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1 Scope

This specification defines the Unified Modeling Language (UML), revision 2. The objective of UML is to provide system
architects, software engineers, and software developers withftoanalysis, design, and implementation of softvirreed
systems as well as for modeling business and similar processes.

The initial versions of UML (UML 1) originated with three leading objedented methods (Booch, OMT, and OOSE), and
incorporateda number of best practices from modeling language design, -@vjented programming, and architectural

description languages. Relative to UML 1, this revision of UML has been enhanced with significantly more precise definitions
its abstract syntax res and semantics, a more modular language structure, and a greatly improved capability for modeling large
scale systems.

One of the primary goals of UML is to advance the state of the industry by enabling object visual modeling tool intépperabil
Howe\er, to enable meaningful exchange of model information between tools, agreement on semantics and syntax is required.
UML meets the following requirements:

1 A formal definition of a common MOBased metamodel that specifies the abstract syntax of the UMLal3dtract
syntax defines the set of UML modeling concepts, their attributes and their relationships, as well as the rules for
combining these concepts to construct partial or complete UML models.

1 A detailed explanation of the semantics of each UML madeatoncept. The semantics define, in a technelogy
independent manner, how the UML concepts are to be realized by computers.

1 A specification of the humareadable notation elements for representing the individual UML modeling concepts as well
as rules for ambining them into a variety of different diagram types corresponding to different aspects of modeled
systems.

1 A detailed definition of ways in which UML tools can be made conformant with this specification.

2 Conformance

There are five distinct types of mimrmance. They are:

1. Abstract syntax conformancé tool demonstrating abstract syntax conformance provides a user interface and/or API
that enables instances of concrete UML metaclasses to be created, read, updated, and deleted. The tool must also
provide a way to validate the wdthrmedness of models that corresponds to the constraints defined in the UML
metamodel.

2. Concrete syntax conformanc@.tool demonstrating concrete syntax conformance provides a user interface and/or API
that enables instance§ UML notation to be created, read, updated, and deleted. Note that a conforming tool may
provide the ability to create, read, update and delete additional diagrams and notational elements that are not defined |
UML.

3. Model interchange conformancé tool demonstrating model interchange conformance can import and export
conformant XMl for all valid UML models, including models with profiles defined and/or applied. Model interchange
conformance implies abstract syntax conformance. A conforming UML @l5hall be able to load and save XMl in
UML 2.4.1 format as well as UML 2.5 format.

4. Diagram interchange conformanca.tool demonstrating diagram interchange conformance can import and export
conformant DI for all valid UML models with diagrams, includimgdels with profiles defined and/or applied. Diagram
interchange conformance implies both concrete syntax conformance and abstract syntax conformance.
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5. Semantic conformanceA tool demonstrating semantic conformance provides a demonstrable way to tritdvibre
semantics, e.g., code generation, model execution, or semantic model analysis.

Where the UML specification provides options for a conforming tool, these are explicitly stated in the specificatiasmbera n
of other cases, certain aspects of gn@mantics are listed as "undefined”, allowing for domaimapplicatiorspecific
customizations. Only customizations that do not contradict the provisions of this specification will be deemed to canform to
However, models whose meaning is based on sustomizations can only be interchanged without loss with tools that support
the same or compatible customizations.

It is recognized that some implementers and profile designers may want to support only a subset of features. Givetiathis poten
variability, it is useful to be able to specify clearly and efficiently which capabilities are supported by a given implementation. Tc
this end, UML implementers and profile designers may provide feature support statements.

3 Normative References

The following norméve documents contain provisions which, through reference in this text, constitute provisions of this
specification. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply.

1 RFC2119, http://ietf.org/rfc/r2119, Key words for use in RFCs to Indicate Requirement Levels, S. Bradner, March
1997.

OMG Specification formal/20:21-01, Object Constraint Language (OCL), v2.3.1
OMG Specification formal/20:08-07, Meta Object Facility (MOF) Core, v2.4.1
OMG Specifiation formal/201108-09, Meta Object Facility (MOF) 2.4 XMI Mapping Specification, v2.4.1

=A =4 =4 =4

OMG Specification ptc/20207-13, Diagram Definition 1.0

Note that UML 2 is based on a different generation of MOF and XMI than that specified in ISO/IEC 1950@t200&tion
technology- Meta Object Facility (MOF) and ISO/IEC 19503:2005 Information technologyL Metadata Interchange (XMI)
which are compatible with ISO/IEC 19501 UML version 1.4.1.

4 Terms and Definitions

There are no formal definitions in this gifecation that are taken from other documents.

5 Notational Conventions

5.1 Key words for Requirement Statements

The key words Amust, o Amust not, o fAishall, o6 fAshall not,
interpreted as described RFC 2119.

o

2 UML v2.5



5.2

Annotations on Example Diagrams

Some of the diagram examples in this specification include explanatory annotations, which should not be confused ds being pe
of the formal UML graphical notation.

In these cases, the explanatory text originatgside the UML diagram boundary, and has an arrow pointing at the feature of the
diagram which is being explained by the annotation. The color rendition of this spec shows these annotations in red.

6

6.1

Additional Information

Specification Simplification

This specification has been extensivelywstten from its previous version to make it easier to read by removing redundancy and
increasing clarity. In particular, the following major changes have been made since UML 2.4.1:

1

The UML Infrastructure no longeofms part of the UML specification. The entire UML specification is constituted in
this document.

Package Merge is not used within the specification. Every metaclass is specified completely in one clause.

The specification is organized to reduce forwaaférences as much as possible. This means that topics such as
Templates which are pervasive in their effects appear early in the specification.

Every clause has a section of documentation generated from the metamodel that contains all of the meiictheges
properties, and all of the metaassociations with their properties. All@fesences in this generated documentation
include hyperlinks to their targets.

The compliance levels LO, L1, L2, and L3 have been eliminated, because they wertenddbfbe useful in practice. A
tool either complies with the whole of UML or it does not. A tool may partially comply with UML by implementing a
subset of its metamodel, notation, and semantics, in which case the vendor should declare which spllesetittem

However, the metamodel itself remains unchanged from UML 2.4.1 superstructure, with a few exceptions:

1

The metamodel has been partitioned into packages, corresponding to the clause structure of this specification. All of
these packages are owrtega toplevel package named UML,; they are also imported into UML so that metaclasses may
be referred to by their unqualified name in UML.

Many OCL constraints have been corrected or added where they were absent. In order to do this, some names of
assocition-owned properties and the corresponding associations have been changed in order to avoid ambiguity in OC
expressions.

A small number of lower multiplicities have been relaxed from 1 to 0, in order to represent default values that cannot be
formally represented using MOF. In these cases the absence of a value signifies the presence of a default value. Thes
cases could not be represented at all in earlier versions of UML. They all o&lauge 15Activities and are maal

explicit in the text there.

The propertyLoopNode::loopVariable has been made composite, in order to enable interchange of loop variables, which
was not possible in a standard way in UML 2.4.1.

{ordered} has been added to some properties in order to thalemantics consistent.
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6.2  Architectural Alignment

The OMG6s Model Driven Architecture ( MDA) i-widetechaologyve i s
specifications that support a mod#lven approach to software development. AltHodDA is not itself a technology
specification, it represents an important approach and a plan to achieve a cohesive setdfiveodechnology specifications.
UML, MOF, and related specifications play important roles in MDA by providing the langfmge®ating and transforming
models.

In version 2.4.1, the MOF Core specification was defined to use the UML 2.4.1 Superstructure specification directlythalbeit w
constraints: hence a MOF 2.4.1 metamodel, including the UML 2.4.1 metamodel, is@Mali2.4.1 model. This was a
substantial simplification and alignment compared to earlier versions. It is expected that future versions of MOF anlil UML wi
continue to be aligned in this manner.

6.3 On the Semantics of UML

6.3.1 Models and What They Model

A modelis always a modeaf something. The thing being modeled can generically be considsketeawithin somedomainof
discourse. The model then makes some statements of interest about that system, abstracting from all the details ofttéie system
could passibly be described, from a certain point of view and for a certain purpose. For an existing system, the model may
represent an analysis of the properties and behavior of the system. For a planned system, the model may represetiva specifice
of how thesystem is to be constructed and behave.

A UML model consists of three major categories of model elements, each of which may be used to make statements about
different kinds ofindividualswithin an incarnation of the system being modeled. These categogies

1 Classifiers.A classifier describes a set of objects. dbjectis an individual thing with a state and relationships to other
objects.

1 EventsAn event describes a set of possible occurrencescdarrences something that happens that has some
corsequence within the system.

1 Behaviors A behavior describes a set of possible executionex®autionis a performance of a set of actions
(potentially over some period of time) that may generate and respond to occurrences of events, including actessing a
changing the state of objects.

UML models donot contain objects, occurrences, or executions, because such individuals are part of the domain being modele
not the content of the models themselves. UML does have modeling constructs for directlygrindeliduals: value

specifications, occurrence specifications, and execution specifications for modeling objects, occurrences, and executions,
respectively, within a particular context. However, these are again just model elements, making statemémnésiathividuals

being modeled. As for any model, such statements can be incomplete, imprecise, and abstract, according to the purpose of th
model, and may turn out to be wrong (or even be asserted as counterfactual). The individuals being modet#tieohahe,

are always complete, precise, and concrete within their domain.

6.3.2 Semantic Areas

Clause2 makes the distinction of the conformance of a tool to the (concrete and atsstnéaxpf UML from conformance to its
semants.
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The syntax of UML has to do with how UML models may be constructed, represented and interchanged. The UML specificatiol
defines the syntax of UML, but does not specify the semantics of tools that conform to that syntax. Instead, thoseasemantics
given in the relevant MOF Core, XMI and Diagram Interchange specifications, within whose framework the UML syntax is
specified.

In contrast, the semantics of UML itself have to do with the standard meaning of the statements made by a UML model about t
sysem being model ed. This i st isnoende tsiemeasn triecfse rorfe dUMLo, aess ptehcei

models of executable software or other enactable processes. However, not all UML models are executable in this sealse and ni
UMLsemant cs rel ate to firunningd software or other processes

Instead, consider the general division of UML modeling constructs into two semantic categories:

1 Structural Semanticdefines the meaning of UM&tructuralmodel elements about individuals in the domaging
model ed, which may be true at some specific point in
semanti cso. However, in programming | anguage definit.i
contextsensitive name readtion and type constraints beyond the base coffitegtsyntax of the language, which
corresponds to weformedness constraints in the UML abstract syntax specification. In order to avoid confusion, the
term Astructur al semanticso is used here instead.)

1 Behavioral Semanticdefines the meaning of UMhehavioralmodel elements that make statements about how
individuals in the domain being modeled change over t

Figure6.1 shows a more detailed delineation of the semantic areas of UML within these categories and the notional layering of
these areas.

Activities State Machines Interactions
Actions
Inter-Object Behavior Base Intra-Object Behavior Base

Structural Foundations

Figure 6.1 Semantic Areas of UML

The structural semantics of the modeling eletsispecified in Clauseé throughl12 provide the foundation for the behavioral
semantics of UML. This reflects the conception of behavioral semantics in terms of changes in the system statéhspegtiied
structural modeling. Structural modeling constructs in UML include a number of different kinds of classifiers (e.g., BataType
Classes, Signals, Interfaces and Components) and corresponding ValueSpecifications.

The base behavioral semantics of UliLilds on this structural foundation, addressing both the basic framework of the execution
of behaviors and such execution may result in communication between structural objects with associated behavior (see Clause
13). Note hat this framework only deals widventdriven, or discrete, behaviors. However, UML semantics do not dictate the
amount of time between events (unless this is specifically modeled using timing constraints, see s8tbclabses, the

intervals between certain events can be considered to be as small as needed by the application; for example, when simulating
continuous behaviors.
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Actions are the fundamental units of behavior in UML, used to definggfim@ed behaviors (s€&lausel6). Their resolution

and expressive power are comparable to the executable instructions in traditional programming languages. Actions are availab
for use with any of the highdevel formalisms to be used for desanilp detailed behaviors. The topmost layer in the semantics
hierarchy defines the semantics of these hiddwzl behavioral formalisms of UMLStateMachines, ActivitieandInteractions

(see Clause$4, 15and17, respectively).

6.3.3 Stable and Transient Behavioral Semantics

Though structural semantics, as defined in sub cléuBs2 has to do with modeling things at a specific point in time, the
structural modeling constructs in UML still include the ability to model certain behavioral aspects of otherwise primarily
structural elements. For example, a classifier may hahavioral featurethat can be invoked to request some behavior from the
classifier. Or a class may be modeled as baatiye,meaning that an instance of the class has some autonomous behavior.

The behavioral characteristics of primarily structural modeling constructs makéetatstatements about the behavior of a

system tht may generally be verified when the system isstablestate at some specific point in time. However, they do not
definehowthe system actually got into that state from a previous state, just that some behavior must have happened to cause t
change The detailed definition dfansientbehavior over time requires the use of behavioral modeling constructs.

In many cases, a structural element in a UML model will have related behavioral elements that define the detailed behavior to
realize the higHevel behavior identified for the structural element. For example, an operation owned by a class may have a
relatedmethodthat defines its detailed behavior. Or an active class may halaesifier behaviothat details its autonomous
behavior. In these cas, it is the responsibility of the modeler to ensure that the detailed transient behavior specified using the
behavioral modeling elements actually results in the-héghl stable behavior specified for the corresponding structural

elements. (A tool magssist the modeler in this responsibility, but a conforming UML tool is not required to do so.)

The following are some areas in which this semantic distinction is particularly important in UML.

1 Operation behaviorsiAn operationis a behavioral feature ofdass that may be directly invoked on instances of that
class (see sub clau8eb). The definition of an operation includes the types of input and output parameters of the
operation and may also include pamd postconditiomon the state of the system being modeled before and after
invocation of the operation. The semantics of such a model are that, if the operation is invoked with inputs of the given
types and in a state in which the precondition hold, then, when the thbekavior of the operation completes, it will
have produced outputs of the given types and the postcondition will hold in the resulting system state. An operation me
also have anethodwhich is a detailed definition of its required behavior (see swselB.2. It is a modeler
responsibility to ensure that the detailed behavior modeled by the method of the operation meets the behavioral
requirements given by the prand postconditions of the operation. Note, howevet,ttieapostcondition is not required
to hold during thdransientexecution of the method behavior, but only atdtablepoint of the completion of execution
of that behavior. A class may also haweariant conditions that must be true before and afteréxecution of the
operation but may be violated during the course of the execution of the operation method.

1 Property default valueS.he semantics gfropertiesspecify that, when a property with a default value is instantiated, in
the absence of someegjific setting for the property, the default value is evaluated to provide the initial values of the
property (see sub clau8eb). Thus, when instantiating a classifier, all its attributes (i.e., properties of the classitier)
default values should be properly initialized once any behavior required to instantiate the classifier completes. Howeve
a create object action is specified to create an object with its attributes initially having no initial values, whether or no
those attributes have default values in the classifier of the object (see sutléldu3eTherefore, when modeling the
detailed behavior of the instantiation of a classifier, it is a modeler responsibility to ensuhe tmedeled behavior
carries out the proper initialization of any attributes with default values once the object is created. (This is oftgn done b
encapsulating the instantiation behavior for a classcionatructoroperationi see sub clausklL.41 in which case the
initialization of the attributes becomes an implicit postcondition for the constructor.)

1 Active class behavior3.he semantics daictive classespecify that, when such a class is instantiated, the new object
commences execution of its behavior as a direct consequence of its creation (see st .datmvever, a create
object action is specified to create an objeithoutcommencing the execution of any associated behafgeessub
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clausel6.4.3. Instead, it is necessary to use a start object behavior action to execute those behaviors (see sub clause
16.3.3. Therefore, when modeling the detailed behavidhefinstantiation of a classifier, it is a modeler responsibility

to ensure that the modeled behavior properly starts the classifier behavior of an instance of an active class, after that
instance is created. (This behavior may also be encapsulatedristauctor operation for the class.)

6.4 How to Read this Specification

6.4.1 Specification Format

The rest of this document contains the technical content of this specification.

The concepts of UML are grouped into clauses. A clause typically covers a specifitngnéaiwhalism. For instance, all
concepts related to state machine modeling are gathered in the State Machines clause and all concepts related to activities
modeling are in the Activities clause.

The clauses in the specification as a whole are presengeddrder that minimizes forward references. Cladse$2 are
primarily concerned with the modeling of structure. Clausis 17 are primarily concerned with the modeling of behavior.
Clausesl8i 20 cover supplementary concepts including UseCases, Deployments, and InformationFlows.Zlland@®
specify primitive types and the standard profile.

Annex Adiscusses UML DiagramsAnnex Bspecifies a model for the interchange of UML diagrams: this is a new part of the
specification that was absent from earlier versions of UMinex Cspecifies keywordsAnnex Dspecifies some alternative
tabular notationsAnnex Especifies the format foXMI serialization.

Although the clauses are organized in a logical manner and can be read sequentially, this is a reference specification and is
intended to be read in a neequential manner. Consequently, extensive aefesences are provided to fhitgite browsing and
search.

Within each clause, there is first a brief informal description of the concepts described in that clause. The clawsg®itisritzen
sub clauses, each describing a coherent set of concepts that constitute a portion oétfeaf@pecified by the clause. Each
sub clause is then split into Abstract Syntax, Semantics, Notation, and Examples.

The Abstract Syntax subdivision contains one or more diagrams that define that capability in terms of a MOF model (i.e., the
UML metamoal) with each modeling concept represented by an instance of a metaclass or association. These diagrams are
designed to provide information about a related set of concepts. Within such a diagram, all of the metaclasses désdribed in t
clause are depiatewith their attribute compartments, while metaclasses whose definition appears in another clause are depictec
with just their headers and no compartments.

The following stylistic conventions are applied in the Semantics, Notation, and Examples sobstivisi

I Headings without numbers are used to break up the sections into meaningful chunks. These headings are organized |
coherent chunks of tightlgoupled semantics. Often these headings will turn out to be pluralized metaclass names (e.g.
Comments); thy might equally represent particular semantic themes (e.g:tdRDompletion).

9 Iltalics are used for emphasis.

T Names of metaclasses in the text are capitalized but
has the inherentcapad i ty of owning other Elements, o0 pluralizing

1 Names of properties in the text are styled -g®®Bit Arial, and used as if they are English nouns pluralizing where
necessar YwnedMrbugs.o,f fithree Cl assi fier. o

The Semantics subdsion specifies the semantics of all of the concepts described in the sub clause.
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The Notation subdivision specifies the notation corresponding to all of the concepts defined in the sub clause. Omslyhaincept
can appear in diagrams will have a notatspecified. For textual notations a variant of the Ba®¥asr Form (BNF) is often
used to specify the legal formats. The conventions of this BNF are:

|l

=A =24 =4 =4 -4 =4

All non-terminals are in italics and enclosed between angle brackets (e.g:texmbmal>).

Alltermi nal s (keywords, strings, etc.), are enclosed bet
Nont er mi nal production rule definitions are signified
Repetition of an item is signified by an asterisk pl e
Alternativecloi ces in a production ar e sephfe|<atemative®>y t he 6| 06

Items that are optional are enclosed in square brackets (e.g.,-Em

Where items need to be grouped they are enclosed in simple parenthesis; for:example
(<item-1> | <item2>) *

signifies a sequence of one or more items, each of which is-&iteon <item2>.

The Examples subdivision gives examples intended to illustrate the concepts in the sub clause.

Diagrams appearing in the Notation and Exampléslisisions have been produced by a variety of tools, and may differ in
stylistic details such as fonts, line thicknesses, size of arrowheads, etc. Such differences are not material te¢thi®specifi

Finally in each clause are machigenerated sub alaes called Classifier Descriptions and Association Descriptions, containing
a complete description for all of the classifiers and associations in the metamodel. In Classifier Descriptions, dach classi
(Class, Abstract Class, or Enumeration) is doauee under the following headings:

il

=A =/ =4 =4 =4

Name [Type]

Description: a summary of the role played by the classifier in the metamodel.
Diagrams: a list of links to diagrams in which the classifier appears.
Generalizations: a list of links to generalizing classifiérany.

Specializations: a list of links to specializing classifiers, if any.

Attributes: each specified by its name, type, and multiplicity, and any additional properties such as {readOnly}. If no
multiplicity is listed, it defaults to 1..1. This is folved by a textual description of the purpose and meaning of the
attribute. If an attribute is derived, the name will be preceded by a slash. Where an attribute is derived, the logic of the
derivation is in most cases shown using OCL.

Association Ends: el specified by its name, type, and multiplicity, any additional properties such as {union}, and a
link to its opposite end. If the association end subsets or redefines others, this is shown in the additional properties as
{subsets <end>} or {redefines ®d>}, where <end> is a link to the applicable end. This is followed by a textual
description of the purpose and meaning of the association end. If an association end is derived, the name will be
preceded by a slash. If the association end is a congpsihis is indicated by a small black diamond adjacent to the
name of the end.

Operations: each specified by its signature, a textual description of the logic of the operation, and a specification of the
logic of the operation in OCL. Note that in sonases the OCL is absent.
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1 Constraints: each specified by its name, a textual description of the logic of the constraint, and a specificationaf the log
of the constraint in OCL. Note that in some cases the OCL is absent.

In Association Descriptions , eaaksociation is documented under the following headings:

1 Name [Type].

Diagrams: a list of links to diagrams in which the association appears.
Generalizations: a list of links to generalizing associations, if any.
Specializations: a list of links to spec#ihg associations, if any.

Member Ends: links to each end of the association; this appears if neither of the ends is owned by the association itsel

=A =4 =4 =4 =4

Owned Ends: documentation for each association end owned by the association itself, each specifiathbytitpe

and multiplicity, any additional properties such as {union}, and a link to its opposite end. If the association end subsets
or redefines others, this is shown in the additional properties as {subsets <end>} or {redefines <end>}, wherea<end> is
link to the applicable end. If an association end is derived, the name will be preceded by a slash.

6.4.2 Diagram Format

The following conventions are adopted for all metamodel diagrams throughout this specification.

il

A metaclass may appear on many diagrdmstakes a primary role on only one diagram, which is the diagram adjacent to
where the semantics of the metaclass are described. A metaclass in a primary role is shown with its attribute compartment
expanded; a metaclass in a secondary role is showstadtsjheader rectangle.

Dot notation is used to denote association end ownership.

Arrow notation is used to denote association end navigability. By definition, alamlasesd association ends are navigable.
By convention, all associatieowned endsn the metamodel are not navigable.

An association with neither end marked by navigability arrows means that the association is navigable in both directions.

Association specialization and redefinition are indicated by appropriate constraints situageroxitmity of the
association ends to which they apply. Thus:

1 The constraint {subsets endA} means that the association end to which this constraint is applied subsets the
association end endA.

1 The constraint {redefines endA} means that the associatiotoentich this constraint is applied redefines the
association end endA.

If no multiplicity is shown on an association end, it implies a multiplicity of exactly 1.

If an association end is unlabeled, the default name for that end is the name of tleevahasis the end is attached, modified
such that the first letter is a lowercase letter. Note that, by conventiomanarable association ends are often left unlabeled
although all association ends have a name which is documented in the Associatigutibesection of each clause.

Associations that are not explicitly named, are given names that are constructed according to the following production rule:
"A " <associationendnamel>" " <associatiorendname2>
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where associatiorendname® is the namef the first association end ardssociationendname2>is the name of the
second association end.
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4 Common Structure

7.1 Summary

This clause specifies the basic modeling concepts underlying all structural modeling in UML. Many of the metaclasses defined
here are abstract, providing the base for specialized, concrete classes defined in subsequent clauses. Howevepravideler to
examples of how these basic concepts are applied in UML, it is necessary to use these concrete modeling constructg) even thc

they are specified in later clauses. Appropriate forward references are provided as necessary.

7.2 Root

7.2.1 Summary

The root cocepts of Element and Relationship provide the basis for all other modeling concepts in UML.

7.2.2 Abstract Syntax

{readonly, union,
subsets relatedElement}
+ [source

1..*

{readonly, union,
subsets relatedElement}
+ ftarget

1..*

TreadOnly, uniorn}
+ ,"l'elatedJElement

1..*

+ annotatedeElement

Element

£

{subsets owner}
+ owningElement

0.1

freadCnly, union}
+ fowner

0.1

+ fownedElement
freadOnly, uniorn}

{subsets ownedElement}
* | + ownedComment

+ relationship Relationship Comment + comment
* + body : String [0..1] *
iy
{subsets relatiornship}
+ directedrRelationship
Directedr elationship

o

{subsets relationship}
+ directedrRelationship

Figure 7.1 Root

*
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7.2.3 Semantics

Elements
An Element is a constituent of a model. Descendants of Elgonevitle semantics appropriate to the concept they represent.

Every Element has the inherent capability of owning other Elements. When an Element is removed from a model, all its
ownedElements are also necessarily removed from the model. The abstrack $gniach kind of Element specifies what other

kind of Elements it may own. Every Element in a model must be owned by some other Element of that model, with the exceptic
of the toplevel Packages of the model.

Comments

Every kind of Element may own Commis. TheownedComments for an Element add no semantics but may represent information
useful to the reader of the model.

Relationships

A Relationship is an Element that specifies some kind of relationship between other Elements. Descendants of Relationship
provide semantics appropriate to the concept they represent.

A DirectedRelationship represents a Relationship between a collecamafmodel elements and a collectiontatet model
elements. A DirectedRelationship is said to be direfitad the source elementdo thetarget elements.

7.2.4 Notation

There is no general notation for Element, Relationships, and DirectedRelationships. The descendants of these claksis define t
own notation. For Relationships, in most cases the notation is a variatidmerdeawn between thelatedElements. For
DirectedRelationships, the line is usually directed in some way frosovdhe(s) to thetarget(s).

A Comment is shown as a rectangle with the uppmadaanglei ght ¢
contains theody of the Comment. The connection to eashotatedElement is shown by a separate dashed line. The dashed line
connecting the note symbol to theotatedElement(s) may be suppressed if it is clear from the context, or not irapoin this

diagram.

7.2.5 Examples

This class was added

by Alan Wright after

mieating with the T ——
migsion planning team. == Account

Figure 7.2 Comment notation
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7.3 Templates

7.3.1 Summary

Templates are model Elements that are parameterized by other model Elements. This sub clause specifies the general concep
applicable to all kinds of templates. Further details of specific kinds of templates allowed in UML are discussed in later sub
clauses, including Classifier templates (see sub cluseOperation templates (see sub cla®& and Package templates (see

sub clausd.2.2).

7.3.2 Abstract Syntax

£

{subsets ownedElement}

{subsets owner}

TemplateSignature + ownedTemplateSignature + template TemplateableElement
0.1 1
iZLéE;?stsDELerzr;??teS@natw & * | + templateSignature
+ signature 1
{ordered, subsets ownedElernent,
subsets parameter} . {Drdgred} _
+ ownedParameter | * L. palame?al bsets t iatep ;
subsets templateParameter
TemplateParameter subsets DW”EE} ! {subsets ownedElement, ParameterableElement

+ owningTemplateParameter

subsets parameteredElement}
+ ownedParameteredElerment

0.1

+ templateParameter

0.1

+ parameteredElement

0.1

+ templateParameter

1

+ default

*®

{subsets owner, redefines
templateParameter}
+ templateParameter

0.1

{subsets ownedElement,
subsets default}
+ ownedDefault

et

Figure 7.3 Templates
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A
+ formal + templateParametersubstitution
TemplateParameter |'< +1 TemplateParameterSubstitution
1
+ actual + templateParametersubstitution
ParameterableFlement | -1 *
{subsets ownedElement,
subsets actual}
+ ownedActual *
- 0.1 + owningTemplateParameterSubstitutio
{subsets owner, redefines {subsets ownedElement}
templateParameterSubstitution’} % | + parametersubstitution

{subsets source, {subsets ownedElement, subsets {subsets owner}
subsets owner} directedRelationship} 1 ¢+ templateBinding

+ boundElernent + templateBinding o
| TemplateableFlement b J TemplateBinding
1

#*

{subsets target} {subsets directedRelationship}
+ signature + templateBinding
‘ TemplateSignature r‘{- 1

#*

DirectedRelationship |

Figure 7.4 Template bindings
7.3.3 Semantics

Templates

A TemplateableElement is an Element that can optionally be defined as a template and bound to other tetephpieseis\a
TemplateableElement that is parameterized using a TemplateSignature. Such a templateethtoligenerate other model
Elements using TemplateBinding relationships.

A template cannot be used in the same manner as-tempuiate Element of the same kind (e.g., a template Class cannot be used
as theype of a TypedElement). The template Element caly be used to generate bound Elements or as part of the specification
of another template (e.g., a template Class may specialize another template Class).

The TemplateSignature of a template defines a set of TemplateParameters thabmaydbe actudmodel Elements in a bound
element for the template. Bound elemeris a TemplateableElement that has one or more such TemplateBindings.

A completely bound elemeista bound element all of whose TemplateBindings bind all the TemplateParameter ofiilagete

being bound. A completely bound element is an ordinary element and can be used in the same mannéoasa (@ non
template) element of the same kind. For example, a completely bound element of a Class template may be used as the type of
Typed Element.
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A partially bound elemeris a bound element at least one of whose TemplateBindings does not bind a TemplateParameter of th
template being bound. A partially bound element is still considered to be a template, parameterized by the remaining
TemplateParameters left unbound by its TemplateBindings.

Template Signatures

The TemplateParameters for a TemplateSignature specify the formal parameters that will be substituted by actual parameters
the default) in a binding. A TemplateParameter isngef in terms of a ParameterableElement contained within the template that
owns the TemplateSignature of which the TemplateParameter is a part. Such an element is sapbsels the
TemplateParameter.

An exposed ParameterableElement may be owneghitly or indirectly, by the template or it may be owned by the
TemplateParameter itself, in situations in which the element does not otherwise have an ownership association within the
template model. In either case, the ParameterableElement is meanmygfuiithin the context of the templatat will be
effectively replaced by an actual Element in the context of a binding. Thus, a ParameterableElement exposed by a
TemplateParameter cannot be referenced outside its owning template or other templade® thetess to the internals of the
original template (e.g., if the template is specialized). Subclasses of TemplateSignature can also add additionalontsaihat
what sort of ParameterableElement can be used for a TemplateParameter in thetamiaxicular kind of template.

A TemplateParameter may also reference a ParameterableElemendezsutifer this formal parameter in any TemplateBinding
that does not provide an explicit TemplateParameterSubstitution for the parameter. Simélaréxpmsed
ParameterableElement, a default ParameterableElement may be owned either directly by the template or by the
TemplateParameter itself. The TemplateParameter may owsethis ParameterableElement even in situations where the
exposed ParametdrleElement is not owned by the TemplateParameter.

Template Bindings

A TemplateBinding is a relationship between a TemplateableElement and a template that specifies the substitutions of
ParameterableElements for thenal TemplateParameters of ttemplate. A TemplateParameterSubstitution specifiesctha
parameter to be substituted fotoanal TemplateParameter within the context of a TemplateBinding. dtwal parameter is
specified in this binding for @armal parameter, then thiefault ParameterableElement for that formal TemplateParameter (if
specified) is used.

A bound element may have multiple bindings, possibly to the same template. In addition, the bound element may contain
elements other than the bindings. The details of howxparsions of multiple bindings, and any other Elements owned by the
bound element, are combined together to fully specify the bound element are specific to the subclasses of TemplateableEleme
The general principle is that one evaluates the binding®lation to produce intermediate results (one for each binding), which
are then merged to produce the final result. It is the way the merging is done that is specific to each kind of Tenlplaiatble E

A TemplateableElement may contain both a Templg8ure and TemplateBindings. Thus a TemplateableElement may be
both a template and a bound element.

A conforming tool may require that adkmal TemplateParameters must be bound as part of a TemplateBinding (complete
binding) or may allow just a subsefttheformal TemplateParameters to be bound (partial binding). In the case of complete
binding, the bound element may have its own TemplateSignature, and the TemplateParameters from this can be ptosided as
parameters of the TemplateBinding. In ttase of partial binding, the unbound formal TemplateParameters act as formal
TemplateParameters of the bound element, which is thus still a template.

NOTE. A TemplateParameter withdafault can never be unbound, as it has an implicit binding tadfaeit, even if an explicit
TemplateParameterSubstitution is not given for it.

Bound Element Semantics

ATemplateBinding implies that the bound element has the samdomsiédness constraints and semantics as if the contents of
the template owning the targe¢plateSignature were copied into the bound element, substituting any ParameterableElements
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exposed as formal TemplateParameters by the corresponding ParameterableElements specified as actual template parameter
the TemplateBinding. However, a boundreént does not explicitly contain the model Elements implied by expanding the
templates to which it binds. Nevertheless, it is possible to defiegEanded bound elemehtt results from actually applying

the TemplateParameterSubstitution for a bounohefd to the target templates.

Formally, an expanded bound element for a bound element with a single TemplateBinding and no Elements other than from th:
binding is constructed as follows:

1. Copy the template associated with the TemplateSignature thattié& dle¢ of the TemplateBinding. For the present
purposes, a copy of a model Element is an instance of the same metaclass as the original model Element, with:

a. Values for all composite properties (owned attributes and owned association ends) that arandbpisarfie
sense) of the corresponding values from the original Element.

b. Values for all norcomposite properties that are the same as the corresponding values from the original
Element, except that references to Elements owned (directly or indirectlyg loyiginal Element are replaced
with references to the copies of those Elements created as specified above and references to the original
Element itself are replaced by references to the copy.

2. If the copy specializes any Elements that are templatesred@ect the Generalization relationships to equivalent bound
elements for thgeneral elements, using the same TemplateBinding. If the copy is an Operation that has an associated
method that is also a template, then replace thabod with an equivalenbound element using the same template
binding.

NOTE. It is necessary for the method of a template Operation to also be a template, presumably with
TemplateParameters corresponding to those of the Operation. In particular, Operation TemplateParatgpieatiyare
used to parameterize thges of Operation Parameters, but thethod of an Operation does not directly reference the
Parameters of the Operation that specifies it. Rathemdthed has its owrownedParameter list, which should match that

of the Operation (see sub claus®?. Thetypes of themethod Parameters thus need to be separately templated to match
the template parameterization of the Operation.

3. For each Element owned directly or indirectly by the copglace any reference to the parameteredElement of a
TemplateParameter of the copy with a reference tadhea Element associated with the parameter in the
TemplateBinding. If aactual Element has a TemplateBinding itself, then reference the equivaent element.

4. Remove all TemplateParameters that are referenced in the TemplateBinding from the TemplateSignature of the copy.
this would remove all TemplateParameters from the TemplateSignature, then remove the TemplateSignature entirely.

If a boundelement has more than one TemplateBinding, then a specific expanded bound element can be defined based on eac
TemplateBinding. The overall expanded bound element is then constructed by merging all the Templateaodfing

expanded bound elements withy other Elements contained by the original bound element. As noted previously, how this
merging is performed depends on the kind of TemplateableElement being bound.

Including a bound element in a model daesautomatically require that the corresporgléxpanded bound element be included
in the model. However, if the expanded bound element constructed as given above violatesfanmegdtiess constraints, then
the original bound element is also considered to not be well formed.

On the other hand, it bound element is for a Namespace template, then it may be necessary to be able taenafers tof
the bound element considered as a Namespace itself. For example, for a bound element of a Class template, it may t® necess
reference Operationd that Class, e.g., from a CallOperationAction.

NOTE. Referencing the Operation from the template is not sufficient, as each bound element of the template Class is to be
considered to have its own effective copy of the Operations of the template.

In orderto accommodate a situation like this, it is allowable to include in a model the expanded bound element for a bound
elemenin addition tothe bound element itself. In this case, the expanded bound element must have a realization dependency (
sub claus&.7) to the bound element that it is expanding. The expanded bound element must be constructed (either manually by
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the modeler or automatically by a tool) according to the rules given above. References then made as ushat fravdel

elements to visible members of the expanded bound element are considered to be semantically equivalent to effectige referenc
made to the corresponding implicit members of the original bound element. Any relationships made directly totieslexpa

bound element are semantically equivalent to relationships made to the bound element itself.

7.3.4 Notation

If a TemplateableElement has TemplateParameters, a small dashed rectangle is superimposed on the symbol for the
TemplateableElement, typically on thpper righthand corner of the notation (if possible). The dashed rectangle contains a list

of the formal TemplateParameters. The parameter list must not be empty, although it may be suppressed in the presentation. /
other compartments in the notatioitiee TemplateableElement appear as normal.

The formal TemplateParameter list may be shown as a cesapaated lisor it may be one formal TemplateParameter per line.
The general notation for a TemplateParameter is a string displayed within the B€rapateter list for the template:

<templateparameter> ::= <templateparamn ame > [ 6: 6-k kpdramef ér 6 <def aul t >]

where parameterkind> is the name of the metaclass for the exposed element. The syrtexpiateparamname>and
<default> dependon the kind of ParameteredElement for this TemplateParameter.

A bound element has the same graphical notation as other Elements of that kind. A TemplateBinding is shown as a dashed arr
with the tail on the bound element and the arrowhead on the teraptatbe keyword «bind». The binding information may be
displayed as a comnrseparated list of template parameter substitutions:

<templateparamsubstitution> ::= <templateparamn a me->6 06 < atermplateparameter>

where the syntax oftemplateparamname>is the name of thiermal TemplateParameter atige kind of<actual-template
parameter>depends upon the kind of ParameteredElement for that TemplateParameter.

An alternative presentation for the bindings for a bound element is to include the hiridingation within the notation for the
bound element. The name of the bound element is extended to contain binding expressions with the following syntax:

[<elementhn ame > 6 : 6-é x prbe odgii mmy>-expréssiod>*<bi ndi ng
<binding-expression> ::= <terplateelemenin a me > O <é-paams mpls & i ¢ ut i o rparanfs@,bé<ti d mpli @

and<template paramsubstitution>is defined as above.

7.4 Namespaces

7.41 Summary

A Namespace is an Element in a model that contains a set of NamedElements that a#ifibé lamame. Packages (see

Clausel?) are Namespaces whose specific purpose is to contain other NamedElements in order to organize a model, but many
other kinds of model Elements are also Namespaces, including Class#iersup clause 2), which contain named Features and
nested Classifiers, and BehavioralFeatures (see sub @alisehich contain named Parameters.
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7.4.2 Abstract Syntax

_ A «enumer ation:
{readOnly, union, subsets e
member, subsets ownedElerment} V;T'h'ht?xmd

] public
+ [ownedMemnber HamedElement {subsets owner} {subsets ownedElemant} private
* T name 1 String [0..1] + namedElement + nameExprassion protected
: . i i ka
* | + JqualifiedMame : String [0..1] {readCnly} - 01 0.1 @ pacage
+ visibility : Visibilitykind [0..1]
+ /member i
/ ) | ParameterableElement |
{readOnly, union} 7
{readOnly, subsets member}:
+ memberNamespac Namespace * + [importedMember; PackageableElement
* + namespace * + wisibility : Visibilitykind [0..1] = public {redzfines visibility}
{subsets memberNamespace} LAt importedElement
{subsets target}
0.1
subsets directedrelationshi
+ [namespace {subsets ownedElement, subsets N {_ " 2
{readCnly, union, subsets directedrelationship} + Impai
memberhamespace, 1 + elementImport ElementImport

subsets ownerk + alias : String [0..1]

+ importinghamespace
P d P * | + visiblty : VisibilieyFind = public
{subsets source,

subsets owner}

v
| Directedrelationship
A
{subsets source, {subsets ownedElement, subsets
subsets owner} directedrelationship}
<+ importingMamespace + packagelmport Packagelmport
. Lt visibility : VisibilityKind = public
! + packagelmport
* | {subsets directedrelationship}
1 {subsets target}
{subsets namespace} {subsets ownedMember’} + importedPackage
+ context + ownedRule ] -
o Constraint | | Package |
0.1

Figure 7.5 Namespaces
7.4.3 Semantics

Namespaces

A Namespace provides a container for NamedElements, which are catfeackisiembers. A namespace may also import
NamedElements from other Namespaces, in which case these, along withethembers, aremembers of the importing
Namespace. If member of a Namespace with thrame N is a NamedElement with thame X, then thenember can be referred to
by aqualified nameof the formN::x.

NOTE. The set ofnembers of a Namespace is differembin the set of all of the names that can be referred to unqualified within
the Namespace, because that set also includes all unhidden members of enclosing Namespaces.

As a Namespace is itself a NamedElement, the fully qualified name of a NamedElemémtloteymultiple Namespace names,
such asN1::N2::x.
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The ownedRule Constraints for a Namespace representonsiédness rules for the constrained elements (see sub ¢laéuse
Constraints). Thesconstraints are evaluated when determining if the constrained elements doenagdl.

Named Elements

A NamedElement is an Element in a model that may hawe@ Thename may be used for identification of the NamedElement
within Namespaces where itame is accessible.

NOTE. Thename of a NamedElement is optional, which provides for the possibility of the absence of a name (which is different
from the empty name).

NamedElements may appear within a Namespace according to rules that specify how edElbizent is distinguishable from
another. The default rule is that twembers are distinguishable if they have differeatnes or if they have the samames, but
their metaclasses are different and neither is a (direct or indirect) subclass of th&éatherle may be overridden for particular
cases, such as Operations that are distinguished by their signature (see s@h@lause

The visibility of a NamedElement provides a means to constrain the usage of the El@hwrity Blamespaces or in access to
the Element. It is intended for use in conjunction with import, generalization, and access mechanisms.

A NamedElement may, in addition to having an expligite, be associated with a StringExpression (see sub ckaBsthat may

be used to specify a calculated name for the NamedElement. In a template (see stb3JauskamedElement may have an
associated whose subexpressions may be ParameteredElemegsésidypdemplateParameters. When the template is bound, the
exposed subexpressions are substituted with the actuals substituted for the TemplateParameters. The value of the
StringExpression is then a string resulting from concatenating the values of éixpragsion, which then provides the name of

the NamedElement.

A NamedElement may have bothane and anameExpression associated with it. In this case, thene can be used as an alias for
the NamedElement, which may be used, for example, in referethgredement in a Constraint expression. (This avoids the need
to use StringExpressions in textual surface notation, which is often cumbersome, although it does not preclude it.)

Packageable Elements and Imports

A PackageableElement is a NamedElement ttegt loe owned directly by a Package (see Cld@smn Packages). Any such
element may serve as a TemplateParameter (see subZlaoselemplates).

An Elementimport is a DirectedRelationship betwaarimporting Namespace and a PackageableElement. It adds the name of
the PackageableElement to the importing Namespace. The visibility of the Elementimport may be either the same or more
restricted than that of the imported element.

In case of a name clasvith an outer name (an element that is defined in an enclosing Namespace that is available using its
unqualified name in enclosed Namespaces) in the importing Namespace, the outer name is hidden by an Elementimport, and 1
unqualified name refers to tlmported element. The outer name can be accessed using its qualified name.

A Packagelmport is a DirectedRelationship between an importing Namespace and a Package, indicating that the importing
Namespace adds the names ofrtbebers of the Package to itswn Namespace. Conceptually, a Package import is equivalent to
having an Elementimport to each individuamber of the imported Namespace, unless there is a sepadatfhed

Elementimport. If there is an Elementimport for an element, then this tad@sdance over a potential import of the same
element via a Packagelmport.

If indistinguishable Elements would be imported into a Namespace as a consequence of Elementimports or Packagelmports, t
Elements are not added to the importing Namespace andntheof those Elements must be qualified in order to be used in that
Namespace. If theame of an imported Element is indistinguishable from an element owned by the importing Namespace, that
Element is not added to the importing Namespace anghitieof that Element must be qualified in order to be used.

An imported Element that is publicly visible can be further imported by other Namespaces using either Elementimports or
Packagelmports.
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NOTE. A Namespace may not import itself, nor may it import anigsobwn ownedMembers. This means that it is not possible
for a NamedElement to acquire alias in its owning Namespace.

7.4.4 Notation

Namespaces
There is no general notation for Namespaces. Specific kinds of Namespace have their own specific notation.

Conformng t ool s may optiwlnad d yn atl d toiwo n HeB.4fdshosv Ratkage membbrship toa u s €
also be used to show membership in other kinds of Namespaces (for example, iiessdtiavissifiers andownedBehaviors Of
Classes).

Name Expressions

ThenameExpression associated with a NamedElement can be shown in two ways, depending on whether an alias is required or n
Both notations are illustrated kigure7.6.

1 No alias TheStringExpression appears as the name of the model Element.

1 With alias:Both the StringExpression and the alias are shown wherevedribeisually appears. The alias is given first
and the StringExpression underneath.

In both cases the StringExpressiopapar s bet ween fA$0 signs. The specificatio
alternative string expression languages in the abstract gythay have to have String as their type and can be some structure of
operator EXpressions witlaperands. Thenotation for this is discussed in sub claBsgon Expressions. In the context of templates,
subexpressions Of a StringExpression (usually LiteralStrings) that are parametered in a template are shown between angle bracke

Imports

A Packagelmport or Elementimport is shown using a dashed arrow with an open arrowhead from the importing Namespace to
imported Package or Element. The keyword «import» is shown near the dashed arrow if the visibility is public; otherwise, the
keyword «access» is shown to indicate private visibility. 3llke may be shown after or below the keyword «import». If the

i mported el ement for an El ementl mport is a Package, the
import».

As an alternative to the dashed arrow, it is possible to show a Packagelmport or Elementimport by having a text that uniquely
identifies the imported Package or Element within curly brackets either below or after the name of the Namespace. The textual
syntaxfor a Packagelmport is:

0{i mport -famguadl diledd{-mamessd}od <qualified

The textual syntax for an Elementimport is:

6{element i mpaméed éphbal]i b6{edemame>ad¢Egéss 6 <qualified
Optionally, thealias, if any, may beshown as well:

6{element i mmamte>0 6<q@usaldi Kiadd as> O}-Damed{éhementl nasesd}
7.45 Examples

Name Expressions

Figure7.6 shows a ResourceAllocation Package template where the first tmalfdemplateParameters are StringExpression
parameters. These formal TemplateParameters are used within the Package template to name some of the Classes and Assot
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ends. The figure also shows a bound Package (named TrainingAdmin) that has two hinifiisgResourceAllocation template.

