="token" lowerBound="1"
eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#t//EInt" />

<eStructuralFeatures xsi:type="ecore:EReference" name="outgoingArcs"
upperBound="-1"
eType="#//petrinet/PTArc" containment="true"
eOpposite="#//petrinet/PTArc/fromPlace"/>

<eStructuralFeatures xsi:type="ecore:EReference" name="incomingArcs"
upperBound="-1"
eType="#//petrinet/TPArc" eOpposite="#//petrinet/TPArc/toPlace"/>

</eClassifiers>

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Class Definition in PetriNet.ecore

<eClassifiers xsi:type="ecore:EClass" name="Place"
eSuperTypes="#//petrinet/PNElement">

<eStructuralFeatures xsi:type="ecore:EAttribute" name="token" lowerBound="1"

eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore# .

<eStructuralFeatures xsi:type="ecore:EReference" name="outgoingArcs"
upperBound="-1"
eType="#//petrinet/PTArc" containm
eOpposite="#//petrinet/R

nt="true" Reference

Multiplicity Containment

<eStructuralFeature De="ecore:EReference" name=
upperBound="-1"

eType="#//petrinet/TPArc" eOpposite="#//petrinet/TPArc/toPlace"/>
</eClassifiers>

"incomingArcs"

Opposite End

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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CODE GENERATION FROM ECORE
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Generator model (.genmodel)

= Goal:

o Specify the attributes of the code generation

= EMF model

o Tree Editor
o Refers to the Ecore model

= Code generation attributes

o Java version (e.g., use Enums in case of Java 5 and
higher)

o Package/project names

O ...

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Code Generation from Ecore (.genmodel)

= Ecore model remains pure and independent
= Customizable (wrappers, code formatters, etc.)

" Generated plugins:
o Model persistency (EMF.model)
o Model management (EMF.edit)
o Model editor (EMF.editor)

= Has some limitations
o What happens when the underlying .ecore changes?
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Generator model
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Generated EMF components

EMF.editor

Y (=]
EMF.edit

i

* a
EMF.model

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem
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Generated EMF components

EMF.editor

v -
O

EMF.edit

v

EMF.model
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EMF.model

= Optimized persistency handling

= Fully featured Java code of the Ecore model
= Specific factories for all packages

= Notification mechanism (observer pattern)
= Possible extension points:

o Advanced editor
o Own file format with parser
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EClass implementation

<interface> CESuEs BasicNotifierImpl Notification/Observer

Notifier L
A < ayer

<interface> . .
el - ———- BasicEObjectImpl
EObject ) P Common
4 4 Implementation
EODIECHIE Generalize the already
A defined framework
element
<interface> Business
------ PlaceImpl

Place Layer

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék



Auto-Generated Interface

il 1

¥ @generated

-

public interface Place extends PHElemsnt |

P

£

T mmodel reguired="crus* EMF SpECifiC
* @dgenerated . 124
,annotations
.y
int getTokeni() :
- Getters/Setters
| for attributes

No setter when multiplicity > 1
(use add/remove instead)

ELiat<PTArc> getOutgoingiresi) i

jre EList: EMF list interface

* Emodel opposite="tolPlace" . .
. (~10 implementations

=

3

i
ELizc<TPArc:> getlincomingirc=():

Y A Place

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék



EObject API

<interface>
Place

getIncomingArcs(): Elist
getOutgoingArcs(): Elist
getToken(): int
setToken(value:int)

wlava Classs
3 PlaceImpl
> TIOKEM_EDEFALLT :int = O
* token :int = TOKEM_EDEFALILT;
Placedmgl ()
eStatolass ()
& gatToken ()@ int
& setToken [ newToken @ int ) @ wod
& getCutgoinQarcs ( )
& getlncomingarcs | )
@ elrverseidd | featurall : it )
& elnversefemove [ featunalD : 0t )

@ eGet [ featuralD : int, resolve : boolean, coraType ;| bodlean ) @ Object
& eSet | featuralD : nt, newvaue @ Object ) @ woid

@ elnsst { feaburelD ; int - void

& glsSat | feaburglD @ int ) : boolean

= Every class contains framework-specific methods:

o Reflective get/set (eGet, eSet)

o Consistent manipulation (elnverseRemove)

o Notifications for feature changes (very useful e.g. in GUI!)

" Inherited from common supertype EObject

o see deep instantiation earlier
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EOperation Implementation

public class XImpl extends EObjectImpl implements X {

fr®
* @generated NMOT
i

void () {

// Provide the implementation

}
}

= Represents the frame of a Java method
= Present in both the interface and implementing class

= |mportant:
o Have to change the generated annotation to NOT
* ...so that next code generation phase does not overwrite it
o Have to implement the method manually
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Client Programming with EMF

Place p1 = PetrinetFactory.eINSTANCE.createPlace();

pl.setName("p1");
Place p2 = PetrinetFactory.eINSTANCE.createPlace(); Create a
p2.setName("p2"); place

Transition t1 = PetrinetFactory.eINSTANCE.createTransition();

t1l.setName("t1");
_ _ _ _ _ transition
// Inverse direction (pl.outgoingArcs) is set automatically
PTArc a0 = PetrinetFactory.eINSTANCE.createPTArc();
a0.setFromPlace(pl);
a0.setToTransition(t1); PT arc

TPArc al = PetrinetFactory. 2¥STANCE.createTPArc
al.setToPlace(p2);
al.setFromTransition(t1);

Set source
of PT arc

Set target
of PT arc

Advanced client programming: Reflective Ecore API
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The org.eclipse.emf.ecore.util Package

= Contains utility classes and interfaces:

o ECoreEContentAdapter: maintains itself as a notification adapter
for a whole containment (sub)tree

o UsageCrossReferencer: finds each ModelElement pointing to
the corresponding EObject

o ContentTreelterator: An iterator over the tree contents of a
collection of EObjects

o Copier: deep copy of EObject Elements and EReferences
o Etc.

