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Preface

OMG

Founded in 1989, the Object Management Group,(D®IG) is an open membership, not-for-profit compute
industry standards consortium that produces andtaias computer industry specifications for intengble,
portable, and reusable enterprise applicationgstnilouted, heterogeneous environments. Membeiablpdes
Information Technology vendors, end users, govemniragencies, and academia.

OMG member companies write, adopt, and maintaisgesifications following a mature, open procedgGXxs
specifications implement the Model Driven Architge® (MDA®), maximizing ROI through a full-lifecyel
approach to enterprise integration that coversiplalbperating systems, programming languages, Ienigte
and networking infrastructures, and software dgualent environments. OMG’s specifications includ&ll®
(Unified Modeling Language™); CORBA® (Common Obj&equest Broker Architecture); CWM™
(Common Warehouse Metamodel); and industry-spesifindards for dozens of vertical markets.

More information on the OMG is available at httwww.omg.org/.

OMG Specifications

As noted, OMG specifications address middlewaralatiog and vertical domain frameworks. All OMG
Specifications are available from the OMG website a

http://www.omg.org/spec

Specifications are organized by the following catégs:

Business Modeling Specifications
Middleware Specifications
* CORBA/IIOP
* Data Distribution Services
* Specialized CORBA
IDL/Language Mapping Specifications
Modeling and Metadata Specifications
¢ UML, MOF, CWM, XMI
* UML Profile
Modernization Specifications
Platform Independent Model (PIM), Platform SpecModel (PSM), Interface Specifications
* CORBAServices
* CORBAFacilities

OMG Domain Specifications
CORBA Embedded Intelligence Specifications
CORBA Security Specifications
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All of OMG's formal specifications may be downloabeithout charge from our website. (Products
implementing OMG specifications are available friowividual suppliers.) Copies of specificationsadable
in PostScript and PDF format, may be obtained feenSpecifications Catalog cited above or by cdirtgdhe
Object Management Group, Inc. at:

OMG Headquarters
109 Highland Avenue
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320

Email: pubs@omg.org

Certain OMG specifications are also available & $&andards. Please consult http://www.iso.org

Typographical Conventions

The type styles shown below are used in this dootteedistinguish programming statements from cadin
English. However, these conventions are not uséahbiles or section headings where no distinction is
necessary.

Times/Times New Roman - 10 pt.: Standard body text

Helvetica/Arial - 10 pt. Bold: OMG Interface Definition Language (OMG IDL) andh$gx
elements.

Courier/Courier New - 10 pt. Bold: Programming language elements.

Helvetica/Arial - 10 pt: Exceptions

NOTE: Terms that appear in italics are definechanglossary. Italic text also represents the nafae o
document, specification, or other publication.
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1 Scope

This specification defines an extension of f{UML spnand semantics to enable modeling and execation
UML composite structures. The term “composite dties” refers to the ability of UML classes to Ieistured
as defined in Clause 9 of the UML specification.

The syntactic extensions add the capability fddBI class to have an internal structure that majuide
public, private, and protected ports as well astavark of parts linked by connectors.

The semantic extensions supplement the fUML exenutiodel with appropriate visitor classes, strategy
classes, and semantic mappings to account fortstel@nd behavioral semantics implied by the sytica
extensions.

The overall purpose of this specification is ilhaséd in Figure 1, with extension of fUML syntax ihe left-
hand side, extension of fUML semantics on the riggntd side and extension of the semantic mappitigein
middle.

Syntax Semantics
\ \
( ) ( \
/ UML fUML extended with
composite structures
modeling (" Extensions for
composite
Composite Structures > structures .~
\_ v F X
4 'R - |
b ’ UML
\ L ekl $ JI 3 Execution Model
/ \ ,
&> Semantic
mapping

Figure 1: Scope of this Specification
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2 Conformance

This specification defines a precise semanticafeunbset of UML 2 concepts associated with theonaif a
structured class. This definition is based on theriédational UML Subset (henceforth referred tofadML” in
the remainder of this clause), which is specifiethe OMG recommendation “Semantics of a Foundation
Subset for Executable UML Models” (OMG documenifiai/2011-02-01). Hencexcept where explicitly
noted in this clausehe definitions, interpretations (meaning), ayjues of conformance and related terms in
this specification fully match their corresponduhgfinitions, interpretations, and types in fUML.U&h as in
fUML, conformance to this specification has two ess:

1. Syntactic Conformance. A conforming model mustdsdricted to the abstract syntax subset defined in
Clause 7 of this document

2. Semantic Conformance. A conforming execution toostprovide execution semantics for a
conforming model consistent with the semantics ifipelcdin Clause 8 of this document. Passing all the
tests of the test suites in clause 9 are suffid@diemonstrate conformance with the semantics
specified in clause 8.

2.1 Conformance Levels

Unlike fUML, only a single monolithic conformancevel is defined in this specification, correspoigdio
Conformance Level 3 of fUML, which is itself based Conformance Level 3 of UML.

2.2 Genericity of the Execution Model

To support a variety of different execution paradigand environments, the specification of the eti@cu
model incorporates a degree of genericity. Thaciseved in two ways: (1) by leaving some key sdiman
elements unconstrained, and (2) by defining exydiemantic variation points. A particular executioal can
then realize specific semantics by suitably coirsitrg the unconstrained semantic aspects and grayid
specifications for any desired variation at sentavairiation points.

The semantic areas that are not explicitly constédhby the execution model in this specificatiom thie same
as the ones defined in Clause 2.3 of the fUML djmation. Different execution tools may semantigaléry in
the above areas in executing the same model, wfililbeing conformant to the semantics specifigdhe
execution model in this specification. Additionahsantic specifications or constraints may be pedifbr a
specific execution tool in these areas, so lonigj r@snains, overall, conformant to the executiordedoFor
instance, a particular tool may be limited to agkrcentralized time source such that all time messents can
be fully ordered.

In contrast to the above areas, the items belovwxqrkcit semantic variation points. That is, theeution
model as given in this specification by defaultyfdpecifies the semantics of these items. Howewer,
allowable for a conforming execution tool to defalternate semantics for them, so long as thisralteve is
fully specified as part of the conformance statenfi@nthe tool.

* The semantic variation points defined in Claused? the fUML specification. Note, however, that
default event dispatching strategy defined for fUMeplaced by a new default strategy specific to
this specification (see 8.4.1.2.1).

» In addition, this specification introduces threevreemantic variation points and corresponding defau
strategies for them:

o0 The method of reading and writing of the structdealtures of an Interface, depending on
how they are realized by the corresponding behalassifier (see 8.4.1.2.3)
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o The method of propagating requests in situationsrevthere are multiple possible paths (see
8.5.1.2.6).

o The method for constructing an object, which inelsidreation of a topology of objects,
interaction points and links, as well as initiatina of corresponding properties according to
any specified default values (see 8.4.1.2.3)

If a conforming execution tool wishes to implemargemantic variation in one of the above areas, gdhe
specification most be provided for this variatiaa & specialization of the appropriate executiomehalass as
identified above. This specification must be prexdds a f{UML model in the “base UML” subset intetpble
by the base semantics of Clause 10 of the fUMLifpation. Further, it must be defined in what cafiee
variation is used and, if different variants mayused in different cases, when each variant aped/or how
what variant to use, is to be specified in a camfag model accepted by the execution tool.
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3 Normative References

The following normative documents contain provisiavhich, through reference in this text, constitute
provisions of this specification. For dated refees) subsequent amendments to, or revisions ohfaigse
publications do not apply.

OMG Unified Modeling Language (OMG UML), Superstiue, Version 2.4.1, formal/2011-08-06,
August 2011.

e Semantics of a Foundational Subset for Executamé Models (FUML), Version 1.1 Beta, ptc/2012-
10-18, October 2012.

4 Terms and Definitions

There are no formal definitions of terms in thieafication.

5 Symbols

There are no symbols defined in this specification.
6 Additional Information

6.1 Changes to Adopted OMG Specifications

This specification does not require any changesitipted OMG specifications. Nevertheless, while mieant
with the UML 2.4.1 metamodel and notation, thiscfieation adopts clarifications from UML 2.5 reglimg
constraints and semantics of UML.
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7 Abstract Syntax

7.1 Overview

This clause describes how the fUML syntax modekiended to include modeling of UML Composite
Structures. This extension refers to all UML medasks, constraints, and relationships that enahldla
Class to be structured. The term “structured” meeans that a class may have public, private, aoieqed
ports as well as a network of parts linked throaghnectors. The Semantics Clause 8 defines preemantics
for the elements introduced in this section.

The fUML Abstract Syntax model mimics the packagehdecture of the unmerged UML 2.4.1 metamodel,
keeping only packages (and elements defined irethaskages) that are relevant to the foundatianzdet of
UML. For consistency with the fUML syntax, the Coosjte Structures syntax model described in thigsgda
also mimics the package architecture of the unnaetgjdL 2.4.1 metamodel. UML packages relevant to
modeling composite structures are copied in theg@sed syntax model. Elements in copied packageshvare
not relevant for this specification are removed.eivla relationship contained in an imported pacKamduding
package merge relationships) targets a UML metadapackage which is already part of the f{UML sips
that relationship is redirected towards the fUMluieglent metaclass.

As compared to the fUML Abstract Syntax model, pneposed model does not carry out package merges,
thereby avoiding duplication of the content of fUMyntax. However, package merge relationships dezlun
this syntax model are specified in a way that, witienmerges are carried out, a model corresporiditite
fUML subset extended with UML composite structumesdeling is produced. In addition, the result & th
merge is also that any former references from etdsnaf the fUML Semantics model to elements offthiIL
Abstract Syntax model now target elements of thdlfl$ubset extended with UML Composite Structures
modeling. These packages as well as their reldtipasare shown in Figure 2.

The root package for the Abstract Syntax is Contp8siucturesSyntaxAndSemantics. This package merges
both fUML syntax and semantics. All other packasfaswn in the diagram are directly or indirectly taoned

by this Package. Packages in yellow are newly éhiced Packages (i.e., there is no equivalent padkag
fUML syntax model). Packages in white are Packag@sh were already included in the fUML subset, but
need to be included in this specification as wiekts they contain elements which were explicitlgleded

from fUML. Packages in grey are Packages which vaéneady part of f{UML and which do not include
additional content. These packages are, howe\auiresl for the merging process described above.

The following subclauses describe packages copoed the UML 2.4.1 unmerged metamodel that actuedig
content to fUML (i.e., packages in yellow and wHit@m Figure 2). Each subclause provides ratiofale
copying the corresponding package, as well as arviaw of elements contained in these packagehanwd
they relate to fUML syntax elements. Each subclalse highlights additional constraints introdudsthis
specification related to Composite Structures madel
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7.2 Classes

7.2.1 Overview

The Classes package is partially copied into they@isite Structures syntax model. This is becausenitains
the subpackages Dependencies, Interfaces, andIKetrieh are required for Composite Structures ntiode
The copy of the Classes package is partial sinbetbase three subpackages are copied. Note thalldsses
package is already part of the fUML Abstract Symaodel. However, the packages Dependencies and
Interfaces were explicitly removed from that moddibte also that Kernel was already part of fUMLisIt
included in this specification to account for Opegxpressions, which were removed from fUML. The
following subclauses provide details about the enhof these three subpackages.

7.2.2 Dependencies

7.2.2.1 Overview

The Dependencies package is copied for two rea&anss, it introduces the metaclass Usage, whicteeded
to specify the required interfaces of a port. Segdrintroduces the metaclass Realization, whica i
generalization of InterfaceRealization definedha tnterfaces package. Note that metaclasses
DirectedRelationship and Substitution, as wellssoaiation A_mapping_abstraction are not includete
they are not relevant to Composite Structures nioglel

Removed DirectedRelationship -
Removed A_mapping_ abstraction
Removed Substtution

Realization
Abstraction

(FUML:Syntasx:Closses: Kemel)
Element

—‘7 + suppher

[1.7]

"1
+ zupplierDependenc

+ client

NamedElement 3 i Dependency

= 0.7 ! T
« clientDependency

\
Classifier +¢ ownedMember

L

+{ namespace

Nomespoce Packageabletizment Usage

[0.1]

Figure 3: Dependencies diagram
7.2.2.2 Class descriptions

7.2.2.2.1 Abstraction

Abstraction is introduced to enable modeling oétfaceRealization. This is an indirect general@atf
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InterfaceRealization.

Generalizations

» Dependency (from CompositeStructuresSyntaxAndSedosr8yntax::Classes::Dependencies)

Attributes

* None

Associations

* None

7.2.2.2.2 Classifier

Classes::Dependencies::Classifier does not extghtl fClassifier. It is included in the Composite &ttures
syntax model because it is needed for the mergiogess described in the Overview subclause of tretrAct
Syntax Clause 7.

Generalizations

» Namespace (from CompositeStructuresSyntaxAndSeosa@yntax::Classes::Dependencies)

Attributes

* None

Associations

* None

7.2.2.2.3 Dependency

Dependency is introduced to enable modeling of histhge and InterfaceRealization relationships # i
generalization of these two metaclasses.

Generalizations

» PackageableElement (from CompositeStructuresSym@Ramantics::Syntax::Classes::Dependencies)

Attributes

* None

Associations

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

7.2.2.2.4 NamedElement

Classes::Dependencies::NamedElement extends (nmemgenent) fUML NamedElement with the ability to
indicate all the Dependencies that reference thimétElement as a client (propectientDependency).

Generalizations

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

e None

Associations

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

7.2.2.2.5 Namespace
Classes::Dependencies::Namespace does not extéfidMldamespace. It is included in the Composite
Structures syntax model because it is needed éomigrging process described in the Overview subelatithe

Abstract Syntax Clauseé

Generalizations

 NamedElement (from CompositeStructuresSyntaxAnd8osax Syntax::Classes::Dependencies)

Attributes

* None

Associations
» ownedMember : NamedElement [0..%]
7.2.2.2.6 PackageableElement
Classes::Dependencies::PackeageableElement doestent fUML PackageableElement. It is includethia
Composite Structures syntax model to make the mgngiocess (described in the Overview subclausieeof

Abstract Syntax clause 7) meaningful.

Generalizations

 NamedElement (from CompositeStructuresSyntaxAnd8tosa Syntax::Classes::Dependencies)

Attributes

* None

Associations

* None
7.2.2.2.7 Realization

Realization is introduced to enable modeling oétfaceRealization. This is a generalization of
InterfaceRealization.

Generalizations

» Abstraction (from CompositeStructuresSyntaxAndSeinanSyntax::Classes::Dependencies)

Attributes

* None
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Associations

e None

7.2.2.2.8 Usage

Usage is introduced since it is required to speaefyired interfaces of a port.

Generalizations

» Dependency (from CompositeStructuresSyntaxAndSdosar8yntax::Classes::Dependencies)

Attributes

e None

Associations

e None

7.2.3

Interfaces

7.2.3.1 Overview

The Interfaces package is introduced to enablééfiaition of required and/or provided featuresoassted
with ports. It also includes a mechanism for spaeif that a given BehavioredClassifier realizesfdaures of
an Interface. At run time, this information is ugedietermine if a given object (instance of a
BehavioredClassifier) is a valid target for theanation of a BehavioralFeature (where this feaisispecified

by an interface).

(Syntax:Closses:Dependencies)

Namesooce

(ML SyntoxClossec=Kemel)
StructuroiFegture

BehgvieredClassifior ——————— 3  (Syntax:Classes:Dependencies)
- e MNamedElement
+ implementingClassifier
i
. {SyntaxiClesses:Dependencies)
' Realzation
+ interfaceRealization |y [*]
InterfaceRealization
= -l; Classifier
+ interfaceRealization | 1*]
= clagsifier | [0.1]
- < contract W/
= atbribute +|; [*]
[fUML:Syntox:Closses:Keme() i = interface I
Classifier T fe< >4 Propety [
‘-‘nes.teal_.auz e [0.1] [0.51 + ownedAttribute
Interface
[ + interface
= interface i1
4 Operation [
+ redefinedinterface [*] [0.1] + ownedOperation
- interface | [*]

Figure 4: Interfaces Diagram

10

(FUML:Syntox-Clossesiemel)
Behavivvaifeoture
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7.2.3.2 Class descriptions
7.2.3.2.1 BehavioredClassifier

Classes::Interfaces::BehavioredClassifier extentrde increment) fUML BehavioredClassifier with the
ability to own a collection of InterfaceRealizatiogationships.

Generalizations

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

 NamedElement (from CompositeStructuresSyntaxAndBt&osx Syntax::Classes::Dependencies)
Attributes

¢ None

Associations

» interfaceRealization : InterfaceRealization [0..*]

7.2.3.2.2 Classifier

Classes::Interfaces::Classifier does not extend lfldVassifier. It is included in the Composite Stures
syntax model because it is needed for the mergiogess described in the Overview subclause of tretrAct
Syntax clause 7.

Generalizations

« Namespace (from CompositeStructuresSyntaxAndSeosa@yntax::Classes::Dependencies)

Attributes

e None

Associations

» attribute : Property [0..*]
7.2.3.2.3 Interface

Interface is introduced to enable specificatiomeattures provided or required on a Port. Through
InterfaceRealization relationships, it also enablescifying features that are realized by a given
BehavioredClassifier.

Generalizations

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

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

* None

Associations

» nestedClassifier : Classifier [0..%]

» ownedAttribute : Property [0..*]

« ownedOperation : Operation [0..*]
» redefinedinterface : Interface [0..*]
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7.2.3.2.4 InterfaceRealization

InterfaceRealization is introduced since it is usedpecify the provided Interfaces of a Port.ddition, it is
also used to specify that features of the contraetface are realized by the implementingClassiiea
BehavioredClassifier.

Generalizations

* Realization (from CompositeStructuresSyntaxAndSdinamnSyntax::Classes::Dependencies)

Attributes

e None

Associations

e contract : Interface [1]
« implementingClassifier : BehavioredClassifier [1]

7.2.3.2.5 Operation

Classes::Interfaces::Operation extends (mergernmeng fUML Operation with the capability to be ovaney
an Interface.

Generalizations

» BehavioralFeature (from fUML::Syntax::Classes::Kaljn

Attributes

e 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 ownlegd an
Interface.

Generalizations

e StructuralFeature (from fUML::Syntax::Classes::Kadjn

Attributes

e None

Associations

» interface : Interface [0..1], References the Iategfthat owns the Property
7.2.4 Kernel

7.2.4.1 Overview

The Kernel package is partially copied into the @osite Structures syntax model. This is becaudeptickage
contains OpaqueExpression, which was explicitlyaesad from fUML. In this specification,
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OpaqueExpressions are typically used to associaild values with properties of composite struesyin the
case where other kinds of ValueSpecification suigabloy fUML cannot be used easily. The main use cas
concerns situations where properties represergatadhs of elements.

(fUML::Syntax:Classes:Kemel)
ValueSpecification

opaqueExpression behavior (FUMLz:Syntax:Comman Behaviors: BasicBeha viors)

Opaquetspression
[1] [0.1]

Figure 5: Expressions Diagram
7.2.4.2 Class Descriptions
7.2.4.2.1 OpagqueExpression

Classes::Kernel::OpaqueExpression extends Clakksesel::ValueSpecification with the ability to reémce a
Behavior. Properties language and body are natdecl in this specification. An OpaqueExpressionaray be
defined by a Behavior that is restricted to havé®acameters other than a return Parameter. Thessafithe
OpagueExpression are given by invoking the Behaaak returning the values on the return Parameter.
Generalizations

* ValueSpecification (from fUML::Syntax::Classes::Ikef)

Attributes

* None

Associations

e behavior : Behavior [0..1]

7.3 CommonBehaviors

7.3.1 Overview

The CommonBehaviors package is partially copied the Composite Structures syntax model. This cabse
that package contains the sub-package Communisatidrich is required for Composite Structures miodel
More precisely, it allows Receptions to be ownedrigrfaces, as a way of enabling a classifieptc#y that
it provides or requires Receptions for Signalssiame of its Ports. The copy of the CommonBehayackage
is partial in the sense that only this sub-packagepied. Note that the CommonBehaviors::Commuiuina
package is already part of the fUML Abstract Synteodel. However, the Interface metaclass was aglic
removed from the fUML subset. The following subdayprovides details about the content of this satkage.
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7.3.2 Communications

7.3.2.1 Overview

(fUML:Syntax:Classes:Kernel) [fUML:Syntax-Classes:Kernel)
Classifier BehavioroiFeature
+ interface "]
Interface & Reception
[0.1] + ownedReception

Figure 6: Communications diagram
7.3.2.2 Class descriptions

7.3.2.2.1 Interface

CommonBehaviors::Communications::Interface extdnu=rge increment) Classes::Interfaces::Interfa¢h wi
the ability to own receptions.

Generalizations

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

Attributes

e None

Associations
» ownedReception : Reception [0..*]
7.3.2.2.2 Reception
CommonBehaviors::Communications::Reception doeexieind fUML Reception. It is included in the
Composite Structures syntax model because it idatefor the merging process described in the Ogervi

subclause of the Clause 7.

Generalizations

» BehavioralFeature (from fUML::Syntax::Classes::Kaljn

Attributes

¢ None

Associations

* None
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7.4 Components

7.4.1 Overview

The Components package is partially copied intaQbmposite Structures syntax model. This is becthese
Components package contains the sub-package Baspients, which is required for Composite Structure
modeling. More precisely, it extends (merge increth€ompositeStructures::StructuredClasses::Cobnect
with the property kind , which enables determinivitgether a given connector is for delegation orafssembly.
Note that metaclass Component as well as packagg@uents::PackagingComponents are excluded fran thi
specification, since they do not introduce any epts impacting the semantics of UML Composite Stmés.

7.4.2 BasicComponents

Conhnector «Enumerations
+f kind: Connectorkind Connectorkind
assembly
delegation
+ kind(): CannectarKind

Figure 7: BasicComponents diagram

7.4.2.1 Overview

7.4.2.2 Class descriptions

7.4.2.2.1 Connector

Components::BasicComponents::Connector extendgyériscrement)
CompositeStructures::StructuredClasses::Connedtbranproperty indicating the kind (delegation esembly)

of a connector.

Generalizations

e None

Attributes
» kind : ConnectorKind [1]

Associations

* None

7.4.2.2.2 ConnectorKind (Enumeration)

Generalizations

¢ None

Literals

e assembly
» delegation
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7.5 CompositeStructures

7.5.1 Overview

The CompositeStructures package is completely dapte the Composite Structures syntax model. &his
because all of its subpackages introduce key nglelbncepts underlying Composite Structures. THukides
packages InternalStructures, InvocationActionsidand StructuredClasses. The following subclapsagde
details about the content of these subpackages.

7.5.2 InternalStructures

7.5.2.1 Overview

The InternalStructures package is introduced tdlenaodeling of the internal structure of a clasaaetwork
of parts, linked through connectors. The topolodyarts and connectors places constraints on thénma
structure of a class instance.

i
+/ featuning lassifier "] 4/ fearure %)
Cla ‘ o35ics (ML, P P s e Feature
| [ RedefingbleElement
+eless @ [0.1] = classifier | [0..1] o
(LML Syritax:Classes-Kemel) (PUML:Syrtan:Clazsess Keina|
| StructuroiFeature MultiphicityElement
+ ownedAttnbute I*] +/ attrbute ["1
VolueSpeafication
|
+ defaultValue AI“ Al +/ definingEnd "1 i
| Property ConnectorEnd
(0.4 + connectorEnd 2.7
> +/ end "1
= owmingProperty 1] - -
‘ = role ) [1]
+ ownedAtibute rl 17 Aaspare D ConneciableElement {ﬁJMl:.S;rntar;_f.lnssvsl:Kernel
+ eme{): ConnecterEnd Aszociation
[8.1] + type
+ structuredClassifier [0.1] [0.4] | = structuredClazsifiar $
. ¥ p———s - - FUML - SyrtaciClassesiKermel )
| Structured Clossifisr + structuredClas sifier { TwrdElleml:Ft c 11}
4[} + parx(} Property{ query, truah 1 |
_ ¥ Lunn:t_lul’ «conmsetor | 11
+ structuredClazzifier + ownedConnector R
. i
[0.1] [,:r. Connector ——
| I [*1
vl t +redefinedConnector .& 1"l
ﬂiml.':sj«'nra.l::('msseg':le_mzﬂ (AMLsSyntox: Ciosses: Kamal)
Feature

Figure 8: InternalStructures diagram
7.5.2.2 Class descriptions

7.5.2.2.1 Class

CompositeStructures::InternalStructures::Classneld€merge increment) fUML Class by making it a
StructuredClassifier.

Generalizations

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

e None

Associations

» ownedAttribute : Property [0..*]
7.5.2.2.2 Classifier

CompositeStructures::InternalStructures::Classdimes not extend fUML Classifier. This metaclassncluded
in the Composite Structures syntax model becausengeded for the merging process described in the
Overview subclause of the Abstract Syntax Clause 7.

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 abstragtatast representing elements than can be intercthiey
being attached to the connector ends of connectors.

Generalizations

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

Attributes

* None

Associations

» end : ConnectorEnd [0..]
7.5.2.2.4 Connector

Connector is introduced to enable modeling of caanections between parts and/or roles, in theegboff a
structured classifier.

Generalizations

* Feature (from fUML::Syntax::Classes::Kernel)
* Feature (from
CompositeStructuresSyntaxAndSemantics:: Syntax:: @sitgStructures::InternalStructures)

Attributes

* None
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Associations

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

7.5.2.2.5 ConnectorEnd
ConnectorEnd is introduced to allow modeling of Gectors.

Generalizations

e MultiplicityElement (from fUML::Syntax::Classes::Keel)

Attributes

e None

Associations
e definingend : Property [0..1]
» role : ConnectableElement [1]

7.5.2.2.6 Feature

CompositeStructures::InternalStructures::Featues dmt extend fUML Feature. It is included in thengposite
Structures syntax model because it is needed éomiérging process described in the Overview subelatithe
Abstract Syntax Clause 7.

Generalizations

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

Attributes

¢ None

Associations

» featuringClassifier : Classifier [0..%],

7.5.2.2.7 Property

CompositeStructures::InternalStructures::Propextgreds (merge increment) fUML Property. By being a
ConnectableElement, a Property can be connectetthén connectable elements through connectors.

Generalizations

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

Attributes

* None

Associations

» class: Class [0..1]
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» defaultValue : ValueSpecification [0..1]

7.5.2.2.8 StructuredClassifier

StructuredClassifier is introduced to enable madetif internal structures comprising a network aftp and
roles linked by connectors.
Generalizations

» Classifier (from fUML::Syntax::Classes::Kernel)
e Classifier (from
CompositeStructuresSyntaxAndSemantics:: Syntax:: @sitgStructures::InternalStructures)

Attributes

e None

Associations

» ownedAttribute : Property [0..*]

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

* role : ConnectableElement [0..*]

7.5.3 InvocationActions

7.5.3.1 Overview

The InvocationActions package introduces extensiorissML InvocationAction and Trigger to account fo
ports of an EncapsulatedClassifier.

tnvocationdction

+ invocationdction [*1
+onPort [0.1]
+port +trigger
(Syntax:Cornposite Structures:Ports Trigger

Part ] "

Figure 9: InvocationActions diagram

7.5.3.2 Class descriptions

7.5.3.2.1 InvocationAction

CompositeStructures::InvocationActions::Invocatiatidn extends (merge increment) fUML InvocationActi
so that, in addition of targeting an object, theoiration (i.e., the call for an operation or thassion of a

signal) can be made through a specific Port ofdhjsct (onPort).

Generalizations

* None
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Attributes

e None

Associations

e onPort: Port [0..1]
7.5.3.2.2 Trigger

CompositeStructures::InternalStructures:: Triggeerds (merge increment) fUML Trigger so that adisPorts
can be associated with a Trigger.

Generalizations

e None
Attributes
e None

Associations

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

7.5.4.1 Overview

The Ports package introduces mechanisms enabtiagsifier to have Ports.

(Syniax:CompositeStructures:internaiStructures)
StructuredClossifier

fier

EncapsulatedClossi
+ awnedPort(): Port{query, true}

+ encapsulatedClassifier } [0.1]

+/ ownedPort 1
Port
H il H =/ provided
Fohis Syn:':: i::w Kerhel <]7 + isBehavior: Boolean + port P
P + isConjugated: Boolean I 1l
+ isService: Boolean {Syntax:Classes:Interfaces)
3 - Interface
+ redefinedPort - — +/f required
+ provided(): Interface{query, trus} P -
"1 + required(): Interface{query, true} M o
+ port | [*]
: + partWithPeort  + connectorEnd
(Syntax: CompuositeStructures:InternalStructures) c
onnectorEnd

Property

[0.1] "

Figure 10: Ports diagram
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7.5.4.2 Class descriptions

7.5.4.2.1 ConnectorEnd

CompositeStructures::Ports::ConnectorEnd exten@ésgenincrement)
CompositeStructures::InternalStructures::Connectdnkith an additional propertpértWithPort), which,
when the connected role is a Port, specifies thatstance of this Port is connected in the conést specific

property of thecontext Classifier.

Generalizations

* None
Attributes
e None

Associations

e partWithPort : Property [0..1]
7.5.4.2.2 EncapsulatedClassifier
EncapsulatedClassifier extends StructuredClassifir the ability to own a set of Ports.

Generalizations

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

Attributes

e None

Associations

e ownedPort : Port [0..%]
7.5.4.2.3 Port

Port enables specification of interaction point®tigh which instances of an encapsulated classifietbe
connected and communicate with their environmeimternal parts. Port also enables the specifinatioa set
of Features provided or required by the owning [peatatedClassifier, that is, Features defined loyided or
required Interfaces associated with the Port.

Generalizations

»  Property (from fUML::Syntax::Classes::Kernel)
» Property (from
CompositeStructuresSyntaxAndSemantics:: Syntax:: @sitgStructures::InternalStructures)

Attributes

» isBehavior : Boolean [1]
» isConjugated : Boolean [1]
» isService : Boolean [1]
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Associations

e provided : Interface [0..*]

» redefinedPort : Port [0..%]

* required : Interface [0..*]
Additional constraints

» behavior_port_belongs_to_an_active_class
A behavior port can only belong to an active class.

inv: encapsulatedClassifier->notEmpty() and

(encapsulatedClassifier.oclisKindOf(Class) and
encapsulatedClassifier.isActive))

7.5.5 StructuredClasses

7.5.5.1 Overview

The StructuredClasses package is introduced tdeaaBlass to be structured, which is a key aspieldiviL
Composite Structures.

(Syntax:CompositeStructures::Ports)
EncapsulatedClassifier

Class

Figure 11: StructuredClasses diagram
7.5.5.2 Class descriptions

7.5.5.2.1 Class

CompositeStructures::StructuredClasses::Class @xtgnerge increment) fUML Class with the abilitybie
structured. A Class can have an internal struatameprising a network of linkeparts, as well as a set of Ports.

Generalizations

» EncapsulatedClassifier (from
CompositeStructuresSyntaxAndSemantics:: Syntax:: @sitgStructures::Ports)

Attributes

e None

Associations

¢ None
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8 Semantics

8.1 Overview

The Semantics clause defines precise semantiedeiorents introduced in the Abstract Syntax clatibe.
semantic definition consists in extending the fUbRecution model (defined in the Semantics claugsbef
“Semantics of a Foundational Subset for Executbdie. Models” specification) with appropriate semanti
visitors, semantic strategies, and the definitiba semantic mapping between these elements aneete
defined in the Abstract Syntax clause. By convemtadl classes introduced in the extended executiodel are
prefixed by “CS_", which stands for “Composite Stiures”. Structural and behavioral semantics of UML
composite structures are both covered by this sidan

Structural Semantics

In this specification, structural semantics consehe run time manifestation of (structured/enckxted)
classes, which implies defining how ports, part$ eonnectors are represented at run time (see fOMins
and Definitions for a more general definition).

