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0 Submission Introduction

0.1 Preface
[TODO]
0.2 Resolution of Requirements

0.2.1 Mandatory Requirements

6.5.1 Precise Semantics

6.5.1.a. Proposals shall provide precise semafiatics
metaclasses underlying UML composite structureschwh
includes at least Connector, ConnectorEnd,
ConnectableElement, EncapsulatedClassifier,
InvocationAction, Port, StructuredClassifier, Tregggand
Interface. The semantic description shall estaldigslicit
relationships with fUML, for example by specifyiag
precise formal model transformation from the metssés
listed above to metaclasses which are part ofuhéLf
subset, and/or by extending the fUML execution nhade
example with appropriate visitor classes. Whatéverway
the execution semantics is actually specified, psajs
shall be readable as if they are additions to fUML
semantics, rather than separate specifications.

[TODO]

6.5.1.b. Proposals shall extend the base semarfititBvL
with specific axioms for UML composite structuredyoif
necessary. These new axioms shall have explicit
relationships with existing axioms of f{UML base

semantics. These axioms shall be expressed in Cammp

Logic Interchange Format (as was done for fUML)Y an
they shall be consistent with fUML axioms.

[TODO]

6.5.2 Semantic Variability

6.5.2.a. Proposals shall precisely identify allowethantic
variabilities. These semantic variabilities shalib the
scope of semantic variabilities allowed by UML carsjpe
structures (which means that only a subset of &itblwML
semantic variabilities could be reflected in theastic
description, as was done for f{UML).

[TODO]

6.5.2.b. Proposals shall define rules for defirsaghantic
variants, where a semantic variant is an internally
consistent set of values for the different semantic
variabilities allowed from requirement 6.5.2.a.

[TODO]

6.5.3 Alignment
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6.5.3.a. Proposals shall comply with the curremsioa of | [TODO]
the UML 2 metamodel and notation (Consideratioruihag
also be given to upcoming developments, such as the
anticipated UML 2.5 revision).

6.5.3.b. Proposals shall comply with the curremsiom of |[TODO]
the fUML specification.

6.5.4 Test suite

6.5.4.a Proposals shall provide a suite of testctsat can[TODO]
demonstrate conformance to this specification.

0.2.2 Optional Requirements

6.6.1 Proposals may associate execution semaritits w| [TODO]
metaclasses Collaboration, CollaborationUse, Comapbn
and ComponentRealization.

6.6.2 Proposals may use the Action language for [TODO]
Foundational UML [Alf] as a concrete syntax for
specifying the execution semantics of compositgctires.

6.6.3 Proposals may provide a non-normative Annex |[TODO]
containing a specialization of the composite stmect
semantics, capturing semantics introduced by bwth t
Generic Component Model (GCM) and the High Level
Application Modeling (HLAM) subprofiles of MARTE.

6.6.4 Proposals may provide a non-normative Annex |[TODO]
containing a specialization of the composite stmect
semantics, capturing semantics introduced by tbekBl,
Ports and Flows, and Constraint Blocks packages of
SysML.

6.6.5 Proposals may define extensions of Alf topsuipthe| [TODO]
concepts defined for UML composite structures.

0.3 Responses to Issues to be Discussed

6.7.1 Proposals shall describe the semantics ofwdian in situations where required informatiomigssing and
therefore might need to be dynamically injecteddaye manual or automated means.
[TODO]

6.7.2 Proposals shall discuss how an executable diddel begins its execution.
[TODO]

6.7.3 Proposals shall discuss a proof of conceptémentation that can successfully execute tests fhe conformance

test suite.
[TODO]
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1 Scope

The Scope clause shall appear at the beginningabf gpecification and define, without ambiguity Hubject of the

specification and the aspect(s) covered. It indg#he limits of applicability of the specificatior particular parts of it.
It shall not contain requirements.

The scope shall be succinct so that it can be asedsummary for bibliographic purposes.
It shall be worded as a series of statements ¢f fac
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2 Conformance

The Conformance clause identifies which clausdah@tpecification are mandatory (or conditionallgndatory) and
which are optional in order for an implementatiorckaim conformance to the specification.

Note: For conditionally mandatory clauses, theditions must, of course, be specified.

[NOTE: I guess we should write something in relatiath the test suite, as well as with existing fUkbnformance
criteria]
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3 Normative References

The following normative documents contain provisiavhich, through reference in this text, constifutavisions of this
specificatior For dated references, subsequent amendmentsreyisions of, any of these publications do notlgapp

List of normative references.
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4 Terms and Definitions

For the purposes of this specification, the follogvterms and definitions apply.

Term

Definition

Term

Definition

Term

Definition
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5 Symbols

List of symbols/abbreviations.
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6 Additional Information

6.1 Changes to Adopted OMG Specifications [optional]

This specification completely replaces the xxx #=tion.
[TODO: Put some statements about the invalid UMA. 2 constraints related to the type of the tangeti pin of a call
operation action and the ownership of the callegrajon => Explain that this is addressed in UMB] 2.

6.2 Acknowledgments

Thank you
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7 Abstract Syntax

7.1 Overview

The Abstract Syntax clause describes how the fUlHtax model is extended to include UML Compositei§ures
modeling. This extension refers to all UML metastsand relationships which enable a fUML Clagsetboth
structured and encapsulated. Structured meana ttlass can have an internal structure comprisimghaork of parts
linked through connectors. Encapsulated meansathktss can have an external structure comprisggg af ports,
exposing the features that a class provides teauires from its environment. The Semantics cl&defines precise
semantics of elements introduced in following sabti®ns.

The fUML Abstract Syntax model mimics the packagghaecture of the unmerged UML 2.4.1 metamodetpieg only
packages (and elements defined in these packdggsgre relevant to the foundational subset of UMLlorder to be
consistent with fUML syntax, the Composite Struetusyntax model described in this specificati@o ahimics the
package architecture of the unmerged UML 2.4.1 metiel. UML packages relevant to Composite strustaredeling
are imported as a copy by the proposed syntax mbtishents in copied packages which are not retdearthis
specification are removed. When a relationshipaioed in an imported package (including packagegeer
relationships) targets a UML metaclass or packdgehnis already part of the fUML subset, this riglaship is
redirected towards the fUML equivalent metaclass.

As compared to the fUML Abstract Syntax model, pheposed model does not carry out package mergeisliag
duplication of the content of fUML syntax. Howevpackage merge relationships included in this syntadel are
specified in a way that, when merges are carri¢deoflat model corresponding to the fUML subsdeaded with UML
composite structures modeling is produced. In @&dithe result of the merge is also that any ferméerences from
elements of the fUML Semantics model to elementhefUML Abstract Syntax model now target elemagftthe
fUML subset extended with UML Composite Structunesdeling[Note for the initial submission: This is the intebut
the merging process does not produces a validhiadel].

The following sub-clauses describe the package®ddpm the UML 2.4.1 unmerged metamodel. Eachdabse
provides rationale for copying the correspondingkpge, as well as an overview of elements contaimétese packages
and how they relate to fUML syntax elements. Eaditdause also highlights additional constraintsoituced by this
specification regarding Composite Structures modeli

TODO: Diagram showing the architecture of the AbstiSyntax model

7.2 Classes

7.2.1 Overview

The Classes package is partially imported as a bgpkie Composite Structures syntax model. Thig éepotivated by
the fact that it contains sub-packages Dependenai@snterfaces, which are both required for Contpd&tructures
modeling. The copy of the Classes package is partthe sense that only these two sub-packagesamied. Note that
the Classes package is already part of the fUMLtibs Syntax model. However, Dependencies andfates were
explicitly removed from the foundational subsetll¢wing sub-clauses provide details about the aunté these two
sub-packages.

7.2.2 Dependencies
7.2.2.1 Overview
The Dependencies package is copied for two masorea The first one is that it introduces metadlésasge, which is

potentially used to specify required interfacesa @ort. The second one is that it introduces masadRealization, which
is a general metaclass for InterfaceRealizatioimd@uced in the Interfaces package). Note that bMasaes

12 Precise Semantics of UML Composite Structures, version X



DirectedRelationship and Substitution, as wellgsaiation A_mapping_abstraction are removed, dimegare not
relevant to Composite Structures modeling.

Removed DirectedRelationship
Removed A_mapping_abstraction

Removed Substitution
Realization D
Abstraction
(fUML:Syntam: Classes:Kemel)
suppli
+ supplier "
(1.7 + supplierDependency
NamedElement + client "] Dependency
[1.7] .
+ clientDependency
Classifier +/ ownedMember | [*]
J7 AV
Namespace +/ namespace PackageableElement Usage

e
[0..1]

Figure 1: Dependencies diagram

(SyntaxiClasses)
Kernel

M I
simports

Dependencies

I i
i i
i -
X amerges |
I |
I |
1 1

Figure 2: Dependencies package relationships
diagram
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7.2.2.2 Class descriptions

7.2.2.2.1 Abstraction

Abstraction is introduced to enable modeling oéifdaceRealization. This is an indirect general lats for
InterfaceRealization.

Generalizations

» Dependency (from CompositeStructuresSyntaxAndStosarbyntax::Classes::Dependencies)

Attributes

* None

Associations

* None
7.2.2.2.2 Classifier
Classes::Dependencies::Classifier does not exteadyi way fUML Classifier. This metaclass is kaptlie Composite
Structures syntax model to make the merging pro@kesscribed in the Overview sub-clause of the AdzstByntax
clause) meaningful.
Generalizations

* Namespace (from CompositeStructuresSyntaxAndSérsaftyntax::Classes::Dependencies)

Attributes

e None

Associations
* None
7.2.2.2.3 Dependency
Dependency is introduced to enable modeling of histhge and InterfaceRealization relationships. Ehésgeneral
metaclass for these two metaclasses.
Generalizations

» PackageableElement (from CompositeStructuresSpnt#Remantics::Syntax::Classes::Dependencies)

Attributes

¢ None

Associations
» client: NamedElement [1..*]
e supplier : NamedElement [1..*]

7.2.2.2.4 NamedElement

Classes::Dependencies::NamedElement extends (rimergenent) f{UML NamedElement with the ability tadinate all
the dependencies that reference this named elesentlient (property clientDependen(TODO: Check if this is
useful, e.g., it is subseted somehow in the coriEbiterfaceRealization]

Generalizations

» Element (from fUML::Syntax::Classes::Kernel)
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Attributes

e None

Associations
» clientDependency : Dependency [0..*]
e namespace : Namespace [0..1]

7.2.2.2.5 Namespace

Classes::Dependencies::Namespace does not extangt imay fUML Namespace. This metaclass is kefftén
Composite Structures syntax model to make the mgngiocess (described in the Overview sub-clausieeofbstract
Syntax clause) meaningful.

Generalizations

 NamedElement (from CompositeStructuresSyntaxAnd®eios:: Syntax::Classes::Dependencies)

Attributes

* None

Associations

» ownedMember : NamedElement [0..*]

7.2.2.2.6 PackageableElement

Classes::Dependencies::PackeageableElement doegtantl in any way fUML PackageableElement. Thitaclass is
kept in the Composite Structures syntax model tkenthe merging process (described in the Overvigwctause of the
Abstract Syntax clause) meaningful.

Generalizations

* NamedElement (from CompositeStructuresSyntaxAnd®eios::Syntax::Classes::Dependencies)

Attributes

e None

Associations

¢ None

7.2.2.2.7 Realization
Realization is introduced to enable modeling oétfsiceRealization. This is a general metaclastterfaceRealization.

Generalizations

» Abstraction (from CompositeStructuresSyntaxAndSaroa:: Syntax::Classes::Dependencies)

Attributes

* None

Associations

¢ None

7.2.2.2.8 Usage
Usage is introduced since it is potentially uséuspecify required interfaces of a port.
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Generalizations

» Dependency (from CompositeStructuresSyntaxAndStoasarbyntax::Classes::Dependencies)

Attributes

* None

Associations

e None
7.2.3 Interfaces

7.2.3.1 Overview

The Interfaces package is introduced to enable exposueatires that an encapsulated classifier provides to oiresqu
from its environment, through interfaces associated wglports. It also includes mechanisms which enable to gpecif
that a given behaviored classifier realizes the featuremanterface. At run time, this information is useful to detae

if a given object (instance of a behaviored classifier) i@bdvtarget for the invocation of a behavioral feature (vehitis
feature belongs to an interface).

D (Suntaw: Ci #Dependencies)

BehavioredClassifier

+implementingClassifier

—D (Syntaxi:ClassesuDependencies)

Realization

+ interfaceRealization *]

InterfaceRealization D Classifi (Syntax: Classes:: Dependencies)
lassifier —D

"]

+ interfaceRealization
+ classifier | [0..1]

A + contract
+/ attribute ™
(fUML:Syntas: Classesi:Kemel) + interface [ p {> (FUML::Syntax: Cly sKemel)
. rope
+ nestedClassifier [0.1] 0.1 + ownedAttribute petty Structuralfeature
Interface
" +interface
+ interface Wl
Operation —D (fUML:Syntam: Classes: Kemel)
BehavioraiFeature
+ redefinedInterface  [*] [0..1] + ownedOperation

+interface | [*]

Figure 3: Interfaces diagram
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(SyntaxiClasses)
Dependencies

|
|
|
| EIMerges
|
|
|
|

Interfaces

Figure 4: Interfaces package relationships diagram

7.2.3.2 Class descriptions

7.2.3.2.1 BehavioredClassifier
Classes::Interfaces::BehavioredClassifier extemgde increment) fUML BehavioredClassifier with tidglity to own a
set of InterfaceRealization relationships.
Generalizations
» Classifier (from fUML::Syntax::Classes::Kernel)
* NamedElement (from CompositeStructuresSyntaxAnd®eios::Syntax::Classes::Dependencies)
Attributes

¢ None

Associations

» interfaceRealization : InterfaceRealization [0..*]
7.2.3.2.2 Classifier
Classes::Interfaces::Classifier does not exterahjnway fUML Classifier. This metaclass is kepthie Composite
Structures syntax model to make the merging pro@ksscribed in the Overview sub-clause of the AdzstByntax
clause) meaningful.
Generalizations

* Namespace (from CompositeStructuresSyntaxAndSécsaftyntax::Classes::Dependencies)

Attributes

* None
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Associations

» attribute : Property [0..*]
7.2.3.2.3 Interface
Interface is introduced to enable exposition ofdess provided or required on a Port. Through faterRealization
relationships, it also enable to specify featurbgiwvare realized by a given BehavioredClassifier.
Generalizations

» Classifier (from fUML::Syntax::Classes::Kernel)

» Classifier (from CompositeStructuresSyntaxAndSeainanSyntax::Classes::Interfaces)
Attributes

¢ None

Associations

» nestedClassifier : Classifier [0..*]

» ownedAttribute : Property [0..*]

e ownedOperation : Operation [0..*]
» redefinedinterface : Interface [0..*]

7.2.3.2.4 InterfaceRealization

InterfaceRealization is introduced since it is paily useful to specify provided interfaces dPart. In addition, it can
also be used to specify that features of the coninéerface are realized by the implementingCfagsi
BehavioredClassifier.