The first binding substitutes the string fAlnstructsoro fo
TrainingAdmi nSystem for System. The s esowadhesbtrinmdi ng subst
AfFacilitySpecificationdo for ResourceKind, and the Class
The result of the binding includes Classes Instructor, Qualification, and InstructorAllocation as well as Classes Facility,
FadlitySpecification, and FacilityAllocation. The associations are similarly replicated.
NOTE.Request will have two attributes derived from the sin
namely theQualification and theFacilitySpecificat
Resourcefliocation Resource-SiringExpression,
ResourceKind: StringExpression,
_ System
S=resource=3
L : allocation
resource Allocation <resource>Allocations
$<Resource>$ » S<Resource=Allccations ™=
resgurce | =
timeSiot
TimeSlot (<= System
R
kindL 1 1/ request
$<Resource Sresourcekind=% Hj:gques,t
: ~ Request (=
Kind>$ 1 .
N
F=resourceKind=3§

<<hind==

<Resource -= "Instnuctor”,
Resourcekind -= "Cualification”,
System —= TrainingAdminSystem=

1

TrainingAdmin

Figure 7.6 Template package with string parameters

Imports

<<hind==
<Resource -= “Facility”

Resourcekind = “FacilitySpecification”,
System = TrainingAdminSystenms=

The Elementimport shown iRigure7.7 allows Elements in the Package Program to refer by name to the DataTypeTime i
Types without qualification. However, they still need to refer explicitly to Types::Integer, as this Element is not inparted.
DataType String is imported into the Program Package but it is not a publicly visibieasen of Program outside of that

Package, and it cannot be further imported from the Program Package by other Namespaces.
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Types

sdatatypés
7 String
eaccesss
- edatatypes
] e Integer
sdatatypes
Program S N .

=imports Time

Figure 7.7 Example of element import

In Figure7.8, the Elementimport is combined withaging, meaning that the DataType Types::Real will be referred to by name
as Double in the package Shapes.

Types Shapes

sdatatypes Double Circle
Real radius : Double

Figure 7.8 Example of element import with aliasing

In Figure7.9, a numbepof Packagelmports are shown. The publénbers of Types are imported into ShoppingCart and then
further imported into WebShop. However, thenbers of Auxiliary are only privately imported by ShoppingCart and cannot be
referenced using unqualified nanfesm WebShop.

1
"
Auxiliary ‘F-JEC‘T. — —
— _]shoppingCart [€= =824 WebShop
Types  |4&="<mpots

Figure 7.9 Examples of public and private package imports

7.5 Types and Multiplicity

7.5.1 Summary

Types and multiplicity are used in the declaration of Elements that contain values, in order tincitneskiad and number of
values that may be contained.
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7.5.2 Abstract Syntax

| NamedElement |

PackageableElerment
TypedElement | * typedElerneant + type Type
* 0.1

A
{subsets ownerk {subsets ownedElement}
MultiplicityElement *+ owningLower + lowervalue
+ isOrdered : Boolean = False 0.1 0.1 ValueSpecification

+ islnigue : Boolean = true .
T flower ; Integer [0..1] = 1 {subsets owner}  {subsets ownedElement

+ jupper : UnlimitedMatural [0..1] =1 - + owningUpper + Upperyalue
0.1
0.1

Figure 7.10 Abstract syntax of types and multiplicity elements
7.5.3 Semantics

Types

A Type represents a set of values. A TypedElementidthis Type is constrained to represent values within this set. Values
represented by the element are constrained to be instances of the Type. A TypedElement with no associated Type may repres
values of any Type.

Multiplicities

A multiplicity specifies valid cardinalities as an inclusive interval of fr@gative integers beginning with a lower bound and
ending with a (possibly infinite) upper bound. A MultiplicityElement embeds this information to specify the allowable
cardinalities for an instantiatioof the Element. The lower and upper bounds for the multiplicity of a MultiplicityElement may be
specified by ValueSpecifications (see Cla8gesuch as (sideffect free, constant) Expressions.

If a MultiplicityElement specits a multivalued multiplicity (i.e., upper bound greater than 1), then an instantiation of this
element has a collection of values. The multiplicity is a constraint on the number of values that may validly occietin that s

A MultiplicityElement can ddhe a multiplicity both of whose bounds are zero. This restricts the allowed cardinality to be 0; that
is, it requires that an instantiation of this element contain no values. This is useful in the context of Generalizatiohs (se
claused.?) to constrain the cardinalities of a more general Classifier. It applies to (but is not limited to) redefining properties
existing in more general Classifiers.

If the MultiplicityElement is specified as ordered (iigQrdered is true),then the collection of values in an instantiation of this
Element is ordered. This ordering implies that there is a mapping from positive integers to the elements of the collection of
values. If a MultiplicityElement is not multivalued, then the valuasoirdered has no semantic effect.
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If the MultiplicityElement is specified as unordered (iigydered is false), then no assumptions can be made about the order of
the values in an instantiation of this Element.

If the MultiplicityElement is specifieds unique (i.eisUnique is true), then the collection of values in an instantiation of this
Element must be unique. That is, no two values in the collection may be equal, where equality of objects (instances of Classe
based on object identity whikguality of data values (instances of DataTypes) and Signal instances is based on value (see also
sub clause$0.2 10.3 and11.4on DataTypes, Signals and Clessrespectively ). If a MultiplicityElement is not multivalued,

then the value foisunique has no semantic effect.

Taken together, thisordered andisUnique properties can be used to specify that the collection of values in an instantiation of a
MultiplicityElement is of one of four typeslable7.1shows the traditional names given to each of these collection types.

Table 7.1 Collection types for MultiplicityElements

isOrdered isUnique Collection Type
false true Set

true true OrderedSet
false false Bag

true false Sequence

7.5.4 Notation

Multiplicity Element

The specific notation for a MultiplicityElement is defined for each concrete kind of MultipicityElement. In general, tl@nota
will include a multiplicity specification, which is shown as a text string containing the bounds of the multiplicity aatiano
for showing the optional ordering and uniqueness specifications.

The multiplicity bounds may be shown in the format:
<lowerbound> 6-boudd><upper

where <lowetbound> is a ValueSpecification of type Integer and <uyoemnd> is a ValueSpecification of type
UnlimitedNatural. The star character (*) is used as part of a multiplicity specification to represent an unppetellouind.

If the multiplicity is associated with a MultiplicityElement whose notation is a text string (such as an attribute), iffiesityult
string is placed within square brackets ([ ]) as part of that text string.

If the multiplicity is associatedith a MultiplicityElement that appears as a symbol (such as an Association end), the multiplicity
string is displayed without square brackets and may be placed near the symbol for the element.

If the lower bound is equal to the upper bound, then amaliemnotation is to use a string containing just the upper bound. For
example, Al0 is semantically equivalent to Al. .10 dul tip
upper bound may use the alternative notation containingregl e st ar A*0 instead of AO0. . *0

The specific notation for the ordering and uniqueness specifications may vary depending on the specific kind of
Mul tiplicityEl ement. A general notatiomnniog dteog edde ta tdeXti
and Auniqueod or Anonuniqueod to define the wuniqueness.

The following BNF defines the general syntax for a multiplicity string, including support order and uniqueness designators:

<multiplicity> ::= <multiplicity -range>[[6 { 6 <doersdieggnat or > {d&,s6 gewaniogqwrende 36 ] |
[ 6{ 6 < ureisqg ugennaetsosr-defgdgbakordge}f 06} 6 ] 1

<multiplicity-r ange> :: = [ <l ower> 06..0 ] <upper >

<lower> ::= <value-specification>
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<upper> ::= <value-specification>
<orderdesi gnator> ::= O6ordered6 | O6unorderedd
<uniquenessi esi gnator > ::= O6uniqued | énonuniquedod

See also Clausg&on the textual notation for ValueSpecifications.

7.5.5 Examples

Figure7.11 shows two multiplicitystrings as part of attribute specifications within a class symbol.

Customer

purchase : Purchase [*] {ordered, unique}
account: Account [0..5] {unique}

Figure 7.111 Multiplicity within a textual specification

Figure7.12 shows two multiplicity strings as part thfe specification of two association ends.

purchase account
Purchase |[= Customer - Account
—{ordered, {unique} . _
unique} 0.5

Figure 7.12 Multiplicity as an adornment to a symbol
7.6  Constraints

7.6.1 Summary

A Constraint is an assertion that indicates a restriction that must be satisfied bYicangalization of the model containing the
Constraint. A Constraint is attached to a sefbedtrainedElements, and it represents additional semantic information about those
Elements.
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7.6.2 Abstract Syntax

PackageableFlement

- {ordered}

Constraint + constraint + constrainedElement

% Flement
* *
{subsets namespace} {subsets ownedMember}
+ context + ownedRule
Namespace
0.1 *
{subsets owner} {subsets ownedElement}
+ owningConstraint + specification
- ‘.‘)‘J-| ValuesSpecification |

0.1 1

Figure 7.13 Abstract Syntax of Constraints
7.6.3 Semantics

The specification of a Constraint is given by a ValueSpecification (see @pakgy/pe Boolean. The computation of the
specification may reference thénstrainedElements of the Constraint and also thentext of the Constraint. In addition, tlentext

of the Constraint may be used as the Namespace for s nter
used to refer to theontext element).

In generathere are many possible kindsowiners for a Constraint. The only restriction is that the owning Element must have
access to theonstrainedElements. Theowner of the Constraint determines when the Constraigtification is evaluated. For
example, a Castraint that is arecondition of an Operation is evaluated at the start of the invocation of the Operation, while a
Constraint that is postcondition is evaluated at the conclusion of the invocation (see sub @abisa Ogerations).

A Constraint is evaluated by evaluatingsitgcification. If the specification evaluates to true, then the Constraint is satisfied at that
time. If thespecification evaluates to false, then the Constraint is not satisfied, and the realafati@model in which the
evaluation occurs is not valid.

7.6.4 Notation

Certain kinds of Constraints are predefined in UML, others may bededieed. The specification of a usgefined Constraint is

often expressed as a text string in some language, whoisex synd interpretation is as defined by that language. In some
situations, a formal language (such as OCL) or a programming language (such as Java) may be appropriate, in other situation:s
natural language may be used. Such a specification may be repdeastn OpaqueExpression with the appropriate language

and body (see sub clau8s3). The Constraint may then be notated textually within braces ({}) according to the following BNF:

<constraint> ::= o64n@xpresamen>600}P <bool e

where <name> is the name of the Constraint and <boebgaression> is the appropriate textual notation for the Constraint
specification.

Most generally, the constraint string is placed in a note symbol and attached to each of the fyrttieconstrainedElements by
dashed lines. (Sddgure7.14 for an example.)

For a Constraint that applies to a singlestrainedElement (such as a single Class or Association), the constraint string may be
directly placechear the symbol for theonstrainedElement, preferably near the name, if any. A tool shall make it possible to
determine theonstrainedElement.
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For an Element whose notation is a text string (such as an attribute, etc.), the constraint string mthef@lement text string.
The Element so annotated is then the single constrainedElement of the ConBirairg.7(15 shows a Constraint string that
follows an attribute within a Class symbol.)

For a Constraint that appliestiwo Elements (such as two Classes or two Associations), the Constraint may be shown as a dasht
line between the Elements labeled by the constraint string Ri§er7.16 for an example.)

If the Constraint is shown as a dashied between two Elements, then an arrowhead may be placed on one end. The direction of
the arrow is relevant information within the Constraint. The Element at the tail of the arrow is mapped to the firstgpaisitien
element at the head of the arrowriapped to the second position in thestrainedElement collection.

For three or more paths of the same kind (such as Generalization paths or Association paths), the constraint string may be
attached to a dashed line crossing all of the paths.

7.6.5 Examples

Figure7.14 shows an example of a Constraint in a note symbol.

0.1 boss
amployee employer
Person Company
" 0.1
{self boss-=isEmpty() or
self employer = self_boss.employer}

Figure 7.14 Constraint in a note symbol

Figure7.15 shoes a constraint string attached t@tribute.

Stack

size: Integer {size == 0}

push{)
popl)

Figure 7.15 Constraint attached to an attribute

Figure7.16 shows an {xor} constraint between two associations.
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Person

Account

- Corporation

Figure 7.16 {xor} constraint

7.7 Dependencies

7.7.1 Summary

A Dependency signifies a supplier/client relationship between model elements where the modification of a supplier may impact

the client model elements.

7.7.2 Abstract Syntax

{subsets target}
+ supplier

DirectedRelationship

PackageableFlement

{subsets directedrelationship}

+ supplierDependency

NamedElement T

1“*

*

Dependency

*

+ client
{subsets source}

{subsets ownedElement}  {subsets owner}

+ mapping

+ clientDependency

{subsets directedRelationship}

+ abstraction Abstraction

OpaqueExpression |!(

0.1

Figure 7.17 Abstract syntax of dependencies

28

0.1

Realization

Usage
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7.7.3 Semantics

Dependency

A Dependency implies that the semantics ofctleats are not complete without thappliers. The presence of Dependency
relationships in a model does not have any runtime semantiicatipns. The semantics are all given in terms of the
NamedElements that participate in the relationship, not in terms of their instances.

Usage

A Usage is a Dependency in which one NamedElement requires another NamedElement (or set of NamedEldtadulls) for
implementation or operation. The Usage does not specify hostidiiaises theupplier other than the fact that tkepplier is used
by the definition or implementation of thgent.

Abstraction

An Abstraction is a Dependency that relates tvemiddElements or sets of NamedElements that represent the same concept at
different levels of abstraction or from different viewpoints. The relationship may be defined as a mapping betsuggieithe

and theclients. Depending on the specific stereotydeAbstraction, the mapping may be formal or informal, and it may be
unidirectional or bidirectional. Abstraction has predefined stereotypes (such as «derive», «refine», and «trace»)fihed éme de
the Standard Profile (see Cla®. If an Abstraction has more than one client,stlpplier maps into the set afients as a group.

For example, an analyslievel Class might be split into several desigvel Classes. The situation is similar if there is more than
onesupplier.

Realization

Realization is a specialized Abstraction dependency between two sets of NamedElements, one representing a specification (th
supplier) and the other representing an implementation of that specificatiogli€tiie Realization can be uséa model stepwise
refinement, optimizations, transformations, templates, model synthesis, framework composition, etc. A Realizationtsgjnifies t
the set otlients is an implementation of the setippliers, which serves as the specification. Themeamni of fi mpl e me 1
not strictly defined, but rather implies a more refined or elaborate form in respect to a certain modeling contexsibitesos
specify a mapping between the specification and implementation elements, although thisdessarilg computable.

7.7.4 Notation

A Dependency is shown as a dashed arrow between two model Elements. The model Element at the tail of thecastigw (the
depends on the model Element at the arrowheadphier). The arrow may be labeled with an optiblkeyword or stereotype
and an optional name (seegure7.18).

«dependencyMamen

NamedElement-1- — — — — — — —== NamedElement-2

Figure 7.18 Notation for a Dependency between two elements

It is possible to have a set of Elements fordleet or supplier. In this case, one or more arrows with their tails orciibies are
connected to the tails of one or more arrows with their heads anopiiiers. A small dot can be placed on the junction if desired.
A note on the Dependency should be dtéatat the junction point.

A Usage is shown as a Dependency with a «use» keyword attached to it.
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An Abstraction is shown as a Dependency with an «abstraction» keyword or the specific predefined stereotype attached to it.

A Realization is shown as a dasHie@ with a triangular arrowhead at the end that corresponds to the realized Element.
7.7.5 Examples

In Figure7.19, the Car Class has a Dependency on the CarFactory Class. In this case, the Dependency is an instantiate
Dependency: amstance of the CarFactory Class creates instances of the Car Class.

zinstantiates»
CarFactory [ — — — — — — Car

Figure 7.19 An example of an «instantiate» Dependency

In Figure7.20, an Order Class requires the Line Item €lgs its full implementation.

Line
Order p—————~— o

[tem

Figure 7.207 An example of a «use» Dependency

Figure7.21illustrates an example in which the Business class is realized by a combination of GavEen@Eoyee classes.

Business

Owner Employee

Figure 7.217 An example of a realization Dependency
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7.8 Classifier Descriptions

Abstraction [Class]

Description

An Abstraction is a Relationship that relates two Eletme@r sets of Elements that represent the same concept at different levels
of abstraction or from different viewpoints.

Diagrams

DependenciedArtifacts

Generalizations
Dependency

Specializations

Realization Manifestation

Association Ends

1 Dz ma p PpagugExpressidf..1}{subsetsElement::ownedElemehf{oppositeA_mapping_abstraction::abstractjon
An OpaqueExpression that states the abstraction relationship between the supptig¢h{s)ctient(s). In some cases,
such as derivation, it is usually formal and unidirectional; in other cases, such as trace, it is usually informal and
bidirectional. The mapping expression is optional and may be omitted if the precise relationship thetiséements is
not specified.

Comment [Class]

Description

A Comment is a textual annotation that can be attached to a set of Elements.

Diagrams

Root

Generalizations

Element

Attributes

1 body :String[0..1]
Specifies a string that is the comment.
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Association Ends

1 annotatedElementElement0..*] (oppositeA_annotatedElement _comment::comment
References the Element(s) being commented.

Constraint [Class]

Description

A Constraint is a condition or restriction expressed in natural language text or in a machine readsiie fanghe purpose of
declaring some of the semantics of an Element or set of Elements.

Diagrams

Namespace<Lonstraintsintervals Use CaseBehavior State MachineBrotocol State Machinekteractions
FragmentsBehaviors FeaturesOperationsActions

Generalizations

PackagebleElement

Specializations

IntervalConstraintinteractionConstraint

Association Ends

1 constrainedElementElement[0..*]{ordered} (oppositeA_constrainedElement_constraint::constraint
The ordered set of Elements referenced by this Constraint.

1 context :Namespac§0..1]{subsetdNamedElement::namespadeppositeNamespace::ownedRile
Specifies the Namespace that owns the Constraint.

1 DZ s p e c i MaluaSpetificatiorjl..1]{subsetElement::ownedElemeh(opposite
A_specification _owningConstraint::owningConstraint
A condition that must be true when evaluated in order for the Constraint to be satisfied.

Constraints

1 boolean_value
The ValueSpecification for a Constraint must evaluate to a Boolean value.

Cannot be expressed in OCL

1 no_side_effects
Evaluating the ValueSpecificati for a Constraint must not have side effects.

Cannot be expressed in OCL
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1 not_apply to_self
A Constraint cannot be applied to itself.

inv: not constrainedElement - >includes(self)

Dependency [Class]

Description

A Dependency is a Relatidmip that signifies that a single or a set of model Elements requires other model Elements for their
specification or implementation. This means that the complete semantics of the client Element(s) are either semantically or
structurally dependent on thefuhition of the supplier Element(s).

Diagrams

DependencieLollaborationsDeployments

Generalizations

DirectedRelationshifPackageableElement

Specializations

Abstraction Usage Deployment

Association Ends

1 client :NamedElemenitl..*]{subsetsDirectedRelationship::sourgéoppositeNamedElement::clientDependency
The EEment(s) dependent on the supplier Element(s). In some cases (such as a trace Abstraction) the assignment of
direction (that is, the designation of the client Element) is at the discretion of the modeler and is a stipulation.

1 supplier :NamedElemenfl..*|{subsetsDirectedRelationship::targefopposite
A_supplier_supplierDependency::supplierDependgncy
The Elemer(s) on which the client Element(s) depend in some respect.The modeler may stipulate a sense of
Dependency direction suitable for their domain.

DirectedRelationship [Abstract Class]

Description

A DirectedRelationship represemtselationship between a collection of source model Elements and a collection of target model
Elements.

Diagrams

Root, Template BindingsNamespace®ependencied)se CasePackagesProfiles Information Flows Classifiers

Generalizations

Relationship
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Specializations

DependencyElementimportPackagelmporfTemplateBindingExtend Include ProtocolConformancd®ackageMerge
ProfileApplication InformationFlow Generalization

Association Ends

1 /source Element1..*]{union, subsetRelationship::relatedElemgniopposite
A_source_directedRelationship::directedRelationship
Specifies the source Element(s) of BieectedRelationship.

1 /target :Element[1..*){union, subsetRelationship::relatedElemgr(opposite
A_target_directdRelationship::directedRelationship
Specifies the target Element(s) of the DirectedRelationship.

Element [Abstract Class]

Description

An Element is a constituent of a model. As such, it has the capability of owning other Elements.

Diagrams

Root, Template BindingsTemplatesNamespaced ypes ConstraintsActivity Groups Executable Node®rofiles
InstancesLink End Data Structured Actions

Specializations

Comment MultiplicityElement, NamedElementParameterableElemeRelationship TemplateableElement
TemplateParameter emplateParameterSubstitutioremplateSignaturdExceptionHandlerimage Slot, Clause
LinkEndData QualifierValue

Association Ends

1 DZ own e dCcCommena..*|{subsetsElement::ownedElemehfopposite
A_ownedComment_owningElement::owningElenment
The Commentswned by this Element.

1 Dz / own e dBdmenti.f{union} (opposite Element:.ownéer
The Elements owned by this Element.

1 /owner :Element[0..1}{union} (oppositeElement::ownedElement
The Element that owns this Element.

Operations

1 allOwnedElements() Element0..*]
The query allOwnedElements() gives all of the direct and indirect ownedElements of an Element.

body: ownedElement - >union(ownedElement - >collect(e | e.allOwnedElements())) - >asSet()
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1 mustBeOwned() Boolean
The query mustBeOwned() indicates whether Elements of this type must have an owner. Subclasses of Element that ¢

not require an owner must override this operation.

body: true

Constraints

1 has_owner
Elements that must be owned must have an owner.

inv: mu stBeOwned() implies owner - >notEmpty()

1 not_own_self
An element may not directly or indirectly own itself.

inv: not allOwnedElements() - >includes(self)

Elementimport [Class]

Description

An Elementimport identifies an Element in a difier&lamespace, and allows the Element to be referenced using its name
without a qualifier in the Namespace owning the Elementimport.

Diagrams

Namespace®rofiles

Generalizations

DirectedRelationship

Attributes

9 alias :String[0..1]
Specifies the name that should be added to the importing Namespace in lieu of the name of the imported
PackagableElementh€ alias must not clash with any other member in the importing Namespace. By default, no alias is

used.

1 visibility : VisibilityKind [1..1] = public
Specifies the visibility of the imported Packagedtiement within the importingNamespace, i.e., whether the
importedElement will in turn be visible to other Namespaces. If the Elementimport is public, the importedElement will
be visible outside the importingNamespace while, if the Elementimport is pritvaié not.

Association Ends

1 importedElement PackageableElemeftt..1]{subsetDirectedRelationship::tardefopposite
A_importedElement_import::import
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Specifies the PackageableElement whose name is to be added to a Namespace.

1 importingNamespaceNamespacél..1]{subsetDirectedRelationship::sourceubset&lement::ownéer (opposite
Namespace::elementimpprt
Specifies the Namespace that imports a RgelbleElement from another Namespace.
Operations
1 getName() String

The query getName() returns the name under which the imported PackageableElement will be known in the importing
namespace.

body: if alias - >notEmpty() then
alias

else
importedElement.name

endif

Constraints

1

imported_element_is_public
An importedElement has either public visibility or no visibility at all.

inv: importedElement.visibility <> null implies importedElement.visibility = Visibility Kind::public

visibility_public_or_private
The visibility of an Elementimport is either public or private.

inv: visibility = VisibilityKind::public or visibility = VisibilityKind::private

MultiplicityElement [Abstract Class]

Description

A multiplicity is a definition of an inclusive interval of neregative integers beginning with a lower bound and ending with a
(possibly infinite) upper bound. A MultiplicityElement embeds this information to specify the allowable cardinaliies fo
instantiation of the Element.

Diagrams

Types Activities, Structured Classifier$eaturesActions

Generalizations

Element

Specializations

36

Variable ConnectorEndParameterStructuralFeaturelin
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Attributes

isOrdered Boolean[1..1] = false
For a multivalued multiplicity, this attribute specifies whether the values in amiiagtan of this MultiplicityElement
are sequentially ordered.

isUnique :Boolean[1..1] = true
For a multivalued multiplicity, this attributes specifies whether the values in an instantiation of thisibitylifgment
are unique.

/lower :Integer[0..1] =1
The lower bound of the multiplicity interval.

/upper :UnlimitedNatural[0..1] = 1
The upper bound of ehmultiplicity interval.

Association Ends

1

Dz | o we Vawedpacdication0..1]{subsetElement::ownedElemeh(opposite
A_lowerValue owningLower::owningLowgr
The specification of the lower bound for this multiplicity.

Dz u p p e Valuwe$pacdication0..1]{subsetElement::ownedElemeh(opposite
A_upperValue owningUpper::owningUpper
The specification of the upper bound for this multiplicity.

Operations

1

compatibleWith(other MultiplicityElemenf) : Boolean
The operation compatibleWith takes another multiplicity as input. It checks if one multiplicity is compatible with
another.

body: (other.lowerBound() <= self.lowerBound()) and ((other.upperBound() = *) or (self.upperBound()
<= other.upperBound()))

includesMultiplicity(M : MultiplicityElemen) : Boolean
The query includesMultiplicity() checks whether this multiplicity includes all the cardinalities allowed by the specified
multiplicity.

pre: self.upperBound() - >notEmpty() and self.lowerBound() - >notEmpty() and M.upperBound() - >notEmpty()
and M.lowerBound() - >notEmpty()
body: (self.lowerBound() <= M.lowerBound()) and (self.upperBound() >= M.upperBound())

is(lowerbound Integer upperbound UnlimitedNatura) : Boolean
The operation is determines if the upper and lower bound of the ranges are the ones given.

body: lowerbound = self.lowerBound() and upperbound = self.upperBound()
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isMultivalued() :Boolean
The query isMultivalued() checks whether this multiplicity has an upper bound greater than one.

pre: upperBound() - >notEmpty()
body: upperBound() > 1

lower() : Integer[0..1]
The derived lower attributeust equal the lowerBound.

body: lowerBound()

lowerBound() :Integer[0..1]
The query lowerBound() returns the lower bound of the multiplicity as an integer, which is the integerValue of
lowerValue, if ths is given, and 1 otherwise.

body: if lowerValue=null then 1 else lowerValue.integerValue() endif

upper() :UnlimitedNatural[0..1]
The derived upper attribute must equal the upperBound.

body: upperBoun  d()

upperBound() UnlimitedNatural[0..1]
The query upperBound() returns the upper bound of the multiplicity for a bounded multiplicity as an unlimited natural,
which is the unlimitedNaturalValuef upperValue, if given, and 1, otherwise.

body: if upperValue=null then 1 else upperValue.unlimitedValue() endif

Constraints

38

upper_ge_lower
The upper bound must be greater than or equal to the lower bound.

inv: (upperBound() <> null and lowerBound() <> nu Il) implies upperBound() >= lowerBound()

lower_ge O
The lower bound must be a naegative integer literal.

inv: lowerBound() <> null implies lowerBound() >= 0

value_specification_no_side_effects
If a nontliteral ValueSpecification is used for lowerValueupperValue, then evaluating that specification must not
have side effects.

Cannot be expressed in OCL

value_specification_constant
If a nortliteral ValueSpecification is used for lowerValue or upperValue, then that specification must be a constant
expresion.

Cannot be expressed in OCL
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NamedElement [Abstract Class]

Description

A NamedElement is an Element in a model that may have a name. The name may be given directly and/or via the use of a
StringExpression.

Diagrams

Namespaced ypes DependencieActivity Groups Time, Use Case<CollaborationsBehavior State Machines
InteractionsMessaged. ifelines, OccurrencesFragmentsinformation Flows DeploymentsEvents Classifiers

Generalizations

Element

Specializations

NamespacdaPackageableElemerftypedElementActivityGroup, Trigger, Extend Include CollaborationUsgVertex,
GeneralOrderindnteractionFragment.ifeline, MessageMessageEndeployedArtifact DeploymentTarget
ParameterSeRedefinabl&lement

Attributes

1 name :String[0..1]
The name of the NamedElement.

1 /qualifiedName String[0..1]
A name that allows the NamedElement to be identified wahinerarchy of nested Namespaces. It is constructed from
the names of the containing Namespaces starting at the root of the hierarchy and ending with the name of the
NamedElement itself.

T visibility : VisibilityKind [0..1]

Determines whether and how the NamedElement is visible outside its owning Namespace.

Association Ends

1 clientDependencyDependency0..*]{subsetsA_source_directedRelationship::directedRelationsfopposite
Dependency::clieit
Indicates the Dependencies that reference this NamedElement as a client.

1 DZz n a me bbn:BtringBxpressiof0..1{subsetElement::ownedElemehfopposite
A_nameExpression_namedElement::namedElement
The StingExpression used to define the name of this NamedElement.

1 /namespaceNamespac0..1[{union, subset& member_memberNamespace::memberNamespabsets
Element::ownér(oppositeNamespace::ownedMember
Specifies the Namespace that owns the NamedElement.
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Operations

il

allNamespaces()Namespac§0..*]
The query allNamespaces() gives the sequence of Namespaces in which the NamedElement is nested, working outwa

body: if namespace - >isEmpty()

then OrderedSet{}

else namespace.allNamespaces() - >prepend(namespace)
endif

allOwningPackages()Packagdo0..*]
The query allOwningPackages() returns all the Packages that in which this NamedElement is directly or indirectly
contained, without any intervening Namespace ighabt a Package.

body: if namespace.ocllsKindOf(Package)
then
let owningPackage : Package = namespace.oclAsType(Package) in
owningPackage - >union(owningPackage.allOwningPackages())
else
null
endif

isDistinguishakeFrom(n :NamedElements :Namespace: Boolean

The query isDistinguishableFrom() determines whether two NamedElements may logiealigtomithin aNamespace.

By default, two named elements are distinguishable if (a) they have types neither of which is a kind of the other or (b)
they have different names.

body: (self.oclisKindOf(n.ocIType()) or n.oclisKindOf(self.ocIType())) implies
ns.getNamesOf Member(self) - >intersection(ns.getNamesOfMember(n)) - >isEmpty()

qualifiedName() String
When a NamedElement has a name, and all of its containing Namespaces have a name, the qualifiedName is constru
from the name of the NamedElement and the names of the containing Namespaces.

body: if self.name <> null and self.allNamespaces() - >select( ns | ns.name=null ) - >isEmpty()
then
self.allNamespaces() - >iterate( ns : Namespace; agg: String = self.name |

ns.na me.concat(self.separator()).concat(agg))
else

null
endif
separator() String

The query separator() gives the string that is used to separate names when constructing a qualifiedName.

body: "'

Constraints

40

visibility_needs_ownership

If a NamedElement is owned by something other than a Namespace, it does not have a visibility. One that is not owne:
by anything (and hence must be a Package, as this is the only kind of NamedElement that overrides mustBeOwned()
may have a visibility.
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inv: (namespace = null and owner <> null) implies visibility = null

1 has_qualified_name
When there is a name, and all of the containing Namespaces have a name, the qualifiedName is constructed from the
name of the NamedElement ah@ hames of the containing Namespaces.

inv: (name <> null and allNamespaces() - >select(ns | ns.name = null) - >isEmpty()) implies
qualifiedName = allNamespaces() - >iterate( ns : Namespace; agg: String = name |
ns.name.concat(self.separator()).concat(agg))

1 has_no_qualified_name
If there is no name, or one of the containing Namespaces has no name, there is no qualifiedName.

inv: name=null or allNamespaces() - >select( ns | ns.name=null ) - >notEmpty() implies qualifiedName =
null

Namespace [Abstract Class]

Description

A Namespace is an Element in a model that owns and/or imports a set of NamedElements that can be identified by name.

Diagrams

Namespace<onstraintsBehavior State MachineBackaged-ragmentsClassifiers FeaturesStructured Actions

Generalizations

NamedElement

Specializations

Region State Transition PackagelnteractionOperandBehavioralFeatureClassifier StructuredActivityNode

Association Ends

1 DZ el e me nEementgnmpar{O..*[{subsetsElement::ownedElemensubsets
A_source_directedRelationship::directedRelations{oppositeElementimport::importingNamespgce
References the Elementimports owned by the Namespace.

1 /importedMember PackageableEleme[fl..*]{subsetsNamespace::membefopposite
A_importedMember_namespace::namesjpace
References the Packagedtilements that are members of this Namespace as a result of either Packagelmports or
Elementimports.

1 /member NamedElemenf0..*]{union} (opposite A_member_memérNamespace::memberNamespace
A collection of NamedElements identifiable within the Namespace, either by being owned or by being introduced by
importing or inheritance.

1 Dz / o wn e d NeenedilemenfQ..*]{union, subsetfNamespace::memhesubset&lement::ownedElemeht
(oppositeNamedElement::namespace
A collection of NamedElements owned by the Namespace.
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1 Dz o wn e €ahstrhimf0..*]{subsetsNamespaceownedMembér(oppositeConstraint::context
Specifies a set of Constraints owned by this Namespace.
1 Dz p ac k a gRadkanelroporf0..*[{subsetsElement::ownedElemensubsets
A_source_directedRelationship::directedRelationsfoppositePackagelmport::importingNaespace
References the Packagelmports owned by the Namespace.
Operations
1 excludeCollisions(impsPackageableElemefi..*]) : PackageableElemé[0..*]
The query excludeCollisions() excludes from a set of PackageableElements any that would not be distinguishable fron
each other in this Namespace.
body: imps - >reject(impl |imps - >exists(imp2 | not imp1l.isDistinguishableFrom(imp2, self)))
1 getNamesOfMember(elemenNamedElement: String[0..*]
The query getNamesOfMember() gives a set of all of the names that a member would have in a Namespace, taking
importing into account. In general a member can have multiple names in a Namespace if it is imported more than once
with different aliases.
body: if self.ownedMember - >includes(element)
then Set{element.name}
else let elementimports : Set(Elementimport) = self. elementimport - >select(ei | ei.importedElement =
element) in
if elementimports - >notEmpty()
then
elementimports - >collect(el | el.getName()) - >asSet()
else
self.packagelmport - >select(pi | pi.importedPackage.visibleMembers().oclAsType(NamedElem ent) -
>includes(element)) - > collect(pi | pi.importedPackage.getNamesOfMember(element)) - >asSet()
endif
endif
1 importMembers(imps PackageableElemefti..*]) : PackageableElemeft..*]
The query importMembers() defines which of a set of PackageableElements are actually imported into the Namespace
This excludes hidden ones, i.e., those which have names that conflict with names of ownedMembeispandlitdes
PackageableElements that would have the same name as each other when imported.
body: self.excludeCollisions(imps) - >select(imp | self.ownedMember - >forAll(mem |
imp.isDistinguishableFrom(mem, self)))
1 importedMember() PackageableElemefd..*]
The importedMember property is derived as the PackageableElements that are members of this Namespace as a resu
either Packagelmports or Elementimports.
body: self.importMembers(elementim port.importedElement ->asSet() - >union(packagelmport.importedPackage
>collect(p | p.visibleMembers())) - >asSet())
1 membersAreDistinguishable(Boolean
The Boolean query membersAreDistinguisiedptietermines whether all of the Namespace's members are
distinguishable within it.
body: member - >forAll( memb |
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member- >excluding(memb) - >forAll(other |
memb.isDistinguishableFrom(other, self)))

Constraints

1 members_distinguishable
All the membes of a Namespace are distinguishable within it.

inv: membersAreDistinguishable()

1 cannot_import_self
A Namespace cannot have a Packagelmport to itself.

inv: packagelmport.importedPackage.oclAsType(Namespace) - >excludes(self)

1 cannot_import_ownedMembers
A Namespace cannot have an Elementimport to one of its ownedMembers.

inv: elementimport.importedElement.oclAsType(Element) - >excludesAll(ownedMember)
Packagelmport [Class]

Description

A Packagelmport is a Relationship that imports all theprivate members of a Package into the Namespace owning the
Packagelmport, so that those Elements may be referred to by their unqualified names in the importingNamespace.

Diagrams

Namespace®rofiles

Generalizations

DirectedRelationship

Attributes

1 visibility : VisibilityKind [1..1] = public
Specifies the visibility of the imported PackafgéeElements within the importingNamespace, i.e., whether imported
Elements will in turn be visible to other Namespaces. If the Packagelmport is public, the imported Elements will be
visible outside the importingNamespace, while, if the Packagelmpoitaerthey will not.

Association Ends

1 importedPackagePackagdl..1]{subsetDirectedRelationship::targefopposite
A_importedPackage packagelmport::packagelmport
Specifies the Package whose members are imported into a Namespace.

1 importingNamespaceNamespacél..1]{subsetDirectedRelationship::sourceubset&lement::ownéer (opposite
Namespace::packagelmpport
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Specifies the Namespace that imports the membersdrBackage.

Constraints

1 public_or_private
The visibility of a Packagelmport is either public or private.

inv: visibility = VisibilityKind::public or visibility = VisibilityKind::private
PackageableElement [Abstract Class]

Description

A PackageableElement is a NamedElement that may be owned directly by a Package. A PackageableElement is also able to <
as the parameteredElement of a TemplateParameter.

Diagrams

Namespaced ypes ConstraintsDependencied.iterals Time, ComponentsPackagednformation Flows
DeploymentsArtifacts, Events InstancesGeneralization Sets

Generalizations

ParameterableElememNamedElement

Specializations

Constraint DependencyType, Event ObservationValueSpecificationPackagelnformationFlow GeneralizationSet
InstanceSpecification

Attributes

1 visibility : VisibilityKind [0..1] = public
A PackageableElement must have a visibility specified if it is owned by a Namespace. The default visibility is public.

Constraints

1 namespace_needs_visibility
A PackageableElement owd by a Namespace must have a visibility.

inv: visibility = null implies namespace = null
ParameterableElement [Abstract Class]

Description

A ParameterableElement is an Element that can be exposed as a formal TemplateMaraartetraplate, or specified as an
actual parameter in a binding of a template.
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Diagrams

Template BindingsTemplatesNamespacestructured ClassifierropertiesOperations

Generalizations

Element

Specializations

PackageableElemer@onnectableElemen®peration

Association Ends

1 owningTemplateParametel emgdateParametdf..1]{subsetParameterableElement::templateParamstdrsets
Element::ownér (oppositeTemplateParanter::ownedParameteredElemgent
The formal TemplateParameter that owns this ParameterableElement.

1 templateParameteTemplateParamet¢0..1] (oppositeTemplateParameter::parameteredElement
The TemplateParameter that exposes this ParameterableElement as a formal parameter.

Operations

1 isCompatibleWith(p ParameterableElemgntBoolean
The query isCompatibleWith() determines if this ParameterableElement is compatible with the specified
ParameterableElement. By default, ParameterableElement P is compatible with ParameterableElement Q if the kind o
is the same as or a subtype of the kind of Q. Subclasses should override this operation to specify different compatibility
constraints.
body: p - >ocllsKindOf(self.ocIType())

9 isTemplateParameter(Boolean

The query isTemplateParameter() determines if this ParameterableElement is exposed as a formal TemplateParamete

body: templateParameter - >notEmpty()

Realization [Class]

Description

Realization is a specialized Abstracti@hationship between two sets of model Elements, one representing a specification (the
supplier) and the other represents an implementation of the latter (the client). Realization can be used to model stepwise
refinement, optimizations, transformations, gates, model synthesis, framework composition, etc.

Diagrams

DependencieComponentsinterfacesClassifiers

Generalizations

Abstraction
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Specializations

ComponentRealizatigmnterfaceRealizatiorSubsttution

Relationship [Abstract Class]

Description

Relationship is an abstract concept that specifies some kind of relationship between Elements.

Diagrams

Root, Associatims, Information Flows

Generalizations

Element

Specializations

DirectedRelationshipAssociation

Association Ends

1 /relatedElementElement[1..*]{union} (opposite A_relatedElement_relationship::relationship
Specifies the elements related by the Relatigmnshi

TemplateBinding [Class]

Description

A TemplateBinding is a DirectedRelationship between a TemplateableElement and a template. A TemplateBinding specifies th
TemplateParameterSubstitutions of actual parameters for the forraadqtars of the template.

Diagrams

Template Bindings

Generalizations

DirectedRelationship

Association Ends

1 boundElement TemplateableElemeifit..1]{subsetDirectedRelationship::sourceubsetg&lement::ownédr (opposite
TemgateableElement::templateBinding
The TemplateableElement that is bound by this TemplateBinding.

1 DZ par amet e rT8mplatsRaiarmetetSubstitutifih.*]{subsetsElement::ownedElemehf{opposite
TemplaeParameterSubstitution::templateBinding
The TemplateParameterSubstitutions owned by this TemplateBinding.
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1 signature TemplateSignaturfl..1]{subsetDirectedRelationship::targefopposite
A_signature templateBinding::templateBinding
The TemplateSignature for the template that is the target of this TemplateBinding.

Constraints

1 parameter_substitution_fmal
Each parameterSubstitution must refer to a formal TemplateParameter of the target TemplateSignature.

inv: parameterSubstitution - >forAll(b | signature.parameter - >includes(b.formal))

1 one_parameter_substitution
A TemplateBiinding contains at most one TéatpParameterSubstitution for each formal TemplateParameter of the
target TemplateSignature.

inv: signature.parameter - >forAll(p | parameterSubstitution - >select(b | b.formal = p) - >size() <= 1)

TemplateParameter [Class]

Description

A TemplateParameter exposes a ParameterableElement as a formal parameter of a template.

Diagrams

Template BindingsTemplatesStructued ClassifiersClassifier Template€perations

Generalizations

Element

Specializations

ConnectableElementTemplateParameidassifierTemplateParamet@perationTemplateParameter

Association Ends

1 default :ParameterableElemejtt..1] (oppositeA_default_templateParameter::templateParapeter
The ParameterableElement that is the default for this formal TemplateParameter.

1 Dz o wn e d PardmetarabteElemejt..1]{subsetElement::ownedElemensubset§ emplateParameter::default
(oppositeA_ownedDefault templateParameter::templateParajneter
The ParameterableElement that is owned by this TemplateParameter for the purpose of providing a default.

1 Dz o wnramegtBredElementParameterableElemejt..1[{subsetsElement::ownedElemensubsets
TemplateParameter::parameteredEdefn(oppositeParameterableElement::owningTemplateParameter
The ParameterableElement that is owned by this TemplateParameter for the purpose of exposing it as the
parameteredElement.
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1 parameteredElemenParameterableElemefit..1] (oppositeParameterableElement::templateParanyeter
The ParameterableElement exposed by this TemplateParameter.

1 signature TemplateSignaturfl..1]{subsetsA_parameter templateSignature::templateSignaguksets
Elemert::owne# (oppositeTemplateSignature::ownedParamgter
The TemplateSignature that owns this TemplateParameter.

Constraints

1 must_be compatible
The default must be compatible with the formal TemplateParameter.

inv: default <> null implies default.isCompatibleWith(parameteredElement)
TemplateParameterSubstitution [Class]

Description

A TemplateParameterSubstitution relates the actual parameter to a formal TemplatePargradtef azemplate binding.

Diagrams

Template Bindings

Generalizations

Element

Association Ends

9 actual :ParameterableElemefit..1] (oppositeA_actual_templateParameterSubstitution::templateParameterSubsitution
The ParameterableElement that is the actual parameter for this TemplateParameterSubstitution.

1 formal : TemplateParametét..1] (oppositeA_formal_templateParameterSubstitution::templateParameterSubs)itution
The formal TemplateParameter that is associated with this TexRplameterSubstitution.

1 Dz o wn e d RacatmeteaableElemejft.. 1]{subsetElement::ownedElemensubsets
TemplateParameterSubstitution::ac}yabpposite
A _ownedActual owningTemplateParameterSubstitution::owningTemplateParameterSubktitution
The ParameterableElement that is owned by this TemplateParameterSubstitution as its actual parameter.

1 templateBinding TemplateBinding1..1]{subsetElement::ownédr(oppositeTemplateBinding::parameterSubstitun)
The TemplateBinding that owns this TemplateParameterSubstitution.

Constraints

1 must_be_compatible
The actual ParameterableElement must be compatible with the formal TemplateParameter, e.g., the actual
ParameterableElement for a Class TemplatePaeameitst be a Class.
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inv: actual - >forAll(a | a.isCompatibleWith(formal.parameteredElement))

TemplateSignature [Class]

Description
A Template Signature bundles the set of formal TemplateParameters for a template.
Diagrams

Template BindingsTemplatesClassifier Templates

Generalizations

Element

Specializations

RedefinableTemplateSignature

Association Ends

1 Dz own e d P denmlateParamet¢d..*]{ordered, subsetElement::ownedElemensubsets
TemplateSignature::parameétgpppositeTemplateParameter::signatyre
The formal parameters that are owned by this TemplateSignature.

1 parameter TemplateParamet¢t..*]{ordered} (oppositeA_parameter_templateSignature::templateSignature
The ordered set of all formal TemplateParameters for this TemplateSignature.

1 template TemgdateableElemertl..1]{subset€Element::ownér(opposite
TemplateableElement::ownedTemplateSigngture
The TemplateableElement that owns this TemplateSignature.

Constraints

1 own_elements
Parameters must own the ParameterableElements they parameter or those ParameterableElements must be owned b
TemplateableElement being templated.

inv: template.ownedElement - >includesAll(parameter.parameteredElement - >asSet()
par ameter.ownedParameteredElement - >asSet())

1 unique_parameters
The names of the parameters of a TemplateSignature are unique.

inv: parameter - >forAll( p1, p2 | (p1 <> p2 and pl.parameteredElement.oclisKindOf(NamedElement) and

p2.parameteredElement.oclisKindOf(N amedElement) ) implies
pl.parameteredElement.oclAsType(NamedElement).name <>

p2.parameteredElement.oclAsType(NamedElement).name)
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TemplateableElement [Abstract Class]

Description

A TemplateableElement is an Element that catiooally be defined as a template and bound to other templates.

Diagrams

Template BindingsTemplatesExpressionsPackagesClassifiers Classifier TemplateOperations

Generalizations

Element

Specializations

StringExpressionPackageClassifier Operation

Association Ends

T Dz ownedTe mpl: Bemeala®eBignatarfd. d]{swsetElement::.ownedElemehfopposite
TemplateSignature::template
The optional TemplateSigiture specifying the formal TemplateParameters for this TemplateableElement. If a
TemplateableElement has a TemplateSignature, then it is a template.

1 DZ t empl atTenBlateBthding@.*[{subsetsElement::ownedElemensubsets
A_source_directedRelationship::directedRelashig (oppositeTemplateBinding::boundElemeént
The optional TemplateBindings from this TemplateableElement to one or more templates.