Behavioral Semantics

In this specification, behavioral semantics consehe interpretation of Activities making statensefihrough
appropriate activity nodes and edges) relatedddifih cycle of objects (construction, destructiohservation
and modification) and to communications betwees¢habjects (see fUML Terms and Definitions for aeno
general definition).

Semantic Strategies and Semantic Variants

The definition of semantic strategies (i.e., thecpk where this specification allows for semarsigability) and
semantic variants (i.e., sets of consistent semahbices in the scope of allowed variability) éolls the same
principles as in fUML. Each semantic strategy ifirdl by an abstract strategy class in the executiodel.
Defining a particular semantic choice consistseffring a concrete realization of this abstractsgy class.
As in fUML, grouping concrete semantic strategyssks in order to define a consistent semanticimasa
tool implementation concern (cf. 8.2.2.1 of “Senebf a Foundational Subset for Executable UML klet]
subclause on Configuring the Execution Environnagrat Locus).

This specification introduces three new semantaagies. CS_StructuralFeatureOfinterfaceAccessslya
(8.4.1.2.3) deals with reading and writing of stunal features of an Interface, specifying how éhfeatures are
actually realized by a given behaviored classifS. RequestPropagationStrategy (8.5.1.2.6) de#is wi
propagation of requests in the case where multipssible propagation paths exist (e.g., multipteraction
points, multiple links). CS_ConstructStrategy (8.8.3) deals with instantiation of composite stuoes, by
constructing topologies of objects, interactionm@iand links, as well as dealing with default ealof
corresponding properties. In addition, this speatfon introduces CS_DispatchOperationOfinterfact8gy
(8.4.1.2.1), a new default realization of f{UML DaphStrategy. This realization deals with dispatghof
operations of an Interface, specifying how theseraipons are actually realized by a behavioredsiflas

Instantiation of Composite Structures

The UML specification saysLinks corresponding to Connectors may be creatpdruthe creation of the
instance of the containing StructuredClassifiarid“The topologies that result from matching the nplitities
of ConnectorEnds and those of ConnectableElemkeaysibterconnect cannot always be deduced from the
model. Specific examples in which the topologylmmadetermined from the multiplicities are showifrigure
11-6 and Figure 11-7"The only action defined by UML for creating arjexti is CreateObjectAction, which
has the following semantic$A CreateObjectAction is an Action that createsieedt instance of a given
Classifier and places the new instance on its teSukputPin. [...] The new instance has no valuests
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StructuralFeatures and participates in no link§hese semantics are formalized in the fUML execumodel.

In order to comply with fUML while taking into acuat the semantics of UML Composite Structures about
object creation (which implies the creation of pdlngy of instances and links, which contradictmanstics of
CreateObjectAction where created objects are emibtig) specification overrides semantics of
CallOperationAction in the case where the stangterkotype Create is applied on the called Operadiod
this operation has no associated method. In tlsis,@Gconstruction strategy is applied (see
CS_ConstructStrategy in 8.5.1.2.3). Since Proélsd Stereotypes were not included in fUML, this
specification provides some extensions, describedd following paragraph.

Dealing with Profiles and Stereotypes

The UML abstract syntax for profiles and stereosyjgenot part of the fUML subset. However, for theposes
of f{UML execution semantics, a UML profile can Iogerpreted exactly as its equivalent CMOF modeligctvh
can be represented in fUML (with the same constaera used when representing the rest of the UMitrabt
syntax in fUML). The application of a stereotype ¢hen be treated as an object of the equivalenDEMlass
for the stereotype tied to the appropriate UML robjact by a link of the equivalent CMOF associafionthe
extension.

Since the bUML subset used for the execution mddet not include associations, when the UML abistrac
syntax is represented in bUML, associations arergigdly ignored and all navigation is via the mekass-
owned end properties defined by the associationseShe equivalent CMOF association for an extanss
navigable only from the equivalent CMOF class for stereotype to the extended UML metaclass, thal us
UML abstract syntax conventions imply that the CM@dss for the stereotype owns the
“base_metaclassName” property, but that theretimmorresponding “extension_stereotypeName” ptgper
added to the UML metaclass. This means that, ierdidetermine whether a metaobject has a specific
stereotype applied, one needs to search the eodtéme equivalent CMOF class for the stereotypset if there
is one that extends the given metaobject. Thisheatione using bUML code of the following form:

ExtensionalValueList extent = locus.getExtent(sigrpeClass);
ExtensionalValue extensionObject = null;
inti=1;
while (i <= extent.size() && extensionObject == Byl
ExtensionalValue object = extent.getValuel(j;
if(object.getFeatureValue(baseEnd).valudgalee(0).equals(baseObject)) {
extensionObject = object;
}

i=i+1;

}

The result of the above code is that extension@lgatains the equivalent CMOF object for the sityee
applied to the model element represented by baseOdj, if the stereotype is not applied, it islnul

Note that doing the above requires that the egentalMOF class for the stereotype is actually msaded at
the execution locus, in order for its extent tddiked up. This means that it would be possibleafstereotype
to be applied to a model at one execution, buapptied to that same model at a different executons. No
fUML semantics have previously put any such reqoest on the instantiation of abstract syntax matsss.

It also requires that the specific metaobject re@néing a stereotypeClass be known. The root paockathe
equivalent CMOF model of a profile has to be regist, rather than the individual stereotypes with&
profile, so that a stereotype could be looked ugtbgualified name, to avoid possible name cotHlitn this
specification, this mechanism is added to the eimtumodel by the specialization of ExecutionFagt(mee
8.6.1.2.1). Then the equivalent class for a stgpeotould be looked up using a call such as tHeviahg:

Class_ createStereotypeClass = locus.factory.get®ygpeClass("StandardProfile", "Create");
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The following subclauses provide details about tleevfUML execution model is extended to address
semantics of UML Composite Structures.

8.2 Actions

8.2.1 CompleteActions
8.2.1.1 Overview

The CompleteActions package introduces two extessio fUMLsemantics. The first one is related to
ReadExtentAction, and it accounts for the introducof classes CS_Object (8.5.2.2.4) and CS_Referen
(8.5.2.2.5). The second one is related to Readés@ikadObjectAction, and enables to determine ibbject is
classified by an Interface. Extensions are depittddgure 12.

(FUML::Semanticsfctions: Completefctions) (FUML;:Semantics:bctions: Completelctions)
ReadExtentActionActivation ReadlsClassified ObjectictionActivation
C5_ReadExtentfctionfctivation CS ReadIsClassifiedObje ctictionfctivatian
dofiction() checkAllParents( : Classifier, @ Classifier): Boolean
realizesInterface( : Class, :Interface): Boolean
isDescendant( : Interface, : Interface): Boolean

Figure 12: CompleteActions diagram

8.2.1.2 Class descriptions

8.2.1.2.1 CS_ReadExtentActionActivation

CS_ReadExtentActionActivation extends fUML ReadBxféetionActivation to account for the introductiof
classes CS_Obiject (8.5.2.2.4) and CS_Referenc® (8%5). As compared to fUML semantics (which proshi
a collection of References to Objects availablih@txecution Locus), for each CS_Obiject (clagbifie the
given ReadExtentAction classifier) that is avaitaht the execution Locus, a CS_Reference is pradustead

of a fUML Reference.

Generalizations

* ReadExtentActionActivation (from fUML::Semanticsc#ions::CompleteActions)

Attributes

e None

Associations

* None
Operations
[1] public doAction()
/I Get the extent, at the current execution locus, of the classifier
/I (which must be a class) identified in the actio n.
/I Place references to the resulting set of object s on the result pin.
/I Extends default fUML semantics in the sense tha t produced tokens contain
/I CS_References instead of References, in the cas e where the object is a
/I CS_Object
ReadExtentAction action = (ReadExtentAction) (this .node);
ExtensionalValueList objects = this.getExecutionLo cus().getExtent(
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action.classifier);
Valuelist references = new ValueList();
for (inti=0; i< objects.size(); i++) {
Value object = objects.getValue(i);
Reference reference = null ;
if (object instanceof CS_Object) {
reference = new CS_Reference() ;
((Cs_Reference)reference).compositeReferent = (C S_Object)object ;

else {
reference = new Reference() ;

reference.referent = (Object_) object;
references.addValue(reference);

this.putTokens(action.result, references);

8.2.1.2.2 CS_ReadIsClassifiedObjectActionActivation

CS_ReadlsClassifiedObjectActionActivation extendML ReadlsClassifiedObjectActionActivation to
account for Interfaces. In the case where the Gisglentified by the ReadlsClassifiedObjectActis not an
Interface, it behaves like in fUML. In the case whthe Classifier is an Interface, it checks if tineen type (or
one of its direct or indirect ancestors) has aarfateRealization relationships with the given siféer. If an
InterfaceRealization is found, the object is cliadiby this Interface.

Generalizations

* ReadExtentActionActivation (from fUML::Semanticsc#ons::CompleteActions)

Attributes

e None

Associations

* None
Operations
[1] public checkAllParents(type:Classifier, classif ier:Classifier) : Boolean
/I If the given classifier is not an Interface, be haves like in fUML.
/I Otherwise, check if the given type (or one of i ts direct or indirect ancestors)
/I has an InterfaceRealization relationships with the given classifier.

boolean matched = false ;
if (I(classifier instanceof Interface)) {
matched = super.checkAllParents(type, classifier );

else if (! (type instanceof Class_){
matched = false ;

else if (this.realizesInterface((Class_)type, (Int erface)classifier)) {
matched = true ;
}
else {
ClassifierList directParents = type.general;
inti=1;
while(Imatched & i <= directParents.size()) {
Classifier directParent = directParents.get(i -1);
matched = this.checkAllParents(directParent, ¢ lassifier);
i=i+1;

}

return matched ;

[2] public isDescendant(contract:Interface, interfa ce_:Interface) : Boolean
/I Checks if the given contract is a descendant of the given interface_
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boolean matched = false ;
ClassifierList descendants = contract.general ;

inti=1;
while (i <= descendants.size() && ! matched) {
if (descendants.getValue(i-1) instanceof Interfa ce) {
Interface descendant = (Interface)descendants. getValue(i-1) ;

if (descendant == interface_) {

matched = true ;
}
else {

matched = this.isDescendant(descendant, inte rface_) ;
}
}
| =

i+1;

return matched ;

[3] public Boolean realizesInterface(Class_ type, | nterface interface_) {

/I Checks if the given type has an InterfaceRealiz ation relationship
/I with the given interface or a descendant of the interface.
InterfaceRealizationList realizations = type.inter faceRealization ;
boolean realized = false ;
inti=1;
while (i <= realizations.size() && !realized) {

InterfaceRealization realization = realizations. get(i-1);

Interface contract = realization.contract ;
if (contract == interface_) {
realized = true ;

else if (this.isDescendant(contract, interface_) ) {
realized = true ;

}

| =

i+1;

return realized ;
8.2.2 IntermediateActions

8.2.2.1 Overview

Extensions introduced by the IntermediateActioral eéth structural semantics of Composite Structune
connection with the introduction of classes CS_©[8.5.2.2.4), CS_Reference (8.5.2.2.5), CS_Link
(8.5.2.2.2), and CS_InteractionPoint (8.5.2.2.hede extensions are depicted in Figure 13.
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(FUML:Semanticsi@ctions: Ihtermediatefctions)
AddStructuralFeatureValueActionActivation

(FUML:: Semantics:fctions: IntermediateActions)
CreateObjectictionActivation

i

C5_AddStructuralFeatureValuefctionfctivation

dadction()
dofctionDefault()

i

CS_CreateObjectActionActivation

dobction()

(FUML:SemanticsiActions: Intermediate Actions)
ReadSelfActionActivation

(FUML:Semantics:Actions: Intermiediatedctions)
CreatelinkActionfctivation

Zﬁ

T

C5 ReadSelfActonfctivation

CS CreateLinkAchionActivation

dofction()

dodction()

(fUMLSemanticsiActionseintermediatefctions)
ClearStructuralFeaturefctionfctivation

T

L5 ClearStructuralFeatureActionfctivation
dofction()
getlinksToDestroy( : StructuredValue, | StructuralFeature): C5_Link
getPatentiallinkEnds( : CS_Reference, : StructuralFeature): Value

Figure 13: IntermediateActions diagram

8.2.2.2 Class descriptions

8.2.2.2.1 CS_AddStructuralFeatureValueActionActivat

ion

CS_AddsStructuralFeatureValueActionActivation extefldML AddStructuralFeatureValueActionActivation so
that, if the StructuralFeature identified by theién is a Port, a CS_InteractionPointis inserted &alue for

the Port instead of a CS_Reference. In the caseavthe StructuralFeature is not a Port but idexgtiin
association end, fUML semantics are also extenddta a CS_Linkis created instead of a fUML Link.

Generalizations

e AddStructuralFeatureValueActionActivation (from fuMSemantics::Actions::IntermediateActions)

Attributes

* None

Associations

* None

Operations

[1] public doAction()
/I If the feature is a port and the input value to
/I Replaces this CS_Reference by a CS_InteractionP
/I as usual.
/I If the feature is not a port, behaves as usual

AddStructuralFeatureValueAction action = (AddStruc
(this.node);
StructuralFeature feature = action.structuralFeatu

if (!(feature instanceof Port)) {
/I Behaves as usual

be added is a CS_Reference,
oint, and then behaves

turalFeatureValueAction)

re;
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else {

this.doActionDefault() ;

ValueList inputValues = this.takeTokens(action.va
/I NOTE: Multiplicity of the value input pinis r
Value inputValue = inputValues.getValue(0);
if (inputValue instanceof Reference) {
I First constructs an InteractionPoint from the
Reference reference = (Reference) inputValue;
CS_InteractionPoint interactionPoint = new CS_Int
interactionPoint.referent = reference.referent;
interactionPoint.definingPort = (Port) feature;
/I The value on action.object is necessarily inst
I/l CS_Reference (otherwise, the feature cannot be
CS_Reference owner = (CS_Reference) this.takeToke
action.object).getValue(0);
interactionPoint.owner = owner;
/I Then replaces the CS_Reference by a CS_Interac
inputValues.remove(0);
inputValues.addValue(0, interactionPoint);
/I Finally concludes with usual fUML behavior of
/I AddStructuralFeatureValueAction (i.e., the usu
/l the value on action.object pin is a Structured
Integer insertAt = 0;
if (action.insertAt != null) {
insertAt = ((UnlimitedNaturalValue) this.takeTok
action.insertAt).getValue(0)).value.naturalValu
}
if (action.isReplaceAll) {
owner.setFeatureValue(feature, inputValues, 0);

else {
FeatureValue featureValue = owner.getFeatureValu

if (featureValue.values.size() > 0 & insertAt ==

/'If there is no insertAt pin, then the structu

/I feature must be unordered, and the insertion

/I immaterial.

insertAt = ((ChoiceStrategy) this.getExecutionLo
.getStrategy(“"choice"))
.choose(featureValue.values.size());

if (feature.multiplicityElement.isUnique) {
/I Remove any existing value that duplicates the
Integer j = position(interactionPoint, featureVa
if > 0){

featureValue.values.remove( - 1);

if (insertAt > 0 & j < insertAt) {

insertAt = insertAt - 1;

}
}
}

if (insertAt <= 0) {

/I Note: insertAt = -1 indicates an unlimited va
J] e
featureValue.values.addValue(interactionPoint);
}else {

featureValue.values.addValue(insertAt - 1, inter

}

if (action.result != null) {
this.putToken(action.result, owner);
}

}

else {

/I behaves as usual
this.doActionDefault() ;

}
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[2] public doActionDefault()

/I Get the values of the object and value input pi

/I If the given feature is an association end, the

/I between the object and value inputs.

/I Otherwise, if the object input is a structural

/ value to the values for the feature.

I If isReplaceAll is true, first remove all curre

/I feature values.

I lf isReplaceAll is false and there is an insert

/I value at the appropriate position.

/I This operation captures same semantics as fUML
/I AddStructuralFeatureValueActionActivation.doAct
/I when the feature is an association end, a CS_Li
/I of a Link

AddStructuralFeatureValueAction action = (AddStruc

ns.
n create a link

value, then add a
nt matching links or
At pin, insert the

ion(), except that
nk will be created instead

turalFeatureValueAction)

(this.node);
StructuralFeature feature = action.structuralFeatu re;
Association association = this.getAssociation(feat ure);
Value value = this.takeTokens(action.object).getVa lue(0);
ValueList inputValues = this.takeTokens(action.val ue);

/I NOTE: Multiplicity of the value input pin is re

quired to be 1..1.

Value inputValue = inputValues.getValue(0);

int insertAt = 0;
if (action.insertAt != null) {
insertAt = ((UnlimitedNaturalValue) this
.takeTokens(action.insertAt).getValue(0)).value. naturalValue;

}

if (association != null) {

LinkList links = this.getMatchingLinks(associatio n, feature, value);
Property oppositeEnd = this.getOppositeEnd(associ
int position = 0;
if (oppositeEnd.multiplicityElement.isOrdered) {
position = -1;

}

if (action.isReplaceAll) {

for (inti = 0; i < links.size(); i++) {
Link link = links.getValue(i);
link.destroy();

ation, feature);

} else if (feature.multiplicityElement.isUnique) {
for (inti=0; i< links.size(); i++) {
Link link = links.getValue(i);

FeatureValue featureValue = link.getFeatureValue (feature);
if (featureValue.values.getValue(0).equals(input Value)) {
position = link.getFeatureValue(oppositeEnd).pos ition;
if (insertAt > 0 & featureValue.position < inser tAt) {
insertAt = insertAt - 1;
}
link.destroy();
}
}
}

CS_Link newLink = new CS_Link();
newLink.type = association;

/I This necessary when setting a feature value wi th an insertAt
/I position

newLink.locus = this.getExecutionLocus();

newLink.setFeatureValue(feature, inputValues, ins ertAt);
ValueList oppositeValues = new ValueList();

oppositeValues.addValue(value);

newLink.setFeatureValue(oppositeEnd, oppositeValu es, position);
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newLink.locus.add(newLink);

} else if (value instanceof StructuredValue) {
StructuredValue structuredValue = (StructuredValu e) value;

if (action.isReplaceAll) {
structuredValue.setFeatureValue(feature, inputVal ues, 0);
}else {
FeatureValue featureValue = structuredValue
.getFeatureValue(feature);

if (featureValue.values.size() > 0 & insertAt == 0) {
/I *** |f there is no insertAt pin, then the str uctural
/I feature must be unordered, and the insertion position is
/I immaterial. ***
insertAt = ((ChoiceStrategy) this.getExecutionLo cus().factory
.getStrategy("choice")).choose(featureValue.val ues
.size());
}
if (feature.multiplicityElement.isUnique) {
/I Remove any existing value that duplicates the input value
int j = position(inputValue, featureValue.values , 1);
if >0){

featureValue.values.remove(j - 1);
if (insertAt > 0 & j < insertAt) {
insertAt = insertAt - 1;

}
}
}
if (insertAt <= 0) {// Note: insertAt = -1 indic ates an
/I unlimited value of "*"
featureValue.values.addValue(inputValue);
}else {
featureValue.values.addValue(insertAt - 1, input Value);
}
}

}

if (action.result != null) {
this.putToken(action.result, value);
}

8.2.2.2.2 CS_ClearStructuralFeatureActionActivation

FUML semantics are extended so that, when a StalE®ature is cleared, any links representing atainte of
a Connector in which the StructuralFeature is imedl(i.e., it is a role or a partWithPort for a @entorEnd of
this Connector) are destroyed.

Generalizations

e ClearStructuralFeatureActionActivation (from fUMBemantics::Actions::Intermediate Actions)

Attributes

* None

Associations

* None

Operations

[1] public doAction()
/I Get the value of the object input pin.
/I If the given feature is an association end, th en
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/I destroy all links that have the object input o
/I Otherwise, if the object input is a structured
/I set the appropriate feature of the input value
ClearStructuralFeatureAction action = (ClearStruc
StructuralFeature feature = action.structuralFeat
Association association = this.getAssociation(fea
Value value = this.takeTokens(action.object).get(
if(association != null) {
LinkList links = this.getMatchingLinks(associat
for(inti = 0; i < links.size(); i++) {
Link link = links.get(i);
link.destroy();

} else if(value instanceof StructuredValue) {
I If the value is a data value, then it must b
/[ any change is made.
if(!(value instanceof Reference)) {

value = value.copy();

else {
/I extension to fUML
CS_LinkList linksToDestroy = this.getLinksToD
for (inti=0 ;i< linksToDestroy.size() ;
linksToDestroy.get(i).destroy() ;

}
1

((StructuredValue)value).setFeatureValue(action

if(action.result != null) {
this.putToken(action.result, value);

[2] public getLinksToDestroy(value: StructuredValue
/I Retrieves links that must be destroyed when th
Il is cleared in the context of the given value
CS_LinkList linksToDestroy = new CS_LinkList() ;
if (value instanceof CS_Reference) {
CS_Reference context = (CS_Reference)value ;
/I Retrieves the feature values for the structu
/I in the context of this reference
FeatureValue featureValue = context.getFeatureV
if (feature instanceof Port) {
/I all values are interaction points
/I any link targeting this interaction point
for (inti=0 ;i< featureValue.values.size
CS_InteractionPoint interactionPoint = (CS_

CS_LinkList connectorinstances = context.co

for (intj = 0 ; j < connectorlnstances.siz
CS_Link link = connectorinstances.get(j)
linksToDestroy.add(link) ;
}
}

else { // feature is an attribute
/I Retrieve all potential link ends,
/I separating potential link ends correspondi
/I and potential link ends corresponding to o
/I By "potential link ends", we refer to the
/I as well as interaction points associated w
ValueList allValuesForFeature = new ValueList
ValuelList allOtherValues = new ValuelList() ;
for (inti =0 ;i< context.referent.feature
StructuralFeature currentFeature = context.
ValueList values = this.getPotentialLinkEnd
for (intj=0;j < values.size() ; j++) {
Value v = values.get(j) ;
if (currentFeature != feature) {
allOtherValues.add(v) ;
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}
else {
allValuesForFeature.add(v) ;
}
}

/I Retrieves all links available at the locus
ExtensionalValueList extensionalValues = this
CS_LinkList allLinks = new CS_LinkList() ;
for (inti=0 ;i< extensionalValues.size()
ExtensionalValue extensionalValue = extensi
if (extensionalValue instanceof CS_Link) {
allLinks.add((CS_Link)extensionalValue) ;

}

/I Retrieves links representing connector ins
for (inti=0;i<allLinks.size() ; i++) {
CS_Link link = allLinks.get(i) ;
boolean linkHasToBeDestroyed = false ;
for (intj = 0; j < allValuesForFeature.si
Value v = allValuesForFeature.get(j) ;
StructuralFeature featureForV = link.getF
if (featureForV !=null) {
/I Check if feature values of this link
/l contains elements identified in allO
for (int k = 0 ; k < link.featureValues
FeatureValue otherFeatureValue = link
if (otherFeatureValue.feature != feat
for (int1 = 0; | < otherFeatureVal

I++) {
for (int m = 0 ; m < allOtherValu
if (otherFeatureValue.values.ge
linkHasToBeDestroyed = true ;
}
}
}
}
}
}
}

if (linkHasToBeDestroyed) {
linksToDestroy.add(link) ;
}
}
}

return linksToDestroy ;

[3] public getPotentialLinkEnds(context : CS_Refere
Value[*]
/I Retrieves all feature values for the context o
/I as well as all interaction point for these val
ValuelList potentialLinkEnds = new ValuelList() ;
FeatureValue featureValue = context.getFeatureVal
for (inti=0 ;i< featureValue.values.size() ;
Value v = featureValue.values.get(i) ;
potentialLinkEnds.add(v) ;
if (v instanceof CS_Reference) {
/l add all interaction points associated with
for (intj =0 ;< ((CS_Reference)v).refere
if (((CS_Reference)v).referent.featureValue
ValueList interactionPoints =
(((Cs_Reference)v).referent.featureValues.get(j)).v
for (int k = 0 ; k < interactionPoints.si
potentialLinkEnds.add(interactionPoints
}
}
}
}
}

return potentialLinkEnds ;
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8.2.2.2.3 CS_CreateLinkActionActivation
FUML semantics are extended so that a CS_ Linkiatettinstead of a fUML Link.

Generalizations

» CreatelLinkActionActivation (from fUML::Semantics:otons::IntermediateActions)

Attributes

* None

Associations

e None

Operations

[1] public doAction()

34

/I Get the extent at the current execution locus o
// which a link is being created.

/I Destroy all links that have a value for any end
I/l isReplaceAll is true.

/I Create a new link for the association, at the ¢

/I given end data values,

/I inserted at the given insertAt position (for or

/I fUML semantics is extended in the sense that a
/I 'a Link

CreateLinkAction action = (CreateLinkAction) (this
LinkEndCreationDataL.ist endDataList = action.endDa

Association linkAssociation = this.getAssociation(
ExtensionalValueList extent = this.getExecutionLoc
linkAssociation);

Link oldLink = null;

for (inti=0; i< extent.size(); i++) {
ExtensionalValue value = extent.getValue(i);
Link link = (Link) value;

boolean noMatch = true;
intj=1;
while (noMatch & j <= endDatalList.size()) {
LinkEndCreationData endData = endDatal.ist.getValu
if (endData.isReplaceAll
& this.endMatchesEndData(link, endData)) {
oldLink = link;
link.destroy();
noMatch = false;

}
=i+ L
}

}

CS_Link newLink = new CS_Link();
newLink.type = linkAssociation;

/I This is necessary when setting a feature value
newLink.locus = this.getExecutionLocus();

for (inti=0; i < endDataList.size(); i++) {
LinkEndCreationData endData = endDatal.ist.getValu

int insertAt;

if (endData.insertAt == null) {

insertAt = 0;

}else {

insertAt = ((UnlimitedNaturalValue) (this
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.takeTokens(endData.insertAt).getValue(0))).valu e.naturalValue;
if (oldLink != null) {

if (oldLink.getFeatureValue(endData.end).positio n < insertAt) {
insertAt = insertAt - 1;
}

}

newLink.setFeatureValue(endData.end,
this.takeTokens(endData.value), insertAt);

}

this.getExecutionLocus().add(newLink);

8.2.2.2.4 CS_CreateObjectActionActivation

FUML semantics are extended so that a CS_Referepoeiuced instead of a fUML Reference, in the case
where the execution locus instantiate a CS_Obpstéad of a fUML Object. With the extensions ddiifmethis
specification, a fUML Object is instantiated oniythe case where the classifier identified by th&dk is a
Behavior.

Generalizations

» CreateObjectActionActivation (from fUML::Semantic&ctions::IntermediateActions)

Attributes

e None

Associations

* None
Operations
[1] public doAction()
/I Create an object with the given classifier (whi ch must be a class) as
/I its type, at the same locus as the action activ ation.
/I Place a reference to the object on the result p in of the action.
/I Extends fUML semantics in the sense that the re ference placed
/I on the result pin is a CS_Reference (in the cas e where the instantiated object
/l'is a CS_Object) not a Reference
/I Note that Locus.instantiate(Class) is extended in this specification
// to produce a CS_Object instead of an Object in the case where the class

/I to be instantiated is not a behavior
CreateObjectAction action = (CreateObjectAction) ( this.node);
Reference reference ;
Object_ referent = this.getExecutionLocus().instan tiate((Class_) (action.classifier));
if (referent instanceof CS_Object) {
reference = new CS_Reference() ;
((CS_Reference)reference).compositeReferent = (CS _Object)referent ;

else {
reference = new Reference() ;

reference.referent = referent ;

this.putToken(action.result, reference);
8.2.2.2.5 CS_ReadSelfActionActivation

FUML semantics are extended so that a CS_Refefisreduced instead of a f{UML reference.
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Generalizations

» ReadSelfActionActivation (from fUML::Semantics::Asts::IntermediateActions)

Attributes

* None

Associations

* None

Operations

[1] public doAction()
/I Get the context object of the activity executio
/I action activation and place a reference to it o

n containing this
n the result output

1/ pin.

/I Extends fUML semantics in the sense that the re ference placed on
/ the result pin is a CS_Reference, not a Referen ce

/I Debug.printin("[ReadSelfActionActivation] Start R

CS_Reference context = new CS_Reference();

context.referent = this.getExecutionContext();

if (context.referent instanceof CS_Object) {// i.e
execution

}

/I Debug.printin("[ReadSelfActionActivation] conte
/I context.referent);

. alternatively, it can be an

context.compositeReferent = (CS_Object)context.re ferent ;
xt object =" +

OutputPin resultPin = ((ReadSelfAction) (this.node )).result;
this.putToken(resultPin, context);

8.3 Classes

8.3.1 Kernel

8.3.1.1 Overview

The Kernel package introduces extensions to son fBvaluation classes. These extensions are depinte
Figure 14.

[FUML::Semantics:ClassessKernel)
InstanceValueEvaluation

(fUML::Semantics::ClasseszKemel)
Evaluation

1

1

CS InstanceValueEvaluation

CS _OpaquebxpressionEvaluation

evaluate(): Value

evaluate(): Value
executeExpressionBehavier(): Value

Figure 14: Kernel diagram

8.3.1.2 Class descriptions
8.3.1.2.1 CS_InstanceValueEvaluation

FUML semantics are extended so that, if the evatliaistance specification is for an object whichastyped
by a Behavior, a CS_Reference(to a CS_Object}tusmed instead of Reference (to a fUML Object).
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Generalizations

* InstanceValueEvaluation (from fUML::Semantics::Gas.:Kernel)

Attributes
* None
Associations
* None

Operations

[1] public evaluate() : Value
/I If the instance specification is for an enumera
/I identified enumeration literal.
/I If the instance specification is for a data typ
/I value or an enumeration), then create a data va
1/ type.
I If the instance specification is for an object,
/I at the current locus with the specified types.
/I Set each feature of the created value to the re
/I value specifications for the specified slot for
/I Extends fUML semantics in the sense that when t
/I 'is for an object which is not typed by a Behavi
/I CS_Object) is produced instead of a Reference (

/I Debug.printin("[evaluate] InstanceValueEvaluati

InstanceSpecification instance = ((InstanceValue)
ClassifierList types = instance.classifier;
Classifier myType = types.getValue(0);

Debug.printin("[evaluate] type =" + myType.name);

Value value;

if (instance instanceof EnumerationLiteral) {
/I Debug.printin("[evaluate] Type is an enumerati
EnumerationValue enumerationValue = new Enumerati
enumerationValue.type = (Enumeration) myType;
enumerationValue.literal = (EnumerationLiteral) i
value = enumerationValue;

else {
StructuredValue structuredValue = null;

if (myType instanceof DataType) {

/I Debug.printin("[evaluate] Type is a data type.
DataValue dataValue = new DataValue();
dataValue.type = (DataType) myType;
structuredValue = dataValue;

}

else {

Object_ object = null;

if (myType instanceof Behavior) {

/I Debug.printin("[evaluate] Type is a behavior.

object = this.locus.factory.createExecution(
(Behavior) myType, null);

else {
/I Debug.printin("[evaluate] Type is a class.");
object = new CS_Object();
for (inti=0;i<types.size(); i++) {
Classifier type = types.getValue(i);
object.types.addValue((Class_) type);
}

}
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this.locus.add(object);

Reference reference ;
if (object instanceof CS_Object) {
reference = new CS_Reference();
((Cs_Reference)reference).compositeReferent = (C S_Object)object ;

else {

}
reference.referent = object;
structuredValue = reference;

}

structuredValue.createFeatureValues();

reference = new Reference() ;

/I Debug.printin("[evaluate] " + instance.slot.si ze() +
11" slot(s).");

SlotList instanceSlots = instance.slot;

for (inti = 0; i < instanceSlots.size(); i++) {
Slot slot = instanceSlots.getValue(i);
ValueList values = new ValueList();

/I Debug.printin("[evaluate] feature =" +
/I slot.definingFeature.name + ", " + slot.value. size() +
/I value(s).");
ValueSpecificationList slotValues = slot.value;
for (intj = 0; j < slotValues.size(); j++) {
ValueSpecification slotValue = slotValues.getVal ue());
/I Debug.printin("[evaluate] Value =" +
/I slotValue.getClass().getName());
values.addValue(this.locus.executor.evaluate(slo tValue));

structuredValue.setFeatureValue(slot.definingFeat ure, values, 0);

}

value = structuredValue;

}

return value;
8.3.1.2.2 CS_OpaqueExpressionEvaluation

CS_OpaqueExpressionEvaluation defines semantidhdogvaluation of OpaqueExpressions. The evaluatio
consists in executing the Behavior associated thithevaluated OpaqueExpression.