Generalizations

* Realization (from CompositeStructuresSyntaxAndSdios:: Syntax::Classes::Dependencies)

Attributes

e None

Associations
» contract : Interface [1..1]
» implementingClassifier : BehavioredClassifier 1]..

7.2.3.2.5 Operation
Classes::Interfaces::Operation extends (mergermeng fUML Operation with the capability to be owhiey an
Interface.

Generalizations

» BehavioralFeature (from fUML::Syntax::Classes::K&l)

Attributes

* None

Associations

» interface : Interface [0..1]

7.2.3.2.6 Property
Classes::Interfaces::Property extends (merge irem§nflUML Property with the capability to be ownley an Interface.
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Generalizations

e  StructuralFeature (from fUML::Syntax::Classes::K&l)

Attributes

* None

Associations

* interface : Interface [0..1], References the fiaie® that owns the Property

7.3 CommonBehaviors

7.3.1 Overview

The CommonBehaviors package is partially imported aopy by the Composite Structures syntax mdds. copy is
motivated by the fact that it contains the sub-pgekCommunications, which is required for CompdSttectures
modeling. More precisely, it allows receptions todwned by interfaces, by the way enabling an esudafed classifier
to specify that it provides or requires receptifmrssignals at some of its ports. The copy of tlien@onBehaviors
package is partial in the sense that only thisgardkage is copied. Note that the CommonBehaviarsar@unications
package is already part of the fUML Abstract Syntaodel. However, the Interface metaclass was dafgliemoved
from the foundational subset. The following subuska provides details about the content of thispadkage.

7.3.2 Communications

7.3.2.1 Overview

(Syntax:Classes)
Interfaces

“IMerges

F- -

Communications |

Figure 5: Communications
package relationships diagram
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(LML Syntax: Classes: Kemel) [FLML:Syntax: Classes:Keme()
BehavioraiFegture

+ interface [*]
Interface et e Reception

[0.1] + ownedReception

Figure 6: Communications diagram

7.3.2.2 Class descriptions

7.3.2.2.1 Interface

CommonBehaviors::Communications::Interface extdnusrge increment) Classes::Interfaces::Interfack thie ability
to own receptions.

Generalizations

e Classifier (from fUML::Syntax::Classes::Kernel)

Attributes

* None

Associations

» ownedReception : Reception [0..*]
7.3.2.2.2 Reception
CommonBehaviors::Communications::Reception doe&xiand in any way fUML Reception. This metaclaskdpt in
the Composite Structures syntax model to make #wgimg process (described in the Overview sub-eladishe
Abstract Syntax clause) meaningful.
Generalizations

» BehavioralFeature (from fUML::Syntax::Classes::K&l)

Attributes

e None

Associations

* None
7.4 Components
7.4.1 Overview

The Components package is partially imported aspg by the Composite Structures syntax model. Ty is
motivated by the fact that it contains the sub-pgekBasicComponents, which is required for Comp@&iituctures
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modeling. More precisely, it extends (merge increth€ompositeStructures::StructuredClasses::Coonegth the
property kind, which enables to determine if a gieennector is for delegation or assembly. Noté rietaclass

Component as well as package Components::Packagimg@hents are excluded from this specificatiorgesimey do
not introduce any concept impacting semantics ofLlUBdmposite Structures.

7.4.2 BasicComponents

7.4.2.1 Overview

+ kind(): Connectorkind

Connector «Enurmerations

+{ kind: ConnectorKind ConnectorKind
assembly
delegation

Figure 7: BasicComponents diagram

StructuredClasses Ports

«Imerges

BasicComponents |

A

|

| .

y wlmports
|

I

1

Figure 8: BasicComponents package relationships diagram

7.4.2.2 Class descriptions

7.4.2.2.1 Connector
Components::BasicComponents::Connector extendgjénecrement)

CompositeStructures::StructuredClasses::Connedthranproperty indicating the kind (delegation esembly) of a

connector.

Generalizations

* None

Attributes
e kind : ConnectorKind [1..1]
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Associations

* None
7.4.2.2.2 ConnectorKind (Enumeration)

Generalizations

e None

Literals

e assembly
» delegation

7.5 CompositeStructures

7.5.1 Overview

The CompositeStructures package is totally impoated copy by the Composite Structures syntax matie copy is
motivated by the fact that all its sub-packagesihtice key modeling concepts underlying CompoditecBires. This
includes packages InternalStructures, Invocatioinfist Ports and StructuredClasses. Following sabses provide

details about the content of these sub-packages.

7.5.2 InternalStructures

7.5.2.1 Overview

The InternalStructures package is introduced to enablestimagof the internal structure of a class as a network ofgart
linked through connectors. The topology of parts and cotameglaces constraints on the runtime structure of a class

instance.

22
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$

+/ featuringClassifier [*]

+/ feature [*]

Class Classifier Featurs
_D (fUML:Syntax: Classes: Kemel) rfUML:.'Synmx.'Cl’asses.':KemefJq_
Redefinablefiement
+ class [0.1] + classifier | [0..1] -
(fUML:Syntaw Classes: Kemel) (fUML: SyntaxClassestKernel)
Structuraifeaturs MultiplicityElement
+ ownedAttribute [*1  +/attribute 1 AN
+/ definingEnd " 2
Praperty g ConnectarEnd
[0.1] + connectorEnd [2.7]
+/ end [*1
+role
+ ownedAttribute " [*] /N+/ part % Connectableklement (FUML:SyntaxiClasses:Kernel)
+ end(): ConnectorEnd Association
+/ rale
[ $ [0.1] +type
+ structuredClassifier [0.1] [0.1] | + structuredClassifier
StructuredClossif ~ ) e (UL Syntax:Classes:Kernel)
tructuredClassifier + structuredClassifier TypedElerment
—|> + part(: Propertylquery, true} B
+ connector + connector | [*]
+ structuredClassifier + ownedConnector
-
[0.1] ol Cannectar
é %7 [l
+ redefinedConnector ]
ffUML:Syntaw: Classes: Kemel) ffUML:Syntax: Ciasses: Kemel))
Featurs
redefinedConnector is not part of the intial submission ﬁ
Figure 9: InternalStructures diagram
{SyntaxiClasses)
Interfaces
)
|
|
| Emerges
I
I
1
InternalStructures |

Figure 10: InternalStructures package relationship diagram
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7.5.2.2 Class descriptions

75.2.2.1 Class
CompositeStructures::InternalStructures::Classnelgémerge increment) fUML Class by being a StnextClassifier.
Generalizations
e StructuredClassifier (from
CompositeStructuresSyntaxAndSemantics::Syntax:: @sitgStructures::InternalStructures)
Attributes

* None

Associations

e ownedAttribute : Property [0..*]
7.5.2.2.2 Classifier
CompositeStructures::InternalStructures::Classdi@es not extend in any way fUML Classifier. Thistatlass is kept in
the Composite Structures syntax model to make #wgimg process (described in the Overview sub-elatdishe
Abstract Syntax clause) meaningful.
Generalizations

* Namespace (from fUML::Syntax::Classes::Kernel)

Attributes

e None

Associations
» attribute : Property [0..%]
» feature : Feature [0..%]

7.5.2.2.3 ConnectableElement

ConnectableElement is introduced as an abstraetalast denoting elements than can be interconndmtdzbing
attached to connector ends belonging to connectors.

Generalizations

e TypedElement (from fUML::Syntax::Classes::Kernel)

Attributes

* None

Associations

e end: ConnectorEnd [0..*]
7.5.2.2.4 Connector
Connector is introduced to enable modeling of tdanections between parts and or roles, in theegbof a structured
classifier. This specification introduces the aiddil constraint that the type of a connector isaptional. Rationale for
this constraint are given in clause 8.1.
Generalizations

* Feature (from fUML::Syntax::Classes::Kernel)

24 Precise Semantics of UML Composite Structures, version X



» Feature (from CompositeStructuresSyntaxAndSensriigntax::CompositeStructures::InternalStructures)

Attributes

e None

Associations

e end: ConnectorEnd [2..*]
» redefinedConnector : Connector [0..*]
e type : Association [0..1]

Additional Constraints

e connector_is_typed
A Connector must by typed by an association

inv: self.type->not Enpty()

7.5.2.25 ConnectorEnd
ConnectorEnd is introduced to allow modeling of Gectors.
Generalizations

e MultiplicityElement (from fUML::Syntax::Classes:#nel)

Attributes

* None

Associations
e definingEnd : Property [0..1]
* role : ConnectableElement [1..1]

7.5.2.2.6 Feature

CompositeStructures::InternalStructures::Featuas shmt extend in any way fUML Feature. This metexia kept in the
Composite Structures syntax model to make the mgngiocess (described in the Overview sub-clausieeofbstract
Syntax clause) meaningful.

Generalizations

* RedefinableElement (from fUML::Syntax::Classesried)

Attributes

¢ None

Associations

» featuringClassifier : Classifier [0..*],
7.5.2.2.7 Property
CompositeStructures::InternalStructures::Propextgreds (merge increment) f{UML Property. By being a
ConnectableElement, a Property can be connecteithéo connectable elements, through connectors.
Generalizations

e ConnectableElement (from
CompositeStructuresSyntaxAndSemantics::Syntax:: @sitgStructures::InternalStructures)
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e StructuralFeature (from fUML::Syntax::Classes::Kel)

Attributes

e None

Associations

e class: Class [0..1]
7.5.2.2.8 StructuredClassifier
StructuredClassifier is introduced to enable madgtif internal structures comprising a network aftp and roles linked
by connectors.
Generalizations

e Classifier (from fUML::Syntax::Classes::Kernel)

e Classifier (from CompositeStructuresSyntaxAndSeinanSyntax::CompositeStructures::Internal Struesjir
Attributes

* None

Associations

» ownedAttribute : Property [0..*]

» ownedConnector : Connector [0..*]
* part: Property [0..%]

e role : ConnectableElement [0..%]

7.5.3 InvocationActions
7.5.3.1 Overview

The InvocationActions package introduces extensioridML InvocationAction and Trigger to account faorts of an
encapsulated classifier.

invocationdction
+ invocationfction [*]
+onPort [0..1]
+ port +trigger
(Syntax:CompasiteStructures:Ports) e Trigger
Paort [-g-] [*]

Figure 11: InvocationActions diagram
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(Syntax:fctions)
BasicActions

#ITerges

A

Inwvocationfctions

(Syntax:CompositeStructures)
Ports

A

|
|
|
“IMerges |
|
|
|
|
1

Figure 12: InvocationActions package relationships diagram

7.5.3.2 Class descriptions

7.5.3.2.1 InvocationAction

CompositeStructures::InvocationActions::Invocatiatién extends (merge increment) fUML InvocationActiso that,
in addition of targeting an object, the invocat{@s., the call for an operation or the emissiom aignal) can be made

through a specific port of this object (onPort).

Generalizations

* None
Attributes
e None

Associations
e onPort: Port [0..1]

7.5.3.2.2 Trigger

CompositeStructures::InternalStructures:: Triggageeras (merge increment) fUML Trigger so that adisports can be

associated with a trigger.

Generalizations

* None
Attributes
¢ None

Associations
e port: Port[0..%]
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7.5.4 Ports

7.5.4.1 Overview

The Ports package introduces mechanisms enabtifagsifier to have an external structure. This reelestructure
comprising a set of ports, where features provideat required from the environment in which itMaik instantiated are
exposed.

StructuredClassifier

EncapsulatedClassifier
+ ownedPort(: Port{query, true}

+ encapsulatedClassifier [0.1]

+/ ownedPort [*1

Paort
i H i +/ provided
UL Syn;a; (ilrat;ses Kemel) K |7 + isBehavior: Boolean *port k
P +isConjugated: Boolean I* e
+ is3ervice: Boolean (Synta:ClassestInterfaces)
Interface
+ redefinedPort + port +/ required
+ provided(: Interface{query, true} P
] + required(): Interface{query, true} " ™
+port | [*]
+ partWithPort  + connectorEnd
Property ConnectorEnd
[0.1] [

Figure 13: Ports diagram
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(SyntaxiClasses) (SyntaxiClasses)
Interfaces Kernel

) )

simports simports

Ports

“Imerges #ITIErges
V V

{SyntaxiCommonBehaviors) (SyntaxiCompositeStructures)

Communications Internal Structures

Figure 14: Ports package relationships diagram

7.5.4.2 Class descriptions

7.5.4.2.1 ConnectorEnd

CompositeStructures::Ports::ConnectorEnd extenésgenncrement)
CompositeStructures::InternalStructures::Connectdnkith an additional property (partWithPort) whiehables to
specify that, when the connected role is a Pog,fdbrt is connected in the context of a specifaperty of the context
classifier.

Generalizations

e None
Attributes
* None

Associations

e partWithPort : Property [0..1]

7.5.4.2.2 EncapsulatedClassifier
EncapsulatedClassifier extends StructuredClasgiiigr the ability to own an external structure caising a set of ports.

Generalizations

e  StructuredClassifier (from
CompositeStructuresSyntaxAndSemantics::Syntax:: @sitgStructures::InternalStructures)

Attributes

* None
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Associations

e ownedPort : Port [0..%]
7.5.4.2.3 Port
Port enables to specify interaction points throwhich instances of an encapsulated classifier eacobnected and
communicate with their environment. Port also eeslid specify a set of features provided or requinethe owning
encapsulated classifier, that is to say featuréeettby provided or required interfaces associatitd the port.
Generalizations

»  Property (from fUML::Syntax::Classes::Kernel)

*  Property (from CompositeStructuresSyntaxAndSeranByntax::CompositeStructures::InternalStruciures
Attributes

e isBehavior : Boolean [1..1]

» isConjugated : Boolean [1..1]

» isService : Boolean [1..1]
Associations

e provided : Interface [0..*]
» redefinedPort : Port [0..%]
* required : Interface [0..*]

Additional constraints

e behavior_port_belongs to_an_active_class
A behavior port can only belong to an active class.

inv: [TODO Wite OCL]
755 StructuredClasses

7.5.5.1 Overview

The StructuredClasses package is introduced to enablesa @de both structured and encapsulated, which is the key
aspects of UML Composite Structures.

[Syntam CompositeStructures: Ports)

Class

Figure 15: StructuredClasses diagram
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(Syntax:CormpositeStructures)
Parts

A

|
I =merges
I

StructuredClasses |

Figure 16: StructuredClasses package
relationships diagram

7.5.5.2 Class descriptions

7.5.5.2.1 Class

CompositeStructures::StructuredClasses::Class @xt@nerge increment) fUML Class with the abilitytte both
structured and encapsulated. A class can havetenmah structure comprising a network of linkedtpaas well as an

external structure comprising a set of ports.