= (This is not generated but a generic component)
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Generated EMF components

EMF.editor

v -
O

EMF.edit

v

EMF.model
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EMF.Edit

= Separates the GUI and the model

= (Generator pattern:
o Provider class for each model element
o Base class: ItemProvider
o Forward EMF model change notifications to the viewer

= Provides:
o Element text

o lcon
o Description of features in EClass
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EMF.Edit

Model manipulation
commands
(base + own)

EMF.editor EMF.model

Handles
EMF.model Command

notifications
Adapter

= Converts model notifications to GUI notifications

= Model manipulation through commands
o Possible alternative to direct setters
o Undoable, redoable
o ItemProvider.createAddCommand(...) etc.

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék



Generated EMF components

EMF.editor

v -
O

EMF.edit

v

EMF.model

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék



EMF.Editor
EMF.edit 1 ﬂrg.u-clips-e.cnm.runtimeu‘

] -I.I ’
nrg.enlips&.amf.ec:ur&.me|<__ | EMF.editor ﬂ} e nrg.edipse.cnre.rasﬂumag‘
- -l': ;‘- -

org.eclipse.emf.edit.ui E‘ org.eclipse.ui.ide E‘

= EMF.Editor generates the SWT/JFace for the graphical
editor
= (Generates:
o Tree editor
o Wizards
o Menus
o plugins
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The editor of Petri Net models

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

<PetriNets.petrinet:PetriNet xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XmMI"
T T — xmlins:PetriNets.petrinet=
s r "http:///PetriNets/petrinet.ecore">

<transitions name="t1" incomingArcs=

L Resgurce Set

= _,,E,_ TFFII:;::I:,rf::tsuur:u,fFﬁExﬂm’cflnyhhdul.pﬂbinet "//@places.O/@outgoingArcs.O">
=1 4 Transkion tl <outgoingArcs weight="2"
4 TP A2 toPlace="//@places.1"/>
m{,, e </transitions>
+ Place p2 <places name="p1" token="1">

<outgoingArcs weight="1"
toTransition="//@transitions.0"/>

Selectan | Parent  List | TNee | Table  Tres with Columins

</places>
Tasks | [ Properties 3 <places nagr€="p2" incomingArcs=
rF'_f.npert}r ’
Incaming Arcs
Marne
Token

Reference: URI

Place p1 (or XML.id)

Tree View XMI 2.0 View
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TOOLS, API AND UTILITIES

Metamodeling and Domain Specific Modeling



Basic EMF tools

= Validation
o Validate constraints over EMF models

= Query
o High-level query language for EMF
o See also: Viatra Query ©

= Compare
o To structurally compare EMF models (e.g., versioning)

= Teneo
o Persistency layer over relation databases

= SDO

o Service Oriented Architecture based on EMF

= CDO

o distributed, client-server EMF models
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Ecore Tools: Ecore Diagram Editor

4 o Palsts
[ 2 A=
Lo Ciencts
il EPackage
| ECiass
& EDataType
% EEnum
fl EAnretation
i ECperaton
= EAttribute
— EErumliteral
g Detass Enilry
o Connechons
—w EReference
¥, [nheritaroe

= EArratation bk

= Graphical DSL to define EMF metamodels
o Based on GMF

LM :-,dl

=N
O MAMsS & !"’.:.[lll'l':ll
|

brary |

# Library
e | Book
Ll BUEROESDOOKS - ttle : EString
= name ; EString o| = pages : Elnt
ot 1 0.-% = cateqory : BookCategory
a.= M |
Ik
i
e o ..
"'\._\I‘ .'.

¥ # defmultname
' Addtonsl Resouroes

Metamodeling and Domain Specific Modeling



GMF

= DSL to define graphical concrete syntax

Ban
= s i ol L ]

Taharma ' a

Sawigaler 15 s

!
l

B [ i

Resource = test.mindmap_dizgram = Eclipse SOH

"I LK Tapa
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b TR SCLAREE
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Sirius

= DSL to define workbench incl. graphical concrete syntax

r— = = -
e = e 3 = i — o

= rtre el | -
R R P e e T————re—Em——r— T
e ¥ .3 - B —— = -

[ i apem [ ek fuges o e e
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Xtext

= Textual DSL for defining metamodel + textual syntax
= Context-free grammar!

. [-YaYe! fava - getingstarted/my.entity - Ecipse S ol
- Generates- Mr o & |- 0-Q- | EH G | ™™ 8-~ v Ehiw v
I Package I3 :_' l'E'IIi 1_,! =) E" Outtime £7 B0

o Metamodel 5 = e String 3 gvee

type Bool i
F = gettingstarted ¢ Ctring
P entity Session { fhﬂl
O arser property Title: Strlng ¥ I Session
property IsTutorial @ Boal "2 Title
} T2 I Tutorial

o Editor features v W ot

entity Conference { s,

i ; E Name
property Hame : String
property Attendees © Person[] YT ATRn
property Speakers : 8§ ¥ Speakers

I} 2 Sassion
2 Speaker

entity Person { s ]
property Kame : Strin String
1 = 3l
e 1]
entity Speaker extends
property Sossicns : §

Writable Insery L |
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OCL —
The Object Constraint Language

Gabor Bergmann, Akos Horvath, Daniel
Varro, Istvan Rath, Istvan Majzik and
Gergely Pintér
Model Driven Software Development
Lecture 3

Budapest University of Technology and Economics
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OCL Motivation

How to capture restrictions / constraints of domain classes?




Motivation

= Graphical modeling languages are generally not able to
describe all facets of a problem description

= MOF, UML, ER, ...

