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Metamodels
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Notation

Extended Czarnecki-
Eisenecker notation

- Binary relationships: Czameck-Eisenecker
— Mandatory
— Optional

. Groupped relationships: 2]
— Alternative (XOR)

- XOR

- XOR with optional subfeatures

— Optional (OR)

* Figures from SIPKA, M.: Exploring the Commonality in Feature Modeling Notations. In: IIT.SRC
2005 — Informatics and Information Technology Student Research Conference. Bratislava, April 2005,
V. Vranic (supervisor), — pp. 139-144.
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Feature metamodel

[ HEEER [ ]
m| o u viou i i i usi
In the feature metamodel the previous relationships are described by usin
u the lowerBound and upperBound attributes.
M| - Wehave also extended the metamodel in order to enrich the features with
attributes.
H FeatureModel H attribute
T name : EString 5 name : EString
. 3 T type : EString
H
rootFeaturg

1.1 L=
H Feature
T name : EString 1 childrenFeatures
parent
L..1

e F shifs B Refationship
childFegture g #~ T lowerBound : EInt
T upperBound : Elnt

AN

H BinaryRelationship El GrouppedRelationship

o
.
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| Simplified UML-Class diagram
metamodel

H
®| . We use Ecore as a simplified version of the UML
H .
s | Class diagram metamodel.
. = ETypedElement
[ ENamedElement = lawarBound: Elnt
= many: EBoolean
. = hame: ESlring = ordered: EBoolean
= required: EBoolean
. = unique: EBoolean
=2 upperBound: Elnt
eSubpackages
s ' )
- eClassifiers @Package R4 0.1
a l : K EPackage oo || EStructuralFeature
= nsPrefic: EStang = derlved: EBoclean
£ MURL: ESting o transient: EBoolean
I I ¥ eSuperfypes
[ = EDataType [ EClass [
1 = abstract EBoolean | : B ERefarence
= interface: EBoolean JuReferenceT = containment: EBoolean
1
eAttributeType T eAltributes  * ‘;I {1 EAttribute

* Simplified subset of the Ecore metamodel
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Transformation

From feature models to class diagrams
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Relation Feature2Class
[ EEEEN HE
: - Each feature Is transformed to a class (Eclass).
O PNECY=T
(= Features £
] ol = M Feature
n ¢ Attribute
[=- Binary Relationships
[=- Groups
4 4k Palette
T&ao-
[=- Objects 42
EPackage
/ ;Eclass H James
sz:r:ﬁﬁon
(= Connections
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Relation Feature2Class

«domain»

model ;: FeatureModel

name = modelName

«domain»

feature : Feature

name = featureName

<:>classdiagram
-

«domain»
pkg : EPackage

name = modelName
nsPrefix = modelName
nsURI = "http://'+ modelName

eClassifiers

class : EClass

name = featureName
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Relation
Feature Attribute2ClassAtiribute
0 EEEENTEN
m | - Each feature attribute is transformed to a class attribute (EAttribute).
B [ . Thetype of the attribute is transformed to a EDataType.
|
. new_james. features_diagram &2 - =g
[ | *m (= Features @
u 2 version: Ineger :ﬂi
(= Binary Relationships
[= Groups
% james.ecorediag i -0
T | Paktic g3
h&Ras- = versinzr?iiteger
(= Objects 40
I B8 EPackage
H EClass {{iamtype::::»
/../ zz::jm ~=:~=:1avaclassizizef;lranq.mteqe
QEEAnnciﬁﬁEn
(= Connections
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Relaf
FeatureAttribute2ClassAttribut
[ EEEN HE
| «domain»
] pkg : EPackage
[] «domair» name = modelName
model : FeatureModel nsPrefix = modelName
nsURI = ‘http://' + modelName
name = modelName
u SRy, .\3@"’(?,7 eClassifiers
~ ~ \(//-@ \3566 . . -
N «domain» c T~o e type : EDataType
feature : Feature <:> name = featureAttType,
instanceTypeName = ‘java.lang.’ + featureAttType
name = featureName h < o P J g yp
\)\6 7 \\ QJ\J‘
,@’b P N 029
\\ 9/{9
Lo C & N _
_ k/ pEY «domain»
attributes class: EClass
name = featureName
featureAttribute : Attribute
name = featureAttName eStructuralFeatures
type = featureAttType eType
type : EDataType eattribute : EAttribute
name = featureAttName
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11

' Relation
SimpleRelationship2Reference

Each BinaryRelationship is transformed to a UML composition (containment
EReference).

The type of relationship determines de multiplicity of the EReference.

= -
T | - ot

new_james. features_diagram &2 = ﬁl
“:f:_" Palette [
» &~

Attributes = Features &0

M Feature
¢ Attribute
[== Binary Relationships 0

* Core * WSInterface / Mandatory Relationship

_(-@ james.ecorediag &2 = B8

|E @S- H James
(= Objects P

## EPackage
5 e WsInterface Core
ass
1..1
B EDataType 0..1

// < EEnum H wsInterface H Core

flm EAnnotation

.