Operations

1 isTemplate() Boolean
The query isTemplate() returns whether this TemplateableElement is actually a template.

body: ownedTemplateSignature <> null

1 parameterableElements(ParameterableElemEejd..*]
The query parameterableElements() returns the set of ParameterableElements that may be used as the
parameteredElements for a TemplateParameter of this TemplateableElement. By default, this set includes all the
ownedElements. Subclasses may oderthis operation if they choose to restrict the set of ParameterableElements.

body: self.allOwnedElements() -
>select(ocllsKindOf(ParameterableElement)).oclAsType(ParameterableElement) - >asSet()

Type [Abstract Class]

Description

A Type constrain the values represented by a TypedElement.
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Diagrams

Types AssociationsPackagesClassifiers FeaturesOperations

Generalizations

PackageableElement

Specializations

Classifier
Attributes

Association Ends

1 package PackagdO..1]{subsetsA packagedElement owningPackage::owningPadkéumosite
Package::ownedType
Specifies the owning Packagéthis Type, if any.

Operations

1 conformsTo(other Type) : Boolean

The query conformsTo() gives true for a Type that conforms to another. By default, two Types do not tme#mim

other. This query is intended to be redefined for specific conformance situations.

body: false
TypedElement [Abstract Class]

Description
A TypedElement is a NamedElement that may have a Type specified for it.
Diagrams

Types Object NodesLiterals, Structured Classifier§eatures

Generalizations

NamedElement

Specializations

ObjectNode ValueSpecificationConnectableElemenBtructuralFeature

Association Ends

1 type :Type[0..1] (oppositeA_type typedElement::typedElemént
The type of the TypedElement.
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Usage [Class]

Description

A Usage is a Dependency in which the client Element requires the supplier Element (or set of Elements) for its full
implementation or operation.

Diagrams
Dependencies
Generalizations

Dependency
VisibilityKind [Enumeration]

Description

VisibilityKind is an enumeration type that defines literals to determine the visibility of Elements in a model.

Diagrams

T Namespaces

Literals
1 public
A Named Element with public visibility is visible to all elements that can access the contents of the Namespace that
owns it.
1 private

A NamedElement with private visibility is only visible inside the Napae that owns it.

1 protected
A NamedElement with protected visibility is visible to Elements that have a generalization relationship to the
Namespace that owns it.

1 package
A NamedElement with package visibility is visiliteall Elements within the nearest enclosing Package (given that other
owning Elements have proper visibility). Outside the nearest enclosing Package, a NamedElement marked as having
package visibility is not visible. Only NamedElements that are not obpé&thckages can be marked as having package
visibility.
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7.9 Association Descriptions

A_actual_templateParameterSubstitution [Association]

Diagrams

Template Bindings

Specializations

A_ownedActual _owningTemplateParameterSubstitution

Owned Ends

1 templateParameterSubstitutiomemplateParameterSubstitutifih.*] (oppositeTemplateParameterSubstitution::acjual

A_annotatedElement_comment [Association]

Diagrams

Root

Owned Ends

1 comment Commen{0..*] (oppositeComment::annotatedElemént

A_clientDependency_client [Association]

Diagrams
Dependencies

Member Ends

1 NamedElement::clientDependency
1 Dependency::client

A_constrainedElement_constraint [Association]

Diagrams

Constraints
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Owned Ends

1 constraint Constrain{0..*] (oppositeConstraint::constrainétlemen}

A_default_templateParameter [Association]
Diagrams
Templates

Specializations

A ownedDefault templateParameter

Owned Ends

1 templateParameteTemplateParamet¢®..*] (oppositeTemplateParameter::default

A_elementimport_importingNamespace [Association]

Diagrams
Namespaces

Member Ends

1 Namespace::elementimport
1 Elementlmport::importingNamespace

A_formal_templateParameterSubstitution [Association]

Diagrams

Template Bindings

Owned Ends

1 templateParameterSubstitutiomlemplateParameterSubstitutifth.*] (opposite
TemplateParameterSubstitution::forjnal
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A_importedElement_import [Association]

Diagrams
Namespaces

Owned Ends

1 import : Elementimpor{0..*]{subsetsA_target_directedRelationship::directedRelationskgpposte
Elementimport::importedElemént

A_importedMember_namespace [Association]

Diagrams
Namespaces

Owned Ends

1 namespaceNamespac§0..*]{subsetsA_member_memberNamespace::memberName}japposite
Namespace::importedMember

A_importedPackage packagelmport [Association]

Diagrams
Namespaces

Owned Ends

1 packagelmport Packagelmpor0..*[{subsetsA_target_directedRelationship::directedRelationkkipposite
Packagelmport::importedPackage

A _lowerValue_owningLower [Association]

Diagrams
Types

Owned Ends

1 owningLower :MultiplicityElement[0..1]{subsetElement::ownéer (oppositeMultiplicityElement::lowerValug
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A_mapping_abstraction [Association]

Diagrams
Dependencies

Owned Ends

1 abstraction Abstraction[0..1]{subsetElement::ownér (oppositeAbstraction::mapping

A_member_memberNamespace [Association]

Diagrams
Namespaces

Owned Ends

1 memberNamespacéNamespac§0..*] (oppositeNamespace::member

A_nameExpression_namedElement [Association]

Diagrams
Namespaces

Owned Ends

1 namedElementNamedElemeni0..1]{subsetElement::omel (oppositeNamedElement::nameExpressjon

A_ownedActual_owningTemplateParameterSubstitution [Association]

Diagrams

Template Bindings

Generalizations

A_actual templateParameterSubstitution

Owned Ends

1 owningTemplateParameterSubstitutiohemplateParameterSubstitutifih. 1[{subsetsElement::ownerredefines
A_actual_templateParameterSubstitution::templateParamétittior} (opposite
TemplateParameterSubstitution::ownedActual
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A_ownedComment_owningElement [Association]

Diagrams

Root

Owned Ends

1 owningElement Element[0..1}{subsetElement::ownédr (oppositeElement::ownedComment

A_ownedDefault_templateParameter [Association]
Diagrams
Templates

Generalizations

A default templateParameter

Owned Ends

1 templateParapter :TemplateParamet¢@..1]{subsetElement::ownerredefines
A_default_templateParameter::templatePararhédpposie TemplateParameter::ownedDefault

A_ownedElement_owner [Association]

Diagrams

Root

Member Ends

i Element.ownedElement
1 Element::owner

A_ownedMember_namespace [Association]

Diagrams

Namespaces
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Member Ends

T Namespace::ownedMember
T NamedElement::namespace

A_ownedParameter_signature [Association]

Diagrams
Templates

Member Ends

1 TemplateSignature::ownedParameter
1 TemplateParameter::signature

A_ownedParameteredElement_owningTemplateParameter [Association]

Diagrams
Templates

Member Ends

1 TemplateParameter::ownedParameteredElement
1 ParameterableElement::owningTemplateParameter

A_ownedRule_context [Association]

Diagrams

Namespacegonstraints

Member Ends

T Namespace::ownedRule
1 Constraint::context

A _ownedTemplateSignature_template [Association]

Diagrams
Templates

Member Ends

I TemplatealeElement::ownedTemplateSignature
1 TemplateSignature::template
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A_packagelmport_importingNamespace [Association]

Diagrams
Namespaces

Member Ends

1 Namespace::packagelmport
1 Packagelmport::importingNamespace

A_parameterSubstitution_templateBinding [Association]

Diagrams

Template Bindings

Member Ends

1 TemplateBinding::parameterSubstitution
1 TemplateParameterSubstitution::teateBinding

A_parameter_templateSignature [Association]

Diagrams
Templates

Owned Ends

1 templateSignatureT.emplateSignire [0..*] (oppositeTemplateSignature::parameter

A_parameteredElement_templateParameter [Association]

Diagrams
Templates

Member Ends

1 TemplateParameter::parameteredElement
i ParameterableElement::templateParameter

A_relatedElement_relationship [Association]

Diagrams

Root
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Owned Ends

1 relationship Relationshid0..*] (oppositeRelationship::relatedElemént

A_signature_templateBinding [Association]

Diagrams

Template Bindings

Owned Ends

1 templateBinding TemplateBindingO..*[{subsetsA_target directedRelationship::directedRelationskgpposite
TemplateBinding::signatuye

A_source_directedRelationship [Association]

Diagrams

Root

Owned Ends

9 directedRelationshipDirectedRelationshif0..*]{subsetsA_relatedElement_tationship::relationship(opposite
DirectedRelationship::sourte

A_specification_owningConstraint [Association]

Diagrams

Constrairis

Specializations

A _specification_intervalConstraint

Owned Ends

1 owningConstraint Constrainf0..1}{subsetsElement::ownér(oppositeConstraint::specification
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A_supplier_supplierDependency [Association]

Diagrams
Dependends

Owned Ends

1 supplierDependencyRependency0..*]{subsetsA_target directedRelationship::directedRelations(@gpposite
Dependency::suppligr
Indicates the dependencies that reference the supplier.

A_target_directedRelationship [Association]

Diagrams

Root

Owned Ends

1 directedRelationshipDirectedRelationshif0..*|{subsetsA_relatedElement_relationship::relationsh{ppposite
DirectedRelationship::target

A_templateBinding_boundElement [Association]

Diagrams

Template Bindings

Member Ends

1 TemplateablElement::templateBinding
1 TemplateBinding::boundElement

A_type_typedElement [Association]

Diagrams
Types

Owned Ends

1 typedElement TypedElemenf0..*] (oppositeTypedElement::type
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A_upperValue_owningUpper [Association]

Diagrams
Types

Owned Ends

1 owningUpper MultiplicityElement[0..1}{subsetElement::ownédr (oppositeMultiplicityElement::uperValug

62 UML v2.5



8 Values

8.1 Summary

This clause describes the specification of values. In general, a ValueSpecification is a model element that is considered
semantically to yield zero or mowvalues.The type and number of values shall be suitable for the xtantevhich the
ValueSpecification is used (as determined by the constraints given in that context).

The following sub clauses describe the various kinds of ValueSpecifications available in UML.

8.2 Literals

8.2.1 Summary

A LiteralSpecification is a ValueSpecificati that specifies a literal value. There is a different kind of LiteralSpecification for
each of the UML standard PrimitiveTypes, with a cother espo
Ailack of a value. 0

8.2.2 Abstract Syntax

| TvpedFfement | | PackageableFfement
Vafvespecification
Literalspecification
LiteralNull LiteralInteger LiteralUnlimitedMatural
+ value : Inkeqer =0 + value : UnlimitedMatural = 0
LiteralString LiteralBoolean LiteralReal
+ wvalue : Skring [0..1] + value ; Boolean = false + value : Real

Figure 8.1 Literals
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8.2.3 Semantics

There are six kinds of LiteralSpecifications:

1.

3
4,
5
6

A LiteralNull is intended to be used to explicitly model the lack of a value. In the context of a MultiplicityElement with a
multiplicity lower bound of 0, this corresponds to the empty set (i.e., a set of no values). It is equivalent to specifying nc
values for the Element.

A LiteralString specifies a constant value of the PrimitiveType String. Though a String is specified as eesefjuen
characters, String values are considered to be primitive in UML, so their internal structure is not specified as part of
UML semantics.

A Literallnteger specifies a constant value of the PrimitiveType Integer.
A LiteralBoolean specifies a constantu@of the PrimitiveType Boolean.
A LiteralUnlimitedNatural specifies a constant value of the PrimitiveType UnlimitedNatural.

A LiteralReal specifies a constant value of the PrimitiveType Real.

See also Clausgl for further dscussion of the standard UML primitive types.

8.2.4 Notation

LiteralSpecifications are notated textually.

64

1

The notation for a Literal Null varies depending on wt
are described elsewhere for spiecifses.

A LiteralString is shown as a sequence of characters within double quotes. The String value is the sequence of
characters, not including the quotes. The character set used is unspecified.

A Literallnteger is shown as a sequence of digits repriegetite decimal numeral for the Integer value.
A Literal Boolean is shown as either the word Atrueod

A LiteralUnlimitedNatural is shown either as a sequence of digits or as an asterisk (*), where an astetésk d
unlimitedNot e t hat funlimitedod denotes the |l ack of a | i mi
bound), not a value of Ainfinity.o

A LiteralReal is shown in decimal notation or scientific notation. Decimal notation corfs@toptional sign character

(+/-) followed by zero or more digits followed optionally by a dot (.) followed by one or more digits. Scientific notation
consists of deci mal notation foll owed by etotahsgmr t he |
character followed by one or more digits. The scientific notation expresses a real number equal to that given by the
decimal notation before the exponent, times 10 raised to the power of the exponent.

This notation is specified by the follomg EBNF rules:
<natural-literal> ::= ('0".."9")+
<decimatliteral> ::=['+'| "' -'] <natural-literal> | ['+' | ' -' ] [<natural-literal>] '." <natural -literal>

<real-literal> ::= <decimal-literal> [ ('e' | 'E") ['+' | ' -' ] <natural-literal> ]
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8.3  Expressions

8.3.1 Summary

Expressions are ValueSpecifications that specify computed values.

8.3.2 Abstract Syntax

{ordered, subsets ownedElemeant}

+DDEI.and>4 Valuespecification |

1

0.1 - OpaqueExpression
L e EHpI‘ES!ifIDI'I + body : String [*] {ordered, nonunique}
+ expression + symbol : String [0..1] + language : String [*] {ordered}
{subsets owrert + opaqueExpression| * * | + opagqueExpression

{fordered, subsets owner}
+ owningExpression

0., 1& {readOnly}

+ behavior | 0..1 0.1 [+ [fresult

J StringExpression

+ subExpression |
{subsets ownedElement’}

*

AY)
| TemplateableFlement

Figure 8.2 Expressions
8.3.3 Semantics

Expressions

An Expression is specified as a tree structure. Each node in thisttueture consists ofsgmbol and an optional set @eperands.
If there are naperands, the Expression represents a terminal node. If therepetds, the Expression represents the operator
given by thesymbol applied to thoseperands.

An Expressia is evaluated by first evaluating each objterands and then performing the operation denoted by the Expression
symbol to the resultingperand values. However, the actual interpretation ofs§iebol depends on the context of use of the
Expression anthis specification does not provide any standgiitbol definitions. A conforming tool may define a specific set of
symbols for which it provides interpretations or it may simply treat all Expressions as uninterpreted.
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String Expressions

A StringExpressio is an Expression that specifies a String value that is derived by concatenating a set of substrings. The
substrings are given as either a list of LiteralSttipgands or as a list of StringExpressianbExpressions (but it is not allowed to
mix the twg. The String value of a StringExpression is obtained by concatenating, in order, the String values of either the
operands Or thesubExpressions, depending on which is given.

StringExpressions are intended to be used to specify the names of NamedElerent®ntext of Templates. Either the entire
StringExpression or one eiibExpressions of it may be used as the ParameterableElements of TemplateParameters, allowing the
name of a NamedElement to be parameterized within a template. See the semanticsdiEIBiments in sub clauget.3for

further discussion of this.

Opaque Expressions

An OpaqueExpression specifies the computation of a set of values either in terms of a UML Behavior or based on a textual
statement in a lang@ge other than UML.

An OpaqueExpression may haveoay that consists of a sequence of text Strings representing alternative means of computing th
values of the OpaqueExpression. A corresponding sequeneguatie Strings may be used to specify the laages in which

each of thevody Strings is to be interpreted. Languages are matchediictrings by order. The UML specification does not

define howbody Strings are interpreted relative to any language, though other specifications may definelspgedicStrings

to be used to indicate interpretation with respecddngto t h
the OCL specification). Note also that it is not required to specifiatbeages. If they are unspec#id, then the interpretation of
anybody Strings must be determined implicitly from the form of theies or the context of use of the OpaqueExpression.

An OpaqueExpression may also be defined by a UML Behavior (see subI3aPdbat is restricted to have no Parameters

other than a return Parameter. The values of the OpaqueExpression are given by invoking the Behavior and returning the value
on the return Parameter. Note that tibieavior of an OpaqueExpression does navé Parameters other than its return and thus
cannot be passed data upon invocation. It must therefore access any input data through elements of its behavioral description

If an OpaqueExpression has more thanmade String, or avehavior in addition toone or moreody Strings, then any one of the
bodies Or thebehavior may be used to evaluate the OpaqueExpression. The UML specification does not determine how this choice
is made.

8.3.4 Notation

Expressions

An Expression with neperands is notated simply byt$ symbol (unlike a StringLiteral, theymbol is notenclosed in quotes). An
Expression witlvperands may be notated by itgmbol, followed by round parentheses containingpsands in order, separated
by commas. However, in particular contexts, a oamfng tool may permit special notations, including infix operators.

See sub clausg4.4for the notation of the use of StringExpressions with NamedElements.

Opaque Expressions

If an OpaqueExpression has one or maky Strings, then these are used to display the OpaqueExpression in the context of its
containing element. The UML Specification does not define the syntax of such Strings, but, if a correspaudgeds given

for abody String, a conforming tool may enfat¢he syntax of that language. A conforming tool may also restricted the languages
allowed or assume a particular default language.

If languages are specified for an OpaqueExpression, thengaage name may be displayed in braces ({}) beforetbwy String to
which it corresponds. It is not required, however, thatdtyages of an OpaqueExpression be displayed.
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If a language has a specification that defines its language name, then the language name used in an OpaqueExpression shoul
spelledandcapt al i zed exactly as it appears in the specificatio

8.3.5 Examples

Expressions
xor

else

plus(x,1)

x+1

Opaque Expressions
a>0
{OCL} i >jand self.size > i

average hours worked per week

8.4 Time

8.4.1 Summary

This subclause defines TimeExpressions and Durations that produce values based on a simple model of time. This simple moc
of time is intended as an approximation for situations in which the more complex aspects of time and time measurement can
safely be ignored-or example, in many distributed system there is no global notion of time, only the notion of local time relative
to each distributed element of the system. This relativity of time is not accounted for in the simple time model, neffactsthe
resultng from imperfect clocks with finite resolution, overflows, drift, skew, etc. It is assumed that applications for which such
characteristics are relevant will use a more sophisticated model of time provided by an appropriate profile.
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8.4.2 Abstract Syntax

{subsets ownedElement}

{subsets ownedElement}

+ expr

Valvespecdification

|'/+ expr
=

0.1

{subsets owner}
+ timeExpression | 0..1

0.1

{subsets owner}
0..1| + duration

TimeExpression

+ timeExpression | 0..1

Duration

0.1 |+ duration

PackageableElement

+ observation

Observation

+ observation

*

#*

Time0Observation

+ firstEvent : Boolean = true

+ timeCbservation | =

Figure 8.3 Time and Duration

8.4.3 Semantics

Time

The structural modeling constructs of UML are used to model the properties of entities at specific points in time. in contras
behavioral modeling constructs are usedhodel how these properties change over timeevantis a specification of something
that mayoccurat a specific point in time when something of interest happens relative to the properties and behaviors being

+ event + event
>4 NamedFlement H
1 e

DurationObservation
+ firstEvent : Boolean [0..2]

*

+ durationCbservation

modeled, such as the change in value Bf@perty or the beginning of execution of an Activity.
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Timein this conception is simply a coordinate that orders the occurrence of events. Every event occurrence can be given a time
coordinate value and, based on this, can be said to be before, aftdreos@me time as another event occurrence.

A durationis the period of time between two event occurrences, computed as the difference of the time coordinates of those
events. If a model Element has a behavioral effect, then this effect may occurroeaiigation. The starting event of this
duration is known asenteringthe element and the ending event is knowextingthe Element.

Observations

An Observation denotes the observation of events that may occur relative to some other part of a rukervation is made

on a NamedElement within the model. The events of interest are when the reference NamedElement is entered and exited. If t
referenced NamedElement is not a behavioral element, then the duration between entering and exiting theriamh e E|
considered to be zero, but this specification does not otherwise define what specific events are observed on the Element.

There are two kinds of Observations, TimeObservations and DurationObservations.

A TimeObservation observes either enteringxiting a specific NamedElement fitktEvent is true, then it is the entry event that
is observed, otherwise the exit event is observed. The result of a TimeObservation is the time at which the obsernagasvent oc

A DurationObservation observes adtion relative to either one or two NamedElements. If a single element is observed, then the
observed duration is between sequential occurrences of the entry and exit events of the element. If two elements are observed
then the duration is between eitliiee entry or the exit event of the first element and a subsequent entry or exit event of the
second element. In the latter case, two corresporiigitigent values must also be given for the DurationObservation, such that, if
firstEvent=true for an obseed element, then it is the entry event that is observed, otherwise it is the exit event that is observed.

TimeExpression

A TimeExpression is a ValueSpecification that evaluates to the time coordinate for an instant in time, possibly redative to s
givenset of observations.

If the TimeExpression has awor, then this is evaluated to produce the result of the TimeExpressioaxpfimeust evaluate to a
single value, but UML does not define any specific type or units that the value must hawsgr Ty reference thebservations
associated with the TimeExpression but no standard notation is defined for such references. If the TimeExpressiqn thats an
No observations, then theexpr evaluates to a time constant.

If the TimeExpression does not haveesapr, then it must have a single TimeObservation and the result of that observation is the
value of the TimeExpression.

Duration
A Duration is a ValueSpecification that evaluates to some duration in time, possibly relative to some givesssestohs.

If the Duration has aexpr, then this is evaluated to produce the result of the DurationExpressioexpl haust evaluate to a
single value, but UML does not define any specific type or units that the value must hawgr Ty reference thebservations
associated with the Duration but no standard notation is defined for such references. If the Duratierphastam
observations, then the expr evaluates to a duration constant.

If the Duration does not have axpr, then it must have a sirgDurationObservation and the result of tigkrvation is the value
of the Duration.
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8.4.4 Notation

Observations

An Observation may be denoted by a straight line attached to the NamedElement it references. The Observation is given a natr
that is shown close tihe unattached end of the line. Additional notation conventions on Observations are given elsewhere
relative to the modeling constructs in which they are typically used (such as Interactions, see sifF.@ause

Time Expressions and Durations

A TimeExpression or Duration is denoted by the textual representatioregyritef it has one (see sub claug8.5. The
representation is of a formula for computing the time or duration value, whiglingiade the names of related Observations and
constants. If a TimeExpression or Duration does not haegpgrthen it is simply represented by its single associated
Observation.

A Duration is a value of relative time given in an implementation speeificial format. Often a Duration is a roagative
integer expression representing the number of Ati me tick

8.45 Examples

Time is often represented using a numeric coordinate, in which casetbéa TimeExpressioshould evaluate to a numeric

value, the units of which may be assumed by convention in a model (e.g., times are always in seconds). Alternativelgs DataTyp
may be used to model time values with specific units (e.g., Second, Day, etc.) expd i@ TimeExpression should then have

the appropriate one of those types.

A Duration is a value of relative time and, as such, is often represented asegabine number, such as an Integer count of the
number of #@Ati me ti cks0 arnngthe duratibreln thinoase, thedobadkrationkExressienlstzopld e d
evaluate to a nenegative numeric value. A Duration value may also be used to represent a time coordinate value as a Duration
since some fixed Aorigind of ti me.

See alsd-igure8.5 in Subclaus®.5.5
8.5 Intervals

8.5.1 Summary

An Interval is a range between two values, primarily for use in Constraints that assert that some other Element hagtevalue i
given range. Intervals can befthed for any type of value, but they are especially useful for time and duration values as part of
corresponding TimeConstraints and DurationConstraints.
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8.5.2 Abstract Syntax

ValuesSpecification
+min| 1 1|+ max
T
+interval | * * | + interval . .
{redefines owningConstraint}
Interval 1 + intervalConstraint IntervalConstraint
+ specification 0.1
{redefines specification} ‘T‘
{redefines specification} {redefines intervalConstraint®
TimeInterval + specification + timeConstraint TimeConstraint
1 0.1 + firstEvent : Boolean [0..1] = true
{redsfines interval {redefines interval}
+ timelntervaﬁ * * | + timelnterval
{redefines min} {redefines max}
+ mirnjs1 1 max
TimeExpression
{redefines specification} {redefines intervalConstraint}
DurationInterval + specification + durationConstraint DurationConskraint
1 0.1 + firstEvent : Boolean [0..2]
{redefines interval% {redefines interval}
+ durationInterval | * * | + durationInterval
{redefines min} {redefines max}
+ min, [ 1 1|+ max

Duration

Figure 8.4 Intervals

8.5.3 Semantics

Intervals

An Interval is a ValueSpecification specified using two other ValueSpecificationsjrthed thenax. An Interval is evaluated

by first evaluating each of its constituent ValueSpecifications, which must each evaluate to a single value. Ththgalue o
Interval is then the range from thin value to themax valued that is, the set of all values greater than or equal taithealue

and less than or equal to tihex value (which may be the empty set). Note that, while syntactically any Value8pgaifs of

any type are allowed for thein andmax of an Interval, a standard semantic interpretation is only given for Intervals for which the
min andmax ValueSpecifications have the same type and that type has a total ordering defined on it.

There ardwo specializations of Interval for use with timing constraints. A Timelnterval specifies the range between two time
values given by TimeExpressions. A Durationinterval specifies the range between two duration values given by Durations.

IntervalConstraint

An IntervalConstraint defines a Constraint whose specification is given by an Interval (see also sub&tau€enstraints).
TheconstrainedElements of an IntervalConstraint are asserted to have values that are witlangieespecified by the Interval of
the IntervalConstraint. If eonstrainedElement has a value outside this range, then the IntervalConstraint is violated. If any
constrainedElement cannot be interpreted to have a value, or its value is not the same tyygerange given by the
IntervalConstraint, then the IntervalConstraint has no standard semantic interpretation.
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There are two specializations of IntervalConstraint for use in specifying timing constraints. A TimeConstraint defines an
IntervalConstraint 0 a singleconstrainedElement in which the constraining Interval is a Timelnterval. A DurationConstraint
defines an IntervalConstraint on either one or ¢w@trainedElements in which the constraining Interval is a Durationinterval. If
there are tweonstrainedElements, then the start of the duration being observed may be between an event in the first
constrainedElement and an event in the second.

8.5.4 Notation

Intervals

An Interval is denoted textually by the textual representation of its two ValueSpecificatios e par at ed by #A.
<interval>:=<min-v al ue > évalue>x 6 < max

A Timelnterval is shown with the notation of Interval where each ValueSpecification element is a TimeExpression. A
DurationInterval is shown using the notation of Interval where each Spkafication element is a Duration. (See sub clause
8.4.40n the notation for TimeExpressions and Durations.)

Interval Constraints

An IntervalConstraint is shown as an annotation ofdistrainedelement. The general notatidior Constraints (see sub clause
7.6.9 may be used for an IntervalConstraint, with the specification Interval denoted textually as above. Special notational
constructs are defined for TimeConstraints and DurationConstragggven below.

A TimeConstraint of a singleonstrainedElement may be shown as a small line between the graphical representation of the
constrainedElement and the textual representation of the Timelnterval of TimeConstraint. A DurationConstraint smbg alswn
using a graphical notation relating itsstrainedElements. However, the notation used is specific to the diagram type on which the
DurationConstraint appears (see sub cldus8for the notation on Sequence Diags and sub claudg.11for the notation on
Timing Diagrams).

8.5.5 Examples

Figure8.5 shows a DurationConstraints associated with the duration of a Message and with the duration between two
Occurrenc8pecifications. It also shows a TimeConstraint associated with the reception of a Message. (See also sub clause
17.2.5)
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DurationObservation (of Code) _
DurationConstraint (of CardOut)
DurationConstraint -

TimeConsfraint —.__

Figure 8.5 Example of DurationConstraints and TimeConstraints

UML v2.5

sd UserAccepted )

Tdser :ACSystem
] Code ":; &d !
T =
| — |
i {d. 3} = |
,|, ! t:ardout{n.ﬂﬂff,ff‘! -
T= = — @t
{t.t+3} = | Unlock
N
I
1

_TimeQbservation

73



8.6 Classifier Descriptions

Duration [Class]

Description
A Duration is a ValueSpecification that specifies the temporal distance between two time instants.
Diagrams

Time, Intervals

Generalizations

ValueSpecification

Association Ends

1 Dz e XplueSpecificatiorO..1[{subsetsElement::ownedElemehfoppositeA_expr_duration::duration
A ValueSpecificatbn that evaluates to the value of the Duration.

1 observation Observatiorf0..*] (oppositeA_observation_duration::duratipn
Refers to the Observations tlae involved in the computation of the Duration value

Constraints

I no_expr_requires_observation
If a Duration has no expr, then it must have a single observation that is a DurationObservation.

inv: expr = null implies (observation - >size() = 1 and observa tion -
>forAll(oclIsKindOf(DurationObservation)))

DurationConstraint [Class]

Description
A DurationConstraint is a Constraint that refers to a DurationInterval.
Diagrams

Intervals

Generalizations

IntervalConstraint

Attributes

1 firstEvent :Boolean[0..2]
The value of firstEvent|i] is related to constrainedElement[i] (where i is 1 or 2). If firstEvent[igisttren the
corresponding observation event is the first time instant the execution enters constrainedElement[i]. If firstEvent[i] is
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false, then the corresponding observation event is the last time instant the execution is within constrainedElement]i].

Association Ends

1 Dz s p e c i Duiatioalrtervalh..1}{redefineslntervalConstraint::specificatidr{opposite
A_specification_durationCatraint::durationConstraint
The Durationinterval constraining the duration.

Constraints

91 first_event_multiplicity
The multiplicity of firstEvent must be 2 if the multiplicity of constrainedElement is 2. Otherwise the multiplicity of
firstEvent is 0.

inv:  if (constrainedElement - >size() = 2)
then (firstEvent - >size() = 2) else (firstEvent - >size() = 0)
endif

1 has_one_or_two_constrainedElements
A DurationConstraint has either one or two constrainedElements.

inv: constrainedElement - >size() = 1 or constraine dElement - >size()=2
Durationinterval [Class]

Description

A DurationInterval defines the range between two Durations.

Diagrams

Intervals

Generalizations

Interval

Association Ends

1 max :Duration[1..1]{redefinesInterval::ma} (oppositeA_max_durationInterval::durationinteryal
Refers tahe Duration denoting the maximum value of the range.

1 min : Duration[1..1{redefinesinterval::mir} (oppositeA_min_dumtioninterval::durationinterval
Refers to the Duration denoting the minimum value of the range.
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DurationObservation [Class]

Description

A DurationObservation is a reference to a duration during an execution. It points blatntieel Element(s) in the model to
observe and whether the observations are when this NamedElement is entered or when it is exited.

Diagrams
Time
Generalizations

Observation

Attributes

1 firstEvent :Boolean[0..2]
The value of firstEvent[i] is related to event[i] (where iis 1 or 2). If firstEvent[i] is true, then the corresponding
observation event is the first time instant the execution enterd[d. If firstEvent][i] is false, then the corresponding
observation event is the time instant the execution exits event][i].

Association Ends

1 event :NamedElemen{l..2] (oppositeA_event_durationObservation::durationObservgtion
The DurationObservation is determined as the duration between the entering or exiting of a single event Element durin
execution, or the entering/exiting of one event Element andntieeirg/exiting of a second.

Constraints

91 first_event_multiplicity
The multiplicity of firstEvent must be 2 if the multiplicity of event is 2. Otherwise the multiplicity of firstEvent is O.

inv: if (event - >size() = 2)
then (firstEvent - >size() = 2) else (firstEvent - >size() = 0)
endif

Expression [Class]

Description

An Expression represents a node in an expression tree, which may-tegmaonal or terminal. It defines a symbol, and has a
possibly empty sequence of operands that areé&gacifications. It denotes a (possibly empty) set of values when evaluated in a
context.

Diagrams

Expressions
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Generalizations

ValueSpecification

Specializations
StringExpression

Attributes

1 symbol :String[0..1]
The symbol associated with this node in the expression tree.

Association Ends

1 Dz o p e VaheSdecificatiof0..*]{ordered, subset&lement::ownedElemehf{opposite
A_operand_expression::expression
Specifies a sequence of operand ValueSpecifications.

Interval [Class]

Description

An Interval defines the range between two ValueSpecifications.

Diagrams

Intervals

Generalizations

ValueSpecification

Specializations

DurationInterval Timelnterval

Association Ends

1 max :ValueSpecificatia [1..1] (oppositeA_max_interval::intervgl
Refers to the ValueSpecification denoting the maximum value of the range.

1 min : ValueSpecificatiorf1..1] (opmsiteA_min_interval::interva)l
Refers to the ValueSpecification denoting the minimum value of the range.
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IntervalConstraint [Class]

Description
An IntervalConstraint is a Constraithiat is specified by an Interval.
Diagrams

Intervals

Generalizations

Constraint

Specializations

DurationConstraintTimeConstraint

Association Ends

1 Dz s p e c i lhtenalfltlj{redefinesConstraint::specificatign(opposite
A_specification_intervalConstraint::intervalContith
The Interval that specifies the condition of the IntervalConstraint.

LiteralBoolean [Class]

Description
A LiteralBoolean is a specification of a Boolean value.
Diagrams

Literals

Generalizations

LiteralSpecification

Attributes

1 value :Boolean[1..1] = false
The specified Boolean value.

Operations

1 booleanValue() Boolean
The query booleanValue() gives the value.

body: value

78

UML v2.5



1 isComputable() Boolean

The query isComputable() is redefined to be true.

body: true
Literallnteger [Class]

Description
A Literallnteger is a specification of an Integer value.
Diagrams

Literals

Generalizations

LiteralSpecification

Attributes

1 value :Integer[1..1]=0
The specified Integer value.

Operations

1 integerValue() integer
The query integerValue() gives the value.

body: value

1 isComputable() Boolean

The query isComputable() is redefined to be true.

body: true

LiteralNull [Class]

Description
A LiteralNull specifies the lack of a value.
Diagrams

Literals

Generalizations

LiteralSpecification
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Operations

1 isComputable() Boolean
The query isComputable() is redefined to be true.

body: true

1 isNull() : Boolean
The query isNull() returns true.

body: true
LiteralReal [Class]

Description

A LiteralReal is a specification of a Real value.

Diagrams

Literals

Generalizations

LiteralSpecification

Attributes

1 value :Real[l..1]
The specified Real value.

Operations

1 isComputable() Boolean
The query isComputable() is rededihto be true.

body: true

1 realvalue() Real
The query realValue() gives the value.

body: value
LiteralSpecification [Abstract Class]

Description

A LiteralSpecification identifies Ateral constant being modeled.
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Diagrams
Literals

Generalizations

ValueSpecification

Specializations

LiteralBoolean Literallnteger LiteralNull, LiteralRea] LiteralString LiteralUnlimitedNatural

LiteralString [Class]

Description
A LiteralString is a specification of a String value.
Diagrams

Literals

Generalizations

LiteralSpecification

Attributes

1 value :String[0..1]
The specified String value.

Operations

1 isComputable() Boolean
The query isComputable() is redefined to be true.

body: true

1 stringValue() :String
The query stringValue() gives the value.

body: value
LiteralUnlimitedNatural [Class]

Description

A LiteralUnlimitedNatural is a specification of an UnlimitedNaturainber.

Diagrams

Literals
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Generalizations

LiteralSpecification

Attributes

1 value :UnlimitedNatural[1..1] = 0
The specified UnimitedNatural value.

Operations

1 isComputable() Boolean
The query isComputable() is redefined to be true.

body: true

1 unlimitedValue() :UnlimitedNatural
The query unlimitedValue() gives the value.

body: value

Observation [Abstract Class]

Description
Observation specifies a value determined by observing an event or events that occur relative to other model Elements.
Diagrams
Time
Generalizations

PackageableElement

Specializations

DurationObservationTimeObservation

OpaqueExpression [Class]

Description

An OpaqueExpression is a ValueSpecification that specifies the computation of a set of values either in terms of a UbtL Behav
or based on a textual statement in a language other than UML

Diagrams

ExpressionsDependencies
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Generalizations

ValueSpecification

Attributes

il

body :String[0..*]
A textual definition of the behavior of the OpaqueExpression, possibly in multiple languages.

language String[0..*]

Specifies the languages used to express the textual bodies of the OpaqueExpression. Larguatdwed to body

Strings by order. The interpretation of the body depends on the languages. If the languages are unspecified, they may
implicit from the expression body or the context.

Association Ends

1 behavior Behavior[0..1] (oppositeA_behavior _opagqueExpression::opaqueExpre3sion
Specifies the behavior of the OpaqueExpression as a UML Behavior.

1 /result :Pamameted0..1]{} (opposite A_result_opaqueExpression::opaqueExpregsion
If an OpaqueExpression is specified using a UML Behavior, then this refers to the single required return Parameter of
that Behavior. Whethe Behavior completes execution, the values on this Parameter give the result of evaluating the
OpagueExpression.

Operations

1 isIntegral() :Boolean
The query isIntegral() tells whether an expressiontenthed to produce an Integer.
body: false

1 isNonNegative() Boolean
The query isNonNegative() tells whether an integer expression hasreegative value.
pre: self.isIntegral()
body: false

1 isPositive() :Boolean
The query isPositive() tells whether an integer expression has a positive value.
pre: self.isIntegral()
body: false

1 result() :Parametef0..1]

Deiivation for OpaqueExpression::/result

body: if behavior = null then
null
else
behavior.ownedParameter - >first()
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endif

value() :Integer
The query value() gives an integer value for an expression intemgedduce one.

pre: self.isIntegral()
body: 0

Constraints

language _body_size
If the language attribute is not empty, then the size of the body and language arrays must be the same.

inv: language - >notEmpty() implies (_'body’ - >size() = language - >size())

one_return_result_parameter
The behavior must have exactly one return result parameter.

inv: behavior <> null implies
behavior.ownedParameter - >select(direction=ParameterDirectionKind::return) ->size() =1

only_return_result_parameters
The behavior may onligave return result parameters.

inv: behavior <> null implies behavior.ownedParameter -
>select(direction<>ParameterDirectionKind::return) - >isEmpty()

StringExpression [Class]

Description

A StringExpression is an Expression that spesié String value that is derived by concatenating a sequence of operands with

String values or a sequence of subExpressions, some of which might be template parameters.

Diagrams

ExpressionsNamespaces

Generalizations

TemplateableElemenExpression

Association Ends

84

owningExpression StringExpession0..1{ordered, subsetSlement::ownér(opposite
StringExpression::subExpressjon
The StringExpression of which this StringExpression is a subExpression.

Dz s u b E x pStriegExpressiof0..*]{subsetsElement::ownedElemeh(opposite
StringExpression::owningExpressjon
The StringExpressions that constitute this StringExpression.
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Operations

il

stringValue() :String
The query stringValue() returns the String resulting from concatenating, in order, all the component Stringf edllues
the operands or subExpressions that are part of the StringExpression.

body: if subExpression - >notEmpty()

then subExpression - >iterate(se; stringValue: String =" | stringValue.concat(se.stringValue()))

else operand - >iterate(op; stringValue: String =" | stringValue.concat(op.stringValue()))
endif

Constraints

operands
All the operands of a StringExpression must be LiteralStrings

inv: operand - >forAll (ocllsKindOf (LiteralString))

subexpressions
If a StringExpression has s#xpressions, it cannot hawperands and vice versa (this avoids the problem of having to
define a collating sequence between operands and subexpressions).

inv: if subExpression - >notEmpty() then operand - >isEmpty() else operand - >notEmpty() endif

TimeConstraint [Class]

Description

A TimeConstraint is a Constraint that refers to a Timelnterval.

Diagrams

Intervals

Generalizations

IntervalConstraint

Attributes

firstEvent :Boolean[0..1] = true

The value of firstEvent is related to the constrainedElement. If firstEvent is true, then the corresponding observation
event is the first time instant the execution enters the constrainedElemestEldnt is false, then the corresponding
observation event is the last time instant the execution is within the constrainedElement.

Association Ends

il

Dz s p e c i Tinielmtartai[loli{redefineslntervalConstraint::specificatigr{opposite
A_specification_timeConstraint::timeConstraint
TheTimelnterval constraining the duration.
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Constraints

1 has_one_consimedElement
A TimeConstraint has one constrainedElement.

inv: constrainedElement ->size()=1

TimeExpression [Class]

Description
A TimeExpression is a ValueSpecification that represents a time value.
Diagrams

Time, Intervals Events

Generalizations

ValueSpecification

Association Ends

1 Dz e XplueSpecification0..1}{subsetsElement::ownedElemehf{oppositeA_expr_timeExpression::timeExpressjon
A ValueSpecification that evaluates to the value of the Tirpe&ssion.

1 observation Observatiori0..*] (oppositeA_observation_timeExpression::timeExpres3ion
Refers to the Observations that are involved in the ctation of the TimeExpression value.

Constraints

I no_expr_requires_observation
If a TimeExpression has no expr, then it must have a single observation that is a TimeObservation.

inv: expr = null implies (observation - >size() = 1 and observation
>forAll(ocll sKindOf(TimeObservation)))

Timelnterval [Class]

Description

A Timelnterval defines the range between two TimeExpressions.

Diagrams

Intervals

Generalizations

Interval
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Association Ends

1 max :TimeExpressioiil..1]{redefinesinterval::ma% (oppositeA_max_timelnterval::timelnterval
Refers to the TimeExpression denoting the maximum value of the range.

1 min:TimeExpressioifl..1[{redefinesinterval::mir} (oppositeA_min_timelnterval::timelnterval
Refers to the TimeExpression denoting the minimum value of the range.

TimeObservation [Class]

Description

A TimeObservation is a reference to a time instant during an executgmints out the NamedElement in the model to observe
and whether the observation is when this NamedElement is entered or when it is exited.

Diagrams
Time
Generalizations

Observation

Attributes

9 firstEvent :Boolean[1..1] = true
The value of firstEvent is related to the event. If firstEvent is true, then the corresponding observation event is the first
time instant the execution enters the ex&etent. If firstEvent is false, then the corresponding observation event is the
time instant the execution exits the event Element.

Association Ends

1 event :NamedElementl..1] (oppositeA_event_timeObservation::timeObservadion
The TimeObservation is determined by the entering or exiting of the event Element during execution.

ValueSpecification [Abstract Class]

Description

A ValueSpeification is the specification of a (possibly empty) set of values. A ValueSpecification is a ParameterableElement
that may be exposed as a formal TemplateParameter and provided as the actual parameter in the binding of a template.

Diagrams

ExpressionsLiterals, Time, Intervals Object NodesActivities, Control NodesMessagedLifelines, Fragments
Interaction UsesTypes ConstraintsEvents FeaturesPropertiesinstancesActions, Object Actions
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Generalizations

TypedElementPackageableElement

Specializations

Duration Expressioninterval LiteralSpecification OpaqueExpressioifimeExpressioninstanceValue

Operations

88

il

booleanValue() Boolean[0..1]
The query booleanValue() gives a single Boolean value when one can petedm

body: null

integerValue() integer[0..1]
The query integerValue() gives a single Integer value when one can be computed.

body: null

isCompatibleWith(p ParameterableElemgntBoolean

The query isCompatibleWith() determines if this Parameterable element is compatible with the specified parameterable
element. By default parameterable element Pispatible with parameterable element Q if the kind of P is the same or

a subtype as the kind of Q. In addition, for a ValueSpecification, the type must be conformant with the type of the
specified ParameterableElement (which must have a type, since ibenadtind of ValueSpecification).

body: p.ocllsKindOf(self.oclType()) and self.type.conformsTo(p.oclAsType(TypedElement).type)

isComputable() Boolean

The query isComputable() determines whether a vadeeification can be computed in a model. This operation cannot
be fully defined in OCL. A conforming implementation is expected to deliver true for this operation for all
ValueSpecifications that it can compute, and to compute all of those for whicpdhetion is true. A conforming
implementation is expected to be able to compute at least the value of all LiteralSpecifications.

body: false

isNull() : Boolean
The query isNull() returns true when it can benpaited that the value is null.

body: false

realValue() :Real[0..1]
The query realValue() gives a single Real value when one can be computed.

body: null

stringValue() :String[0..1]
The query stringValue() gives a single String value when one can be computed.

body: null
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1 unlimitedValue() :UnlimitedNatural[0..1]
The query unlimitedValue() gives angle UnlimitedNatural value when one can be computed.

body: null
8.7 Association Descriptions

A_behavior_opaqueExpression [Association]

Diagrams
Expressions

Owned Ends

1 opaqueExpressionOpaqueExpressidf..*] (oppositeOpaqueExpression::behavior

A_event_durationObservation [Association]

Diagrams
Time

Owned Ends

1 durationObservationDurationObservatiofD..*] (oppositeDurationObservation::event

A_event_timeObservation [Association]

Diagrams
Time
Owned Ends

1 timeObservation TimeObservatiofi0..*] (oppositeTimeObservation::evehnt

A_expr_duration [Association]
Diagrams

Time
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Owned Ends

1 duration :Duration[0..1}{subsetElement::ownér (oppositeDuration::expy

A_expr_timeExpression [Association]

Diagrams

Time

Owned Ends

1 timeExpression TimeExpressioff0..1]{subsetElement::owneyr (oppositeTimeExpression::expr

A_max_durationinterval [Association]

Diagrams

Intervals

Generalizations

A_max_interval

Owned Ends

91 durationinterval Durationinterval0..*|{redefines A_max_interval::interval(oppositeDurationinterval::max

A_max_interval [Association]
Diagrams
Intervals

Specializations

A _max_timelntervalA _max_durationinterval

Owned Ends

1 interval :Interval[0..*] (oppositelnterval::may
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A_max_timelnterval [Association]

Diagrams

Intervals

Generalizations

A _max_interval

Owned Ends

1 timelnterval :Timelnterval[O..*[{redefinesA_max_interval::interval (oppositeTimelnterval::ma¥

A_min_durationInterval [Association]

Diagrams

Intervals

Generalizations

A _min_interval

Owned Ends

9 durationinterval :Durationinterval0..*|{redefines A_min_interval::interval (oppositeDurationinterval::mi

A_min_interval [Association]
Diagrams
Intervals

Specializations

A _min_timelnterval A_min_durationinterval

Owned Ends

1 interval :Interval[0..*] (oppositelnterval::mir)

UML v2.5

91



A_min_timelnterval [Association]

Diagrams

Intervals

Generalizations

A _min_interval

Owned Ends

1 timelnterval :Timelnterval[O..*[{redefinesA_min_interval::intervdl (oppositeTimelnterval::mir)

A_observation_duration [Association]

Diagrams
Time

Owned Ends

9 duration :Duration[0..1] (oppositeDuration::observation

A_observation_timeExpression [Association]

Diagrams
Time

Owned Ends

1 timeExpression TimeExpressiorfi0..1] (oppositelimeExpression::observatipn

A_operand_expression [Association]

Diagrams
Expressions

Owned Ends

1 expression Expressiorf0..1){subsetElement::ownédr (oppositeExpressio::operanil

92
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A_result_opaqueExpression [Association]

Diagrams
Expressions

Owned Ends

1 opaqueExpressionrQpaqueExpressidf..*] (oppositeOpaqueExpression::result

A_specification_durationConstraint [Association]

Diagrams
Intervals

Generalizations

A specification_intervalConstraint

Owned Ends

1 durationConstraint DurationConstrainf0..1{redefinesA_specification_intervalConstraint::intervalConstraint
(oppositeDurationConstraint::specificatipn

A_specification_intervalConstraint [Association]

Diagrams
Intervals

Generalizations

A _specification _owningConstraint

Specializations

A specification _timeConsdint, A_specification _durationConstraint

Owned Ends

1 intervalConstraint IntervalConstrainf0..1]{redefinesA_specification_owningConstraint::owningConstrif@pposite
IntervalConstraint::specificatign
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A_specification_timeConstraint [Association]

Diagrams

Intervals

Generalizations

A _specification_intervalConstraint

Owned Ends

71 timeConstraint TimeGonstraint0..1]{redefinesA_specification_intervalConstraint::intervalConstrif@pposite
TimeConstraint::specificatign

A_subExpression_owningExpression [Association]

Diagrams
Expressions

Member Ends

I StringExpression::subExpression
1 StringExpres®n::owningExpression
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9 Classification

9.1

Classification is an important technique for organization. This clause specifies concepts relating to classificatioe. The co
concept is Classifier, an abstract metaclass whose concrete subclassestarelassifly different kinds of values'he other
metaclasses in this clause represent the constituents of Classifiers, models of how Classifiers are instantiated using
InstanceSpecifications, and various relationships between all of these concepts.