Generalizations

» EncapsulatedClassifier (from CompositeStructuratssAndSemantics::Syntax::CompositeStructures:gport

Attributes

* None

Associations

e None
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8 Semantics

8.1 Overview

The Semantics clause defines precise semantiedeiments introduced in the Abstract Syntax clalike. semantic
definition consists in extending the fUML executimodel (defined in the Semantics clause of the ‘@&dios of a
Foundational Subset for Executable UML Models” sfieation) with appropriate semantic visitors, setiastrategies
and the definition of a semantic mapping betweesdtelements and elements defined in the AbstyataSclause. By
convention, all classes introduced in the exteradetution model are prefixed by “CS_", which stafats‘Composite
Structures”. Structural and behavioral semantiddidf. composite structures are both covered byeRkignsion.

Structural Semantics

Structural semantics concerns the run time maaitfiest of (structured/encapsulated) classes, wiigiiés defining how
ports, parts and connectors are represented dtmar[To be completed]

Behavioral Semantics

Behavioral semantics concerns the interpretatiofotivities making statements (through appropragvity nodes and
edges) in relation with life cycle of objects (ctmstion, destruction, observation and modificatiand communication
between those objec[To be completed]

Semantic Strategies and Semantic Variants

The definition of semantic strategies (i.e., thecplk where this specification allows for semardigability) and semantic
variants (i.e., sets of consistent semantic chaicése scope of allowed variability) follows thanse principles as in
fUML. Each semantic strategy is defined by an aus$tstrategy class in the execution model. Defiminqgrticular
semantic choice consists in defining a concretiza@n of this abstract strategy class. As in fUMrouping concrete
semantic strategy classes in order to define aistens semantic variant is a tool implementationason (cf. Clause
8.2.2.1 of “Semantics of a Foundational SubseEf@cutable UML Models”, sub-clause on Configurihg Execution
Environment at a Locus).

This specification introduces two new semantictegris. CS_ StructuralFeatureOfinterfaceAccessglydtdause
8.4.2.2.3) deals with reading and writing of stumat features of an Interface, in connection witkwtthese features are
actually realized by a given behaviored classifié®. RequestPropagationStrategy (clause 8.5.2.8a43 with
propagation of requests in the case where mulpipdpagation paths (e.g., multiple interaction pgimultiple links) are
valid. This specification also introduces CS_Disp&iperationOfinterfaceStrategy (clause 8.4.2.2 hew default
realization of fUML DispatchStrategy. This realipat deals with dispatching of operations of anfatee, in connection
with how these operations are actually realized bghaviored classifier.

Hypothesizes and constraints on the syntax

The execution model described in the following slduses is written with the strong hypothesis teeinectors are
necessarily typed by associations. This constisiimtroduced in clause 7.5.2.2.4 and motivatethisyfollowing
reasons. Regarding Connectors in the context attitredClassifiers, the UML specification sgiete for the initial
submission: This sentence and the following inphisgraph are quoted from the UML 2.5 specificafiow
Connector specifies links (see 11.5 Associatioasyden two or more instances playing roles within a
StructuredClassifier! For representing the runtime manifestation ofoagstion instances, the fUML execution model
already introduces a class called Link. In ordevecconsistent with fUML, this specification relies fUML Link for
managing the runtime manifestation of Connectdiaimses (see CS_Link, clause 8.5.3.2.2). Since fllMk has a non
optional relationship with Association, it impligsat Connectors must be typed by associations.

In practice, users rarely type connectors by aaioois, especially in cases where these conneatterssed to connect
elements through their ports. In order to take agoount this common practice, this specificatiefirebs formal rules
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(See normative Annex A — Model Transformations)domputing the default typing associations to tsoeisited with
untyped connectors. From a user standpoint, théss enable to relax the constraints on connegping, with the
guaranty that a valid model (i.e., with connectctually typed by associations computed accordifesrdefined in
Annex A) can be automatically derived before intetgtion by the extended execution model.

Connector types are also required for managing secseof object construction implied by UML Comptestructures.
Regarding Connectors in the context of Structuradsifiers, the UML specification also sallsnks corresponding to
Connectors may be created upon the creation oifistance of the containing StructuredClassifiarid“The
topologies that result from matching the multigles of ConnectorEnds and those of ConnectableElentbey
interconnect cannot always be deduced from the md@&lgecific examples in which the topology canlétermined
from the multiplicities are shown in Figure 11-6daRigure 11-7". The only action defined by UML for creating an
object is CreateObjectAction, which has the follogvsemantics‘A CreateObjectAction is an Action that creates a
direct instance of a given Classifier and places tlew instance on its result OutputPin. [...] Tlewinstance has no
values for its StructuralFeatures and participateso links”. These semantics are formalized in the fUML execout
model. In order to comply with fUML while takingtmthe semantics of UML Composite Structures alobjgct
creation (which implies the creation of a topolagynstances and links, which contradicts semartics
CreateObjectAction where created objects are emfity)ex A of this specification also defines rulesgenerating
construction behaviors simulating semantics of Casitp Structures object creation. The generatedviets typically
includes CreateLinkActions for the constructiorioks corresponding to instances of connectorsateténkActions
rely on LinkEndData for identifying the actual eobjects to be connected. As currently defined inll) e
identification of an end object by a LinkEndDatguies the existence of an Association, which i nequires that
connectors are typed by associations to allow thation of corresponding links.

The following sub-clauses provides details abowt tiee fUML execution model is extended to addressantics of
UML Composite Structures.

8.2 Actions

8.2.1 Overview
8.2.2 CompleteActions

8.2.2.1 Overview

(fUML:SemanticsifctionsiCompletefctions)
ReadExtentictionfctivation

5 ReadExtentfctionActivation
dofctiond

Figure 17:: CompleteActions diagram
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8.2.2.2 Class descriptions
8.2.2.2.1 CS_ReadExtentActionActivation

Generalizations

» ReadExtentActionActivation (from fUML::Semanticactions::CompleteActions)

Attributes

e None

Associations

* None

Operations

[1] public doAction()
/1 Get the extent, at the current execution |locus, of the classifier
/1 (which nust be a class) identified in the action.
/Il Place references to the resulting set of objects on the result pin.
/1 Extends default fUML senantics in the sense that produced tokens contain
/'l CS_References instead of References, in the case where the object is a
/1 CS_Obj ect

ReadExt ent Acti on action = (ReadExtentAction) (this.node);
Ext ensi onal Val uelLi st obj ects = this.get ExecutionLocus(). getExtent(
action.classifier);

/1 Debug.println("[doAction] " + action.classifier.nane + " has " +
/1 objects.size() + " instance(s).");

Val ueLi st references = new Val ueLi st ();
for (int i =0; i < objects.size(); i++) {
Val ue obj ect = objects. getValue(i);
Ref erence reference = null ;
if (object instanceof CS_Object) {
reference = new CS_Reference() ;
((CS_Reference)reference). conpositeReferent = (CS_Object)object ;

el se {
reference = new Reference()

reference.referent = (Cbject_) object;
ref erences. addVal ue(ref erence);

}

t his. put Tokens(action.result, references);

8.2.3 IntermediateActions

8.2.3.1 Overview

34 Precise Semantics of UML Composite Structures, version X



(fURAL:: SemanticsidctionsiIntermediatefctions)
AddstructuralFeatureValuelctionfctivation

(fUrAL:: Semanticsudctions:Intermediatefctions)
CreateOhjectActionfctivation

T

C5_ AddStructuralFeatureValuedctionfctivation

1

dofction(
dofictionDefaultd

C5_CreateQbjecthctionfctivation

dofction)

(fURL::SemanticsibctionsiIntermediatelctions)
ReadSelfActionfctivation

(fUrL:: Semanticsbctions:Intermediatelctions)
CreatelinkActionfctivation

T

T

C5 ReadSelfActionfctivation

dofction)

C5 Createlink&ctionfctivation

dofctioni)

Figure 18:: IntermediateActions diagram

8.2.3.2 Class descriptions
8.2.3.2.1 CS_AddStructuralFeatureValueActionActivati

Generalizations

on

e AddStructuralFeatureValueActionActivation (fromMUL::Semantics::Actions::IntermediateActions)

Attributes

* None

Associations

¢ None

Operations
[1] public doAction()

If the feature is a port and the input value to be added is a

/1 Reference,

/'l Replaces this Reference by an InteractionPoint,

/1 as usual.

/1 If the feature is not a port, behaves as usual

and then behaves

AddSt ruct ur al Feat ureVal ueAction action = (AddStructural Feat ureVal ueAction) (this.node);
Structural Feature feature = action.structural Feature;

if (!(feature instanceof Port)) {
/1 Behaves as usual
this.doActionDefaul t() ;

el se {

Val uelLi st inputVal ues = this.takeTokens(action.val ue);
/1 NOTE: Multiplicity of the value input pinis required to be 1..1.
Val ue inputVal ue = i nput Val ues. get Val ue(0);

if (inputValue instanceof Reference) {

/'l First constructs an InteractionPoint fromthe inputVal ue

Ref erence reference = (Reference)
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CS InteractionPoint interactionPoint = new CS_|nteractionPoint();
interacti onPoint.referent = reference.referent;
interacti onPoi nt.definingPort = (Port) feature;
/1 The val ue on action.object is necessarily instanceof
/'l ReferenceToConpositeStructure (otherw se, the feature cannot
/1 be a port)
CS_Reference owner = (CS_Reference) this.takeTokens(
action. object).getVal ue(0);
i nteracti onPoi nt.owner = owner;
/'l Then repl aces the Reference by an InteractionPoint
/1 in the inputVal ues
i nput Val ues. remove(0);
i nput Val ues. addVal ue(0, interactionPoint);
/1 Finally concludes with usual fUWM behavi or of
/1 AddStructural FeatureVal ueAction (i.e., the usual behavior
/1 when
/1 the value on action.object pinis a StructuredVal ue)
Integer insertAt = O;
if (action.insertAt != null)
insertAt = ((UnlimtedNatural Val ue) this.takeTokens(
action.insertAt).getValue(0)).val ue.natural Val ue;

}
if (action.isReplaceAll)
owner . set Feat ureVal ue(feature, inputValues, 0);

el se {
Feat ureVal ue featureVal ue = owner. get Feat ureVal ue(feature);
if (featureVal ue.values.size() >0 &insertAt == 0) {
/1 If there is no insertAt pin, then the structural
/1 feature nust
/1 be unordered, and the insertion position is
/1 imraterial.
insertAt = ((ChoiceStrategy) this.getExecutionLocus().factory
. get Strategy("choice"))
. choose(featureVal ue. val ues. si ze());
}
if (feature.multiplicityEl ement.isUnique) {
/1 Renpbve any existing value that duplicates the input
/1 val ue
Integer j = position(interactionPoint, featureValue.values, 1);
if (j >0)
f eatureVal ue. val ues. remove(j - 1);
if (insertAt >0 &j < insertAt) {
insertAt = insertAt - 1;
}
}
}
if (insertAt <= 0) {
/1 Note: insertAt = -1 indicates an unlinited val ue of
[ mEn
f eat ur eVal ue. val ues. addVal ue(i nt eracti onPoi nt);
} else {
f eat ureVal ue. val ues. addVal ue(insert At - 1, interactionPoint);
}
if (action.result !'= null)
this. put Token(action.result, owner);
}
}
el se {

/1 behaves as usual
this.doActionDefaul t () ;
}

}

[2] public doActionDefault()
Get the values of the object and val ue input pins.
/1 1f the given feature is an association end, then create a link
/1 between the object and val ue inputs.
/1 Otherwise, if the object input is a structural value, then add a
/1 value to the values for the feature.
/Il 1f isReplaceAll is true, first renove all current matching |inks or
/] feature val ues.
/1 If isReplaceAll is false and there is an insertAt pin, insert the
/1 value at the appropriate position.
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/1 This operation captures sane semantics as fUM

/1 AddStructural Feat ureVal ueActi onActi vati on. doAction(), except that

/1 when the feature is an association end, a CS Link will be created instead
/1 of a Link

AddSt ruct ur al Feat ureVal ueActi on action = (AddStructural Feat ureVal ueAction) (this.node);
Structural Feature feature = action. structural Feature;
Associ ation association = this.getAssociation(feature);

Val ue val ue = this.takeTokens(action. object).getVal ue(0);
Val uelLi st inputValues = this.takeTokens(action.val ue);

/1 NOTE: Multiplicity of the value input pinis required to be 1..1.
Val ue i nput Val ue = i nput Val ues. get Val ue(0);

int insertAt = 0,
if (action.insertAt != null)
insertAt = ((UnlimtedNatural Value) this
.takeTokens(action.insertAt).getVal ue(0)). val ue. natural Val ue;

}

if (association !'= null)
Li nkLi st links = this.getMtchingLi nks(associ ation, feature, value);

Property oppositeEnd = this.get OppositeEnd(association, feature);
int position = 0;
if (oppositeEnd.nultiplicityEl enent.isO dered) {

position = -1;

}

if (action.isReplaceAl) {

for (int i =0; i < links.size(); i++) {
Link link = l'inks.getValue(i);

l'i nk. destroy();

}
} elseif (feature.nmultiplicityEl enent.isUnique) {
f

or (int i =0; i <links.size(); i++)
Link link = links.getValue(i);
Feat ureVal ue featureVal ue = |ink. get Feat ureVal ue(feature);
if (featureVal ue.val ues. get Val ue(0). equal s(i nputVal ue)) {
position = |ink.get Feat ureVal ue(oppositeEnd). position;
if (insertAt > 0 & featureValue.position < insertAt) {
insertAt = insertAt - 1;

I}i nk. destroy();
}

}

}

CS_Li nk newLi nk = new CS_Li nk();
newlLi nk.type = associ ati on;

/1 This necessary when setting a feature value with an insertAt
/1 position
newLi nk. | ocus = this. get ExecutionLocus();

newLi nk. set Feat ureVal ue(feature, inputValues, insertAt);

Val uelLi st oppositeVal ues = new Val ueList();
opposi t eVal ues. addVal ue(val ue);
newli nk. set Feat ur eVal ue(opposi t eEnd, oppositeVal ues, position);

newLi nk. | ocus. add( newLi nk) ;

} else if (value instanceof StructuredValue) {
StructuredVal ue structuredVal ue = (StructuredVal ue) val ue;

if (action.isReplaceAl) {
struct uredVal ue. set Feat ur eVal ue(feature, inputValues, 0);
} else {
Feat ureVal ue featureValue = structuredVal ue
. get Feat ureVal ue(feature);

if (featureVal ue.values.size() >0 & insertAt ==
/1 *** |f there is no insertAt pin, then the structural
/Il feature nust be unordered, and the insertion position is
/] imraterial. ***
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insertAt = ((ChoiceStrategy) this.getExecutionLocus().factory
.get Strategy("choi ce")).choose(featureVal ue. val ues
.size());

}

if (feature.multiplicityEl ement.isUnique)
/'l Remove any existing value that duplicates the input val ue

int j = position(inputValue, featureValue.values, 1);
if (j >0 {
f eatureVal ue. val ues.remove(j - 1);
if (insertAt >0 &) < insertAt) {
insertAt = insertAt - 1,
}
}
}
if (insertAt <= 0) { // Note: insertAt = -1 indicates an
/1 unlimted val ue of "*"
f eat ur eVal ue. val ues. addVal ue(i nput Val ue) ;
} else {
f eatureVal ue. val ues. addVal ue(i nsert At - 1, inputValue);
}
}
}
if (action.result !'= null) {
t hi s. put Token(action.result, value);
}

8.2.3.2.2 CS_CreateLinkActionActivation

Generalizations

» CreateLinkActionActivation (from fUML::Semanticgctions::IntermediateActions)

Attributes

¢ None

Associations

* None

Operations
[1] public doAction()

Get the extent at the current execution |ocus of the association for
which a link is being created.