= Special constraints are often (if at all) added to the
diagrams in natural language
= Often ambiguous
= Cannot be validated automatically
= No automatic code generation

= Constraint definition also crucial in the definition of new
modeling languages (DSLs).

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Motivation

- Example 1

Employee

age: Inte/ger

el:Employee e2:Employee e3:Employee

age = 19 v age=31 alter = 11 X

Additional question: How do | get all Employees younger than 30 years old?

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Motivation

Formal specification languages are the solution
Mostly based on set theory or predicate logic
Requires good mathematical understanding
Mostly used in the academic area, but hardly used in the industry
Hard to learn and hard to apply
Problems when to be used in big systems

Object Constraint Language (OCL): Combination of
modeling language and formal specification language
Formal, precise, unique
Intuitive syntax is key to large group of users
No programming language (no algorithms, no technological APIs, ...)
Tool support: parser, constraint checker, codegeneration, ...



OCL usage

= Constraints in UML-models
= Invariants for classes, interfaces, stereotypes, ...
= Pre- and postconditions for operations
= Guards for messages and state transition
= Specification of messages and signals
= Calculation of derived attributes and association ends

= Constraints in meta models
= |nvariants for Meta model classes
= Rules for the definition of well-formedness of meta model

= Query language for models
= In analogy to SQL for DBMS, XPath and XQuery for XML
= Used in transformation languages

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

: OCL field of application

Invariants context C inv: /
- Pre-/Postconditions context C..op() : T
pre: P post: Q
= Query operations context C:.op() : T body: e
= Initial values context C::;p : T init: e
= Derived attributes context C::p : T derive: e

= Attribute/operation definition context Cdef:p:T=¢e

= Caution: Side effects are not allowed!
= Operation c: :getAtt : String body: att allowedin OCL

= Operation c: :setatt (arg) : T body: att = arg hot allowed in
OCL

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

- Field of application of OCL in model driven engineering

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

Constraint language

Language definition (meta models) —
well-formedness of meta models

Invariants
Formal definition of software
systems (models)
Invariants Query language
Pre-/Post-conditions Model transformations
s Code generation
"""" Queries

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

OCL-Types

?

OCL-Expressions

Standard
OCL

Queries

i

Usage of OCL in other
languages

Transformations Constraints

“.._ Bsp: ATL, xPand, QVT

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL usage

How does OCL work?

Constraints are defined on the modeling level
= Basis: Classes and their properties
Information of the object graph are queried
= Represents system status, also called snapshot
Anaology to XML query languages
= XPath/XQuery query XML-documents
= Scripts are based on XML-schema information

- Examples
Model
: . «defined»
Driverlicense Person Car Pl ittt
age: Integer i
A i
| OCL-Constraint ==
«instanceOf» i context Person E
| inv: self.age > 18 !
Snapshot E
fs1:Driverlicense pl:Person | s1car | €
Age=16 X \ «evaluated»
fs2:Driverlicense p2:Person a2:Car
Age =19 \/

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



First OCL Examples




Informal Constraints on Championship

& Championship

name : String
minParticipants : Integer
maxParticipants : Integer
status : ChampStatus

O 0O O 0O

:— ChampStatus

Announcec
Started
Finished
Cancelled

o O O O

= \What are the restrictions?

O hame is not empty

o minParticipants
maxParticipants

o minParticipants

o maxParticipants

IN

v



First OCL constraints

= Name is not empty

Q l context Ciampionship jv:

Championship i
o name : 5tring self.name <>
o minParticipants : Integer = Constraints on participants
o maxParticipants | Integer context Championship inv:
o status : ChampStatus self.minParticipants »>=
0

context Championship inv:

W self.maxParticipants >=
:= ChampStatus 1
o Announced context Championship inv:
. i ' 1f.maxParticipants >=
o Started Instance of >€ . . .
o Finished the class self: RinParticipants
° Cancelled Navigation along

attributes



Informal Constraints on Player

= What are the restrictions?
o userName is not empty
o userName is unique
LIS:NZII:;?String 0 1800 < birth < 3000

o

o password : String o password is not empty
o realName : String
o
o

o age = current_year - birth

birth : Integer
[age : Integer




Informal Constraints on Player

= 1800 < birth < 3000
context Player inv:

self.birth >= 1800 and
m self.birth <= 3000

Q Player
o userName : String Get all instances into Logical
o password : String a collection AND
o realName : String
o hirth : Integer Logical
o . : . .
[age : Integel " Name is unit implication

context Pldyer inv:

- ., pl.ug aName <> p2.userName)
Then pl.userName # - _ |
p2.userName Universal quantification: For all

objects in the collection




Navigation along roles

Only attributes of an
object can be
compared with a

= Multiplicity 0..1 value
context Championf ip inv:

m self.organizer@irth >
* @ Championship 1976

1 championships - IVI u |t| p | I city * ( ma ny)
* |- organized ampionshipe=rvs
sel . 1976
orghnizes - e

results in a collection

participatesIn
: the coll. of birth years

1 |- organizer

- players

context Championship inv:
self.players-> ..
(operations on
collections)

@ Player




Consistency of bidirectional associations

partic

*

@ Championship

1 championships

patesin

- players

* |- organized

organizes

1 |- organizer

Q Player

If a bidirectional association exists
between two objects then it is
navigable from both directions

Collection = Single object
Such an equality is invalid

context Championship inv:
self.organizer.organized
->sincludes(self)

Tests collection
membership: e eColl




Consistency of bidirectional associations

partic

*

Q Cha_mpionship i

1 championships

patesin

- players

- organized

organizes

1 |- organizer

Q Player

If a bidirectional association exists
between two objects then it is
navigable from both directions

text Player inv:
self.o '

.organizer

Incorrect: constraint is
prescribed for all champs

context Player inv:
self.organized->forAll(
¢ | c.organizer = self)