Summary

9.2 Classifiers

9.21 Summary

A Classifier represents a classification of objects according to their Features. Classifiers are organized in hierarchies by
Generalizations. RedefinableElements may be redefined in the context of Generalization hierarchies.

9.2.2 Abstract Syntax

N [ #amespace | [ wpe | [ Templateablettement |
HamedElement [* A
+ finheritedMember
readOrly, subsets member . - Ny
¢ g ’ {subsots menio e ngClassfc {subsets source, {subsets ownedElement,
subsets member amesuace* Classifier subsets owner} subsets directedRelationship}
RedefinableElement -+ isAbstract : Boolean = False + specific + generalization Generalization
+ isFinalSpecialization : Boolean = false - p m ; —
T sLeal : Boolean = false <} P 1 (subssts - + igSubstitutable : Boolzan [0..1] = true
{subsets target} directedrelationship}
+ redefinableElernent + general + generalization
w
* {subsets redefinedElement} 1 .
+ redefinedClassifier + classifier -
" * * | + generalization
"
+ /redefinedElement * "
{readonly, union} "+ classifier + Jgenerd * | 4+ generalizationSet
{subsets redefinableElement} + pawertype + pawertypebxtent -’m;atiunsa
{readCnly, union} 0.1 *
+ redefinableElernent + [redefinitionContext + subject + useCase
* * K * UseCase
¥ ¥ + classifier + ownedUseCase
{subsets namespace} {subsets ownedMember}
Feature + [feature + [featurinaClassifier|
{readCOnly, union, subsets member}  {readOnly, union, subsets memberMamespace 0.1 *
+oontract + substitution
{subsets FeaturingClassifier, {subsets supplier} {subsets supplier Dependemiy} P
subsets redefinitionContext} 1
P t l.'-( * + classifie + substitutingClassifier
roperty + fattribute 0.1 {subsets client, subsets owner} *
{readOnly, union, subsets feature, il i + substitution
subsets redefinableElement} subsets memberNamespace} {subsets ownedElement,
+|inheritingClassifier subsets clientDependency}

:
eahzabion
‘} {redefines classifier}
+ Classifier | O+ + dassifier
{subsets owner}
{subsets ownedElement}

+ collaborationuse

{readOnly, subsets member}
+ finheritedMember

HNamedEltement

{subsets collaborationUse}
+ representation

*
*

0.

-

| CollaborationUse |

Figure 9.1 Classifiers
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9.2.3 Semantics

Classifiers

A Classifier has a set of Features, some of which are Properties caliaebihes of the Classifier. Each of the Features is a
member of the Classifier (sesub claus&.4 Namespaces).

The values that are classified by a Classifier are called instances of the Classifier.
A Classifier may be redefined (see below).

A Classifier may own CollaborationUses that relate the Clasgifi€otlaborations. The Collaborations describes aspects of this
Classifier. Sed 1.7 Collaborations.

A Classifier may own UseCases. Sée1Use Cases.

Generalization

Generalizations define gemdization/specialization relationships between Classifiers. Each Generalization relaigis a
Classifier to a morgeneral Classifier. Given a Classifier, the transitive closure of its general Classifiers is often called its
generalizationsand theransitive closure of its specific Classifiers is calledgiecializations The immediate generalizations
are also called the Classifierbés parents.

NOTE. The parent of a Classifier is not tsner.

An instance of a Classifier is also an (indirect)anse of each of its generalizations. Any Constraints applying to instances of the
generalizations also apply to instances of the Classifier.

When a Classifier is generalized, certain members of its generalizatianbenited that is they behave as thgiuthey were
defined in the inheriting Classifier itself. For example, an inherited member thadtisbate has a value or collection of values
in any instance of the inheriting Classifier, and an inherited member that is an Operation may be imaketance of the
inheriting Classifier.

The set of members that are inherited is callecdhtieetedMembers. Unless specified differently for a particular kind of Classifier,
theinheritedMembers aremembers that do not have private visibility.

Typeconformance means that if one Type conforms to another, than any instance of the first Type may be used as the value o
TypedElement whosgpe is declared to be the second Type. A Classifier is a Type, and conforms to itself and to all of its
generaliations.

TheisAbstract property of Classifier, when true, specifies that the Classifier is abstract, i.e., has no direct instances: every instanc
of the abstract Classifier shall be an instance of one of its specializations.

Redefinition

Any member (thatis a kind of RedefinableElement) of a generalization of a specializing Classifier may be redefined instead of
being inherited. Redefinition is done in order to augment, constrain, or override the redhefiibeds) in the context of

instances of the spiatizing Classifier. When this occurs, the redefinimgnber contributes to the structure or behavior of the
specializing Classifier in place of the redefimeginber(s), which are hidden by the redefinition in the sense that any reference to a
redefinedmember in the context of an instance of the specializing Classifier shall resolve to the redemisg.

The Classifier from which the member may be redefined is calleddéfaitionContext. Although in the metamodel

redefinitionContext hasthemulp | i ci ty é*6, there are no cases in the UML s
redefinitionContext. TheredefinitionContext is defined for each kind of RedefinableElement; it is often, but not alwaysyibeof

the member.
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A redefining elementhsll be consistent with the RedefinableElement it redefines, but it may add specific constraints or other
details that are particular to instances of the specializtfeginitionContext that do not contradict constraints in the general context.

One redefiing element may redefine multiple RedefinableElements. Furthermore, a RedefinableElement may be redefined
multiple times, as long as it is unambiguous which definition applies for a particular instance.

TheisLeaf property, when true for a particular gRdinableElement, specifies that it shall have no redefinitions.

The detailed semantics of redefinition vary for each specialization of RedefinableEldrherg. are various kinds of
compatibility between a redefined element and its redefining elemehtasuname compatibility (the redefining element has the
samename as the redefined element), structural compatibility (the client visible properties of the redefined element are also
properties of the redefining element), or behavioral compatibilityrétefining element is substitutable for the redefined
element). Any kind of compatibility involves a constraint on redefinitions.

Classifier is itself a RedefinableElement. This can come into play when a Classifier is nested in a Class or Intefface, whic
becomes theedefinitionContext. Redefining a Classifier in the context of a specializing Class or Interface has the effect of making
any references to the redefined Classifier from an instance of the specializing Class or Interface resolve taithg redefi
Classifier.

Substitution

A Substitution is a relationship between two Classifiers which signifies thatfitieutingClassifier complies with the contract
specified by theontract Classifier. This implies that instances of thestitutingClassifier are runtime substitutable where instances
of thecontract Classifier are expected. The Substitution dependency denotes runtime substitutability that is not based on
specialization. Substitution, unlike specialization, does not imply inheritance ofséuiotit only compliance of publicly
available contracts. It requires that:

1 Interfaces implemented by thentract Classifier are also implemented by #westitutingClassifier or else the
substitutingClassifier implements a more specialized Interfacestyp

1 Any Port owned by theontract Classifier has a matching Port (sEie3.3 owned by theubstitutingClassifier.

9.2.4 Notation

Classifiers

Classifier is an abstract metaclass. It is nevertheless convenient to define in one place a default notation avayjadiedostan
subclass of ClassifierSome specializations of Classifier have their own distinct notations.

The default notatin for a Classifierisasoidut | i ne rect angl e mngrabtdavithrcompatments sepatated s s
by horizontal lines below theame. Thename of the Classifier should be centered in boldface. For those languages that
distinguish betweenppercase and lowercase characters, Classifiers should begin with an uppercase character.

If the default notation is used for a Classifier, the metaclass of Classifier shall be shown in guillemets ataowe theo
metaclass is shown, the metaslaball be assumed to be Class. It is not customary to show «Class» explicitly, and a conforming
tool is not required to be able to do that.

Any keywords (including stereotype names) should also be centered in plain face within guillemets above fike fGlassilf
multiple keywords and/or stereotype names apply to the same model element, each may be enclosed in a separate pair of
guillemets and listed one after the other. Alternatively they may all appear between the same pair of guillemets separated
commas.

Thename of an abstract Classifier is shown in italics, where permitted by the font inAlisenatively or in addition, an abstract
Classifier may be shown using the textual annotation {abstract} after or beleamnits
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Some compartments @lassifier shapes are mandatory and shall be supported by tools that exhibit concrete syntax conformanc
Others are optional, in the sense that a conforming tool may not support such compartments.

Any compartment may be suppressed. A separator linat idrawn for a suppressed compartment. If a compartment is
suppressed, no inference may be drawn about the presence or absence of elements in it.

The compartment named fAattributeso cont atibmepropery.t The attrdoutesf o r
compartment is mandatory and always appears above other compartments, if it is not suppressed.

The compartment named fAoperationso contains notation for
appears below thattributes compartment, if it is not suppressed. The operations compartment is used for Classifiers that own
Operations, including Class (sé&.4), DataType (se&0.2 and Interface (set0.4).

The compartment named Areceptionso contains notation for
appears below the operations compartment, if it is not suppressed. The receptions compartndefior i€lassifiers that own
Receptions, including Class (s&&.4).

Any compartment which contains notation for Features may show those Features grouped under the literals public, private and
protected, representing theigibility. The visibility literalsareleff ust i fi ed in the compartment
appearing indented beneath them. The groups may appear in any order. Visibility grouping is optional: a conformimg tool nee

not support it.

A conforming bol may provide the option to suppress individual Features in a compartment containing notation for Features.

A conforming tool may optionally support compartment nam
it may be hidden. Companent names should be centered and start with loase letters. Compartment names may contain
spaces and should not contain punctuation (including guillemets).

If a Classifier haswnedMembers that are Classifiers (including Behavidrseel3.2), a conforming tool may provide the option to
show the owned Classifiers, and relationships between them, diagrammatically nested within a separate compartment of the
owning Classifierés rect anglobsuch&eomparsrent shallbbederweddrantrepeci f i e
corresponding metamodel property, pluralized if that property has multiplicity greater than 1. So, for example, a campartmen
showing the contents of the propetitgtedClassifier for a Class (se21.4.2 shall be called fAnested ¢
showing the contents of the propestyhedBehaviorf or a Behavi oredCl assifier shall be

If a Classifier owns Constraints, a conforming tool maylanmgent a compartment to show the owned Constraints listed within a
separate compartment of the owning Classifierds rectangl

Other elements

A Generalization is shown as a line with a hollow triaregdean arrowhead between the symbols representing the involved
Classifiers. The arrowhead points to the symbol representingrbémal Classifier.

Multiple Generalization relationships that reference the sgneal Classifier may be shown as separatediwith separate
arrowheads. This notation is referred to as the fiswhgadr at
in the fishared target style. o

There is no general notation for RedefinableElement. See the subclassdsfoidbéeElement for specific notations.

A Substitution is shown as a Dependency with the keyword «substitute» attached to it.

9.2.5 Examples

Examples for Classifier notation are shown under its various concrete subclasses, especially Qthgs4see

Figure9.2 illustrates Generalization notation with different target styles.
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Shape

Separate target style

Polygon Ellipse Spline

Shape

Shared target style

Polygon Ellipse spline

Figure 9.2 Generalization notation showing different target styles

In Figure9.3, a generic Window class is substitutable in a particular environment by the Resizable Window class.

Window ResizableWindow

#sLbskitubes

Figure 9.3 Example of Substitution notation
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9.3 Classifier Templates

9.3.1 Summary

Classifier is a kind of TemplateableElement signifying that a Classifier may be parameterized. It is also (via PackageableEleme
a kind of ParameterableElement so that a Classifier may be a formal TemplateParameter and may be specified as an actual
parametein a binding of a template. Sub clags8 describes the general semantics of templates and their parameters.

9.3.2 Abstract Syntax

Red' bleEfe t | | TemplateSignature |
{subsets redefinableElement, {subsets redefinitionContext,
redefines ownedTemplateSignature} redefines template}
RedefinableTemplateSignature ; D;VHEdTemplatESIQnatwe + classifier ’4 Classifier
" 1
{subsets redefinableElement} {redefines parameteredElement} o e
+ redefinableTemplateSignature + parameteredElement | 1 + | + constrainingClassifie
*
{subsets templateSignature} N
+ redefinableTemplateSignature| *
+ extendedsSignature
{subsets redefinedElement}
{readOnly, subsets parameter} redefines templateParameter
+ [inheritedParameter | * { + temglateparameter} 0.1 + | + classifier TemplateParameter

TemplateParameter |< ! ClassifierTemplateParameter |

+ allowSubstitutable : Boolean = true |

Figure 9.4 Classifier Templates
9.3.3 Semantics

Template and Bound Classifiers
The meanings of the termsmplateandbound elemerdre defined irY.37 Templates.

A Classifier that is parameterized using a RedefinableTemplateSignature is ¢eligolate Classifierwhile a Cassifier with
one or more TemplateBindings is calledaund Classifier

The general semantics of templates as defined in subd&a®i8e There the details of how the contents are merged into a bound
element are left opein the case of Classifier the semantics are equivalent to inserting an anonymous general bound Classifier
representing the intermediate result for each binding, and specializing all these intermediate results by the boumnd Classifie

Members of the expaed bound Classifier may be used as actual parameters in a binding.

A bound Classifier may have contents in addition to those resulting from its bindings.
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The parameters of a template Classifier can be any kind of TemplateParameter. Semantics andreaiatiodefined when the
parameter is a Classifier, a LiteralSpecification, a Property or an Operation.

When the parameter is a Classifier, represented by a ClassifierTemplateParameter, the semantics and notation arbislefined in
clause.

When the panaeter is a LiteralSpecification, the semantics and notation are as specifi&d in
When the parameter is an Operation, the semantics and notation are as spexified in
When the parameter isRaoperty, the semantics and notation are as specifi@é.in

Template Classifier specialization

RedefinableTemplateSignature specializes both TemplateSignature and RedefinableElement in order to allow the addition of n
formd TemplateParameters in the context of a specializing template Classifier.

A RedefinableTemplateSignature redefines the RedefinableTemplateSignatures of all parent Classifiertethatates. All
the formal TemplateParameters of the extended (redBfgignatures are included as formal TemplateParameters of the
extending signature, along with any TemplateParameters locally specified for the extending signature.

Classifier Template Parameters

ClassifierTemplateParameter is a TemplateParameter whesgrdfeteredElement is a Classifier in its capacity of being a kind of
ParameterableElement.

All subclasses of Classifier (such as Class, Collaboration, Component, Datatype, Interface, Signal, and UseCases) may be
parameterized, bound, and used as Tempttameters. The same holds for Behavior as a subclass of Class, and thereby all
subclasses of Behavior (such as Activity, Interaction, StateMachine).

The constrainingClassifier property of ClassifierTemplateParameter specifies a set of Classifierstizh ¢bae argument that
can be used for the parameter. If there are any Classifiers in this set, then the argument shall be compatibleveth, af of t
the following sense:

9 If allowSubstitutable is false, then compatibility means being the same asspecialization of all of the
constrainingClassifiers.

9 If allowSubstitutable is true, then compatibility additionally allows a Substitution wh@seact iS aconstrainingClassifier.
Furthermore, if there are amynstrainingClassifiers, theparameteredElement shall be constrained as follows:

1 If allowSubstitutable is false, then compatibility means being the same as or a direct specialization of all of the
constrainingClassifiers, with no additional features.

1 If allowSubstitutable is true, then compatility additionally allows a Substitution whosentract is aconstrainingClassifier.

In all cases, if th@arameteredElement is not abstract then the Classifier used as an argument shall not be abstract. Apart from this
if the constrainingClassifier property is empty, there are no constraints on the Classifier that can be used as an argument. In this ca:
the parameteredElement shall have no generalizations and no featuresagngubstitutable shall be false.

9.3.4 Notation

See TemplateableElement for thengeal notation for displaying a template and a bound element.
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When a bound Classifier is used directly as the type of a Property, threplateparamname> acts as thprop-typeof the
Property in its notation (see Property).

The general notation for terige parameters specified 7n3.4is extended for the parameters of a template Classifier to include
the following:

<templateparameter> ::= <classifiertemplateparameter> | <operatiortemplateparameter>| <connectablelement
templateparameter>

A ClassifierTemplateParameter extends the notation for a TemplateParameter to include an optional type constraint:
<classifiertemplateparameter>::= <parametername>[  {@ara@meterkind>] [ éomsfraingy [ defadlt>] <

<constraint>: : = [ 6 { c olasdifieraame>* } 6] <

<default> ::= <classifiername>

Theparametetkindi ndi cates the metaclass of the parameteredEl emen

Theclassifiernameof constraintdesignates a constraining&sifier, of which there may be zero or more, with the meaning

specified in the semantics above. The O6contracté option
9.3.5 Examples

The example shows a Class template (named FArray) with two formal TemplatePararhetdirst formal TemplateParameter
(named T) is an unconstrained class TemplateParameter: the metaclass Class has been suppressed from the diagram. The se
formal TemplateParameter (named k) is a Literallnteger that has a default of 10. There alst @lass (named AddressList)

that substitutes Address for T and 3 for k.

contents; T[0..k]

sbinds <T -> Address, k-> 3=

1

AddressList

Figure 9.5 Template Class and Bound Class

The following figure shows an anonymous bound Class that substitutes the Point clagssfthiere is no substitution for k, the
default (10) will be used.
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FArray<T -> Point>

Figure 9.6 Anonymous Bound Class

The following figure shows a template Class (named Car) with two formal TemplateParameters. Tdrenfiist f
TemplateParameter (named CarEngine) is a Class that is constrained to conform to the Class called Engine. The second form:
TemplateParameter (named n) is a Literalinteger.

I CarEngine->Engine, |
1 n:Literallnteger |

e CarEngine dw ; Whesd [n+1]

Figure 9.7 Template Class vith constrained Class parameter

The following figure shows a bound Class (named DieselCar) that binds CarEngine to DieselEngine and n to 2: thus defining a
class of 3wheeled diesel cars.

DieselCar : Car<CarEngine -> DieselEngine, n -> 2>

Figure 9.8 Bound Class
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9.4

9.4.1

Features

Summary

Features represent structural and behavioral characteristics of Classifiers.

9.4.2 Abstract Syntax

{readonly, union,

Redefinableflement
P

«enumerations
CallConcurrencyKind

#EnUmerations

ParameterDirectionKind

«enumeration:s
ParameterEffectKind

{readonly, union,

sequential
guarded
concurrent

stbsets... subsets member}
+ [featuringClassifier + [feature
Classifier ’\s / 9 / Feature
* * [ +isStatic : Boolean = false:
| MultiplicityElement | | TypedElement |
StructuralFeature

BehavioralFeature

+ isReadOnly : Boolean = false

+ isAbstract : Boolean =

+ concurrency ¢ CallConcurrencykind = sequential

alse

in
inout
out
return

create
read

{subsets namespace}
+ ownerFormalParam

update
delete TypedElement
Ja
| MultiplicityElement | | ConnectableElement |

{ordered, subsets
ownedMember}

Parameter

+ ownedParameter

*

+ behavioralFeature + specification

. : -
+ raisedException + method

.
*5 T

0.1 {} {subsets namespace}
0.1 | + behavioralFeature

{subsets ownedMember}
- * | + ownedParameterSet

+ parameter

erSet

(e |

Figure 9.9 Features

9.4.3 Semantics

Features

Each Feature is associated with a Classifier catbgeaturingClassifier. AlthoughfeaturingClassifier h a s

[ gehanior |

0.

-

,7*‘*
I

-

+ parameterSet

' {subsets owner}
+ parameterSet

{subsets ownedElement}
+ condition

Constraint

1%

+ [default : String [0..1]
+ direction : ParameterDirectionkind = in
*- + effect : ParameterEffectkind [0..1]

+ isException : Boolean = false

+ isStream : Boolean = false

4

{subsets owner}

0..1 | + owningParameter

{subsets ownedElement}

0.1 | + defaultvalue

Valuespecification

t he

mul tiplic

UML specification there is always oreturingClassifier which is the owner of the Feature. The Feature represents some structural
or behavioral characteristic for itsaturingClassifier.

TheisStaticp r oper ty
(isstatic=falsé), or to the Classifier itselisGtatic=true). All semantics relating to Features that do nqtieitly state whether the

speci fies

whet her

t he

character.i

stic

r el

at e

feature is static shall be assumed to refer testatic Features. Where semantics are not explicitly specified for static Features,
those semantics are undefined.

Structural Features

A StructuralFeature is a typed Feature d@flassifier that specifies the structure of instances of the Classifier.

The StructuralFeatures of a Classifier that are Properties are caltetitires of the Classifier (se®.2.3. In UML, Property is

the only kind ofStructuralFeature so all of the StructuralFeatures of a Classifier are Properties, araimenrse

For each instance of a Classifier there is a value or collection of values for each direct or inherstaticaribute of the
Classifier, as fobbws:

104
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1 If the upper bound of thatribute is 1, there shall be a single value whose Type conforms to the Typeagfithe.

1 If the upper bound of thatribute is not 1, there shall be a collection of values whose size is not greater than the upper
bourd, each of whose Types conforms to the Type obtfisute.

If a StructuralFeature is marked wigStatic = true, then the two bullet points above are relative to the Classifier itself considered
as an identifiable individual within some execution scapther than to individual instances. The execution scope is not defined
in UML.

Inherited static StructuralFeatures shall have one of two alternative semantics, within a given execution scope:
1. The value of the StructuralFeature is always the same yanhariting Classifier as its value for the owning Classifier.

2. The StructuralFeature has a separate and independent value for its owning Classifier and for each Classifier that inher
it.

If a StructuralFeature is marked wisReadOnly true, then it mg not be updated once it has been assigned an initial value.
Conversely, wherReadOnly is false, the value may be modified at any time.

Behavioral Features

A non-static BehavioralFeature specifies that an instance fhitsingClassifier will react © aninvocationof the
BehavioralFeature by carrying out a specific behavioral response. Subclasses of BehavioralFeature model different behavioral
aspects of a Classifier.

The list ofownedParameters describes the order, type, and direction of arguméatsmay be given when the BehavioralFeature is
invoked, or which are output and returned when the invocation completes.

TheownedParameters with direction in or inout define the arguments that shall be provided when invoking the BehavioralFeature.
The ownedParameters with direction out, inout, or return define the arguments that will be output and returned from a successful
invocation.

A BehavioralFeature may raise an exception during its invocation. Possible exception types may be specified by atadhing th
the BehavioralFeature using the raisedException association.

One way to define the behavioral response of a BehavioralFeature is to specify one or more Beheatiaxs Hsat implement

the BehavioralFeature. An invocation of the BehavioralFedhdae results in the execution of one of the associatedds (as
further discussed in sub clauk®.2on Behaviors). Th&Abstract property, when true, specifies that the BehavioralFeature does
not have anynethods implementing it, with the expectation that an implementation will be supplied by a more specific element.

Theconcurrency property specifies the semantics of concurrent calls to the same instance. Its type is CallConcurrencyKind, an
enumeration with the followipliterals:

sequential | No concurrency management mechanism is associated with the BehavioralFeature and, there
concurrency conflicts may occur. Instances that invoke a BehavioralFeature need to coordinal
that only one invocation to a target on @shavioralFeature occurs at once.

guarded Multiple invocations of a BehavioralFeature may occur simultaneously to one instance, but on
is allowed to commence. The others are blocked until the performance of the currently execut
BehavioralFeatures complete. It is the responsibility of the system designer to ensure that dea
do not occur due to simultaneous blocking.

concurrent | Multiple invocations of a BehavioralFeature may occur simultaneously to one instance and all
them may proceedonicurrently.

Parameters

A Parameter is a specification of an argument used to pass information into or out of an invocation of a BehaviordlReature.
Type and Multiplicity of a Parameter restrict what values may be passed, how many, and whetheeshergadrdered. The
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Multiplicity defines a lower and upper bound on the values passed to the Parameter at runtime. A lower bound of ze® means tl
Parameter is optional. Actions using the Parameter may execute without having a value for optionalrBafaloetr bound
greater than zero means values for the Parameter are required to arrive sometime during the execution of the action.

If a defaultvalue is specified for a Parameter, then it is evaluated at invocation time and used as the argumeRai@amntieier if
and only if no argument is supplied at invocation of the BehavioralFeature.

A Parameter may be givemame, which then identifies the Parameter uniquely within the Parameters of the same
BehavioralFeature. If it is unnamed, it is distingeidtonly by its position in the ordered list of Parameters.

Thedirection property specifies whether a value is passed into, out of, or both into and out of the owning BehavioralFeature. A
single Parameter may be distinguished as a return Parametepelts BarameterDirectionKind, an enumeration of the
following literal values:

in Indicates that Parameter values are passed in by the caller.

inout Indicates that Parameter values are passed in by the caller and then back out to the caller.
out Indicates that Parameter values are passed out to the caller.

return Indicates that Parameter values are passed as return values back to the caller.

Theeffect property may be used to declare additional indications of the effect on values passed in olPanapfeder. It is a
declaration of the modeler's intent, and does not have execution semantics: the modeler must ensure that the Parameter has tl
stateckffect. Its type is ParameterEffectKind, an enumeration of the following literal values:

create Indicates that the value passed out of the Parameter is created by the invocation.
read Indicates that the value passed across the Parameter is read by the invocation.
update Indicates that the value passed across the Parameter is updated by the invocation.
delete Indicates that the value passed into the Parameter is deleted by the invocation.

Only in and inout Parameters may have a delete. Only out, inout, and return Parameters may have a crgate

TheisException property applies to output Raneters. An output posted to a Parameter i#tlzeption true during an invocation
of a BehavioralFeature excludes outputs from being posted to any other outputs of the BehavioralFeature during the same
invocation. The type of such an exception Paramme#sr be included in theisedException set, but does not have to be included.

TheisStream property, when true, designates a streaming Parameter. A streaming Parameter expresses the expectation that ar
Behavior implementing this feature will exhibitesiming behavior on this Paramétesee subclausi3.2 The semantics for a
Parameter designated as streaming when the implementing Behavior does not exhibit streaming behavior are undefined.

A ParameterSet owned by a BelmaiFeature is an element that provides alternative sets of inputs or outputs that the Behaviors
that implements that BehavioralFeature may use. The Parameters in a ParameterSet shall all be inputs or all ougmies of the s
BehavioralFeature: a Parameet with all inputs is called an input ParameterSet, and one with all outputs is called an output
ParameterSet.

A BehavioralFeature with input ParameterSets may only accept inputs from Parameters in one of the sets per invocation. A
BehavioralFeature witbhutput ParameterSets may only return outputs to the Parameters in one of the sets per invocation. The
semantics ofonditions on input and output ParameterSets of BehavioralFeatures is the same as Opetaitiions and

postconditions, respectively, bt apply to only to invocations that accept inputs to or return outputs from Parameters in the
ParameterSet having thendition.

9.4.4 Notation

There is no general notation for Feature. Subclasses define their specific notation.
There is no general notationrfBarameter. Specific subclasses of BehavioralFeature define notation for their Parameters.

There is no general notation for ParameterSet. Specific subclasses of BehavioralFeature define notation for ParameterSets.
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Static Features are underlined.

Where Fetures are shown in lists, an ellipsis (...) as the final element of a list of Features may be used to indicate thdt additionz
Features exist but are not shown in that list.

A read only StructuralFeature is shown using {readOnly} as part of the notatitrefStructuralFeature. This annotation may be
suppressed, in which case it is not possible to determine its value from the diagram. Alternatively a confirming togi may onl
allow suppression of the {readOnly} annotation wh®eadonly=false. In this cassit is possible to assume this value in all cases
where {readOnly} is not shown.

Feature redefinitions may either be explicitly notated with the use of a {redefines <x>} property string on the Feapligtly im
by having a Feature with the same nameaanot her Feature in one of the owning
cases, the redefined Feature shall conform to the compatibility constraint on the redefinitions.
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9.5

9.5.1 Summary

Properties

Properties are StructuralFeatures that represettihetes of Classifiers, thenemberEnds of Associations, and therts of

StructuredClassifiers.

9.5.2 Abstract Syntax

«enumerations
AggregationKind
none

| StructuralFeature | | DeploymentTarget

shared

{subsets namespace,
subsets classifier}
+ Interface

composite

{subsets featuringClassifier,
subsets namespace,
subsets association, subsets

{ordered, subsets feature, subsets
redefinableElement, subsets
memberEnd, subsets ownedMernber}

{ordered, subsets attribute, subsets
ownedMember}

Property

+ ownedAttribute

Interface ||=‘v

0.1

{subsets namespace,
subsets classifier}

+ datatype + ownedAttribute
0.1 *

{subsets namaspace, subsets
structuredcClassifier, subsets classifier}
+ class

-

{ordered, subsets attribute,
subsets ownedMember}

{ordered, subsets attribute, subset:
ownedMvember, redefines
ownedAttribute}

+ ownedAttribute

0.1

Figure 9.10 Properties

9.5.3 Semantics

*

+ aggregation : Aggregationkind = none

+ fdefault : String [0..1]

+ [isComposite : Boolean = false

+ isDerived : Boolean = False

+ isDerivedUnion : Boolean = false

+isID : Boolean = false

+ isReadOnly : Boolean = false {redefines isReadOnly}

redefinitionContext}
+ ownedeEnd + owningAssociation
* 0.1 Association
{ordered, subsets member} {subsets memberhamespace}
+ rmemberEn + association
2% 0.1
+ qualifier  {ordered, subsets ownedElement}
*
0.1
+ associationEnd  {subsets owner}
0.1
+ [opposite
0.1
+ property
{subsets owner} {subsets ownedElement}
+ owningrPropert: + defaultValue
grroperty fe cification

0.1 0.1

+ property

N subsettedProperty

{subsets redefinedElement}
+ redefinedProperty [+

+ property
{subsets
redefinableElement}

A Property may represent atribute of a Classifier, amemberEnd of an Association, or in some cases both simultaneously.

A useful convention for general modeling scenarios is that a Property whose type is a kind of Class is an Associatidea&nd, wh
property whose type is a kind of DataType is not. This cotime is not enforced by UML.

A Property represents a declared state of one or more instances in terms of a named relationship to a value or values. When a
Property is a nostatic attribute of a Classifier, the value or values are related to the inefaheeClassifier by being held in

sl ots of

t he i

nstance.

\WbmeereEnd,ahe Yalueop values gre related #o the iAstasce ar instiahdeah

the other end(s) of the association (§&e& Associatims). When a Property is a stadicibute of a Classifier, the value or values
are related to the Classifier itself within some execution scope.

A Property that is aemberEnd may itself have other Properties that servquasiers.

When a Property iswned by a Classifier other than an AssociatiorwigdAttribute, then it represents airibute of the
Classifier. When related to an Association mianberEnd it represents an end of the Association. For a binary Association, it may

10¢
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be both at onceln either case, when instantiated a Property represents a value or collection of values associated with an instan
of one (or in the case of a ternary or higbedler association, more than one) Classifier. This set of Classifiers is called the
contextfor the Property; in the case of amibute the context is the owning Classifier, and in the case of an association end the
context is the set of Classifiers at the other end or ends of the Association.

If there is adefaultvalue specified for a Propertyhis default is evaluated when an instance of the Property is created in the
absence of a specific setting for the Property or a constraint in the model that requires the Property to have a spetiiie val
evaluated default then becomes the initialieafor values) of the Property.

If a Property hagbDerived = true, it is derived and its value or values may be computed from other information. Actions involving
a derived Property behave the same as for a nonderived Property. Derived Properties speafted to be readnly (i.e.,

clients may not directly change values). But where a derived Property is changeable, an implementation is expected to make
appropriate changes to the model in order for all the constraints to be met, in particulaivdi®deonstraint for the derived
Property. The derivation for a derived Property may be specified by a constraint.

Property is indirectly a kind of RedefinableElement, so Properties may be redefineshmélamnduvisibility of a Property are not
required to match those of any Property it redefines.

A derived Property may redefine one which is not derived. An implementation shall ensure that the constraints implied by the
derivation are maintained if the Property is updated.

If a Property has a specifietéfault, and the Property redefines another Property with a specified default, then the redefining
Propertyds default is used in place of the more general

A Property has aaggregation property, of type AggregationKindhis is an enumeration with the following literal values:

none Indicates that the Property has no aggregation semantics.

shared Indicates that the Property has shared aggregation semantics. Precise semantics of shared a
varies by application aa and modeler.

composite | Indicates that the Property is aggregated compositely, i.e., the composite object has responsi
the existence and storage of the composed objects) (

Composite aggregation is a strong form of aggregation thairescppart (seell.2.3 instance be included in at most one
composite instance at a time. If a composite instance is deleted, abakitre normally deleted with it.

NOTE. A part may (where otherwise allowed) bermoved from a composite instance before the composite instance is deleted,
and thus not be deleted @st of the composite instance.

Compositions may be linked in a directed acyclic graph with transitive deletion characteristics; that is, deletingrariretama
part of the graph will also result in the deletion of all elements of the subgraph below that element. The precise lifecycle
semantics of composite aggregation is intentionally not specified. The order and way in which composed instaeatsdaee c
intentionally not defined. The semantics of composite aggregation when the contagaelisdyped by a DataType are
intentionally not specified.

A Property may be marked as the subset of anetiesttedProperty. In this case, the collectioof values denoted by the
subsettingroperty in some context shall be included in (or the same as) the collection of values denoteshityetheProperty in
the same context.

A Property may be marked as being a derived union, by seitietyedUnion to true. This means that the collection of values
denoted by the Property in some context is derived by being the strict union of all of the values denoted, in the sanbg contex
Properties defined to subset it. If the Property has a multiplicity upperd of 1, then this means that the values of all the
subsets shall be null or the same.

A Property may be marked, via the property isID, as being (part of) the identifier (if any) for Classifiers of whicheithiza

The interpretation of this is lebpen but this could be mapped to implementations such as primary keys for relational database
tables or ID attributes in XML. If multiple Properties are marked (possibly in generalizing Classifiers) then it is thetiombi

of the (Property, value) tigs that will logically provide the uniqueness for any instance. Hence there is no need for any
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specification of order and it is possible for some (but not all) of the Property values to be empty. If the Propertaisi@aulti
then all values are included

A qualifier of a Property that is an Association end declares a partition of the set of associated instances with respect to an instal
at the qualified end (the qualified instance is at the end to which the qualifier is attached)ifidr valueis a tuple comprising
one value for eactualifier.

In the common case in which the multiplicity at the end(s) opposite the qualified end is 0..1, the qualifier value isitmique
respect to the qualified instance, and designates at most one associatext iper opposite end. In the general case of

multiplicity 0..*, the set of associated instances is partitioned into subsets, each selected by a given qualifiethakesdrof
multiplicity 1 or 0..1, the qualifier has both semantic and implememta&ibnsequences. In the case of multiplicity 0..*, it has no

real semantic consequences but suggests an implementation that facilitates easy access of sets of associated ingdigirzces linkec
given qualifier value.

NOTE. A qualified multiplicity whose lower bound is zero indicates that a qualifier value may be absent; while a lower bound of
1 indicates that a qualifier value shall be present. The latter is reasonable only for qualifiers with a finite set @l @ss
enumerated values or integer raapthat represent full tables indexed by the qualifier value.

Property specializes ParameterableElement to specify that a Property may be exposed as a formal
ConnectableElementTemplateParameter {de2.3, and provided @.an actual parameter in a binding of a template. Within a
template a Property TemplateParameter may be used like any other accessible Property. Any references to the Property
TemplateParameter within the template will end up being a reference to thkRxciperty in the bound element.

9.5.4 Notation

The following general notation is defined for Properties.

NOTE. Some specializations of Property may also have additional notational forms. These are covered in the appropriate
Notation sub clauses of those ckss

<property> ::= [<visibitypg>]] [&/&] <mulatmep! i[ &i. tomnodified 3o @ ] [
[ 6, 6 -mxopdriofpi er >]* 61} 6]

where:

1 <visibility> is the visibility of the Property. (See VisibilityKindsub claus€.4.)

<visibilitdy> :6:#0 g +06~06 6

T 6/ 6 signifies that the Property is derived.

1 <name>is the name of the Property.

1 <prop-type>is the name of the Classifier that is the type of the Property.

1 <multiplicity> is the multiplicityof the Property. If this term is omitted, it implies a multiplicity of 1 (exactly one). (See
MultiplicityElementi sub clausé.5.)

1 <default>is an expression that evaluates to the default value or values of the Property.

1 <prop-modifier> indicates a modifier that applies to the Property.
<prop-modifier>::=6r ea d|Omuiny ® n 6 <propérsroame>dt s 6
0r e d edproperereaine> |0 or d poruendidppume®d uni qued 0seqb | Osequence
G d $dprop-constraint>

where:
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1 & e ad Onednytidat the Property is read only.
1 6 u n imeamsthat the Property is a derived union of its subsets.

1 6 s u b spmperydame>means that the Property is a proper subset of the Property identifigatdperty-
name>.

1 6r e d edproperersaire> means that the Property redefines an inherited Property identifiegroperty-
name>.

6 o r d meaesdhat the Property is ordered, iserdered = true.
6 u n i means that there are no duplicates in a Avaltied Property, i.eisUnique = true.
6nonuni qued means t hat tvaleed Bropery,y.eistnique dfalsp.l i cat es i n

& eqbd or nieans tihat thenpecopedty represents an ordered bagyihigue = false andsOrdered = true

=A =2 =4 =4 =4

0 i means that the Property is part of ittentifier for the class.
1 <prop-constraint>is an expression that specifies a constraint that applies to the Property.

A qualifier is shown as a small rectangle attached to the end of an association path between the final path segment and the sym
of the Classifier that it connects to. The qualifier rectangle should be smaller than the attached class rectangle, umess this is
practical. The qualifier rectangle is part of the association path, not part of the Classifier. The qualifier rectdaghedtatthe

end of the association path that representsmeerend that owns theualifier.

The multiplicity attached to the target end denotes the possible cardinalities of the set of target instances seleptdrigydhe
a qualified instanceral a qualifier value.

The qualifier attributes are drawn within the qualifier box. There may be one or more attributes, shown one to a liee. Qualif
attributes have the same notation as Classifier attributes, except that initial value expressiomaeanringtul.

It is permissible (although somewhat rare), to have a qualifier on every end of a single association.
A qualifier may not be suppressed.
The notation for the aggregation of a Property is defindd.iB Associatons.

In a Classifier, the type, visibility, default, multiplicity, property string may be suppressed from being displayedttrerersife
values in the model.

In a Classifier, the individual properties of an attribute may be shown in columns rathasthaontinuous string.
In a Classifier, an attribute may also be shown using association notation, with no adornments at the tail of the arrow.
The notation for a ConnectableElementTemplateParameter used to parameterize a template Classifier byia thisper

<connectableelementemplateparameter> ::= <propertyn a me > 0 : Propertyéo
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9.5.5 Examples

ClassA

name: String

shape: Rectangle

+ size: Integer [0..1]

[ area: Integer {readOnly}
height: Integer= 5

width: Integer

ClassB

Id {redefines name}
shape: Square
height=7

/ width

Figure 9.11 Examples of attributes

The attributes ifrigure9.11 are explained below

1 ClassA::name is an attribute with type String.
ClassA::shape is an attribute with type Rectangle.
ClassA::size is a public attribute of type Integer with multiplicity 0..1.
ClassA::area is a derived attribute with type Integer. It is marked a®ndad
ClassA::height is an attribute of type Integer with a default initial value of 5.
ClassA::width is an attribute of type Integer.
ClassB::id is an attribute that redefines ClassA::name.

ClassB::shape is an attribute that redefines ClassA::shape. It kaSdypre, a specialization of Rectangle.

=A =/ =4 =4 -4 -4 -4 -

ClassB::height is an attribute that redefines ClassA::height. It has a default of 7 for ClassB instances that overrides the
ClassA default of 5.

1 ClassB::width is a derived attribute that redefines ClassA::widtlghwikinot derived.

Figure9.12 shows how an attribute may be shown using association notation.
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size
o
1

Window - Area

Figure 9.12 Associationtlike notation for attributes

Figure9.13illustrates some qualified associations. The left diagram shows that given a Bank, a particular accountNo identifies
zero or one Person. The qualifier is the property accountNo, and the qualified object is the Bank. The qualifier ig thened b
unnamed property at the Bank end of the association, i.e., the Property whose type is Bank.

The right diagram shows how an individual Square on the Chessboard may be identified by rank and file; in this caseebecause
multiplicity is 1, the diagram shovikat every possible value for Rank and File indicates an individual Square. In this case the
gualifiers are owned by the unnamed association end property whose type is Chessboard, while the opposite property whose t
is Square is marked with aggregati= composite.

Bank Chessboard

accountNo rank : Rank
N file : File
1
0..1 1
Person Square

Figure 9.13 Qualified associations
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9.6 Operations

9.6.1 Summary

An Operation is a BehavioralFeature that may be owned by an Interface, DataType or Class. Operations may also be template
and used amplate parameters.

9.6.2 Abstract Syntax

{subsets featuringClassifier,
subsets namespace, subsets

redefinitionContext}:
I:Interface + interface
0.1

eature |

lement

bleElement

|.,._

{ordered, subsets feature,

subsets

redefinableElement,

subsets ownedMember}
+ ownedOperation

{subsets ownerFormalParam}

Operation

+ operation

{ordered, redefines ownedParameter}
+ ownedParameter

+ [isOrdered : Boolean = false {readOnly}

+ isQuery : Boolean = false

+ [isUnigue : Boolean = true {readCnly}

+ [lower : Integer [0..1] = 1 {readOnly}

+ Jupper : UnlimitedMatural [0..1] = 1 {readCnly}

{subsets featuringClassifier,
subsets namespace, subsets
redefintionContext}

+ datatype

*

{ordered, subsets feature,
subsets
redefinableElernent,
subsets ownedMember}

+ ownedOperation

DataType
0.1

{subsets featuringClassifier,
subsets namespace, subsets

redefinitionContext}
+ class
Figure 9.14 Operations

9.6.3 Semantics

Operations

*

{ordered, subsets

feature, subsets

redefinableElerment,

subsets ownedMember}
+ ownedOperation

*

0.1

{subsets context}

+ =|| Parameter

{subsets ownedrule}

+ precondition

*

{subsets redefinableElerment}
+ operation
¥

{redefines parameteredElement}
+ parameteredElement 1
{redefines templateParameter}
+ templateParameter | 0,.1

| OperationTemplateParameter |

N/
TemplateParameter

*

+ redefinedOperation

{subsets redefinedElement}

+ preContext
- Constraint
0.1 *
{subsets context} {subsets ownedRule}
|+ postContext + postcondition
0.1 *
{subsets context} {subsets ownedRule}
- + bodyContext + bodyCondition
0.1 0.1
+ operation 0.1
« + [type Type
{subsets behavioralFeature} {readoniy}
+ operation *
+ raisedException

{redefines raisedException}

An Operation is a BehaviorialFeature of an Interface, DataType, or Class. An Operation may be directly invoked ondfistances
its featuringClassifiers. The Operation specifies theme, type, Parameters, and Constraints for such invocations.
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If there is a return Parameter, thge and multiplicity of this Parameter is the same asyifeeand multiplicity of the Operation
itself.

The preconditions for an Operation define conditions that shall be true when the Operation is invokedprétes@ions may be
assumed by an implementation of this Operation. The behavior of an invocation of an Operatiopradaeditan is not
satisfied is intentionally undefined.

The postconditions for an Operation define conditions that will be true when the invocation of the Operation completes
successfully, assuming the:conditions were satisfied. Theg@stconditions shall be satisfiedypany implementation of the
Operation.

ThebodyCondition for an Operation constrains the return result. BdagCondition differs frompostconditions in that thebodyCondition
may be overridden when an Operation is redefined, whese@snditions may only be added during redefinition.

An Operation may raise an exception during its invocation. When an exception is raised, it should not be assumed that the
postconditions Or bodyCondition of the Operation are satisfied.

An Operation may be redefined in a sjadization of thefeaturingClassifier. This redefinition may specialize the types of the owned
Parameters, add neweconditions Or postconditions, add newaisedExceptions, or otherwise refine the specification of the Operation.

Different typeconformane systems adopt different schemes for how the types of parameters and results may vary when an
Operation is redefined in a specialization. When the type may not vary, it is called invariance. When the parametebg/pe ma
specialized in a specializedpty, it is called covariance. When the parameter type may be generalized in a specialized type, it is
called contravariance. In UML, s

If the isQuery property is true, an invocation of the Operation shall not modify the state of the instance or aaleotbat in the
model.

An Operation may be owned by and in the namespace of a Class, DataType or Interface that provides the context fa its possil
redefinition. The owning classifier of the Operation provides its redefinitionContext.

Template Operations

Operation specializes TemplateableElement in order to support specification of template Operations and bound Operations.
Bound Operations must be owned by a Classifiethe original operation was defined with a Behavior, then the bound element
has tobe owned by a Classifier that is consistent with that BehaVibis means one of three things: (a) the bound operation
appears in the same Classifier as the template; (b) the
templatewas defined without sideffects in a static class and the bound one can then appear anywhere.

Operation Template Parameters

An Operation may be exposed by a template as a formal template parameter via an OperationTemplateParameter.
OperationTemplatePargeter is a kind of TemplateParameter where the parametered element is an Operation. Within a template
Classifier an OperationTemplateParameter may be used like any other accessible Operation. Any references to the
OperationTemplateParameter within the téatewill end up being a reference to the actual Operation in the bound Classifier.