Destroy all

i sRepl aceAll is true.

given end data val ues,

links that have a value for any end for which

at the current locus, with the

inserted at the given insertAt position (for ordered ends).
fUML semantics is extended in the sense that a CS_ Link is created instead of

a Link
Creat eLi nkAction action =
Associ ation |inkAssociation
Ext ensi onal Val uelLi st extent

i nkAssoci ation);

Li nk ol dLink = null;
for (int i =0; i

Link link =

/1
/1
/1
/1
/! Create a new link for the association,
/1
/1
/1
/1

< extent.size();
Ext ensi onal Val ue val ue

(CreatelLi nkAction) (this.node);
Li nkEndCr eat i onDat aLi st endDat aLi st =

acti on. endDat a;

thi s. get Associ ation();
t hi s. get Executi onLocus() . get Ext ent (

i ++
= extent.getVal ue(i);

(Li nk) val ue;

38

bool ean noMatch = true;

int j =1;

while (noMatch & j <= endDatalist.size())

Li nkEndCr eati onDat a endDat a = endDat alLi st. get Val ue(j - 1);
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if (endData.isReplaceAll
& this. endvat chesEndDat a(l i nk, endData)) {
ol dLi nk = link;
i nk. destroy();
noMat ch = fal se;

}

=1 +1
}
CS_Link newLink = new CS_Li nk();
newLi nk. type = |inkAssociati on;

/'l This necessary when setting a feature value with an insertAt position
newLi nk. | ocus = this. get ExecutionLocus();

for (int i =0; i < endDatalist.size(); i++)
Li nkEndCr eati onDat a endDat a = endDat aLi st. get Val ue(i);

int insertAt;
if (endData.insertAt == null) {
insertAt = 0;
} else {
insertAt = ((UnlimtedNatural Value) (this
.takeTokens(endDat a. i nsert At). get Val ue(0))) . val ue. nat ur al Val ue;
if (oldLink !'= null)
i f (ol dLi nk. get Feat ureVal ue(endDat a. end) . position < insertAt) {
insertAt = insertAt - 1,
}
}

newLi nk. set Feat ur eVal ue( endDat a. end,
thi s.takeTokens(endDat a. val ue), insertAt);

}
t hi s. get Executi onLocus() . add( newLi nk) ;

8.2.3.2.3 CS_CreateObjectActionActivation

Generalizations

e CreateObjectActionActivation (from fUML::Semantiosctions::IntermediateActions)

Attributes

* None

Associations

e None

Operations

[1] public doAction()
Create an object with the given classifier (which nust be a class) as
/Il its type, at the same |ocus as the action activation.
/1 Place a reference to the object on the result pin of the action.
/1 Extends fUML semantics in the sense that the reference placed
/1 on the result pinis a CS_Reference (in the case where the instantiated object
/1l is a CS_(hject) not a Reference
/1 Note that Locus.instantiate(C ass) is extended in this specification
/1 to produce a CS_(bject instead of an Cbject in the case where the class
/! to be instantiated is not a behavior

Creat eObj ect Acti on action = (CreateCbjectAction) (this.node);

Ref erence reference ;
Ohj ect _ referent = this.getExecutionLocus().instantiate((d ass_) (action.classifier));
if (referent instanceof CS Object) {

reference = new CS_Ref erence()

((Cs_Reference)reference).conpositeReferent = (CS_Object)referent ;
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el se {
reference = new Reference()

reference.referent = referent ;

t his. put Token(action.result, reference);

8.2.3.2.4 CS_ReadSelfActionActivation

Generalizations

* ReadSelfActionActivation (from fUML::Semantics::fi@ns::IntermediateActions)

Attributes

e None

Associations

* None

Operations

[1] public doAction()
Get the context object of the activity execution containing this
/] action activation and place a reference to it on the result output
/1 pin.
/1 Extends fUML senantics in the sense that the reference placed on
/1 the result pinis a CS_Reference, not a Reference

/1 Debug. println("[ReadSel f ActionActivation] Start...");
CS_Reference context = new CS_Reference();
context.referent = this.getExecutionContext();

if (context.referent instanceof CS Object) {// i.e. alternatively, it can be an execution
cont ext . conpositeReferent = (CS_(bj ect)context.referent
}

/| Debug. println("[ReadSel f Acti onActivation] context object =" +
/1 context.referent);

QutputPin resultPin = ((ReadSel fAction) (this.node)).result;
t his. put Token(resul t Pin, context);

8.3 Classes

8.3.1 Overview
8.3.2 Kernel

8.3.2.1 Overview
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(fUrAL:: Semantics:Classes:kKernel)
InstanceValueEwvaluation

% InstancefalueEvaluation
evaluate(): Value

Figure 19:: Kernel diagram

8.3.2.2 Class descriptions
8.3.2.2.1 CS_InstanceValueEvaluation

Generalizations

* InstanceValueEvaluation (from fUML::Semantics::€as::Kernel)

Attributes

e None

Associations

* None

Operations

[1] public evaluate() : Value
/1 If the instance specification is for an enuneration, then return the
/1 identified enumeration literal.
/1 1f the instance specification is for a data type (but not a prinmtive
/1 value or an enuneration), then create a data value of the given data
Il type.
/1 If the instance specification is for an object, then create an object
/1 at the current locus with the specified types.
/1 Set each feature of the created value to the result of evaluating the
/1 val ue specifications for the specified slot for the feature.
/1 Extends fUML semantics in the sense that when the instance specification
/1 is for an object which is not typed by a Behaviore, A CS_Reference (to a
/1 CS_(bject) is produced instead of a Reference (to an bject)

/1 Debug.println("[eval uate] |nstanceVal ueEval uation...");

I nst anceSpeci fication instance = ((InstanceVal ue) this.specification).instance;
ClassifierList types = instance.classifier;
Classifier nyType = types. getVal ue(0);

Debug. printIn("[evaluate] type = " + nyType. nane);

Val ue val ue;

if (instance instanceof EnunerationLiteral) {
/1 Debug.println("[evaluate] Type is an enuneration.");
Enuner ati onVal ue enunerati onVal ue = new Enunerati onVal ue();
enuner ati onVal ue.type = (Enuneration) mnyType;
enunerationValue.literal = (EnunmerationLiteral) instance;
val ue = enunerationVal ue;

el se {
Struct uredVal ue structuredval ue = nul | ;

if (nyType instanceof DataType) {
/1 Debug.printin("[evaluate] Type is a data type.");
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Dat aVal ue dat aVal ue = new Dat aVal ue();

dat aVal ue.type = (DataType) nyType;

structuredVal ue = dat aVal ue;

}

el se {

bj ect _ object = null;

if (nyType instanceof Behavior) {
/1 Debug.println("[evaluate] Type is a behavior.");
object = this.locus.factory.createExecution(

(Behavi or) nyType, null);

el se {
/1 Debug.println("[evaluate] Type is a class.");
obj ect = new CS_(bj ect();
for (int i =0; i < types.size(); i++) {
Classifier type = types. getVal ue(i);
obj ect . types. addVal ue((Cl ass_) type);
}

}

this. | ocus. add(obj ect);

Ref erence reference ;
if (object instanceof CS_bject) {
reference = new CS_Reference();
((CS_Reference)reference). conpositeReferent = (CS_Obj ect) obj ect

el se {

}

reference.referent = object;
structuredVal ue = reference;

reference = new Reference()

structuredVal ue. creat eFeat ur eVal ues() ;

/1 Debug.println("[evaluate] " + instance.slot.size() +
Il " slot(s).");

SlotLi st instanceSlots = instance. sl ot;

for (int i =0; i < instanceSlots.size(); i++) {
Sl ot slot = instanceSl ots. getValue(i);

Val ueLi st val ues = new Val uelLi st ();

/1 Debug.println("[evaluate] feature =" +

/1 slot.definingFeature.nane + ", " + slot.value.size() +
/1 " value(s).");

Val ueSpeci fi cati onLi st sl ot Val ues = sl ot.val ue;

for (int j =0; j < slotValues.size(); j++)
Val ueSpeci fication slotVal ue = sl ot Val ues. get Val ue(j);
/1 Debug.println("[evaluate] Value =" +

/1 slotVal ue.getd ass().getNane());
val ues. addVal ue(thi s. | ocus. execut or. eval uat e(sl ot Val ue) ) ;

struct ur edVal ue. set Feat ur eVal ue( sl ot. defi ni ngFeat ure, val ues, 0);

}

val ue = structuredVal ue;

}

return val ue;

8.4 CommonBehaviors
8.4.1 Overview
8.4.2 Communications

8.4.2.1 Overview
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(fUkL:Semantics:ClassesiKernel)

5 ticStrat
RedefinitionBasedDispatchStrategy SRl

i i

- - CE_StructuraifeatureOfinterfaceAccessStrategy
C5_DispatchOperationOflnterfaceStrategy

operationshatch: Operation, : Operation): Boolean

getMarmel: String
read(: C5_Object, @ StructuralFeature): FeatureWalue

wirite(: C5_Object, @ StructuralFeature, @ Value [Y], Integer)

T

C5 MameBased_StructuralFeatureOflnterfacefccessStrateqy

read(: C5_Object, @ StructuralFeature): FeatureValue
werite( ) C5_Object, @ StructuralFeature, @ Value [*], :Integen

Figure 20:: Communications diagram

8.4.2.2 Class descriptions
8.4.2.2.1 CS_DispatchOperationOfinterfaceStrategy

Generalizations

* RedefinitionBasedDispatchStrategy (from fUML::Seties::Classes::Kernel)

Attributes

¢ None

Associations

¢ None

Operations

[1] public operationsiMat ch(ownedOperati on: Operati on, baseCperation: Operati on) : Bool ean
/1 COverride operationsMatch, in the case where baseOperation bel ongs
/1 to an Interface.

/1 In this case, ownedOperation natches baseOperation if it has the sane nane and signature

/1 Otherwi se, behaves |ike fUWM RedefinitionBasedD spatchStrategy
bool ean matches = true ;
if (baseQperation. nanespace instanceof Interface) {
mat ches = (baseQperati on. name == ownedOper ati on. nane)
mat ches = matches && (baseOperati on. ownedPar anet er. si ze() ==
ownedQper at i on. ownedPar anet er . si ze())
Par anet er Li st ownedOper ati onPar anet ers = ownedOper ati on. ownedPar aneter ;
Par anet er Li st baseOper ati onParaneters = baseOperati on. ownedPar aneter ;
for (int i =0 ; matches == true & i < ownedQperati onParaneters. si ze()
Par anet er ownedPar anet er = ownedOper ati onPar anet ers. get Val ue(i) ;
Par amet er basePar aneter = baseQperati onPar anet ers. get Val ue(i)
mat ches = (ownedPar aneter.type == baseParaneter.type) ;
mat ches = mat ches && (ownedParaneter.nultiplicityEl ement.|ower ==
ownedPar aneter.nul tiplicityEl ement. | ower)
mat ches = matches && (ownedParaneter. nultiplicityEl ement. upper ==
ownedPar aneter. nul tiplicityEl ement. upper)

mat ches = mat ches && (ownedPar anet er. di recti on == ownedPar aneter. direction)

el se {
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mat ches = super. operati onsMat ch(ownedOper ati on, baseCperation) ;

}

return matches ;

8.4.2.2.2 CS_NameBased_StructuralFeatureOfinterfaceA ccessStrategy

Generalizations

» CS_StructuralFeatureOfinterfaceAccessStrategyn(fro
CompositeStructuresSyntaxAndSemantics::Semantmsin@nBehaviors::Communications)

Attributes

¢ None

Associations

¢ None

Operations

[1] public read(cs_Object:CS_(bject, feature: Structural Feature) : FeatureVal ue

/1 returns the a copy of the first feature value of cs_Object where the nane

/1 of the corresponding feature matches the nane of the feature given as a paraneter

/1l Otherwi se, returns an enpty feature val ue

Feat ur eVal ueLi st featureVal ues = cs_nbj ect. f eat ureVal ues ;

Feat ur eVal ue nmat chi ngFeatureVal ue = nul | ;

for (int i =0 ; i < featureVal ues.size() && matchi ngFeatureVal ue == nul |
Feat ureVal ue featureVal ue = featureVal ues. get Val ue(i)
if (featureVal ue.feature.nane. equal s(feature.nane)) {
mat chi ngFeat ur eVal ue = featureVal ue ;

}

if (matchingFeatureValue !'= null) {

mat chi ngFeat ur eVal ue = mat chi ngFeat ur eVal ue. copy()
mat chi ngFeat ureVal ue. feature = feature ;

;i) |

el se {
mat chi ngFeat ur eVal ue = new Feat ureVal ue() ;
mat chi ngFeat ureVal ue. feature = feature ;
mat chi ngFeat ur eVal ue. val ues = new Val uelList() ;
mat chi ngFeat ur eVal ue. position = 0 ;
}

return mat chi ngFeat ureVal ue ;

[2] public wite(cs_Onject: CS_Object, feature: Structural Feature, val ues:Val ue[*], position:I|nteger)
/'l Retrieves the first feature value of cs_CObject where the nane of the corresponding feature
/'l matches the name of the feature given as a paraneter
/'l Then updates the values for this feature val ue
Feat ur eVal ueLi st featureValues = cs_(bj ect. f eatureVal ues ;