Quantifiers can only be applied
to collections




Consistency of bidirectional associations

= |f a bidirectional association exists
between two objects then it is
navigable from both directions

=ntit o context Championship inv:
© Championship self.players->forall(
{ championships p | p.championships->
includes(self))

context Player inv:
self.championships->forall(

*

* |- organized

organizes

participatesIn c | c.players -»>
includes(self))

1 |- organizer

- players Wi
Q@ Player




Consistency of bidirectional associations

= The organizer of the championship
organizes at least one
championship

* @ Championship '\

1 championships

Context sHouId be No player is forced to
organize a champs

* |- organis

context Championship inv:
self.organizer.organized->
size() > ©

organizes
participatesIn

1 |- organizer

context Championship inv:
self.organizer.organized->

- players ,
* © Player notEmpty ()




partic

Application specific constraints

*

@ Championship

1 championships

patesin

- players

* |- organized

organizes

1 |- organizer

Q Player

= A playeris allowed to organize

a single active championship at a
time
context Player inv:
self.organized->

forall(cl, c2 | cl<>c2 implies
(cl.status = ChS::closed or

cl.status = ChS::cancelled)
or
(c2.status = ChS::closed or
c2.status = ChS::cancelled))

context Player inv:
self. organlzed >select(c |
c.status = ChS::announced or
c.status = ChS::started)->
size() <=1 -

Values of an
enumeration




Application specific constraints

*

@ Championship
1 championships
* |- organized
organizes
participatesIn
1 |- organizer

- players

Q Player j<—

= A championship can only be started
when the sufficient number of
participants are present.

context Championship inv:
(self.status =
ChampStatus::started or
self.status =
ChampStatus: :finished)
implies
(self.players->size() >=
self.minParticipants and
self.players->size() <=
self.maxParticipants)




partic

Application specific constraints

*

@ Championship

1 championships

patesin

- players

* |- organized

organizes

1 |- organizer

@ Player

= Youth championship: the average
age of participants is below 21.

is the collection of |

the age attributes of players

context Champion
self.players.age->sum() /
self.players->sized) < 21

can only be applied to a

collection that contains numbers




An Overview of OCL Constructs




Types and Boole algebra in OCL

= All OCL expressions are typed

O

OclAny:

The type that includes all
others.E.g. X, y : OclAny
X =Yy

x and y are the same object.
X <>y

not (x = vy).
x.0clType()

The type of x.

X.isKindOf ( T )

True if T is a supertype
(transitive) of the type of x.
T.allInstances() :
Collection

All the instances of type T.

= Boolean operators:
o b and b2, b or b2,

b xor b2, not b

If any part of a Boolean expression
fully determines the result, then it
does not matter

if some other parts of that
expression have unknown or
undefined results.

b implies b2

True if bis false or if b is true and
b2 is true.

if b then el else e2
endif

If b is true the result is the value
of el; otherwise, the result is the
value of e2.




Overview of Collection Valued Terms

= Size / aggregation:

o c->size(): Integer
Number of elements in the
collection; for a bag or
sequence, duplicates are
counted as separate items.

o c->sum(): Integer
Sum of elements in the
collection. Elements must be
numbers

o c->count(e): Integer
The number of times that e is in

C.

o c->isEmpty(): Boolean
Same as c->size() = 0.

o c->notEmpty(): Boolean
Same asnot c->isEmpty().

= Equality
O C = c2 :Boolean

= Collection membership

o c->includes(e): Boolean;
c->exists ( x | x = e )
o c->excludes(e): Boolean;
not c->includes( e ).

o c->includesAll(c2):
Boolean;
c includes all the elements in
c2.

o c->includin
The collection that includes all
of c as well as e.

o c->excludin
The collection that includes all
of c except e.

(e): Collection

(e): Collection



Overview of Collection Valued Terms

= Existential quantifier:
o c->exists(x | P ):
Boolean;
there is at least one element in

¢, named x, for which predicate
Pis true.

o Equivalent notation is:
c->exists(P),
c->exists(x:Type |
P(x))

= Universal quantifier:

o c->forAll(x | P):Boolean;
for every element in ¢, named
X, predicate P is true.

o Equivalent notation is:
c->forAll(P)
c->forAll(x:Type | P)

= Selection:

o c->select(x | P):
Collection
The collection of elements in c
for which P is true.

o Equivalentis: c->select(P)
= Filtering:

o c->reject(x | P):
Collection
c->select(x | not P).

o Equivalentis: c->reject(P)
= Collection:

o c->collect(x L E) :Bag
The bag obtained by applying E

to each element of ¢, named x.

o c.attribute : Collection
The collection(of type of c)
consisting of the attribute of
each element of c.




Sets, Bags, Sequences

Literals: = Conversion from Collection:

Set{ 1, 2, 5, 88 } o c->asSet(): Set

Set{ ’apple’, ’orange’, A set corresponding to the
’strawberry’} collection (duplicates are

dropped, sequencing is lost).

o c->asSequence(): Sequence
A sequence corresponding to

Sequence{ 1, 3, 45, 2, 3 }
Sequence{ ’ape’, ’nut’ }

Bag{l, 3, 4, 3, 5} the collection.
Sequence{ 1..(5+4) } = o c->asBag(): Bag
Sequence{ 1.. 9 } = A bag corresponding to the
Sequence{ 1, 2, 3, 4, 5, 6, collection.

7, 8, 9} = Comments:

Traditional operations are defined
(union, intersection, etc.)