For example, a call to the OperationTemplateParameter will be a call to the actual Operation.

A default for an OperationTemplateParameter must be an Operation with thpazameter types, directions, and multiplicities
as the exposed Operation.

9.6.4 Notation

If shown in a diagram, an Operation is shown as a text string of the form:

[ <visibility>] <ndAdanmsa>]06 (60 & Wpda>da nifedrleedt wrmu |l t i pl i city> 6] 06
[ 6{ 6 -p<rooppeerr t y >p{ @p &r <ypypler 0} 6] ]
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where:

= =2 = =4

<visibility> is thevisibility of the Operation (se24).
<visibility> : : =6 6+ 66406 6] 6~0

<name> is thename of the Operation.
<return-type> is the type of the return result Parameter if the Operation has one defined.
<multiplicity> is the multiplicity of the return type (s&e5).

<operproperty> indicates the properties of the Operation.
<operproperty> : : = < dopednarhet nle 6quer yd | Opescahgraimdd | oSuni qued

where:

1 o6r e d e fopemane-tmeans that the Operation redefines an inherited Operation identifiexhbyrame-.

T 6qgueryd means that the Operation does not change th
T 6orderedd means that the values of the return Paran
T 6uniqued means that the values returned by the Par a
1 <operconstraint is a constraint that applies to the Operation.
1 <parametetlist> is a list of Parameters tife Operation in the following format:

<parameteflist> ::= <parameter [ paranieter]*

<parametep ::= [<directior>] <parametefname>  Otypéexpression

[ O indtiglicity> 6 ] 0 ]defaubE 6 <
[ 6 {p@mproperty> [ garméproperty>] * 6} 0]

where:

1 «<director> :: = 6ind | O6outd | Obéinoutd (defaults to bin

1 <parametername> is the name of the Parameter.

1 <typeexpressior is an expression that specifies the type of the Parameter.

1 <multiplicity> is the multiplicity ofthe Parameter. (See MultiplicityEleménsub clausg.5).

1 <default is an expression that defines the value specification for the default value of the Parameter.

1 <parmproperty> indicates additional property values that afplyhe Parameter.

The parameter list may be suppressed.

The return result of the Operation may be expressed as a return parameter, or as the type of the Operation. For example:

toString(return : String)

means the same thing as

toString() : String

The TempateParameters of a template Operation are in a list between the name of the Operation and the Parameters of the
Operation.

11¢
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[<visibility>] <name> ¢ terdplateparameterlist> 6 > Oparanfetgéflis(>¢ 6 ) @turfrtgpe>d [[mdlfiplicityx o6 6] [
<operproperty> [ dperproperty>] * 6} 6] ]

The TemplateParameter bindings of a bound template Operation are in a list between the name of the Operation and the
Parameters of the Operation.

[<visibility>] <name> 0 <binding-expressiodist> 0 >& pprametédist>] 6 ) @turfrtgpe>d [[mblfiplicity=x 6] 06 ]
[ 6 {ogerproperty> [ dperproperty>] * 6} 6] ]

where< binding-expressioflist> ::= <binding-e x pr e s s i 0 n >-expreéssiod>]*sard ibmdingexgressior is defined
in7.3.4

Within the notation for formal TemplateParameters and TemplateParameter bindings, an Operation is sbp@natis<
name>  érameterlist> 06 ) 6 .

An OperationTemplateParameter extends the notation for a TemplatePararnmefieidsthe Parameters for the Operation:
<operationtemplateparameter :;= <parameter [ &é: Opedefautt] ond] [ 6=06 <

<parametep ::= <operationname>  éaradmeterlist> 6 ) 06
<default ::= <operationnamed (pérameteflist> 6 ) 6

The notationinclasd i agr ams f or exceptions and streaming Parameter s
in the property string.

9.6.5 Examples

Normal Operations:
display ()
-hide ()
+createWindow (location: Coordinates, container: Container [0..1]): Window
+toString (): String
A template Operation:
f<T:Class>(x: T)
A binding of that template Operation.
f << T ->Window >>(x : Window)

NOTE. Parameters may be suppressed; they are calculated by the binding.
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9.7 Generalization Sets

9.7.1 Summary

GeneralizationSet provid@sway to group Generalizations into orthogonal dimensions. A GeneralizationSet may be associated
with a Classifier called its powertype. These techniques provide additional expressive power for organizing classification
hierarchies.

9.7.2 Abstract Syntax

PackageableElement

- + powertype + powertypeExtent | GeneralizationSet | | qongrglizationSet + generalization —
Classifier lf= + isCovering : Boolean J] Generalization
0.1 * | + isDisjoirk : Boolean * *

Figure 9.15 Generalization Sets
9.7.3 Semantics

Generalizations may be grouped to represent orthogonal dimensions of generalzatibrgroup is represented by a
GeneralizationSetThe generalizationSet propertydesignates the GeneralizationSets to which the Generalization belongs. All of
the Generalizations in a particular GeneralizationSet shall have the same general Classifier.

TheisCovering property of GeneralizationSet specifies whether the specific Gtassif the Generalizations in that set are

complete, in the following sense:idCovering is true, then every instance of the general Classifier is an instance of (at least) one of
the specific ClassifiersTheisDisjoint property specifies whether tlepecific Classifiers of the Generalizations in that set may
overlap, in the following sense:ibisjoint is true, then no instance of any of the specific Classifiers may also be an instance of
any other of the specific ClassifierBy default, both prperties are false.

A GeneralizationSet may optionally be associated with a Classifier callesvéigpe. This means that for every Generalization
in the GeneralizationSet, the specializing Classifier is uniquely associated with an instangewdrtfie, i.e., there is a-1
correspondence between instances opthertype and specializations in the GeneralizationSet, so thaithetype instances and
the corresponding Classifiers may be treated as semantically equivalent. How this semantenegus/amplemented and how
its integrity is maintained is not defined within the scope of UML.

9.7.4 Notation

When Generalization relationship lines are named, that name designates the GeneralizationSet to which the Generalization
belongs. All Generalizatioretationships with the same GeneralizationSet name are part of the same GeneralizationSet. This
notation form is depicted iRigure9.16.
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GeneralizationSetl GeneralizationSet2

Generalizationfetl

Figure 9.16 GeneralizationSets designatedyoname

When two or more | ines are drawn to the

S ame

style as illustrated ifrigure9.17, the specific Classifiers are part of the same GeneralizaionS

arrowhead

A

GeneralizationSet2

GeneralizationSet1 GeneralizationSetl

A

Figure 9.17 GeneralizationSets designated by shared target

GeneralizationSet2

With either of the notation forms above, if there are no labels on the Generalization arrows it cannot be determined from the

diagram whethethiere are any GeneralizationSets in the model.

Lastly inFigure9.18, a GeneralizationSet may be designated by drawing a dashed line across those lines with separate
arrowheads that are meant to be part of the same set. Her&igusréd.17, the GeneralizationSet is labeled with a single name,

instead of each line labeled separately. This label may be elided.
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neralizationSetl
Generalizationset! = __ _|_. GeneralizationSet2

Figure 9.18 GeneralizationSet designated by dghed line spanning Generalization arrows

To indicate whether or not a generalization set is covering and disjoint, each set may be labeled with a constraigtafamséstin
of the keyword pairs indicated below.

Table 9.1 GeneralizationSet constraints

{complete, disjoint} Indicates the generalization set is covering and its specific Classifiers have no common instance
{incomplete, disjoint} Indicates the generalization set is not covering and its sp&t#&sifiers have no common instances.
{complete, overlapping} Indicates the generalization set is covering and its specific Classifiers do share common instance
{incomplete, overlapping} Indicates the generalization set is not covering and its sp&t#fsifiers do share common instances,

The constraints may appear in either order: {complete, disjoint} is equivalent to {disjoint, complbeHefault values are
{incomplete, overlapping}. If only one constraint is shown, the other takes its deddwsdt

Graphically, the GeneralizationSet constraints are placed next to the sets, whether the common arrowhead notation @semploye
illustrated inFigure9.19 below, or the dashed line notation as showRigure9.20.

A

{GeneralizationSetConstraint1} {GeneralizationSetConstraint2}

Figure 9.19 GeneralizationSet constraint notation with shared target style
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{GeneralizationSetConstraint3} {GeneralizationSetConstraint4}

Figure 9.20 GeneralizationSet constraint notation with dashd line style

Power type specification is indicated by placing the name of the powertype Claspifemeded by a colénnext to the
corresponding GeneralizationSEtgure9.21 below indicates how this would appear for the sharesivdnead notation, and

Figure9.22 shows it for the dashdihe notation.

PowerTypel PowerType2

A

PowerTypel
:PowerTypel

Figure 9.21 Power type notation with shared target style

PowerTypel PowerType2

:PowerTypel

:PowerTypel

Figure 9.22 Power type notation with dashed line style

9.7.5 Examples
In Figure9.23, Person is specialized as Woman and Man. Separately, Person is specialized as Employee. Here, the specializat

to Woman and Man constitute one GealizationSet and that to Employee another. This example employs the various notation
forms.
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gender

Woman

Person
employment
gender status
gender
Woman Man Employee
Person

employment
status

employment

ctatus

Employee

Person

Woman

Employee

Woman

Man

Employee

Figure 9.23 GeneralizationSet notation options

In Figure9.24 below, Person is speciaéid as Woman and Man. Because this GeneralizationSet is partitioned (i.e., is constrained
to be complete and disjoint), each instance of Person shall either be a Woman or a Man; that is, it shall be one antheaither
both. (Therefore, Person is alpstract class because a Person object may not exist without being either a Woman or a Man.)
Person is also specialized as Employee, and this single specialization is expressed as {incomplete}, which meansrthat a Perso
may either be an Employee or not. €akogether, the diagram indicates that a Person may be 1) either a Man or Woman, and 2)

an Employee or not (a total of four options).
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{complete, disjoint} {incomplete}

Woman

Employee

Figure 9.24 GeneralizationSets and constraints

One of the ways botasts organize trees is by species. Each tree we see may be classified as an American elm, sugar maple,
apricot, saguat® or some other species of tree. The class diagram below expresses that each Tree Species classifies zero or n
instances of Tree, and@aTree is classified as exactly one Tree Species. For example, one of the instances of Tree could be th

tree in your front yard, the tree in your neighbatedtse bac
relationships tat exist between these two sets of objects. For instance, the tree in your front yard might be classified as a sugar
mapl e, your neighborés tree as an apricot, and soabeaf. Th

Patternand has a general location in any number of Geographic Locations. For example, the saguaro cactus has leaves reduce
large spines and is generally found in southern Arizona and northern Sonora. Additionally, this figure indicates easlaiiree ha
actud location at a particular Geographic Location. In this way, a particular tree could be classified as a saguaro and ine locate
Phoenix, Arizona.
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tree tree species
Tree * 1 Tree Species
&
. * 1
: TreeSpecies | {disjoint, tual general \eaf
incomplete} actua -
location | 1 * (locations | |pattern
Geographic Leaf
— Sugar Maple Location Pattern
—  Apricot
| | American
Elm
— Saguaro

Figure 9.25 Power type example

This diagram also illusttas that Tree is subtyped as American Elm, Sugar Maple, Apricot, or SAguasomething else. Each
subtype, then, may have its own specialized Properties. For instance, each Sugar Maple could have a yearly mapleo§ugar yielc
some given quantity, each@saro could be inhabited by zero or more instances of a Gila Woodpecker, and so on.

The powertype designation on the Tree GeneralizationSet specifies that the instances of TreeSpeciestas@ni@ one
correspondence to the subclasses of Tree.

This conceptpplies to many situations within many lines of businEggire9.26 depicts other examples of power types. The
name on the GeneralizationSet beginning with a colon indicates the power type.
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account 1 vehicle 1

Account . ; Vehicle
Account * account type Vehicle * vehicle type
typ Type ty Type
{disjoint, incomplete} {disjoint, incomplete}
:AccountType :‘VehicleType
Checking
| Account ] Truck
Savings
| Account ] Car
{a) Bank account/account type example (b) Vehicle/vehicle type example
disease 1 Tnstalled service 1 Teleoh
Disease ; — Disease ns elephone
Occurrence * classification Classification Telephone * category Service
Service Category
{disjoint, incomplete} {disjoint, incomplete}
:DiseaseClassification :TelephoneServiceCategory
Call
— ChickenPox | waiting
call
—| Measles | Transferring
{c) Disease occurrence/classification exampile {d) Telephone service/category example

Figure 9.26 More power type examples

In diagram (@), each instance of Checking Account could have its own attributes (including those inherited from Acdount), suc
as account number and balance. Additionally, the equivalent instance for i@hAckiount may have attributes, such as interest
rate and maximum delay for withdrawal.

The example (b) depicts a vehigteodeling example. Here, each Vehicle may be classified as either a Truck or a Car or
something else. Furthermore, Truck and Car avévatent to instances of Vehicle Type. In (c), Disease Occurrence classifies
each occurrence of disease (e.g., my chicken pox and your measles). Disease Classification is the power type whoaeeinstance:
equivalent to classes such as Chicken Pox andldteas

Labeling collections of subtypes with powertypes becomes increasingly important when a type has more than one powertype.
Figure9.27 illustrates one such example, showing which subtype collection contains Policy Coveragafigpehich Insurance
Lines. For instance, a Policy may be classified as Life, Health, Property/Casualty, or some other Insurance Line. Dhieysame P
may be classified with its Policy Coverage Type as Group or Individual.
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Policy
Coverage
Type

1 policy

coverage type *

Policy

policy insurance line

® 1

.fe. A\ {disjoint, incomplete’:

{disjoint, complete}
PolicyCoverageType

Group
Policy

Individual
Policy

Figure 9.27 More than one powertype
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9.8 Instances

9.8.1 Summary

InstanceSpecifications represent individual instances of Classifiers in a modeled system. They are often used to medel examg
configurations of instances. They may be partialoonglete representations of the instances that they correspond to.

9.8.2 Abstract Syntax

| PackageableElement |

Deployment Target | | DeployedArtifact |
£y

{subsets owner} {subsets ownedElement}
InstanceSpecification + owningInstance +slot [ gt | + slot + definingFeatur
1 - StructuralFeature
*

0..1 T+ owningsSlot {subsets owner}

{subsets ownedElernent} + |+ value {ordered, subsets ownedElement}
0.1 + specification Vol —— |
+ owningInstanceSpec 0.1 1 alue ation
{subsets owner}
+ instance + instanceValue | nstancevalue
1 *

+ instanceSpecification | «

+ classifier, | *

Classifier

Figure 9.28 Instances

9.8.3 Semantics

An InstanceSpecification represents the existence of an instance in a modeled systempégidlg@r partially describes the
instance.

A Slot specifies that an instance modeled by an InstanceSpecification has a value or values for a specific Structunddiegature,
shall be a StructuralFeature of a Classifier of the InstanceSpecificatiangothie Slot. The values in a Slot shall conform to the
defining StructuralFeature of the Slot (in type, multiplicity, etc.). The values in a Slot are specified using Value8pasific

(see Claus8).

The InstanceSpecificatiomay represent:

9 Classification of the instance by one or more Classifiers. If the only Classifier specified is abstract, then the
InstanceSpecification only partially describes the instance.
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1 The kind of instance, based ondlsssifiers. For example, amstanceSpecification whostssifier is a Class describes an
instance of that Class, while an InstanceSpecification whastfier is an Association describes a link of that
Association. If nalassifiers are given, then the InstanceSpecification demsconstrain the kind of individual
represented. Hiassifiers of different kinds are given, then the semantics are not defined.

1 Specification of values of StructuralFeatures of the instance, where the values are contained in Slots. Not all
Structuralfeatures of all Classifiers of the InstanceSpecification need be represented by Slots, in which case the
InstanceSpecification is a partial description.

1 An optional specification, by a ValueSpecification, of how to compute, derive, or construct the iadifiduch a
ValueSpecification is given, then the represented individual is equal to the value resulting from the evaluation of the
ValueSpecification. If the InstanceSpecification has one or amasgtiers, then the type of the ValueSpecification must
conform to at least one of thogessifiers.

An InstanceSpecification may specify the actual existence of an instance in a modeled system. Or, an InstanceSpegification m
provide an illustration or example of a possible instance in a modeled systenpurplese of an InstanceSpecification is to show
what is of interest about the instance. The instance conforms tel&adiar of the InstanceSpecification, and has properties with
values indicated by eaeclut of the InstanceSpecification. Having slet in an InstanceSpecification for some properties does not
mean that the represented instance does not have the property, but merely that the property is not of interest in the model.

An InstanceSpecification may represent an instance at a point inatismaygshot). Changes to the instance may be modeled using
multiple InstanceSpecification, one for each snapshot.

It is important to keep in mind that InstanceSpecification is a model element and should not be confused with the @istance th
is modeling As an InstanceSpecification may only partially determine the properties of an individual, there may actually be
multiple individuals in the modeled system that satisfy the requirements of the InstanceSpecification. On the other hand, an
InstanceSpecifican may model a situation which is not actually supposed to occur in the modeled system, in which case no
individual meeting the requirements of the InstanceSpecification may ever actually occur in the system.

An InstanceValue is a kind of ValueSpecificatiwhose value is specified using an InstanceSpecification. Each evaluation of the
InstanceValue is considered to result in a distinct instance conforming to the InstanceSpecification. If the Instanaté@pecific

has aspecification, then that ValueSpedifation is evaluated to give the value of the InstanceValue. Otherwise, an InstanceValue is
evaluated by creating a value that is an instance of each of the classifiers identified in the InstanceSpecificaldannAhg
InstanceSpecification thenquide values for the corresponding StructuralFeatures of the instance by evaluating the
ValueSpecifications associated with theses. A StructuralFeature for which rwt is given either has the value obtained by
evaluating its defaultValue, if it isRroperty with a defaultValue, or no value, otherwise.

NOTE. An InstanceValue does not own the InstanceSpecification to which it refers; multiple InstanceValues may refer to the
same InstanceSpecification.

9.8.4 Notation

An InstanceSpecification is depictedngisimilar notation to itslassifiers, but in place of the Classifier name appears an
underl ined concatenation of the instance name (i f any),
showing multipleclassifiers is to separate #ir names by commas.

An InstanceSpecification whoskssifier is an Association represents a link and is shown using the same notation as for an
Assaociation, but the solid path or paths connect InstanceSpecifications rather than Classifiers. It éssatyn@cshow an
underlined name where it is clear from its connection to instance specifications that it represents a link and not ilonAssocia
End names may adorn the ends. Navigation arrows may be shown, but if shown, they shall agree wittrathos redtige
Associationds ends.

NOTE. Names are optional for Classifiers and InstanceSpecifications. The absence of a name in a diagram does not necessar
reflect its absence in the underlying model.
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The standard notation for an anonymous Instance$pecdét i on of an unnamed Cléassi fier i

If an InstanceSpecification has a ValueSpecification apétsication, the ValueSpecification is shown either after an equal sign
(A=06) following the name ename. Ifthd InstarwaSpecifcationesghowan usirg iargenclosing | o w
shape (such as a rectangle) that contains the name, the ValueSpecification is shown within the enclosing shape.

Slots are shown using similar notation to that of the corresponding Strueianai&s. Where a StructuralFeature would be shown
textually in a compartment, a Slot for that StructuralFeature may be shown textually as a StructuralFeature name falfowed by
equal sign (6=06) and a val ue s peature,fslicl as ttsitypen may @ptiohadyrbe shown.p e r

An InstanceValue may appear using textual or graphical notation. When textual, as may appear for the value of a Siot, the nar
of the InstanceSpecification is shown. This may be displayed as a quadifiesd iiVhen graphical, an InstanceValue is
represented using the notation for its InstanceSpecification.

A Slot value that is an InstanceValue may alternatively be shown using a graphical notation similar to that for a lishipathsol

runs fromtheowning nst anceSpeci fication to the symbol representin
the attribute adorns the target end of the path. Navigability, if shown, shall be only in the direction of the targettafidris

can give rse to visual ambiguity with the link notation when the only adornments are at the target end; in such cases the model
should be inspected to determine the presence or absence of an actual Association instance.

Where an InstanceSpecification is classifigcalStructuredClassifier (sé4..2.3 it may contain nested rectangles representing
the instances playing its roles. The namestring of such a nested InstanceSpecification obeys the following syntax:

{<name> [ @lendmed | rolénande }< [classiiername [ dassifierrame]*]

The name of the InstanceSpecification may be followed by the name of the role which the instance plays. The role nagne may c
be present if the instance plays a role.

Where an Instance$pification contains both Slot values and nested rectangles depicting roles, it is divided into compartments
analogous to the attributes and internal structure compartments of its corresponding StructuredClassifier.

Examples of InstanceSpecifications ftructuredClassifiers are shownlih.4.5

9.8.5 Examples

The example ifrigure9.29b el ow shows an I nstanceSpecification called @
specification thatisatier al String whose value is fAS. Crown Street. o

streetMame : String
"S. Crown Street”

Figure 9.29 Specification of an Instance of String

The example irrigure9.30 below shows an InstanceSpecification with Slots.

myAddr : Addr

streetMame = "S. Crown Street”
streetNumber: Integer = 381

Figure 9.30 Slots with values
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The example irrigure9.31 below shows a link between two InstanceSpecifications.

Don = Person Josh : Person
father s0n

Figure 9.31 InstanceSpecifcations representing two objects connected by a link

The example irrigure9.32 below shows an InstanceValue as the value of a Slot represented using textual notation.

:Window medium : Area
size = medium

Figure 9.32 InstanceValue represented textually

The example ifrigure9.33 below shows the same model represented using graphical notation.

Window —= medium : Area
s1ze

Figure 9.33 InstanceValue represented graphically
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9.9 Classifier Descriptions

AggregationKind [Enumeration]

Description

AggregationKind is an Enumeration for specifying the kind of aggregation of a Property.

Diagrams

1 Properties

Literals
1 none
Indicates that the Property has no aggregation.
1 shared

Indicates that the Property has shared aggregation.

1 composite
Indicates that the Property is aggregated compositely, i.e., the composite object has resparsibdigyxistence and
storage of the composed objects (parts).

BehavioralFeature [Abstract Class]

Description

A BehavioralFeature is a feature of a Classifier that specifies an aspect of the behavior of its instances. A Behavietial
implemented (realized) by a Behavior. A BehavioralFeature specifies that a Classifier will respond to a designated request by
invoking its implementing method.

Diagrams

FeaturesOperationsSignals Behaviors

Generalizations

FeatureNamespace

Specializations

Operaion, Reception

Attributes

1 concurrency CallConcurrencyKindl..1] = sequential
Specifies the semantics of concurrent calls to the same passive instanae {figtance originating from a Class with
isActive being false). Active instances control access to their own BehavioralFeatures.
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|l

isAbstract :Boolean[1..1] = false
If true, then the BehavioralFeature dawt have an implementation, and one must be supplied by a more specific
Classifier. If false, the BehavioralFeature must have an implementation in the Classifier or one must be inherited.

Association Ends

il

method Behavior[0..*] (oppositeBehavior::specification
A Behavior that implements the BehavioralFeature. There may be at most one Behavior for a particular pairing of a
Classifier (as owner of the Behavi@nd a BehavioralFeature (as specification of the Behavior).

Dz o wn e d P Paranetefd..g{ordered, subsetblamespace::ownedMembB&opposite
A_ownedParameter_ownerFormalParam::owner@tfParan
The ordered set of formal Parameters of this BehavioralFeature.

DZ o wn e d P a r PanreeteeS¢0S*HsubsetsNamespace::ownedMembegopposite
A_ownedParameterSet behavioralFeature::behavioralFgature
The ParameterSets owned by this BehavioralFeature.

raisedException Type[0..*] (oppositeA_raisedException_behavioralFeature::behavioralFepture
The Types representing exceptions that may be raised during an invocation of this BehavioralFeature.

Operations

1

isDistingushableFrom(n NamedElements :Namespace: Boolean
The query isDistinguishableFrom() determines whether two BehavioralFeatures may coexist iretNesaspace. It
specifies that they must have different signatures.

body: (n.ocllsKindOf(BehavioralFeature) and ns.getNamesOfMember(self)
>intersection(ns.getNamesOfMember(n)) - >notEmpty()) implies
Set{self} - >including(n.oclAsType(BehavioralFeature)) - >isU nigue(ownedParameter - >collect(type))

inputParameters()Parametef0..*]
The ownedParameters with direction in and inout.

body: ownedParameter - >select(direction=ParameterDirectionKind::_'in‘ or
direction=ParameterDirectionKind::inout)

outputParameters(Parametef0..*]
The ownedParameters with direction out, inout, or return.

body: ownedParameter - >select(direction=ParameterDirectionKind: :out or
direction=ParameterDirectionKind::inout or direction=ParameterDirectionKind::return)

Constraints

il

132

abstract_no_method
When isAbstract is true there are no methods.

inv: isAbstract implies method - >isEmpty()
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CallConcurrencyKind [Enumeration]

Description

CallConcurrencyKind is an Enumeration used to specify the semantics of concurrent calls to a BehavioralFeature.

Diagrams
i Features
Literals

1 sequential
No concurrency managemeanechanism is associated with the BehavioralFeature and, therefore, concurrency conflicts
may occur. Instances that invoke a BehavioralFeature need to coordinate so that only one invocation to a target on an
BehavioralFeature occurs at once.

1 guarded
Multiple invocations of a BehavioralFeature may occur simultaneously to one instance, but only one is allowed to
commence. The others are blocked until the performance of the currently executing BehavioralFeature is complete. It i
the responsitity of the system designer to ensure that deadlocks do not occur due to simultaneous blocks.

1 concurrent
Multiple invocations of a BehavioralFeature may occur simultaneously to one instance and all of them may proceed
concurrently.

Classifier [Abstract Class]

Description

A Classifier represents a classification of objects according to their Features. Classifiers are related by Generalizations.

Diagrams

Classifiers Classifier Templates-eaturesinstancesGeneralization Set&Executable Ndes Use CasesStructured
Classifiers ClassesAssociationsComponets, CollaborationsState Machine RedefinitigiDataTypesSignals
InterfacesInformation Flows Artifacts, Actions, Accept Event ActionsObject Actions

Generalizations

Namespacelype, TemplateableElemenRedefinableElement

Specializations

Association StructuredClassifieBehavioredClassifieDataType Interface Signal Informationltem Artifact

Attributes

1 isAbstract Boolean[1..1] = fdse
If true, the Classifier does not provide a complete declaration and cannot be instantiated. An abstract Classifier is
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intended to be used by other Classifiers e.g., as the target of Associations or Generalizations.

1 isFinal$ecialization Boolean[1..1] = false
If true, the Classifier cannot be specialized.

Association Ends

1 /attribute :Property[0..*]{ordered, union, subseBlassifier::featuresubsets
A_redefinitionContext_redefinableElement::redefinableEleinfyppositeA_attribute classifier::classifigr
All of the Properties that are direct (i.e., not inherited or imported) attributes of the Classifier.

T Dz col | ab oColakoratmmJEss. &{subsetsElement::ownedElemeh{opposite
A_collaborationUse_classifier::classifjer
The CollaborationUses owned by the Classifier.

1 /feature :Featurd0..*[{uni on, subsetdlamespace::membBefoppositeFeature::featuringClassifier
Specifies each Feature directly defined in the classifier. Note that there may be mertiieGlagsifier that are of the
type Feature but are not included, e.g., inherited features.

1 /general Classifier[0..*] (oppositeA_general_classifier::class#i)
The generalizing Classifiers for this Classifier.

1 Dz g e ner &Generaliaationf.fM{subsetsElement::ownedElemensubsets
A_source_directedRelationship::directedRelaginig (oppositeGeneralization::specifjc
The Generalization relationships for this Classifier. These Generalizations navigate to more general Classifiers in the
generalization hierarchy.

1 /inheritedMember NamedElemeni0..*]{subsetsNamespace::membBefopposite
A_inheritedMember_inheritingClassifier::inheriti€lassifie}
All elements inherited by this Classifier from its general Classifiers.

T Dz ownedTe mpl| Reddiribhle] engplateSigratyie.1[{subsets
A_redefinitionContext redefinableElement::redefinableElemeaefines
TemplateableElement::.ownedTemplateSignat(mppositeRedefindleTemplateSignature::classifjer
The optional RedefinableTemplateSignature specifying the formal template parameters.

1 DZ own e d UUseCas#&.g{subsetsNamespace::ownedMembe&opposite
A_ownedUseCase_classifier::classifier
The UseCases ownéy this classifier.

1 powertypeExtent GeneralizationSd0..*] (oppositeGeneralizationSet::powertype
The GeneralizationSet of which this Cldigsiis a power type.

1 redefinedClassifier Classifier[0..*]{subsetsRedefinableElement::redefinedElenmjefdpposite
A_redefinedClassifier_classifier::classifier
The Classifiers redefined by this Classifier.

1 representationCollaborationUs€0..1]{subset<Llassifier::collaborationU€opposite
A_representation_classifier::classifier
A CollaborationUse which indicates the Collaboration that represents this Classifier.
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1 Dz s u b s tSubstitution0o.*f{subsetsElement::ownedElemensubset®NamedElement::clientDependeicy
(oppositeSubstitution::substitutingClassifjer
The Substitutions owned by this Classifier.

1 templateParameteiClassifierTemplateParameti..1}{redefinesParameterableElement::templateParan¢tgposite
ClassifierTemplateParameter::parameteredElement
TheClassifierTemplateParameter that exposes this elemaribemal parameter.

1 useCaseUseCas40..*] (oppositeUseCase::subject
The set of UseCases for which this Classifier is the subject.

Operations

1 allFeatures() FeaturdO..*]
The query allFeatures() gives all of the features in the namespace of the Classifier. In general, through mechanisms st
as inheritance, this will be a larger set than feature.

body: membe r - >select(ocllsKindOf(Feature)) - >collect(oclAsType(Feature)) - >asSet()

1 allParents() Classifier[0..*]
The query allParents() gives all of the direct and indirect ancestors of a generalized Classifier.

body: parents() - >union(parents() - >collect(allParents()) - >asSet())

1 conformsTo(other Classifie) : Boolean
The query conformsTo() gives true for a Classifier that defirtggeathat conforms to another. This is used, for
example, in the specification of signature conformance for operations.

body: self = other or allParents() - >includes(other)

1 general() Classifier[0..*]
Thegeneral Classifiers are the ones referenced by the Generalization relationships.

body: parents()

1 hasVisibilityOf(n :NamedElement: Boolean
The query hasVisibilitOf() determines whether a NamedElement is visible in the classifier. By default all are visible. It
is only called when the argument is something owned by a parent.

pre: allParents() - >including(self) - >collect(member) - >includes(n)
body: n.visibility <> Vis ibilityKind::private

1 inherit(inhs :NamedElemenf0..*]) : NamedElemen0..*]
The query inherit() defines how to inherit a set of elements. Here the operatioméxdefinherit them all. It is
intended to be redefined in circumstances where inheritance is affected by redefinition.

body: inhs
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inheritableMembers(cClassifie) : NamedElemenf..*]
The query inheritableMembers() gives all of the members of a Classifier that may be inherited in one of its descendant:
subject to whatever visibility restrictions apply.

pre: c.allParents() - >includes(self)
body: member - >sele ct(m | c.hasVisibilityOf(m))

inheritedMember() NamedElemeni0..*]
The inheritedMember association is derived by inheriting the inheritable members of the parents.

body: inherit(parents() - >colle ct(inheritableMembers(self)) - >asSet())

isTemplate() Boolean
The query isTemplate() returns whether this Classifier is actually a template.

body: ownedTemplateSignature <> null or general - >exists(g | 9.isT emplate())

maySpecializeType(cClassifie) : Boolean

The query maySpecializeType() determines whether this classifier may have a generalization relatiorsisifi¢osabf

the specified type. By default a classifier may specialize classifiers of the same or a more general type. It is intended tc
be redefined by classifiers that have different specialization constraints.

body: self.oclisKindOf(c.oclType())

parents() Classifier[0..*]
The query parents() gives all of the immediate ancestors of a generalized Classifier.

body: generalization.general - >asSet()

directlyRealizedInterfaes() :Interface[0..*]
The Interfaces directly realized by this Classifier

body: (clientDependency ->
select(oclisKindOf(Realization) and supplier - >forAll(oclIsKindOf(Interface)))) ->
collect(supplier.oclAsType(In terface)) - >asSet()

directlyUsedInterfaces()Interface[0..*]
The Interfaces directly used by this Classifier

body: (supplierDependency ->
select(oclisKindOf(Usage) and client - >forAll(oclls KindOf(Interface)))) ->
collect(client.oclAsType(Interface)) - >asSet()

allRealizedInterfaces()Interface[0..*]
The Interfaces realized by this Classifier and all of its generalizations

body: directlyRealizedInterfaces() - >union(self.allParents() - >collect(directlyRealizedInterfaces()))
>asSet()

allUsedInterfaces() Interface[0..*]
The Interfaces used by this Classifier and alt®fjeneralizations
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body: directlyUsedInterfaces() - >union(self.allParents() - >collect(directlyUsedInterfaces())) - >asSet()

1 isSubstitutableFor(contracClassifie) : Boolean

body: substitution.contract - >includes(contract)

1 allAttributes() :Property{0..*]
The query allAttributes gives an ordered set of all owned and inherited attributes of the Classifier. Alhtikimgds
appear before any inherited attributes, and the attributes inherited from any more specific parent Classifier appear befc
those of any more general parent Classifier. However, if the Classifier has multiple immediate parents, thenehe relativ
ordering of the sets of attributes from those parents is not defined.

body: attribute - >asSequence() - >union(parents() - >asSequence().allAttributes()) - >select(p | member
>includes(p)) - >asOrderedSet()

Constraints

1 specialize_type
A Classifier may only speciake Classifiers of a valid type.

inv: parents() - >forAll(c | self.maySpecializeType(c))

1 maps_to_generalization_set
The Classifier that maps to a GeneralizationSet may neither be a specific nor a general Classifier in any of the
Generalization relationshikefined for that GeneralizationSet. In other words, a power type may not be an instance of
itself nor may its instances also be its subclasses.

inv: powertypeExtent - >forAll( gs |
gs.generalization - >forAll( gen |
not (gen.general = self) and not g en.general.allParents() - >includes(self) and not (gen.specific =
self) and not self.allParents() - >includes(gen.specific)

)

1 non_final_parents
The parents of a Classifier must be fiiral.

inv: parents() - >forAll(not isFinalSpecialization)
1 no_cycles_in_gneralization

Generalization hierarchies must be directed and acyclical. A Classifier can not be both a transitively general and
transitively specific Classifier of the same Classifier.

inv: not allParents() - >includes(self)
ClassifierTemplateParameter [Class]

Description

A ClassifierTemplateParameter exposes a Classifier as a formal template parameter.
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Diagrams

Classifier Templates

Generalizations

TemplateParameter

Attributes

il

allowSubstitutable Boolean[1..1] = true
Constrains the required relationship between an actual parameter and the parameteredElement for this forreal parame

Association Ends

il

constrainingClassifier Classifier[0..*] (opposite
A_constrainingClassifier_classifierTemplateParameter::classifierT erRalatmeter

The classifiers that constrain the argument that can be used for the parameter. If the allowSubstitutable attribute is true
then any Classifier that is compatible with this constraining Classifier can be substituted; otherwise, it muest téseith
Classifier or one of its specializations. If this property is empty, there are no constraints on the Classifier thagezhn be u
as an argument.

parameteredElementClassifier[1..1]{redefinesTemplateParameter::.parameteredElehéogposite
Classifier::templateParame}er
The Classifier exposed by this ClassifierTemplateParameter.

Constraints

1 has_constraining_classifier

13¢€

If allowSubstitutable is true, then there must be a constrainingClassifier.

inv: allowSubstitutable implies constrainingClassifier - >notEmpty()

parametered_element_no_features
The parameteredElement has no direct features, andsfraoredElement is empty it has no generalizations.

inv: parameteredElement.feature - >isEmpty() and (constrainingClassifier - >isEmpty() implies
parameteredElement.allParents() - >isEmpty())

matching_abstract
If the parameteredElement is not abstract, theiCthssifier used as an argument shall not be abstract.

inv: (not parameteredElement.isAbstract) implies templateParameterSubstitution.actual - >forAll(a | not
a.oclAsType(Classifier).isAbstract)

actual_is_classifier
The argument to a ClassifierTemplatePar@mis a Classifier.

inv: templateParameterSubstitution.actual - >forAll(a | a.oclisKindOf(Classifier))
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1 constraining_classifiers_constrain_args
If there are any constrainingClassifiers, then every argument must be the same as or a specialization df them, or
allowSubstitutable is true, then it can also be substitutable.

inv: templateParameterSubstitution.actual - >forAll( a |
let arg : Classifier = a.oclAsType(Classifier) in
constrainingClassifier - >forAll(
cc|
arg = cc or arg.conf ormsTo(cc) or (allowSubstitutable and arg.isSubstitutableFor(cc))

)

i constraining_classifiers_constrain_parametered_element
If there are any constrainingClassifiers, then the parameteredElement must be the same as or a specialization of them
if allowSubstitutable is true, then it can also be substitutable.

inv: constrainingClassifier - >forAll(
cc | parameteredElement = cc or parameteredElement.conformsTo(cc) or (allowSubstitutable and
parameteredElement.isSubstitutableFor(cc))

)
Feature [Abstract Class]

Description
A Feature declares a behavioral or structural characteristic of Classifiers.
Diagrams

Classifiers FeaturesStructured Classifiers

Generalizations

RedefinableElement

Specializations

BehavioralFeatureStructuralFeatureConnector

Attributes

9 isStatic :Boolean[1..1] = false
Specifies whether this Feature characterizes individual instances classified by the Classifier (false) or the Glelsifier i
(true).

Association Ends

1 /featuringClassifier Classifier[0..*]{union, subsetsA_member_memberNamespace::memberName}|japposite
Classifier::feature
The Classifiers that have this Feature as a feature.
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Generalization [Class]

Description

A Generalization is a taxonomic relationship between a more general Classifiemanel specific Classifier. Each instance of
the specific Classifier is also an instance of the general Classifier. The specific Classifier inherits the featuremefiaecnal
Classifier. A Generalization is owned by the specific Classifier.

Diagrams

Classifiers Generalization Sets

Generalizations

DirectedRelationship

Attributes

9 isSubstitutable Boolean[0..1] = true
Indicates whether the specific Classifier can be used wherever the general Classifier can be used. If true, the executiol
traces of the specific Classifier shall be a superset of the execution traces of taé@assifier. If false, there is no
such constraint on execution traces. If unset, the modeler has not stated whether there is such a constraint or not.

Association Ends

1 general Classifier[1..1]{subsetDirectedRelationship::targefoppositeA_general_generalization::generalizajion
The general classifier in the Generalization relationship.

1 generalizationSetGeneralizationSd0..*] (oppositeGeneralizationSet::generalizatjon
Represents a set of instances of Generalization. A Generalization may iappeay GeneralizationSets.

1 specific :Classifier[1..1]{subsetDirectedRelationship::sourcesubset&lement.ownei (opposite
Classifier::generalizatign
The specializing Classifier in the Generalization relationship.

GeneralizationSet [Class]

Description

A GeneralizationSet is a Package#tiement whose instances represent sets of Generalization relationships.

Diagrams

Classifiers Generalization Sets

Generalizations

PadkageableElement
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Attributes

1 isCovering Boolean[1..1] = false
Indicates (via the associated Generalizations) whether or not the set of specific Classifiers are covering for a particular
general classifieMVhen isCovering is true, every instance of a particular general Classifier is also an instance of at leas
one of its specific Classifiers for the GeneralizationSet. When isCovering is false, there are one or more instances of tf
particular general Clasir that are not instances of at least one of its specific Classifiers defined for the
GeneralizationSet.

1 isDisjoint : Boolean[1..1] = false
Indicates whether or not the set of specific ClassifiersGeieralization relationship have instance in common. If
isDisjoint is true, the specific Classifiers for a particular GeneralizationSet have no members in common; that is, their
intersection is empty. If isDisjoint is false, the specific Classifiers iardqular GeneralizationSet have one or more
members in common; that is, their intersection is not empty.

Association Ends

1 generalization GeneralizatioffO..*] (oppositeGeneralization::generalization$et
Designates the instances of Generalization that are members of this GeneralizationSet.

1 powertype Classifier[0..1] (oppositeClassifier::powertype Extent
Designates the Classifier that is defined as the power type for the associated GeneralizationSet, if there is one.

Constraints

1 generalization_same_ classifier
Every Generalization associated with atigalar GeneralizationSet must have the same general Classifier.

inv: generalization - >collect(general) ->asSet() ->size() <=1

1 maps_to_generalization_set
The Classifier that maps to a GeneralizationSet may neither be a specific nor a general Classjfigtimea
Generalization relationships defined for that GeneralizationSet. In other words, a power type may not be an instance of
itself nor may its instances be its subclasses.

inv: powertype <> null implies generalization - >forAll( gen |
not (gen.ge  neral = powertype) and not gen.general.allParents() - >includes(powertype) and not
(gen.specific = powertype) and not powertype.allParents() - >includes(gen.specific)

1 complete_and_disjoint
A complete and disjoint GeneralizationSet implies that the conganaral Classifier is abstract

inv: isDisjoint and isCovering implies generalization - >forAll(general.isAbstract)
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InstanceSpecification [Class]

Description

An InstanceSpecification is a model element that represents an instancedeled system. An InstanceSpecification can act as
a DeploymentTarget in a Deployment relationship, in the case that it represents an instance of a Node. It can also act as a
DeployedAtrtifact, if it represents an instance of an Artifact.

Diagrams

InstancesDataTypesDeployments

Generalizations

DeploymentTargetPackageableElemenbeployedArtifact

Specializations

EnumerationLiteral

Association Ends

1

classifier :Classifier[0..*] (oppositeA_classifier_instanceSpecification::instanceSpecification
The Classifier or Classifiers of the represented instance. If multiple Classifiers are specified, the instance iskyassified
all of them.

Dz s Blatf0..*]{subsetsElement::ownedElemehfoppositeSlot::owninglnstance

A Slot giving the value or values of a Structuralftge of the instance. An InstanceSpecification can have one Slot per
StructuralFeature of its Classifiers, including inherited features. It is not necessary to model a Slot for every
StructuralFeature, in which case the InstanceSpecification is a pladiEiption.

Dz s p e c i MaluaSpetification0..1]{subsetElement::ownedElemeh{opposite
A_specification_owninglnstanceSpeaminglnstanceSpéc
A specification of how to compute, derive, or construct the instance.

Constraints

14z

deployment_artifact
An InstanceSpecification can act as a DeployedArtifact if it represents an instance of an Artifact.

inv: deploymentForArtifact - >notEm pty() implies classifier - >exists(ocllsKindOf(Artifact))

structural_feature
One StructuralFeature (including the same feature inherited from multiple classifiers) is the defining feature of at most
one slot in an InstanceSpecification.

inv: classifier - >forA li(c | (c.allFeatures() - >forAll(f | slot - >select(s | s.definingFeature = f)
>size() <= 1))

defining_feature
The defining feature of each slot is a StructuralFeature (directly or inherited) of a classifier of the InstanceSpecification
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inv: slot - >forAll(s | classifier - >exists (c | c.allFeatures() - >includes (s.definingFeature)))

1 deployment_target
An InstanceSpecification can act as a DeploymentTarget if it represents an instance of a Node and functions as a part
the internal structure of an encompassirogiél

inv: deployment - >notEmpty() implies classifier - >exists(node | node.ocllsKindOf(Node) and
Node.alllnstances() - >exists(n | n.part - >exists(p | p.type = node)))

InstanceValue [Class]

Description
An InstanceValue is a ValueSpecifiaatithat identifies an instance.
Diagrams

Instances

Generalizations

ValueSpecification

Association Ends

1 instance instanceSpecificatiolfil..1] (oppositeA_instance_instanceValue::instanceValue
The InstanceSpecification that represents the specified value.

Operation [Class]

Description

An Operation is a BehdoralFeature of a Classifier that specifies the name, type, parameters, and constraints for invoking an
associated Behavior. An Operation may invoke both the execution of method behaviors as well as other behavioral responses.
Operation specializes TempdableElement in order to support specification of template operations and bound operations.
Operation specializes ParameterableElement to specify that an operation can be exposed as a formal template parameter, anc
provided as an actual parameter in adbig of a template.

Diagrams

OperationsClassesProtocol State MachinePataTypeslnterfacesArtifacts, Events Invocation Actions

Generalizations

TemplateableElemenParameterableElememehavioralFeature

Attributes

9 /isOrdered Boolean[1..1] = false
Specifies whether the return paraeras ordered or not, if present. This information is derived from the return result for
this Operation.
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1 isQuery :Boolean[1..1] = false
Specifies whether an execution of the BehavioralFeature leaves thefdtad system unchanged (isQuery=true) or
whether side effects may occur (isQuery=false).

9 /isUnique :Boolean[1..1] = true
Specifies whether the return parameter is unique or not, if present. This inforisaderived from the return result for
this Operation.

1 /lower :Integer[0..1] = 1
Specifies the lower multiplicity of the return parameter, if present. This information is derived from the return result for
this Operation.

1 /upper :UnlimitedNatural[0..1] = 1
The upper multiplicity of the return parameter, if present. This information is derived from the return result for this
Operation.

Association Ends

1 DZ b o dy CoQoukirainfO.0lfsubisetdNamespace::ownedRgléopposite
A_bodyCondition_bodyContext::bodp@tex)
An optional Constraint on the result values of an invocation of this Operation.

1 class Clasg[0..1]{subsetd-eature:.featuringClassifiesubsetiNamedElement::namespaseibsets
RedefinableElement::redefinitionContgxoppositeClass::ownedOperation
The Class that ownsithoperation, if any.

1 datatype DataTyp€0..1]{subsetdeature::featuringClassifiesubsetfamedElement::namespa subsets
RedefinableElement::redefinitionContgxoppositeDataType::ownedOperatipn
The DataType that owns this Operation, if any.

9 interface: Interface]0..1]{subsetg-eature::featuringClassifiesubsetiNamedElement::namespaceibsets
RedefinableElement::redefinitionContgxbppositelnterface::ownedOperation
The Interface that owns this Operation, if any.

1 DZ own e d P Parametefd..&{ordered, redefine8ehavioralFeature::ownedParamégt@pposite
Parameter::operation
The paraneters owned by this Operation.