[= Connections
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' Relation

«domain»

model ; FeatureModel

name = modelName

«domain»

feature : Feature

name = featureName

attributes

relationship : BinaryRelationship

lowerBound = lower
upperBound = upper

childFeature

child ; Feature

name = childFeatName

SimpleRelationship2Reference

«domain»
pkg : EPackage

nsURI = ‘http://" + modelName

¥, eClassifiers
\\ /é
~ 6(
Y o 7 .
N 5% - childClass : EClass
C T~ é’b"/ , -
AN PR name = childFeatName
- - N C/
e 5, «domain»
_- - 9,
A C NN class : EClass
R
name = featureName
eStructuralFeatures
childClass : EClass reference : EReference
eType

name = childFeatName
containment = true
lowerBound = lower
upperBound = upper
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[ HENEDN H N
m | - Each GrouppedRelationship is transformed to a containment EReference.
B | - Each child feature inherits from a new class whose name derives from the
| parent feature. The inheritance relationship is set in the relation
«MultipleRelationshipChilds2Classes»
new_james.features_diagram £2 = 51
. 5= Palette [
] % UserManagement [l ® Q-
i = Features el
[i.1] -*Feaiure
./ \ -gntuibub{@ iames, ecorediag 5 = H
A:bDLtBﬂ ;Ifi gzi::;elai d _.,;::, I?aleme H UserManagemeni
"')'?Altemaﬁ mkﬁ{ k:{ e~
A Selection [=- Objects = [}
i EPackage UserManagementFeatures
E EClass 1.1
5 EDataType H UserManagementType
“* EEnum
g EAnnotatign Q
el 1 o
— P 'Lﬁlnheriiam:e
s—a EANNotation link
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Relation
MultipleRelations

«domain»

model : FeatureModel

name = modelName AR

Q
S 6’0/.
AN Q
QN .
classdiagram
------ >
. E
«domain» PP
_ L
;\e'b -
feature : Feature iges

name = featureName

attributes

relationship : GrouppedRelationship

lowerBound = lower
upperBound = upper

Nip2Reference

typeClass : EClass

name = featureName + ‘Type’
abstract = true

eClassifiers

«domain»
pkg : EPackage

eClassifiers

childClass : EClass

nsURI = ‘http://" + modelName

eClassifiers

parentClass : EClass

name = featureName

name = childFeatName

eStructuralFeatures

(

reference : EReference

childFeature

child : Feature

name = childFeatName

name = featureName + ‘Features’
containment = true

lowerBound = lower
upperBound = upper

typeClass : EClass

eType

where

MultipleRelationshipChilds2Classes(childFeature, typeClass, childClass);
MultipleRelationshipChilds2Annot(childFeature, featureName, parentClass);

14

Abel Gémez, Isidro Ramos - Universidad Politécnica de Valencia



15

| Relation
MultipleRelationshipChilds2Classes

EEERN
«domain» domain
— « »
feature : Feature w. 4 parentClass : EClass
= %,
name = featureName e name = featureName
C N
p classdiagram
—_— - -E _—— - _>
& D eSuperTypes
6‘\’6@ . e
et
«domain» ___ L= I
typeClass : EClass typeClass : EClass J
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' Relation
MultipleRelationshipChilds2Annot

- When the upperBound of the GrouppedRelationship is greater than
1, we can automatically generate OCL invariants to avoid
duplicated elements in the feature model instance.

16

T

new_james, features_diagram =7 = Eq
s Palette [+
% Modules NEEE=E
. TR (= Features Ere]
M Feature
. ¢ Attribute
?MF:E % Calendar (= Binary Relationships w0
] o Mandatory Relationship
_ - =5
¥ Repository |*Cong ] james.ecore 53 1
Attributes | Attrib (= @ platform: fresource Models fjames. ecore
E|I JamesModel
e
== ocL

‘=4 multiplicityCalendar -= self ModulesFeatures-=select(f : ModulesType | f.odIsKindOf(Calendar))-=size) <=1

multiplicityForum - self. ModulesFeatures-=select(f : ModulesType | f.odIsKindOf{Forum))-=size() <=1

~[E8 multiplicityRepository -= self. ModulesFeatures-=select{f : ModulesType | f.odIsKindOf{Repository))-=size) <=1

-2 multiplicityCongressManagement -> self. ModulesFeatures-»select(f : ModulesType | f.odIskKindOf(CongressManagement))-»size() <=1

- 5 ModulesFeatures : ModulesType
H ModulesType

H calendar - ModulesType

E Forum -> ModulesType

H repository -> ModulesType

H congressManagement -> ModulesType
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where

' Relation
MultipleRelationshipChilds2Annof

«domain»

feature : Feature

name = featureName

«domain»
parentClassName : String

«domain»
parentClass : EClass

classdiagram

TTTTgTTTT? eAnnotations

oclAnnot : EAnnotation

source ="http://www.eclipse.org/ocl/examples/OCL’

details

oclEntry : EStringToStringMapEntry

key =‘multiplicity’ + featureName
value = oclExpresion

|(ocIExpression =

'self.’ + parentClassName + 'Features->select(f : ' + parentClassName + 'Type | f.oclisKindOf(’ + featureName + '))->size() <=1'
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' Relation
MultipleRelationshipChilds2Annof

|
m | - These OCL invariants can be checked automatically. In the example,
L] the screenshot on the right has a duplicated module (Calendar).
. L Modules.xmi 2 = E\l
B@ platform: fresource ModelsModules. xmi
E|*¢* Modules
DG
. i Repository & Modules,xmi 22 / / = 51
. 4 Congress Management B@ platform: fresource Models Module® wmi
. || platform: fresourceModels/james. ecore EI{.‘* Modules /
— 4 Calendar

& Validation result - EdEEN

H ¢- Congress Management
Global result: true #- || platform:jresourceModelsfiames. eco

& Validation result

* Global result: false
8y

/

- Moreover, any OCL invariant can be defined in order to check the
consistency of the feature model instance.
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