Feat ur eVal ue nmat chi ngFeatureVal ue = nul | ;
for (int i =0 ; i < featureVal ues.size() && matchi ngFeatureVal ue == nul |
Feat ureVal ue featureVal ue = featureVal ues. get Val ue(i)
if (featureVal ue.feature.nane. equal s(feature.nane)) {
mat chi ngFeat ur eVal ue = featureVal ue ;
}

if (matchingFeatureValue !'= null) {
cs_nj ect . set Feat ur eVal ue( mat chi ngFeat ur eVal ue. feature, val ues, position)
}

;i) |
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8.4.2.2.3 CS_StructuralFeatureOfinterfaceAccessStrat  egy

Generalizations

» SemanticStrategy (from fUML::Semantics::Loci::Lbt)

Attributes

e None

Associations

* None

Operations
[1] public getName() : String

/1 Structural FeatureAccessStrategy are always nanmed "structural Feature"
return "structural Feature";

[2] public abstract read(cs_Object:CS Object, feature: Structural Feature) : FeatureVal ue

[3] public abstract wite(cs_QObject: CS_Ohject, feature: Structural Feature, val ues: Val ue[*],

posi tion: | nteger)

8.5 CompositeStructures
85.1 Overview
8.5.2 InvocationActions

8.5.2.1 Overview
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Signallnstance

{fUML:Semantics:CommonBehaviors:Communications)

CS Signallnstance

[0.1]

copyi): Value
new_{J): Yalue

+ interactionPoint

(SemanticsiCompositeStructures: StructuredClasses)

CS InteractionPoint

(fUML:SemanticsiActions: CompleteActions)
AcceptEventActionfctivation

(fUML::SermanticsiActions:BasicActions)
SendSighal&ctionActivation

(fUML::SemanticsiActions:BasicActions)
CallOperationActionfctivation

T

T

T

CS_AcceptBventictionActivation

CS_SendSignalActionActivation

CS_CallOperationActionActivation

matchi: Signallnstance): Boolean

dodction)

getCallExecution(): Execution

dodctionDefault

[fUML:Semantics: LocizLocil 1)
SemanticStratzgy

T

C3_ReguestPropagationStrategy

getMame(): String
select(: Reference [*], : SemanticVisitor): Reference

1

C§ DefaultRequestPropagationStrategy
select(: Reference [*], : SemanticVisitor): Reference

Figure 21:: InvocationActions diagram

8.5.2.2 Class descriptions

8.5.2.2.1 CS_AcceptEventActionActivation

Generalizations

» AcceptEventActionActivation (from fUML::SemanticActions::CompleteActions)

Attributes

¢ None

Associations

* None

Operations

[1] public match(signallnstance: Si gnal | nstance) : Bool ean

Return true if the given signal instance natches a trigger of the accept
event action of this activation.

Mat ching inplies that the type of the signallnstance matches the Signal
of one of the triggers.

When the type matches with the Signal, and if the trigger specifies a
list of ports,

~—————
~—————
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/1 the signallnstance matches the trigger only if it occurred on a port
/1 identified in the list.

Accept Event Action action = (Accept Event Action)(this.node) ;
TriggerlList triggers = action.trigger
Si gnal signal = signallnstance.type ;

Bool ean matches = fal se;
Integer i = 1;
while (!matches & i <= triggers.size()) {
Trigger t = triggers.getValue(i-1) ;
mat ches = ((Signal Event)t.event).signal == signal
if (matches & t.port.size()>0 ) {
PortList portsOFTrigger = t.port ;
Port onPort =
((CS_Si gnal I nstance) si gnal | nstance) . i nteracti onPoi nt. definingPort ;
Bool ean portMatches = fal se ;
Integer j =1 ;
while (! portMatches & j <= portsOFTrigger.size() ) {
port Matches = onPort == portsOf Trigger.getVal ue(j-1) ;
=i+

mat ches = port Matches ;

}

return matches;

8.5.2.2.2 CS_CallOperationActionActivation

Generalizations

» CallOperationActionActivation (from fUML::SemansicActions::BasicActions)

Attributes

¢ None

Associations

* None

Operations

[1] public getCall Execution() : Execution
If onPort is not specified, behaves like in fUML
/1 1f onPort is specified, and if the value on the target input pinis a
/'l reference, dispatch the operation
/! to it and return the resulting execution object.
/1l As conpared to fUM., instead of dispatching directly to target reference
/1 by calling operation dispatch:
/Il - if the target is to be the sanme as or a container of (directly or indirectly)
/'l the object executing the Action, the called Operation shall belong to a required
/1 Interface of onPort, and dispatchCQut is called on the target reference

/1 so that the operation call wll be dispatched to the environment
/1 (fromwhere the execution will be taken)
/1l - if the target is NOT to be the sane as or a container of (directly or indirectly)

/'l the object executing the Action, the called Operation shall belong to a provided
/1 Interface of onPort, and operation dispatchln is called so that the operation call
/Il will be dispatch to the internals of the target object (fromwhere the execution
/1 will be taken).

Cal | OperationAction action = (Call OperationAction)(this.node);
Execution execution = null ;
if (action.onPort == null )

execution = super.getCal | Execution() ;

el se {
Val ue target = this.takeTokens(action.target).getValue(0);
if (target instanceof CS Reference) {
/1l Tries to determine if the operation call has to be
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/1 dispatched to the environnent or to the internals of

/1 target, through onPort

CS_Reference target Reference = (CS_Reference)target ;

Obj ect _ executionContext = this.group.activityExecution.context ;

if (executionContext == targetReference.referent
|| target Reference. conpositeReferent. contains(executionContext)) {
execution = target Ref erence. di spat chQut (acti on. operati on, action.onPort);

el se {

}
}

return execution;

execution = target Ref erence. di spatchl n(action. operation, action.onPort);

8.5.2.2.3 CS_DefaultRequestPropagationStrategy

Generalizations
» CS_RequestPropagationStrategy (from
CompositeStructuresSyntaxAndSemantics::SemantmsipOsite Structures::InvocationActions)
Attributes

* None

Associations

e None

Operations

[1] public select(potential Targets: Reference[*], context:SemanticVisitor) : Reference[*]
/1 returns all potential targets in the case where the context is a SendSignal ActionActivation
/1 returns the first potential target in the case where the context is anything el se
Ref erenceli st sel ectedTargets = new ReferenceList() ;
if (context instanceof SendSignal ActionActivation) {

for (int i =0 ; i < potential Targets.size() ; i++) {
sel ect edTar get s. addVal ue(potenti al Targets. get Val ue(i))
}

el se {
if (potential Targets.size() >= 1)
sel ect edTar get s. addVal ue(potenti al Targets. get(0))

}
return sel ectedTargets;
8.5.2.2.4 CS_RequestPropagationStrategy

Generalizations

e SemanticStrategy (from fUML::Semantics::Loci::Lbt})

Attributes

* None

Associations

* None
Operations

[1] public getNanme() : String
/1 a CS_Request Propagati onStrategy are al ways naned "request Propagati on"
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return "request Propagation”;

[2] public abstract select(potential Targets: Reference[*], context: SemanticVisitor)

8.5.2.2.5 CS_SendSignalActionActivation

Generalizations

e SendSignalActionActivation (from fUML::SemanticActions::BasicActions)

Attributes

* None

Associations

e None

Operations

[1] public doAction()
If onPort is not specified, behaves like in fUML

/1 1f onPort is specified,
/] CGet the value fromthe target pin. If the value is not a reference,
/1 then do not hi ng.
/1 Otherw se, construct a signal using the values fromthe argunent pins
/1l As conpared to fUM., instead of sending directly to target reference
/1 by calling operation send:

Ref erence[ *]

/1l - if the target is to be the sane as or a container of (directly or indirectly)
/1 the object executing the Action, the Signal shall be related to a Reception bel onging

/1 to arequired interface of onPort, and sendQut is called on the target reference
/Il so that the signal will be sent to the environment
/1 - if the target is NOT to be the sane as or a container of (directly or indirectly)

/1 the object executing the Action, the Signal shall be related to a Reception bel ongi ng
/1l to a provided Interface of onPort, and operation sendln is called so that the signal

/1 will be sent to the internals of the target object
SendSi gnal Action action = (SendSi gnal Action)(this. node);

if (action.onPort == null) {
/1 Behaves like in fUM
thi s. doActi onDef aul t ()

el se {
Val ue target = this.takeTokens(action.target).getValue(0) ;

if (target instanceof CS_Reference) {

/1 Constructs the signal instance

Si gnal signal = action.signal;

CS_Signal I nstance si gnal I nstance = new CS_Si gnal I nstance();
signal | nstance.type = signal;

PropertyList attributes = signal.ownedAttri bute;
I nput Pi nLi st argument Pi ns = action. argunent ;
Integer i =0 ;
while (i < attributes.size()) {
Property attribute = attributes. getValue(i);
I nput Pi n argunent Pi n = ar gunent Pi ns. get Val ue(i);
Val ueLi st val ues = this.takeTokens(argunentPin);
si gnal | nst ance. set Feat ureVal ue(attribute, values, 0);

}

/Il Tries to determine if the signal has to be

// sent to the environment or to the internals of

/1 target, through onPort

CS_Reference target Reference = (CS_Reference)target

//Port onPort = action.onPort ;

Obj ect _ executionContext = this.group.activityExecution.context
if (executionContext == targetReference.referent

|| target Ref erence. conpositeReferent. contains(executionContext)) {
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t ar get Ref er ence. sendQut (si gnal | nstance, action.onPort);

el se {

}
}

t ar get Ref erence. sendl n(si gnal | nstance, action.onPort);

}

[2] public doActionDefault()
/Il Get the value fromthe target pin. If the value is not a reference,
/1 then do not hing.
/1l Otherwi se, construct a signal using the values fromthe argument pins
/1 and send it to the referent object.
/1 This operation captures sanme semantics as fUWML
/1 SendSi gnal Acti onActi vation. doAction() except that it constructs
/1 a CS_Signal Instance instead of a Signallnstance

SendSi gnal Action action = (SendSi gnal Action) (this.node);
Val ue target = this.takeTokens(action.target).getValue(0);

if (target instanceof Reference) {
Signal signal = action.signal;

CS_Signal I nstance signal I nstance = new CS_Si gnal I nstance();
si gnal | nstance. type = signal;

PropertyList attributes = signal.ownedAttri bute;

| nput Pi nLi st argunent Pins = action. argunent;

for (int i =0; i < attributes.size(); i++) {
Property attribute = attributes. getValue(i);

I nput Pi n argunent Pi n = ar gunent Pi ns. get Val ue(i);

Val uelLi st val ues = this.takeTokens(argunentPin);

si gnal | nst ance. set Feat ureVal ue(attribute, values, 0);

}

((Reference) target).send(signallnstance);

8.5.2.2.6 CS_Signallnstance

Generalizations

» Signallnstance (from fUML::Semantics::CommonBebasi: Communications)

Attributes

e None

Associations

* interactionPoint : CS_InteractionPoint[0..1], TinéeractionPoint on which this signal instance aedu

Operations

[1] public copy() : Value
/]l Create a new signal instance with the same type, interaction point and
/1 feature values as this signal instance.
CS_Signal I nstance newal ue = (CS_Si gnal | nstance) (super.copy());
newval ue.type = this.type ;
newVal ue. i nteractionPoint = this.interacti onPoint
return newval ue;

[2] public new () : Value
/

Create a new signal instance with no type or feature val ues.
return new CS_Si gnal | nstance();
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8.5.3 StructuredClasses

8.5.3.1 Overview

D {fUML::Semantics::Classes:Kernel) + referent {FUML::Serantics:Classes:Kernel)
Reference Object
? CS Object
CS_Reference dispatchIn{: Operation, : CS_InteractionPoint): Execution
dispatchIng: Operation, : CS_InteractionPoint): Execution sendIn(: Signallnstance, : CS_InteractionPoint)
sendIn(: Signallnstance, : CS_InteractionPoint) dispatchOut(: Operation, : CS_InteractionPoint): Execution
dispatchOut(: Operation, : Port): Execution sendOut(: Signallnstance, : CS_InteractionPoint)
sendOut(: Signallnstance, : Port) selectTargetsForSending(: CS_Link, : CS_InteractionPoint, : ConnectorKind, : Signal, : Boolean): Reference
dispatchIng: Operation, : Port): Execution selectTargetsForDispatching( : CS_Link, : CS_InteractionPoint, : ConnectorKind, : Operation, : Boolean): Reference
sendIn(: Signallnstance, : Port) + referenceToCompositeStructure getFeatureValue(: StructuralFeature): FeatureValue
dispatchOut(: Operation, : CS_InteractionPoint): Execution setFeatureValue(: StructuralFeature, :Value [*], :Integer)
sendQut(: Signallnstance, : CS_InteractionPoint) + compositeReferent {subsets referent}| contains(: Object): Boolean
directlyContains(: Object): Boolean
+ owner getDirectContainers(: CS_Object
isOperationProvided(: Reference, : Operation): Boalean
isOperationRequired(: Reference, : Operation): Boalean
+interactionPoint | [*] isReceptionProvided( : Reference, : Signal): Boolean
N . isReceptionRequired(: Reference, : Signal): Boolean
. CS InteractionPoint petLinkKind(: £5.Link, £ CS InteractioaPolnty, €3 Linkkind
startBehavior(: Class, : ParameterValue) getlinks(: CS_ InteractionPoint): CS_Link
1 dispatch(: Operation): Execution hasValueFor&Feature( : Value): Boolean
send(: Signallnstance) sendOut( : Signallnstance, : Port)
dispatchOut(: Operation, : Port): Execution
+interactionPoint dispatchIn(: Operation, : Port): Execution

sendIn(: Signallnstance, : Port)

+ definingPort

(Syntax::CompositeStructures::Parts) (fUML:SemanticsiClassesiKernel)
Port Link
«Enumeration»
CS LinkKind LF
ToEnvironment CS_Link
Tolntetnal hasValueFor&Feature( : Value): Boolean
None

Figure 22:: StructuredClasses diagram

8.5.3.2 Class descriptions
8.5.3.2.1 CS_InteractionPoint

Generalizations

» Reference (from fUML::Semantics::Classes::Kernel)

Attributes

* None

Associations

e owner: CS_Reference[l..1], Represents the Raferemthe CompositeObject owning this InteractiahPo
NOTE: This is introduced to address requiremen{IR&presents the "link from that instance toitteance of
the owning classifier [...] through which commurtioa is forwarded to the instance of the owningssifier or
through which the owning classifier communicates)

» definingPort : Port[1..1], The Port for which thigeractionPoint is a runtime manifestation

Operations

[1] public dispatch(operation: Operation) : Execution
/'l Del egates dispatching to the owni ng object
return this.owner.dispatchln(operation, this) ;
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[2] public send(signallnstance: Signallnstance)
Del egat es sending to the owni ng obj ect
t hi s. owner. sendl n(si gnal | nstance, this)