The fUML semantics for the evaluation of ValueSfieation is based on the assumption that at msgtgle
Value is returned. In CS_OpaqueExpressionEvaluatios assumption is reflected in operation evauat
(described below). There are however cases wherevonld expect that the evaluation of ValueSpeaiitm
returns a collection of Values. A typical use casecerns a default value for a property with a lolb@&und
greater than 1.

To support this use case, CS_OpaqueExpressionHeealuatroduces the operation
executeExpressionBehavior, which returns a cotleadif values. This operation is used by
CS_DefaultConstructStrategy, when instantiatingotgj corresponding to parts with default valuesifipd by
OpaqueExpressions. Other construction strategightrnonsider using this operation as well.
Generalizations

» Evaluation (from fUML::Semantics::Classes::Kernel)
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Attributes

e None

Associations

* None
Operations
[1] public evaluate() : Value
/I Execute the behavior associated with the contex t OpaqueExpression, if any.
/I'If multiple return values are computed, then re turn the first one.
/I'lf no values are computed, return null
ValueList evaluation = this.executeExpressionBehav ior() ;

if (evaluation.size() > 0) {
return evaluation.get(0) ;

else {
return null ;
}
[2] public executeExpressionBehavior() : Value[*]
/I'If a behavior is associated with the context Op aqueExpression,
/I then execute this behavior, and return computed values.

/I Otherwise, return an empty list of values.

ValueList evaluation = new ValueList() ;

OpaqueExpression expression = (OpagueExpression)th is.specification ;
Behavior behavior = expression.behavior ;

if (behavior != null) {

ParameterValueList inputs = new ParameterValueLis t0) ;

ParameterValueList results = this.locus.executor. execute(behavior, null,
inputs) ;

for (inti=0;i<results.size() ;i++) {//r esults.size should be 1

ParameterValue parameterValue = results.get(i) ;

ValuelList values = parameterValue.values ;

for (intj=0;]j<values.size() ; j++) {
evaluation.add(values.get())) ;

}

}

return evaluation ;
8.4 CommonBehaviors
8.4.1 Communications

8.4.1.1 Overview

The Communications package only introduces extesgielated to semantic strategies. These extenarens

depicted in Figure 15.
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(fUML::SemanticsiClassesuKernel)
RedefinitionBasedDispatchStrategy

i i

- - CE_StructurziFestureOfinterfoced coassStrategy
C5 _DispatchOperationOflnteface Strategy gethlame(): Sting

operationshdatch(: Operation, : Operation): Boolean read(: C5_Object, : StructuralFeature): Featuret/alue
werite(: C3_Object, @ StructuralFeature, Walue [*], @ Integer)

T

C5_MarneBased_StructuralFeatureOfInterfacefccessStrategy

read(: C5_Object, @ StructuralFeature): FeatureWalue
werite s C3_Object, @ StructuralFeature, @ Walue [*], @ Integer)

SemanticStrategy

Figure 15: Communications diagram
8.4.1.2 Class descriptions
8.4.1.2.1 CS_DispatchOperationOfinterfaceStrategy

CS_DispatchOperationOfinterfaceStrategy extendefRatlonBasedDispatchStrategy, which is the ddfaul
semantic strategy provided by fUML for operatiofi déspatching. The extension consists in taking in
account the introduction of Interfaces (cf. Claidse3.2.3). If the called Operation belongs toraerface (cf.
8.5.1.2.2, CS_CallOperationActionActivation), teisategy is used to determine if an Operation efténget
Object (i.e., an Operation that belongs to a Qigsing this Object) matches the Operation of therfiace. It
matches if it has the same name and signature.

Generalizations

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

Attributes

e None

Associations

* None
Operations
[1] public operationsMatch(ownedOperation:Operation , baseOperation:Operation) : Boolean
/I Override operationsMatch, in the case where bas eOperation belongs
//'to an Interface.
/I'In this case, ownedOperation matches baseOperat ion if it has the same name and
signature
/I Otherwise, behaves like fUML RedefinitionBasedD ispatchStrategy
boolean matches = true ;
if (baseOperation.namespace instanceof Interface) {
matches = (baseOperation.name == ownedOperation.n ame) ;
matches = matches && (baseOperation.ownedParamete r.size() ==
ownedOperation.ownedParameter.size()) ;
ParameterList ownedOperationParameters = ownedOpe ration.ownedParameter ;
ParameterList baseOperationParameters = baseOpera tion.ownedParameter ;
for (inti=0; matches == true && i < ownedOper ationParameters.size() ; i++)
{
Parameter ownedParameter = ownedOperationParamet ers.getValue(i) ;
Parameter baseParameter = baseOperationParameter s.getValue(i) ;
matches = (ownedParameter.type == baseParameter. type) ;
matches = matches && (ownedParameter.multiplicit yElement.lower ==
ownedParameter.multiplicityElement.lower) ;
matches = matches && (ownedParameter.multiplicit yElement.upper ==

ownedParameter.multiplicityElement.upper) ;

40 Precise Semantics of UML Composite Structures, version 1.0



matches = matches && (ownedParameter.direction = =
ownedParameter.direction) ;

}

else {

}

return matches ;

matches = super.operationsMatch(ownedOperation, b aseOperation) ;

8.4.1.2.2 CS_NameBased_StructuralFeatureOfinterface = AccessStrategy

CS_NameBased_StructuralFeatureOfinterfaceAccedsgyrés the default realization provided by this
specification for the semantic strategy CS_StradRgature OfInterfaceAccessStrategy. This defaalization
requires that, for a given Class to actually realfze StructuralFeatures of an Interface, it ma&nd or inherit
StructuralFeatures that match the StructuralFesmiréhe Interface. StructuralFeatures match iy theeve same
name, compatible type, and same multiplicity. No#t UML does not impose that the realizing Claseage
StructuralFeatures matching the structural feataféise realized Interfaces. For example, alteveastrategies
may require that the realizing Classes provide™gatl “set” Operations matching the StructuralFesgof the
realized Interfaces.

Generalizations

e CS_StructuralFeatureOfinterfaceAccessStrategy (from
CompositeStructuresSyntaxAndSemantics::Semantiasit@nBehaviors:: Communications)

Attributes

* None

Associations

* None

Operations

[1] public read(cs_Object:CS_Object, feature:Struct uralFeature) : FeatureValue

/I returns a copy of the first feature value of cs _Object where the name

/I of the corresponding feature matches the name o f the feature given as a parameter

/I Otherwise, returns an empty feature value

FeatureValueList featureValues = cs_Object.feature Values ;

FeatureValue matchingFeatureValue = null ;

for (inti=0 ;i< featureValues.size() && match ingFeatureValue == null ; i++) {
FeatureValue featureValue = featureValues.getValu e(i);
if (featureValue.feature.name.equals(feature.name ) {
matchingFeatureValue = featureValue ;

}

if (matchingFeatureValue != null) {
matchingFeatureValue = matchingFeatureValue.copy( );
matchingFeatureValue.feature = feature ;

else {
matchingFeatureValue = new FeatureValue() ;
matchingFeatureValue.feature = feature ;
matchingFeatureValue.values = new ValueList() ;
matchingFeatureValue.position =0 ;

}

return matchingFeatureValue ;

[2] public write(cs_Object:CS_Object, feature:Struc turalFeature, values:Value[*],
position:Integer)

/I Retrieves the first feature value of cs_Object where the name of the corresponding
feature

/I matches the name of the feature given as a para meter
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/I Then updates the values for this feature value

FeatureValueList featureValues = cs_Object.feature Values ;
FeatureValue matchingFeatureValue = null ;
for (inti=0 ;i< featureValues.size() && match ingFeatureValue == null ; i++) {
FeatureValue featureValue = featureValues.getValu e(i);
if (featureValue.feature.name.equals(feature.name ) {
matchingFeatureValue = featureValue ;
}
if (matchingFeatureValue != null) {
cs_Object.setFeatureValue(matchingFeatureValue.fe ature, values, position) ;

}

8.4.1.2.3 CS_StructuralFeatureOfinterfaceAccessStra tegy

CS_ StructuralFeatureOfinterfaceAccessStrategynsvasemantic strategy. It deals with reading aritingrof
structural features of an Interface, specifying ibese features are actually realized by a givéiaiered
classifier. It is involved in the case where a B&itructuralFeatureAction (or, more precisely, daarete
descendant metaclasses) or ReadStructuralFeatusf\&lon concerns a StructuralFeature which beltcogs
Interface. It is effectively used by CS_Object &6.2.2.4, operations getFeatureValue and setfeétiue).
This specification provides a default realization this strategy:
CS_NameBased_StructuralFeatureOfinterface Access8yra

Generalizations

e SemanticStrategy (from fUML::Semantics::Loci::Lo&iL

Attributes

* None

Associations

* None

Operations

[1] public getName() : String
/I StructuralFeatureAccessStrategy are always name d "structuralFeature"
return "structuralFeature";

[2] public abstract read(cs_Object:CS_Object, featu re:StructuralFeature) : FeatureValue

[3] public abstract write(cs_Object:CS_Obiject, feat ure:StructuralFeature, values:Value[*],
position:Integer)

8.5 CompositeStructures
8.5.1 InvocationActions

8.5.1.1 Overview

Extensions introduced by InvocationActions mostaldwith semantics of invocation actions, when eted in
the context of composite structures. These extassaoe depicted in Figure 16.
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Figure 16: InvocationActions diagram

8.5.1.2 Class descriptions

8.5.1.2.1 CS_AcceptEventActionActivation

FUML semantics are extended to account for thetfatdta signal instance can be received on a $peaift.
For a signal instance to match with a trigger efAltceptEventAction, fUML requires that the typetlod signal
instance matches the Signal of the trigger. Intatdiif the trigger specifies a list of Ports, thignal instance
matches the trigger only if it occurred on a pdgdritified in the list (cf. 8.5.1.2.8, CS_Signalblrste, property
interactionPoint).

Generalizations

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

Attributes

* None
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Associations

e None

Operations

[1] public match(signallnstance:Signallnstance) : B oolean
/I Return true if the given signal instance matche s a trigger of the accept
/I event action of this activation.
/I Matching implies that the type of the signallns tance matches the Signal
/I of one of the triggers.
/I When the type matches with the Signal, and if t he trigger specifies a
/I list of ports,
/I the signallnstance matches the trigger only if it occurred on a port
/I identified in the list.

AcceptEventAction action = (AcceptEventAction)(thi s.node) ;
TriggerList triggers = action.trigger ;
Signal signal = signallnstance.type ;

Boolean matches = false;
Integeri=1;
while (Imatches & i <= triggers.size()) {
Trigger t = triggers.getValue(i-1) ;
matches = ((SignalEvent)t.event).signal == signal
if (matches && t.port.size()>0) {
PortList portsOfTrigger = t.port ;
Port onPort =

((Cs_signallnstance)signallnstance).interactionP oint.definingPort ;
Boolean portMatches = false ;
Integerj=1;
while (! portMatches & j <= portsOfTrigger.size() ) {

portMatches = onPort == portsOfTrigger.getValue( 1) ;

j=j+1;

matches = portMatches ;

}
i=i+1;

}

return matches;

8.5.1.2.2 CS_CallOperationActionActivation

FUML semantics are extended from two aspects. iFheaspects accounts for property onPort of the
CallOperationAction. If onPort is not specified, ML semantics are unchanged. If onPort is specifiestead
of dispatching directly to the target referencechlfing operation dispatch (as in fUML):

« If the invoked BehavioralFeature is on a provideiface but not on any required Interface, then,
when the InvocationAction is executed, the invamais made into the object given on the target
InputPin through the given Port

» If the invoked BehavioralFeature is on a requing@rface but not on any provided Interface, then, i
the InvocationAction is being executed inside thgeot given on the target InputPin, the invocai®n
forwarded out of the target object through the giert.

« If the invoked BehavioralFeature is on both a pdedi and a required Interface, then, if the
InvocationAction is being executed inside the obggeen on the target InputPin, the invocation is
made out of the target object through the given.Por

Otherwise the invocation is made into the targée¢cithrough the given Port.

The second aspects deals with instantiation seosaoticomposite structures. If the CallOperation@ct
concerns a constructor (i.e., the Operation hasatge «Create» applied) and if this Operationrftamethod,
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the construction strategy registered at the execuiticus (cf. 8.5.1.2.3, CS_ConstructStrategyxecated to

construct the target Object.

Generalizations

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

Attributes

* None

Associations

* None

Operations

[1] public getCallExecution() : Execution

/I If onPort is not specified, behaves like in fU

/I 1f onPort is specified, and if the value on th

/I reference, dispatch the operation

/'to it and return the resulting execution objec

/I As compared to fUML, instead of dispatching di

/I by calling operation dispatch:

/I - If the invoked BehavioralFeature is on a pro
Interface,

/ then, when the InvocationAction is executed, t
on

/I the target InputPin through the given Port

/I - If the invoked BehavioralFeature is on a req
Interface,

/ then, if the InvocationAction is being execute
InputPin,

/ the invocation is forwarded out of the target

/I - If the invoked BehavioralFeature is on both

/ then, if the InvocationAction is being execute
InputPin,

/l the invocation is made out of the target objec

/I Otherwise the invocation is made into the targ

CallOperationAction action = (CallOperationAction

Execution execution = null ;

if (action.onPort == null ) {

execution = super.getCallExecution() ;

else {
Value target = this.takeTokens(action.target).g
if (target instanceof CS_Reference) {
/I Tries to determine if the operation call h
/I dispatched to the environment or to the in
/I target, through onPort
CS_Reference targetReference = (CS_Reference)
Object_ executionContext = this.group.activit
boolean operationlsOnProvidedinterface =
this.isOperationProvided(action.onPort, action.ope
boolean operationlsOnRequiredinterface =
this.isOperationRequired(action.onPort, action.ope
/I Operation on a provided interface only
if (operationlsOnProvidedinterface && !operat
execution = targetReference.dispatchin(acti

/I Operation is on a required interface only
else if (loperationlsOnProvidedinterface && o
/I If not executing in the context of the t
/I Semantics are undefined.
/I Otherwise, dispatch outside.
if (executionContext == targetReference.ref

targetReference.compositeReferent.contains(execut

execution = targetReference.dispatchOut(a

}
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/I Operation is both on a provided and a requ
else if (operationlsOnProvidedInterface && op
if (executionContext == targetReference.ref

targetReference.compositeReferent.contains(execut

execution = targetReference.dispatchOut(a

else {
execution = targetReference.dispatchin(ac
}
}
}
}

return execution;

[2] public doAction()

CallOperationAction action = (CallOperationAction

/I First determines if this is a call to a constr

/I construction strategy needs to be applied.

/I This is a call to a constructor if the called

/I stereotype <<Create>> applied.

/I The default construction strategy is used if n

/I <<Create>> operation.

/I Otherwise, behaves like in fUML.

if (action.onPort == null && this.isCreate(action

&& action.operation.method.size() == 0) {

Locus locus = this.getExecutionLocus() ;
CS_ConstructStrategy strategy = ((CS_ConstructS

Value target = this.takeTokens(action.target).g
if (target instanceof CS_Reference) {
strategy.construct(action.operation, ((CS_Ref
ParameterList parameters = action.operation.o
OutputPinList resultPins = action.result ;
ValueList values = new ValueList() ;
values.add(target) ;
inti=1;
while(i <= parameters.size()) {
Parameter parameter = parameters.get(i - 1)
if(parameter.direction == ParameterDirectio
OutputPin resultPin = resultPins.get(0);
this.putTokens(resultPin, values);

}
i=

}
}
}

else {
super.doAction();

i+1;

[3] public isOperationProvided()
boolean isProvided = false ;
if (operation.owner instanceof Interface) {
/I We have to look in provided interfaces of th
I they define directly or indirectly the Opera
Integer interfacelndex = 1 ;
/I lterates on provided interfaces of the port
InterfaceList providedinterfaces = port.provide
while (interfacelndex <= providedInterfaces.siz
Interface interface_ = providedinterfaces.get
/I lterates on members of the current Interfa
Integer memberindex =1 ;
while (memberindex <= interface_.member.size(
NamedElement cddOperation = interface_.memb
if (cddOperation instanceof Operation) {
isProvided = operation == cddOperation ;

memberindex = memberindex + 1 ;

interfacelndex = interfacelndex + 1 ;
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}
}

return isProvided ;

[4] public isOperationProvided()
boolean isRequired = false ;
Integer interfacelndex =1 ;
/I lterates on provided interfaces of the port
InterfaceList requiredinterfaces = port.required ;
while (interfacelndex <= requiredinterfaces.size( ) && lisRequired) {
Interface interface_ = requiredinterfaces.get(i nterfacelndex-1) ;
/I lterates on members of the current Interface
Integer memberindex =1 ;
while (memberindex <= interface_.member.size() && lisRequired) {
NamedElement cddOperation = interface_.member .get(memberindex-1) ;
if (cddOperation instanceof Operation) {
isRequired = operation == cddOperation ;

memberindex = memberindex + 1 ;
interfacelndex = interfacelndex + 1 ;
}
return isRequired ;
[5] public isCreate()
CS_ExecutionFactory executionFactory = (CS_Execut ionFactory)this.getExecutionLocus().factory
Class_ stereotypeCreate = executionFactory.getSte reotypeClass("StandardProfile", "Create") ;
if (stereotypeCreate == null) {

/I standard profile is not applied
return false ;

}

return executionFactory.getStereotypeApplication( stereotypeCreate, 0) != null ;

8.5.1.2.3 CS_ConstructStrategy

CS_ConstructStrategy is a new semantic strateggadls with instantiation semantics of compositecstres.
The context in which this strategy is involved &sdribed in 8.5.1.2.2, CS_CallOperationActionAdiiva. This
specification defines a default realization fostheirategy: CS_DefaultConstructStrategy.

Generalizations

e SemanticStrategy (from fUML::Semantics::Loci::LogitSemanticStrategy)

Attributes

* None

Associations

* None
Operations
[1] public getName() : String

/l a CS_ConstructionStrategy is always named “con structStrategy"
return "constructStrategy";

[2] public abstract construct(constructor:Operation , context:CS_Object) : Object
8.5.1.2.4 CS_DefaultConstructStrategy

CS_DefaultConstructStrategy is the default reabmaprovided by this specification for semantiagtgy
CS_ConstructStrategy. This strategy deals withamtgition of composite structures as follows:

» Instantiation of parts and ports: Parts (i.e., composite Properties) are instamtiatezording to their
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multiplicity lower bound. The same rule applies Rorts. It means that, if the lower bound of parts
0, the topology resulting from the instantiatioraocfomposite structure is empty. This case istitisd
in Figure 17. Instantiation of a value for a Pedults in the creation of a CS_InteractionPointictvh
itself refer to a CS_Object typed by the type &f Bort. If the Port is typed by an Interface, the
CS_Object is typed by a Class which realizes titisrface. This Class is dynamically generated,
following rules defined in Operation getRealizing€$ specified below.

A Empty Pattern

A Empty Patlem

=

Figure 17: Instantiation of a composite structure r esulting in an empty topology

Instantiation of connectors: Instantiation of Connectors occurs only for bin@gnnectors. The
number of Connectors to be instantiated dependseomultiplicity lower bound of their
ConnectorEnds, as well as on the number of parts/gidentified by these ends) that have been
instantiated according to rules previously mentibriemeans that, if no parts/ports have been
instantiated, the instantiation of connectors wilt occur, as illustrated in Figure 17. It also nsethat,
if the lower bound on ends of a Connector is Ojnls&antiation will not occur as well. This case is
illustrated in Figure 18. Instantiation of a Conteeaesults in the creation of a CS_Link. This lisk
typed by the type of the Connector, which is ano&g&sion. If the Connector is not typed, the crdate
link is typed by an Association which is dynamigajkenerated, following rules defined in Operation
getDefaultAssociation specified below. The elemeviiich act as values for the parts/ports identified
by the ConnectorEnds also act as values for the ehtthe created CS_Link (i.e., FeatureValues
corresponding to the Association ends).

LA Unconnected Pattern

& Unconnected Pattern

gl

fp:limpl

p - limpl

Figure 18: Instantiation of a composite structure r esulting in an unconnected topology
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It is not always possible to unambiguously comphliéetopology of links that results from the
instantiation of a composite structure. The twaesasupported by this default strategy are the Array
topology and the Star topology. The Array topoldgthe result of a situation where: the multiptici
lower bound of ConnectorEnds is 1, and the numbelemnents identified by each ConnectorEnd is
the same for all the ConnectorEnds of the Connettm number of ends identified by a
ConnectorEnd is computed by multiplying the muligity lower bound of the ConnectorEnd::role by
the multiplicity lower bound of the ConnectorEndiriwithPort. If the ConnectorEnd has no
partWithPort, the number of ends it identifiesimy the multiplicity lower bound of its role. An
example of Array topology is illustrated in Figut®.
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Figure 19: Instantiation of a composite structure r esulting in an Array topology

The Star topology is the result of a situation vehidse multiplicity lower bound of each ConnectorEnd
is equal to the number of ends it identifies. Aample of Star topology is illustrated in Figure Zor
other combinations of part/port/connector end rplittity lower bound, this default strategy does not
instantiate any link.

1A Star Pattern

A _Star_Pattern

Figure 20: Instantiation of a composite structure r esulting in a Star topology

» Assignment of default valueslIf a default value is specified for a part, tbhenstruction strategy
evaluates the ValueSpecification, and assignsastrof the evaluation to the value of this part.
Generalizations
* CS_ConstructStrategy (from
CompositeStructuresSyntaxAndSemantics::SemantiosipOsite Structures::InvocationActions)
Attributes

¢ None

Associations

» defaultAssociation : Association [0..1], the Assditin used to type CS_Links derived from untyped
Connectors. This Association is generated oncaeuskd for all CS_Links derived from untyped
Connectors.

» generatedRealizingClasses : Class [*], the selagsés generated to type Port objects, in theafase
Ports typed by Interfaces.

* locus : Locus [1], the locus in which elements W#l instantiated. It is obtained from a context
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CS_Ohbject, which is passed as an argument to dpeinstruct.

Operations
[1] public addStructuralFeatureValue(context:CS_Ref erence, feature:Property, value:Value)
FeatureValue featureValue = context.getFeatureValu e(feature) ;

if (featureValue != null) {

ValuelList values = featureValue.values ;

if (feature instanceof Port) {
/[ insert an interaction point
CS_InteractionPoint interactionPoint = new CS_In teractionPoint() ;
interactionPoint.definingPort = (Port)feature ;
interactionPoint.referent = (CS_Object)value ;
interactionPoint.owner = context ;
values.add(interactionPoint) ;

else if (value instanceof CS_Object) {
/l insert a reference
CS_Reference reference = new CS_Reference() ;
reference.compositeReferent = (CS_Object)value ;
reference.referent = (CS_Object)value ;
values.add(reference) ;

else {
values.add(value) ;

}

[2] public caninstantiate(p:Property) : Boolean
I/l Instantiate is possible if:
/I - p is composite
Il - p is typed
/I - This type is a Class and it is not abstract
/I - Or pis a Port and the type is an Interface
if (p.isComposite) {
if (p.typedElement.type != null) {
if (p.typedElement.type instanceof Class_) {

return ! ((Class_)p.typedElement.type).isAbstra ct;
}
else if (p.typedElement.type instanceof Interface ) {
return p instanceof Port ;
}
return false ;
[3] public construct(constructor:Operation, context :CS_Ohbiject) : Object
this.locus = context.locus ;
return this.constructObject(context, (Class_)const ructor.type) ;
[4] public constructObject(context:CS_Obiject, type: Class) : Object
CS_Reference referenceToContext = new CS_Referenc e();
referenceToContext.referent = context ;
referenceToContext.compositeReferent = (CS_Object )context ;

/I FIXME detect infinite recursive instantiation
PropertyList allAttributes = type.attribute ;
inti=1;
/I Instantiate ports and parts
while (i <= allAttributes.size()) {

Property p = allAttributes.get(i - 1) ;

if (p.default_ = null) {

ValueSpecification defaultValueSpecification = p.default_;
Evaluation evaluation =
(Evaluation)context.locus.factory.instantiateVisi tor(defaultValueSpecification)
evaluation.specification = defaultValueSpecif ication ;
evaluation.locus = context.locus ;
if (evaluation instanceof CS_OpaqueExpression Evaluation) {
ValueList evaluations =
((CS_OpaqueExpressionEvaluation)evaluation).execu teExpressionBehavior() ;
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for (intj =0 ;j < evaluations.size() ; j
this.addStructuralFeatureValue(referenceT

}

else {
Value defaultValue = evaluation.evaluate()
this.addStructuralFeatureValue(referenceToC

}

else if (this.caninstantiate(p)) {
intj=1;
while (j <= p.multiplicityElement.lower) {
Object_ value ;
/'if p is a Port typed by an Interface
I creates an Object without type, but with
/I structural features of the interface.
if (p instanceof Port && p.typedElement.typ
value = this.instantiatelnterface((Interf
this.addStructuralFeatureValue(referenceT

else {
value = context.locus.instantiate((Class__
/I TODO account for existing constructors
value = this.constructObject((CS_Object)v
this.addStructuralFeatureValue(referenceT
if ((Class_)p.typedElement.type).isActiv
value.startBehavior((Class_)p.typedElem

}

:j+l;
}
}

=

i+1;

/I Instantiate connectors
NamedElementList allMembers = type.member ;
i=1;
while (i <= allMembers.size()) {
NamedElement member = allMembers.get(i - 1) ;
if (member instanceof Connector) {
Connector connector = (Connector)member ;
if (this.isArrayPattern(connector)) {
this.generateArrayPattern(referenceToContex

else if (this.isStarPattern(connector)) {
this.generateStarPattern(referenceToContext

}
!
=

}

return referenceToContext.referent ;

i+1;

[5] public generateArrayPattern(context:CS_Referenc
ConnectorEnd end1 = connector.end.getValue(0) ;
ConnectorEnd end2 = connector.end.getValue(1) ;
ReferencelList end1Values = this.getValuesFromConne
ReferencelList end2Values = this.getValuesFromConne

for (inti=0;i<endlValues.size() ; i++) {
CS_Link link = new CS_Link() ;
if (connector.type == null) {

}

else {

link.type = this.getDefaultAssociation() ;

link.type = connector.type ;

ValueList valuesForEnd1 = new ValueList() ;
valuesForEndl.add(end1Values.get(i)) ;

ValueList valuesForEnd2 = new ValueList() ;
valuesForEnd2.add(end2Values.get(i)) ;
link.setFeatureValue(link.type.ownedEnd.getValue(
link.setFeatureValue(link.type.ownedEnd.getValue(
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oContext, p, evaluations.get(j)) ;

ontext, p, defaultValue) ;

FeatureValues corresponding to
e instanceof Interface) {

ace)p.typedElement.type, this.locus) ;
oContext, p, value);

)p.typedElement.type) ;

alue, (Class_)p.typedElement.type) ;
oContext, p, (CS_Object)value) ;
e){

ent.type, new ParameterValueList()) ;

t, connector) ;

, connector) ;

e, connector:Connector)

ctorEnd(context, endl) ;
ctorEnd(context, end2) ;

0), valuesForEnd1l, -1) ;
1), valuesForEnd2, -1) ;
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link.addTo(context.referent.locus) ;

}

[6] public generateRealizingClass(interface_:Interf

Class_ realizingClass = new Class_() ;
realizingClass.setName(className) ;
InterfaceRealization realization = new InterfaceRe
realization.contract = interface_;
realization.implementingClassifier = realizingClas
realizingClass.interfaceRealization.addValue(reali
/I TODO Deal with structural features of the inter
/I TODO Make a test case for reading/writing struc
return realizingClass ;

[7] public generateStarPattern(context:CS_Reference

ConnectorEnd endl = connector.getEnds().get(0) ;
ConnectorEnd end2 = connector.getEnds().get(1) ;

List<Reference> end1Values = this.getValuesFromCon
List<Reference> end2Values = this.getValuesFromCon

for (inti =0 ;i< endlValues.size() ; i++) {
for (intj =0 ; j < end2Values.size(); j++) {
CS_Link link = new CS_Link() ;
if (connector.type == null) {

ace, className:String) : Class

alization() ;

S

zation);

face

tural features of an interface

, connector:Connector)

nectorEnd(context, endl) ;
nectorEnd(context, end2) ;

link.type = this.getDefaultAssociation() ;

else {
link.type = connector.type ;

List<Value> valuesForEnd1 = new ArrayList<Value> 0;

valuesForEndl.add(end1Values.get(i)) ;

List<Value> valuesForEnd2 = new ArrayList<Value> 0;

valuesForEnd2.add(end2Values.get())) ;

link.setFeatureValue(link.type.getOwnedEnds().ge t(0), valuesForEnd1, -
1);

link.setFeatureValue(link.type.getOwnedEnds().ge t(1), valuesForEnd2, -
1);

link.addTo(context.referent.locus) ;

}

[8] public getCardinality(end:ConnectorEnd) : Integ

int lowerOfRole = end.role.actualConnectableElemen
if (lowerOfRole == 0) {
return O ;

}
else if (end.partWithPort == null) {
return lowerOfRole ;

else {

int lowerOfPart = end.partWithPort.multiplicityEl

return lowerOfRole * lowerOfPart ;

}

[9] public getDefaultAssociation() : Association
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/I Computes an returns an Association with two unt
/I with multiplicity [*].
/I This association can be used to type links inst
if (defaultAssociation == null) {
defaultAssociation = new Association() ;
defaultAssociation.name = "DefaultGeneratedAssoc
Property end1 = new Property() ;
endl.setName("x"); ;
endl.setLower(0);
endl.setUpper(-1);
endl.setlsOrdered(true);
endl.setlsUnique(true);
defaultAssociation.addOwnedEnd(endl);
Property end2 = new Property() ;
end2.setName("y");
end2.setLower(0);
end2.setUpper(-1);
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end2.setlsOrdered(true);
end2.setlsUnique(true);
defaultAssociation.addOwnedEnd(end2);

return defaultAssociation ;

[10] public getRealizingClass(interface_:Interface)
Class_ realizingClass = null ;
/I TODO For cached RealizingClasses, search based
name
String realizingClassName = interface_.qualifiedNa
inti=1;
while (i <= generatedRealizingClasses.size() && re
Class_ cddRealizingClass = generatedRealizingCla
if (cddRealizingClass.name.equals(realizingClass
realizingClass = cddRealizingClass ;
}
| =

i+1;

if (realizingClass == null) {
realizingClass = this.generateRealizingClass(int
generatedRealizingClasses.addValue(realizingClas

return realizingClass ;

[11] public getValuesFromConnectorEnd(context:CS_Re
ReferenceList endValues = new ReferencelList() ;
if (end.partWithPort != null) {
FeatureValue valueForPart = context.getFeatureV
if (valueForPart != null) {
for (inti=0 ;i< valueForPart.values.size
Reference reference = (Reference)valueForPa
FeatureValue valueForPort =

reference.getFeatureValue((Port)end.role.actualC

if (valueForPort != null) {
for (intj =0 ; j < valueForPort.values.
endValues.add((Reference)valueForPort.v

}
}
}
}

else {
FeatureValue valueForRole=
context.getFeatureValue((Property)end.role.actualCo
if (valueForRole != null) {
for (inti=0 ;i< valueForRole.values.size
endValues.add((Reference)valueForRole.value

}
}

return endValues ;

[12] public instantiatelInterface(interface_:Interfa
Class_ realizingClass = this.getRealizingClass(int
Object_ object = locus.instantiate(realizingClass)
return object ;

[13] public isArrayPattern(c:Connector) : Boolean
/I This is an array pattern if:
Il - ¢ is typed by an association FIXME this may
Il - ¢ is binary
/I - lower bound of the two connector ends is 1
/I - Cardinality of ends are equals
if (c.end.size() == 2) {
if (c.end.get(0).role.actualConnectableElement.
if (c.end.get(1).role.actualConnectableElemen
if (this.canInstantiate(c.end.get(0).role.a
this.canlnstantiate(c.end.get(1).role.a
int cardinalityl = this.getCardinality(c.
int cardinality2 = this.getCardinality(c.
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: Class
on InterfaceRealizations rather than
me + "GeneratedRealizingClass" ;
alizingClass == null) {

sses.getValue(i- 1) ;
Name)) {

erface_, realizingClassName) ;
s);

ference, end:ConnectorEnd) : Value[*]

alue(end.partWithPort) ;

0+ {

rt.values.get(i) ;
onnectableElement) ;

size() ; j++) {
alues.get())) ;

nnectableElement) ;

0 i+ {
s.get(i)) ;

ce, locus:Locus) : Object
erface ) ;

no longer be required in UML 2.5

multiplicityElement.lower == 1) {
t.multiplicityElement.lower == 1) {
ctualConnectableElement) &&
ctualConnectableElement)) {
end.get(0)) ;

end.get(1)) ;
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return cardinalityl == cardinality2 ;
}
}
}

return false ;

[14] public isStarPattern(c:Connector) : Boolean
/I This is a star pattern if:
Il - ¢ is binary
/I - lower bound of end1 equals cardinality of en
Il - lower bound of end2 equals cardinality of en
if (c.end.size() == 2) {
if (this.canInstantiate(c.end.get(0).role.actua
this.caninstantiate(c.end.get(1).role.actua
int cardinalityOfEnd1 = this.getCardinality(c
int lowerBoundofEnd1 =
c.end.get(0).role.actualConnectableElement.multipli
if (cardinalityOfEnd1 == lowerBoundofEnd1) {
int cardinalityOfEnd2 = this.getCardinality
int lowerBoundofEnd2 =
c.end.get(1).role.actualConnectableElement.multipli
return cardinalityOfEnd2 == lowerBoundofEnd
}
}

return false ;

d1
d2

IConnectableElement) &&
IConnectableElement)) {
.end.get(0)) ;
cityElement.lower ;

(c.end.get(1)) ;

cityElement.lower ;
2;

8.5.1.2.5 CS_DefaultRequestPropagationStrategy

CS_DefaultRequestPropagationStrategy is the defaalization provided by this specification for sntic
strategy CS_RequestPropagationStrategy. If theestquoncerns the emission of a Signal and thermaltiple
possible targets, the signal is broadcasted tivallargets. If the request concerns an Operatitbrad there
are multiple possible targets, the call is propagid the first target.