O - -




OCL-OBJECT
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OCL Topics

= Introduction

= OCL Core Language
- OCL Standard Library
= Tool Support

- Examples

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Design of OCL

= A context has to be assigned to each OCL-statement
= Starting address — which model element is the OCL-statement defined for
= Specifies which model elements can be reached using path expressions
= The context is specified by the keyword context followed by the name of the
model element (mostly class names)
= The keyword self specifies the current instance, which will be evaluated by the

invariant (context instance).
= self can be omitted if the context instance is unique

Employee  |—————————_]
mproyee inv: self.age > 18
age: Integer

- Example: context Employee J

~ —

.| context Employee
inv: age > 18

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Design of OCL

= OCL can be specified in two different ways

= As a comment directly in the class diagram
(context described by connection)

= Separate document file

Microwave «enumeration»
inv: self.temperature > 0 }~\ State
"I temperature : Integer
status: State *on
__pturnOn() e off
post: status=State::on }’/ turnOff()

post: status=State::off

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.




Types

- OCL is a typed language

= Each object, attribute, and result of an operation or navigation is assigned to a
range of values (type)

- Predefined types
= Basic types

= Simple types: Integer, Real, Boolean, String
= OCL-specific types: AnyType, TupleType, InvalidType, ...
= Set-valued, parameterized Types
= Abstract supertyp: Collection(T)
= Set(T) — no duplicates
= Bag(T) — duplicates allowed
= Sequence(T) — Bag with ordered elements, association ends {ordered}
= OrderedSet(T) — Set with ordered elements, association ends {ordered, unique}

- Userdefined Types

= Instances of Class in MOF and indirect instances of Classifierin UML are types
= EnumerationType — user defined set of values for defining constants

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Types

Examples

- Basic types
= true, false : Boolean
= -17,0, 1, 2 : Integer
= -17.89, 0.01, 3.14 : Real
= “Hello World” : String

- Set-valued, parameterized types
= Set{ Set{1}, Set{2, 3} } : Set(Set(Integer))
= Bag{ 1, 2.0, 2, 3.0, 3.0, 3} : Bag(Real)
= Tuple{ x =5, y =false } : Tuple{x: Integer, y : Boolean}

- Userdefined types
= Passenger : Class, Flight : Class, Provider : Interface
= Status::started - enum Status {started, landed}

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Types

OCL meta model (extract)

OCLType
InvalidType VoidType AnyType MessageType
DataType . ModelElementType —\L
f . Signal ! ! Operation
CollectionType PrimitiveType TupleType
| | | |
String Boolean || Integer Real
OrderedSetType SequenceType || BagType || SetType

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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EXxpressions

Each OCL expression is an indirect instance of OCLExpression
Calculated in certain environment — cf. context
Each OCL expression has a typed return value
OCL Constraint is an OCL expression with return value Boolean

Simple OCL expressions
LiteralExp, IfExp, LetExp, VariableExp, LoopExp

OCL expressions for querying model information
FeatureCallExp — abstract superclass
AttributeCallExp — querying attributes

AssociationEndCallExp — querying association ends

Using role names; if no role names are specified, lowercase class names have to be
used (if unique)

AssociationClassCallExp — querying association class (only in UML)

OperationCallExp — Call of query operations
Calculate a value, but do not change the system state!



EXxpressions

- Examples for LiteralExp, IfExp, VariableExp, Attribute CallExp

LetExl;J [VariableExp} [ AttributeCallExp } [ IntegerLiteralExp }
\ AN

|
let annualIncome :Real::selfimonthlyIncome7k14 in~

1f self.isUnemployed then
annualIncome < 8000

else
IfExp annualIncome >= 8000
endif

- Abstract syntax of OCL is described as meta model

- Mapping from abstract syntax to concrete syntax
= IfExp -> if Expression then Expression else Expression endif

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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EXxpressions

OCL meta model (extract)

TypedElement
bOdK f . initExpression
OCLExpression
l source Zﬁ
CallExp LiteralExp IfExp LetExp TypeExp
ZF VariableExp
FeatureCallExp LoopExp |[@ terator eferredVariable
, % Variable @ —
result
IteratorExp lterateExp [@

LiteralExp: CollectionLiteralExp, PrimitiveliteralExp,
TuplelLiteralExp, EnumLiteralExp

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.
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Query of model information

= Context instance

" context Person Person
age :int * I | 1 Company
= AttributeCallExp getAge() : int employees employer
“self.age : int setAge()

= OperationCallExp

= Operations must not have side effects
= Allowed: self.getAge () : int
= Not allowed: self.setAge ()

= AssociationEndCallExp
= Navigate to the opposite association end using role names
self.employer — Return value is of type Company

= Navigation often results into a set of objects — Example
context Company

self.employees — Return value is of type Set (Person)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Query of model information

Example
Person
. * 1
age :Int I I Company
getAge() : int employees employer
setAge()
employees
pl:Person
=22
age employer ] employees
employees
p2:Person cl:Company pl:Person cl:Company
- > A _ 7
age = 34 employer ',A age = 34 K _
/ employer employer
p3:Person 5
age = 54 7\ ;'
;A ”
/ | employees ]
context Person context Company context Company
self.employer self.employees self.employees
Set{pl,p2,p3} : Set{pl} :
Set (Person)

cl : Company
Set (Person)
Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Query of model information

OCL meta model (extract)

FeatureCallExp
OperationCallExp NavigationCallExp AttributeCallExp
1 ZT 1
Operation Attribute
AssociationClassCallExp AssociationEndCallExp
Only in UML
1 1
AssociationClass AssociationEnd

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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OCL Library: Operations for OclAny

= OclAny - Supertype of all other types in OCL

= Operations are inherited by all other types.