[3] public startBehavior(classifier:d ass, inputs:ParaneterVal ue[*])
/1 Overriden to do nothing

8.5.3.2.2 CS_Link

Generalizations

e Link (from fUML::Semantics::Classes::Kernel)

Attributes

* None

Associations

e None

Operations

[1] public hasVal ueFor AFeat ur e(val ue: Val ue) : Bool ean
/! Returns true if the given value object is used as a value for a FeatureValue of this link
Feat ur eVal ueLi st al | Feat ureVal ues = this. get Feat ur eVal ues()
Integer i =1
bool ean i sAval ue = fal se
while (i <= all FeatureVal ues. size() && !isAvalue) {
Feat ureVal ue featureVal ue = all Feat ureVal ues. get Val ue(i -1)
i sAVal ue = !featureVal ue.val ues.i senpty() &&
f eat ureVal ue. val ues. get Val ue(0) . equal s(val ue)
i =i +1

return i sAval ue
8.5.3.2.3 CS_LinkKind

Generalizations

e None
Enumeration literals
e ToEnvironment

e Tolnternal

e None
8.5.3.2.4 CS_Object

Generalizations

* Object (from fUML::Semantics::Classes::Kernel)

Attributes

e None
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Associations

e None

Operations

[1] public contains(object: Object) : Bool ean

/'l Determines if the object given as a paraneter is directly

/1 or indirectly contained by this CS_Object

bool ean obj ectlsContai ned = this.directlyContains(object) ;

/1l if object is not directly contained, restart the research

Il recursively on the objects owned by this CS_(bject

for (int i =0 ; i < this.featureValues.size() & !objectlsContained ; i++) {
Feat ureVal ue featureVal ue = this.featureVal ues. getValue(i) ;
Val ueLi st val ues = featureVal ue. val ues ;
for (int j =0 ; j < values.size() & !objectlsContained ; j++) {
Val ue val ue = val ues. getVal ue(j) ;
if (value instanceof CS_(bject) {

obj ect | sContai ned = ((CS_(nhj ect)val ue). contai ns(object) ;

el se if (value instanceof CS_Reference)
CS (Ohject referent = ((CS_Reference)val ue). conpositeReferent ;
obj ectl sCont ai ned = referent. contains(object)

}

}

return obj ectlsContai ned;

[2] public directlyContains(object: Object) : Bool ean
/Il Determines if the object given as a paraneter is directly
/1 contained by this CS_(hject
bool ean obj ectlsContai ned = fal se ;
for (int i =0 ; i < this.featureValues.size() & !objectlsContained ; i++) {
Feat ureVal ue featureValue = this.featureVal ues. get Val ue(i) ;
Val ueLi st val ues = featureVal ue. val ues ;

for (int j =0 ; j < values.size() & !objectlsContained ; j++) {
Val ue val ue = val ues. get Val ue(j)
if (value == object) {

obj ectl sContai ned = true ;

else if (value instanceof CS Reference) {
obj ectl sContai ned = (((CS_Reference)val ue).referent == object)

}
}
return obj ectlsContai ned;

[3] public dispatchln(operation: Operation, interactionPoint:CS |InteractionPoint) : Execution
/1 1f the interaction point refers to a behavior port, does nothing [for the nonent... ?],
/1 since the only kind of event supported in fUML is Signal Event
/1 If it does not refer to a behavior port, select appropriate delegation |inks
/1l frominteractionPoint, and propagates the operation call through
/1 these |inks
Execution execution = null ;
if (interactionPoint.definingPort.isBehavior) {
/1 Do not hing

el se {

bool ean operationl sProvided = true ;

Ref erencelLi st potential Targets = new ReferenceList() ;

CS_Li nkLi st cddLi nks = this. getLinks(interactionPoint)

Integer linklndex =1

while (linklndex <= cddL| nks size()) {

Ref erenceli st validTargets =

t hi s. sel ect Tar get sFor Di spat chi ng(cddLi nks. get Val ue(li nkl ndex - 1),

i nteracti onPoi nt, ConnectorKi nd. del egati on, operation, operationlsProvided)

Integer targetindex = 1 ;

whi | e(targetlndex <= val | dTar gets. si ze())
potenti al Targets. add(val i dTar get s. get Val ue(t ar get| ndex-1))
targetlndex = targetindex + 1 ;

}
I'i nkl ndex = |inklndex + 1 ;
/1 |f potential Targets is enpty, no del egation target have been found,

/1 and the operation call wll be |ost
if (! (potential Targets.size()==0)) {
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CS_Request PropagationStrategy strategy =

(CS_Request PropagationStrategy)this.|ocus.factory. getStrategy("requestPropagation") ;
/1 Choose one target non-determnistically
Ref erenceli st targets = strategy. sel ect(potential Targets, new

Cal | Operati onActionActivation()) ;

Ref erence target = targets. getVal ue(0)
execution = target.dispatch(operation) ;

}

return execution ;

[4] public dispatchln(operation: Operation, onPort:Port) : Execution

/'l del egates dispatching to conposite referent
/1 Select a CS_InteractionPoint value playing onPort,
/1 and dispatches the operation call to this interaction point
Feat ureVal ue featureVal ue = this. getFeatureVal ue(onPort)
Val ueLi st val ues = featureVal ue. val ues ;
I nteger choice = ((ChoiceStrategy) this.locus.factory
.get Strategy("choice"))
.choose(featureVal ue. val ues. si ze()) - 1;
CS_InteractionPoint interactionPoint = (CS_InteractionPoint)val ues. get Val ue(choi ce)
return interactionPoint.di spatch(operation) ;

[5] public dispatchQut(operation: Qperation, interactionPoint:CS |InteractionPoint) : Execution

Sel ect appropriate delegation |links frominteractionPoint,

and propagates the operation call through these |inks

Appropriate links are either |links which target el enents

in the environment of this CS_Object.

These can be delegation links (i.e, the targeted el ements nust
require the operation) or assenbly links (i.e., the target elenents
must provide the operation)

~—— e~~~
~—— e~~~

Execution execution = null

bool ean operationlsNotProvided = false ; // i.e. it is required
Ref erenceli st all Potential Targets = new ReferencelList() ;

Ref er encelLi st targetsForDi spat chi ngln = new ReferenceList() ;
Ref er enceli st target sFor Di spat chi ngQut = new Referenceli st ()

CS_Li nkLi st cddLi nks = this. getLinks(interactionPoint)
Integer linklndex =1 ;
whil e (linklndex <= cddLi nks. size()) {

Ref erenceli st val i dAssenbl yTargets =

t hi s. sel ect Tar get sFor Di spat chi ng(cddLi nks. get Val ue(li nkl ndex - 1),
i nteracti onPoi nt, ConnectorKind. assenbly, operation, operationlsNotProvided)

Integer targetindex = 1 ;

whi | e(targetlndex <= validAssenbl yTargets.size()) {

al | Pot enti al Tar get s. addVal ue(val i dAssenbl yTar get s. get Val ue(target | ndex-1)) ;

t ar get sFor Di spat chi ngl n. addVal ue(val i dAssenbl yTar gets. get Val ue(targetl| ndex-1))
targetlndex = targetindex + 1 ;

Ref erenceli st val i dDel egati onTargets =

t hi s. sel ect Tar get sFor Di spat chi ng(cddLi nks. get Val ue(li nkl ndex - 1),

i nteracti onPoi nt, ConnectorKi nd. del egati on, operati on,

oper at i onl sNot Provi ded)

targetindex = 1 ;

whi | e(targetlndex <= validDel egationTargets.size()) {

al | Pot enti al Tar get s. addVal ue(val i dDel egati onTar gets. get Val ue(targetlndex-1)) ;
t ar get sFor Di spat chi ngQut . addVal ue(val i dDel egati onTar get s. get Val ue(target | ndex-1))
targetlndex = targetindex + 1 ;

linklndex = |inklndex + 1 ;

}
CS_Request PropagationStrategy strategy =

(CS_Request Propagati onStrategy)this.locus.factory. getStrategy("request Propagati on")

Ref erenceli st sel ectedTargets = strategy. sel ect(all Potential Targets, new

SendSi gnal Acti onActivation()) ;

for (int j =0 ; j < selectedTargets.size() ; j++) {

54

Ref erence target = sel ectedTargets. getVal ue(j)

for (int k =0 ; k < targetsForDi spatchingln.size() & execution == null ; k++) {
Ref erence cddTarget = targetsForDi spatchi ngln. getVal ue(k) ;

if (cddTarget == target) {
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execution = target.dispatch(operation) ;

|

for (int k =0 ; k < targetsForDi spatchingQut.size() & execution == null ; k++) {
/1 The target nust be an interaction point

/1 i.e. a delegation connector for a required operation can only target a port

CS_InteractionPoint cddTarget =
(CS_InteractionPoint)targetsForDi spat chi ngQut. get Val ue(k) ;
if (cddTarget == target) {
CS_Reference owner = cddTarget. owner ;
execution = owner. di spat chQut (operation, cddTarget) ;
}
}
}

return execution ;

[6] public dispatchCQut(operation: Operation, onPort:Port) : Execution
/1 Select a CS_InteractionPoint val ue playing onPort,
/1 and dispatches the operation to this interaction point
Execution execution = null ;
Feat ureVal ue featureVal ue = this. getFeatureVal ue(onPort) ;
Val ueLi st val ues = featureVal ue. val ues ;
Ref erenceli st potential Targets = new Referencelist() ;
for (int i =0 ; i <values.size() ; i++) {
potenti al Tar gets. addVal ue( ( Ref erence) val ues. get Val ue(i)) ;

}
CS_Request PropagationStrategy strategy =

(CS_Request Propagati onStrategy)this.|ocus.factory. getStrategy("request Propagation") ;
Ref erencelLi st targets = strategy. sel ect(potential Targets, new Cal | Operati onActi onActivation());
/1 if targets is enpty, no dispatch target has been found,
/1 and the operation call is |ost
if (targets.size() >= 1)

CS_ InteractionPoint target = (CS_InteractionPoint)targets. getVal ue(0) ;

execution = this.dispatchQut(operation, target) ;

return execution ;

[7] public getDirectContainers() : CS Object[*]
/1 Retrieves all the extensional values at this |ocus which are direct
/'l containers for this CS_Object
/1 An extensional value is a direct container for an object if:
Il - it is a CS_nject

/1 - it directly contains this object (i.e. CS_Object.directlyContains(Cbject)==true)
CS_(bj ectLi st containers = new CS_(bjectList() ;
for (int i =0 ; i < this.locus.extensionalVal ues.size() ; i++) {
Ext ensi onal Val ue ext ensi onal Val ue = this.|ocus. extensional Val ues. getVal ue(i) ;
if (extensional Value != this && extensional Val ue i nstanceof CS_(bject) {

CS_(bj ect cddContai ner = (CS_Obj ect) ext ensi onal Val ue ;
if (cddContainer.directlyContains(this)) {

cont ai ners. add( cddCont ai ner) ;
}

}

return containers ;

[8] public getFeatureVal ue(feature: Structural Feature) : FeatureVal ue
In the case where the feature belongs to an Interface,
/1 fUML semantics is extended in the sense that reading is
/1 delegated to a CS_Structural FeatureCO I nterfaceAccessStrat egy
if (feature.nanespace instanceof Interface) {
CS_Structural FeatureO I nterfaceAccessStrategy readStrategy =

(CS_Structural FeatureO I nterfaceAccessStrategy)this.locus.factory. getStrategy("structural Feature") ;
return readStrategy.read(this, feature) ;

el se {

}

[9] public getLinkKind(link:CS Link, interactionPoint:CS |InteractionPoint) : CS_LinkKind
/1 1f the given interaction point belongs to the given object,
/1 and if the given interaction point is used as an end of the Ilink,
/1 then the links targets the environment of the object (enuneration literal ToEnvironnent)
/1 if all the feature values of the link
/1 (but one for the interaction point) refer to values which are not thensel ves val ues
/1 for features of the interaction point.

return super.get Feat ureVal ue(feature);
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/1 If all the feature values of the link refer to values which are thensel ves val ues for
/1 features of the interaction point,
/1 the link targets the internals of the object (enuneration literal Tolnternal).
/1 Otherwi se, the link has no particul ar neaning
/1 in the context defined by the object and the interaction point (enumeration literal None).
if (! link.hasVal ueFor AFeature(interactionPoint)) {
return CS_Li nkKi nd. None ;

}
CS_Li nkKi nd ki nd = CS_Li nkKi nd. Tol nt ernal ;
Feat ur eVal ueLi st featureVal ues = |ink. get Feat ureVal ues()
Integer i =1 ;
while (i <= featureVal ues.size() &% kind != CS_Li nkKi nd. None) {
Feat ureVal ue val ue = featureVal ues. getVal ue(i-1) ;
if (value.values.iskEmty()) {
ki nd = CS_Li nkKi nd. None ;

el se {
Val ue v = val ue. val ues. get Val ue(0) ;
bool ean vl sAVal ueFor AFeat ur e Cont ext = fal se ;
if (v.equals(interactionPoint)) {

vl sAVal ueFor AFeat ur eCf Context = true ;
else if (v instanceof CS_ InteractionPoint) {

v = ((CS_I nteractionPoint)v).owner ;

vl sAVal ueFor AFeat ur exf Cont ext = thi s. hasVal ueFor AFeat ure(v) ;
el se {

vl sAVal ueFor AFeat ur eOf Cont ext = this. hasVal ueFor AFeat ur e(v)

}
if (!vlsAVal ueFor AFeat ureCf Context) {
ki nd = CS_Li nkKi nd. ToEnvi ronment ;

return kind ;

[10] public getLinks(interactionPoint:CS |InteractionPoint) : CS_Link[*]
/1 Get all links (available at the |ocus of this object) where the given
Il interaction point is used as a feature val ue
/1 (i.e. the interaction is an end such |inks)
Ext ensi onal Val ueLi st ext ensi onal Val ues = this.|ocus. extensional Val ues ;
Integer i =1 ;
CS_Li nkLi st connectorlnstances = new CS_LinkList() ;
while (i <= extensional Val ues. size()) {
Ext ensi onal Val ue val ue = ext ensi onal Val ues. get Val ue(i-1)
if (value instanceof CS Link) {
CS_Link link = (CS_Link)val ue ;
if (this.getLinkKind(link, interactionPoint) != CS_LinkKind. None) {
connect or I nst ances. addVal ue(li nk) ;

return connectorl nstances ;