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

e None

Associations

* None

Operations

[1] public select(potentialTargets:Reference[*], co ntext:SemanticVisitor) : Reference[*]
/I returns all potential targets in the case where the context is a
SendSignalActionActivation

/I returns the first potential target in the case where the context is anything else

ReferencelList selectedTargets = new ReferenceList( )
if (context instanceof SendSignalActionActivation) {
for (inti =0 ;i< potentialTargets.size() ; i+ +) {
selectedTargets.addValue(potentialTargets.getVa lue(i)) ;
}
else {
if (potentialTargets.size() >= 1) {
selectedTargets.addValue(potentialTargets.get(0 )
}

return selectedTargets;
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8.5.1.2.6 CS_RequestPropagationStrategy

CS_RequestPropagationStrategy is a semantic strafeigh deals with propagation of requests in thgec
where multiple possible propagation paths exigt. (@ultiple interaction points, multiple links. Araxample of
such a situation is depicted in Figure 20). Itpose is to select, among a list of potential tagde actual
targets to which the request will be propagateis. lised by the various send and dispatch opegsagimvided
by class CS_Obiject. In this specification, the ditfeealization for this strategy is
CS_DefaultRequestPropagationStrategy.

Generalizations

e SemanticStrategy (from fUML::Semantics::Loci::Lo&iL

Attributes

¢ None

Associations

* None

Operations

[1] public getName() : String
/l a CS_RequestPropagationStrategy are always name d "requestPropagation”
return "requestPropagation”;

[2] public abstract select(potentialTargets:Referen ce[*], context:SemanticVisitor) :
Reference[*]

8.5.1.2.7 CS_SendSignalActionActivation

FUML semantics are extended to account for propangort of the SendSignalAction. If onPort is not
specified, f{UML semantics are unchanged. If onfBospecified, instead of sending directly to thrgea
reference by calling operation send (as in fUML):

» If the SendSignalAction is being executed insidedhject given on the target InputPin, the invanati
is made out of the target object through the givert.

» Otherwise, the invocation is made into the tard@géct through the given Port.

Generalizations

e SendSignalActionActivation (from fUML::Semanticsc#ons::BasicActions)

Attributes

e None

Associations

e None

Operations

[1] public doAction()
/I If onPort is not specified, behaves like in fU ML
/I If onPort is specified,
/I Get the value from the target pin. If the valu e is not a reference,
/l then do nothing.
/I Otherwise, construct a signal using the values from the argument pins
/I As compared to fUML, instead of sending direct ly to target reference
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/I by calling operation send:
/I - If the InvocationAction is being executed in
/l on the target InputPin, the invocation is made
/ through the given Port.
/I - Otherwise the invocation is made into the ta
/I given Port.
SendSignalAction action = (SendSignalAction)(this
if (action.onPort == null) {
/I Behaves like in fUML
this.doActionDefault() ;
}
else {
Value target = this.takeTokens(action.target).g
if (target instanceof CS_Reference) {
/I Constructs the signal instance
Signal signal = action.signal;
CS_Signallnstance signallnstance = new CS_Sig
signallnstance.type = signal;
PropertyList attributes = signal.ownedAttribu
InputPinList argumentPins = action.argument ;
Integeri=0;
while (i < attributes.size()) {
Property attribute = attributes.get(i);
InputPin argumentPin = argumentPins.get(i);
ValueList values = this.takeTokens(argument
signallnstance.setFeatureValue(attribute, v
i=i+1;

/I Tries to determine if the signal has to be

// sent to the environment or to the internal

/I target, through onPort

CS_Reference targetReference = (CS_Reference)

Object_ executionContext = this.group.activit

if (executionContext == targetReference.refer

targetReference.compositeReferent.contains(exec

targetReference.sendOut(signallnstance, act

}

else {
targetReference.sendIn(signallnstance, acti

}

}
}

[2] public doActionDefault()
/I Get the value from the target pin. If the value
/I then do nothing.
/I Otherwise, construct a signal using the values
/I and send it to the referent object.
/I This operation captures same semantics as fUML
/I SendSignalActionActivation.doAction() except th
/I 'a CS_Signallnstance instead of a Signallnstance

SendSignalAction action = (SendSignalAction) (this
Value target = this.takeTokens(action.target).getV

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

side the object given
out of the target object

rget object through the

.node);

et(0) ;

nallnstance();

te;

Pin);
alues, 0);

s of

target ;
yExecution.context ;
ent||

utionContext)) {
ion.onPort);

on.onPort);

is not a reference,

from the argument pins

at it constructs

.node);
alue(0);

CS_Signallnstance signallnstance = new CS_Signall nstance();
signallnstance.type = signal;
PropertyList attributes = signal.ownedAttribute;
InputPinList argumentPins = action.argument;
for (inti = 0; i < attributes.size(); i++) {
Property attribute = attributes.getValue(i);
InputPin argumentPin = argumentPins.getValue(i);
ValueList values = this.takeTokens(argumentPin);
signallnstance.setFeatureValue(attribute, values , 0);

}

((Reference) target).send(signallnstance);
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}
8.5.1.2.8 CS_Signallnstance

CS_Signalinstance extends fUML Signalinstance tmawt for the fact that a signal instance has beesived
on a specific interaction point (property interantPoint). This information is used by
CS_AcceptEventActionActivationto determine if argdjinstance matches one of the triggers of its
AcceptEventAction, in the case where those triggpexify a list of ports.

Generalizations

» Signalinstance (from fUML::Semantics::CommonBehasitCommunications)

Attributes

¢ None

Associations

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

occurred.
Operations
[1] public copy() : Value
/I Create a new signal instance with the same type , interaction point and
/I feature values as this signal instance.
CS_Signallnstance newValue = (CS_Signallnstance) ( super.copy());

newValue.type = this.type ;
newValue.interactionPoint = this.interactionPoint
return newValue;

[2] public new_() : Value
/I Create a new signal instance with no type or fe ature values.
return new CS_Signallnstance();

8.5.2 StructuredClasses
8.5.2.1 Overview

The StructuredClasses package introduces extensiddiL in order to support the runtime manife&atof
parts, ports and connectors. These extensionsepieteld in Figure 21.
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+ referent

— (FUML

Reference

T

CS_Reference

: Operation, : CS.I oint): Execution
sendIn( : Signallnstance, : CS InteractionPoint)
dispatchOut(: Operation, : Port): Execution

sendOut(: Signallnstance, : Port)

dispatchin(: Operation, : Port): Execution

sendin(: Signallnstance, : Port)

1

+ referenceToCompositeStructure

1

(FUML::Semantics::Classes::Kernel)
Object

ﬁk

S _Object

dispatchOut(: Operation, : CS_InteractionPoint): Execution
sendOut( : Signallnstance, : CS_InteractionPoint)
copy0: Value

< owner T o
+ oint | [*]

CS InteractionPoint

startBehavior(: Class, : ParameterValue)
L dispatch(: Operation): Execution

send(: Signallnstance)

+ interactionPoint | [1]

+ definingPort Y (1)

(Syntax:CompositeStructures::Ports)
Port

Figure 21: StructuredClasses diagram
8.5.2.2 Class descriptions

8.5.2.2.1 CS_|InteractionPoint

+ compositeReferent

1

dispatchln(: Operation, : CS_InteractionPoint): Execution

sendIn(: Signallnstance, : CS_InteractionPoint)

dispatchOut( : Operation, : CS_InteractionPoint): Execution

sendOut( : Signallnstance, : CS_InteractionPoint)

selectTargetsForSending( : CS_Link, : CS_InteractionPoint, : ConnectorKind, : Signal, : Boolean): Reference [*]
selectTargetsForDisp £ €S Link, : CS.I nt, : C torKind, : Operation, : Boolean): Reference [*]
getFeatureValue( : StructuralFeature): FeatureValue

setFeatureValue(: StructuralFeature [1], : Value [*], : Integer [1])

contains( : Object): Boolean

directlyContains(: Object): Boolean

getDirectContainers(): CS_Object [*]

50p ded(: Reference, : Op Boolean

s0p : Reference, : Op Boolean

getLinkKind(: CS_Link, : CS_InteractionPoint): CS_LinkKind

getLinks( : CS_InteractionPoint): CS_Link

hasValueForAFeature( : Value): Boolean

sendOut( : Signallnstance, : Port)

dispatchOut(: Operation, : Port): Execution

dispatchln( : Operation, : Port): Execution

sendIn(: Signallnstance, : Port)

(fUML::Semantics::Classes:Kernel)

Link
<Enumerations
€S LinkKind ?
ToEnvironment S Link
Tolnternal hasValueForAFeature( : Value): Boolean
None

qgetFeature( : Value): StructuralF eature

CS_InteractionPoint provides support for the ruetimanifestation of Ports. It is a Reference to bjeQ
which is a value for a Port, in the context of a OBject. Figure 22 illustrates the relationshipsiveen
CS_Object, CS_Reference, FeatureValue and CS_dtimRoint, when instantiating a composite struetur

with a Port typed by a Class.

:CS Reference

locus locus
extensionalValues extensionalValues
referant - r - -
.CS_Object CS Object
compositeReferent types = {A} types = {1}
referent
featureValues
‘FeatursValue
faature = p
values
: - -
owner CS InteractionPoint

Figure 22: Runtime relationships between CS_Object,

CS_InteractionPoint resulting from the instantiatio

Generalizations

definingPort = p

CS_Reference, FeatureValue and

n of a Composite Structure

« Reference (from fUML::Semantics::Classes::Kernel)
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Attributes

e None

Associations

» owner : CS_Reference[l], Represents the referentteetCS_Object owning this CS_InteractionPort.
» definingPort : Port[1], The Port for which this A8teractionPoint is a runtime manifestation

Operations

[1] public dispatch(operation:Operation) : Executio n
/I Delegates dispatching to the owning object
return this.owner.dispatchin(operation, this) ;

[2] public send(signallnstance:Signallnstance)
/I Delegates sending to the owning object
this.owner.sendIn(signallnstance, this) ;

[3] public startBehavior(classifier:Class, inputs:P arameterValue[*])
/I Overridden to do nothing

8.5.2.2.2 CS_Link

CS_Link extends fUML Link with helper Operationsed by CS_Objectto determine links through which
requests can be propagated. As in fUML, a CS_Ldrtké runtime manifestation of an Association insgéa In
this specification, it is also used to represeminector instances, though there is no explicitia@iahip

between CS_Link and Connector. Subclause 8.5.C3.4DefaultConstructStrategy) specifies how CS_Links
are instantiated from Connectors.

A CS_Link can also be created using a CreateLink#ciNote that this kind of Action relies on Link&éData
for identifying the actual end objects to be conedcAs currently defined in UML, the identificatiof an end
object by a LinkEndData requires the existencenoAssociation, and has no consideration for Coraredthis
is the reason why there is no explicit relationsthptween CS_Link and Connector). The manual itiataon
of a Connector is thereby specified with a CreatkAction, where elements to be linked act are \afoe
roles identified by the Connector. If the Connedsatyped by an Association, the LinkEndData of the
CreateLinkAction relies on this Association. In ttese where the Connector is not typed, a genassodation
(with untyped ends) can be used to specify the EmdData of the CreateLinkAction. Such a generic
Association is specified in informative Annex C.

Generalizations

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

Attributes

¢ None

Associations

* None
Operations
[1] public hasValueForAFeature(value:Value) : Boole an
/I Returns true if the given value object is used as a value for a FeatureValue of this link
FeatureValueList allFeatureValues = this.getFeatu reValues() ;
Integeri=1;

boolean isAValue = false ;
while (i <= allFeatureValues.size() && lisAValue)
FeatureValue featureValue = allFeatureValues.ge tValue(i-1);
isAValue = lfeatureValue.values.isEmpty() && fe atureValue.values.getValue(0).equals(value)
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i=i+1;

return isAValue ;

[2] public getFeature(value:Value) : StructuralFeat ure
FeatureValueList allFeatureValues = this.getFeatu reValues() ;
Integeri=1;
StructuralFeature feature = null ;
while (i <= allFeatureValues.size() && feature == null) {
FeatureValue featureValue = allFeatureValues.ge t(i-1);
if (IfeatureValue.values.isEmpty() && featureVa lue.values.get(0).equals(value)) {

feature = featureValue.feature ;
.}
| =

i+1;

return feature ;

8.5.2.2.3 CS_LinkKind

CS_LinkKind is an enumeration that characteriz€Sal.ink, in the context of a CS_Object, with reggea
CS_InteractionPoint, if the interaction point bejero this object, and if it is used as an endheflink. The
link kind of a link is determined as follows:

* The links targets the environment of the objecti(eeration literalfoEnvironment) if all the feature
values of the link (but one for the interactionmiprefer to values which are not themselves valoes
features of this object.

« |If all the feature values of the link refer to vesuwhich are themselves values for features of this
object, the link targets the internals of the objeaumeration literalolnternal ).

» Otherwise, the link has no particular meaning m¢bntext defined by the object and the interaction
point (enumeration literdllone).

These rules are formalized in 8.5.2.2.4, CS_Objm#ration getLinkKind.

Generalizations

* None

Enumeration literals

*  ToEnvironment
 Tolnternal
e None

8.5.2.2.4 CS_Object

CS_Ohbject extends fUML Object to specify the rumtimanifestation of a composite structure. FUML ©@bje
owns a single Operation for sending a signal (Gmeraend) and a single Operation for dispatchimg a
operation call (Operation dispatch), which are usespecify the semantics of SendSignalAction and
CallOperationAction, respectively. In fUML, thesetians always directly target an Object. With cosip®
structures, these InvocationActions can also beentiaugh ports, with invocations being propagaiéer to
the environment or the internals of the compoditecsure instance. The rules for determining ifrarocation
is propagated inside or outside of a compositecsira, through a port, are specified in 8.5.1.2.7,
CS_SendSignalActionActivation, and 8.5.1.2.2, CSIQgmerationActionActivation.

To support propagation of invocations through paither inside or outside of the composite stectastance,

CS_Ohbject introduces variants of send and dispafmrations of fUML Object: sendin, sendOut, dishhtg
dispatchOut, which are specified below. Propagatioinvocations is made following existing CS_ Liniich
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represent connector instances between CS_ Intem®gtints and/or CS_References (which represent séduie
parts). Sending and dispatching inside of a CS_@ljigough a CS_InteractionPoint accounts for #ut that

the defining port is behavior or not.

CS_Obiject also accounts for the realization of @tmalFeatures of Interfaces, by overriding Operai
getFeatureValue and setFeatureValue. Their behdejpends on the
CS_StructuralFeatureOfinterfaceAccessStrategy texgid at the execution locus.

Generalizations

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

Attributes

e None

Associations

e None

Operations

[1] public contains(object:Object) : Boolean
/I Determines if the object given as a parameter
/l or indirectly contained by this CS_Object
boolean objectlsContained = this.directlyContains
/I if object is not directly contained, restart t
Il recursively on the objects owned by this CS_Ob
for (inti=0 ;i< this.featureValues.size() &&
FeatureValue featureValue = this.featureValues.
ValueList values = featureValue.values ;
for (intj=0;j < values.size() && !objectls
Value value = values.getValue(j) ;
if (value instanceof CS_Object) {
objectisContained = ((CS_Object)value).cont

else if (value instanceof CS_Reference) {
CS_Object referent = ((CS_Reference)value).
objectlsContained = referent.contains(objec
}
}

return objectlsContained;

[2] public directlyContains(object:Object) : Boolea
/I Determines if the object given as a parameter
/I contained by this CS_Object
boolean objectlsContained = false ;
for (inti=0 ;i< this.featureValues.size() &&

FeatureValue featureValue = this.featureValues.
ValuelList values = featureValue.values ;
for (intj =0 ;j < values.size() && !objectls
Value value = values.getValue(j) ;
if (value == object) {
objectlsContained = true ;

else if (value instanceof CS_Reference) {
objectlsContained = (((CS_Reference)value).
}
}

return objectlsContained;

[3] public dispatchin(operation:Operation, interact
/I If the interaction point refers to a behavior
/I since the only kind of event supported in fUML
/'If it does not refer to a behavior port, selec
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/I from interactionPoint, and propagates the oper
/I these links
Execution execution = null ;
if (interactionPoint.definingPort.isBehavior) {
/I Do nothing

ation call through

}
else {
boolean operationlsProvided = true ;
ReferenceList potentialTargets = new ReferencelL ist() ;
CS_LinkList cddLinks = this.getLinks(interactio nPoint) ;
Integer linkindex = 1 ;
while (linkindex <= cddLinks.size()) {
ReferencelList validTargets =
this.selectTargetsForDispatching(cddLinks.getValue( linkindex — 1),
interactionPoint, ConnectorKind.delegation, oper ation,

operationlsProvided) ;
Integer targetindex = 1 ;
while(targetindex <= validTargets.size()) {
potentialTargets.add(validTargets.getValue(
targetindex = targetindex + 1 ;

linkIndex = linkindex + 1 ;

I If potentialTargets is empty, no delegation
[/l and the operation call will be lost
if (! (potentialTargets.size()==0)) {
CS_RequestPropagationStrategy strategy =
(CS_RequestPropagationStrategy)this.locus.factory.
/I Choose one target non-deterministically
ReferencelList targets = strategy.select(poten

targetindex-1)) ;

target have been found,

getStrategy("requestPropagation") ;

tialTargets,

new CallOperationActionActivation()) ;

Reference target = targets.getValue(0) ;
execution = target.dispatch(operation) ;
}
}

return execution ;

[4] public dispatchin(operation:Operation, onPort:P

/I delegates dispatching to composite referent

/I Select a CS_InteractionPoint value playing onPo

// and dispatches the operation call to this inter

FeatureValue featureValue = this.getFeatureValue(o

ValuelList values = featureValue.values ;

Integer choice = ((ChoiceStrategy) this.locus.fact
.getStrategy(“choice"))
.choose(featureValue.values.size()) - 1;

CS_InteractionPoint interactionPoint = (CS_Interac

return interactionPoint.dispatch(operation) ;

[5] public dispatchOut(operation:Operation, interac
/I Select appropriate delegation links from inter
/I and propagates the operation call through thes
/I Appropriate links are links which target eleme
/ in the environment of this CS_Object.
/I These can be delegation links (i.e, the target
/ require the operation) or assembly links (i.e.
/I must provide the operation)

Execution execution = null ;

boolean operationlsNotProvided = false ; // i.e.
ReferencelList allPotentialTargets = new Reference
ReferencelList targetsForDispatchingln = new Refer
ReferenceList targetsForDispatchingOut = new Refe
CS_LinkList cddLinks = this.getLinks(interactionP
Integer linkindex = 1 ;

while (linkIndex <= cddLinks.size()) {

ReferencelList validAssemblyTargets = this.sele
cddLinks.getValue(linkindex - 1),
interactionPoint,
ConnectorKind.assembly,
operation,
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ort) : Execution

rt,
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nPort) ;

ory

tionPoint)values.getValue(choice) ;

tionPoint:CS_ InteractionPoint) : Execution
actionPoint,

e links

nts

ed elements must
, the target elements

it is required
List() ;
encelist() ;
renceList() ;
oint) ;

ctTargetsForDispatching(



operationlsNotProvided) ;
Integer targetindex =1 ;
while(targetindex <= validAssemblyTargets.size(
allPotentialTargets.addValue(validAssemblyTar
targetsForDispatchingln.addValue(validAssembl
targetindex = targetindex + 1 ;

}

ReferencelList validDelegationTargets = this.sel
cddLinks.getValue(linkindex - 1),
interactionPoint,
ConnectorKind.delegation,
operation,
operationlsNotProvided) ;

targetindex =1 ;

while(targetindex <= validDelegationTargets.siz

allPotentialTargets.addValue(validDelegationT
targetsForDispatchingOut.addValue(validDelega
targetindex = targetindex + 1 ;

linkindex = linkindex + 1 ;

}

CS_RequestPropagationStrategy strategy =

(CS_RequestPropagationStrategy)this.locus.factory.
ReferencelList selectedTargets = strategy.select(a

gets.getValue(targetindex-1)) ;
yTargets.getValue(targetindex-1)) ;

ectTargetsForDispatching(

e {
argets.getValue(targetindex-1)) ;

tionTargets.getValue(targetindex-1)) ;

getStrategy("requestPropagation") ;

lIPotentialTargets,

new SendSignalActionActivation()) ;

for (intj =0 ;] < selectedTargets.size() ; j++
Reference target = selectedTargets.getValue(j)
for (int k = 0 ; k < targetsForDispatchingln.si
Reference cddTarget = targetsForDispatchingin
if (cddTarget == target) {
execution = target.dispatch(operation) ;

}

}
for (int k = 0 ; k < targetsForDispatchingOut.s
/I The target must be an interaction point
/'i.e. a delegation connector for a required
CS_InteractionPoint cddTarget =
(CS_lInteractionPoint)targetsForDispatchingOut.getVa
if (cddTarget == target) {
CS_Reference owner = cddTarget.owner ;
execution = owner.dispatchOut(operation, cd
}
}
}

return execution ;

[6] public dispatchOut(operation:Operation, onPort:
/] Select a CS_InteractionPoint value playing onPo
/I and dispatches the operation to this interactio
Execution execution = null ;
FeatureValue featureValue = this.getFeatureValue(o
ValuelList values = featureValue.values ;
ReferencelList potentialTargets = new ReferenceList
for (inti=0;i<values.size() ; i++) {

)

76() && execution == null ; k++) {
.getValue(k) ;

ize() && execution == null ; k++) {
operation can only target a port

lue(k) ;

dTarget) ;

Port) : Execution
rt,
n point
nPort) ;

0;

potentialTargets.addValue((Reference)values.getVa lue(i)) ;

}
CS_RequestPropagationStrategy strategy =

(CS_RequestPropagationStrategy)this.locus.factory.
ReferencelList targets = strategy.select(potential T
CallOperationActionActivation());

/I if targets is empty, no dispatch target has bee

/I and the operation call is lost

if (targets.size() >= 1) {
CS_InteractionPoint target = (CS_InteractionPoint
execution = this.dispatchOut(operation, target) ;

}

return execution ;
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n found,
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63



[7] public getDirectContainers() : CS_Object[*]

/I Retrieves all the extensional values at this lo

/I containers for this CS_Object

/I An extensional value is a direct container for

/I - itis a CS_Object

/I - it directly contains this object (i.e. CS_Obj

CS_ObjectList containers = new CS_ObjectList() ;

for (inti=0 ;i< this.locus.extensionalValues.
ExtensionalValue extensionalValue = this.locus.ex
if (extensionalValue != this && extensionalValue
CS_Object cddContainer = (CS_Object)extensionalVa
if (cddContainer.directlyContains(this)) {

containers.add(cddContainer) ;

}

}
} .
return containers ;

[8] public getFeatureValue(feature:StructuralFeatur

cus which are direct

an object if:

ect.directlyContains(Object)==true)

size() ; i++) {
tensionalValues.getValue(i) ;

instanceof CS_Object) {
lue ;

e) : FeatureValue

/I In the case where the feature belongs to an In terface,

/I fUML semantics is extended in the sense that r eading is

/I delegated to a CS_ StructuralFeatureOfinterface AccessStrategy

if (feature.namespace instanceof Interface) {
CS_StructuralFeatureOfinterfaceAccessStrategy r eadStrategy=

(CS_StructuralFeatureOfinterfaceAccessStrategy)thi
getStrategy("structuralFeature") ;
return readStrategy.read(this, feature) ;

else {

}

return super.getFeatureValue(feature);

[9] public getLinkKind(link:CS_Link, interactionPoi
/I If the given interaction point belongs to the g
/I and if the given interaction point is used as a
/I then the links targets the environment of the o
ToEnvironment)
/I if all the feature values of the link
/I (but one for the interaction point) refer to va
/I for features of the interaction point.
/1 If all the feature values of the link refer to

for
/I features of the interaction point,
/I the link targets the internals of the object (e
/I Otherwise, the link has no particular meaning
//'in the context defined by the object and the in
None).

if (! link.hasValueForAFeature(interactionPoint))
return CS_LinkKind.None ;

}
CS_LinkKind kind = CS_LinkKind.Tolnternal ;
FeatureValueList featureValues = link.getFeatureVa
Integeri=1;
while (i <= featureValues.size() && kind != CS_Lin
FeatureValue value = featureValues.getValue(i-1)
if (value.values.isEmpty()) {
kind = CS_LinkKind.None ;

else {

Value v = value.values.getValue(0) ;

boolean visAValueForAFeatureOfContext = false ;

if (v.equals(interactionPoint)) {
visAValueForAFeatureOfContext = true ;

else if (v instanceof CS_InteractionPoint) {
v = ((CS_lInteractionPoint)v).owner ;

visAValueForAFeatureOfContext = this.hasValueFor

else {

}

visAValueForAFeatureOfContext = this.hasValueFor
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{

lues() ;

kKind.None) {

AFeature(v) ;
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if ('visAValueForAFeatureOfContext) {
kind = CS_LinkKind.ToEnvironment ;

}
I
i=i+1l;
return kind ;
[10] public getLinks(interactionPoint:CS_Interactio nPoint) : CS_Link[*]
/I Get all links (available at the locus of this o bject) where the given

I/l interaction point is used as a feature value
// (i.e. the interaction is an end such links)
ExtensionalValueList extensionalValues = this.locu s.extensionalValues ;
Integeri=1;
CS_LinkList connectorinstances = new CS_LinkList() ;
while (i <= extensionalValues.size()) {
ExtensionalValue value = extensionalValues.getVal ue(i-1) ;
if (value instanceof CS_Link) {
CS_Link link = (CS_Link)value ;
if (this.getLinkKind(link, interactionPoint) = C S_LinkKind.None) {
connectorinstances.addValue(link) ;

}
}
i=i+1;
}
return connectorlnstances ;
[11] public hasValueForAFeature(value:Value) : Bool ean
/I Returns true if the given value object is used as a value for a feature
/I value of this object
FeatureValueList allFeatureValues = this.getFeatur eValues() ;
Integeri=1;

boolean isAValue = false ;
while (i <= allFeatureValues.size() && lisAValue)

FeatureValue featureValue = allFeatureValues.getV alue(i-1);

if (featureValue.values.isEmpty()) {

ValueList valuesForCurrentFeature = featureValue. values ;

Integerj=1;

while (j <= valuesForCurrentFeature.size() && lis AValue) {
isAValue = featureValue.values.getValue(j-1).equ als(value) ;
j=i+1;

}

}

i=i+1;

return isAValue ;

[12] public isOperationProvided(reference:Reference , operation:Operation) : Boolean
/I Determines if the given reference provides the operation
/I If the reference is an interaction point, it p rovides the operation if this operation
/I is a member of one of its provided interfaces
/I If the reference is NOT an interactionPoint, i t provides this operation if
/I this operation is an operation of one of its t ype, or one of its type provides a
/I realization for this operation (in the case
/I where the namespace of this Operation is an in terface)

boolean isProvided = false ;
if (reference instanceof CS_InteractionPoint) {
if (operation.owner instanceof Interface) {

/I We have to look in provided interfaces of the port if

/ they define directly or indirectly the Ope ration

Integer interfacelndex =1 ;

/I Iterates on provided interfaces of the por t

InterfaceList providedinterfaces =

((Cs_InteractionPoint)reference).definingPort.provi ded() ;

while (interfacelndex <= providedinterfaces.s ize() && lisProvided) {
Interface interface_ = providedinterfaces.g etValue(interfacelndex-1) ;
/I lterates on members of the current Inter face
Integer memberindex =1 ;
while (memberindex <= interface_.member.siz e() && lisProvided) {

NamedElement cddOperation = interface_.me mber.getValue(memberindex-1) ;

if (cddOperation instanceof Operation) {
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isProvided = operation == cddOperation
memberindex = memberindex + 1 ;

interfacelndex = interfacelndex + 1 ;
}
}
}

else {
/I We have to look if one of the Classifiers ty
/I directly or indirectly provides this operati
ClassifierList types = reference.getTypes() ;
Integer typelndex =1 ;
while (typelndex <= types.size() && lisProvided
if (types.getValue(typelndex - 1) instanceof
Integer memberindex =1 ;
NamedElementList members = ((Class_)types.g
while (memberindex <= members.size() && lis
NamedElement cddOperation = members.getVa
if (cddOperation instanceof Operation) {
CS_DispatchOperationOfinterfaceStrategy

ping this reference
on

) {

Class_) {

etValue(typelndex - 1)).member ;
Provided) {

lue(memberindex-1) ;

strategy =

new CS_DispatchOperationOfinterfaceStrategy() ;

isProvided = strategy.operationsMatch((

memberindex = memberindex + 1 ;

}

typelndex = typelndex + 1 ;
}

return isProvided ;