= Operations of OclAny (extract)

= Receiving object is denoted by obj

Operation Explanation of result

=(obj2:0clAny):Boolean True, if obj2 and obj reference the same object

ocllsTypeOf(type:OclType):Boolean True, if type is the type of obj

ocllsKindOf(type:OclType): True, if type is a direct or indirect supertype or the type of
Boolean obj

oclAsType(type:Ocltype):

Type The result is obj of type type, or undefined, if the current

type of obj is not type or a direct or indirect subtype of it
(casting)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Operations for OclAny

= oclIsKindOf vs. oclis TypeOf

Person
Student Professor
context Person context Student
self.ocllsKindOf(Person) : true self.ocllsKindOf(Person) : frue
self.ocllsTypeOf(Person) : true self.ocllsTypeOf(Person) : false
self.ocllsKindOf(Student) : false self.ocllsKindOf(Student) : frue

self.ocllsTypeOf(Student) : false self.ocllsTypeOf(Student) : frue
self.ocllsKindOf(Professor) : false

seif.ocllsTypeOf(Professor) : faise

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Operations for simple types

- Predefined simple types
= Integer {Z}
= Real {R}
= Boolean {true, false}
= String {ASCII, Unicode}

= Each simple type has predefined operations

Simple type Predefined operations
Integer * 4+, -, /,abs(), ...

Real * 4, -, /, floor(), ...

Boolean and, or, xor, not, implies

String concat(), size(), substring(), ...

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Operations for simple types

= Syntax
= v.operation(para1, paraz, ...)
= Example: “bla”.concat(“bla”)
= Operations without brackets (Infix notation)
= Example: 1 + 2, true and false

Signature Operation

Integer X Integer — Integer {+, -, %}

t1 X t2 — Boolean <,> 5,2}, t1, t2 typeOf {Integer or Real}
Boolean X Boolean — Boolean {and, or, xor, implies}

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Operations for simple types

Boolean operations - semantic

Undefined: Return value if an
= OCL is based on a expression fails

three-valued (trivalent) logic 1. Access on the first element of

= Expressions are mapped to the three
values {true, false, undefined} an empty set

- Semantic of the operations 2. Error during Type Casting
= M(l, exp)= I(exp), if exp not further resolvable 3.

= M(l, not exp)= "M (I, exp)
= M(l,(exp1 and exp2)) = M(l, exp1) A M(l, exp2)

= M(l,(exp1 or exp2)) = M(l, exp1) v M(l, exp2)

= M(l,(exp1 implies exp2)) = M(l, exp1) - M(l, exp2)

= Truth table: true(1), false (0),undefined (?)

- A |0 1 2 v] 0 1 7 S lo 1 2
0| 0oloo 0o oo 1 o o1 1 1
1]0 1 o 1 2 111 11 110 1 7
717 2 1o 2 2 212 1 2 212 1 2

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Operations for simple types

Boolean operations - semantic

= Simple example for an undefined OCL expression
= 1/0

= Query if undefined— OCLAnNy.ocllsUndefined()
= (1/0).ocllsUndefined() : true

- Examples for the evaluation of Boolean operations
= (1/0 = 0.0) and false : false
= (1/0 = 0.0) or true : true
= false implies (1.0 = 0.0) : true
= (1/0 = 0.0) implies true : true

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Operations for collections

= Collection is an abstract supertype for all set types
= Specification of the mutual operations
= Set, Bag, Sequence, OrderedSet inherit these operations

= Caution: Operations with a return value of a set-valued type
create a new collection (no side effects)

= Syntax: v -> op(...) — Example: {1, 2, 3} -> size()

= Operations of collections (extract)
= Receiving object is denoted by coll

Operation Explanation of result
size():Integer Number of elements in coll
includes(obj:OclAny):Boolean True, if obj exists in coll
isEmpty:Boolean True, if coll contains no elements
curm T Sum of all elements in coll

Elements have to be of type Integer or Real

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Operations for collections

- Model operations vs. OCL operations

Bottle
_ <* Container
isSEmpty() : Boolean content
OCL-Constraint Semantic
context Container Operation isEmpty()
inv: self.content -> first().isEmpty() always has to return true

inv: self.content -> isEmpty() not contain bottles

context Container J Container instances must

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Operationen for Set/Bag

- Set and Bag define additional operations

= Generally based on theory of set concepts

- Operations of Set (extract) A\B ANB B\
= Receiving object is denoted by set
Operation Explanation of result
union(set2:Set(T)):Set(T) Union of set and set2
intersection(set2:Set(T)):Set(T) Intersection of set and set2
difference(set2:Set(T)):Set() Difference set; elements of set, which do not consist in set2

symmetricDifference(set2:Set(T)):Set(  Set of all elements, which are either in set or in set2, but do not
T) exist in both sets at the same time

- Operations of Bag (extract)
= Receiving object is denoted by bag

Operation Explanation of result
union(bag2:Bag(T)):Bag(T) Union of bag and bag2
intersection(bag2:Bag(T)): Bag(T) Intersection of bag and bag2

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Operations for OrderedSet/Sequence

= OrderedSet and Sequences define additional operations
= Allow access or modification through an Index

= Operations of OrderedSet (extract) 0123 ..n
= Receiving object is denoted by orderedSet
Operation Explanation of result
first: T First element of orderedSet
last:T Last element of orderedSet
at(i:Integer):T Element on index i of orderedSet

subOrderedSet(lower:Integer,

upper-integer):OrderedSet(T) Subset of orderedSet, all elements of orderedSet including the

element on position lower and the element on position upper

insertAt(index:Integer,object:T) Result is a copy of the orderedSet, including the element object at the
:OrderedSet(T) position index

- Operations of Sequence
= Analogous to the operations of OrderedSet

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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lterator-based operations

= OCL defines operations for Collections using lterators
= Expression Package: LoopExp
= Projection of new Collections out of existing ones
= Compact declarative specification instead of imperative algorithms

= Predefined Operations
= select(exp) : Collection
= reject(exp) : Collection
collect(exp) : Collection
forAll(exp) : Boolean
exists(exp) : Boolean
isUnique(exp) : Boolean