[11] public hasVal ueFor AFeat ur e(val ue: Val ue) : Bool ean
/!l Returns true if the given value object is used as a value for a feature
/1 value of this object
Feat ur eVal ueLi st al | Feat ureVal ues = thi s. get Feat ur eVal ues()
Integer i =1 ;
bool ean i sAval ue = fal se ;
while (i <= all FeatureVal ues. si ze() && !'isAval ue)
Feat ureVal ue featureVal ue = all Feat ureVal ues. getVal ue(i-1);
if (!featureVal ue.values.isEmty()) {
Val ueLi st val uesFor Current Feature = featureVal ue. val ues ;
Integer j =1 ;
while (j <= valuesForCurrent Feature.size() && !'isAval ue)
i sAVal ue = featureVal ue. val ues. get Val ue(j -1). equal s(val ue)
=i+

return i sAval ue ;

[12] public isOperationProvi ded(reference: Reference, operation: Operation) : Bool ean
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/Il Determines if the given reference provides the operation
/1 If the reference is an interaction point, it provides the operation if this operation
/1 is a nenber of one of its provided interfaces
/1 If the reference is NOT an interactionPoint, it provides this operation if
/1 this operation is an operation of one of its type, or one of its type provides a
/1 realization for this operation (in the case
/'l where the namespace of this Operation is an interface)
bool ean i sProvided = false ;
if (reference instanceof CS_InteractionPoint) {
if (operation.owner instanceof Interface) {
/1 We have to look in provided interfaces of the port if
/1 they define directly or indirectly the Operation
Integer interfacelndex = 1 ;
/Il lterates on provided interfaces of the port
I nterfaceList providedlnterfaces =
((CS_InteractionPoint)reference).definingPort. provided() ;
while (interfacel ndex <= providedlnterfaces.size() & !isProvided)
Interface interface_ = providedl nterfaces. getVal ue(interfacel ndex-1) ;
/1 Iterates on nenbers of the current Interface
I nteger nenberlindex = 1 ;
whi l e (nenberlndex <= interface_. nenber.size() && !isProvided) {

NamedEl ement cddQperation = interface_. nenber. get Val ue( menber | ndex- 1)
if (cddOperation instanceof Operation) {
i sProvi ded = operation == cddQperation ;

menber | ndex = nenberlndex + 1 ;

interfacelndex = interfacelndex + 1 ;

e

el se {
/1 W& have to look if one of the dassifiers typing this reference
/1 directly or indirectly provides this operation
ClassifierList types = reference. get Types() ;
Integer typelndex =1 ;
whil e (typel ndex <= types.size() && !isProvided) {
if (types.getValue(typelndex - 1) instanceof Class_) {
I nteger nenberlindex = 1 ;
NanedEl enent Li st nenbers = ((d ass_)types. get Val ue(typel ndex - 1)).nenber ;
whi | e (nenberl ndex <= nmenbers. size() && !isProvided) {
NanedEl enent cddOper ation = nenbers. get Val ue( nenber | ndex-1) ;
if (cddQperation instanceof Operation) {
CS _Di spatchOperati onO' I nterfaceStrategy strategy = new
CS_Di spat chOperati onOf I nterfaceStrategy()
i sProvi ded = strategy. operati onsMat ch((Operati on)cddOperati on,
operation) ;

menber | ndex = nenberlndex + 1 ;

) }
typel ndex = typelndex + 1 ;
}

return i sProvided ;

[13] public isOperationRequired(reference: Reference, operation: Operation) : Bool ean
/Il Determines if the given reference requires the operation
/1 If the reference is an interaction point, it requires the operation if this operation
/Il is a menber of one of its required interfaces
/1 If the reference is not a interaction point, it cannot require an operation
bool ean mat ches = fal se
if (reference instanceof CS InteractionPoint) {
Integer interfacelndex =1
/'l lterates on provided interfaces of the port
I nterfaceList requiredlnterfaces =
((CS_InteractionPoint)reference).definingPort.required() ;
while (interfacelndex <= requiredlnterfaces.size() & !nmatches) {
Interface interface_ = requiredlnterfaces. getVal ue(interfacel ndex-1)
/'l lterates on nmenbers of the current Interface
I nteger nenberlindex = 1
whi l e (nenberlndex <= interface_. nenber.size() & !matches) {

NanedEl enent cddOperation = interface_. nenber. get Val ue( nenber | ndex-1) ;
if (cddOperation instanceof Operation) {
mat ches = operation == cddOperation ;

menber | ndex = nenberlndex + 1 ;
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interfacelndex = interfacelndex + 1 ;
}

}

return matches ;

[14] public isReceptionProvided(reference: Reference, signal:Signal) : Bool ean
/Il Determines if the given reference provides a reception for signal
/1 If the reference is an interaction point, it provides a reception if one of its
/1 provided interfaces owns a reception for that signal
/1 If the reference is NOT an interaction point, it provides a reception if one of its
/'l types has a reception for that signal
TypelLi st types = new TypelList() ;
if (reference instanceof CS_InteractionPoint) {
/1 types are interfaces provided by this port
Integer interfacelndex = 1 ;
InterfacelLi st providedlnterfaces =
((CS_InteractionPoint)reference).definingPort. provided() ;
while (interfacel ndex <= providedlnterfaces.size()) {

Interface interface_ = providedl nterfaces. getVal ue(interfacel ndex-1) ;
types. addVal ue(i nterface_)

interfacelndex = interfacelndex + 1 ;

}

el se {
Cl assifierList referenceTypes = reference. get Types()
I nteger typelndex =1 ;
whil e (typel ndex <= referenceTypes. size())
types. addVal ue(r ef erenceTypes. get Val ue(typel ndex - 1))
typel ndex = typelndex + 1 ;
}

bool ean matches = fal se ;
/] lterates on types
I nteger typelndex =1 ;
while (typel ndex <= types.size() & !matches) {
Type type_ = types. getVal ue(typel ndex-1) ;
/1 lterates on menbers of the current type
I nteger nenberlindex = 1 ;
NanedEl enent Li st nenbers = type_. nenber ;
whi | e (nenberlndex <= nmenbers. size() && !matches) {
NanedEl enent cddReception = nenbers. get Val ue( nenber | ndex - 1) ;
if (cddReception instanceof Reception) {
if (((Reception)cddReception).signal == signal) {
mat ches = true ;

}

menber | ndex = nenberlndex + 1 ;

}

typel ndex = typelndex + 1 ;
return matches ;

[15] public isReceptionRequired(reference: Reference, signal:Signal) : Bool ean
/1l Determines if the given reference requires a reception for signal
/1 If the reference is an interaction point, it requires a reception if one of its
/Il required interfaces owns a reception for that signal
Il If the reference is NOT an interaction point, it cannot require a reception
bool ean natches = fal se ;
TypelLi st types = new Typeli st ()
if (reference instanceof CS InteractionPoint) {
/] types are interfaces provided by this port
Integer interfacelndex = 1 ;
I nterfacelList requiredlnterfaces =
((CS_InteractionPoint)reference).definingPort.required() ;
while (interfacelndex <= requiredlnterfaces.size() & !nmatches) {
Interface interface_ = requiredlnterfaces. getVal ue(interfacel ndex-1)
types. addVal ue(interface_) ;
/1 lterates on menbers of the current type
I nteger menberlindex = 1 ;
NamedEl ement Li st menbers = interface_. nenber ;
whi | e (nenberlndex <= nmenbers. size() && !matches) {
NanedEl enent cddReception = nenbers. get Val ue( nenber | ndex-1) ;
if (cddReception instanceof Reception)
if (((Reception)cddReception).signal == signal) {
mat ches = true ;
}
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menber | ndex = nenberlndex + 1 ;

interfacelndex = interfacelndex + 1 ;

}

return matches ;

[16] public sel ect Target sFor Di spat chi ng(link: CS_Link, interactionPoint:CS_InteractionPoint,
connect or Ki nd: Connect or Ki nd, operation: Operation, isProvided: Bool ean) : Reference[*]

/1 Fromthe given link, operation and interaction point, retrieves potential targets

/1 (i.e. end values of |ink)

/1 through which request can be propagated

/1l These targets are attached to interaction point through the given link, and respect

/1 the follow ng rules:

/1 - if isProvided is true, connectorKind nust be Del egation, the given link has to target

/1 the internals of this CS_(bject,

/1 and a valid target nust provide the Operation

/1l - if isProvided is false, the given link has to target the environment of this CS_(bject.
I - if connectorKind is assenbly, a valid target has to provide the operation
11 - if connectorKind is delegation, a valid target has to require the operation
Ref erenceli st potential Targets = new ReferenceLi st ()
if (isProvided & connectorKi nd == Connect or Ki nd. del egati on)

if (this.getLinkKind(link, interactionPoint) == CS_LinkKind. Tolnternal) {

Integer i =1 ;

whi l e(i <= link. get FeatureVal ues().size()) {

Val ueli st val ues = |ink. get FeatureVal ues().getVal ue(i-1).val ues ;

if (!values.isEnpty() && val ues. getVal ue(0) instanceof Reference) {
Ref erence cddTarget = (Reference)val ues. get Val ue(0)
if (this.isOperationProvided(cddTarget, operation)) {

potenti al Tar gets. add(cddTar get)

}
}
}
}
} . .
else { // !isProvided
if (this.getLinkKind(link, interactionPoint) == CS_LinkKind. ToEnvi ronnent) {
Integer i =1 ;
whi l e(i <= link.get FeatureVal ues().size()) {
Val ueLi st val ues = |ink. get Feat ureVal ues(). get Val ue(i-1).val ues ;

if (!values.isEnpty() && val ues. getVal ue(0) instanceof Reference) {
Ref erence cddTarget = (Reference)val ues. get Val ue(0)
if (connectorKind == ConnectorKi nd. assenbl y) {
if (!cddTarget.equal s(interactionPoint) &&
this.isOperationProvided(cddTarget, operation)) {
potenti al Targets. add(cddTarget) ;

else { // delegation
if (!cddTarget. equal s(interactionPoint) &%
this.isQOperationRequired(cddTarget, operation)) {
potenti al Tar gets. add(cddTar get)

}
}
} .
return potential Targets ;

[17] public sel ect Target sFor Sendi ng(link: CS_Link, interactionPoint:CS |nteractionPoint,
connect or Ki nd: Connect orKi nd, signal:Signal, isProvided:Bool ean) : Reference[*]

/1 Fromthe given link, signal and interaction point, retrieves potential targets (

/1 i.e. end values of link) through which request can be propagated

/Il These targets are attached to interaction point through the given link,

/1 and respect the follow ng rules:

/Il - if isProvided is true, connectorKind nust be Del egation, the given |ink has

/1l to target the internals of this CS_(bject,

/1 and a valid target nust provide a reception for the signal

/1l - if isProvided is false, the given link has to target the environment of this CS_(bject.
I - if connectorKind is assenbly, a valid target has to provide a reception

11 for the signal

I - if connectorKind is delegation, a valid target has to require a reception for

/1 the signal

Ref erenceli st potential Targets = new ReferenceLi st ()
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if (isProvided &% connectorKi nd == Connect or Ki nd. del egati on) {

if (this.getlLi nkKl nd(link, interactionPoint) == CS_Li nkKi nd. Tol nternal) {
Integer i =1
while(i <=1i nk. get Feat ureVal ues().size()) {
Val ueLi st val ues = |ink. get Feat ureVal ues(). get Val ue(i-1).val ues ;
if (!values.isEnpty()) {
Integer j =1 ;

while (j <= values.size())
Ref erence cddTarget = (Reference)val ues. getVal ue(j-1)
if (!cddTarget.equal s(interactionPoint) &&
this.isReceptionProvided(cddTarget, signal))
potenti al Tar gets. add(cddTar get)

}
=i o+1
}
4
i =i +1
}
}
else { // 'isProvided
if (this.getlLi nkKl nd(link, interactionPoint) == CS_Li nkKi nd. ToEnvi ronnent) {
Integer i =1
while(i <=1i nk. get Feat ureVal ues().size()) {
Val uelLi st val ues = |ink. get FeatureVal ues(). getVal ue(i-1).val ues ;

if (!values.i sEnpty() && val ues. get Val ue(0) instanceof Reference) {
Ref er ence cddTarget (Ref erence) val ues. get Val ue(0) ;
if (connectorKind == OonnectorK| nd. assenbl y)

if (this.isReceptionProvided(cddTarget, signal)) {

potenti al Targets. add(cddTarget) ;

}

else { // delegation
if (this.isReceptionRequired(cddTarget, signal)) {
potenti al Targets. add(cddTarget) ;
}

return potential Targets ;

[18] public sendln(signallnstance: Signal |l nstance, interactionPoint: CS_|nteractionPoint)

/1 If the interaction is a behavior port,

/'l creates a CS_Signallnstance fromthe signal instance,

/] sets its interaction point,

/1 and sends it to the target object using operation send

/1 1f this is not a behavior port,

/1 select appropriate delegation targets frominteractionPoint,

/'l and propagates the signal to these targets

if (interactionPoint.definingPort.isBehavior) {
CS_Signal I nst ance newSi gnal | nstance = (CS_Si gnal | nst ance) si gnal | nst ance. copy()
newSi gnal I nstance. i nteracti onPoint = interactionPoint ;
t hi s. send( newSi gnal | nst ance)

el se {
bool ean receptionl sProvided = true ;
Ref erenceLi st potential Targets = new ReferenceList() ;
CS_Li nkLi st cddLi nks = this. getLinks(interactionPoint)
Integer linklndex =1
while (linklndex <= cddL| nks size()) {
Ref erenceli st validTargets = this.sel ect Tar get sFor Sendi ng( cddLi nks. get Val ue(l i nkl ndex
- 1), interactionPoint, ConnectorKind. del egation, signallnstance.type, receptionlsProvided) ;
Integer targetindex = 1 ;
whi | e(targetlndex <= validTargets.size())
potenti al Targets. add(val i dTar gets. get Val ue(t argetl| ndex-1))
targetlndex = targetindex + 1 ;

I'inkl ndex = linklndex + 1 ;
/1 1f potential targets is enpty, no del egation target has been found,
/1 and the signal is |ost

/1 Oherwise, do the follow ng concurrently
for (int i =0 ; i < potential Targets.size() ; i++) {
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Ref erence target = potential Targets. getValue(i) ;
CS_Signal I nst ance newSi gnal | nstance = (CS_Si gnal | nst ance) si gnal | nst ance. copy()

newSi gnal I nstance. i nteracti onPoint = interactionPoint ;
target.send(newSi gnal | nstance) ;
}

}

[19] public sendln(signallnstance: Signal |l nstance, onPort: Port)
/'l Select a Reference val ue playing onPort,
/1 and send the signal instance to this interaction point
Feat ureVal ue featureVal ue = this. getFeatureVal ue(onPort) ;
Val ueLi st val ues = featureVal ue. val ues ;
Ref erenceLi st potential Targets = new ReferenceList() ;
for (int i =0 ; i < values.size() ; i++) {
potenti al Targets. addVal ue( (Ref erence) val ues. get Val ue(i)) ;