[13] public isOperationRequired(reference:Reference
/I Determines if the given reference requires the
/I If the reference is an interaction point, it r
/l'is a member of one of its required interfaces
/I If the reference is not a interaction point, i
boolean matches = false ;
if (reference instanceof CS_InteractionPoint) {
Integer interfacelndex = 1 ;
/I Iterates on provided interfaces of the port
InterfaceList requiredinterfaces =
((CSs_lInteractionPoint)reference).definingPort.requi
while (interfacelndex <= requiredinterfaces.siz
Interface interface_ = requiredinterfaces.get
/I lterates on members of the current Interfa
Integer memberindex =1 ;
while (memberindex <= interface_.member.size(
NamedElement cddOperation = interface_.memb
if (cddOperation instanceof Operation) {
matches = operation == cddOperation ;

memberindex = memberindex + 1 ;

interfacelndex = interfacelndex + 1 ;

}

return matches ;

[14] public selectTargetsForDispatching(link:CS_Lin
connectorKind:ConnectorKind, operation:Operation, t
/I From the given link, operation and interaction
/Iretrieves potential targets (i.e. end values of
/I through which request can be propagated
/I These targets are attached to interaction poin
/I and respect the following rules:
/I - if tolnternal is true, connectorKind must be
/ the given link has to target the internals of
/I and a valid target must provide the Operation
/I - if tolnternal is false, the given link has t
/I - if connectorKind is assembly, a valid targ

66

Operation)cddOperation, operation) ;

, operation:Operation) : Boolean
operation
equires the operation if this operation

t cannot require an operation

red() ;

e() && 'matches) {
Value(interfacelndex-1) ;
ce

) && !matches) {
er.getValue(memberindex-1) ;

k, interactionPoint:CS_InteractionPoint,
olnternal:Boolean) : Reference[*]

point,

link)

t through the given link,

Delegation,
this CS_Object,

o target the environment of this CS_Object.
et has to provide the operation
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/I - if connectorKind is delegation, a valid ta
ReferencelList potentialTargets = new ReferenceLis
if (tolnternal && connectorKind == ConnectorKind.
if (this.getLinkKind(link, interactionPoint) ==
Integeri=1;
while(i <= link.getFeatureValues().size()) {
ValuelList values = link.getFeatureValues().
if (lvalues.isEmpty() && values.get(0) inst
Reference cddTarget = (Reference)values.g
if (cddTarget != interactionPoint && this

potentialTargets.add(cddTarget) ;

else { // to environment
if (this.getLinkKind(link, interactionPoint) ==
Integeri=1;
while(i <= link.getFeatureValues().size()) {
ValueList values = link.getFeatureValues().
if (lvalues.isEmpty() && values.get(0) inst
Reference cddTarget = (Reference)values.g
if (connectorKind == ConnectorKind.assemb
if (! (cddTarget instanceof CS_Interact
if (this.isOperationProvided(cddTarge
potentialTargets.add(cddTarget) ;

}

else {
/I This is an assembly if the interac
/I for a container of this CS_Object
CS_ObjectList directContainers = this
boolean isAssembly = true ;
Integerj=1;
if (! this.hasValueForAFeature(cddTar
while (isAssembly && j <= directCon
CS_Object container = directConta
if (container.hasValueForAFeature
isAssembly = false ;
}
j+Ht+
}
}

else {
isAssembly = false ;

}
if (isAssembly) {
if (this.isOperationProvided(cddTar
potentialTargets.add(cddTarget) ;
}
}
}

else { // delegation
/I This is a delegation if the target i
/I and if this interaction is a feature
if (cddTarget instanceof CS_Interaction
CS_ObjectList directContainers = this
boolean isDelegation = false ;
Integerj=1;
while (lisDelegation && j <= directCo
CS_Object container = directContain
if (container.hasValueForAFeature(c
isDelegation = true ;

}

j*+

}
if (isDelegation) {
if (this.isOperationRequired(cddTar
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et(0) ;
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CS_LinkKind.ToEnvironment) {

get(i-1).values ;

anceof Reference) {

et(0) ;

Iy) {

ionPoint)) { // This is an assembly link
t, operation)) {

tion point is not a feature value

.getDirectContainers() ;

get)) {
tainers.size()) {
iners.get(j - 1) ;
(cddTarget)) {

get, operation)) {
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Paint) {

.getDirectContainers() ;

ntainers.size()) {
ers.get(j- 1) ;
ddTarget)) {

get, operation)) {



potentialTargets.add(cddTarget) ;

return potentialTargets ;

[15] public selectTargetsForSending(link:CS_Link, i
connectorKind:ConnectorKind, signal:Signal, tolnter
/I From the given link, signal and interaction po
/I retrieves potential targets (i.e. end values o
/I through which request can be propagated
/I These targets are attached to interaction poin
/I and respect the following rules:
/I - if tolnternal is true, connectorKind must be
/ the given link has to target the internals of
/I - if tolnternal is false, the given link has t
ReferencelList potentialTargets = new ReferenceLis
if (tolnternal && connectorKind == ConnectorKind.
if (this.getLinkKind(link, interactionPoint) ==
Integeri=1;
while(i <= link.getFeatureValues().size()) {
ValueList values = link.getFeatureValues().
if (lvalues.isEmpty()) {
Integerj=1;
while (j <= values.size()) {
Reference cddTarget = (Reference)values
if (lcddTarget.equals(interactionPoint)
potentialTargets.add(cddTarget) ;

}
J:

j+1;

else { // to Environment
if (this.getLinkKind(link, interactionPoint) ==
Integeri=1;
while(i <= link.getFeatureValues().size()) {
ValueList values = link.getFeatureValues().
if ('values.isEmpty() && values.get(0) inst
Reference cddTarget = (Reference)values.g
if (connectorKind == ConnectorKind.assemb
if (! (cddTarget instanceof CS_ Interact
potentialTargets.add(cddTarget) ;
}
else {
/I This is an assembly if the interac
/I for a container of this CS_Object
CS_ObjectList directContainers = this
boolean isAssembly = true ;
Integerj=1;
if (! this.hasValueForAFeature(cddTar
while (isAssembly && j <= directCon
CS_Object container = directConta
if (container.hasValueForAFeature
isAssembly = false ;
}
j+Ht+
}
}

else {
isAssembly = false ;

}
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.get(j-1) ;
)

CS_LinkKind.ToEnvironment) {
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anceof Reference) {
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if (iIsAssembly) {
potentialTargets.add(cddTarget) ;

}

else { // delegation
/] This is a delegation if the target i
/[ and if this interaction is a feature
if (cddTarget instanceof CS_Interaction
CS_ObjectList directContainers = this
boolean isDelegation = false ;
Integerj=1;
while (lisDelegation && j <= directCo
CS_Object container = directContain
if (container.hasValueForAFeature(c
isDelegation = true ;
}

i+

}
if (isDelegation) {
potentialTargets.add(cddTarget) ;
}
}

-

return potentialTargets ;

[16] public sendIn(signallnstance:Signallnstance, i
/I If the interaction is a behavior port,
/I creates a CS_Signallnstance from the signal in
/I sets its interaction point,
/I and sends it to the target object using operat
/I If this is not a behavior port,
/ select appropriate delegation targets from int
/I and propagates the signal to these targets
if (interactionPoint.definingPort.isBehavior) {

CS_Signallnstance newSignallnstance = (CS_Signa

newSignallnstance.interactionPoint = interactio
this.send(newSignallnstance) ;
}
else {
boolean receptionisProvided = true ;
ReferenceList potentialTargets = new ReferencelL
CS_LinkList cddLinks = this.getLinks(interactio
Integer linkindex = 1 ;
while (linkindex <= cddLinks.size()) {
ReferencelList validTargets = this.selectTarge
cddLinks.getVal
interactionPoin
ConnectorKind.d
signallnstance.
receptionlsProv
Integer targetindex = 1 ;
while(targetindex <= validTargets.size()) {
potentialTargets.add(validTargets.getValue(
targetindex = targetindex + 1 ;

linkindex = linkindex + 1 ;

I If potential targets is empty, no delegation

/I and the signal is lost

/I Otherwise, do the following concurrently

for (inti=0 ;i< potentialTargets.size() ;
Reference target = potentialTargets.getValue(

CS_Signallnstance newSignallnstance = (CS_Sig

newsSignallnstance.interactionPoint = interact
target.send(newSignallnstance) ;
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}
}

[17] public sendIn(signallnstance:Signallnstance, o
/I Select a Reference value playing onPort,

nPort:Port)

/I and send the signal instance to this interactio n point
FeatureValue featureValue = this.getFeatureValue(o nPort) ;
ValueList values = featureValue.values ;

ReferencelList potentialTargets = new ReferenceList 0;

for (inti=0;i<values.size() ; i++) {

}
CS_RequestPropagationStrategy strategy =

potentialTargets.addValue((Reference)values.getVa

(CS_RequestPropagationStrategy)this.locus.factory.
ReferencelList targets = strategy.select(potential T

SendSignalActionActivation()) ;
for (inti=0 ;i< targets.size() ; i++) {

lue(i)) ;

getStrategy("requestPropagation") ;
argets, new

Reference target = targets.getValue(i) ;

target.send(signallnstance) ;

}

[18] public sendOut(signallnstance:Signallnstance,
/I Select appropriate delegation links from inter
/I and propagates the signal instance through the
/I Appropriate links are links which target eleme
/l in the environment of this CS_Object.
/I These can be delegation links (i.e, the target
/ require a reception for the signal) or assembl
/I must provide a reception for the signal)

boolean receptionisNotProvided = false ; // i.e.
ReferencelList allPotentialTargets = new Reference
ReferencelList targetsForSendingin = new Reference
ReferenceList targetsForSendingOut = new Referenc

CS_LinkList cddLinks = this.getLinks(interactionP

Integer linkindex = 1 ;

while (linkiIndex <= cddLinks.size()) {
ReferenceList validAssemblyTargets = this.selec

Integer targetindex =1 ;

while(targetindex <= validAssemblyTargets.size(
allPotentialTargets.addValue(validAssemblyTar
targetsForSendingln.addValue(validAssemblyTar
targetindex = targetindex + 1 ;

}

ReferencelList validDelegationTargets = this.sel

targetindex =1 ;

while(targetindex <= validDelegationTargets.siz
allPotentialTargets.addValue(validDelegationT
targetsForSendingOut.addValue(validDelegation
targetindex = targetindex + 1 ;

linkindex = linkindex + 1 ;

}

CS_RequestPropagationStrategy strategy =

(CS_RequestPropagationStrategy)this.locus.factory.

ReferencelList selectedTargets = strategy.select(a

for (intj =0 ; j < selectedTargets.size() ; j++
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interactionPoint:CS_ InteractionPoint)
actionPoint,

se links

nts

ed elements must
y links (i.e., the target elements

it is required
List() ;

List() ;
eList() ;

oint) ;

tTargetsForSending(
cddLinks.getValue(linkindex - 1),
interactionPoint,
ConnectorKind.assembly,
signallnstance.type,
receptionlsNotProvided) ;

A
gets.getValue(targetindex-1)) ;

gets.getValue(targetindex-1)) ;

ectTargetsForSending(
cddLinks.getValue(linkindex - 1),
interactionPoint,
ConnectorKind.delegation,
signallnstance.type,
receptionlsNotProvided) ;

e {
argets.getValue(targetindex-1)) ;

Targets.getValue(targetindex-1)) ;

getStrategy("requestPropagation") ;
lIPotentialTargets,
new SendSignalActionActivation()) ;

H
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Reference target = selectedTargets.getValue(j)
for (int k = 0 ; k < targetsForSendingin.size()
Reference cddTarget = targetsForSendingin.get
if (cddTarget == target) {
target.send(signallnstance) ;

for (int k = 0 ; k < targetsForSendingOut.size(
/I The target must be an interaction point
/'i.e. a delegation connector for a required
CS_InteractionPoint cddTarget = (CS_Interacti
if (cddTarget == target) {
CS_Reference owner = cddTarget.owner ;
owner.sendOut(signallnstance, cddTarget) ;
}
}
}

[19] public sendOut(signallnstance:Signallnstance,
/I Select a CS_InteractionPoint value playing onP
/I and send the signal instance to this interacti
FeatureValue featureValue = this.getFeatureValue(
ValuelList values = featureValue.values ;
ReferencelList potentialTargets = new ReferencelLis
for (inti=0;i<values.size() ; i++) {

potentialTargets.addValue((Reference)values.get

}
CS_RequestPropagationStrategy strategy =

(CS_RequestPropagationStrategy)this.locus.factory.

ReferencelList targets = strategy.select(potential

for (inti=0 ;i< targets.size() ; i++) {
CS_InteractionPoint target = (CS_lInteractionPoi
this.sendOut(signallnstance, target) ;

[20] public setFeatureValue(feature:StructuralFeatu
/I In the case where the feature belongs to an In
/I fUML semantics is extended in the sense that w
/I delegated to a CS_ StructuralFeatureOfinterface
if (feature.namespace instanceof Interface) {
CS_StructuralFeatureOfinterfaceAccessStrategy w
(CS_StructuralFeatureOfinterfaceAccessStrategy)this
re");
writeStrategy.write(this, feature, values, posi
}
else {
super.setFeatureValue(feature, values, position

}
8.5.2.2.5 CS_Reference

k) {
Value(k) ;

)5 k) {

reception can only target a port
onPoint)targetsForSendingOut.getValue(k) ;

onPort:Port)
ort,

on point
onPort) ;

t0

Value(i)) ;

getStrategy("requestPropagation") ;
Targets, new SendSignalActionActivation())

nt)targets.getValue(i) ;

re, values:Value[*], position:Integer)
terface,

riting is

AccessStrategy

riteStrategy =
.locus.factory.getStrategy("structuralFeatu

tion) ;

CS_Reference extends fUML Reference to accoumduar capabilities introduced by CS_Object (i.e.jamats
of send and dispatch operations introduced towihlsending and dispatching inside or outside cbaposite
structure instance, through a port). CS_Referemeeréference to a CS_Object (property compositRef,
which subsets inherited property Object::refereif)operations of CS_Reference are realized bggiaion to
its referent CS_Object.

Generalizations

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

Attributes

* None
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Associations

» compositeReferent : CS_Object[1], The compositecthjeferenced by this CS_Reference. This

property subsets Reference::referent.

Operations

[1] public copy() : Value
/I Create a new reference with the same referent an
/I as this reference.
CS_Reference newValue = new CS_Reference();
newValue.referent = this.referent;

newValue.compositeReferent = this.compositeReferent

return newValue;

[2] public dispatchin(operation:Operation, interact
/IDelegates dispatching to composite referent
return this.compositeReferent.dispatchin(operation

[3] public dispatchin(operation:Operation, onPort:P
/I delegates dispatching to composite referent
return this.compositeReferent.dispatchin(operation

[4] public dispatchOut(operation:Operation, onPort:
/I delegates dispatching to composite referent
return this.compositeReferent.dispatchOut(operatio

[5] public dispatchOut(operation:Operation, interac
/I Delegates dispatching (through the interaction
I/l to compositeReferent
return this.compositeReferent.dispatchOut(operatio

[6] public sendIn(signallnstance:Signallnstance, in
/I delegates sending to composite referent
this.compositeReferent.sendIn(signallnstance, inte

[7] public sendIn(signallnstance:Signallnstance, on
/l delegates sending to composite referent
this.compositeReferent.sendIn(signallnstance, onPo

[8] public sendOut(signallnstance:Signallnstance, o
/l delegates sending to composite referent
this.compositeReferent.sendOut(signallnstance, onP

[9] public sendOut(signallnstance:Signallnstance, i
/I Delegates sending (through the interaction poin
I/l to compositeReferent
this.compositeReferent.sendOut(signallnstance, int

8.6 Loci
8.6.1 LociL3

8.6.1.1 Overview

d composite referent

ionPoint:CS_InteractionPoint) : Execution

, interactionPoint) ;

ort) : Execution

, onPort) ;

Port) : Execution

n, onPort) ;

tionPoint:CS_ InteractionPoint) : Execution
point, to the environment)

n, interactionPoint) ;

teractionPoint:CS_InteractionPoint)

ractionPoint) ;
Port:Port)

rt) ;
nPort:Port)

ort) ;

nteractionPoint:CS_InteractionPoint)
t, to the environment)

eractionPoint) ;

The LocilL3 package includes extensions to fUML LedbxecutionFactor and Executor, in order to actam
new semantic visitors introduced by this specif@matThese extensions are depicted in Figure 23.
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(FUML::Sermantics:Locizlocil3) (fUML:: Syntax::Classes::Kernel}
ExecutionFactonyl3 Package

% + appliedProfiles [*1

CS ExecutionFactary
instantiateVisitor( ; Element); SemanticVisitor
getStereotypeClass(: String, : String): Class
getStereotypedipplication(: Class, : Element): Object

(FUML::Semantics:Loci:Locil1) (FUML::Semantics:Loci:Lacill)
Locus Executor
CS Locus CS_Executor
instantiate(: Class): Object start( : Class [1], : ParameterValue [*]): Reference

Figure 23: LocilL3 diagram
8.6.1.2 Class descriptions
8.6.1.2.1 CS_ExecutionFactory

CS_ExecutionFactory extends fUML ExecutionFactoryh.Ziccount for new semantic visitors introduced by
this specification. It also include mechanismséaldvith Profiles and Stereotype applications (prop
appliedProfiles, and operations getStereotypeGladsggetStereotypeApplication). The principles ulyieg
these mechanisms are described in 8.1, DealingRyvitfiles and Stereotypes.

Generalizations

» ExecutionFactoryL3 (from fUML::Semantics::Loci::Lib8)

Attributes

* None

Associations

» appliedProfiles : Package [*], profiles containigy stereotype applied on elements being executed.
Implementations shall initialized this collectioafbre starting any execution.

Operations
[1] public getStereotypeClass(profileName:String, s tereotypeName:String) : Classifier
[2] public getStereotypeApplication(stereotype:Clas s, element:Element) : Object
ExtensionalValueList extent = locus.getExtent(ste reotype);
Object extensionObject = null;
inti=1;
while (i <= extent.size() && extensionObject == n ull) {
ExtensionalValue object = extent.getValue(i - 1 ;
if(object.getFeatureValue(baseEnd).values.getVa lue(0).equals(element)) {
extensionObject = (Object)object;
}
i=i+1,
}

return extensionObject ;

[3] public instantiateVisitor(element:Element) : Se manticVisitor
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/I Extends fUML semantics in the sense that newly introduced
/I semantic visitors are instantiated instead of f UML visitors
SemanticVisitor visitor = null ;
if (element instanceof ReadExtentAction) {

visitor =new CS_ReadExtentActionActivation() ;

else if (element instanceof ReadlsClassifiedObject Action) {

visitor = new CS_ReadlsClassifiedObjectActionActi vation() ;
else if (element instanceof AddStructuralFeatureVa lueAction) {

visitor = new CS_AddStructuralFeatureValueActionA ctivation() ;
else if (element instanceof ClearStructuralFeature Action) {

visitor = new CS_ClearStructuralFeatureValueActio nActivation() ;

else if (element instanceof CreateLinkAction) {
visitor = new CS_CreateLinkActionActivation() ;

else if (element instanceof CreateObjectAction) {
visitor = new CS_CreateObjectActionActivation() ;

else if (element instanceof ReadSelfAction) {
visitor = new CS_ReadSelfActionActivation() ;

else if (element instanceof InstanceValue) {
visitor = new CS_InstanceValueEvaluation() ;

else if (element instanceof AcceptEventAction) {
visitor = new CS_AcceptEventActionActivation() ;

else if (element instanceof CallOperationAction) {
visitor = new CS_CallOperationActionActivation() ;

else if (element instanceof SendSignalAction) {
visitor = new CS_SendSignalActionActivation() ;

else if (element instanceof OpaqueExpression) {
visitor = new CS_OpaqueExpressionEvaluation() ;

else {

}

return visitor ;

visitor = super.instantiateVisitor(element) ;

8.6.1.2.2 CS_Executor

FUML semantics are extended so that, when the gpertation produces a CS_Object, a CS_Reference is
returned instead of a f{UML Reference.

Generalizations

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

Attributes

e None

Associations

* None
Operations
[1] public start(type:Class, inputs:ParameterValue[ *]) : Reference
/I Instantiate the given class and start any behav ior of the resulting
/I object.
/I (The behavior of an object includes any classif ier behaviors for an
/I active object or the class of the object itself ,ifthatis a
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/I behavior.)
/I fUML semantics is extended in the sense that wh
/l'is a CS_Object, a CS_Reference is returned (ins

Debug.printin("[start] Starting " + type.name + ".
Object_ object = this.locus.instantiate(type);

Debug.printin(“[start] Object =" + object);
object.startBehavior(type, inputs);

Reference reference ;
if (object instanceof CS_Object) {
reference = new CS_Reference();

((CS_Reference)reference).compositeReferent = (CS

else {
reference = new Reference() ;

reference.referent = object;

return reference;

8.6.1.2.3 CS_Locus

en the instantiated object
tead of a Reference)

=)

_Object)object ;

FUML semantics are extended so that the instaria¢eation produces a CS_Object instead of an Qhijec

the case where the Class to be instantiated ia Bethavior.

Generalizations

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

Attributes

* None

Associations

* None

Operations

[1] public instantiate(type:Class) : Object
/I Extends fUML semantics by instantiating a CS_Ob
/I in the case where type is not a Behavior.
/I Otherwise behaves like in fUML

Object_ object = null;

if (type instanceof Behavior) {
object = super.instantiate(type);
}else {
object = new CS_Object() ;
object.types.addValue(type);
object.createFeatureValues();
this.add(object);
}

return object;
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9 Test Suites

This clause describes suites of test cases thdiecased to demonstrate conformance to this spatidn. All
test cases are included in a single UML model, dgimg with syntax defined in Clause 7 of this sfieaition.
This clause is decomposed into four test suited) eae focusing on a specific aspect of UML contgosi
structures semantics.

Test Suite 1 focuses on semantics of instantiatind,validates topologies resulting from the instdion of
composite structures, as well as management ofildefaues for properties. Test Suite 2 focuses on
communication aspects, such as propagation of stgj@eross ports, through connectors. Test Suitea3
focuses on communication aspects, in the spec@Beg where property onPort of InvocationActionssdy and
when reactions may occur only if a message wasvet®n a specific port. Test Suite 4 finally foeson
destruction semantics of UML Composite Structusesh as the recursive destruction of parts and pand
automatic deletion of links (representing conneatstances) where connected roles are removed.

Test cases consist in combinations of structurdltshavioral elements, whose executions shallywsafe
assertions. Assertions are specified using basictiftns specified in a library, which is itself erecutable
UML model complying syntax defined in clause oftbpecification. A tool may demonstrate compliawié
this specification if no assertion fails when exemythe test cases. In the following subclausgsctiral
aspects are depicted with appropriate diagramdewlehavioral aspects are usually depicted inBtteptions
include cases where extensions to Alf would beireduo specify behavioral aspects (such as in $aie 3).
In these cases, Activity diagrams are used to §pbehaviors.

The architecture of the Test Suite is depictedigufe 24. Subclause 9.1 describes the assertimaryilused
across all test cases (package AssertionLibrattydrupper part of Figure 24). Subclauses 9.2,%943and 9.5
describe the various test suites (packages Tet Suiest Suite 2, Test Suite 3, and Test Suite4he left part
of Figure 24), as well as variants of these Teg&eSyall packages with suffix bis, ter, and quaitefFigure 24).

AssertionLibrany £ |

«imports

)
Test Suites < | :
Test Suite 1 |

Instantation

Test Suite 1 - Bis

Wariant with
poris fyped by
interfaces

Test Suite 2 |

Test Suite 2 - Bis Test Suite 2 - Ter Test Suite 2 - Quater

Communication Variant wih Variant with Variant with uniyped
untyped parts tbyped by connectors and poris
connectors interfaces typed by interfaces

Test Suite 3 |

Test Suite 3 - Bis Test Suite 3 - Ter Test Suite 3 - Quater |

Invocation Variant wih Variant with Variant with untyped
using anPort untyped ports typed by connectors and ports
connectors interfaces typed by interfaces

Test Suite 4

Destruction

L

Figure 24: Test Suites architecture diagram
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9.1 Assertion library

The assertion library includes five activities, gfied in Alf as follows. These activities are thasis for all test

cases included in this specification.

[1] activity Write(in value: any) {
/I Writes value on the standard output channel
/I StandardOutputChannel is part of the foundatio
/I model library, which is part of the fUML speci
StandardOutputChannel.allinstances()[1].write(val

}

[2] activity AssertTrue(in label: String, in condit
/I Asserts that the given condition is true
WriteLine(label + ": " + ToString(condition));

}

[3] activity AssertFalse(in label: String, in condi
/I Asserts that the given condition is false
WriteLine("! " + label +": " + ToString(!conditi

}

[4] activity AssertEqual(in label: String, in value
/I Asserts equality between valuel and value2
Write(label + "==");

Write(value2 instanceof String? "\"" + (String)va
AssertTrue("™, valuel==value2);

}

[5] activity AssertList(in label: String, in list:
sequence) {
/I Asserts that lists list and expected are equal
/I (i.e., same size, and same content)
AssertEquals(label + "->size()", list->size(), ex
for (i in 1..IntegerFunctions::Min(list->size(),e
AssertEquals(label + "[* + IntegerFunctions::To
}
}

9.2 Test Suite 1: Instantiation

nal
fication
ue);

ion: Boolean) {

tion: Boolean) {

on));

1: any, in value2: any) {

lue2 +"\"": value2);

any[*] sequence, in expected: any[*]
s
pected->size());

xpected->size())) {
String(i) + "", list[i], expected([i]);

This test suite focuses on instantiation semaofi¢cdML Composite Structures. It validates topokmi
resulting from the instantiation of composite staues, as well as management of default valueprfgperties.
Subclause 9.2.1 describes a utility class and pleaf utility activities used by test cases deflime this
subclause. Subclauses 9.2.2, 9.2.3 and 9.2.4 mthsd cases implying assembly connectors. Suledag.5
and 9.2.6 deal with management of default valuebcluses 9.2.7 and 9.2.8 include test cases inwplyi
delegation connectors. Subclause 9.2.9 finallyieih instantiation of a structure with multipleetarchy
levels. Subclause 9.2.10 describes a variant dfS@ge 1 with ports typed by interfaces.

9.2.1 Utilities

Utilities includes four assertion activities, eamte corresponding to a topology supported by coastm
strategy CS_DefaultConstructStrategy, specifieBl.inl.2.4. The Alf specification for these actigitiis as

follows:

[1] activity AssertEmptyPattern(in endsl : any[], i
/I Asserts empty topology
/I ends1 and ends2 shall be empty
AssertEquals("EmptyPattern - ends1->size()", ends
AssertEquals("EmptyPattern - ends2->size()", ends

}
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[2] activity AssertUnconnectedPattern(in endsl : an
innl: Integ
in helper : A
/I Asserts unconnected topology
/I Check cardinalities
/I Size of ends1 must be equal to expected size n
/I Size of ends2 must be equal to expected size n
AssertEquals("UnconnectedPattern - ends1->size()"
AssertEquals("UnconnectedPattern - ends2->size()"
/I Checks connections
/I There shall not be any connection between elem
for (i in 1..ends1->size()) {
for (j in 1..ends2->size()) {
helper.assertNotConnected("UnconnectedPattern
+ ToString(i)
+ "] is not connect
+ ToString(j) + "T"
ends1][i], ends2[j])
}
}
}

[3] activity AssertArrayPattern(in endsl : anyf], i
in helper : Abstrac
/I Asserts array topology
/I Check cardinalities
/I Size of ends1 must be equal to expected size n
/I Size of ends2 must be equal to expected size n
AssertEquals("ArrayPattern - ends1->size()", ends
AssertEquals("ArrayPattern - ends2->size()", ends
upper = Min(ends1->size(), ends2->size()) ;
/I Check connections
/I Each element of ends1 must be connected to one
/I one element of ends2, with same index.
for (i in 1..upper) {
for (j in 1..upper) {
if (i==){
helper.assertConnected("ArrayPattern - ends
+ ToString(i)
+ "] is connected to
+ ToString(j) + 7",
endsl][i], ends2[j])
}
else {
helper.assertNotConnected("ArrayPattern - e
+ ToString(i)
+ "] is not conne
+ ToString(j) +"
endsl][i], ends2[j
}
}
}
}

[4]activity AssertStarPattern(in endsl : any[], in
in nl: Integer, in n
in helper : AbstractA
/I Asserts star topology
/I Check cardinalities
/I Size of ends1 must be equal to expected size n
/I Size of ends2 must be equal to expected size n
AssertEquals("StarPattern - ends1->size()", endsl
AssertEquals("StarPattern - ends2->size()", ends2
/I Checks connections
/I Each element of ends1 must be connected to
/l all elements of ends2, and vice-versa.
for (i in 1..ends1->size()) {
for (j in 1..ends2->size()) {
helper.assertConnected("StarPattern - ends1["
+ ToString(i)
+ "] is connected to e
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yl, in ends2 : any[],
er, in n2 : Integer,
bstractAssertCompositeHelper) {

1
2
, endsl->size(), nl) ;
, ends2->size(), n2) ;

ents of ends1 and elements of ends2

- ends1["

ed to ends2["

1

n ends2 : any[], in n : Integer,
tAssertCompositeHelper) {

1->size(), n) ;
2->size(), n) ;

and only

i

ends2["

nds1["

cted to ends2["
I
D

ends2 : any[],
2 : Integer,
ssertCompositeHelper) {

1
2
->size(), nl) ;
->size(), n2) ;

nds2["
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+ ToString(j) + ",
ends1[i], ends2[j]) ;
}
}
}

All these activities have an input parameter typgdhe abstract class AbstractAssertComposite Helas
abstract class is extended in following subclaugedetermine if connections exist between two elets
These specific realizations imply Associations wledi in corresponding test cases. Figure 25 illtestréne

specification of this class where, for both openadiassertConnected and assertNotConnected, paramet
message is typed by String, and parameters endérattlare not typed.

AbstractAssertCompositeHelper

assertConnected( message [1], endl [1], end2 [1])
assertNotConnected( message [1], endl [1], end2 [1])

Figure 25: AbstractAssertCompositeHelper

9.2.2 Assembly connector between parts

This test case addresses instantiation semantibe icase of assembly connectors between part&t&tal

aspects of this test case are depicted in Figuan@eigure 27.

A_Empty_Pattern

&_Unconnected_Pattern

b B[]
o CM

bi B
cCl

(TN R

|
|

acreates A_Empty_Pattern(): A_Empty_Pattern

«creates A _Unconnected_Pattern(): 4_Unconnected_Pattern

A_Array_Pattern

A Star_Pattern

b: B [4.7]
¢ CH.M

acreates A_Array Pattern(): A_Array_Pattern

«creates A Star_Pattern(); A_Star_Pattern

Figure 26: Assembly Connector between parts — Class  es

A_Empty_Pattern

A_Unconnected_Pattern

Empty pattern: -
lower bound of partband cis 0

Unconnected pattern =~
lower bound on ends of connectorris 0

1. rR 1.7
b: B["]

cE["]

0." R 0.*
bz B [2..%] aC[3.1

A_Array_Pattern

A_Star_Pattern

Array pattern
lewwer bound of b and c are eguals

lower bound on #nds of connector r is 1 L‘

rR

Star pattern: -
lowrer bound on ends of connectorr

equal lower bound of connected parts

1.7 1."

b: B [4..7]

cC[4.%

rR

b B 4,774 3 cepa

Figure 27: Assembly Connector between parts — Inter  nal Structure
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Corresponding test case behavior is:

activity TestCase_Assembly P_P() {
helper = new AssertCompositeHelper() ;
WriteLine("-- Running test case: Assembly connect

/I Testing instantiation of A_Empty_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Empty_Pat
a_empty = new A_Empty_Pattern();
AssertEmptyPattern(a_empty.b, a_empty.c) ;

/I Testing instantiation of A_Unconnected_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Unconnect
a_unconnected = new A_Unconnected_Pattern();

AssertUnconnectedPattern(a_unconnected.b, a_uncon

/I Testing instantiation of A_Array_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Array_Pat
a_array = new A_Array_Pattern();
AssertArrayPattern(a_array.b, a_array.c, 4, helpe

/I Testing instantiation of A_Star_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Star_Patt
a_star = new A_Star_Pattern();
AssertStarPattern(a_star.b, a_star.c, 4, 3, helpe

WriteLine("-- End of test case --") ;

or between two parts --") ;

tern -") ;

ed_Pattern -") ;

nected.c, 2, 3, helper) ;

tern") ;

n;

ern") ;

n;

9.2.3 Assembly connector between a part with porta  nd a part

This test case addresses instantiation semanttbg icase of an assembly connector between a fhrport
and a part. Structural aspects of this test casdepicted in Figure 28 and Figure 29.