- iterate(...) — lterate over all elements of a Collection
= (Generic operation
= Predefined operations are defined with iterate(...)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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lterator-based operations

Select-/Reject-Operation

- Select and Reject return subsets of collections
= |terate over the complete collection and collect elements

- Select
= Result: Subset of collection, including elements where booleanExpr is
true
collection -> select( v : Type | booleanExp(v) )
collection -> select( v | booleanExp(v) )
_ collection -> select( booleanExp )
- Reject
= Result: Subset of collection, including elements where booleanExpr is
false

= Just Syntactic Sugar, because each reject-Operation can be defined as a
select-Operation with a negated expression

collection-> reject(v : Type | booleanExp(v)) J

collection-> select(v : Type | not (booleanExp(v)) J

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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lterator-based operations

Select-/Reject-Operation

= Semantic of the Select-Operation

, OCL
context Company inv:

self.employee ->|select(e : Employee | e.age>50) -> notEmpty(

—

N L

_ \ _ Java
List persons<Person> = new List();

‘or ( Iterator<Person> iter = comp.getEmployee();
iter.hasNext() ){
Person p = iter.next();
" (p.age >50 )
persons.add(p);

}

} 4

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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lterator-based operations

Collect-Operation

= Collect-Operation returns a new collection from an existing one. It
collects the Properties of the objects and not the objects itself.

= Result of collect always Bag<T>.T defines the type of the property to be
collected

collection -> collect( v : Type | exp(v) )
collection -> collect( v [ exp(v) )
collection -> collect( exp )

= Example
= self.employees -> collect(age) — Return type: Bag(Integer)

= Short notation for collect
= self.employees.age

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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lterator-based operations

Collect-Operation

= Semantic of the Collect-Operator

, OCL
context Company inv:

self.employee -> collect(birthdate) ->|size() >3

N . Java
List birthdate<Integer> = new List();

‘or ( Iterator<Person> iter = comp.getEmployee();
iter.hasNext() ){
birthdate.add(iter.next().getBirthdate()); }

/4
- Use of asSef() to eliminate duplicates
_ OCL
context Company inv: Set
self.employee -> coIIect(b'ir\thdate) ->|asSet( (without
duplicates)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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lterator-based operations

ForAll-/Exists-Operation

= ForAll checks, if all elements of a collection evaluate to true

collection -> forAll( v : Type | booleanExp(v) )
collection -> forAll( v | booleanExp(v) )
collection -> forAll( booleanExp )

- Example: self.employees -> forAll(age > 18)

= Nesting of forAll-Calls (Cartesian Product)

context Company inv:
self.employee->forAll (el | self.employee -> forAll (e2 |
el <> e2 implies el.svnr <> e2.svnr))

= Alternative: Use of multiple iterators

self.employee -> forAll (e1, e2 | el <> e2 implies el.svnr <> e2.svnr))

context Company inv: J

- Exists checks, if at least one element evaluates to true
= Beispiel: employees -> exists(e: Employee | e.isManager = true)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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lterator-based operations

lterate-Operation

- lterate is the generic form of all iterator-based operations

- Syntax
collection -> iterate( elem : Typ; acc: Typ =
<initExp> | exp(elem, acc) )
= Variable elem is a typed Iterator

= Variable acc is a typed Accumulator
= Gets assigned initial value initExp
= exp(elem, acc) is a function to calculate acc

- Example
collection -> collect( x : T | x.property )

-- semantically equivalent to:

collection -> iterate( x : T; acc : T2 = Bag{} | acc -> including(x.property) )

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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lterator-based operations

lterate-Operator

= Semantic of the lterate-Operator

OCL
collection -> iterate(x : T; acc : T2 = value | acc -> u(acc, x)

\ /
-V
iterate (coll : T, acc : T2 = value) {
acc=value;
for( Iterator<T> iter =
coll.getElements (); iter.hasNext (); ) {
T elem = iter.next();
acc = u(elem, acc):;

} y
= Example
= Set{1, 2, 3} -> iterate(i:Integer, a:Integer=0 | a+i)
= Result: 6

Java

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Tool Support

- Wishlist
= Syntactic analysis: Editor support
= Validation of logical consistency (Unambiguous)
= Dynamic validation of invariants
= Dynamic validation of Pre-/Post-conditions
= Code generation and test automation

- Today
= UML-tools provide OCL-editors
= MDA-tools provide code generation of OCL-expressions

= Meta modeling platforms provide the opportunity to define OCL
Constraints for meta models.

= The editor should dynamically check constraints or restrict modeling,
respectively.

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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OCL Tools

= Some OCL-parsers, which check the syntax of OCL-constraints
and apply them to the models, are for free.

= |BM Parser

= Dresden OCL Toolkit 2.0

= Generation of Java code out of OCL-constraints
= Possible integration with ArgoUML

- OCL-frameworks are originated in the areas of EMF and the
UML2 project of Eclipse
= Octopus
= Frauenhofer Toolkit
= OSLO
= EMFT OCL-Framework/Query-Framework

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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OCL-Tools

- EMFT OCL-Framework

= Based on EMF

= OCL-API — Enables the use of
OCL in Java programs

= Interactive OCL Console —
Enables the definition and
evaluation of OCL-constraints

- EMFT Query-Framework

= Goal: SQL-like query of model
information

= select exp from exp where
oclExp

Context

[ Mytest | & *My.extlibrary £2 =T
|7, Resource Set
EI @ platForm:fresource/testProject/Mi .extlibrary
=4 Library
4| Writer Manuel Wimmer |
4 Book MD& Scripk w1
4 Book MD& Seript vz
‘Selection :'Parsmt Lissk: Tree | Table Tree with Columns |
Properties =
Interactive OCL =
E EHEad B3
~
Evaluating:
self.name
Results:
Marwiel Wimrmear W