CS_Request PropagationStrategy strategy =

(CS_Request PropagationStrategy)this.locus.factory. getStrategy("requestPropagation")
Ref erenceli st targets = strategy. sel ect(potential Targets, new SendSi gnal Acti onActivation())
for (int i =0 ; i < targets.size() ; i++) {

Ref erence target = targets.getValue(i)

target. send(signal I nstance) ;

}

[20] public sendQut(signallnstance: Signallnstance, interactionPoint:CS |nteractionPoint)
/1 Sel ect appropriate delegation Iinks frominteractionPoint,
/1 and propagates the signal instance through these Iinks
/1 Appropriate links are links which target elenents
/1 in the environment of this CS_(bject.
/1 These can be delegation links (i.e, the targeted el enents nust
/Il require a reception for the signal) or assenbly links (i.e., the target el enents
/1 nmust provide a reception for the signal)

bool ean receptionl sNotProvided = false ; // i.e. it is required
Ref erenceLi st all Potential Targets = new ReferenceList() ;

Ref er encelLi st targetsFor Sendi ngln = new ReferencelList() ;

Ref erenceli st targetsFor Sendi ngQut = new ReferencelList() ;

CS_Li nkLi st cddLi nks = this.getLinks(interactionPoint) ;
Integer linklndex =1 ;
whil e (linklndex <= cddLi nks. size()) {
Ref erenceli st val i dAssenbl yTargets =
t hi s. sel ect Tar get sFor Sendi ng( cddLi nks. get Val ue(l i nkl ndex - 1),
interactionPoi nt, ConnectorKind. assenbly, signallnstance.type,
recepti onl sNot Provi ded)
Integer targetindex = 1 ;
whi | e(targetlndex <= validAssenbl yTargets.size()) {
al | Pot enti al Tar get s. addVal ue(val i dAssenbl yTar get s. get Val ue(t ar get | ndex- 1))
t ar get sFor Sendi ngl n. addVal ue(val i dAssenbl yTar get s. get Val ue(target|ndex-1)) ;
targetlndex = targetindex + 1 ;

Ref erenceli st vali dDel egationTargets =
t hi s. sel ect Tar get sFor Sendi ng( cddLi nks. get Val ue(l i nkl ndex - 1),
interactionPoi nt, ConnectorKind. del egation, signallnstance.type,
recepti onl sNot Provi ded)
targetindex = 1 ;
whi | e(targetlndex <= validDel egationTargets.size()) {
al | Pot enti al Tar get s. addVal ue(val i dDel egati onTar gets. get Val ue(targetlndex-1)) ;
t ar get sFor Sendi ngQut . addVal ue(val i dDel egati onTar gets. get Val ue(target!ndex-1)) ;
targetlndex = targetindex + 1 ;

linklndex = linklndex + 1 ;

}

CS_Request PropagationStrategy strategy =
(CS_Request PropagationStrategy)this.locus.factory. getStrategy("requestPropagation")
Ref erenceli st sel ectedTargets = strategy. sel ect(all Potential Targets, new
SendSi gnal Acti onActivation()) ;

for (int j =0 ; j < selectedTargets.size() ; j++) {
Ref erence target = sel ectedTargets. getValue(j) ;
for (int k =0 ; k < targetsForSendingln.size() ; k++) {
Ref erence cddTarget = targetsFor Sendi ngl n. get Val ue(k) ;
if (cddTarget == target)
target.send(signal I nstance) ;
}

}
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for (int k =0 ; k < targetsForSendi ngQut.size() ; k++) {
/1 The target nust be an interaction point
/1 i.e. a delegation connector for a required reception can only target a port
CS InteractionPoint cddTarget =
(CS_InteractionPoint)target sFor Sendi ngQut . get Val ue(k)
if (cddTarget == target) {
CS_Reference owner = cddTarget. owner
owner . sendQut (si gnal I nstance, cddTarget) ;

i

}

[21] public sendQut(signallnstance: Signallnstance, onPort: Port)
/] Select a CS_InteractionPoint val ue playing onPort,
/1 and send the signal instance to this interaction point
Feat ureVal ue featureVal ue = this. getFeatureVal ue(onPort) ;
Val ueLi st val ues = featureVal ue. val ues ;
Ref erenceLi st potential Targets = new ReferenceList() ;
for (int i =0 ; i < values.size() ; i++) {
potenti al Targets. addVal ue( (Ref erence) val ues. get Val ue(i)) ;

}
CS_Request PropagationStrategy strategy =

(CS_Request PropagationStrategy)this.|locus.factory. getStrategy("requestPropagation")
Ref erenceli st targets = strategy. sel ect(potential Targets, new SendSi gnal Acti onActivation())

for (int i =0 ; i < targets.size() ; i++) {
CS_InteractionPoint target = (CS_Interacti onPoint)targets. getValue(i)
t hi s. sendCQut (si gnal | nstance, target) ;

}

[22] public setFeatureVal ue(feature: Structural Feature, val ues:Value[*], position:|nteger)
/1 In the case where the feature belongs to an Interface,
/1 fUML semantics is extended in the sense that witing is
/1 delegated to a CS_Structural FeatureCO I nterfaceAccessStrat egy
if (feature.nanmespace instanceof Interface) {
CS Structural FeatureO' I nterfaceAccessStrategy witeStrategy =

(CS_Structural FeatureO I nterfaceAccessStrategy)this.locus.factory. getStrategy("structural Feature")

witeStrategy. wite(this, feature, values, position) ;

el se {
super. set Feat ureVal ue(feature, val ues, position);

8.5.3.2.5 CS_Reference

Generalizations

» Reference (from fUML::Semantics::Classes::Kernel)

Attributes

* None

Associations

» compositeReferent : CS_Object[1..1], The compastiject referenced by this ReferenceToCompositefire.

This property subsets Reference::referent.

Operations

[1] public dispatchln(operation: Operation, interactionPoint:CS |InteractionPoint) : Execution
/ Del egat es di spatching to conposite referent
return this.conpositeReferent.dispatchln(operation, interactionPoint)

[2] public dispatchln(operation: Operation, onPort:Port) : Execution
del egat es di spatching to conposite referent
return this.conpositeReferent.dispatchln(operation, onPort) ;

[3] public dispatchQut(operation: Operation, onPort:Port) : Execution
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[4]

[5]

[6]

[7]

(8]

8.6

8.6.

8.6.

/1 del egates dispatching to conposite referent
return this.conpositeReferent.di spatchQut (operation, onPort)

publ i c di spatchQut (operation: Operation, interactionPoint:CS |InteractionPoint) : Execution
/'l Del egates dispatching (through the interaction point, to the environnent)
/1 to conpositeReferent
return this.conpositeReferent.di spatchQut(operation, interactionPoint)

publ i ¢ sendl n(signal | nstance: Si gnal | nstance, interactionPoint: CS_|nteractionPoint)
/1 del egates sending to conposite referent
t hi s. conposi t eRef erent. sendl n(si gnal | nstance, interactionPoint) ;

public sendl n(signal |l nstance: Si gnal | nstance, onPort: Port)
/] del egates sending to conposite referent
t hi s. conposi t eRef erent . sendl n(si gnal | nstance, onPort) ;

publ i ¢ sendCQut (si gnal | nstance: Si gnal | nstance, onPort: Port)
/1 del egates sending to conposite referent
t hi s. conposi t eRef erent. sendQut ( si gnal | nst ance, onPort)

publ i ¢ sendQut (si gnal | nstance: Si gnal | nstance, interactionPoint:CS_|nteractionPoint)
/'l Del egates sending (through the interaction point, to the environnent)
/1 to conpositeReferent
thi s. conposi t eRef erent . sendQut (si gnal | nstance, interactionPoint)

Loci
1 Overview
2 LociL3

8.6.2.1 Overview

(fUML::Semantics:LocitLocil 3) (fUML::Semantics:LocinLocil 1)
ExecutionFactonyl 3 Executor
C5_ExecutionFactory C5 Executor

instantiatefisitor] : Elerment): SermanticVisitor start( : Class, : Parameterfalue [*]): Reference

(fUrL:Semantics:LocinLocil1)
Locus

T

CS Locus
instantiatel : Class): Object

Figure 23:: LocilL3 diagram
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8.6.2.2 Class descriptions
8.6.2.2.1 CS_ExecutionFactory

Generalizations
» ExecutionFactoryL3 (from fUML::Semantics::Loci::tih3)

Attributes

¢ None

Associations

* None

Operations

[1] public instantiateVisitor(el ement: Element) : SemanticVisitor
/1 Extends fUM. semantics in the sense that newly introduced
/!l semantic visitors are instantiated instead of fUML visitors
SemanticVisitor visitor = null ;
if (element instanceof ReadExtentAction) {
visitor =new CS_ReadExt ent Acti onActivation() ;

else if (elenment instanceof AddStructural FeatureVal ueAction) {
visitor = new CS_AddStructural Feat ureVal ueActi onActivation() ;
}

else if (element instanceof CreatelinkAction) {
visitor = new CS_CreatelLi nkActi onActivation()

else if (element instanceof CreateObjectAction) {
visitor = new CS_Creat e(hj ect Acti onActi vation()
}

else if (elenment instanceof ReadSel fAction) {
visitor = new CS_ReadSel f Acti onActivation() ;

else if (elenment instanceof I|InstanceValue) {
visitor = new CS_| nstanceVal ueEval uation() ;

else if (element instanceof AcceptEventAction) {
visitor = new CS_Accept Event Acti onActi vation()

else if (element instanceof Call QperationAction) {
visitor = new CS_Cal | OperationActionActi vation()

else if (elenment instanceof SendSignal Action) {
visitor = new CS_SendSi gnal Acti onActivation() ;

el se {
visitor = super.instantiateVisitor(elenent) ;

return visitor ;

8.6.2.2.2 CS_Executor

Generalizations

» Executor (from fUML::Semantics::Loci::LocilL1)

Attributes

e None
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Associations

e None

Operations

[1] public start(type: Cass, inputs:ParaneterValue[*]) : Reference
Instantiate the given class and start any behavior of the resulting
/'l object.
/1 (The behavior of an object includes any classifier behaviors for an
/1 active object or the class of the object itself, if that is a
/'l behavior.)
/1 fUML semantics is extended in the sense that when the instantiated object
/Il is a CS_hject, a CS _Reference is returned (instead of a Reference)

Debug. println("[start] Starting " + type.name + "...");
Ohj ect _ object = this.locus.instantiate(type);

Debug. println("[start] Cbject =" + object);
obj ect . startBehavi or (type, inputs);
Ref erence reference ;
if (object instanceof CS (bject) {
reference = new CS_Reference();
((CS_Reference)reference). conpositeReferent = (CS_Object)object ;

el se {
reference = new Reference() ;

reference.referent = object;

return reference;

8.6.2.2.3 CS_Locus

Generalizations

* Locus (from fUML::Semantics::Loci::LocilL1)

Attributes

e None

Associations

* None

Operations

[1] public instantiate(type: dass) : Object
/1 Extends fUM. semantics by instantiating a CS_(bject
/1 in the case where type is not a Behavior.
/1 Otherwi se behaves like in fUWM

Obj ect _ object = null;

if (type instanceof Behavior) {

obj ect = super.instantiate(type);
} else {

obj ect = new CS_Obj ect ()

obj ect . types. addVal ue(type);

obj ect . cr eat eFeat ur eVal ues();

t hi s. add(obj ect);
}

return object;
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9 Test Suite

[TODO: Some blabla on what we expect for the relsgbmission. Maybe include the current basic eXxa®hp
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Annex A (normative) — Model Transformations

Rules for the generation of default typing assaommet for untyped connectors:
[TODO]

Rules for the generation of default typing clagseports typed by interfaces:
[TODO]

Rules for the generation of default constructorrapens and methods
This generalization rule requires the two previonss.

[TODO:

The following cases should be addressed:

e A construction operation is already defined, withiastanceSpecification specifying the resultingology of
links and instances]

* No construction operation is defined at all

]

Notes from the telco on " of October:
Structural semantics of composite structurest@gologies resulting from instantiation):
« Handled with explicit constructor operations (almdresponding methods) to encapsulate construcfiobjects
* The activity method of each constructor is intenttedroduce a configuration of instances which cloespwith
structural semantics of class instantiation
 =>i.e, this is also something that we could coesias the result of a “pre-processing” transfoionaias
defined in the following UML 2.5 semantic clausé€acapsulated Classifier, Structured Classifiad €lass:
» EncapsulatedClassifier:

e “When an instance of an EncapsulatedClassifieraated, instances corresponding to each of
its Ports are created and held in the slots sgelcify each Port, in accordance with its type
and multiplicity. These instances are referredstéirteraction points” and provide unique
references.”

* =>In the constructors, we have CreateObjectActfonsreating values of port, and
AddStructuralFeatureValueActions for setting thet path the created values

»  StructuredClassifier:

» “The multiplicities on ConnectableElements constithie number of objects that may be
created within an instance of the containing StmextClassifier, according to the semantics of
MultiplicityElement”

* =>In the constructors, we have CreateObjectActfonsreating values of properties,
CallOperationActions on “constructors” of theseettt, and
AddStructuralFeatureValueActions for setting theparties with the created values

e ‘“Links corresponding to Connectors may be creafazhithe creation of the instance of the
containing StructuredClassifier.”

* =>Inthe constructors, we have CreateLinkActiamscieating links between values (or
interaction point on this values) of properties podts, according to declared connectors.

» Class:

» “A Class may be designated by setting isActiverte tas active (i.e., each of its instances is an
active object). When isActive is false the Clasgdssive (i.e., each of its instances executes
within the context of some other object). An actgect is an object that, as a direct
consequence of its creation, commences to exesut&assifierBehavior, and does not cease
until either the complete Behavior is executedherdbject is terminated by some external
object.”

* Note: the Alf to fUML mapping for constructor calleplements these semantics.
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» => Alf semantics is “call constructor” and thendittclassifier behavior”
» startClassifierBehavior should not be part of thestructor method
e => use startObjectBehavior instead of startClas®&havior (which is deprecated)
« =>In the constructors for active classes, we lg&teetClassifierBehaviorActions for starting
the classifier behavior of the constructed object
» => Cf. Eldad example for alternative semantics lf€adiscussed in the next telco)
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Annex B (non-normative) — Extensions to Alf

[TODO: Some blabla about why we will define extemsi to Alf, in connection with the definition of@xples, the test
suite and coverage criteria. Some idea about \ileasalution could be]
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Annex C (non-normative) — Semantics of MARTE GCM

[TODO: Some idea about what the solution coulddoegemove this section from the initial submission]
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Annex D (non-normative) — Semantics of SysML Blocks
Ports and Flows

[TODO: Some idea about what the solution coulddoegemove this section from the initial submission]
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