A_Empty_Pattern A_Unconnected_Pattern
b B[] b B (2.7
e C[Y] e C[3.7]
wcreaten  A_Empty Pattern(): A_Empty Pattern «createx A_Unconnected Pattern(): A_Unconnected Pattemn
A_Array_Pattern A_Star Pattern
b B[2.%] b: B [2.7]
cCT4.7] cC[5.7]
«creates A_Array_Pattern(): A_Array Pattern «creates A Star Pattern(): A _Star_Pattern
R
B Impl % [
_ '] [
'
«Interfaces

Figure 28: Assembly Connector between part with por  t and part — Classes
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p: Tpd [2,.7]

A_Empty_Pattern

A_Unconnected_Pattern

Empty pattern:
lower bound of partbandcis 0

R nR B
b: B[*] aCl]
pl2.”]

Unconnectsd pattern:
lower bound on ends of connector ris 0

(]
W
X

pl2.”]

A_Array_Pattern

A_Star_Pattern

fower bound on ends of connector ris 1

Array patiern .
lower bound of b and c are equals

Star pattern -
lower bound on ends of connector r

equal lower bound of connecied parts

P27

b: B [2.7]

oz C[5.7]

pl2.]

Figure 29: Assembly Connector between part with por

Corresponding test case behavior is:

activity TestCase_Assembly_PWP_P() {
helper = new AssertCompositeHelper() ;

WriteLine("-- Running test case: Assembly connect

/I Testing instantiation of A_Empty_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Empty_Pat
a_empty = new A_Empty_Pattern() ;
AssertEmptyPattern(a_empty.b, a_empty.c) ;

/I Testing instantiation of A_Unconnected_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Unconnect
a_unconnected = new A_Unconnected_Pattern();
AssertUnconnectedPattern(a_unconnected.b.p, a_unc

/I Testing instantiation of A_Array_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Array_Pat
a_array = new A_Array_Pattern();
AssertArrayPattern(a_array.b.p, a_array.c, 4, hel

/I Testing instantiation of A_Star_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Star_Patt
a_star = new A_Star_Pattern();
AssertStarPattern(a_star.b.p, a_star.c, 4, 5, hel

t and part — Internal structures

or between a part with port and a part --")

tern -") ;

ed_Pattern -") ;

onnected.c, 4, 3, helper) ;

tern -") ;

per) ;

ern-");

per) ;

9.2.4 Assembly connector between a part with porta  nd a part with port

This test case addresses instantiation semanttbg icase of an assembly connector between a fhrport
and a part with port. Structural aspects of thés ¢ase are depicted in Figure 30 and Figure 31.
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A_Empty_Pattern A_Unconnected_Pattern
b B [*] b: B [2.%]
(=2 o i | aCE.]
aCreatex  A_Empty_Pattern(): &_Empty_Pattern wcreatex A _Uncennected_Pattern(): &_Unconnected_Pattern
A_Array_Pattern A Star Pattern
B B [2.%] B: B [2.*]
o C[4.7) e C[5.7]
wcreates A _Array Pattern(): A_Array_Pattern xcreates A_Star Pattern(): A_Star_Pattern

R
% [

B C Timpl

y I

<j.__

«Interfaces

(]
-3

Figure 30: Assembly Connector between part with por  t and part with port - Classes

B C
p: Ompl [2..7] g Ompl [1..7]
A_Ermpty Pattern A_Unconnected_Pattern
Empty pattern: Unconnected pattern:
lowerboundeofparibandcis 0 lower bound on ends of connectorris 0

ql.”]

pl271  qLf] pl2.7]
A_Array_Pattern A _Star_Pattern
. . & . ™
Array patiern: Star pattern
lower bound of b and ¢ are equals lower bound on ends of connector r
lower bound en ends of connectorris 1 equal lower bound of connected parts

cC[4."] b: B [2.%]

pl2.7] ql.]

plz7]  qll]

Figure 31: Assembly Connector between part with por  t and part with port — Internal structures

Corresponding test case behavior is:

activity TestCase_Assembly_PWP_PWP () {
helper = new AssertCompositeHelper() ;

WriteLine("-- Running test case: Assembly connect or between a part with port
and a part with port --") ;

/I Testing instantiation of A_Empty_Pattern

WriteLine(") ;

WriteLine("- Testing instantiation of A_Empty_Pat tern -") ;
a_empty = new A_Empty_Pattern() ;

AssertEmptyPattern(a_empty.b, a_empty.c) ;

/I Testing instantiation of A_Unconnected_Pattern

WriteLine("™) ;

WriteLine("- Testing instantiation of A_Unconnect ed_Pattern -") ;
a_unconnected = new A_Unconnected_Pattern();
AssertUnconnectedPattern(a_unconnected.b.p, a_unc onnected.c.q, 4, 3, helper) ;
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/I Testing instantiation of A_Array_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Array_Pat
a_array = new A_Array_Pattern();
AssertArrayPattern(a_array.b.p, a_array.c.q, 4, h

/I Testing instantiation of A_Star_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Star_Patt
a_star = new A_Star_Pattern();
AssertStarPattern(a_star.b.p, a_star.c.q, 4, 5, h

9.2.5 Default values for basic types

tern -") ;

elper) ;

ern-");

elper) ;

This test case addresses instantiation of defallieg for properties typed by primitive types andraerations.
Structural aspects of this test case are depint&thure 32.

pinteger: Integer [1]=4

pString: String [1] = Hello

pBoolean: Boolean [1] = true
pUnlimitedMatural: UnlimitedMatural [1] = *
pEnum: E[1]= e2

ccreates A A

Figure 32: Default values for basic types

Corresponding test case behavior is:

activity 'Test Case - Default Values'() {
WriteLine("-- Running test case - Instantiation o
a=newA();
AssertEquals("Default value of a.pinteger”, a.pin
AssertEquals("Default value of a.pString", a.pStr
AssertEquals("Default value of a.pBoolean”, a.pBo
AssertEquals("Default value of a.pUnlimitedNatura
AssertEquals("Default value of a.pEnum", a.pEnum,
WriteLine("-- End of test case --") ;

9.2.6 Default values for structures

«Enumerations

E

el
e2

f Default values - basic types --") ;

teger, 4) ;

ing, "Hello") ;

olean, true) ;

I", a.pUnlimitedNatural, *) ;
E:e2);

This test case addresses instantiation of defallieg for properties typed by composite structusésictural

aspects of this test case are depicted in Figure 33

A B
+ b B [4] + pi Integer [1]

ccreates + AQ: A

«creates + B(): B

dE: bDefaultValues

1
4°:b has a default value

which s an OpagueExprassion
bDefauliValues is an Achivity,
and it is the behawvior of this
DpagueExpresson

Figure 33: Default values for structures

Detailed behavior of Activity bDefaultValues is:

activity bDefaultValues() : B[{
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bl=newB();blp=1;
b2 =newB();b2p=2;
b3 =newB();b3.p=3;
b4 =newB();bd.p=4;
return new B[{b1, b2, b3, b4} ;

Corresponding test case behavior is:

activity 'Test Case - Default Values - Structures'( ) {
WriteLine("-- Running test case - Instantiation o f Default values - Structures --") ;
a=newA();
AssertEquals("Default value of a.b[1].p", a.b[1]. p,1);
AssertEquals("Default value of a.b[2].p", a.b[2]. p,2);
AssertEquals("Default value of a.b[3].p", a.b[3]. p,3);
AssertEquals("Default value of a.b[4].p", a.b[4]. p,4);
WriteLine("-- End of test case --") ;

9.2.7 Delegation between a port and a part

This test case addresses instantiation semantibe icase of a delegation connector between aapdra part.
Structural aspects of this test case are depint&ture 34 and Figure 35.

A Empty Pattern & Unconnected_Pattern
b: B [*] b: B [2.7]
screates A _Empty_Pattern(): A_Empty_Pattern acreates A Unconnected_Pattern(): A_Unconnectec_Pattern
A_Array_Pattern A_Star_Pattern
b:B[4.7] b B [4.7]
screates A_Array_Pattern(): A_Array_Pattemn «creates A Star Pattern(): A_Star Pattern
X R y
Tmpl - B
I*] [
L] L]
I
]
‘? i
«Interfaces :
1 R

Figure 34: Delegation between port and part — Class es

A _Empty_Pattern & _Unconnected_Pattern
Empty pattern Unconnected pattern:
lewer bound of portpandpart b is 0 iower bound on ends of connector ris 0
= 1. R 1> b: B [*] -1 0.* R 0.* bt B [2.7]
o Ormpl [7] p: Impl [3..%]
A _Array_Pattern A Star_Pattern
Array pattern: Star pattern -
lower bound of p and b are equals lower bound on ends of connector r equal
lowar bound an ends of connactorris 1 lowear bound of connacted alamants
1 KR By 37 kR &
= ' BB 4] ] i bi B [4."]
pi Impl [4..%] p: Impl [3..%]

Figure 35: Delegation between port and part — Inter  nal structures

Corresponding test case behavior is:
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activity TestCase_Delegation_Port_P() {
helper = new AssertCompositeHelper() ;

WriteLine("-- Running test case: Delegation conne
a=new A_Array_Pattern() ;

/I Testing instantiation of A_Empty_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Empty_Pat
a_empty = new A_Empty_Pattern();
AssertEmptyPattern(a_empty.p, a_empty.b) ;

/I Testing instantiation of A_Unconnected_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Unconnect
a_unconnected = new A_Unconnected_Pattern();
AssertUnconnectedPattern(a_unconnected.p, a_uncon

/I Testing instantiation of A_Array_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Array_Pat
a_array = new A_Array_Pattern();
AssertArrayPattern(a_array.p, a_array.b, 4, helpe

/I Testing instantiation of A_Star_Pattern
WriteLine("™) ;

WriteLine("- Testing instantiation of A_Star_Patt
a_star = new A_Star_Pattern();
AssertStarPattern(a_star.p, a_star.b, 3, 4, helpe

ctor between a port and a part --") ;

tern -") ;

ed_Pattern -") ;

nected.b, 3, 2, helper) ;

tern") ;

nN;

ern") ;

n;

9.2.8 Delegation between a port and a part with por t

This test case addresses instantiation semanttbg icase of a delegation connector between aapdra part
with port. Structural aspects of this test casedagcted in Figure 36 and Figure 37.

Figure 36: Delegation between a port and a part wit

A_Empty_Pattern A _Unconnected_Pattern
b: B [*] b:B[2.7]
«creates A_Empty_Pattern(): A_Empty_Pattern «creates A _Unconnected_Pattern(): A_Uncennected_Pattern
A_Array_Pattern A Star_Pattern
b B[2.7] b B[2."]
«creates  A_Array_Pattern(): A_Array_Pattern screates A Star Pattern(): A_Star_Pattern
R
y [*]
Impl
,- B
: x [
v
\
alnterfaces
I

h port — Classes
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B
o Ompl [2.."]
A_Empty_Pattern A_Unconnected_Pattern
i [ Sy
Empty pattern: Unceanected patlern
lower bound of pori pand part b s 0 lower bound on ends of connector ris 0
T R 1R
b B[] 12 ki g b B2
pe Tmp! 7] q [Z..“j—r - p: OImpl [3..7] qf2."] -
A_Array_Pattem A _Star_Pattern
Array patiern . Star patiemn -
lower bound of p and b*g are equals lower bound on ends of connector r equal
lower bound on ends of connecterris 1 lower bound of connected elements
1R :
1. i 1 B:B[2.7] -4 nR 3 @ b B [2.7]
p:Ompl {4..7] q[2.7] pe Ompl [3.7] q[2."]

Figure 37: Delegation between a port and part with port — Internal structures

Corresponding test case behavior is:

activity TestCase_Assembly_Port PWP() {
helper = new AssertCompositeHelper() ;

WriteLine("-- Running test case: Delegation conne ctor between a port and a part with port --
)

/I Testing instantiation of A_Empty_Pattern

WriteLine("™) ;

WriteLine("- Testing instantiation of A_Empty_Pat tern -") ;

a_empty = new A_Empty_Pattern();
AssertEmptyPattern(a_empty.p, a_empty.b) ;

/I Testing instantiation of A_Unconnected_Pattern

WriteLine("™) ;

WriteLine("- Testing instantiation of A_Unconnect ed_Pattern -") ;
a_unconnected = new A_Unconnected_Pattern();
AssertUnconnectedPattern(a_unconnected.p, a_uncon nected.b.q, 3, 4, helper) ;

/I Testing instantiation of A_Array_Pattern

WriteLine("™) ;

WriteLine("- Testing instantiation of A_Array_Pat tern -") ;
a_array = new A_Array_Pattern();

AssertArrayPattern(a_array.p, a_array.b.q, 4, hel per) ;

/I Testing instantiation of A_Star_Pattern

WriteLine(™) ;

WriteLine("- Testing instantiation of A_Star_Patt ern-");
a_star = new A_Star_Pattern();

AssertStarPattern(a_star.p, a_star.b.q, 3, 4, hel per) ;

9.2.9 Hierarchy

This test case addresses instantiation a comgigiteture with multiple hierarchy levels. Structuaapects of
this test case are depicted in Figure 38.
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I
d: D1 boeEMN),

Figure 38: Hierarchy

Corresponding test case behavior is:

activity TestCase_Hierarchy() {
WriteLine("-- Running test case: Hierarchical ins tantiation --") ;
a=newA();
/l a.b is not empty
WriteLine("™) ;
AssertTrue("a.b is not empty", ListSize(a.b) > 0)
/I a.b.c is not empty

AssertTrue("a.b.c is not empty", ListSize(a.b.c) >0);

/l a.b.c.d is not empty

AssertTrue("a.b.c.d is not empty", ListSize(a.b.c .d)>0);
/I a.b.c.d.e is empty (e is shared, not composite

AssertTrue("a.b.c.d.e is empty", ListSize(a.b.c.d .e)==0);

}
9.2.10 Variants of Test Suite 1

The normative Test Suite model contains a variéiiest Suite 1 (package Test Suite 1 — Bis, degittd-igure
24), which contains variants of test cases 9.228499.2.7, and 9.2.8. In these variants, pogsyped by
Interfaces.

9.3 Test Suite 2: Communication

This test suite focuses on communication semaafithML Composite Structures. Subclause 9.3.1 aide
reception of signals on behavior ports. Subclaud& @ddresses loss of messages in case of opecatle
received on a non-behavior port without delegationnectors. Subclauses 9.3.3, 9.3.4, 9.3.5, an@ ad@iress
forwarding of messages in case of a single delegéitik. Subclauses 9.3.7, 9.3.8, 9.3.9, and 9.8dbess
forwarding of messages across multiple links, gpoading to a single connector. Finally, subcla@s8sl1,
9.3.12, 9.3.13, and 9.3.14address forwarding ofamess across multiple links, each link correspantbra
particular connector. Subclause 9.3.15 describganta of Test Suite 2 where connectors are natdygnd/or
ports are typed by interfaces.

9.3.1 BehaviorPort — Signal

This test case addresses reception of a signabehavior port. If the signal is correctly dispadto the
classifier behavior of the receiving object, sorsseations can be validated. Structural aspectsi®test case
are depicted in Figure 39 and Figure 40.
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=Signal elnterfaces AbstrociTester
5 1 test()
v: Integer [1] =Signals 5 «Signale Start
t: AbstractTester [1] ﬂ A «Signals Continue
«Signals : Tester
Start : +a Al
A Tmpl
pi Integer[1] «3ignal= 5 creates Tester(): Tester
=Signal= Signal= 5 test(}
Continue ccreates Af: A
Figure 39: Behavior port Signal — Classes, Signals and Interfaces
A
q: Ompl [1]
Figure 40: Behavior port Signal — Internal structur ~ es
Corresponding test case behavior is:
activity 'Test case - BehaviorPort - Signal'() {
/I Instantiate Tester
t=new Tester() ;
t.Start() ;
}
Classifier behavior of Tester is:
activity TesterClassifierBehavior() {
accept(Start) ;
this.a.q.S(4, this) ;
accept(Continue) ;
this.test() ;
}
Method of Tester::test is:
activity test() {
WriteLine("-- Running test case: Reception of a S ignal on a behavior port --") ;
AssertTrue("Signal delegated to classifier behavi or", thisa.p==4);
WriteLine("-- End of test case --") ;
}

Classifier behavior of A is:

activity AClassifierBehavior() {
accept (s: S){
this.p=s.v;
s.t.Continue() ;

9.3.2 Loss of Messages — Operation

This test case addresses loss of an operationrcalbn-behavior port with no delegation connedtdhe
operation call is not forwarded, some assertiomsbeavalidated. Structural aspects of this test eas depicted
in Figure 41 and Figure 42.
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=Interfaces
1

setP( : Integer)

2 4

A Impl
+ pi Integer [1] zetP( : Integer)

acreates Al A
setP( : Integer)

Figure 41: Loss of messages — Casses and Interfaces

q: Ompl [1]
Figure 42: Loss of messages — Internal structures

Corresponding test case behavior is:

activity 'Test case - Loss of Messages - Operation’
WriteLine("-- Running test case: Loss of Operatio
non-behavior ports with no delegation
a=newA();
a.q.setP(4) ;
AssertFalse("Operation call received", a.p == 4)
WriteLine("-- End of test case --") ;

}
Method of A::setP is:

activity setP(in v : Integer) {
thisp=v;
}

0f

n call on
connector --") ;

9.3.3 Single Delegation — PortToPart — Operation

This test case addresses forwarding of an opertitiongh a single delegation link, corresponding single
connector. If the operation call is forwarded, samssertions can be validated. Structural aspedtisofest case

are depicted in Figure 43 and Figure 44.

«lnterfaces
1

setP(; Integer)

! ]

- ]

h B Impl
+ p: Integer [1] R setP( : Integer)
i ¥

ecreates A A setP( : Integer)
acreaten B(): B

Figure 43: Single Delegation from Port to Part (Ope

ration) — Classes and Interfaces
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[]L b: B [1]

q: Impl [1]

Figure 44: Single Delegation from Port to Part (Ope

Corresponding test case behavior is:

activity 'Test case - SingleDelegation - PortToPart
WriteLine("-- Running test case: Single delegatio
Operation delegated from port to part
a=newA();
a.q.setP(4) ;
AssertTrue("Operation call delegated”, a.b.p == 4
WriteLine("-- End of test case --") ;

}
Method of B::setP is:
activity setP(in v : Integer) {

this.p=v;
}

ration) — Internal structures

- Operation'() {
n connector -

=)

9.3.4 Single Delegation — PortToPart — Signal

This test case addresses forwarding of a signaliir a single delegation link, corresponding tingle
connector. If the signal is correctly forwardedmngoassertions can be validated. Structural aspéttss test

case are depicted in Figure 45 and Figure 46.

(Test Suites: Test Suite 2:BehaviorPort - Signal)
AbstractTester

+ test()
«Signals Start
«Signal: Continue

T

Tester

Figure 45: Single Delegation from Port to Part (Sig

nR

[]— b:B[1]

g OImipl [1]

Figure 46: Single Delegation from Port to Part (Sig

90

slnterfaces
1
«Signals 5
]
i |
| ]
I I
] 1
A B Impl
agreates ﬂ|1 A R ]ntc—_ger [1] R uSIgr‘la|n 5
aSignals 5 & %
wcreates BB N

* a;;‘:[l]

«creates + Tester(): Tester

+ test()

nal) — Classes, Signals and Interfaces

nal) — Internal structures
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Corresponding test case behavior is:

activity 'Test case - BehaviorPort - Signal'() {
/l Instantiate Tester
t=new Tester() ;
t.Start() ;

Classifier behavior of Tester is:

activity TesterClassifierBehavior() {
accept(Start) ;
this.a.q.S(4, this) ;
accept(Continue) ;
this.test() ;

Method of Tester::test is:

activity test() {
WriteLine("-- Running test case: Single delegatio
Signal delegated from port to part --"
AssertTrue("Signal delegated to classifier behavi
WriteLine("-- End of test case --") ;

}
Classifier behavior of B is:

activity BClassifierBehavior() {
accept (s: S){
this.p=s.v;
s.t.Continue() ;

}

n connector -

o;", this.a.b.p==4);

9.3.5 Single Delegation — PortToPartWithPort — Oper  ation

This test case addresses forwarding of an opereditbthrough a single delegation link, correspogdio a
single connector, expressed between a port and avipla port. If the operation call is forwardeayrse
assertions can be validated. Structural aspecdtisofest case are depicted in Figure 47 and Fig8ré&lote that

classes A and B are reused from 9.3.3.

Impl

(Test Suites:: Test Suite 2::5ingleDelegation - PortToPart - Operation)|  x[1]

setP(: Integer)

1]

Figure 47: Single Delegation from Port to Part with

Port (Operation) — Classes and Interfaces
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(Test Suites:Test Suite 2::5ingleDelegation - PortToPart - Operation)
A
=R
[——— bt B[1]
g: Impl [1]
C
[]”—Ud] aA[L]
p: Impl [1] g: Ompl [1]

Figure 48: Single Delegation from Port to Part with

Corresponding test case behavior is:

activity 'Test case - SingleDelegation - PortToPWP
WriteLine("-- Running test case: Single delegatio
Operation delegated from port to part w
c=newC();
c.p.setP(4) ;
AssertTrue("Operation call delegated”, c.a.b.p ==
WriteLine("-- End of test case --") ;

}

Port (Operation) — Internal structures

- Operation'() {
n connector -
ith port --") ;

4);

9.3.6 Single Delegation — PortToPartWithPort — Sign  al

This test case addresses forwarding of a signalighr a single delegation link, corresponding tingle
connector, expressed between a port and a parpaithlf the signal is correctly forwarded, sonssertions
can be validated. Structural aspects of this st @re depicted in Figure 49 and Figure 50. Natedlasses A

and B are reused from 9.3.4.

vl

(Test Suites:: Test Suite 2::SingleDelegation - PortToPart - Signal)
Ompl
«Signale 5
x |1

(Test Suitesx Test Suite

Zi:BehaviorPort - Signat)
AbstractTs

" 3
Liesier

+ test()
«Signals Start
«Signal= Continue

Figure 49: Single Delegation from Port to Part with

92

F

Tester

+cC[1]

«creates + Tester(): Tester

+ test()

Port (Signal) — Classes, Signals and Interfaces
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(Test Suites::Test Suite 2::SingleDelegation - PortToPart - Signal)

rnR

1 b B [1]
q: Impl [1]
(&

U

[] ¥ E;l a Al
p: Ompl [1] g: Ompl [1]

Figure 50: Single Delegation from Port to Part with Port (Signal) — Internal structures

Corresponding test case behavior is:

activity 'Test case - SingleDelegation - PortToPWP - Signal'() {
t =new Tester() ;
t.Start() ;

Classifier behavior of Tester is:

activity TesterClassifierBehavior() {
accept(Start) ;
this.c.p.S(4, this) ;
accept(Continue) ;
this.test() ;

Method of Tester::test is:

activity test() {
WriteLine("-- Running test case: Single delegatio n connector -
Signal delegated from port to part wit h port --") ;

AssertTrue("Signal delegated", this.c.a.b.p == 4) ;
WriteLine("-- End of test case --") ;

}
9.3.7 Multiple Delegation — SameConnector — PortToP  art — Operation

This test case addresses forwarding of an operedithim presence of multiple delegation links,responding
to a single connector, expressed between a pora padt. If the operation call is forwarded, sorageations can
be validated. Structural aspects of this test easelepicted in Figure 51. Note that classes Bllamol are
reused from 9.3.3.

rR

] + biB 4]
+ p: Ompl [1] 4.7 1.7

Figure 51: Multiple Delegation with Single Connecto  r from Port to Part (Operation) — Internal structur  es
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Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - SameConn ector - PortToPart - Operation'() {
WriteLine("-- Running test case: Single delegatio n connector -
Multiple links - Operation delegated f rom port to part --") ;
c=newC();
c.p.setP(4) ;
AssertTrue("Operation call delegated”, c.b[1].p = =4 || c.b[2.p==
Il c.b[3]. p==4]c.bl4l.p==4);
WriteLine("-- End of test case --") ;
}

9.3.8 Multiple Delegation — SameConnector — PortToP  art — Signal

This test case addresses forwarding of a signaligtr multiple delegation links, corresponding sirgle
connector, expressed between a port and a pé#ne Hignal is correctly forwarded, some assertaarsbe
validated. Structural aspects of this test caselepécted in Figure 52 and Figure 53. Note thais#a A and B
are reused from 9.3.4.

«Interfaces (Test Suites: Test Suite 2:BehaviorPort - Signal)
I AbstractTester
«Signals 5 + test()
«Signals Start

‘f} «Signal» Continue

I

: |

A B R Ompl Tester
acreates Af)t A + p: Integer [1] : «Signals 5 +a Al

«Signals 5 [T yl] «createn = Tester(); Tester
wcreates B(): B + test()

Figure 52: Multiple Delegations with Single Connect  or from Port to Part (Signal) — Classes, Signalsan d
Interfaces

[]— b: B [4]

q Ompl [1]

Figure 53: Multiple Delegations with Single Connect  or from Port to Part (Signal) — Internal structures

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - SameConn ector - PortToPart - Signal'() {
t=new Tester() ;
t.Start() ;

Classifier behavior of Tester is:
activity TesterClassifierBehavior() {
accept(Start) ;
this.a.q.S(4, this) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
this.test() ;
}

Method of Tester::test is:
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activity test() {
WriteLine("-- Running test case: Single delegatio
Multiple links - Signal delegated from
AssertTrue("Signal delegated on all links (shall

n connector -
port to part --") ;
be true for default strategy)",

this.a.b[1].p == 4 && this.a.b[2].p == 4
&& this.a.b[3].p == 4 && this.a.b[4].p == 4);
WriteLine("-- End of test case --") ;

}
9.3.9 Multiple Delegation — SameConnector — PortToP  artWithPort — Operation

This test case addresses forwarding of an operedithim presence of multiple delegation links,responding
to a single connector, expressed between a pora gadt with port. If the operation call is forwarj some
assertions can be validated. Structural aspedtisfest case are depicted in Figure 54. Notedlaases A and
[Impl are reused from 9.3.3.

[—| :1”* : U 1”x i
- +arA4]
p:Impl [1] + g: Trnpl [1]

Figure 54: Multiple Delegation with Single Connecto  r from Port to Part with Port (Operation) — Interna |
structures

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - SameConn
WriteLine("-- Running test case: Single delegatio
Multiple links - Operation delegated f

ector - PortToPWP - Operation'() {
n connector -
rom port to part with port--") ;

c=new C();
c.p.setP(4) ;
AssertTrue("Operation call delegated"”, c.a[1].b.p ==4|| c.a[2].b.p ==
|| c.a[3]. b.p==4||c.al4l.b.p==4);
WriteLine("-- End of test case --") ;
}

9.3.10 Multiple Delegation — SameConnector — PortTo

This test case addresses forwarding of a signaligtr multiple delegation links, corresponding &irgle

PartWithPort — Signal

connector, expressed between a port and a parpwithlf the signal is correctly forwarded, sonssertions
can be validated. Structural aspects of this tes¢ @re depicted in Figure 55 and Figure 56. Natedlasses A

and limpl are reused from 9.3.4.

(Test Suttes: Test Suite 2:BehaviorPort - Signal)

AbstractTester

+ testl)
«Signals Start
«Signals Continue

Tester

+ o C[]

wcreates + Tester(): Tester
+ test()

Figure 55: Multiple Delegations with Single Connect
Signals and Interfaces

or from Port to Part with Port (Signal) — Classes,
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[]— b: B [4]

q Ompl [1]

Figure 56: Multiple Delegations with Single Connect  or from Port to Part with Port (Signal) — Internal
structures

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - SameConn
t=new Tester() ;
t.Start() ;

ector - PortToPWP - Signal'() {

Classifier behavior of Tester is:

activity TesterClassifierBehavior() {
accept(Start) ;
this.c.p.S(4, this) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
this.test() ;

}

Method of Tester::test is:

activity test() {

WriteLine("-- Running test case: Single delegatio n connector -

Multiple links - Signal delegated from
AssertTrue("Signal delegated on all links (shall
this.c.a[1].b.p == 4 && this.c.a[2].b.
&& this.c.a[3].b.p == 4 && this.c.a[4].b.

port to part with port --") ;
be true for default strategy)”,
p== 4

p==4);

WriteLine("-- End of test case --") ;

}
9.3.11 Multiple Delegation — MultipleConnector — Po  rtToPart — Operation

This test case addresses forwarding of an operadithim presence of multiple delegation links, leéink
corresponding to a particular connector, exprebstdteen a port and a part. If the operation cdbriwarded,
some assertions can be validated. Structural aspéthis test case are depicted in Figure 57 agur& 58.
Note that classes B and lImpl are reused from 9.3.3

(Test Suites::Test Suite 2::SingleDelegation - PortToPart - Operation)
Impl
+ setP( + in v Integer)
+x|[]
S
+y| 1]
B

Figure 57: Multiple Delegations with Multiple Conne  ctors from Port to Part (Operation) — Classes
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C
s1: S
+ BB
52: 5
+ b2: B[1]
+ p: Tmpl [1] 2:5 +b% B[]
S + bd: B[]

Figure 58: Multiple Delegations with Multiple Conne
structures

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - Multiple
WriteLine("-- Running test case: Multiple delegat
Multiple links - Operation delegated f
c=new C();
c.p.setP(4) ;
AssertTrue("Operation call delegated”, c.bl.p ==
==4);
WriteLine("-- End of test case --") ;

}

9.3.12 Multiple Delegation — MultipleConnector — Po

ctors from Port to Part (Operation) — Internal

Connectors - PortToPart - Operation'() {
ion connectors -
rom port to part --") ;

4||cb2.p==4]| cb3.p==4]|cbd.p

rtToPart — Signal

This test case addresses forwarding of a signaligir multiple delegation links, each link corresgiog to a
particular connector, expressed between a poragratt. If the signal is correctly forwarded, soamssertions
can be validated. Structural aspects of this tes¢ @re depicted in Figure 59 and Figure 60. Natedlasses A

and B are reused from 9.3.4.