1 Dz post c Ganstrainf0..g{subsetsNamespace::ownedRiléopposite
A_postcondition_postContext::postConjext
An optional set of Constraints specifying the state of the system when the Operation is completed.

1 Dz pr e c oCousirainf0.0*]fisubsetsNamespace::ownedRgléoppositeA_precondition_preContext::preContext
An optional set of Constraints on the state of the system when the Operation is invoked.

1 raisedExceptionType[0..*|{redefinesBehavioralFeature::raisedExceptjdopposite
A_raisedException_operation::operafion
The Tyges representing exceptions that may be raised during an invocation of this operation.

144 UML v2.5



1 redefinedOperationOperation0..*[{subsetsRedefinableElementedefinedElemehtopposite
A_redefinedOperation_operation::operajion
The Operations that are redefined by this Operation.

1 templateParameteQperationTemplateParamefér.1]{redefinesParameterableElement::templatePararh¢tgposite
OperationTemplateParameter::.parameteredEldment
The OpertéionTemplateParameter that exposes this element as a formal parameter.

1 Itype :Type[0..1]{} (opposite A_type operation::operatiyn
The return type of the operationpifesent. This information is derived from the return result for this Operation.

Operations

1 isConsistentWith(redefineeRedefinableElemeht Boolean
A reddining operation is consistent with a redefined operation if it has the same number of owned parameters, and the
type of each owned parameter conforms to the type of the corresponding redefined parameter. The query
isConsistentWith() specifies, for any t@perations in a context in which redefinition is possible, whether redefinition
would be consistent in the sense of maintaining type covariance. Other senses of consistency may be required, for
example to determine consistency in the sense of contragaridsers may define alternative queries under names
different from isConsistentWith(), as for example, users may define a query named isContravariantWith().
pre: redefinee.isRedefinitionContextValid(self)
body: redefinee.ocllsKindOf(Operation) and
letop  : Operation = redefinee.oclAsType(Operation) in

self.ownedParameter - >size() = op.ownedParameter - >size() and
Sequence{l..self.ownedParameter ->size()} ->
forAll(i |op.ownedParameter - >at(1).type.conformsTo(self.ownedParameter - >at(i).type))

9 isOrdered() Boolean
If this operation has a return parameter, isOrdered equals the value of isOrdered for that parameter. Otherwise isOrdel
is false.
body: if returnResult() - >notEmpty() then returnResult() ->exists(  isOrdered) else false endif

9 isUnique() :Boolean
If this operation has a return parameter, isUnique equals the value of isUnique for that parameter. Otherwise isUnique
true.
body: if returnResult() - >notEmp ty() then returnResult() - >exists(isUnique) else true endif

1 lower() : Integer
If this operation has a return parameter, lower equals the value of lower for that parameter. Otherwise lower is not
defined.
body: if returnResult() - >notEmpty() then returnResult() - >any(true).lower else null endif

1 returnResult() Parametef0..*]

The query returnResult() returns the set containing the return parameter of theoDpkeoaie exists, otherwise, it
returns an empty set

body: ownedParameter - >select (direction = ParameterDirectionKind::return)
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T type() :Type
If this operation has a return parameter, type equals the value of tyhatfparameter. Otherwise type is not defined.

body: if returnResult() - >notEmpty() then returnResult() - >any(true).type else null endif

1 upper() :UnlimitedNatural
If this operation has a return paraeretupper equals the value of upper for that parameter. Otherwise upper is not
defined.

body: if returnResult() - >notEmpty() then returnResult() - >any(true).upper else null endif

Constraints

1 at_most_one_return
An Operation can have at most one return parameg., an owned parameter with the direction set to ‘return.’

inv: self.ownedParameter - >select(direction = ParameterDirectionKind::return) ->size() <=1

1 only_body for_query
A bodyCondition can only be specified for a query Operation.

inv: bodyCondition < > null implies isQuery
OperationTemplateParameter [Class]

Description
An OperationTemplateParameter exposes an Operation as a formal parameter for a template.
Diagrams

Operations

Generalizations

TemplateParameter

Association Ends

1 parameteredElemenQperation1..1}{redefinesTemplateParameteparameteredElemenfopposite
Operation::templateParameter
The Operation exposed by this OperationTemplateParameter.

Constraints

1 match_default_signature

inv: default - >notEmpty() implies (default.oclisKindOf (Operation) and (let defaultOp : Operation =
default.oclAsType(Operation) in
defaultOp.ownedParameter - >size() = parameteredElement.ownedParameter - >size() and
Sequence{l.. defaultOp.ownedParameter ->size()} - >forAll(ix |
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let pl: Paramete r = defaultOp.ownedParameter - >at(ix), p2 : Parameter =

parameteredElement.ownedParameter - >at(ix) in
pl.type = p2.type and pl.upper = p2.upper and pl.lower = p2.lower and p1l.direction =
p2.direction and pl.isOrdered = p2.isOrdered and pl.isUnique = p2.isUnique)))

Parameter [Class]

Description

A Parameter is a specification of an argument used to pass information into or out of an invocation of a BehavioralFeature.
Parameters can be treated as ConnectableElements within Coltatmorat

Diagrams

FeaturesOperationsObject NodesExpressionsBehaviors

Generalizations

MultiplicityElement, ConnectableElement

Attributes

1 /default :String[0..1]
A String that represents a value toused when no argument is supplied for the Parameter.

1 direction :ParameterDirectionKinfl..1] = in
Indicates whether a parameter is being sent into or out of a behavioral element.

1 effect :ParameterEffectKingD..1]
Specifies the effect that the owner of the parameter has on values passed in or out of the parameter.

9 isException Boolean[1..1] = false
Tells whether an output parameter may emit a value to the exclusion of the other outputs.

1 isStream Boolean[1..1] = false
Tells whether an input parameter may accept values while itsibelgexecuting, or whether an output parameter may
post values while the behavior is executing.

Association Ends

1 Dz def a uYalueSpekificaiond..1]{subsetElement::ownedElemehfopposite
A_defaultValue owningParameter::owningParanjeter
Specifies a ValueSpecification that represents a value to be used when no argument is supplied for tiee. Parame

1 operation Operation0..1]{subsetsA_ownedParameter _ownerFormalParam::ownerFormalBgi@mosite
Operation:ownedParametgr
The Operation owning this parameter.

1 parameterSetParameterSd0..*] (oppositeParameterSet::paraméter
The ParameterSets contaigithe parameter. See ParameterSet.
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Operations

1 default() :String[0..1]
Derivation for Parameter::/default

body: if self.type = String then defaultValue.stringValue() else null endif

Constraints

I in_and _out
Only in and inout Parameters may have a delete effect. Only out, inout, and return Parameters may have a create effe

inv: (effect = ParameterEffectKind::delete implies (direction = ParameterDirectionKind::_'in' or
direction = ParameterDirectionKind::inout) )

and

(effect = ParameterEffectKind::create implies (direction = ParameterDirectionKind::out or direction =
ParameterDirectionKind::inout or direction = ParameterDirectionKind::return))

1 not_exception
An input Parameter cannot be an exception.

inv:isExce  ption implies (direction <> ParameterDirectionKind::_'in' and direction <>
ParameterDirectionKind::inout)

1 connector_end
A Parameter may only be associated with a Connector end within the context of a Collaboration.

inv:end - >notEmpty() implies collaboratio n- >notEmpty()

1 reentrant_behaviors
Reentrant behaviors cannot have stream Parameters.

inv: (isStream and behavior <> null) implies not behavior.isReentrant

1 stream_and_exception
A Parameter cannot be a stream and exception at the same time.

inv: not (isExcep tion and isStream)
ParameterDirectionKind [Enumeration]

Description

ParameterDirectionKind is an Enumeration that defines literals used to specify direction of parameters.

Diagrams

I Features
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Literals

T in
Indicates that parameter values are passed into the behavioral element by the caller.

1 inout
Indicates that parameter values are passed into a behavioral element by the caller and then back out to the caller from
behavoral element.

1 out
Indicates that parameter values are passed from a behavioral element out to the caller.

T return
Indicates that parameter values are passed as return values from a behavioral element back to the caller.

ParameterEffectKind [Enumeration]

Description

ParameterEffectKind is an Enumeration that indicates the effect of a Behavior on values passed in or out of its parameters.

Diagrams
1 Features
Literals

i create
Indicates that the behavior creates values.

M1 read
Indicates that the behavior reads values.

1 update
Indicates that the behavior updates values.

1 delete
Indicates that the behavior deletes values.

ParameterSet [Class]

Description
A ParameterSet designates alternative sets of inputs or outputs that a Behavior may use.
Diagrams

FeaturesBehaviors
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Generalizations

NamedElement

Association Ends

1 Dz c o n dConstiaioff..*]{subsetsElement::ownedElemeh{oppositeA_condition_parameterSet::parametejSet
A constraint that should be satisfied for the owner of the Parameters in an input ParameterSet to start execution using
values provided for those Parameters, or the owner of the Parametersutput ParameterSet to end execution
providing the values for those Parameters, if all preconditions and conditions on input ParameterSets were satisfied.

1 parameter Parametefl..*] (oppositeParameter::parameteryet
Parameters in the ParameterSet.

Constraints

1 same_parameterized_entity
The Parameters in a ParameterSet must all be inputs or all be outputs of the same parameterized entity, and the
Paramete®et is owned by that entity.

inv: parameter - >forAll(p1, p2 | self.owner = pl.owner and self.owner = p2.owner and pl.direction =
p2.direction)

1 input
If a parameterized entity has input Parameters that are in a ParameterSet, then any inputs that &?araotéteaSet
must be streaming. Same for output Parameters.

inv: ((parameter - >exists(direction = ParameterDirectionKind::_'in")) implies
behavioralFeature.ownedParameter - >select(p | p.direction = ParameterDirectionKind::_'in' and
p.parameterSet - >isE mpty()) - >forAll(isStream))
and
((parameter - >exists(direction = ParameterDirectionKind::out)) implies
behavioralFeature.ownedParameter - >select(p | p.direction = ParameterDirectionKind::out and
p.parameterSet - >isEmpty()) - >forAll(isStream))

i two_parameter_sets
Two ParameterSets cannot have exactly the same set of Parameters.

inv: parameter - >forAll(parameterSet - >forAll(s1, s2 | s1 - >size() = s2 - >size() implies s1.parameter
>exists(p | not s2.parameter - >includes(p))))

Property [Class]

Description

A Property is a StructuralFeature. A Property related by ownedAttribute to a Classifier (other than an association} mpresent
attribute and might also represent an association end. It relates an instance of the Classifier to aevaliieatwes of the type

of the attribute. A Property related by memberEnd to an Association represents an end of the Association. The type of the
Property is the type of the end of the Association. A Property has the capability of being a Deploymeintadbggtioyment
relationship. This enables modeling the deployment to hierarchical nodes that have Properties functioning as internal parts.
Property specializes ParameterableElement to specify that a Property can be exposed as a formal templateapdrameter
provided as an actual parameter in a binding of a template.
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Diagrams

Classifiers PropertiesEncapsulated ClassifierStructured Classifier€lassesAssociationsDataTypesSignals
InterfacesProfiles DeploymentsArtifacts, Link End DataLink Object Actions

Generalizations

ConnectableElemenbeploymentTargetStructuralFeature

Specializations

Port, ExtensionEnd

Attributes

1 aggregation AggregationKind1..1] = none
Specifies the kind of aggregation that applies to the Property.

1 /default :String[0..1]
A String that is evaluated to give a default value for the Property when an object of the owning Classifier is instantiated

9 /isComposite Boolean[1..1] = false
If isComposite is true, the object containing the attribute is a container for the object or value contained in the attribute
This is a derived value, indicating whether the aggregation of the Property is composite or not.

91 isDerived :Boolean[1..1] = false
Specifies whether the Property is derived, i.e., whether its value or values can be computed from other information.

91 isDerivedUnion Boolean[1..1] = false
Specifies whether the property is derived as the union of all of the Properties that are constrained to subset it.

9 isID : Boolean[1..1] = false
True indicates this property can beedgo uniquely identify an instance of the containing Class.

I isReadOnly Boolean[1..1] = false
If isReadOnly is true, the Property may not be written to after initialization.

Association Ends

9 association Association0..1[{subsetsA _member_memberNamespace::memberName}apposite
Association::memberEnd
The Association of which this Property is a member, if any.

91 associationEndProperty[0..1]{subsetElement::ownér(oppositeProperty::qualifiey
Designates the optional association end that owns a qualifier attribute.

1 class Class[0..1]{subsetdNamedElement::namespaceibets
A _ownedAttribute structuredClassifier::structuredClassiebset®\_attribute classifier::classifip{opposite
Class::ownedAttribufe
The Class that owns this Property, if any.
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1 datatype DataTyp€0..1]{subsetdNamedElement::namespaceibset®\ _attribute_classifier::classifie{opposite
DataType::ownedAttribuje
The DataType that owns this Property, if any.

1 DZ def a uYalueSpekificaiond..1]{subsetElement::ownedElemehfopposite
A_defaultValue _owningProperty::owningsperty)
A ValueSpecification that is evaluated to give a default value for the Property when an object of the owning Classifier i
instantiated.

1 interface iInterface[0..1]{subsetdNamedElement::namespaceibset®\ _attribute_classifier::classifig{opposite
Interface::ownedAttribufe
The Interface that owns this Peay, if any.

1 /opposite Property[0..1] (oppositeA_opposite _property::propeity
In the case where the Property is one end of a binary association thishgiediser end.

1 owningAssociation Association0..1}{subsetFeature::featuringClassifiesubsetfNamedElement::namespagcsubsets
Property::associatigrsubsetfedefinableElement::redefinitionContexoppositeAssociaion::ownedEndl
The owning association of this property, if any.

1 Dz q u a Propkrtyfe..rl{ordered, subsetElement::ownedElemehfoppositeProperty::associationEhd
An optional list of ordezd qualifier attributes for the end.

1 redefinedPropertyProperty[0..*]{subsetsRedefinableElement::redefinedElemiefdpposite
A_redefinedProperty property::property
The properties that are redefined by this property, if any.

1 subsettedPropertyProperty[0..*] (oppositeA_subsettedProperty property::propgrty
The properties of which this Property is constrained to be a subset, if any.

Operations

1 default() :String[0..1]
Derivation for Property::/default
body: if self.type = String then defaultValue.stringValue() else null endif

1 isAttribute(p :Property : Boolean
The query isAttribute() is true if the Property is definedraatiribute of some Classifier.
body: Classifier.allinstances() - >exists(c | c.attribute - >includes(p))

1 isCompatibleWith(p ParameterableElemgntBoolean

152

The query isCompatibleWith() determines if this Property is compatible with the specified ParameterableElement. By
default ParameterableElement P is compatible with ParameterableElement Q if the kind of P is the same or a subtype
the kind of Q. In addion, for Properties, the type must be conformant with the type of the specified
ParameterableElement.

body: p.oclisKindOf(self.oclType()) and self.type.conformsTo(p.oclAsType(Property).type)
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1 isComposite() Boolean
The value of isComposite is true only if aggregation is composite.

body: aggregation = AggregationKind::composite

1 isConsistentWith(redefineeRedefinableElemeht Boolean
The query isConsistentWith() specifies, for any two Properties in a context in which redefinition is possible, whether
redefinition would be logically consistent. A redefining Property is consistent with a redefined Propertyjifetof the
redefining Property conforms to the type of the redefined Property, and the multiplicity of the redefining Property (if
specified) is contained in the multiplicity of the redefined Property.

pre: redefinee.isRedefinitionContextValid(self)

body: redefinee.ocllsKindOf(Property) and
let prop : Property = redefinee.oclAsType(Property) in
(prop.type.conformsTo(self.type) and

((prop.lowerBound() - >notEmpty() and self.lowerBound() - >notEmpty()) implies prop.lowerBound() >=
self.lowerBound()) a nd
((prop.upperBound() - >notEmpty() and self.upperBound() - >notEmpty()) implies prop.lowerBound() <=

self.lowerBound()) and
(self.isComposite implies prop.isComposite))

1 isNavigable() Boolean
The quey isNavigable() indicates whether it is possible to navigate across the property.

body: not classifier - >isEmpty() or association.navigableOwnedEnd - >includes(self)

1 opposite() Property
If this property is anemberEnd of a binary association, then opposite gives the other end.

body: if association <> null and association.memberEnd - >size() =2
then
association.memberEnd - >any(e | e <> self)
else
null
endif

I subsettingContext()Type[0..*]
The query subsettingContext() gives the context for subsetting a Property. It consists, in the case of an attribute, of the
corresponding Classifier, and in the case of an association end, all of the Classffiersthéet ends.

body: if association <> null
then association.endType - >excluding(type)
else
if classifier<>null
then classifier - >asSet()
else Set{}
endif
endif

Constraints

1 subsetting_context_conforms
Subsetting may only occur when the contextef subsetting property conforms to the context of the subsetted property.

inv: subsettedProperty - >notEmpty() implies
(subsettingContext() - >notEmpty() and subsettingContext() - >forAll (sc |
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subsettedProperty - >forAll(sp |
sp.subsettingContext() - >exists(c | sc.conformsTo(c)))))

derived_union_is_read_only
A derived union is read only.

inv: isDerivedUnion implies isReadOnly

multiplicity_of composite
A multiplicity on the composing end of a composite aggregation must not have an upper bound greater tha

inv: isComposite and association <> null implies opposite.upperBound() <= 1

redefined_property_inherited
A redefined Property must be inherited from a more general Classifier.

inv: (redefinedProperty - >notEmpty()) implies
(redefinitionContext - >notEmpty() and
redefinedProperty - >forAll(rp|
((redefinitionContext - >collect(fc|
fc.allParents())) - >asSet()) - >collect(c| c.allFeatures()) - >asSet() - >includes(rp)))

subsetting_rules
A subsetting Property may strengthen the type ofthesetted Property, and its upper bound may be less.

inv: subsettedProperty - >forAll(sp |
self.type.conformsTo(sp.type) and
((self.upperBound() - >notEmpty() and sp.upperBound() - >notEmpty()) implies

self.upperBound() <= sp.upperBound() ))

binding to_attribute
A binding of a PropertyTemplateParameter representing an attribute must be to an attribute.

inv: (isAttribute(self) and (templateParameterSubstitution - >notEmpty())
implies (templateParameterSubstitution - >forAll(ts | ts.formal.oclisKindOf(P roperty) and
isAttribute(ts.formal.oclAsType(Property)))))

derived_union_is_derived
A derived union is derived.

inv: isDerivedUnion implies isDerived

deployment_target
A Property can be a DeploymentTarget if it is a kind of Node and functions as atherinternal structure of an
encompassing Node.

inv: deployment - >notEmpty() implies owner.oclisKindOf(Node) and Node.allinstances() - >exists(n |
n.part - >exists(p | p = self))

subsetted_property _names
A Property may not subset a Property with the same name.

UML v2.5



inv: subsettedProperty - >forAll(sp | sp.name <> name)

1 type_of opposite_end
If a Property is a classifiaswned end of a binary Association, its owner must be the type of the opposite end.

inv: (opposite - >notEmpty() and owningAssociation - >isEmpty()) implies classifier = opposite.type

91 qualified_is_association_end
All qualified Properties must be Association ends

inv: qualifier - >notEmpty() implies association - >notEmpty()
RedefinableElement [Abstract Class]

Description

A RedefinableElment is an element that, when defined in the context of a Classifier, can be redefined more specifically or
differently in the context of another Classifier that specializes (directly or indirectly) the context Classifier.

Diagrams

Classifiers Classifier Templates-eaturesActivities, Use CasesState Machine Redefinition

Generalizations

NamedElement

Specializations

Classifier Feature RedefinableTemplateSignatusctivityEdge, ActivityNode, ExtensionPointRegion State
Transition

Attributes

91 isLeaf :Boolean[1..1] = false
Indicates whether it is possible to further redefine a RedefinableElement. If the value fsetniieis not possible to
further redefine the RedefinableElement.

Association Ends

1 /redefinedElementRedefinableElemeri0..*]{union} (opposite
A_redefinedElement_redefinableElement::redefinableEleyment
The RedefinableElement that is being redefined by this element.

1 /redefinitionContext Classifier[0..*[{union} (opposite
A_redefinitionContext redefinableElement::redefinableEleinent
The contexts that this element may be redefined from.
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Operations

il

isConsistentWith(redefineeRedefinableElemeht Boolean

The query isConsistentWith() specifies, for any two RedefinableElements in a context in which redefinition is possible,
whether redefinition would be logically consistent. By default, ithfalse; this operation must be overridden for
subclasses of RedefinableElement to define the consistency conditions.

pre: redefinee.isRedefinitionContextValid(self)
body: false

isRedefinitionContextValid(redefinedRedefinableElemejit Boolean

The query isRedefinitionContextValid() specifies whether the redefinition contexts of this RedefinableElement are
properly related to the redefinition cemnts of the specified RedefinableElement to allow this element to redefine the
other. By default at least one of the redefinition contexts of this element must be a specialization of at least one of the
redefinition contexts of the specified element.

body: redefinitionContext - >exists(c | c.allParents() - >includesAll(redefined.redefinitionContext))

Constraints

redefinition_consistent
A redefining element must be consistent with each redefined element.

inv: redefinedElement - >forAll(isConsistentWith(self))

non_leaf redefinition
A RedefinableElement can only redefine Aeaf RedefinableElements.

inv: redefinedElement - >forAll(not isLeaf)

redefinition_context_valid
At least one of the redefinition contexts of the redefining element must be a specializaticrasf ahé of the
redefinition contexts for each redefined element.

inv: redefinedElement - >forAll(e | isRedefinitionContextValid(e))

RedefinableTemplateSignature [Class]

Description

A RedefinableTemplateSignature suppdines addition of formal template parameters in a specialization of a template classifier.

Diagrams

Classifier Templates

Generalizations

15¢€

RedefinableElemenT emplateSignature
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Association Ends

1 classifier :Classifier[1..1]{subsetRedefinableElement::redefinitionContextdefinesT emplateSignature::template
(oppositeClassifier::ownedTemplateSignatire
The Classifier that owns this RedefinableTemplateSignature.

1 extendéSignature RedefinableTemplateSignatUe.*|{subsetsRedefinableElement::redefinedElemlefdpposite
A_exterdedSignature_redefinableTemplateSignature::redefinableTemplateSignature
The RedefinableTemplateSignature that is extended by this RedefinableTemplateSignature.

1 /inheritedParameterT.emphteParametd0..*[{subsetsTemplateSignature::paraméet¢opposite
A_inheritedParameter_redefinableTemplateSignature::redefinableTemplateSignature
The formal terplate parameters of the extended signature.

Operations

91 inheritedParameter()T.emplateParamet§0..*]
Derivation for RedefinableTemplateSignature::/inheritedParameter

body: if extendedSi gnature - >isEmpty() then Set{} else extendedSignature.parameter - >asSet() endif

1 isConsistentWith(redefineeRedefinableElemeht Boolean
The query isConsistgWith() specifies, for any two RedefinableTemplateSignatures in a context in which redefinition is
possible, whether redefinition would be logically consistent. A redefining template signature is always consistent with a
redefined template signature, aglefinition only adds new formal parameters.

pre: redefinee.isRedefinitionContextValid(self)
body: redefinee.ocllsKindOf(RedefinableTemplateSignature)

Constraints

1 redefines_parents
If any of the parent Classifiers are a template, then the extendedSignasiriclude the signature of that Classifier.

inv: classifier.allParents() - >forAll(c | c.ownedTemplateSignature - >notEmpty() implies self
>closure(extendedSignature) - >includes(c.ownedTemplateSignature))

Slot [Class]

Description

A Slot designtes that an entity modeled by an InstanceSpecification has a value or values for a specific StructuralFeature.

Diagrams

Instances

Generalizations

Element
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Association Ends

1 definingFeature StructuralFeaturgl..1] (oppositeA_definingFeature slot::slpt
The StructuralFeature that specifies the values that may be held by the Slot.

1 owninglnstance InstanceSpecificatiofi..1]{subsetsElement::ownér (oppositelnstanceSpecificatiarslof)
The InstanceSpecification that owns this Slot.

1 Dz v aVYalweSpercificatiof0..*]{ordered, subsetg&lement::ownedElemehfopposite
A_value_owningSlot::owningSIpt
Thevalue or values held by the Slot.

StructuralFeature [Abstract Class]

Description

A StructuralFeature is a typed feature of a Classifier that specifies the structure of instances of the Classifier.

Diagrams

FeaturesPropertiesinstancesStructural Feature Actions

Generalizations

MultiplicityElement TypedElementFeature

Specializations
Property

Attributes

1 isReadOnly Boolean[1..1] = false
True if the StructuralFeature's value may not be modified by a client.

Substitution [Class]

Description

A substitution is a relationship between two classifiers signifying that the substituting classifier complies with tisé contra
specified by the contract classifier. This implies that instances of the substituting classifier are runtime substiertable wh
instances of the contract classifier are expected.

Diagrams

Classifiers

Generalizations

Realization
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Association Ends

1 contract Classifier[1..1]{subsetdDependency::supplip{oppositeA_contract substitution::substitutipn
The contract with which the substituting classifier complies.

1 substitutingClassifier Classifier[1..1]{subsetdDependency::cliensubset&lement::ownéer (opposite
Classifier::substitution
Instances of the substituting classifier are runtimesstuitable where instances of the contract classifier are expected.

9.10Association Descriptions

A_attribute_classifier [Association]

Diagrams

Classifiers

Owned Ends

1 classifig : Classifier[0..1]{subsetdeature::featuringClassifiesubsetfRedefinableElement::redefinitionContgxt
(oppositeClassifier::attribute

A_bodyCondition_bodyContext [Association]

Diagrams
Operations

Owned Ends

1 bodyContext Operation0..1]{subsetLonstraint::conte}t(oppositeOperation::bodyCondition

A_classifier_instanceSpecification [Association]

Diagrams

Instances

Specializations

A _classifier enumerationLiteral
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Owned Ends

1 instanceSpecificationinstanceSpecificatiof..*] (oppositelnstanceSpecification::classifjer

A_classifier_templateParameter_parameteredElement [Association]

Diagrams

Classifier Templates

Member Ends

1 Classifier::templateParameter
1 ClassifierTemplateParagter::parameteredElement

A_collaborationUse_classifier [Association]

Diagrams

Classifiers Collaborations

Specializations

A_representation_classifier

Owned Ends

91 classifier :Classifier[0..1]{subset€Element::ownér (oppositeClassifier::collaborationUge

A_condition_parameterSet [Association]

Diagrams

Features

Owned Ends

1 parameterSetParameterS40..1]{subsetsElement::owney (oppositeParameterSet::conditipn

A_constrainingClassifier_classifierTemplateParameter [Association]

Diagrams

Classifier Templates
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Owned Ends

1 classifierTemplateParamete€tassfierTemplateParametd®..*] (opposite
ClassifierTemplateParameter::constrainingClasgsifier

A_contract_substitution [Association]

Diagrams

Classifiers

Owned Ends

1 substitution Substitution0..*]{subsetsA_supplier_supplierDependency::supplierDependgoyposite
Substitution::contragt

A_defaultValue_owningParameter [Association]

Diagrams

Features

Owned Ends

1 owningParameterParametef0..1]{subsetElement::ownér(oppositeParameter::defaultValjie

A_defaultValue_owningProperty [Association]

Diagrams
Properties

Owned Ends

1 owningProperty Property[0..1]{subset£Element::ownér(oppositeProperty::defaultValue

A_definingFeature_slot [Association]

Diagrams

Instances
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Owned Ends

1 slot :Slot[0..*] (oppositeSlot::definingFeature

A_extendedSignature_redefinableTemplateSignature [Association]

Diagrams

Classifier Templates

Owned Ends

1 redefinableTemplateSignatur&edefinableTemplateSignaty.*]{subsets
A_redefinedElement_redefibeElement::redefinableElemérfopposite
RedefinableTemplateSignature::extendedSignature

A _feature_featuringClassifier [Association]

Diagrams

Classifiers Features

Member Ends

1 Classifier::feature
1 Feature::featuringClassifier

A_general_classifier [Association]

Diagrams

Classifiers

Owned Ends

1 classifier :Classifier[0..*] (oppositeClassifier::general

A_general_generalization [Association]

Diagrams

Classifiers

162
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Owned Ends

1 generalization Generalizatiof0..*]{subsetsA_target_directedRelationship::directedRelations@gpposite
Generalization::genergl

A_generalizationSet_generalization [Association]

Diagrams

Classifiers Generalization Sets

Member Ends

1 Generalization::generalizationSet
i GeneralizationSet::generalization

A_generalization_specific [Association]

Diagrams

Classifiers

Member Ends

1 Classifier::generatiation
M Generalization::specific

A_inheritedMember_inheritingClassifier [Association]

Diagrams

Classifiers

Owned Ends

1 inheritingClassifier Classifier[0..*|{subsetsA_member _memberNamespace::memberName}fapposite
Classifier:inheritedMembey

A_inheritedParameter_redefinableTemplateSignature [Association]

Diagrams

Classifier Templates
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Owned Ends

1 redefinableTemplateSignatur&edefinableTemplateSignaty.*]{subsets
A _parameter_templateSignature::templateSigna{@@positeRedefinableTemplateSignature::inheritedPararheter

A_instance_instanceValue [Association]

Diagrams

Instances

Owned Ends

1 instanceValue InstanceValug0..*] (oppositelnstanceValue::instante

A_method_specification [Association]

Diagrams

Featires Behaviors

Member Ends

1 BehavioralFeature::method
9 Behavior::specification

A_operation_templateParameter_parameteredElement [Association]

Diagrams
Operations

Member Ends

1 Operation::templateParameter
1 OperationTemplateParameter::parameteredElement

A_opposite_property [Association]

Diagrams

Properties
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Owned Ends

1 property :Property[0..1] (oppcsite Property::opposife

A_ownedParameterSet_behavioralFeature [Association]

Diagrams

Features

Owned Ends

1 behavioralFeatureBehavioralFeaturf0..1]{subsetdNamedElement::namespadepposite
BehavioralFeature::ownedParametjS

A_ownedParameter_operation [Association]

Diagrams
Operations

Member Ends

1 Operation::ownedParameter
1 Parameter::operation

A_ownedParameter_ownerFormalParam [Association]

Diagrams

Features

Owned Ends

1 ownerFormalParamBehavioralFeaturf..1]{subsetdNamedElement::namespadepposite
BehavioralFeature::ownedParaméter

A_ownedTemplateSignature_classifier [Association]

Diagrams

Classifier Templates

UML v2.5 165



Member Ends

1 Classifier::ownedTemplateSignature
1 RedefinableTemplateSignature::classifier

A_ownedUseCase_classifier [Association]

Diagrams

Classifiers Use Cases

Owned Ends

1 classfier : Classifier[0..1]{subsetdNamedElement::namespadeppositeClassifier::ownedUseCakge

A_parameterSet_parameter [Association]

Diagrams

Features

Member Ends

I Parameter::parameterSet
I ParameterSet:.:parameter

A_postcondition_postContext [Association]

Diagrams
Operations

Owned Ends

1 postContext Operation0..1]{subsetLonstraint::conte}t(oppositeOperation::postconditign

A_powertypeExtent_powertype [Association]

Diagrams

Classifiers Generalization Sets

Member Ends

9 Classifier::powertypeExtent
1 GeneralizationSet::powertype
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A_precondition_preContext [Association]

Diagrams
Operations

Owned Ends

1 preContext Operation0..1]{subsetLonstraint::cordxt} (oppositeOperation::precondition

A_qualifier_associationEnd [Association]

Diagrams

PropertiesAssociations

Member Ends

1 Property::qualifier
9 Property::associationEnd

A_raisedException_behavioralFeature [Association]

Diagrams

Features

Owned Ends

1 behavioralFeatureBehavioralFeaturfd..*] (oppositeBehavioralFeature::raisedBeption

A_raisedException_operation [Association]

Diagrams
Operations

Owned Ends

1 operation Operation0..*]{subsetsA_raisedException_behavioralFeature::behavioralFepfapposite

Operation::raisedExceptidn
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A_redefinedClassifier_classifier [Association]

Diagrams

Classifiers

Owned Ends

1 classifier :Classifier[0..*]{subsetsA_redefinedElement_redefinableElement::réashle Elemerjt(opposite
Classifier::redefinedClassifigr

A_redefinedElement_redefinableElement [Association]

Diagrams

Classifers

Owned Ends

1 redefinableElementRedefinableElemerj0..*] (oppositeRedefinableElement::redefinedElemjent

A_redefinedOperation_operation [Association]

Diagrams
Operations

Owned Ends

1 operation Operation0..*]{subsetsA_redefinedElement_redefinableElement::redefinableElehfepposite
Operation::redefinedOperatipn

A_redefinedProperty_property [Association]

Diagrams
Properties

Owned Ends

1 property :Property]0..*]{subsetsA_redefinedElement_redefinableElement::redefinableEleh{epposite
Property::redefinedPropeity
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A_redefinitionContext_redefinableElement [Association]

Diagrams

Classifiers

Specializations

A redefinitionContext transitigriA redefinitionContext staié\ redefinitionContext region

Owned Ends

1 redefinableElementRedefinableElemen0..*] (oppositeRedefinableElement::redefinitionContext

A_representation_classifier [Association]

Diagrams

Classifiers Collaborations

Generalizations

A _collaborationUse _classifier

Owned Ends

91 classifier :Classifier[0..1]{redefinesA_collaborationUse _classifier::classififoppositeClassifier::representation

A_slot_owninglnstance [Association]

Diagrams

Instances

Member Ends

1 InstanceSpecification::slot
1 Slotzowninglnstance

A_specification_owninginstanceSpec [Association]

Diagrams

Instances
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Owned Ends

1 owninglnstanceSpednstanceSpecificatiofd..1]{subsetsElement::ownér (opposite

InstanceSpecification::specificatipn

A_subsettedProperty_property [Association]

Diagrams
Properties

Owned Ends

1 property :Property[0..*] (oppositeProperty::subsettedProperty

A_substitution_substitutingClassifier [Association]

Diagrams

Classifiers

Member Ends

9 Classifier::substitution
9  Substitution::substitutingClassifier

A_type_operation [Association]

Diagrams
Operations

Owned Ends

1 operation Operatiam [0..*] (oppositeOperation::typg

A_value_owningSlot [Association]

Diagrams

Instances

17C
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Owned Ends

1 owningSlot :Slot[0..1{subsetsElement::ownér (oppositeSlot::valug

UML v2.5 171



10 Simple Classifiers

10.1 Summary

This clause specifies various kinds of Classifier that ddvawé complex internal structure.

10.2 DataTypes

10.2.1 Summary

DataTypes model Types whose instances are distinguished only by their value.

10.2.2 Abstract Syntax

{ordered, subsets
{subsets namespace, attribute, subsets
subsets classifier} ownedMember}

+ datatype + DwnedAttl'ibute
DataT roperty
acalype I:Il -
{subsets featuringClassifier,  fordered, subsets feature, subsets
subsets namespace, subsets redefinableElerment, subsets
redefinitionContext} ownedMember}
+ datatype + ownedOperation -
0.1 *
| InstanceSpecification
{ordered, subsets
J{subsets namespace}  ownedMember}
PrimitiveType Enumeration + enumeration + ownedLiteral EnumerationLiteral
0.1 *
1 -
+ Jclassifier + enurmerationLiteral

{readCnly, redefines classifier} {redefines instanceSpecification}

Figure 10.1 DataTypes

10.2.3 Semantics

DataTypes

A DataType is a kindf Classifier. DataType differs from Class in that instances of a DataType are identified only by their value.
All instances of a DataType with the same value are considered to be equal instances.
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If a DataType hasttributes (i.e., Properties owned byand in its namespace) it is calledteucturedDataType. Instances of a
structured DataType contain attribute values matchirgtitaites. Instances of a structured DataType are considered to be equal
if and only if the structure is the same and talues of the correspondiagributes are equal.

A DataType may be parameterized, bound, and used as TemplateParameters.

Primitive Types

A PrimitiveType defines a predefined DataType, without any substructure. A PrimitiveType may have algebra andoperat
defined outside of UML, for example, mathematically. Thetime instances of a PrimitiveType are values that correspond to
mathematical elements defined outside of UML (for example, the Integers).

Enumerations
Enumeration is a kind of DataType. Bagalue of an Enumeration corresponds to one of itsdesfémed EnumerationLiterals.

As a specialization of Classifier, Enumerations can participate in generalization relationships. An Enumeration thag¢speciali
another may define new EnumerationLitsrah such a case the set of applicable literals comprises inherited literals plus locally
defined ones.

An EnumerationLiteral defines an element of the-tiome extension of an Enumeration. The-time values corresponding to
EnumerationLiterals mayebcompared for equality.

An EnumerationLiteral has a hame that shall be used to identify it within its Enumeration. The EnumerationLiteral name is
scoped within and shall be unique within its Enumeration. EnumerationLiteral names shall be qualifiedrdnpen

10.2.4 Notation

A DataType is designated using the Classifier notation (a rectangle) with keyword «dataType» or, when it is referetged (e.g.,
an attribute), by the name of the DataType. A compartment listing the attributes is placed below themzartenemt. A
compartment listing the Operations is placed below the attribute compartment.

A PrimitiveType is similarly designated with the keyword «primitive» above or before the name of the PrimitiveType.

An Enumeration is similarly designated. The navhthe Enumeration is placed in the upper compartment with the keyword
«enumeration» above or before the name. A list of EnumerationLiterals may be placed, one to a line, in a compartmaat below
operations compartment. The attributes and operationpaxdments may be suppressed, and typically are suppressed and empty.

10.2.5 Examples

Figure10.2 illustrates the notation for defining a PrimitiveType.

“primitives
Integer

Figure 10.2 PrimitiveType Notation

Figure10.3 illustrates the notation for defining DataTypes. The FullName type defined on the left is used as the type of the
fullName attribute in the Person type defined on the right.
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«dataTypes «dataTypes
Fullhame Person
FirstMame : String Fullame : Fullarnes
secondMame : String

inikial : String

Figure 10.3 DataType Notation

Figure10.4 illustrates the notation for defining Enumerations.

#EnuUmerations
VisibilityKind
public
private
protected
package

Figure 10.4 Enumeration Notation

10.3 Signals

10.3.1 Summary

Signals and Receptions are dg$e model asynchronous communication between objects.

10.3.2 Abstract Syntax

BehavioralFeature
A
+ signal + reception | peception
1 *

{subsets namespace,
subsets classifier}

0.1 + owningSignal

{ordered, subsets attribute,
subsets ownedMember’t
* 1 + ownedAttribute

Property

Figure 10.5 Signals
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10.3.3 Semantics

Signals

A Signal is a specification of a kind of communication between objects in which a reactigndsrasously triggered in the
receiver without a reply. The receiving object handles Signals as specified by its Receptions. The data carried by the
communication are representecdaasbutes of the Signal. A Signal is defined independently of the Classihandling it.

The sender of a Signal will not block waiting for a reply but continue execution immediately. By declaring a Receptiatedssoci
to a given Signal, a Classifier specifies that its instances will be able to receive that Signal, queateebepf, and will respond
to it with the designated Behavior.

A Signal may be parameterized, bound, and used as TemplateParameters.

Receptions

A Reception specifies that its owning Class or Interface is prepared to react to the receipt of a SigregtibrR@matches a
Signal if the received Si gnsagrh. Thedetals oshpvetheiobjdctiresponds to the recéived h e
Signal depend on the kind of Behavior associated with the Reception and its owning Class or Inteefa8e2 Fbe name of

the Reception is the same as the name of the Signal. A Reception may only have in Param@r3 (saematch the

attributes of the Signal by name, type, and muttifyl.

10.3.4 Notation

A Signal is depicted by a Classifier symbol with the keyword «signal».

Receptions are shown in the receptions compartment using the same notation as for Operations with the keyword «signal.

10.3.5 Examples

Figure10.6 shows an interface IAlarm that defines two Receptions, each referring to a Signal also shown in the example.

NOTE. The name of the Reception matches the name of the Signal, and the parameter of the Reception matches the attribute
the Signal.

wsignal»

«interfaces Notify

IAlarm message ;. String
receptions

«signal» Notify(message : String)
«signal» Activate()

«signal»
Activate

Figure 10.6 Reception Notation
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10.4 Interfaces

10.4.1 Summary

Interfaces declare coherent services that are implemented by BehavioredClassifiers that implement the Interfaces via
InterfaceRealizations.

10.4.2 Abstract Syntax

{ordered, subsets redefinableElement,
subsets ownedMember}
+ nestedClassifier

*

{subsets namespace, subsets

{ordered, subsets attribute, subsets {subsets namespace, IE_dEﬁ”iUU”CU”tEXt}
DwnedMembe.l} subsets daSSTE! f} Interface - + interface
- -: ownedAttiibute +in EIUEIC:! * 0.1
h {subsets ownedMember}
{ordered, subsets feature, subsets {subsets featuringClassifier, 0.1 + protocal -
redefinableElement, subsets subsets namespace, subsets ntert
ownedMember} redefinitionContext} {:ugss;sarfa?mes ace) 0.1
- + ownedOperation + interface P
0.1 {subsets redefinedClassifier}
{subsets feature, subsets {subsets featuringClassifier, Z'EdEﬁ”EdI”tE' face
ownedMember} subsets namespace} e
" + ownedReception + interface {subsets dlassifier}
Reception I':’ - + interface
0.1 *
{subsets supplier}
1 | + contract
{subsets ownedElement,
subsets clientDependency}
+ interfaceRealization
{subsets client, subsets owner} {subsets supplierDependency’} "
BehavioredClassifier + implementingClassifier + interfaceRealization InterfaceRealization
ot |
[ | 1 *
{redefines behavioredClassifier} 0{subsets namespace}
+ behavioredClassifier | 0..1 0..1| + behavioredClassifier
{subsets ownedBehavior} {subsets ownedMember}
+ classifierBehavior | 0.1 + | + ownedBehavior
Behavior

Figure 10.7 Interfaces

10.4.3 Semantics

Interfaces

An Interface is a kind of Classifier that represents a declaration of a set of public Features and obligations thaioogétier
a coherent service. An Interface sffiesi a contract; any instance of a Classifier that realizes the Interface shall fulfill that
contract. The obligations associated with an Interface are in the form of constraints (suelaad postconditions) or protocol
specifications, which may impesrdering restrictions on interactions through the Interface.

Interfaces may not be instantiated. Instead, an Interface specificatigplésnentedr realizedby a BehavioredClassifier, which
means that the BehavioredClassifier presents a public félcadeonforms to the Interface specification.

NOTE. A given BehavioredClassifier may implement more than one Interface and that an Interface may be implemented by a
number of different BehavioredClassifiers.
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Interfaces provide a way to partition and cletéeaze groups of public Features and obligations that realizing
BehavioredClassifiers shall possess. An Interface does not specify how it is to be implemented, but merely what needs to be
supported by realizing BehavioredClassifiers. That is, such Beka\itassifiers shall provide a public facade consisting of
attributes, Operations, and externally observable Behavior that conforms to the Interface.

NOTE. If an Interface declares anmribute, this does not necessarily mean that the realizing Beha@tasslifier will necessarily
have such aattribute in its implementation, but only that it will appear so to external observers.

The set of Interfaces realized by a BehavioredClassifier gpeotddedinterfaces, which represent the services and ohdigsti

that instances of that BehavioredClassifier offer to their clients. Interfaces may also be used toespa@fyinterfaces, which
are specified by a Usage dependency between the BehavioredClassifier and the corresponding Interfaces. Rego@gd Interf
specify services that a BehavioredClassifier needs in order to perform its function and fulfill its own obligationgetusts cl

Properties owned by Interfaces (including Association ends) imply that the realizing BehavioredClassifier shoutd mainta
information corresponding to the type and multiplicity of the Property and facilitate retrieval and modification of thatiofo

A Property declared on an Interface does not necessarily imply that there will be such a Property on a realizing
BehavbredClassifier (e.g., it may be realized by equivalent get and set Operations). Interfaces may also own constraints that
impose constraints on the Features of the implementing BehavioredClassifier.

Interfaces may own a ProtocolStateMachine that specifierst sequences and pre/post conditions for the Operations and
Receptions described by the Interface. A BehavioredClassifier realizing an Interface shall comply with the Protocol8tateMach
owned by the Interface.

An Interface may be parameterized, bouartt] used as TemplateParameters.

An InterfaceRealization relationship between a BehavioredClassifier and an Interface implies that the BehavioredClassifier
conforms to the contract specified by the Interface by supporting the set of Features ownedtbyféloe | and any of its parent
Interfaces. For BehavioralFeatures, the implementing BehavioredClassifier will have an Operation or Reception for every
Operation or Reception, respectively, defined by the Interface. For Properties, the realizing BeGkagsifeet will provide
functionality that maintains the state represented by the Property. While such may be done by direct mapping to a Breperty of
realizing BehavioredClassifier, it may also be supported by the StateMachine of the BehavioreelGladsifa pair of

Operations that support the retrieval of the state information and an Operation that changes the state information.

10.4.4 Notation

An Interface may be designated using the Classifier notation (a rectangle) with keyword «interface» precedimg tA
compartment listing the attributes is placed below the name compartment. A compartment listing the Operations is placed belo
the attribute compartment.

Alternatively an InterfaceRealization dependency from a BehavioredClassifier to an Inteafiabe shown by representing the
Interface by a circle dpall, often also calletbllipop, labeled with the name of the Interface, attached by a solid line to the
BehavioredClassifier that realizes this Interface.

The Usage dependency from a Classifiearidnterface is shown by representing the Interface by acinelé orsocket labeled
with the name of the Interface, attached by a solid line to the Classifier that requires this Interface.

Interfaces inherited from a generalization of the Behaviom@siifier may be notated on a diagram through a lollipop. These
Interfaces are indicated on the diagram by preceding the name of the Interface by a forward slash.

If a Dependency is wired from a Usage to an InterfaceRealization that are representedockey @and a lollipop, the
dependency arrow may be shown joining the socket to the lollipop
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10.4.5 Examples

The InterfaceRealization dependency from ProximitySensor to ISensor is showbalsiigllipop) notation (se€igure10.8).

ProximitySensor

O

ISensor

Figure 10.8 ISensor is a provided Interface of ProximitySensor

Figure10.9 shows the lollipop notation for an inherited provided interface.

ProximitySensor

/Isensor
CapacitiveSensor O

Figure 10.9 ISensor, a provided Interface of ProximitySensor, is shown as inherited by CapacitiveSensor

The Usage dependency from TheftAlarm to ISensor is shown ssokginotation (sedigure10.10).