TUWEL:-Interactive OCL Console Screencast

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Example 1: Navigation (1)

parent 2
Administration | 1 « Person 0.+
name: String -
persons rint children
pl:Person
name = ,jack"
=0
v:Administration
p2:Person
\ name = ,lisa“
=22
context Administration:
- self.persons - {Person p1, Person p2}
- self.persons.name - {jack, lisa}
- self.persons. - {30, 22}

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 1: Navigation (2)

Car .
type: String parent
N 2
Administration | 1 . Person 0.*
name: String .
_______________________________________________________ 9 _ersons sint children
al:Car Eltern: Kinder:
type=,audi“ — 000
pl:Person p3:Person
name = ,jack" name = ,mick"
/ =30 = 1
v:Administration
p2:Person p4:Person
\ name = ,lisa“ name = ,paul”
=22 =2
context Administration:
= self.persons.children > {p3, p4}, {p3, p4}}
= self.persons.children.parent - {{{p1, p2}, {p1, p2}}, ...}
- self.persons.car. type - {{“audi“}}

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 2: Invariant (1)

parent 2 Constraint: A child is at least 15 years
Person younger than his parents.
name: String 0.
age: int children
Parents: Children:
pl:Person p3:Person
name = ,jack" name = ,mick*
age = 30 age =1
p2:Person p4:Person
name = ,lisa“ .| name = ,paul” x
age = 22 age =17

context Person

inv: self.children->forAll(k : Person | k.age
< self.age-15)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 2: Invariant (2)

Administration | 1 * Person
name: String
age: int

persons <
Constraint: The registration number Student
of a student has to be unique regnr: int

context Administration
inv uniqueRegnr

self . persons -> select(e : Person| e.oclIsTypeOf (Student))
-> forAll (el |

self .persons -> select(e : Person | e.oclIsTypeOf (Student))
-> forAll (e2 |

el <> e2 implies el.oclAsType(Student) .regnr <>
e2.oclAsType (Student) .regnr))

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 2: Invariant (2) cont.

Administration | 1 * Person
name: String
age: int

persons <
Constraint: The registration number Student
of a student has to be unique. regnr: int

context Administration
inv uniqueRegnr

self . persons -> select(e : Person| e.oclIsTypeOf (Student))
-> forAll (el, el | el <> e2 implies
el .oclAsType (Student) .regnr <>
e2.0clAsType (Student) . regnr)

)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 2: Invariant (2) cont.

Person
name: String
age: int

AN
Constraint: The registration number Student
of a student has to be unique. regnr: int

context Student
inv uniqueRegnr

Student.allInstances () -> forAll(el, el | el <> e2 implies
el.oclAsType (Student) . regnr <>
e2.0clAsType (Student) . regnr))

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 3: Inherited attribute

Person
name: String * StUdy
age: int o
/familyallowance: studies
boolean

A Person obtains family allowance, if he/she is younger than 18 years,
or if he/she is studying and younger than 27 years old.

context Person::familyallowance
derive: self.age < 18 or
(self.age < 27 and self.studies -> size() > 0)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 4: Definitions

parent 2
Person Constraint: A Person is not a relative
name: String 0.* of itself
age: int - ) ,
children  parents: Children:
pl:Person p3:Person
name = ,jack" name = ,mick"
age = 30 age =1
p2:Person p4:Person
namf = lisa“ name = ,paul” x
age = 22 age =17
kind
context Person
def: relative: Set(Person) = children-> union(relative)

inv: self.relative -> excludes (self)

Assumption: Fixed-point semantic, otherwise if then else required

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 5: equivalent OCL-formulations (1)

parent 2
Person Constrain: A person is not its own child
name: String 0.
children

= (self.children->select(k | k = self))->size() = 0

The Number of children for each person ,self, where the children are the person
,self, have to be 0.

= (self.children->select(k | k = self))->isEmpty ()

The set of children for each person ,self, where the children are the person
,self’, has to be empty.

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Example 5: equivalent OCL-formulations (2)

parent 2

Person

name: String

Constrain: A person is not its own child
0..*

children

= not self.children->includes (self)

It is not possible, that the set of children of each person ,self’ contains the

person ,self”.

= self.children->excludes (self)

The set of children of each person ,self"“ cannot contain

,Self™.

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Example 5: equivalent OCL-formulations (3)

parent 2
Person Constrain: A person is not its own child
name: String 0.
children

= Set{self}->intersection(self.children)->isEmpty ()

The intersection between the one element set, which only includes one person
,Self* and the set of the children of ,self* has to be empty.

= (self.children->reject(k | k <> self))->isEmpty()

The set of children for each person ,self‘, for whome does not apply, that they
are not equal to the person ,self’, has to be empty.

Marco Brambilla, Jordi Cabot, Manuel Wimmer. '
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Example 5: equivalent OCL-formulations (4)

parent 2
Person Constrain: A person is not its own child
name: String 0.
children

= self.children->forAll(k | k <> self)

Each child of the person ,self* is not the person ,self".

= not self.children->exists(k | k = self)
There is no child for each person ,self’, which is the person ,self*

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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References on OCL

= Literature

= Object Constraint Language Specification, Version 2.0
= http://www.omg.org/technology/documents/formal/ocl.htm

= Jos Warmer, Anneke Kleppe: The Object Constraint Language -
Second Edition, Addison Wesley (2003)

= Martin Hitz et al: UML@Work, d.punkt, 2. Auflage (2003)

- Tools
= OSLO - http://oslo-project.berlios.de
= Octopus - http://octopus.sourceforge.net
= Dresden OCL Toolkit - http://dresden-ocl.sourceforge.net
= EMF OCL - http://www.eclipse.org/modeling/mdt/?project=ocl
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