«Interfaces (Test Suites::Test Suite Z:BehaviorPort - Signal)
I AbstractTester
«Signals § test()
«Signals Start

& «5ignals Continue

|

|

| T

B B o Impl Tester
«creates A) A p: Integer [1] «Signale § aAll]
; ["] ¥ ['] \

=Signal» 5 ¥ screates + Tester(): Tester
acreates B B test()

Figure 59: Multiple Delegations with Multiple Conne
and Interfaces

ctors from Port to Part (Signal) — Classes, Signals

Precise Semantics of UML Composite Structures, version 1.0

97



r: R b1 B[1]
r2: R
b2:B[1]
IR
eIt I : b3: B [1]
B R b4: B 1]

Figure 60: Multiple Delegations with Multiple Conne

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - Multiple
t=new Tester() ;
t.Start() ;

}
Classifier behavior of Tester is:

activity TesterClassifierBehavior() {
accept(Start) ;
this.a.q.S(4, this) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
this.test() ;

}

Method of Tester::test is:

activity test() {
WriteLine("-- Running test case: Multiple delegat
Multiple links - Signal delegated from
AssertTrue("Signal delegated on all links (shall
this.a.bl.p == 4 && this.a.b2.p ==
&& this.a.b3.p == 4 && this.a.b4.p == 4)
WriteLine("-- End of test case --") ;

}

ctors from Port to Part (Signal) — Internal structu res

Connectors - PortToPart - Signal'() {

ion connectors -
port to part --") ;
be true for default strategy)",

9.3.13 Multiple Delegation — MultipleConnector — Po  rtToPartWithPort —

Operation

This test case addresses forwarding of an operedithim presence of multiple delegation links, leéink
corresponding to a particular connector, exprebségteen a port and a part with port. If the operatall is
forwarded, some assertions can be validated. Staldspects of this test case are depicted inr&igl. Note

that classes A and limpl are reused from 9.3.3.
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al: A 1]

a2 A1]

p: Ompl [1]

ad: A L]

q

Figure 61: Multiple Delegation with Multiple Connec  tors from Port to Part with Port (Operation) — Inte  rnal
structures

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - Multiple Connectors - PortToPWP - Operation'() {
WriteLine("-- Running test case: Multiple delegat ion connectors -
Multiple links - Operation delegated f rom port to part with port --") ;
c=newC();
c.p.setP(4) ;
AssertTrue("Operation call delegated”, c.al.b.p = =4||c.a2.b.p==
|| c.a3.b.p= =4||c.ad.b.p==4);
WriteLine("-- End of test case --") ;
}

9.3.14 Multiple Delegation — MultipleConnector — Po  rtToPartWithPort — Signal

This test case addresses forwarding of a signaligir multiple delegation links, each link corresgiog to a
particular connector, expressed between a poragrait with port. If the signal is correctly forwlad, some
assertions can be validated. Structural aspedtisofest case are depicted in Figure 62 and FigBrd&lote that
classes A and limpl are reused from 9.3.4.

(Test Suttes: Test Suite Z:BehaviorPort - Signal)
AbstractTester

+ test()
«Signals Start
«Signal» Continue

Tester

+cCH]

wcreates + Tester(): Tester
+ test()

Figure 62: Multiple Delegations with Multiple Conne  ctors from Port to Part with Port (Signal) — Classe s

Precise Semantics of UML Composite Structures, version 1.0 99



C
L +al; AQl]
+ q: Ompl [1]
L@
L + g Impl [1]
+ q: Ompl [1]
ud: U
+al: A[l]
+ g Impl [1]

Figure 63: Multiple Delegations with Multiple Conne  ctors from Port to Part with Port (Signal) — Intern  al
structures

Corresponding test case behavior is:

activity 'Test case - MultipleDelegation - Multiple Connectors - PortToPWP - Signal'() {
t=new Tester() ;
t.Start() ;

Classifier behavior of Tester is:

activity TesterClassifierBehavior() {
accept(Start) ;
this.c.p.S(4, this) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
accept(Continue) ;
this.test() ;

}

Method of Tester::test is:

activity test() {
WriteLine("-- Running test case: Multiple delegati on connectors -
Multiple links - Signal delegated from port to part with port --") ;
AssertTrue("Signal delegated on all links (shall be true for default strategy)",
this.c.al.b.p == 4 && this.c.a2.b.p = =4
&& this.c.a3.b.p == 4 && this.c.a4.b.p = =4);
WriteLine("-- End of test case --") ;
}

9.3.15 Variants of Test Suite 2

The normative Test Suite model contains 3 variahf&est Suite 2 (packages Tests Suite 2 - Bisy,--TQuater,
depicted in Figure 24), which contain variants lbfast Suite 2 test cases. Test Suite 2 - Bisainatvariants
where connectors are not typed. Test Suite 2 edptains variants where ports are typed by intedatest
Suite 2 - Quater contains variants where conneat@ 0ot typed and ports are typed by interfaces.

9.4 Test Suite 3: Communication (onPort)

This test suite focuses on communication semaafithML Composite Structures, in the cases wher@erty
onPort of InvocationAction is used. Subclausel9idtroduces Classes, Interfaces and Associati¢nshvare
shared amongst the various test cases involvingatipe calls. The test cases are described in aubet 9.4.2,
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9.4.3,9.4.4, and 9.4.5. Subclause 9.4.6 introdGtasses, Signals, Interfaces and Associationshndrie shared
amongst the various test cases involving signdlesg& test cases are described in subclauses 8d1974a8.
Subclause 9.4.9 describes variants of Test Suitke3e connectors are not typed and/or ports aedtiyy
interfaces.

9.4.1 Operation common

Classes, Interfaces and Associations shared amtmsgjstases of Test Suite 3 involving operatiofsGale
depicted in Figure 64.

«Interfaces

I

setP(: Integer)
i B
| I
I i
i i

B Impl
+ p: Integer [1]

setP(: Integer)

+x [1]

setP( : Integer) [1] 1]

Figure 64: Classes, Interfaces and Associations sha  red amongst test cases of Test Suite 3 involving
operation calls

Method of B::setP is:

activity setP(in v : Integer) {
this.p=v;
}

9.4.2 Operation on Provided Interface
This test case addresses invocation of an Operatiaprovided interface of a Port. If the operatall is

forwarded into the port's owner, some assertionsbeavalidated. Structural aspects of this test eas
depicted in Figure 65 and Figure 66.

= L]
+ b B[1]

«creates A A
setP(; Integer)

Figure 65: Operation on a Provided Interface — Clas  ses

A I

rR
[h——] <&
+ ¢ Ompl [1]
Figure 66: Operation on a Provided Interface  — Internal structures
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Corresponding test case behavior is:

activity 'Test case - Feature on Provided Interface 04
WriteLine("-- Running test case: Feature on Provi ded Interface --") ;
a=newA();
a.setP(4) ;
AssertTrue("Invocation made into a through g", a. b.p==4);
WriteLine("-- End of test case --") ;

}

Method of A::setP is depicted in the Activity diagn of Figure 67.

setP
v: Integer

+ Integer setP on g

Figure 67: Method of A::setP

9.4.3 Operation on Required Interface

This test case addresses invocation of an Operatiarequired interface of a Port. If the operatiall is
forwarded outside of the port's owner, some asserttan be validated. Structural aspects of teisctese are
depicted in Figure 68 and Figure 69. Note thatschais reused from 9.4.2.

«Interfaces

1
setP(: Integer)

i

C (] D
setP( : Integer) a Al]
«creates C): C c C1]

egreates D D

Figure 68: Operation on a Required Interface — Clas  ses
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it 55 1
+aC[1] +ai Afl]
+ q: Ompl [1] + g OImpl [1]
.
is conjugated
@ p
C
+ q: Ompl [1]

Figure 69: Operation on a Required Interface — Inte  rnal structures

Corresponding test case behavior is:

activity 'Test case - Feature on Required Interface

WriteLine("-- Running test case: Feature on Requi red Interface --") ;
d=new D() ;
d.c.setP(4) ;
AssertTrue("Invocation forwarded out of ¢ through q", d.ab.p==4);

WriteLine("-- End of test case --") ;

}

Method of C::setP is depicted in the Activity diagr of Figure 70.

setP
v: Integer

Figure 70: Method of C::setP

9.4.4 Operation on Both Provided and Required Inter

This test case addresses invocation of an Operatiich is both on a provided and a required interfaf a

Port. If the operation call is forwarded outsidetad port's owner (i.e., in the test case, thedation is made
inside of the port's owner), some assertions carabéated. Structural aspects of this test casalapicted in

Figure 71 and Figure 72. Note that classes A argdr@used from 9.4.3.
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«Interfaces

I

setP(: Integer)

setP( : Integer) wUseE»

.'A-

IProvReq

setP( : Integer)

Figure 71: Operation on both Provided and Required Interface — Classes

ceEl] }1 =3 1 ~aAll]

+ q: IProvReq [1] + o Ompl [1]

Y
socltl [ 12— L[] . gProvReqil]

+ ¢ [ProvReq [1]

Figure 72: Operation on Both Provided and Required Interface — Internal structures

Corresponding test case behavior is:

activity 'Test case - Feature on both Required and Provided Interface'() {
WriteLine("-- Running test case: Feature on both Required and Provided Interface --") ;
d=newD();
d.e.c.setP(4) ;
AssertTrue("Invocation forwarded out of e through q", dab.p==4);
WriteLine("-- End of test case --") ;
}

9.4.5 Operation on Required Interface with Delegati on Chain

This test case addresses invocation of an Operatiarequired interface of a Port, with a chaidelegation
and assembly connectors. If the operation cabiigdrded outside of the port's owner following aypiate
connectors, some assertions can be validated.t&aliaspects of this test case are depicted ir€ig3 and
Figure 74. Note that classes A and C is reused &@n3.
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c C[1]

«creates E() E

Figure 73: Operation on a Required Interface with D  elegation Chain — Classes

=5
veem [P L ~aAll]
+ g: Impl [1] + gz Ompl [1]

E
I8 conjugated 5

+ q: Impl [1]

+ g: Impl [1]

Figure 74: Operation on a Required Interface with D  elegation Chain — Internal structures

Corresponding test case behavior is:

activity 'Test case - Feature on Required Interface with Delegation Chain'() {
WriteLine("-- Running test case: Feature on Requi red Interface with Delegation Chain--") ;
d=newD();
d.e.c.setP(4) ;
AssertTrue("Invocation forwarded out of e through q", d.ab.p==4);
WriteLine("-- End of test case --") ;
}

9.4.6 Signal common

Classes, Signals, Interfaces and Associations dl@mengst test cases of Test Suite 3 involvingadggare
depicted in Figure 75 and Figure 76.

aSignal= ) «Signals
Start «3ignals 5
+ testCase TestCase [1] Lontinue + value: Integer [1]
A ] Tester = TestCase
+ i Integer (1] + test()
— «Signal« Start
ecreates + Al A ecreates + Tester(): Tester
1 +x [1]
+y| Al

Figure 75: Classes, Interfaces and Associations sha  red amongst test cases of Test Suite 3 involving
signals
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A @ Tester

O
+p1i] + 1]

Figure 76: Composite structures shared amongst test cases of Test Suite 3 involving signals

Classifier behaviors of A and Tester are depicteakitivity diagrams of Figure 77 and Figure 78 etpely.

A Classifier Behavior

value

| Send Continue on p/‘ﬂ

object result target -

Figure 77: Classifier behavior of A

Tester Classifier Behavior

=]
testCase

_f> Start [

target
v \'-. \\ I
. This | Send S /)% //-‘ Continue ! .

Test
target ' T j(;

Figure 78: Classifier behavior of Tester

9.4.7 Assembly

This test case addresses sending of a signal ort.afRhe signal is forwarded outside of the fmawner, some
assertions can be validated. Structural aspedtssofest case are depicted in Figure 79 and Fig0re
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+ test()

TestCazelszembly

+a Al
= tester: Tester [1]

«creates + TestCasefssembly(): TestCaselssembly
+ test()

Figure 79: Assembly - Classes

TestCaseAssembly

+ tester: Tester [1]

spIll - qIf]

Figure 80: Assembly — Internal structures

Corresponding test case behavior is:

activity TestCaseBehavior() {
WriteLine("-- Running test case - SendSignalActio n using onPort -
Single assembly connector --") ;
testCase = new TestCaseAssembly() ;
testCase.tester.Start(testCase) ;

}
Method of TestCaseAssembly::test is:

activity test() {
AssertTrue("Signal correctly sent and received", this.a.v==4);
WriteLine("-- End of test case --") ;

}
9.4.8 Assembly and Delegation
This test case addresses sending of a signal ont.a88 compared to test case of 9.4.7, this tes¢ implies a

chain of delegation and assembly connectors. Ifitpeal is forwarded outside of the port's ownems
assertions can be validated. Structural aspedtssofest case are depicted in Figure 81 and Figare
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TestCaseAssemblyAndDelegation

+b:B[1]
+aC[1]

wcreates + TestCaseAssemblyAndDelegation(): TestCaseAssemblyAndDelegation
+ test()

B C
+a Afl] + tester: Tester [1]

acreates + B{): B wcreates + C(): C

Figure 81: Assembly and Delegation — Classes

TestCaselAssemblyAndDelegation

+ b B[1] }—{ +cCi]
+pI[1] +q:I[1]

B C

e p 1l +plf] s q 1] + g If]

Figure 82: Assembly and Delegation — Internal struc  tures

Corresponding test case behavior is:

activity TestCaseBehavior() {
WriteLine("-- Running test case - SendSignalActio n using onPort -
Delegation/Assembly connector chain--" );
testCase = new TestCaseAssemblyAndDelegation() ;
testCase.c.tester.Start(testCase) ;

}
Method of TestCaseAssemblyAndDelegation::test is:

activity test() {
AssertTrue("Signal correctly sent and received", this.b.a.v==4);
WriteLine("-- End of test case --") ;

}

9.4.9 Variants of Test Suite 3

The normative Test Suite model contains 3 variahf&est Suite 3 (packages Tests Suite 3 - Bisy,--TQuater,
depicted in Figure 24), which contain variants lbfast Suite 3 test cases. Test Suite 3 - Bisainatvariants

where connectors are not typed. Test Suite 3 edptains variants where ports are typed by inteda€est
Suite 3 - Quater contains variants where conneet@$i0t typed and ports are typed by interfaces.

9.5 Test Suite 4: Destruction

This test suite focuses on destruction semantitivif Composite Structures. Subclause 9.5.1 concerns
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recursive destruction of parts and ports, whennapmsite object is destroyed. Subclause 9.5.2 aatis
removal of an instance from part, which impliestdedion of links representing connectors and wisoh
establishing a connection with the removed instaBcbclause 9.5.3 is similar, except that the mtstdas
removed from a port.

9.5.1 Recursive destruction of parts and ports

This test case validates recursive destructioradb@and ports in the case where a composite aisject
destroyed. Note that all classes are reused fr@m.9Corresponding test case behavior is:

activity TestCaseBehavior() {
a=new A_Star_Pattern() ;

WriteLine("-- Running Test Case: Recursive destru ction of parts and ports --") ;

Write("# Instances of B: ) ; Write(B.alllnstance s()->size()) ; WriteLine(") ;

Write("# Instances of C: ") ; Write(C.alllnstance s()->size()) ; WriteLine("™) ;

Write("# Instances of llmpl: ") ; Write(limpl.all Instances()->size()) ; WriteLine(™) ;

WriteLine("... Destruction of a ...") ;

a.destroy() ;

AssertTrue("All instances of B recursively destro yed", B.allinstances()->size() == 0) ;

AssertTrue("All instances of C recursively destro yed", C.allinstances()->size() == 0) ;

AssertTrue("All instances of lImpl recursively de stroyed", lImpl.allinstances()->size() ==
0);

WriteLine("-- End of Test Case --") ;

}
9.5.2 Removing instance from part

This test case validates that the removal of ataite from a part implies destruction of relateétsi Note that
all classes and associations are reused from €8r8esponding test case behavior is:

activity 'Removing instance from part'() {

WriteLine("-- Running test case: Removing instanc e from a part
implies destruction of related links - )
a=newA();
b=ab;
g=aq;
a.b=null;
AssertTrue("Link has been destroyed", R.x(y => q) ->size() == 0 && R.y(x => b)->size() == 0)

’ WriteLine("-- End of test case --") ;

}
9.5.3 Removing instance from port

This test case validates that the removal of atait® from a port implies destruction of relatedtdi. Note that
all classes and associations are reused from £8r8esponding test case behavior is:

activity 'Removing instance from port'() {

WriteLine("-- Running test case: Removing instanc e from a port
implies destruction of related links - )
a=newA();
b=ab;
g=aq;
a.q=null;
AssertTrue("Link has been destroyed"”, R.x(y => q) ->size() == 0 && R.y(x => b)->size() == 0)

WriteLine("-- End of test case --") ;
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Annex A Semantics of MARTE PpUnits
(informative)

The broad field of embedded systems, to which MARS 8edicated, relies directly in the capacity of
specifying, predicting, and/or assessing the uiaafethe system does of the available resourceseadtime
systems this is strongly related to the scheduintpe platform execution capacity and the arhraprotocols
needed in the mutually exclusive accesses to shasedirces. For this reason models of Compositeisies
subject to real-time constraints, or targeted tbexshded platforms, need the semantics of the MAREBents
used on them to be clearly described. This shoalddme in such a way that restricts the “Generizitihe
Execution Model” claimed in section 2.3 of fUML gjfication. This implies directly the need to sggcthe
semantics of time, concurrency, and inter-objeatmoinication mechanisms, which were explicitly gfen in
fUML.

Considering the large amount of potential modellintgnts for which MARTE is able to be applied, the
adequate strategy to describe semantics here sfadlold an approach similar to the one used in MART
section 2.4 (Conformance with MARTE). Accordingtat approach potential usages of the specificdtiod
consequently the tools provided by tool vendordliem) are categorized in a series of “compliarases”.

The description of the corresponding “Semanticsaifan Cases” would encompass aspects like: theeftiod
elements in play (stereotypes, base UML elementscancrete values for the attributes that conalitie
desired semantics), the additional rules for theage (expressed either with OCL or by means odfiddiy
described constraints), and the transformatioresjaivalent models in the target sub-domains ordaggs.

But an exhaustive search for all coherent setgwiastics of all elements in MARTE for all thoseqrtal
users and compliance cases is an overwhelming effotargeted in this specification. Instead, tngex fixes
the semantics of a concrete set of elements aneliimgdpatterns. The actors to whom this semansiegldress
are those named as “Software Architect” in MARTEt®m 6.2.3 (How to use this specification), intpardar
those who design real-time systems with the addiioeed of having their final artifacts suitaliebe
validated by means of schedulability analysis.

Then, according to this modelling intent, the seticarof the combination of specific MARTE elemeintsts
Generic Resource Modeling (GRM) and High-Level Apgion Modeling (HLAM) sections need to be
provided. The two basic structural elements in MAR®r which the formalization of semantics is neddee
the Real-time Unit (RtUnit), and the Passive PragdJnit (PpUnit). These concepts are describedean
HLAM sub-profile of MARTE, and are the fundamentaiilding blocks for programming real-time applicats
with high level languages from the analytical paftiiew [1] [2] [3]. The construction of analysisodels to
validate these design intent models is possibleider the assumption of a generic execution pilatéand a
behavioral semantics that respects best practiksvalely known models of interaction taken frore tieal-
time systems community [2] [5].

An initial set of modeling rules for the semantidsRtUnits, which included those for describing tiatform,
was proposed in [4] as a set of rules for the nindedf tasks that may be (a) Independent, (b) Rdlay means
of shared resources, or (c) by control flow depanas. This annex expresses the semantics for Bpami
stated in clause 1 (Scope) of this specificatiamely by defining semantic visitors that specify tteeded
semantics as extension of the PSCS execution model.

The basis for modeling with schedulability analysisnind is the specification of three basic modtis
platform, the logic of the application and the stinworkload the system is expected to support.rGive initial
set of modeling rules, proposed in [4], here weagick and extend it to address also execution sasafthe
PpUnits used in high level application models.

Then besides the semantics that is formalizedam#xt clause, when tasks share passive data thetPp
modeling construct is used, and in this case thddéional rules apply:
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e The ExecKind of PpUnit services is ImmediatRemote
« All services of the PpUnit use the same protegbimiocol: ImmediateCeiling or Prioritylnheritance
e The ConcurrencyPolicy of PpUnit is Guarded.

The concurrencyPolicy of the kind Concurrent migatenabled in order to have the writer/reader
ConcurrencyKind available, but this behavior regsiadditional capabilities from the analysis teghas to

take really advantage of it, so in principle itliscouraged.

A.1 Semantics

A.1.1 Overview

Extensions to the normative composite structures@tion model are depicted in Figure 83 and Figdre

CS Locus

AN

Marte_Locus

ppUnitStereatype: Class [1]

instantiate( : Class): Object
1sPplnit(: Class): Boolean

initPpObject( : Marte_PpObject, : Class)

Figure 83: Locus extension diagram

(fUML::Semantics::CommonBehaviors::BasicBehaviors)
Execution

[

wecution T

[Marte GuardedExecution

CS_Object

[

Marte_ PpObject

isGuarded: Boolean [1]

mutex

- e

dispatch( : Operation): Execution

[0..1]

execute()

getBehavior(): Behavior
getDutputParameterValues(): ParameterValue
getParameterValue( : Parameter): Parameteryalue
new_(): Value

setParameterValuel  Parameteryalue)
terminate()

mutex

Marte_PMutex

- locked: Boolean [1]

lock(
unlock()
- testAndSetLlock(): Boolean

(fUML::Sermantics:Loci:Locil 1)
SemanticVisitor

Figure 84: Object and Execution extension diagram
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A.1.2 Class descriptions

A.1.2.1 Marte_GuardedExecution

Marte GuardedExecution extends fUML Execution s tinly one execution issued by a Marte_ PpObjest, (i
an Object classified by a Marte PpUnit) can exeati@ time. Mutual exclusion is guaranteed by thege of a

Marte_Mutex.

Generalizations

» Execution (from fUML::Semantics::CommonBehaviorasgBehaviors)

Attributes

* None

Associations

» execution : Execution, the actual encapsulatedian, whose call to execute is guarded by thk loc
of a mutex (see operation execute below).

* mutex : Marte_Mutex, a reference to the mutex wititbe used to guard the execution of the
encapsulated Execution. This mutex is owned byvthge PpObject that produced this

Marte GuardedExecution.

Operations

[1] public execute()
/I Ensures mutual exclusion of executions
I/l issued by a same Marte_PpObiject, due to a dispa
/I The execution of each encapsulated execution is
/I by locking mutex prior to execution.
/I This mutex belongs to a Marte_PpObject,
/I 'and it is shared by all Marte_GuardedExecution
I/l that has been issued by this Marte_PpObiject.
this.mutex.lock();
this.execution.execute() ;
this.mutex.unlock();

[2] public getBehavior() : Behavior
/I delegates to the encapsulated execution
return this.execution.getBehavior();

[3] public getOutputParameterValues() : ParameterVa
/I delegates to the encapsulated execution
return this.execution.getOutputParameterValues();

[4] public getParameterValue(parameter:Parameter) :
/I delegates to the encapsulated execution
return this.execution.getParameterValue(parameter)

[5] public new_() : Value
return new Marte_GuardedExecution();

[6] public setParameterValue(parameterValue:Paramet
/I delegates to the encapsulated execution
this.execution.setParameterValue(parameterValue);

[7] public terminate()
/I delegates to the encapsulated execution
this.execution.terminate();
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A.1.2.2 Marte_Locus

Marte_Locus extends CS_Locus so that, when a @ldsstereotype PpUnit stereotype has to be inistizmt,

a Marte_PpObiject is returned instead of a CS_Object

Generalizations
e CS Locus

Attributes
* ppUnitStereotype : Class, the Marte PpUnit steqgsty

Associations

* None
Operations
[1] public initPpObject(object:Marte_PpObiject, ster eotypedClass:Class)
/I Initializes properties of the given Marte_PpObj ect, according to the
/I given stereotypedType. This Class is a classifi er of the given object,
/I and it has stereotype PpUnit applied. The prope rty values associated
/I with the stereotype application are used to ini tialize properties of the

/I Marte_PpObject.

[2] public instantiate(class:Class) : Object

/I Extends CS_Locus so that, if the given type has

/I stereotype PpUnit applied, a Marte_PpObject is

I/l instantiated instead of a CS_Obiject.

/I Otherwise, behaves like in CS_Locus.

Object_ object ;

if (this.isPpUnit(type)) {
object = new Marte_PpObject();
object.types.add(type);
object.createFeatureValues();
this.add(object);
this.initPpObjet((Marte_PpObiject)object, type) ;

else {
object = super.instantiate(type) ;

return object ;

[3] public isPpUnit(type:Class) : Boolean
/I Determines if the given type has stereotype PpU nit applied

A.1.2.3 Marte_Mutex

Marte Mutex is a new kind of SemanticVisitor, irdtwed to guarantee mutual exclusion of multiple
Marte GuardedExecutions issued by a same Marte_jepOb

Generalizations

»  SemanticVisitor (from fUML::Semantics::Loci::Locill1

Attributes

» locked : Boolean, indicates whether this Marte_Musdocked

Associations

¢ None
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Operations

[1] public lock()
/I Loops until the calling object
// has been able to lock this mutex
while (this.testAndSetLock()) {}

[2] public unlock()
/I Unlocks the mutex
_beginlsolation();
this.locked = false;
_endlsolation();

[3] public testAndSetLock() : Boolean
/I If the context mutex is not locked,
/l'locks it and returns false.
/I Returns true otherwise
boolean wait = true;
_beginlsolation();
if ('this.locked) {
this.locked = true;
wait = false;

_endlsolation();
return wait;

A.1.2.4 Marte_PpObject

Marte_PpObject extends CS_Object so that, wheratipardispatch is called, a Marte_GuardedExecuson
returned instead of a fUML Execution, if this MarBpObiject is guarded.

Generalizations
» CS_Object

Attributes

» isGuarded : Boolean, determines whether this MBp&bject is guarded. Its value is based on the
value of property concPolicy of stereotype PpUatijch is applied on a Class typing this object.

Associations

e mutex : Marte_Mutex, the mutex owned by this obj#ds used to guarantee mutual exclusion of
executions produced by this object.

Operations

[1] public dispatch(operation:Operation) : Executio n
/I First construct an Execution for the given oper ation,
/I as specified by CS_Object.
/I If this Marte_PpObject is guarded,
/I the constructed execution is encapsulated in a
/I Marte_GuardedExecution, which is returned.
/I This execution keeps a reference to the mutex
/I owned by this Object.
/I Otherwise, simply returns the constructed execu tion
Execution execution = super.dispatch(operation);
if (this.isGuarded) {
Marte_GuardedExecution guarded = new Marte_Guarde dExecution() ;
guarded.execution = execution ;
guarded.mutex = this.mutex ;
execution = guarded ;

}

return execution ;
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A.2 PpUnit Test suite

This test suite encompasses two test cases, deddnilsubclauses A.2.1 and A.2.2. Its purpose is to
demonstrate that concurrent calls to operatiorssgifarded PpUnit are serialized.

A.2.1 No Ports — Globally Guarded

The structural aspects of this test case are aepintFigure 85 and Figure 86. Four active objédtsssified by
A) share a single PpUnit object (classified by B)e active objects concurrently call operation 8mpute() on
the shared object. Since PpUnit B is guarded (ptgpencPolicy == guarded), these calls shall beabeed.

A «ppUnits
creates + AQ:A B
«Signal» Start <PpUnits

concPolicy=guarded

+al] R +h

+ piInteger [1] =0

wcreates + B(: B
+ compute()

«Signal»

Start
Figure 85: Class diagram
C
4* nmR 1*
+ar A4 + b E[1]

Figure 86: Composite structure diagram

The classifier behavior of A is:

activity AClassifierBehavior() {
accept(Start) ;
b = R.b(this) ;
b.compute() ;

The method of operation B::compute() is:

activity compute() {
WriteLine(" ="
WriteLine("- Incrementing p:") ;
this.p = this.p + 10 ;
WriteLine(" - value of p: " + ToString(this .p);
WriteLine("- Decrementing p:") ;
this.p = this.p - 10 ;

WriteLine(" - value of p: " + ToString(this P);
WriteLine(" e
WriteLine(") ;

}
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The corresponding test case behavior is:

activity TestCaseBehavior() {
c=newC();
for (ain c.a) {
a.Start() ;

}

In a valid execution trace, the various executiafiB::compute() shall be serialized, so that nerilgiaving can
be observed:

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0

- Incrementing p:
- value of p: 10

- Decrementing p:
-value of p: 0

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0

A.2.2 Ports — Globally Guarded

The structural aspects of this test case are dmbintFigure 87 and Figure 88. This is a variartheftest case
depicted in subclause A.2.1, where instances afAraunicate with the shared instance of B througtspmnd
connectors. The active objects concurrently cadirafpon B::compute() on the shared object. SindgritB is
guarded (property concPolicy == guarded), theds shhll be serialized.

A «Interfaces
«creates + AQ: A I
«Signals Start + compute()
+ callCompute()

A

«ppUnits
B
«PpUnits
concPolicy=guarded

+ piInteger [1] =10

«Signals wcreates + B(: B
Start + compute()

Figure 87: Class diagram
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behavior is C_b_default

C
4. ' Lr
+arAfd] - ! + b B[1]
+ p: ~I[1] +q: I[1]

=ppUnits
B
«PplUnit=
concPolicy=gquarded

Cefault value of b is specified
with an OpagueExpression, whose

E:I—1 + self: B [1] E

+q:1[1] |

Figure 88: Composite structure diagram

The classifier behavior of A is:

activity AClassifierBehavior() {
accept(Start) ;
this.callCompute() ;

}

The method of operation A::callCompute() is specifin the activity diagram of Figure 89. Action ‘i§his a

ReadSelfAction, and “Call compute on port p” is@lOperationAction for operation I::compute(), with
property onPort set to A::p.

callComputeBody

This |5 | |Call compute on port p

target

Figure 89: Activity diagram of A::callCompute() met hod

The method of operation B::compute() is:

activity compute() {
WriteLine(" ="
WriteLine("- Incrementing p:") ;
this.p = this.p + 10 ;
WriteLine(" - value of p: " + ToString(this P);
WriteLine("- Decrementing p:") ;
this.p = this.p - 10 ;

WriteLine(" - value of p: " + ToString(this .p);
WriteLine(" ="
WriteLine(") ;
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Activity C_b_default (which is the behavior asstedhwith the OpaqueExpression default value of)ds:b

activity C_b_default() : B {
b=newB();
b.self=b;
/I Default is a generic association,
/I specified in the non-normative library Gener icAssociation
/I Cf. clause Annex C
Default.createLink(x => b.q, y => b.self) ;
return b ;

}
The corresponding test case behavior is:

activity TestCaseBehavior() {
c=newC();
for (ain c.a) {
a.Start() ;
}
}

In a valid execution trace, the various executioinB::compute() shall be serialized, so that nerigaving can
be observed:

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0

- Incrementing p:
- value of p: 10

- Decrementing p:
- value of p: 0
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Annex B Semantics of SysML Blocks,
ProxyPorts, and FlowProperties (informative)

SysML is a general purpose graphical modeling lagguthat is used to describe systems in termsof th
requirements, structure, behavior, and constrdiifits.core constructs used to model structure irchldcks
and their properties (e.g., value properties, paoperties, constraint properties, and ports),@stons, and
connectors. These core structural constructs camtégrated with various behavioral constructsasatibe

how the system behaves.

SysML is intended to support many different typébehavior modeling paradigms. SysML, as with UML,
includes activities, interactions and state machfoe modeling behavior. Other forms of behaviagtsas
those described by differential equations, canapgured using SysML parametrics. The core strutctura
elements can be integrated with other domain speuibdels and associated modeling paradigms tafgpec
behavior in a way that is appropriate for the aygtion.

The execution semantics for any particular typbeifavior modeling approach must be specified iriotal
execute a model that is described in SysML. Fongta, parametrics can be executed by mapping tbem t
various solvers such as Modelica, Mathematica,jmulink, which each contain their own semantics.

The Semantics of a Foundational Subset for ExetautablL (fUML) specifies the semantics for executiag
subset of UML/SysML activities. The Precise Sermemntif UML Composite Structures further extendséehes
semantics to specify how the structural elementh si$ structured classes with ports impact theuiatof
activities. SysML requires further interpretatidrtltese semantics for those areas of SysML thatliffiexent
from UML.

Semantics specified in this clause only addrestaet of SysML. This subset includes use casesenBlecks
can have in or out FlowProperties (i.e., no inoBtpcks can also have ProxyPorts, typed by Intedocks
with FlowProperties.

Subclause B.1 specifies the semantics for thisetulbbey describe how values written on out FlovpReraes
propagate through links existing between blockainses, following links specified by connectorsteit

directly between parts, or between proxy portshasé parts). Subclause B.2 specifies a suite béasses that
can be used to demonstrate conformance to thesentiem

B.1 Semantics

B.1.1 Overview

Extensions to the normative Composite Structure@i@n model are depicted in Figure 90, Figureadid
Figure 92.