TheftAlarm

—~
—

Figure 10.10ISensor is a required Interface of TheftAlarm

Alternatively, in cases where Interfaces are represented using the rectangle notation, InterfaceRealization and Usagedepende
are denoted with appropriate dedency arrows (seligure10.11). The Classifier at the tail of the arrow implements the
Interface at the head of the arrow or uses that Interface, respectively.

#interfaces
ISensor

ackivate [ )
read ()

TheftAlarm |....... BUse®

- e o ProximitySensor

Figure 10.11 Altern ative notation for required and provided Interface

It is often the case in practice that two or more Interfaces are mutually coupled through apgpmetifio dependencies. In such
situations, each Interface represents a specificroleinapaltr g ryotiocol . 6 These types of pro
captured by Associations between Interfaces as shown in the exarRerni®@10.12. This shows the specification of three
Interfaces]Alarm, ISensor andlBuzzer IAlarm andISensorare shown as engaged in a bidirectional protocol, meaning that any
implementation of ISensor must maintain the information needed to realizeAtaen property, and similarly for IAlarm and

theSensor. |IBuzzerdescribes an Interface thatptamenters ofAlarm must be able to access
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+interfaces
IBuzzer

volume : Inkeger

1

«interfaces
IAlarm

start ()
resek ()

Figure 10.12 A set of collaborating Interfaces
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+ theBuzzer

nokify

+ thedlarm

+ theSensor
-

1

«interfaces
ISensor

1

activate ()
read ()
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10.5Classifier Descriptions

BehavioredClassifier [Abstract Class]

Description

A BehavbredClassifier may have InterfaceRealizations, and owns a set of Behaviors one of which may specify the behavior of
the BehavioredClassifier itself.

Diagrams

InterfacesUse Case<LlassesCollaborationsBehaviors

Generalizations

Classifier

Specializations

Actor, UseCasgClass Collaboration

Association Ends

1 classifierBehavior Behavior[0..1]{subsetBehavioredClassifier::ownedBehavidppposite
A_classifierBehavior_behavioredClassifier::behavioredClaskifier
A Behavior that specifies the behavior of the BehavioredClassiielf.

T DZ i nt er f acletdRfecaReadlizat#of0.i*]fsubsetsElement::ownedElemensubsets
NamedElement::clientDependsf (oppositelnterfaceRealization::implementingClassijier
The set of InterfaceRealizations owned by the BehavioredClassifier. Interface realizations reference the Interfaces of
which the BehavioredClassifigs an implementation.

T Dz own e d BBehavior0.d]fsubsetsNamespace::ownedMembBdpbpposite
A_ownedBehavior_behavioredClassifier::behavioredClaskifi
Behaviors owned by a BehavioredClassifier.

Constraints

1 class_behavior
If a behavior is classifier behavior, it does not have a specification.

inv: classifierBehavior - >notEmpty() implies classifierBehavior.specification - >isEmpty()

DataType [Class]

Description

A DataType is a type whose instances are identified only by their value.
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Diagrams

DataTypesPropertiesOperations

Generalizations

Classifier

Specializations

EnumerationPrimitiveType

Association Ends

1 Dz own e d APropertyj®.tj{ordered, subset€lassifier::attributesubsetdNamespace::ownedMembBdbpposite
Property::datatype
The Attributes owned by the DataType.

1 DZ own e d O mperaton0..f{ordered, subset€lassifier::featuresubsets
A_redefinitionContext redefinableElement::redafiteElementsubset®amespace::ownedMembBdobpposite
Operation::datatype
The Operations owned by the DataType.

Operations

1 inherit(inhs :NamedElemenf0..*]) : NamedElemeni0..*]
The inherit operation is overridden to exclude redefined properties.

body: inhs - >reject(inh |
inh.oclisKindOf(RedefinableElement) and ownedM ember - >select(ocllsKindOf(RedefinableElement))
>select(redefinedElement - >includes(inh.oclAsType(RedefinableElement))) - >notEmpty())

Enumeration [Class]

Description
An Enumeration is a DataType whose values are enumerated in the mBdehasrationLiterals.
Diagrams
DataTypes
Generalizations
DataType

Association Ends

1 Dz o wn e d EnurheeatioalliteraJ0..*[{ordered, subsetblamespace::ownedMembBé&ppposite
EnumerationLiteral::enumeiiat)
The ordered set of literals owned by this Enumeration.
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EnumerationLiteral [Class]
Description
An EnumerationLiteral is a usélefined data value for an Enumeration.
Diagrams
DataTypes

Generalizations

InstanceSpecification

Association Ends

1 /classifier :Enumeratiorf1..1]{redefinesinstanceSpecificain::classifie} (opposite
A_classifier_enumerationLiteral::enumerationLitgral
The classifier of this EnumerationLiteral derived to be equal to its Enumeration.

1 enumeration Enumeratiori0..1]{subsetdNamedElement::namespaddeppositeEnumeration::ownedLiterpl
The Enumeration that this EnumerationLiteral is a inenof.

Operations

1 classifier() :Enumeration
Derivation of Enumeration::/classifier

body: enumeration
Interface [Class]

Description

Interfaces declare coherent services that areeimghted by BehavioredClassifiers that implement the Interfaces via
InterfaceRealizations.

Diagrams

Interfaces Encapsulated ClassifielomponentsPropertiesOperations

Generalizations

Classifier

Association Ends

1 Dz nest edClassifierf0i.*fordered, subsetd redefinitionContext_redefinableElement::redefinableElement
subsetdNamespace::ownedMembBégpppositeA_nestedClassifier_interface::interfjce
References all the Classifiers that are defined (nested) within the Interface.
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T Dz own e d APRropertyj®.tj{ordered, subset€lassifier::attributesubsetfNamespace::ownedMembBdbpposite
Property::interface
The attributes (i.e., the Properties) owned by the Interface.

1 Dz own e d Omperabdon0..{ordered, subset€lassifier::featuresubsets
A_redefinitionContext redefinableElement::redefinableElemsutisetiamespace::ownedMembBdobpposite
Operation::interface
The Operations owned by the Interface.

T Dz own e d R &recepidr®..§{subsetsClassifier::featuresubsetfamespace::ownedMembBd&ppposite
A _ownedReception_interface::interfjce
Receptions that objects providing this Interface are willing to accept.

1 Dz p r o ProtacalStateMaching®..1]{subsetdNamespace::ownedMembBdbpposite
A_protocol_interface::interfage
References a ProtocolStateMachine specifying the legal sequences of the invocation of the Behavioral&sathesbs
in the Interface.

1 redefinedinterface Interface[0..*]{subsetsClassifier::redefinedClassifie(opposite
A_redefinedinterface_interface::interface
References all the Interfaces redefined by this Interface.

Constraints

1 visibility
The visibility of all Features owned by an Interface must be public.

inv: feature - >forAll(visibility = VisibilityKind :public)
InterfaceRealization [Class]

Description

An InterfaceRealization is a specialized realization relationship between a BehavioredClassifier and an Interface. This
relationship signifies that the realizing Behaviored€iféer conforms to the contract specified by the Interface.

Diagrams

Interfaces

Generalizations

Realization

Association Ends

1 contract Interface[l..1]{subsetdDependency::supplip(opposite
A_contract_interfaceRealization::interfaceRealizgtion
References the Interface specifying the conformancgract.
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1 implementingClassifier BehavioredClassifiefll..1}{subsetsDependency::cliensubsetg&lement::owner (opposite
BehavioredClassifier::interfaceRealizatjon
References the BehavioredClassifier that owns this InterfaceRealization, i.e., the BehavioredClassifier that realizes the
Interface to which it refers.

PrimitiveType [Class]

Description

A PrimitiveType defines a predefined DataType, without any substructure. A PrimitiveType may have an algebra and operation
defined outside of UML, for example, mathematically.

Diagrams
DataTypes
Generalizations
DataType
Reception [Class]
Description
A Reception is a declaration stating that a Classifier is prepared to react to the recSignal.a

Diagrams

Signals InterfacesClasses

Generalizations

BehavioralFeature

Association Ends

1 sigmal: Signal[1..1] (oppositeA_signal_reception::receptidpn
The Signal that this Reception handles.

Constraints

1 same_name_as_signal
A Reception has the same name as its signal

in v: name = signal.name

1 same_structure_as_signal
A Reception's parameters match the ownedAttributes of its signal by name, type, and multiplicity

inv: signal.ownedAttribute - >size() = ownedParameter - >size() and
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Sequence{1..signal.ownedAttribute ->size()} ->for All(i]
ownedParameter - >at(i).direction = ParameterDirectionKind::_'in' and

ownedParameter - >at(i).name = signal.ownedAttribute - >at(i).name and

ownedParameter - >at(i).type = signal.ownedAttribute - >at(i).type and

ownedParameter - >at(i).| owerBound() = signal.ownedAttribute - >at(i).lowerBound() and
ownedParameter - >at(i).upperBound() = signal.ownedAttribute - >at(i).upperBound()

Signal [Class]

Description

A Signal is a specification of a kind of communication betweenctdja which a reaction is asynchronously triggered in the
receiver without a reply.

Diagrams

Signals Events Invocation Actions

Generalizations

Classifier

Association Ends

1 DZ own e d APRroperty{®.tj{oradered, subset€lassifier::attributesubsetfNamespace::ownedMembBdopposite
A_ownedAttribute owningSignal::owningSigpal
The attributes owned by the Signal.

10.6 Association Descriptions

A_classifierBehavior_behavioredClassifier [Association]

Diagrams

InterfacesBehaviors

Generalizations

A_ownedBelavior behavioredClassifier

Owned Ends

1 behavioredClassifierBehavioredClassifi€f0..1]{redefines
A_ownedBehavior_behavioredClassifieetiavioredClassifi@r(oppositeBehavioredClassifier::classifierBehavjor

UML v2.5 18¢



A_classifier_enumerationLiteral [Association]
Diagrams
DataTypes

Generalizations

A classifier_instanceSpecification

Owned Ends

1 enumerationLiteral EnumerationLitera]O..*[{redefinesA_classifier_instanceSpecification::instanceSpecificdtion
(oppositeEnumerationL.iteral::classifigr

A_contract_interfaceRealization [Association]

Diagrams

Interfaces

Owned Ends

91 interfaceRealizationInterfaceRealizatiofD..*]{subsetsA_supplier_supplierDependency::supplierDependgncy
(oppositelnterfaceRealization::contrgct

A_interfaceRealization_implementingClassifier [Association]

Diagrams

Interfaces

Member Ends

1 BehavioredClassifier::interfaceRealization
1 InterfaceRealization::implementingClassifier

A_nestedClassifier_interface [Association]

Diagrams

Interfaces

Owned Ends

1 interface iInterface[0..1]{subsetdNamedElement::namespacebsetRedefinableElement::redefinitionContext
(oppositelnterface::nestedClassifler
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A_ownedAttribute_datatype [Association]

Diagrams

DataTypesProperties

Member Ends

1 DataType::ownedAttribute
1 Property::datatype

A_ownedAttribute_interface [Association]

Diagrams

InterfacesProperties

Member Ends

1 Interface::ownedAttribute
1 Property:interface

A_ownedAttribute_owningSignal [Association]

Diagrams
Signals

Owned Ends

1 owningSignal Signal[0..1[{subsetdNamedElement::namespaceibsetd\_attribute classifier::classifie(opposite
Signal::ownedAttribute

A_ownedBehavior_behavioredClassifier [Association]

Diagrams

InterfacesBehaviors

Specializations

A _classifierBehavior behavioredClassifier
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Owned Ends

1 behavioredClassifierBehavioredClassifi€]0..1]{subsetdNamedElement::namespaddepposite

BehavioredClassifier::ownedBehavjor

A_ownedLiteral_enumeration [Association]

Diagrams
DataTypes

Member Ends

1 Enumeration::ownedLiteral
1 EnumerationLiteral::enumeration

A_ownedOperation_datatype [Association]

Diagrams

DataTypesOperations

Member Ends

i DataType::ownedOperation
1 Operation::.datatype

A_ownedOperation_interface [Association]

Diagrams

InterfacesOperations

Member Ends

1 Interface::ownedOperation
9 Operation::interface

A_ownedReception_interface [Association]

Diagrams

Interfaces

Owned Ends

1 interface iInterface[0..1]{subsetdeature::featuringClassifiesubsetiNamedElement::namespidepposite

Interface::ownedReceptidpn
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A_protocol_interface [Association]

Diagrams

Interfaces

Owned Ends

1 interface iInterface [0..1]{subsetdNamedElement::namespddeppositelnterface::protocql
Specifies the namespace in which the protocol state machine is defined.

A_redefinedInterface_interface [Association]

Diagrams

Interfaces

Owned Ends

1 interface iInterface[0..*]{subsetsA_redefinedClassifier_classifier::classifi§bppositelnterface::redefinedinterfage

A_signal_reception [Association]

Diagrams
Signals

Owned Ends

1 reception Receptior0..*] (oppositeReception::signal
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11 Structured Classifiers

11.1 Summary

StructuredClassifiers are Classifiers that may have amialt structure comprising a network of linkets (which can

themselves be instances of structured classifiers) and an external structure consisting of one or more Ports. The Ports of
EncapsulatedClassifiers act as local agents of remote collabogdimnéng EncapsulatedClassifiers to differentiate between

them but without being directly coupled to the@lasses, Components, Associations and Collaborations are concrete metaclasse
that use these capabilities.

11.2 Structured Classifiers

11.2.1 Summary

Structur@Classifiers may contain an internal structure of connected elements each of which plays a role in the overall behavior
modeled by the StructuredClassifier. It may be helpful to read this sub clause in conjunction with sublctausssociations.

11.2.2 Abstract Syntax

TemplateParameter

£

| ConnectableElementTemplateParameter |

{redefines templateParameter}

{ordered, readOnly}
+ Jend

| ParameterableFlement | | TypedElement | [
il [y
{redefines 010+ termpitep .
- : 1 + templateParameter
{readonly, union, par a.met9| ngIement} &
{subsets memnberNamespace} subsets member} + parameteredElement
ctracturedClassiier + structuredClassifier + frole ConnectableFlement 1
* * + role
o 1

{subsets namespace, {ordered, subsets
subsets classifier, redefines attribute, subsets role,
structuredClassifier} subsets ownedMember}

+ structuredClassifier + ownedAttribute

Property {readonly}
0.1 * + /definingEnd
{readCnly} 0.1
+ structuredClassifier + fpart
0.1 *
Feature
{subsets featuringClassifier, {subsets feature, subsets o '
subsets namespace, subsets  redefinableElement, subsets + connectarend
redefinitionContext} ownedmember} L
Connector {ordered, subsets

| o+ structuredClassifier

+ ownedConnector

-

0.1

{subsets redefinableElement}

+gnumerations
ConnectorKind

assembly

delegation

Figure 11.1 Structured Classifiers

19C

*

+ connector
*

+ [kind : Connectorkind {readCnly} + connectar
.
-

{subsets owner}  gwnedElement}

1 2.

* ‘ + connector| =

+ redefinedConnector
{subsets redefinedElement} 4 type| 0.1

| Association |

i

+end | connectorEnd |
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11.2.3 Semantics

Connectable Elements

ConnectableElement is an abstract metaclass. Each ConnectableElement represents a participhetimtéghnal structure of a
StructuredClassifier; these participants are catlied. Roles may be joined by Connectors, and specify configurations of linked
instances contained or referenced within an instance of the containing StructuredClassifier.

The detailed semantics of ConnectableElement is given by its concrete subtypes. In general, each ConnectableElenzent exhib
set ofeffective required Interfacesd a set oéffective provided InterfacesThese sets are used to determine the conrligtab
of ConnectableElements using Connectors, see below.

For ConnectableElements except delegating Portsl(s8e3 the effective required Interfaces are the required Interfaces, and the
effective provided Interfaces are thvided Interfaces, derived as follows:
1 The provided Interfaces comprises the union of the sets of Interfaces realizedypy tfi¢he ConnectableElement and
its supertypes, or the set containing justyis if it is typed by an Interface.
1 The requied Interfaces comprises the union of the sets of Interfaces usedupe thiethe ConnectableElement and its
supertypes.

A ConnectableElement may be exposed via a ConnectableElementTemplateParameter as a formal parameter for a template. -
semantics ah notation for this are only defined when the ConnectableElement is a Property (see the semantics and notation for
Property in9.5).

Parts and Roles
The Properties of a StructuredClassifier obey the semantics of Properfiesipiad.5.

Property is a kind of ConnectableElement. All of dhveedAttributes of a StructuredClassifier areles and can be connected using
Connectors.

ThoseownedAttributes of a StructuredClassifier that hargeomposite = true (sed.5.3 are called itparts. Henceparts constitute a
subset ofoles.

Connectors

A Connector specifielinks (seel1.5Associations) between two or more instances plawieg within a StructuredClassifier.

Each link may be realized by something as simple as a pointer or by something as complex as a network connection, and may
represent the possibility of instances being able to communicate because their identities are knduwen dfyoeing passed in as
parameters, held in variables or slots, or even because the communicating instances are the same instance.

In contrast to Associations, which specify links between any suitgpbd instance of the associated Classifiers, Cdargec
specify links between instances playing the conneetedonly.

Each Connector may be attached to two or more ConnectableElements, each representing a set of instances that play a distin
role in the instantiation of the containing StructuredCfessi

A ConnectorEnd is an endpoint of a Connector, which attaches the Connector to a ConnectableElement.

Links corresponding to Connectors may be created upon the creation of the instance of the containing StructuredClassifier. Al
such links are destrogievhen the containing StructuredClassifier instance is destroyed.

A Connector may be typed by an Association, in which case the links specified by the Connector are instances of the typing
Association.

Each feature of each of tieffective required Interfaesof each ConnectableElement at the end of a Connector must have at least
one compatible feature among the features oéffextive provided Interfaced ConnectableElements at the other ends. One
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feature is compatible with another at least in the<ad®n the two features are the same or when they are both properties or
operations and the second feature is a redefinition of the first. However, conforming tools may allow additional cases of
compatible features beyond this.

When there are multiple coaators attached to a single ConnectableElement, the semantics are the same as-argingle n
Connector connecting the ConnectableElement to all of the ConnectableElements connected via the multiple connectors.

Connectors have a kind, whose valuassembt or delegation The semantics afelegationconnectors are only related to Ports
and described under Port (sEE3. All other Connectors ar@ssemblyonnectors.

ConnectorKind is an enumeration of the following literal eatu
assembly Indicates that the Connector is an assembly Connector.
delegation Indicates that the Connector is a delegation Connector.

Behaviors may be associated with Connectorsmascts to specify valid interaction patterns across the Connector.

Multiplicities and topologies

The multiplicities on ConnectableElements constrain the number of objects that may be created within an instance of the
containing StructuredClassifier, according to the semantics of MultiplicityElement .&8e

For a binary Connector, the ConnectorEndbdés mul tipliofity
the ConnectableElement on the other end. Forany iConnector, the multiplicity of one end constrairesrtimber of links that
may refer to a set containing one particular instance for each of the other ends.

When an instance is removed fromnpla of an instance of a StructuredClassifier, links that exist due to Connectors between that
role and others areastroyed.

The topologies that result from matching the multiplicities of ConnectorEnds and those of ConnectableElements theydhterconn
cannot always be deduced from the model. Specific examples in which the topology can be determined from thidesdtiplic
shown inFigure11.6 andFigurel11.7.

11.2.4 Notation

The internal structure of a StructuredClassifier is show
compartment is mandaty: all tools that conform to the concrete syntax of UML must implement it. The internal structure
compartment contains symbols representing the roles and connectors. The internal structure compartment appears below the
attributes and operations compaents.

A part may be shown by graphical nesting of a box symbol with a solid outline representjag tiehin the internal structure
compartment. Aole that is not a composition may be shown by graphical nesting of a box symbol with a dashed louglither
case the box may be calleghart box even though stricthgpeaking only the compositions aeets.

The part box symbol has a name compartment, which contains a string according to the syntax defined in Sub4|Besail
may also be shown within the part box indicating specific values for Propertiespod thi/geswhen instances corresponding to
the Property are created.

The multiplicity for a Property may also be shown as a multiplicity mark in theight corner of the part box.

A part box may be shown containing just a single name (without the colon) in its name string. This implies the defamition of
anonymously named Class nested within the namespace of the containing Classifier. The R®g@gyahonymous Class as its
type. Every occurrence of an anonymous Class is different from any other occurrence. A conforming tool may optionally show
compartments defining attributes and operations of the anonymous Class within the part box, db¢hmrgpartments were in

a corresponding Classifier rectangle representing the anonymous Class itself.
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When arole is typed by an EncapsulatedClassifier (82€3), any Ports of thepe may also be shown as small square sysbol
overlapping the boundary of the part box denotingdlae Thename of the Port is shown near the Port; the multiplicity follows
thename surrounded by square brackets. Name and multiplicity may be elided. Lollipop and socket symbols may optionally be
shown to indicate the provided and required inter flhddes o

If arole is typed by a classifier other than Class, the name compartment of the parntrtark sgntains the appropriate keyword
(e.g., «xcomponent») above the name. For some kinds of Classifiers, optionally in the right hand corner an icon demading the k
of Classifier can be displayed.

A Connector is drawn using similar notation to that fesdéciation (se&1.5.4. The optional name string of the Connector obeys
the following syntax:

( [ name ] 6:06 <classname> ) | <name>

where siame>is the name of the Connector, antlassnamesis thename of the Association thas itstype. A stereotype
keyword within guillemets may be placed above or in front of the Connector name. A property string may be placed after or
below the Connector name.

Adornments may be shown on the ConnectorEnd using the same notation as adarnrsatgiation ends. If no multiplicity is
shown, the multiplicity matches the multiplicity of the role the end is attached to.

If a ConnectorEnd is attached to a Port garaor role of the internal structure and no multiplicity is shown, the multigyliof
the ConnectorEnd matches the multiplicity of the Port multiplied by the multiplicity oéithéf any).

The notational specifications in the next three paragraphs are optional: a conforming tool does not need to implenidrythem.
are useful dr scalability in complex systems.

If the parts havesimplePorts (Ports with a single required or provided Interface), lafirand-socket notatiomay be used to
represent assembly Connectors between those Portsarigidbcket notation may not be usedconnect complex (i.e., nen
simple) Ports or parts without Ports.

When connecting simple Ports, normal Connector notation for assembly or delegation may be shown connected to the ball or
socket symbol rather than to the Port symbol itself.

When theras an nary Connector connecting more than two simple Ports, and two or more of the Ports provide or require the
same or compatible Interfaces, a single symbol representing the Interface can be shown, and lines from the Components can t
drawn to that symb | i n a fandsancrkeeltedd nboalalt i on.

An internal structure compartment may also contain symbols representing CollaborationUses, following the notation described
11.7.4

11.2.5 Examples

4
w: Wheel

@
m
S
Q,
S
@
=
N
Bl

Figure 11.2 Parts and roles

Figure11.2 shows examples of part boxes. On the left, the part box denotes that the containing instance will own four instances
the Wheelclass by composition. The multiplicity is shiown the corner of the part box. The part box on the right is not
composite, and denotes that the containing instance will reference one or two instanc&nginbeass.
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4 I I

| |

w: Wheel O—o0 — e : Engine |
|

Figure 11.3 Parts and roles wih Ports

Figure11.3 shows examples of part boxes for properties typed by EncapsulatedClassifiers with Ports, in this case simple Ports.
The notation for more complex Ports can also be used.

4 r

I |

W Wheel []/D bk{:l e : Engine i
I |

L ___ J

4 ]

w: Wheel [1—0O 11 e:Engine |
I |

L ___ J

4 I________":

w : Wheel [1 ) ﬂ] & Engine |
I |

L ___ J

Figure 11.4 Alternative notations for connecting parts and roles with Ports

Figure11.4 shows three alternative notations for connecting simple Ports @arthandroles within a StructuredClassifier. In

the top exarple, the connector is joined to the Port symbols themselves. This is the only mandatory notation for connecting Por
in an internal structure. The lollipops and sockets indicate the provided and required interfaces of the Ports; theiceapear
optional.

In the second example, the connector line is attached to the ball and socket symbols; in the third exaenpleooikt
notation is used. These notations correspond to the same model as the top example.

Car
Car
internal structure
a : Axle e |
rear : Wheel [2] | e:Engine |
rear a 2 1! |
2 1 |_ _______ |
Axle
Wheel = = Engine
(i) (ii)

Figure 11.5 Associations compared with Connectors

Figure11.5 shows two possible views of ti@&ar Class. In subfigure (i}zar is shown as having a composition Association with
role nameear to a classVheeland an Assoct@mn with role nameto a clas€ngine In subfigure (ii), the same is specified.
However, in addition, in subfigure (ii) it is specified tihaar ande belong to the internal structure of the cl&ss. This allows
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specification of detail that holds gnfor instances of the&vheelandEngineclasses within the context of the cl&&ar, but which
will not hold for wheels and engines in general. For example, subfigure (i) specifies that any instancé&cafat@san be

linked to an arbitrary number afstances of clas&/heel Subfigure (ii), however, specifies that within the context of dGs

the instance playing the role @may only be connected to two instances playing the raleasf In addition, the instances
playing thee andrear roles mg only be linked if they are roles of the same instance of €@assin other words, subfigure (ii)
asserts additional constraints on the instances of the cl#ssdandEngine when they are playing the respective roles within
an instance of clagdar. These constraints are not true for instancé&'teéelandEnginein general. Other wheels and engines
may be arbitrarily linked as specified in subfigure (i).

For each instance playingae in an internal structure, there will initially be as mankéiras indicated by the lower multiplicity
of the opposite ends of Connectors attached tadfatf the multiplicities of the ends match the multiplicities of thles they
are attached to as definedRigure11.6 (i), the iritial configuration that will be created when an instance of the containing
StructuredClassifier is created consists of the set of instances correspondingliée (ae specified by the multiplicities on the
roles) fully connected by links; see the réant instance shown iRigure11.6 (ii).

0] C
a: A 2 5 5 h: B 2
(i)
fa: A [b: B
[a: A [b: B

Figure 11.6 "Star" Connector pattern

Links will be created for each instance playing the connesl&daccording to their ordering untihe minimum ConnectorEnd
multiplicity is reached for both ends of the Connector; see the resultant instafigargil 1.7 (ii). In this example, only two links
are created.
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(M C
2 . 2
a A 3 T b: B
:C
(i) —
[at A [b: B
fa: A [b: B

Figure 11.7 "Array" Connector pattern

Figure11.8 shows example notation fparts typed by Components with simple Ports (Ports with only one interface), and the
optional ballandsocket notation to represent an assembly Connectoebateompatible Ports. The Component definitions are
on the left and the correspondipigts on the right.

OrderEntry

C\ «components gl OrderEntry «components E
- Order (o—1 :Order

_H-\l

o {1

Orderableltem

Orderableltem

«components gl

(O—11 Product (@)

Orderableltem

Orderableltem

]
| N
«components gl
:Product

Figure 11.8 An assembly Connector maps a simple Port of a Component to a matching simple Port of #mer Component.

Figurell9s hows fichandselc& @&t b a lo t-aryt Cormectdr. Thetwo sinplelPorts that require Person have
been channeled into a single socket, and the two simple Ports that provide Persodiledtfyeor indirectly) have been
channeled into a single ball.
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«componem» gl
‘BackOrder
OrderEntry

Person
«Components
pory E p Person «COmponents:
:Order @ :Customer
OrderEntry Person
occomponent» E
:Organization
Client

Mote: Client interface is a subtype of Person interface

Figure 11.9 An n-ary Connector that assembles four simple Ports using channeled bahd-socket notation.

11.3 Encapsulated Classifiers

11.3.1 Summary

EncapsulatedClassifier extends StructuredClassifier with the ability to own Ports, a mechanism for isolating an
EncapsulatedClassifier from its environment.

11.3.2 Abstract Syntax

+ partWithPort + connectorEnd

0.1

{readCnly, subsets ownedAttribute} {readOnly}
EncapsulatedClassifier l‘ 0.1 + JownedPort Port + port + jrequired Interf
| | + encapsulatedClassifier * + isBehavior : Boolean = False nterface
" " g + isConjugated : Boolean = false * *
{subsets structuredClassifier} 4 isService ¢ Boolaan — Hue
{subsets property} {readOnly}
+ port + port + [provided
* * *
+ part + protocal
* a P }_]J ProtocolState™achine
*
+ redefinedPort 0.1

{subsets redefinedProperty}

Figure 11.10 Encapsulated Classifies
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11.3.3 Semantics

Ports

Ports represent interaction points through which an EncapsulatedClassifier communicates with its environment. Multiple Ports
can be defined for an EncapsulatedClassifier, enabling different communications to be distinguished bas$tattahrbagh

which they occur. By decoupling the internals of the EncapsulatedClassifier from its environment, Ports allow an
EncapsulatedClassifier to be defined independently of its environment, making it reusable in any environment that conforms to
the constraints imposed by its Ports.

A Port is a Property of an EncapsulatedClassifier that specifies a distinct interaction point between that EncapsuiatedClassi
and its environment or between the Behavior of the EncapsulatedClassifier and its isitarri&drts are connected by

Connectors through which requests can be made to invoke the BehavioralFeatures of an EncapsulatedClassifier. A Port may
specify the services an EncapsulatedClassifier provides (offers) to its environment as well as tisetisaténe
EncapsulatedClassifier expects (requires) of its environment.

The propertysService, when true, indicates that this Port is used to provide the published functionality of an
EncapsulatedClassifier. If false, this Port is used to implementitepBulatedClassifier but is not part of the essential
externallyvisible functionality of the EncapsulatedClassifier and can, therefore, be altered or deleted along with the internal
implementation of the EncapsulatedClassifier and other propertiesehairssidered part of its implementation.

The phraséort on Partor more generallfPort on Propertysignifies the situation where a Property playingi&in a
StructuredClassifier is typed by an EncapsulatedClassifier that has Ports. A Connectdheiitbintaining StructuredClassifier
may be connected to one of these Ports. In such a case, the psepstport of the applicable ConnectorEnd references the
actual Property being connected: in general, there might be many Properties in theestypetiby the same
EncapsulatedClassifier, apdrtwithPort is used to signify the right one.

The Interfaces associated with a Port specify the nature of the interactions that may occur oveitirebhlaterfaces of a Port
characterize the requestsat may be made from the EncapsulatedClassifier to its environment through this Port. Instances of thi
EncapsulatedClassifier expect that the Features owned byuitsd Interfaces will be offered by one or more instances in its
environment. Therovided Interfaces of a Port characterize requests to the EncapsulatedClassifier that its environment may mak
through this Port. The owning EncapsulatedClassifier must offer the Features ownegdrbydthielnterfaces.

As a kind of Property, a Port hasype. Theprovided andrequired interfaces of the Port are related toyte mediated by the value
of isConjugated as follows:
9 If isConjugated is false,provided is derived as the union of the sets of Interfaces realized hypthef the Port and &
supertypes, or directly from thge of the Port if the Port is typed by an Interfaeguired is derived as the union of the
sets of Interfaces used by tigee of the Port and its supertypes.

9 If isConjugated is true,provided is derived as the uniaof the sets of Interfaces used by #jpe of the Port and its
supertypestequired is derived as the union of the sets of Interfaces realized hypthef the Port and its supertypes, or
directly from thetype of the Port if the Port is typed by andnface.

The I nterfaces do not necessarily establish the exmea se
ProtocolStateMachine that describes valid sequences of Operation and Reception invocations that may ocaut. at this P

When an instance of an EncapsulatedClassifier is created, instances corresponding to each of its Ports are createthand held i
slots specified by each Port, in accordance withjtssand mul t i pl i city. These ioaBtpaoacess
provide unique references. It is, therefore, possible for an EncapsulatedClassifier instance to differentiate betwsdnrrdtpiest
invocation of a BehavioralFeature targeted at its different Ports. Similarly, it is possible to ditertquests at a Port, and the
requests will be routed as specified by the links corresponding to Connectors attached to this Port.

NOTE.l n t he following, fArequests arriving at a Portths shall
instance corresponding to this Port.o
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If there is a Connector attached to only one side of a Port, any requests arriving at this Port will be lost.

A Port has the ability, by setting the propesBehavior to true, to specify that any requests ariyat this Port are handled by the
Behavior of the instance of the owning EncapsulatedClassifier, rather than being forwarded to any contained instances, if any
Such a Port is calledtehavior Port If there is no Behavior defined for this Encapsulatadsifier, any communication arriving

at a behavior Port is lost.

A delegationConnector is a Connector that links a Port taeawithin the owning EncapsulatedClassifier. It represents the
forwarding of requests (Operation invocations and Signals)glest that arrives at a Port that has a delegation Connector to one
or more Properties or Ports on Properties will be passed on to those targets for handling.

Delegation Connectors can be used to model the hierarchical decomposition of behavior, witeeermided by an
EncapsulatedClassifier may ultimately be realized by one that is nested multiple levels deep within it.

As a ConnectableElement, taffective provided Interfacéseell.2.3 of a Port are its provided infaces, and theffective

required Interfacesre its required Interfaces. However, fatedegating Porti.e., a Port that is at an end of a delegation
Connector and is not orr@e and that is not a behavior Port, #fective provided Interfaceseits requiredinterfaces and its
effective required Interfaceme itsprovidedinterfaces. Consequently a delegating Port behaves, for connection, as though it had
an internal Aifaced that is the conjugate of its external

If several Connectors aedtached on one side of a Port, then any request arriving at this Port on a link derived from a Connector
on the other side of the Port will be forwarded on links corresponding to these Connectors. It is not defined whetbqudisese r
will be forwardel on all links, or on only one of those links.

11.3.4 Notation

A Port of an EncapsulatedClassifier is shown as a small square symbol. The name of the Port is placed near the square symbc
The Port symbol may be placed either overlapping the boundary of theglectgmbol denoting that EncapsulatedClassifier or

it may be shown inside the rectangle symbol. When the Port is connected to elements visually contained in a comphaetment of
EncapsulatedClassifier, suchgags or roles in the internal structure cqrartment, the Port symbol must be placed within or
overlapping the boundary of that compartment.

Thetypeof a Port may be shown foll owi ng i$Cénhegatei®true formha Pod,thgps e p a r
of the Portis shown withai | de A ~ 0 nppvidee Ipterfacd may be shown using tloedlipop notation (see Interfade
10.4) attached to the Port. Bquired Interface may be shown by teeckemnotation attached to the Port.

A behavior Ports indicated by a Port being connected through a line to a small state symbol drawn inside the symbol
representing the containing EncapsulatedClassifier. The small state symbol indicates the Behavior of the containing
EncapsulatedClassifier.

The name of #ort may be suppressed. Every depiction of an unnamed Port denotes a different Port from any other Port.

If there are multiple Interfaces associated with a Port, these Interfaces may be listed on the one Interface lollipeg separa
commas.

In the casef a Dependency wired from a simple Port with a required Interface to a simple Port to a provided Interface it is a
notational option to show the dependency arrow joining the socket to the lollipop.

11.3.5 Examples

Figure11.11 illustrates the notation for Ports. At the top of the figure is the definition of a BassrTrain together with an
interfacelPowerTrainthat it realizes, and an interfalfeeedbackthat it uses.

On the lower left figurep is a Port on th&ngineClass whichis typed byPowerTrain As a consequence, thevided Interface of
Portp is IPowerTrainand therequired Interface idFeedback The multiplicity ofp is 1, andsConjugated is false On the right
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figure, eis a Port of the Clas&/heel| which also hashe typePowerTrainandisConjugated set totrue, which results in the reversal
of theprovided andrequired Interfaces.

«interface» . “use» «interface»
IPowerTrain | &~~~ ] PowerTrain IFeedback
Engine |[PowerTrain IPowerTrain Wheel

L T .
p : PowerTrain e : ~PowerTrain

IFeedback IFeedback

Figure 11.11 Port notation

Figurell.12illustrates ebehavor portp, as indicated by its connection to the small state symbol representing the Behavior of the
EngineClass. Its type i®owerTrain as in the earlier example

Engin e IPDw_erTra'ln

¥ P PowerTrain

IFeedback

Figure 11.12 Behavior Port notation

Figure11.13 below shows a PofdnlineServicesn theOrderProces<lass with two provided InterfaceSrderEntryand
Trackinglisted on the same interface lollipogs well as a required InterfaBayment

Online

_ OrderEntry,
Services

Tracking
OrderProcess

Payment

Figure 11.13 Port notation showing multiple provided Interfaces
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Engine
CHO
P s IPowerTrain
eng eng 1
0.1 0.1
Car Boat
1 1
rear| 2 prop | 1
e : ~|PowerTrain
Wheel Propeller

Figure 11.14 Port examples

Car

axle
rear : Wheel[2] eng : Engine
P
Boat
shaft
prop : Propeller eng : Engine
e

Figure11.14 shows a ClasEnginewith a Portp typed by itsprovided InterfacelPowerTrain This Interface specifies the services
that the Engine offers at this Port (i.e., the Operations and Receptions that are accessible by communication asifAog)at thi

Two uses of th&ngineClass are depicted: Both a BoatlanCar contain gart that is an Engine. Th€ar Class connects Pqgot
of the Engine to a pair of Wheels via ttnde TheBoatClass connects Pqgptof the engine to a Propeller via thieaft As long as

the interaction between tligngineand thepart linked to its Porp obeys the constraints specified by its Interface, the Engine will
function as specified, whether it is in a Car or a Boat. This example also shows that Connectors need not necessarnbttattach

via Ports (as shown in tt@ar Class)

Because the Ports are simple, the depiction of the connector within Boat could have been shown using any of the notational

options shown irrigure11.4.
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11.4 Classes

11.4.1 Summary

Class is the concrete realization of EncapsulatedClasaifitBehavioredClassifier. The purpose of a Class is to specify a
classification of objects and to specify the Features that characterize the structure and behavior of those objects.

11.4.2 Abstract Syntax

| EncapsulatedClassifier | | BehavioredClassifier

Class *

+ isAbstract : Boolean = False {redefines isAbstract}

+ ishctive : Boolean = False + class

{subsets classifier}:

*

+ fsuperclass
{redefines general}

{ordered, subsets

{subsets namespace, subsets redefinableElernent,
redefinitionContext} subsets ownedMember}
+ nestingClass + nestedClassifier
0.1 *
{subsets namespace, {ordered, subsets attribute, subsets
subsets structuredClassifier, ownedMember, redefines
subsets classifier} ownedAttribute}
+ class + ownedAttribute
N =|1 Property
0.1 *
ordered, subsets
{subsets featuringClassifier, Eeature, subsets
subsets namespace, subsets redefinableElement,
redefinitionContext} subsets ownedMember}

+ class + ownedOperation
*D 1 =|1 Operation

®

{subsets featuringClassifier, {subsets feature, subsets
subsets namespace} ownedMember}
+ class + ownedReception
Ll % Reception
0.1 *
{readOnly} {readOrly}
+ /metaclass + Jextension

1 - JI Extension

Figure 11.15 Classes

11.4.3 Semantics

Classes

Class is a kind of EncapsulatedClassifier whose Features are Properties, Operations, Receptions, Ports and Connetesrs. Attrik
of a Class are Properties that are owned by the Class. Some dafitfteses may represerthe ends of binary Associations.
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Objects of a Class must contain values for e&abute that is a member of that Class, in accordance with the characteristics of
theattribute, for example itsype and multiplicity.

When an object is instantiated ifC#ass, for everwttribute of the Class that has a specified default, if an initial value of the
attribute is not specified explicitly for the instantiation, then the default ValueSpecification is evaluated to set the initiall value
theattribute for theobject.

Operations of a Class can be invoked on an object, given a particular set of values for the parameters of the Opewitign, acco
to the semantics specified 6.3

A Class cannot access private Features of an@lass, or protected Features on another Class that is not its ancestor.

A Class acts as the namespace for various kinds of Classifiers defined within its scope, including Classes. NestezldEtassifier
members of the namespace of the containing Claksssifier nesting is used for reasons of information hiding. Nested
Classifiers are used like any other Classifier in the containing Class.

A Class may be designated by settiagtive to true as active (i.e., each of its instances is an active abjélaEnisActive is false
the Class is passive (i.e., each of its instances executes within the context of some other object).

An active object is an object that, as a direct consequence of its creation, commences to exestiterifshavior, and doesot

cease until either the complete Behavior is executed or the object is terminated by some external object. (This is sometimes
referred to as fAthe object having its own thread of cont
from other objects is determined solely by the Behavior of the active object and not by the invoking objeststffédiBehavior

of an active object completes, the object is terminated.

A Classds Receptions specisfChasshandlec h Si gnals the instances
An InstanceSpecification may be used to specify the initial value to be created for a Class.
All instances corresponding parts and ports of a Class are destroyed recursively, when an instance of that Class is deleted.

A Class may act a& metaclass in the definition of Profiles and metamodels. See Profl2s3in

11.4.4 Notation

A Class is shown using the Classifier symbol. As Class i
shown in guiemets above the name.

A Class has four mandatory compartments: attributes, operations, receptidh @emnd internal structure (séé.2.4. A
Class may also have optional compartmentdescribed for Classifiers in general (8€24).

The operations compartment of a Class contains notation fevniégOperations using the notation specified $16.4 The
receptions compément containswnedReceptions using the notation specified i0.3.4

A usage dependency may relate an InstanceSpecification to a constructor for a Class, describing the single valuetteturned by
constructor Operatiori.he Operation is the client, the created instance the supplier. The InstanceSpecification may reference
parameters declared by the Operation. A constructor is an Operation having a single return result parameter of the type of th
owning Class, and markewdth the standard stereotype «Create». The InstanceSpecification that is the supplier of the usage
dependency represents the default value of the single return result parameter of a constructor Operation.

A Class with the PropertigActive= true can be Bown by a Class box with an additional vertical bar on either side.

A Class that represents a metaclass may be extended by the optional stereotype «Metaclass» (see StandardPrdie in clause
shown above or before its name.
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11.4.5 Examples

Figure11.16 shows three ways of displaying the Class Window, according to the options set out for Classifier ndiakidn in
The top left symbol shows all compartments suppressed. oW left symbol shows the attributes and operations
compartments, each listing the features but suppressing details such as default values, parameters, and visibility mearkings.
right symbol shows these details, as well as the optional compartmest$iead

NOTE. The display() and hide() operations have no visibility specified.

Window Window
attributes
+size: Area = (100, 100)
#visibility: Boolean = true
Window +defaultSize: Rectangle
-xWin: XWindow
size: Area -
— operations
bility: Bool
w.5| ility olean display()
d!Spla‘y’() hide()
hide() -attachX(xWin: XWindow)

Figure 11.16 Class notation variants

Figure11.17 shows the visibility grouping option (s€e2.4 applied to the attributes and operations compartments in the Class
Window.
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Window

attributes

public

size: Area = (100, 100)

defaultSize: Rectangle
protected

visibility: Boolean = true
private

xWin: XWindow

operations
public
display()
hide()
private
attachX(xWin: XWindow)

Figure 11.17 Class notation: attributes and Operations grouped according to visibility

Figure11.18 shows an example of an active class.

EngineControl

Figure 11.18 Active Class

The following example uses two Class€ay andWheel TheCar Class has four parts, all of typéhee] representinghie four
wheels of the car. The front wheels and the rear wheels are linked via Connectors representing the front and rear axle,
respectivelyFigure11.19 specifies that whenever an instance ofGlae Class is created, four instees of thaVheelClass are
created and held by composition within the car instance. In addition, one link each is created between the front wte=el instan
and the rear wheel instances.

Car
internal structure
frontaxle
leftFront: Wheel rightFront: Wheel
rearaxle
leftRear: Wheel rightRear: Wheel

Figure 11.19 Connedors and Parts
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Figure11.20 specifies an equivalent system, but relies on multiplicities to show the replication of the wheel and axle arrangemel
This diagram specifies that there will be exactly two instances of the left ahéelxactly two instances of the right wheel, with
each matching instance connected by a link deriving from the Connector representing the axle.

Car
internal structure

axle

left: Wheel [2] right: Wheel [2]

Figure 11.20 Connectors and Parts in a structure diagram ugg multiplicities

Figure11.21 shows an InstanceSpecification (£e8 for an instance of th€ar Class (as specified figure11.19). It describes

the internal structuref theCar that it creates and how the four contained instanc®¥ghafelwill be initialized. In this case, every
instance ofWheelwill have the predefined size and use the brand of tire as specified. The left wheel instances are given names,
and all whekinstances are shown as playing the respective roles. The types of the wheel instances have been suppressed.

:Car Wheel
1/ IeftFront [ ightFront tire : String
— frontaxle  ———— size : String
tire = "Michelin tire = "Michelin
size = "215x95" size = "215x95"
|2 [ leftRear rearaxl [2 { rightRear
tire = "Firestone" tire = "Firestone"
size = “215x95" size = "215x95"

Figure 11.21 An Instance of the Car Class

Figure11.22 shows a constator for the Window class, illustrating how the standard stereotype «Create» is appliech&kéhe
Operation to mark it as a constructor.

Window

«Create» make(...) [~ ————— = theW : Window

Figure 11.22 InstanceSpecification describes the return value ofreOperation

Figure11.23 shows a constructor for tigar Class. This constructor takes a paramitand of type String. It describes the

internal structure of th€ar that it creates and how the four contained instanc¥¢hafelwill be initialized. In this case, every
instance ofVheelwill have the predefined size and use the brand of tire passed as parameter. The left wheel instances are give
names, and all wheel instances are shown as playing the parts. The types of tlestameels have been suppressed.
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Car

«Create» createCar(brand: String)

Figure 11.23 A constructor for the Car Class

«Metaclass»
Interface

e

: Car
11/ leftFront frontax| { rightFront
tire = "Michelin" tire = "Michelin"
size = "215x95" size = "215x95"
|2 / leftRear rearax] [2 / rightRear
tire = "Firestone"
size = "215x95"

tire

"Firestone"
size

"215x95"

Figure 11.24 Showing that the extended Class is a metaclass

UML v2.5

«stereotype»
Remote

In Figure11.24, it is made explicit that the extended Clagerfaceis in fact a metaclass (fromraference metamodel).




11.5 Associations

11.5.1 Summary

An Association classifies a set of tuples representing links between typed instances. An AssodatistOth an Association
and a Class.