120 Precise Semantics of UML Composite Structures, version 1.0



CS_Locus

SysML_Locus

+ flowPropertyStereotype: Class [0..1]
+ proxyPortStereotype: Class [0.1]
+ blockStereotype: Class [0.1]

instantiate( : Class): Object
assignBehaviorProxyPorts( : Object)
isBlock( : Class): Boolean
isinputFlowProperty( : Property): Boolean
isOutputFlowProperty( : Property): Boolean
isFlowProperty( : Property): Boolean

Figure 90: SysML Loci Extensions Diagram

CS_InteractionPoint

I

+ reference + property

SysML_InteractionPoint

CS_ExecutionFactory

SysML_ExecutionFactory

instantiateVisitor( : Element): SemanticVisitor

SysML_ReferencePropertyPair

Reference Property

CS_Object

élk

SysML_Object

setFeatureValue(: StructuralFeature [1], : Value [*], : Integer [0..1])
propagate(: Property [1], : Value [*], : Integer [1], : SysML_InteractionPoint [1])
doPropagation(: SysML_ReferencePropertyPair, : Value, :Integer, : Property)
getMatchingFlowProperties(: Property, : Reference): Property [*]
flowPropertyMatches( : Property, : Property): Boolean
getPotentialPropagationTargets(: CS_Object, : CS_Object, : StructuralFeature, : Property, : SysML_InteractionPoint): SysML_ReferencePropertyPair [*]
getDefiningFeatures(: CS_Object, : CS_Object): StructuralFeature [*]

Figure 91: SysML Values Extensions Diagram

CS_AddStructuralFeatureValueActionActivation

ReadStructuralFeatureActionActivation

SysML_AddStructuralFeatureValueActionActivation

SysML_ReadStructuralFeatureActionActivation

getAssociation(: StructuralFeature): Association

getAssociation( ; StructuralFeature): Association

Figure 92: SysML Actions Extensions Diagram
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B.1.2 Class descriptions

B.1.2.1 SysML_AddStructuralFeatureValueActionActiva  tion
SysML_AddStructuralFeatureValueAction extends CSd®tducturalFeatureValueActionActivationt o deal
with Associations that do not own all their enasSlysML, properties typed by Blocks are definechvait
Association between the containing Block and tipe tgf the Properties. As compared to fUML whichuiegs
these ends to be owned by the Association, Sysilires these ends to be owned by the containingkBlo

Generalizations

e CS_AddsStructuralFeatureValueActionActivation

Attributes

* None

Associations

* None
Operations
[1] public getAssociation(feature:StructuralFeature ) : Association [0..1]
/1 If the structural feature for the action of thi s activation is an

/l association end,
I/l then get the associated association,
/I ONLY IF THIS FEATURE IS OWNED BY THE ASSOCIATIO N (SysML extension)
Association association = null;
if(feature instanceof Property) {
association = ((Property)feature).association;

if (association != null) {
inti=1;
boolean ownedByAssocation = false ;
while (i <= association.ownedEnd.size() && 'owned ByAssocation) {
Property current = association.ownedEnd.getValue i-1);
if (current == feature) {
ownedByAssocation = true ;
}
i=i+1;
if (lownedByAssocation) {
association = null ;
}
}

return association;

B.1.2.2 SysML_ExecutionFactory

SysML_ExecutionFactory extends CS_ExecutionFadimdeal with instantiation of semantic visitors
introduced by this extension.

Generalizations

» CS_ExecutionFactory

Attributes

* None
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Associations

e None

Operations

[1] public instantiateVisitor(element:Element) : Se manticVisitor
/I Extends CS_ExecutionFactory to instantiate
/I SysML semantic visitors
SemanticVisitor visitor = null ;

if (element instanceof AddStructuralFeatureValueAc tion) {

visitor = new SysML_AddStructuralFeatureValueActi onActivation() ;
else if (element instanceof ReadStructuralFeatureA ction) {

visitor = new SysML_ReadStructuralFeatureActionAc tivation() ;
else {

visitor = super.instantiateVisitor(element) ;

}

return visitor ;

B.1.2.3 SysML_InteractionPoint

SysML _InteractionPoint extends CS_InteractionPdihe only kind of SysML port supported in this axime
behavior proxy ports. This kind of port does najuieed extensions to CS_ InteractionPoint. Howesiege the
other kind of SysML ports would require some exiens, this class is introduced to be used as a @mm
ancestor to these potential extensions, that doeildefined in extensions to the proposed executiodel.

Generalizations

* CS_InteractionPoint

Attributes

* None

Associations

* None
Operations
* None

B.1.2.4 SysML_Locus

SysML_Locus extends CS_Locus by instantiating Sys®bjects instead of CS_Obijects, in the case wiere t
Type (from which instances are produced) is a Bl¥¢ken instantiating a SysML_Obiject, it also desith the
automatic assignment of values for the behavioky®orts of the Block typing the instantiated objddtese
values are SysML_InteractionPoint whose referergdtee instantiated object itself. In other wolttig,
instantiated object and the values for the beha®oxyPorts of the typing Block are the same objElcese
mechanism is implemented in Operation assignBeh@xaxyPorts specified below.

SysML_Locus also owns utility properties and opers. All the *Stereotype properties below are refices to
Stereotype definitions from the SysML profile. Teasferences are used to determine if model elenferh a
model being executed carry applications of theesponding Stereotypes (see isBlock, isProxyPort,
isFlowProperty, isinputFlowProperty, isOutputFlowperty operations specified below).

Generalizations

e CS_Locus
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Attributes

» blockStereotype : Class [0..1], the Block stereetgipfinition
» flowPropertyStereotype : Class [0..1], the FlowRntyp stereotype definition
» proxyPortStereotype : Class [0..1], the ProxyPntentype definition

Associations

* None

Operations

[1] public assignBehaviorProxyPorts(object:Object)
/I For each FeatureValue of the given object,
/I if the definingFeature is a behavior ProxyPort ,
/I assigns a value to this FeatureValue that is a
/I SysML_InteractionPoint, whose referent is the
/I given object itself
int featureValuelndex =1 ;

while (featureValuelndex <= object.featureValues. size()) {
FeatureValue currentFeatureValue = object.featu reValues.get(featureValuelndex - 1) ;
if (currentFeatureValue.feature instanceof Port ){

Port p = (Port)currentFeatureValue.feature ;
if (p.isBehavior && this.isProxyPort(p)) {
ValueList values = new ValueList() ;
CS_Reference owner = new CS_Reference() ;
owner.referent = object ;
owner.compositeReferent = (CS_Object)object ;
SysML_InteractionPoint interactionPoint = n ew SysML_ InteractionPoint() ;
interactionPoint.definingPort = p ;
interactionPoint.referent = object ;
interactionPoint.owner = owner ;
values.add(interactionPoint) ;
currentFeatureValue.values = values ;

}

featureValuelndex = featureValuelndex + 1 ;

}

[2] public instantiate(type:Class):Object

/'If the type is a Block, instantiate a SysML_Obj ect.

/I Otherwise behaves like in CS_Locus

if (isBlock(type)) {
Object_ object = null;
object = new SysML_Object() ;
object.types.add(type);
this.add(object);
object.createFeatureValues();
this.assignBehaviorProxyPorts(object);
return object;

else {

}

return super.instantiate(type);

[3] public isBlock(type:Class):Boolean

[4] public isFlowProperty(property:Property):Boolea n
[5] public islnputFlowProperty(property:Property):B oolean
[6] public isOutputFlowProperty(property:Property): Boolean

[7] public isProxyPort(port:Port):Boolean
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B.1.2.5 SysML_Object

SysML_Object extends CS_Obiject to deal with profiagaof values when writing a value on an out

FlowProperty of this object.

Generalizations

» CS_Object
Attributes
* None

Associations

¢ None

Operations

[1] public doPropagation(potentialTargets:SysML_Ref
values:Value[*],
position:Integer,
from:Property)
/I Performs the actual propagation for the given
/I First, the potentialTargets list is partitionn
/I For each partition (which is represented as a
/I in the case where the list contains a single e
/1 If the list contains more than 1 element,
/I tries to filer it by name, and repeats the ope
/I of the filtered list is 1.
/I The given values are written on objects identi
/I If the given from property is typed by a block
/I and if the property identified by SysML_Refere
/l then the value is moved rather than being simp
/I transfer of ownership).
SysML_ReferencePropertyPairListList potentialTarg
SysML_ReferencePropertyPairListList() ;
IntegerList added = new IntegerList() ;
inti=1;
while (i <= potentialTargets.size()) {
if (! added.contains) {
added.addValue ;
SysML_ReferencePropertyPair pair = potentialT
SysML_ReferencePropertyPairList newList = new
newlList.addValue(pair) ;
potentialTargetsByObject.addValue(newList) ;
Object_ targetObject = pair.reference.referen
intj=i+1,
while (j <= potentialTargets.size()) {
SysML_ReferencePropertyPair pair2 = potenti
if (pair2.reference.referent == targetObjec
newList.addValue(pair2) ; added.addValue(

}
]=

}
}
i=

i+1;

i+1;

FeatureValueList featureValuesToClean = new Featu
i=1;
while (i <= potentialTargetsByObject.size()) {
SysML_ReferencePropertyPairList targets = poten
if (targets.size() == 01
/I No matching flow properties were found

else if (targets.size() == 1) {
/I Exactly one matching flow property was fou
ValueList valuesCopy = new ValueList() ;
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int valuelndex =1 ;

while (valuelndex <= values.size()){
valuesCopy.add(values.getValue(valuelndex -
valuelndex = valuelndex + 1 ;

SysML_ReferencePropertyPair pair = targets.ge
pair.reference.setFeatureValue(pair.property,
/I if the type of from is a Class,
/I and if both properties from and pair.prope
/I the value is moved, not copied.
/I the propagated values must be removed from
if (from.getType() instanceof Class) {
if (from.getAggregation() == AggregationKin
pair.property.getAggregation() == Aggre
FeatureValue fromFeatureValue = this.getF
if (IfeatureValuesToClean.contains(fromFe
featureValuesToClean.addValue(fromFeatu
}
}
}
}
else {
/I Multiple matching flow properties
/I Tries to match by name

SysML_ReferencePropertyPairList filteredByNam

int pairindex =1 ;
while (pairlndex <= targets.size()) {
SysML_ReferencePropertyPair currentPair =t
if (from.getName() != null && currentPair.p
if (from.getName().equals(currentPair.pro
filteredByName.addValue(currentPair) ;
}
}

pairindex = pairlndex + 1 ;

}
if (filteredByName.size() == 1) {
this.doPropagation(filteredByName, values,

b
i=i+1;

/I cleaning features values of composite properti
i=1;

while (i <= featureValuesToClean.size(){

FeatureValue featureValue = featureValuesToClea

featureValue.values.removeAll(values); i =i +

}

[2] public flowPropertyMatches(from:Property, to:Pr
/I Determines if the to FlowProperty matches the
/I Property to matches Property from if it is an
Il'if it is type compatible
/I Note that, by construction, Property from is a
/I FlowProperty
/I Not also that this solution does not account f
/I delegation connectors, only through assembly ¢

SysML_Locus sysML_Locus = (SysML_Locus)this.locus

if (sysML_Locus.isInputFlowProperty(to)) {
if (to.typedElement.type == null ||
to.typedElement.type.isCompatibleWith(from.
return true ;

}

return false ;

[3] public getDefiningFeatures(container:CS_Object,
/I Retrieves the defining features for the given
/l in the context of the given container
StructuralFeatureList definingFeatures = new Stru
FeatureValueList featureValues = container.getFea
int featureValuelndex =1 ;
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while (featureValuelndex <= featureValues.size())
FeatureValue currentFeatureValue = featureValue
int valuelndex =1 ;
boolean found = false ;
while (valuelndex <= currentFeatureValue.values
Value currentValue = currentFeatureValue.valu
if (currentValue instanceof Reference) {
if ((Reference)currentValue).referent == ¢
definingFeatures.addValue(currentFeatureV
found = true ;

}
valuelndex = valuelndex + 1 ;
featureValuelndex = featureValuelndex + 1 ;

return definingFeatures ;

[4] public getMatchingFlowProperties(from:Property,
/I Retries FlowProperties that match the given fr
/l in the given context Reference.
PropertyList matchingFlowProperties = new Propert
int featureValuelndex =1 ;
FeatureValueList featureValues = context.getFeatu
while (featureValuelndex <= featureValues.size())
FeatureValue currentFeatureValue = featureValue
StructuralFeature feature = currentFeatureValue
if (this.flowPropertyMatches(from, (Property)fe
matchingFlowProperties.addValue((Property)fea

featureValuelndex = featureValuelndex + 1 ;

return matchingFlowProperties ;

[5] public getPotentialPropagationTargets(container
contained
feature:S
from:Prop
sourcelnt
) : SysML
/I Retrieves potential propagation targets, in the
Il - Values are written on the given contained obj
/I through the given sourcelnteractionPoint (can
/I - Object contained is contained by the given co
/I the given StructuralFeature feature
SysML_ReferencePropertyPairList potentialPropagati
SysML_ReferencePropertyPairList();
FeatureValue featureValue = container.getFeatureVa
Value referenceToContained = featureValue.values.g
ExtensionalValueList extensionalValues = this.locu
int linkindex =1 ;
/I Retrieves all links at the execution locus, and
I/l should be followed to propagate the values
while (linkindex <= extensionalValues.size()) {
ExtensionalValue extensionalValue = extensionalV
if (extensionalValue instanceof CS_Link) {
CS_Link link = (CS_Link)extensionalValue ;
StructuralFeature linkFeature = link.getFeatur
if (linkFeature != null) {
/I This link connect the given contained obj
FeatureValueList featureValues = link.getFea
FeatureValue currentFeatureValue = featureVa
Reference potentialTarget ;
Reference source ;
/I retrieves the actual source and target fo
if (currentFeatureValue.feature != linkFeatu
potentialTarget =((Reference)featureValues
source =((Reference)featureValues.getValue

else {
potentialTarget =((Reference)featureValues
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source =((Reference)featureValues.getValue

boolean select = true ;

/I if a sourcelnteractionPoint has been pass

/I and if the source of the link is not this

/I this link shall not be retained for propa

if (sourcelnteractionPoint != null && ! (sou
select = false ;

}
if (select) {
/I if the potential target has flow proper
/I it is added in the list of potential ta
PropertyList matchingFlowProperties =
this.getMatchi
int matchingFlowPropertylndex = 1 ;
while (matchingFlowPropertylndex <= matchi
Property currentProperty =
matchingFlowPr

-1);
SysML_ReferencePropertyPair pair = new S
pair.property = currentProperty ;
pair.reference = potentialTarget ;
potentialPropagationTargets.addValue(pai
matchingFlowPropertylndex = matchingFlow

}
}
}

linkindex = linkindex + 1 ;

}

return potentialPropagationTargets ;

[6] public propagate(from:Property,
values:Value[*],
position:Integer,
interactionPoint:SysML_ Interac
/I Propagate values written on property from,
/I from the given interactionPoint, or through al
/I valid links if no interaction point is given
CS_ObjectList containers = this.getDirectContaine
SysML_ReferencePropertyPairList potentialTargets
int containerindex =1 ;
while (containerindex <= containers.size()) {
CS_Object currentContainer = containers.get(co
StructuralFeatureList definingFeatures = this.g

int featurelndex =1 ;
while (featurelndex <= definingFeatures.size())
StructuralFeature currentFeature = definingFe
SysML_ReferencePropertyPairList targets =
this.getPotentialPropagation

interactionPoint) ;
int targetindex =1 ;
while (targetindex <= targets.size()) {
SysML_ReferencePropertyPair currentTarget =
potentialTargets.addValue(currentTarget) ;
targetindex = targetindex + 1 ;

featurelndex = featurelndex + 1 ;
containerindex = containerindex + 1 ;

this.doPropagation(potentialTargets, values, posi

[7] public setFeatureValue( feature:StructuralFeatu
/I If the feature is a Port, behaves like in the
/I If the feature is a an out FlowProperty,
/I behaves like in the composite structure execut
/I and then deal with the propagation of the writ
SysML_Locus sysML_Locus = (SysML_Locus)this.locus
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gation

rcelnteractionPoint == source)) {

ties that match the given from property,
rgets

ngFlowProperties(from, potentialTarget) ;
ngFlowProperties.size()) {
operties.getValue(matchingFlowPropertylndex
ysML_ReferencePropertyPair() ;

r;
Propertylndex + 1 ;

tionPoint)

rsQ);
= new SysML_ReferencePropertyPairList() ;

ntainerindex - 1) ;
etDefiningFeatures(currentContainer, this)

atures.getValue(featurelndex - 1) ;

Targets(currentContainer, this,
currentFeature, from,

targets.getValue(targetindex - 1) ;

tion, from);

re, values:Value[*], position:Integer)
composite structure execution model

ion model,
ten value.

i
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if (feature instanceof Port) {
super.setFeatureValue(feature, values, position );

else if (feature instanceof Property) {
Property p = (Property)feature ;
super.setFeatureValue(feature, values, position );

if (sysML_Locus.isOutputFlowProperty(p)) {
this.propagate(p, values, position, null);

else {
super.setFeatureValue(feature, values, position );

}

B.1.2.6 SysML_ReadStructuralFeatureActionActivation
SysML_AddStructuralFeatureValueAction extends fUR&adStructuralFeatureActionActivation to deal with
Associations that do not own all their ends (seeMly AddStructuralFeatureValueActionActivation, B211,

for a description of cases where Associations donm all their ends).

Generalizations

» ReadStructuralFeatureActionActivation (from fUMLe®antics::Actions::IntermediateActions)

Attributes

¢ None

Associations

* None
Operations
[1] public getAssociation(feature:StructuralFeature ) : Association [0..1]
/1 If the structural feature for the action of thi s activation is an

/I association end,
/I then get the associated association,
/I ONLY IF THIS FEATURE IS OWNED BY THE ASSOCIATIO N (SysML extension)
Association association = null;
if(feature instanceof Property) {
association = ((Property)feature).association;

}
if (association != null) {
inti=1;
boolean ownedByAssocation = false ;
while (i <= association.ownedEnd.size() && 'owned ByAssocation) {
Property current = association.ownedEnd.getValue @i-1);
if (current == feature) {
ownedByAssocation = true ;
}
i=i+1;
if (lownedByAssocation) {
association = null ;
}
}

return association;

B.1.2.7 SysML_ReferencePropertyPair

SysML_ReferencePropertyPair enables to represeair@omposed of a reference to a Property, and a
reference to a Reference. It is used to represemgat for the propagation of a value, when a&&unritten on
an out FlowProperty of a SysML_Object (see B.1.@gerations setFeatureValue and
setFeatureValueOnlnteractionPoint).
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Generalizations

e None
Attributes
* None

Associations

e property : Property
» reference : Reference

Operations

* None
B.2 Test suites

This subclause describes suites of test casesdhdie used to demonstrate conformance to the siesan
specified in B.1. Test Suite 1 focuses on propagati values when writing a value on an out flowgerty, in
the context of an object classified by a Block withPorts. Test Suite 2 introduces variants of Seste 1
where objects are classified by Blocks with behaRimxyPorts.

In the test cases specified below, the CS_Defauk@octStrategyis not used. All systems are cootsdu
manually, by instantiating and assigning valuesesponding to parts. In addition, statements like
Default.createLink(x => source, y => target) specify the creation of a link typed by Associativefault
These statements are required to establish conpnsdiietween source and target objects, which caalbes
for parts (i.e., CS_References) or ProxyPorts, @gsML_ InteractionPointspefaultis the generic Association
defined in Annex C of this specification (i.e., twotyped owned ends, with ordered/unique multipfit).

B.2.1 Test Suite 1: Parts Directly Connected

B.2.1.1 Writing on FlowProperties Typed by ValueTyp es

This test case addresses propagation of values wiiting a value on an out FlowProperty typed by a
ValueType. The object on which the value is writt&s no interaction points (i.e., it is classifigda Block
without Ports). This source object is connecteddliy to a target object which has a single maghin
FlowProperty. When the value is written on the Fhoaperty of the source object, this value is copiedhe
matching FlowProperty of the target object. Strradtaspects of this test case are depicted in Ei§8rand

Figure 94.
=blocks
BO
b
«bly)y [1] s
shlocks «blocks
Bl B2
«flowProperty» {direction=out} + fpl: Integer [1] «flowProperty= {direction=in} + fp2: Integer [1]

Figure 93: Block Definition Diagram
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«hlocks
ED

= bl:B1[1] +b2:B2[1]

Figure 94: Internal Block Diagram

The corresponding test case behavior is:

activity TestCaseBehavior() {
WriteLine("-- Untyped connector between parts wit
WriteLine("-- Multiplicity 1 on parts, connector
WriteLine("-- Flow properties typed by a ValueTyp
/I Constructing the system
let b0 : BO = new BO() ;
b0.b1l = new B1() ;
b0.b2 = new B2() ;
Default.createLink(x => b0.b1, y => b0.b2) ;
/I Testing
b0.bl.fpl=4;
WriteLine("™) ;
AssertTrue("Value successfully propagated”, b0.b2
AssertTrue("Value has been copied (i.e., not move
WriteLine("™) ;
WriteLine("-- End of test case --") ;

}

h flow properties --") ;
ends, and flow properties --") ;
e-");

fp2==4);
d)", b0.b1.fpl == 4 && b0.b2.fp2 == 4) ;

B.2.1.2 Writing on FlowProperties Typed by Blocks

This test case addresses propagation of values wiiting a value on an out FlowProperty typed black.
The object on which the value is written has neriattion points (i.e., it is classified by a Blogkhout Ports).
This source object is connected directly to a taofpgect which has a single matching FlowPropdrhe two

matching FlowProperties are composite P

ropertibe.gropagation of the written value thereby requare

transfer of ownership. It means that, when thee/&unritten on the FlowProperty of the source objthis
value is moved (i.e., not copied as for FlowPrapsrtyped by ValueTypes) on the matching FlowPriypefr
the target object. Structural aspects of thisdase are depicted in Figure 95 and Figure 96 .

sblock=
BO

+bl Y [1]

+ b2 [1]

ablocks
Bl

«blocks
B2

«flowPropertys {direction=out} + fpl: B3 [1]

sflowPropertys {direction=in} + fp2: B3 [1]

sblocks
B3

Figure 95: Block Definition Diagram
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«hlocks
ED

= bl:B1[1] +b2:B2[1]

Figure 96: Internal Block Diagram

The corresponding test case behavior is:

activity TestCaseBehavior() {
WriteLine("-- Untyped connector between parts wit
WriteLine("-- Multiplicity 1 on parts, connector
WriteLine("-- Flow properties typed by a Block --
/I Constructing the system
let b3 : B3 = new B3() ;
let b0 : BO = new BO() ;
b0.b1l = new B1() ;
b0.b2 = new B2() ;
Default.createLink(x => b0.b1, y => b0.b2) ;
/I Testing
b0.b1.fpl =b3 ;
WriteLine("™) ;
AssertTrue("Value successfully propagated”, b0.b2
AssertTrue("Value has been moved (i.e., not copie

WriteLine("™) ;
WriteLine("-- End of test case --") ;

}

h flow properties --") ;
ends, and flow properties --") ;

")

fp2==b3);
d)", b0.b1.fpl == null && b0.b2.fp2 == b3)

B.2.2 Test Suite 2: Connectors Between Behavior Pro  xyPorts

B.2.2.1 Writing on FlowProperties Typed by ValueTyp es

This test case addresses instantiation of Blocks mghavior ProxyPorts, as well as propagationatiies when
writing a value on an out FlowProperty typed byaduéType. The object on which the value is writtes an
interaction point (i.e., it is classified by a Blowith a ProxyPort). Since the defining port foistinteraction
point is behavior, the value of the interactionnbds a reference to the object itself. The inteoacpoint of this
source object is connected to the interaction pafiat target object, which has a single matchirgPrroperty.
When the value is written on the FlowProperty @& slource object, this value is copied on the matghi
FlowProperty of the target object. Structural aspet this test case are depicted in Figure 97Fagdre 98.

«hlocks
BO
L 13
+01 W +h2 Yy []
block «block
Bl B2
sinterfaceBlocks sinterfaceBlocks
IBL 1B2
«flowProperty« {direction=cut} + fpl: Integer 1] «flowPropertys (direction=in] + fp2: Integer [1]

Figure 97: Block Definition Diagram
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ahlocks
Ed

+ bl: Bl [1] + b2 B2 [1]

&) N

Y T
«pl:1B1[1] +p2:1B2[1]

Figure 98: Internal Block Diagram

The corresponding test case behavior is:

activity TestCaseBehavior() {

WriteLine("-- Untyped connector between behavior proxy ports with flow properties --") ;
WriteLine("-- Multiplicity 1 on parts, ports, con nector ends, and flow properties --") ;
WriteLine("-- Flow properties typed by a ValueTyp e--");

/I Constructing the system

let b0 : BO = new BO() ;

b0.b1l = new B1() ;

b0.b2 = new B2() ;

Default.createLink(x => b0.b1.p1, y => b0.b2.p2)

/I Testing

WriteLine("™) ;

AssertTrue("b0.b1 and b0.b1.p1 are the same objec t", b0.b1 == b0.b1.p1) ;

AssertTrue("b0.b2 and b0.b2.p2 are the same objec t", b0.b2 == b0.b2.p2) ;

b0.bl.pl.fpl=4;

AssertTrue("Value successfully propagated”, b0.b2 .p2.fp2 == 4);

AssertTrue("Value has been copied (i.e., not move d)", b0.b1.pl.fpl == 4 && b0.b2.p2.fp2 ==
4);

WriteLine("™) ;

WriteLine("-- End of test case --") ;

}
B.2.2.2 Writing on FlowProperties Typed by Blocks

This test case addresses instantiation of Blocks mghavior ProxyPorts, as well as propagationatiies when
writing a value on an out FlowProperty typed byladR. The object on which the value is written has
interaction point (i.e., it is classified by a Blowith a ProxyPort). Since the defining port foistinteraction
point is behavior, the value of the interactionnpds a reference to the object itself. The intgoacpoint of this
source object is connected to the interaction pafilt target object, which has a single matchirgPrroperty.
The two matching FlowProperties are composite Rtase The propagation of the written value thereby
requires a transfer of ownership. It means thagmihe value is written on the FlowProperty of sharce
object, this value is moved (i.e., not copied asHlowProperties typed by ValueTypes) on the maighi
FlowProperty of the target object. Structural agpet this test case are depicted in Figure 99Figdre 100.

eblocks
BO
] b
+ bl 28] + b2V 1]
«blocks «hblocks
Bl B2
«interfaceBlocks= ainterfaceBlocks
IB1 182
«flowPropertys {direction=out} + fpl: B3 [1] flowProperty= [direction=in} + fp2: B3 [1]
«blocks
B3
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Figure 99: Block Definition Diagram

shlocks
ED
+ bl: BL [1] + b2: B2 [1]
— ol
ol [ -
;[l spliBI[1]  +p2IB2(1] Ij/—

Figure 100: Internal Block Diagram

The corresponding test case behavior is:

activity TestCaseBehavior() {

WriteLine("-- Untyped connector between behavior proxy ports with flow properties --") ;
WriteLine("-- Multiplicity 1 on parts, ports, con nector ends, and flow properties --") ;
WriteLine("-- Flow properties typed by a Block -- ")

/I Constructing the system

let b0 : BO = new BO() ;

b0.b1l = new B1() ;

b0.b2 = new B2() ;

Default.createLink(x => b0.b1.p1, y => b0.b2.p2) ;

/I Testing

WriteLine("™) ;

AssertTrue("b0.b1 and b0.b1.p1 are the same objec t", b0.b1l == b0.b1.p1) ;
AssertTrue("b0.b2 and b0.b2.p2 are the same objec t", b0.b2 == b0.b2.p2) ;

let b3 : B3 = new B3() ;
b0.b1l.pl.fpl =b3;

AssertTrue("Value successfully propagated”, b0.b2 .p2.fp2 == b3) ;

AssertTrue("Value has been moved (i.e., not copie d)", b0.b1.p1.fp1 == null && b0.b2.p2.fp2
== b3) ;

WriteLine("™) ;

WriteLine("-- End of test case --") ;
}

B.2.2.3 Block with Multiple Behavior ProxyPorts

This test case is a variant of the two previousdases. The object on which the value is writtas two
interaction points (i.e., it is classified by a Bkowith two behavior ProxyPort). When the valuaviiten on the
FlowProperty of the source object, though a givearaction point, this value is propagated onlptigh links
where this interaction point is involved. Strucluaspects of this test case are depicted in Fij0teand Figure
102.

«=blocks
B0
+ bl [il +b2.1 N/ [1] +b22 [1]
«blocks
€hlacke (typed_by. Block)
Bl :

B2
cinterfaceBlocks «interfaceBlocks
(typed_by_Block) (typed_by_Block)

IB1 B2
«flowPropertys {direction=out} + fpl: B3 [1] «flowPropertys {direction=in} + fp2: B3 [1]

Figure 101: Block Definition Diagram
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structure

+ pl 1161 [1] «p21B211]

+ bl: Bl [1]

+ pl_2:181 [1) +p2:1B2 [1)

+b2 1: B2 [1]

+b2_2: B2 [1]

Figure 102: Internal Block Diagram

The corresponding test case behavior is:

activity TestCaseBehavior() {
WriteLine("-- Untyped connector between behavior
WriteLine("-- Multiple Behavior Proxy Ports") ;
WriteLine("-- Multiplicity 1 on parts, ports, con
WriteLine("-- Flow properties typed by a Block --
/I Constructing the system
b0 = new BO() ;
b0.b1l = new B1() ;
b0.b2_1 = new B2() ;
b0.b2_2 = new B2() ;
Default.createLink(x => b0.b1.p1_1, y => b0.b2_1.
Default.createLink(x => b0.b1.p1_2, y => b0.b2_2.
/I Testing
WriteLine("™) ;
let b3 : B3 =new B3() ;
b0.b1l.p1_1.fpl =b3;
AssertTrue("Value successfully propagated to b0.b
AssertTrue("Value successfully propagated to b0.b
WriteLine("™) ;
WriteLine("Writing directly on b0.b1.fp1...") ;
let b4 : B3 =new B3() ;
b0.b1.fpl = b4 ;
AssertTrue("Value successfully propagated to b0.b
AssertTrue("Value successfully propagated to b0.b
WriteLine("™) ;
WriteLine("-- End of test case --") ;
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proxy ports with flow properties --") ;

nector ends, and flow properties --") ;

),

p2);
p2);

2_1.p2", b0.b2_1.p2.fp2 == b3) ;
2_2.p2", b0.b2_2.p2.fp2 == b3) ;

2 1.p2", b0.b2_1.p2.fp2 == bd) ;
2_2.p2", b0.b2_2.p2.fp2 == bd) ;
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Annex C A Generic Association for Instantiation
of Untyped Connectors (informative)

In this specification, CS_Link is used to represaminector instances, though there is no expktittionship
between CS_Link and Connector. Subclause 8.5.1C54 DefaultConstructStrategy) specifies how CS_g&ink
are instantiated from Connectors.

A CS_Link can also be created using a CreateLink#ciNote that this kind of Action relies on Link&éData
for identifying the actual end objects to be conedcAs currently defined in UML, the identificatiof an end
object by a LinkEndData requires the existencenodAssociation, and has no consideration for Coraredthis
is the reason why there is no explicit relationsthptween CS_Link and Connector). The manual itiataon
of a Connector is thereby specified with a CreatkRAction, where elements to be linked act as vafaesoles
identified by the Connector. If the Connector igdgl by an Association, the LinkEndData of the
CreateLinkAction relies on this Association. In ttese where the Connector is not typed, a genassodation
(with untyped ends) can be used to specify the EmdData of the CreateLinkAction.

Machine readable file GenericAssociation.xmi camgasuch an Association call&gfault Examples of how
this association can be used are given in the Sytelsli suites, B.2.
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