11.5.2 Abstract Syntax

Relationship | | Classifier
{ordered, subsets feature, {subsets featuringClassifier,
subsets redefinableElement, subsets namespace,
subsets memberEnd, subsets  subsets association, subsets
ownedMember} redefinitionContext}
Property + ownedEnd + owningdssociation Association
- 0.1 + isDerived : Boolean = false
{subsets ownedEnd} {subsets owningassociation}
+ navigableCwnedeEnd + association
* 0.1
{ordered, subsets member} {subsets...
+ memberend + association
o, * 0.1
. {subsets relationship}
gﬂﬁgh%clléri%ﬁets subsets owner } * | + association
+ qualifier | * 0..1 [+ assodiationEnd
- {ordered, readOnly,

subsets relatedElement}

1%+ fendType
AssociationClass Type

Figure 11.25 Associations
11.5.3 Semantics

Associations

An Association specifies a semantic relationship that can occur between typed instances. It $tasvatleaberEnds
represented by Properties, each of which has the type of the end. More than one end of the Association may have the same ty

An Association declares that there can be links between instances of the associated types. A link isth ti@evalue for each
memberEnd Of the Association, where each value is an instance of the type of the end.

Not all links need to be classified by an Association.

When one or more ends of the Association hawgque=false, it is possible to have sevdiaks associating the same set of
instances. In such a case, links carry an additional identifier apart from their end values.

When one or more ends of the Association are ordered, links carry ordering information in addition to their end values.

For an Asociation with NmemberEnds, choose any N ends and associate specific instances with those ends. Then the collection
of links of the Association that refer to these specific instances will identify a collection of instancesta¢tiend The
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multiplicity of the other end constrains the size of this collection. If the other end is maikedesd, this collection will be
ordered. If the other end is markedisamique, this collection is a set; otherwise, it allows duplicate elements.

Subsettingepresents the familiar s#tteoretic concept. It applies to the collections represented by Association ends, not to the
Association itself. It means that the subsetting Association end represents a collection that is either equal to subgmbpker
the collection that it is subsetting. Subsetting is a relationship in the domain of extensional semantics.

Specializatioris, in contrast to subsetting, a relationship in the domain of intentional semantics, which is to say it characterizes
the criteria wheeby membership in the collection is defined, not by the membership. In the case of Associations, specialization
means that a link classified by the specializing association is also classified by the specialized association. Sehiantically
implies tha the collections representing the ends of the specializing association are subsets of the corresponding collections
representing the ends of the specialized association; this fact of subsetting may or may not be explicitly declaredl in a mode

NOTE. For nrary Associations, the lower multiplicity of an end is typically 0. A lower multiplicity for an end ofaay n
Association of 1 (or more) implies that one link (or more) must exist for every possible combination of values for #hedsther

A binary Ass@iation may represent a composite aggregation (i.e., a whole/part relationship). Composition is represented by the
isComposite attribute on theart end of the Association being set to true. See the semantics of compos#tibr8in

An end Property of an Association that is owned by an end Class or thatigsleOwnedEnd of the Association indicates that

the Association is navigable from the opposite ends; otherwise, the Association is not navigable from the ngposite e
Navigability means that instances participating in links at runtime (instances of an Association) can be accessedfsfficiently
instances at the other ends of the Association. The precise mechanism by which such efficient access is achieved is
implementation specific. If an end is not navigable, access from the other ends may or may not be possible, and if it is, it migh
not be efficient.

NOTE. Tools operating on UML models are not prevented from navigating Associations frenavigiable ends.

The existence of an association may be derived from other information in the model. The logical relationship between the
derivation of an Association and the derivation of its ends is nepkslific.

Association Classes

An AssociationClass is a declaratiohan Association that has a set of Features of its own. An AssociationClass is both an
Association and a Class, and preserves the static and dynamic semantics of both. An AssociationClass describes #sset of obje
that each share the same specificatmfriseatures, Constraints, and semantics entailed by the AssociationClass as a kind of
Class, and correspond to a unique link instantiating the AssociationClass as a kind of Association.

Both Association and Class are Classifiers and hence have a eatrabao properties, like being able to have Features, having a
name, etc. These properties are multiply inherited from the same construct (Classifier), and are not duplicated. Therefore, an
AssociationClass has only ongéme, and has the set of Features tn& defined for Classes and Associations. The constraints
defined for Class and Association also are applicable for AssociationClass, which implies for exampledhiaiithef the
AssociationClass, th@emberEnds of the AssociationClass, and thepogite ends of Associations connected to the
AssociationClass must all have distinct names. Moreover, the specialization and refinement rules defined for Class and
Association are also applicable to AssociationClass. Redefinition is applicable to arafAssGtass nested in the context of a
Classifier just as it is applicable to a nested Class.

An AssociationClass inherits the composite Propedigs::ownedAttribute andAssociation::ownedEnd. Values ofownedAttribute are
Properties that aratributes of the Class, not ends of the AssociationClass owned thrsgliation::ownedEnd. Values of
Association::ownedEnd are the ends of the Association owned by the AssociationClassirinoks of the AssociationClass. As
Association ends, they can be usednavigation between end objects, as in all Associations, depending on whether they are
navigable (see Navigability in the semantics of Association).

An instance of an AssociationClass has the characteristics both of a link representing an inswintietidssociationClass as a
kind of Association, and of an object representing an instantiation of the AssociationClass as a kind of Class.
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NOTE. When one or more ends of the AssociationClass kavigue=false, it is possible to have several instarass®ociating
the same set of instances of the end Classes.

An AssociationClass cannot be a generalization of an Association or a Class.

11.5.4 Notation

Any Association may be drawn as a diamond (larger than a terminator on a line) with a solid line for eaicttidrsgemberEnd
connecting the diamond to the Classifier that is thse end
way.

A binary Association is normally drawn as a solid line connecting two Classifiers, or a solid line oanaesihgle Classifier to
itself (the two ends are distinct). A line may consist of one or more connected segments. The individual segmentsitsietiie line
have no semantic significance, but they may be graphically meaningful to a tool in drag@gisigingran Association symbol.

An Association symbol may be adorned as follows:

T The Associationbés name can be shown as a name string
confused with the endds name.

1 Aslash appearing in fronf the name of an Association, or in place of the name if no name is shown, marks the
Association as being derived.

1 A property string may be placed near the Association symbol, but far enough from any end to not be confused with a
property string on an end.

On a binary Association drawn as a solid line, a solid triangular arrowhead next to or in place of the name of the Masakiatio
pointing along the line in the direction of one end indicates that end to be the last in the order of the ends of #tie#sEoei
arrow indicates that the Association is to be read as associating the end away from the direction of the arrow with the end t
which the arrow is pointing (sd¢ggure11.27). This notation is for documentation purposesy and has no general semantic
interpretation. It is used to capture some applicagipecific detail of the relationship between the associated Classifiers.

Generalizations between Associations can be shown using a generalization arrow between ititeoAssoabols.

An Association end is the connection between the line depicting an Association and the icon (often a box) depictingtbe conne
Classifier. A name string may be placed near the end of the line to show the name of the Associationnamade Theptional
and suppressible.

Various other notations can be placed near the end of the line as follows:
1 A multiplicity
1 A <prop-modifier> enclosed in curly braces, wherngrep-modifier> is defined in Property (s€e5.4).

1 A <visibility> symbol (se®.5.4.

NOTE. By default an Association end represents a setjsicedered = false andsuUnique = true.

An open arrowhead on the end of an Association indicates the end is navigable. A@midié end of an Association indicates
the end is not navigable.

If the Association end is derived, this may be shown by putting a slash in front of the name, or in place of the naaneeiisio n
shown.

A binary Association may have one end wtlgregation = AggregationKind::shared @iggregation =
AggregationKind::compositeWhen one end haggregation = AggregationKind::shared a hollow diamond is added as a terminal
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adornment at the end of the Association line opposite the end markegygwthation = AggregationKind::shared. The diamond
shall be noticeably smaller than the diamond notation for Associations. An AssociatiGiagnétiation =
AggregationKind::composite likewise has a diamond at the corresponding end, but differs in having thd tikeahdm

Ownership of Association ends by an associated Classifier may be indicated graphically by a small filled circle, wiiettyfor br
we will term adot The dot is to be drawn integral to the graphic path of the line, at the point where ithae@lassifier,

inserted between the end of the line and the side of the node representing the Classifier. The diameter of the detcdedl not
half the height of the aggregation diamond, and shall be larger than the width of the line. This avaid®rfsision with the

filled diamond notation while ensuring that it can be distinguished from the line. The dot shows that the model includes a
Property of the type represented by the Classifier touched by the dot. This Property is owned by the &idlssificther end. In
such a case it is normal to suppress the Property from the attributes compartment of the owning Classifier.

The dot may be used in combination with the other graphieplatle notations for Properties of Associations and Association
ends. These include aggregation type and navigability.

Explicit endownership notation is not mandatory, i.e., a conforming tool may not support it. Where the dot notation is used, it
shall be applied consistently throughout each diagram, so that thealddhe dot signifies ownership by the Association.

Stated otherwise, when applying this notation to a binary Association in a user model, the dot will be omitted onlyMoicends
are not owned by a Classifier. In this way, in contexts where thdamtatused, the absence of the dot on certain ends does not
leave the ownership of those ends ambiguous.

The dot is illustrated ifrigure11.26, at the maximum allowed size. The diagram shows endA to be owned by Classifier B, and
because the notation must be applied consistently throughout the diagram, this diagram also shows unambiguously that endB
owned by BinaryAssociationAB.

endA endB
A o B
BinaryAssociationAB

Figure 11.26 Graphic notation indicating exactly one Association end owned by the Association

Navigability notation was often used in the past according to an informal convention, wheratgvigable ends were assumed

to be owned by the Association whereas navigable ends were assumed to be own&lasgifier at the opposite end. This
convention is now deprecated. Aggregation type, navigability, and end ownership are separate concepts, each with their own
explicit notation. Association ends owned by classes are always navigable, while those ypassatiations may be navigable

or not.

An AssociationClass is shown as a Class symbol attached to the Association path by a dashed line. The Associatiorepath and
AssociationClass symbol represent the same underlying model element, which has asieglEle name may be placed on the
path, in the Class symbol, or on both, but they must be the same name. Association end names appear in the same position as
regular Associations, not in the attribute compartment of the AssociationClass.

Logically, the AsociationClass and the Association are the same semantic entity; however, they are graphically distinct. The
AssociationClass symbol can be dragged away from the line, but the dashed line must remain attached to both the path and th
Class symbol.

When twoassociation lines cross, a conforming tool may provide the option to show a small semicircular jog to indicate that the
lines do not intersect (as in electrical circuit diagrams).

In practice, it is often convenient to suppress some of the arrows asdscthat signify navigability of association ends. A
conforming tool may provide various options for showing navigation arrows and crosses. As with dot notation, these options
apply at the level of complete diagrams.

1 Show all arrows and crosses. Navigatand its absence are made completely explicit.
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1 Suppress all arrows and crosses. No inference can be drawn about navigation.

1 Suppress all crosses. Suppress arrows for Associations with navigability in both directions, and show arrows only for
Associationsvith oneway navigability. In this case, the tweay navigability cannot be distinguished from situations

where there is no navigation at all; however, the latter case occurs rarely in practice.

If there are two or more aggregations to the same aggreged@forming tool may draw them as a tree by merging the
aggregation ends into a single segment. Any adornments on that single segment apply to all of the aggregation ends.

11.5.5 Examples

Figure11.27 shows a binary Association froRlayerto YearnamedPlayedInYear

Team

4 PlayedInYear

*
Year ==
year
season | *
/\ *
team ~ goalie

Figure 11.27 Binary and ternary Associations

The solid triangle indicates the order of readilgyer PlayedinYear Yeal he figure further shows a ternary Association

Player

betweenTeam Year, andPlayerwith ends nametkam seasonandgoalierespectively.

The following example shows Association ends with various adornments.

A

+a

+b {ordered}

C

0.1

S

+d {ordered, subsets b}

0.1

Figure 11.28 Association ends with various adornments

The following adornments are shown on the four Association erfeigime11.28.

T Namesa, b, andd on three of the ends.

21z
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=A =2 =4 =4

constraint:

Multiplicities 0..1 ona, * onb, and 0..1 oml.

Specification of ordering orb andd.

context C inv: B>includesAll(d)

The following examples show notation for ends owned by socéation (no dots).

Public visibility marked on the ends b andd.

Subsetting oml. For an instance of Class C, the collection d is a subset of the collection b. This is equivalent to the OCL

a b
A B
1.4 2.5
c d
C P > D
1.4 2.5
e f
E F
1.4 2.5
g h
G H
1.4 2.5
i J
I J
1.4 2.5

Figure 11.29 Examples of navigable associaticowned ends
In Figure11.29:
I The top pair AB shows a binary Association with two navigable ends.
1 The second pai€D shows a binary Association with two npavigable ends.

1 The third pair EF shows a binary Association with unspecified navigability. In a diagram where arrows are only shown
for oneway navigable associations, this probably signifies bidirectional abiity.

1 The fourth pair GH shows a binary Association with one end navigable and the otirevigetble.

1 The fifth pair 1J shows a binary Association with one end navigable and the otheavigable, in a diagram where
arrows are only shown for orveay navigable associations, and crosses are suppressed.

The following examples show some classned ends, where class ownership is indicated by the deigune11.30:

1 Inthe top pair AB, end b is owned by Class A and end a i®dWwg Class B. Because the ends are -@assed, they
are navigable.
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1 Inthe second pair CD, end d is owned by Class C, and hence is navigable. End c is owned by the Association, and is

marked as navigable.

1 Inthe third pair EF, end f is owned by ClassaBd hence is navigable. End e is owned by the Association, and is
marked as not navigable, in a diagram where arrows are only shown feragreavigable associations, and crosses are

suppressed.

1 Inthe fourth pair GH, end h is owned by Class G and ésdwned by Class H. Because the ends are-olased, they
are navigable. This is in a diagram where arrows are only shown favayneavigable associations.

Figure 11.30 Examples of classowned ends

a b
A - = B
1.4 2.5
C d
C = H-{ D
1.4 2.5
e f
E H-{ F
1.4 2.5
h
G 9 H
1.4 2.5

Figure11.31 shows that the attribute notation can be used for an Association end owned by a Class, because an Association er
owned by a Class is also an attribute. Although it would typically be suppressed on grounds of redthidaratgtion may be
used in conjunction with the association notation to make it perfectly clear that the attribute is also an Association end.

A

b: B[*]

Figure 11.31 Example of attribute notation for navigable endowned by an end Class

Figure11.32 shows the notation for a derived union. The attribute A::b is derived by being the strict union of all of the attributes
that subset it. In this case there is just one of these, C::d. So fistande of the Class C, d is a subset of b, and b is derived from

d.

214
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+a +/b {union}
0.1 *

+d {subsets b}k

*

C

o

Figure 11.32 Derived supersets (union)

Figure11.33 shows the black diamond notation for composite aggregation.

Window

+scrollbar

Slider

Header Panel

Figure 11.33 Composite aggregation is depicted as a black diamond

Figure11.34 shows the same model using the notational option of sharing the same source segment between multiple
compositions. The multiplicity and name adornments on the shared end apply to all of the compositions.

Window

¢

+window 1

+scrollban 2

1 +body | 1

+title|

Slider Header Panel
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Figure 11.34 Composite aggregation sharing a source segment

Figure11.35 shows the notation for an AssociationClass. In this exampleathe of the AssociationClass appears twice, once
on the Class rectangle and once on the Association. These are both renderings of the same model element.

* Job 1..*

Person person i company Company

Job
salary

Figure 11.35 Example AssociationClass Job, which is defined between the two Classes Person and Company.

21¢ UML v2.5



11.6 Components

11.6.1 Summary

This sub clause specifies a set of constructs that can be used to define software systems of arbitrary size and komplexit
particular, it specifies a Component as a modular unit with-eleflhed Interfaces that is replaceable within its environment. The
Component concept addresses the area of compbasatl development and comporbased system structuring, where a
Component is modeled throughout the development life cycle and successively refined into deploymentiared run

An important aspect of compondmsed development is the reuse of previously constructed Components. A Component can
always be considered antamomous unit within a system or subsystem. It has one orprwtged and/orrequired Interfaces

(potentially exposed via Ports), and its internals are hidden and inaccessible other than as provided by its Intedagst Alth

may be dependent on otlelements in terms of Interfaces that @tgired, a Component is encapsulated and its Dependencies

are designed such that it can be treated as independently as possible. As a result, Components and subsystems can be flexibl
reused and replaced bycoonei ng (fAwiringodo) them together. The aspects
deployment time. The artifacts that implement Component are intended to be capable of being deployeepdoyece

independently, for instance to update arsemxg system.

The Components package supports the specification of both logical Components (e.g., business components, process compor
and physical Components (e.g., EJB components, CORBA components, COM+ and .NET components, WSDL components, ef
along with the artifacts that implement them and the nodes on which they are deployed and executed. It is anticipatidelsthat prof
based around Components will be developed for specific component technologies and associated hardware and software
environmens.

11.6.2 Abstract Syntax

{subsets supplier, {subsets ownedElement,
sUbsets owner} subsets supplierDependency}

Component + abstraction + realization ComponentRealization
+ isIndirectlyInstantiated : Boolzan = true 0.1 *
+ component | * * | + component {subsets clientDependency}

{subsets namespace}

# | + componentRealization
0.1 | + component

{readonly} {readOnly} Isubsets ownedMernber} . {subsets client}
+jrequired | *  « |+ /provided | + packagedElement 1.* | + realizingClassifier

Interface PackageableElement Classifier
| |

Figure 11.36 Components

11.6.3 Semantics

Components

A Component represents a modular part of a system that encapsulates its contents and whose manifestation is replaceable wil
its environment
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A Component is aelfcontainedunit that encapsulates the state and behavior of a number of Classifiers. A Component specifies
a formal contract of the services that it provides to its clients and those that it requires from other Componentssan sagvice
system in terms of itsrovided andrequired Interfaces.

A Component is aubstitutableunit that can be replaced at design time ortione by a Component that offers equivalent
functionality based on compatibility of its Interfaces. As long asstfivironment is fully compatible with theovided andrequired
Interfaces of a Component, it will be able to interact with this environment. Similarly, a system can be extended bgwdding n
Component types that add new functionality. Larger piecesofast emdés functi onality may be
asparts in an encompassing Component or assembly of Components, and wiring them together.

A Component is modeled throughout the development life cycle and successively refined into dedoghentime. A
Component may be manifested by one or more Artifacts, and in turn, that Artifact may be deployed to its execution environmer
A Depl oyment Speci fication may define values t h&lhued®.r a met

Therequired andprovided Interfaces of a Component allow for the specification of StructuralFeatures sattibuass and
Association ends, as well as BehavioralFeatures such as Operations and Receptions. A Component may implement a
Interface directly, or its realizing Classifiers may do so, or they may be inheritedeqiih@ andprovided Interfaces may
optionally be organized through Ports; these enable the definition of namedsetsi@f andrequired Interfaces that are
typically (but not always) addressed at +time.

A Component has aexternal view( o r flolxadc kvi ew) by means of its publicly vi
a Behavior such as a ProtocolStateMachine may be attached to an Interface, Pothe@btnponent itself, to define the
external view more precisely by making dynamic constraints in the sequence of Operation calls explicit.

The wiring between Components in a system or other context can be structurally defined by using Dependegeies betw
compatible simple Ports, or between Usages and matching InterfaceRealizations that are represented by sockets aséedollipops
10.4.9 on Components on Component diagrams. Creating a wiring Dependency between andsagstching

InterfaceRealization, or between compatible simple Ports, means that there may be some additional information, such as
performance requirements, transport bindings, or other policies that determine that the Interface is realized in & way tha
suitable for consumption by the depending Component. Such additional information could be captured in a profile by means of
stereotypes.

A Component also has amternal view( o r Ffowhxiot evi ew) by means of it sifigrssThsat e F
view shows how the external Behavior is realized internally. Dependencies on the external view provide a convenienbbverview
what may happen in the internal view; they do not prescribe what must happen. More detailed behavior spesiiicatisns
Interactions and Activities may be used to detail the mapping from external to internal behavior.

The execution time semantics for an assembly Connector in a Component are that requests (signals and operation invocations
travel along an instanad a Connector. The execution semantics for multiple Connectors directed to and from different roles, or
n-ary Connectors where n> 2, indicates that the instance that will originate or handle the request will be determineidrat execut
time.

A number ofUML standard stereotypes exist that apply to Component. For example, «<Subsystem» to mesdedlarge
Components, and «Specification» and «Realization» to model Components with distinct specification and realization definitions
where one specification mdnave multiple realizations (see the Standard Profiles).

A Component may be realized (or implemented) by a number of Classifiers. In that case, a Component owns a set of
ComponentRealizations to these Classifiers.

A component acts like a Package for alldabelements that are involved in or related to its definition, which should be either
owned or imported explicitly. Typically the Classifiers that realize a Component are owned by it.

TheisDirectlyinstantiated property specifies the kind of instantiatithat applies to a Component. If false, the Component is
instantiated as an addressable object. If true, the Component is defined atidesidput at rurtime (or executioftime) an

object specified by the Component does not exist, that is, the Compsiiestantiated indirectly, through the instantiation of its
realizing Classifiers or parts.
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11.6.4 Notation

A Component is shown as a Classifier rectangle with the keyword «component». Optionally, in the right hand corner a
Component icon can be displayedidTis a Classifier rectangle with two smaller rectangles protruding from its left hand side. If
the icon symbol is shown, the keyword «component» may be hidden.

The attributes, operations and internal structure compartments all have their normal méheimmgernal structure uses the
notation defined in StructuredClassifield (2.

The provided and required Interfaces of a Component may be shown by means of ball (lollipop) and socket notEQidi(see
where the lollipops and sockets stick out of the Component rectangle.

For displaying the full signature of a provided or required Interface of a Component, the Interfaces can also be displayed as
normal expandable Classifier rectangles. tha option, the Interface rectangles are connected to the Component rectangle by
appropriate dependency arrows, as specifieditand10.4.4

A conforming tool may optionally supportcmpp ar t ment s named fiprovided interfacesbo
provided and required Interfaces by name. This may be a useful option in scenarios in which a Component has a larle numbe
provided or required Interfaces.

Additional optionalc o mpar t ments Arealizationso and dartifactsod may
by following therealization property) and manifesting Artifacts (Artifacts that manifest this compdnse&l9.3).

A ComponentRealization is notated in the same way as a Realization dependency (i.e., as a general dashed line with a hollow
triangle as an arrowhead).

ThepackagedElements of a Component may be displayedh a n onal C 0 mp aerntenmet nst, On aancecdo r

opti
the specification for optional compartments danedMembers set out irnd.2.4

11.6.5 Examples

An overview diagram can show Components related by Dependencies, which signify some further unspecified kind of
dependency between the components, and by implication a lack of dependency where there are no Dependency arrows.

«component» «component» @
Order 1 I > Account
1
|
1
1
l
|
N/

a«components
Product @

Figure 11.37 Example of an overview diagram showing Components and their general Dependencies

Figurel1l38s hows an exhexm)alvi(diwl @afcka Component by means of in
the Component rectangle.
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ltemAllocation

Oi

Tracking

Oi_

«component» @

Person ::
Invoice :

Orderableltem

Figure 11.38 A Component with two provided and three required Interfaces

Figure11.39 shows provided and required interfaces listed in optional compartments.

«component:
Order

provided interfaces
[temAllocation
Tracking

required interfaces
Person
Invoice
Orderableltem

Figure 11.39Black box notation showing a listing & provided and required interfaces

Figurel140s hows a
optional compartments.

22C

Awhite

boxo view of a Component | i sti
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«component» g ]

Order

provided interfaces

ItemAllocation
Tracking

required interfaces
Person
Invoice
Orderableltem

realizations
OrderHeader
Lineltem

artifacts
Order jar

Figure 11400pt i onadbokwhirte@r esent ati on of a Component

Figure11.41 shows explicit representation of the provided and required Interfaces using Dependency notations, allowing
Interface details such as Operations to Ispldiyed.

«interface» 2 ﬁmmm“e“tﬁ,ﬂ «yuse» «interface» 5
OrderEntry [H~~~~~"~~77 Order [~~~ - > Person
operations operations
Create() Create()
Validate() FindByName()
AddOrderLine() GetDetails()

Figure 11.41 Explicit representation of provided and required Interfaces using Dependency notation.

Figure11.42 shows a set of Classifiers that realize a Component eatlization arrows representing the ComponentRealizations.
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«components E
Customer
A RN
Customerimpl CustomercColl CustomerDef

Figure 11.42 A representation of the realization of a complex Component

Figure11.43 shows owned Classes thatrealizean@oo nent nested within an optional f |
Component shape.

2]

«component»
Order

packaged elements

OrderHeader

OrderEntry 4 Person
. order 7 1 C

iterm | *

LineItem

Figure 11.43 An alternative nested representation of a complex Component
Figure11.44 shows various ways of wiring Components using Dependencies.

The Dependency on the right of the figure is from the Usage of Orderableltem to the InterfaceRealization of Orderabisitem. T
also shows that @A/ Orderabl el t asogertypesof Rraduct| follbweng theanotationtspeeified i s
in10.4.4

The Dependency between the AccountPayable Ports illustrates the notational option of showing the dependency arrow joining
socket to the lollipop, whea Dependency is wired between simple Ports.
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When realizing Classifiers are shown in a packaged elements compartment, a Dependency may be shown from a simple Port
realizing Classifier to indicate that the Interface provided or required by the Begasdent in some way upon the Classifier.

This is illustrated by the Dependency from AccountPayable to OrderHeader, which indicates that something about the fact that
the Component requires AccountPayable is dependent upon OrderHeader.

g1

«component»»
«component» g AccountPayable Order
Account

\ packaged elements

c L «Focus»
D—L *| OrderHeader

AccountPayable
+ Orderableltem
1

order

\\\3 «component »gj
item | * Product
/Orderableltem

LineItem

Figure 11.44 Example model of a Component, its provided and required Interfaces, and wiring through Dependencies.

Figure11.45 shows an internal or whiteox view of the internal structure of a Cpanent that contains other Components with
simple Ports as parts of its internal assembly. The assembly Connectors-asetbatiket notation. The delegation connectors
use the notational option that the Connector line can end on the ball or satleztihran the simple port itself.

«component» g ]
Store

internal structure

O—
OrderEntry «component»3 ]| FPerson «component» 2 ]
:Order Customer
OrderEntry —
ﬁu:ccrunt Account
+—
Orderableltem
«component»3_]
:Product

Figure 11.45 Internal structure of a Component
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Figure11.46 shows delegation Connectors from delegating Ports to handliagin this examplehe parts in the internal
structure compartment are typed by Classes shown in the optional packaged elements compartment.

«compohent» gl
Order
internal structure
OrderEntry
o—

:OrderHeader

Person

:Lineltem - -

packaged elements

1 Ed
order itemn

OrderHeader Lineltem

Figure 11.46 Delegation Connectors connect externally provided Interfaces to the ga that realize or require them.

11.7 Collaborations

11.7.1 Summary

The primary purpose of Collaborations is to explain how a system of communicating elements (roles) collectively accomplish a
specific task or set of tasks without necessarily having to incorpogtit that is irrelevant to the explanation. It is intended as a
means for capturing standard design patterns.

A CollaborationUse represents the application of the pattern described by a Collaboration to a specific situation ip&cifitng s
elements plging the roles of the Collaboration.
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11.7.2 Abstract Syntax

NamedElement
£\
StructuredClassifier | | BehavioredClassifier

Ve N + classifier
+ collaborationUse
{subsets ownedElement} {subsets owner}

CollaborationUse * 0.1 Classifier
+ collaborationUse
1 * 0.1 0.1

{subsets structuredClassifier} | +
+ collaboration + representation
{subsets collaborationUse}

{subsets role} {subsets m\_rner}
+ collaborationRole | * 0..1 | + collaborationUse
| ConnectableElement

{subsets ownedElement}
* + roleBinding

Dependency

Figure 11.47 Collaborations

11.7.3 Semantics

Collaborations

Collaborations may be used to explain how a collection of cooperating instances achieve a joirgatektasks. Therefore, a
Collaboration typically incorporates only those aspects that are necessary for its explanation and suppresses everjthiag else
a given object may be simultaneously playing roles in multiple different CollaboratioreadsuCollaboration would only

represent those aspects of that object that are relevant to its purpose.

A Collaboration defines a set of cooperating participants that are needed for a given taslks ©ha Collaboration will be

played by instances whenteracting with each other. Their relationships relevant for the given task are shown as Connectors
between theoles. Roles of Collaborations define a usage of instances, while the Classifiers typingdbespecify all required
Properties of thesastances. Thus, a Collaboration specifies what Properties instances must have to be able to participate in the
Collaboration. The Connectors between the roles specify what communication paths must exist between the participating
instances.

Neither all Fatures nor all contents of the participating instances nor all links between these instances are always required in a
particular Collaboration. Therefore, a Collaboration is often defined in terrasxtyped by Interfaces.

Collaborations may be speliized from other Collaborations. Ifrale is extended in the specialization, its type in the specialized
Collaboration must conform to its type in the general Collaboration. The specialization of the typeslaf does not imply
corresponding speciahtion of the Classifiers that realize thoaes. It is sufficient that they conform to the constraints defined
by thoserles.

A Collaboration is not directly instantiable. Instead, the cooperation defined by the Collaboration comes about as a@nseque
of the actual cooperation between the instances that plagighdefined in the Collaboration.

CollaborationUses

A CollaborationUse represents a particular use of a Collaboration to explain the relationships between a set of elements. A
CollaboratimUse shows how the pattern described by a Collaboration is applied in agitertClassifier, by binding specific
ConnectableElements from that context torthe of the Collaboration. There may be multiple CollaborationUses related to a
given Collatloration within a Classifier, each bound differently. A giveia or Connector may be involved in multiple uses of the
same or different Collaborations.
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TheroleBindings are implemented using Dependencies owned by the CollaborationUseolEatkhe Cdlaboration is bound by

a distinct Dependency and is éigplier. Theclient of the Dependency is a ConnectableElement that relates in some way to the
context Classifier: it may be a direcle of the context Classifier, or an element reachable by semef references from the
context Classifier. ThessleBindings indicate which ConnectableElement from the context Classifier plays vanich the
Collaboration.

Connectors in a Collaboration typing a CollaborationUse must have corresponding Canipetsteen elements bound in the
context Classifier, and these corresponding Connectors must have the same or more general type than the Collaboration
Connectors.

One of the CollaborationUses owned by a Classifier may be singled out as representingtfia Béthe Classifier as a whole.
This i s cal | epesentatione ThE Callabaratidn that is telsted to the Classifier byefigsentation shows how the
instances corresponding to the StructuralFeatures of this Classifier (eagibitss andparts) interact to generate the overall
Behavior of the Classifier. The representing Collaboration may be used to provide a description of the Behavior offibie Classi
at a different level of abstraction than is offered by the internal ateucf the Classifier. The Properties of the Classifier are
mapped tooles in the Collaboration by the role bindings of the CollaborationUse.

Any Behavior attached to the Collaboration applies to the sekefand Connectors bound within a given CotiedtionUse. For
example, an interaction amopgts of a Collaboration applies to the Classifians bound to a single CollaborationUse.

If the same ConnectableElement is used in both the Collaboration and the represented element, no role binttedy is requ

It is not specified further when client and supplier elements in role bindings are compatible.
11.7.4 Notation

A Collaboration is shown as a dashed ellipse shape containing the name of the Collaboration. The internal structure of a
Collaboration as compridebyroles and Connectors may be shown in a compartment within the dashed ellipse shape. This
compartment follows the same notational specification as for the internal structure compartment of a normal Classgfier rectan

Alternatively, a composite strtire diagram can be used, or a normal Classifier rectangle with the keyword «Collaborations.
There is no notation defined for a Collaboration whasigborationRoles are not Properties.

Using an alternative notation for Properties, a line may be drawntfre elliptical Collaboration shape to rectangles denoting
Classifiers that are the types of Properties of the Collaboration. Each line is labeled by the nhame of the Propamgnimethia
diagram can show the definition of a Collaboration togeth#r tive actual Classifiers that type thwtaborationRoles in that
definition

A CollaborationUse is shown within an internal structure compartment of the context Classifier by a dashed ellipse ¢hataining
name of the occurrence, a colon, and the nantteecCollaborationype. For everyoleBinding, there is a dashed line from the

ellipse to theslient element; the dashed line is labeled onctiret end with the name of thepplier element. With this notation the
Connectors that must exist in thentext Classifier as a consequence of the bindings may be suppressed.

An optional notation for CollaborationUse is as a dashed arrow with the keyword «occurrence» pointing from the usimy Classifi
to the used Collaboration. In conjunction with this theBindings are shown as normal Dependency arrows. With this option
any Connectors that must exist in the context Classifier as a consequence of the bindings should be shown.

11.7.5 Examples

Figure11.48 shows the internal structure oftiCollaboration named Observer, with tpaats (and henceoles) named subject and
observer, and a Connector between them.
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1 subject: CallQueue observer: SlidingBarlcon |
\

hY /;

. #
e - - -

Figure 11.48 The internal structure of the Observer Collaboration

Figure11.49 shows the alternative notation for definition of taas of the Observer Collaboration, which allows the details of
the Classes CallQueue and SlidingBarlcon to be shown in the same definition. Any instance playing the Suhjesit role
possess the Properties specified by CallQueue, and similarly for the Observer role. The example also shows a Constraint on

Observer.

CallQueue —
o subject - e bserver SlidingBarIcon
| Observer g o
capacity: Integer hE IR - rangé: Interval

I
I
|
I
1

observer.reading = length({subject.queue)
observer.range = (0..subject.capacity)

Figure 11.49 Alternative notation for the parts of the Observer Cdlaboration.

The next example shows the definition of two Collaborati&ase(Figure11.50) andBrokeredSaléFigure11.51). Saleis used
twice as part of the definition &rokeredSaleSaleis a Collboration among tweollaborationRoles (actuallyparts), asellerand a
buyer An interaction, or other Behavior specification, could be attach8dleio specify the steps involved in makingale

Figure 11.50 The Sale Collaboration
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BrokeredSalés a Collaboration among threelaborationRoles, aproducert abroker, and aconsumerThe specification of
BrokeredSalehows that it consists of two CollaborationUses ofS8hkeCollaboration, indicated bihe dashed ellipses. The
occurrencevholesalandicates &alein which theproduceris thesellerand thebrokeris thebuyer The occurrenceetail
indicates &alein which thebrokeris thesellerand theconsumeis thebuyer. The Connectors betwesellersandbuyersare
not shown in the two occurrences; these Connectors must existBrakeredSal&ollaboration as a consequence of the
Connector defined iBale TheBrokeredSal&ollaboration could itself be used as part of a larger Collaboration.

e BrokeredSale h
// \\\
e T T T T~ S
i - N ~
P __4/ wholesale: \ S
/ - — \ Sale I~ N
; broker ~ e ~ N
buver S—— ~ \
; T Y ~ seller \
! ~ \
! seller \
I
| producer
\ \ /
\ ;
\\ . - -4 - 7
A ’ retail: N s
\\ . \ s
p
\\\ Sale o buyer //

——| consumer -

Figure 11.51 The BrokeredSale Collaboration

Figure11.52 shows part of thBrokeredSaleollaboration using the optional «occurrence» notation.

[ «occurrence» - T ——_
- ~~ B Sale ~~_
_-~~ BrokeredSale "< y \
e —— e —— o — —— N [
- N \ b ——— seller !
p | buyer —
// B B __\,‘_ __.---—\i;i“ Y ) prrd //,
/ I ———= \ T~ - -7
/ broker |
i T -
\ R - "J’/
' ~~__| producer /.
N\ s
N -
“ ~

Figure 11.52 A subset of the BrokeredSale Collaboration using «occurrence» and Dependency arrows
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11.8Classifier Descriptions

Association [Class]

Description

Alink is a tuple of values that refer to typed objects. An Aisdimn classifies a set of links, each of which is an instance of the
Association. Each value in the link refers to an instance of the type of the corresponding end of the Association.

Diagrams

Structured Clasifiers AssociationsProfiles Nodes PropertiesLink Actions

Generalizations

RelationshipClassifier

Specializations

AssociationClasExtension CommunicationPath

Attributes

9 isDerived :Boolean[1..1] = false
Specifies whether the Association is derived from other model elements such as other Associations.

Association Ends

1 /endType Type[l..*]{ordered, subsetRelationship::relatedElemgrioppositeA_endType association::associadion
The Classifiers that are usesltgpes of the ends of the Association.

1 memberEnd Property[2..*]{ordered, subsetdlamespace::membBefoppositeProperty::association
Each end represents participation of instances of the Classifier connected to the end in links of the Association.

1 navigableOwnedEndPRroperty[0..*]{subsetsAssociation::ownedErdopposite
A_navigableOwnedEnd_association::association
The navigable ends that are owned by the Association itself.

1 DZz o wn e BErépery{0..*[{ordered, subset€lassifier::featuresubsets
A_redefinitionContext_redefinableElement::redefinableEatrsubset@\ssociation::memberEndubsets
Namespace::ownedMembgoppositeProperty::owningAssociatign
The endghat are owned by the Association itself.

Operations

1 endType() Typel0..*]
endType is derived from the types of the member ends.

body: memberEnd - >collect(type)
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Constraints

specialized_end_number
An Associationspecializing another Association has the same number of ends as the other Association.

inv: parents() - >select(ocllsKindOf(Association)).oclAsType(Association) - >forAll(p | p.memberEnd
>size() = self.memberEnd - >size())

specialized_end_types
When an Associan specializes another Association, every end of the specific Association corresponds to an end of the
general Association, and the specific end reaches the same type or a subtype of the corresponding general end.

inv: Sequence{l..memberEnd ->size()} ->
f orAll(i | general - >select(oclIskKindOf(Association)).oclAsType(Association) ->
forAll(ga | self. memberEnd - >at(i).type.conformsTo(ga.memberEnd - >at(i).type)))

binary_associations
Only binary Associations can be aggregations.

inv: memberEnd - >exists(aggregati on <> AggregationKind::none) implies memberEnd - >size() =2

association_ends
Ends of Associations with more than two ends must be owned by the Association itself.

inv: memberEnd - >size() > 2 implies ownedEnd - >includesAll(memberEnd)

AssociationClass [Class]

Description

A model element that has both Association and Class properties. An AssociationClass can be seen as an Associati@s that alsc
Class properties, or as a Class that also has Association properties. It not only coseteatCtassifiers but also defines a set of
Features that belong to the Association itself and not to any of the associated Classifiers.

Diagrams

Associations

Generalizations

Class Association

Constraints

23C

cannot_be_defined
An AssociationClass cannot be defined between itself and something else.

inv: self.endType() - >excludes(self) and self.endType() -
>collect(et|et.oclAsType(Classifier).allParents()) ->fl atten() - >excludes(self)

disjoint_attributes_ends
The owned attributes and owned ends of an AssociationClass are disjoint.
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inv: ownedAttribute - >intersection(ownedEnd) - >isEmpty()

Class [Class]

Description

A Class classifies a set of objects apecifies the features that characterize the structure and behavior of those objects. A Class
may have an internal structure and Ports.

Diagrams

ClassesAssociationsComponentsProfiles Nodes Behaviors PropertiesOperations

Generalizations

BehavioredClassifieEncapsulatedClassifier

Specializations

AssociationClasConponent Behavior StereotypeNode

Attributes

isAbstract Boolean[1..1] = false
If true, the Class does nptovide a complete declaration and cannot be instantiated. An abstract Class is typically used
as a target of Associations or Generalizations.

isActive :Boolean[1..1] = false
Determines whether an objegiegified by this Class is active or not. If true, then the owning Class is referred to as an
active Class. If false, then such a Class is referred to as a passive Class.

Association Ends

1

/extension Extenson [0..*){} (opposite Extension::metacla¥s
This property is used when the Class is acting as a metaclass. It references the Extensions that specify additional
properties of the metaclass. The property isvddrfrom the Extensions whose memberEnds are typed by the Class.

Dz ne st e d Classifierfli.*fordered, subsetd_redefinitionContext_redefinableElement::redefinableElement
subsetNamespace::ownedMembgfoppositeA_nestedClassifier _nestingClass::nestingQlass
The Classifiers that are nested within the Class.

DZ o wn e d AProperty[®.tl{oréered, subset€lassifier::attributesubsetdamespace::ownedMembeedefines
StructuredClassifier::owned#ibute} (oppositeProperty::class
The attributes (i.e., the Properties) owned by the Class.

Dz o wn e d O mperatiot]0..f{ordered, subset€lassifier::featuresubsets
A_redefinitionContext_redefinableElement::redafiteElementsubsetfNamespace::ownedMembBdbpposite

Operation::clags
The Operations owned by the Class.
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1 Dz own e d R &recepidrd..§{subsetsClassifier::featuresubsetfamespace::ownedMemBd&ppposite
A_ownedRecption_class::clags
The Receptions owned by the Class.

91 /superClass Class[0..*]{redefinesClassifier::generdl(oppositeA_superClass_class::cl3ss
The superclasses of a Class, derived from its Generalizations.

Operations

1 extension() Extension0..*]
Derivation for Class::/extension : Extension

body: Extension.all Instances() - >select(ext |
let endTypes : Sequence(Classifier) = ext. nemberEnd - >collect(type.oclAsType(Classifier)) in
endTypes - >includes(self) or endTypes.allParents() - >includes(self) )

9 inherit(inhs :NamedElemenfi0..*]) : NamedElemenf0..*]
The inherit operation is overridden to exclude redefined Properties.

body: let excludedElements : Set(RedefinableElement) =
inhs - >select(inh |
inh.oclIsKindOf(Rede finableElement) and
let redinh : RedefinableElement = inh.oclAsType(RedefinableElement) in
(self.ownedMember - >select(ocllsKindOf(RedefinableElement)) -

>collect(oclAsType(RedefinableElement).redefinedElement)) - >includes(redinh)) ->
collect(oclAsType(RedefinableElement)) - >asSet()
in
inhs - excludedElements

1 superClass() Class[0..*]
Derivation for Class::/superClass : Class

body: self.general() - >select(oclIsKindOf(ClI ass)) - >collect(oclAsType(Class)) - >asSet()

Constraints

1 passive_class
Only an active Class may own Receptions and have a classifierBehavior.

inv: not isActive implies (ownedReception - >isEmpty() and classifierBehavior = null)
Collaboration [Class]

Description

A Collaboration describes a structure of collaborating elements (roles), each performing a specialized function, whiialycollec
accomplish some desired functionality.

Diagrams

Collaborations
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Generalizations

StructuredClassifieBehavioredClassifier

Association Ends

1 collaborationRole ConnectableElemenf0..*[{subsetsStructuredClassifier::rolgopposite
A_collaborationRole_collaboration::collaboratjon
References ConnectableElements (possiblgemiaby other Classifiers) which represent roles that instances may play in
this Collaboration.

CollaborationUse [Class]

Description

A CollaborationUse is used to specify the application of a pattern specified by a Collaboratspetific situation.

Diagrams

CollaborationsClassifiers

Generalizations

NamedElement

Association Ends

T Dz r ol e Beperdiénay®..*]{subsetsElement::ownedElemeh{opposite
A _roleBinding_collaborationUse::collaborationlyse
A mapping between featess of the Collaboration and features of the owning Classifier. This mapping indicates which
ConnectableElement of the Classifier plays which role(s) in the Collaboration. A ConnectableElement may be bound tc
multiple roles in the same CollaborationUse {ibait may play multiple roles).

1 type :Collaboration1..1] (oppositeA_type_collaborationUse::collaborationl)se
The Collaboration which is used in this GddbrationUse. The Collaboration defines the cooperation between its roles
which are mapped to ConnectableElements relating to the Classifier owning the CollaborationUse.

Constraints

1 client_elements
All the client elements of a roleBinding are in one Cfassand all supplier elements of a roleBinding are in one
Collaboration.

inv: roleBinding - >collect(client) - >forAll(nel, ne2 |
nel.ocllsKindOf(ConnectableElement) and ne2.ocllsKindOf(ConnectableElement) and
let cel : ConnectableElement = nel.oclAs Type(ConnectableElement), ce2 : ConnectableElement =
ne2.oclAsType(ConnectableElement) in
cel.structuredClassifier = ce2.structuredClassifier)

and
roleBinding - >collect(supplier) - >forAll(nel, ne2 |
nel.ocllsKindOf(ConnectableElement) and ne2.o cliskKindOf(ConnectableElement) and
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let cel : ConnectableElement = nel.oclAsType(ConnectableElement), ce2 : ConnectableElement =
ne2.oclAsType(ConnectableElement) in
cel.collaboration = ce2.collaboration)

1 every role
Every collaborationRole in ¢hCollaboration is bound within the CollaborationUse.

inv: type.collaborationRole - >forAll(role | roleBinding - >exists(rb | rb.supplier - >includes(role)))

1 connectors
Connectors in a Collaboration typing a CollaborationUse must have corresponding Connéwtea beements bound
in the context Classifier, and these corresponding Connectors must have the same or more general type than the
Collaboration Connectors.

inv: type.ownedConnector - >forAll(connector |
let rolesConnectedInCollab : Set(ConnectableElemen t) = connector.end.role - >asSet(),
relevantBindings : Set(Dependency) = roleBinding - >select(rb | rb.supplier -
>intersection(rolesConnectedInCollab) - >notEmpty()),
boundRoles : Set(ConnectableElement) = relevantBindings -
>collect(client.oclAsT ype(ConnectableElement)) - >asSet(),
contextClassifier : StructuredClassifier = boundRoles - >any(true).structuredClassifier -
>any(true) in
contextClassifier.ownedConnector - >exists( correspondingConnector |
correspondingConne  ctor.end.role - >forAll( role | boundRoles - >includes(role) )
and (connector.type - >notEmpty() and correspondingConnector.type - >notEmpty()) implies
connector.type - >forAll(conformsTo(correspondingConnector.type)) )

Component [Class]

Description

A Component represents a modular part of a system that encapsulates its contents and whose manifestation is replaceable wit
its environment.

Diagrams
Components
Generalizations

Class

Attributes

9 isIndirectlylnstantiated Boolean[1..1] = true
If true, the Component is defined at destgne, but at rurtime (or executioftime) an object specified by the
Component does not exist, that is, the Component is instantiated indirectly, through the instantiation of its realizing
Classifiers or parts.

Association Ends

1 Dz p ac k a g eRhékageatnebteme[0:..*[{subsetsNamespace::ownedMembBdbpposite
A _packagedElement component::compohent
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The set of PackageableElements that a Component owns. In the nanoésp@oenponent, all model elements that are
involved in or related to its definition may be owned or imported explicitly. These may include e.g., Classes, Interfaces,
Components, Packages, UseCases, Dependencies (e.g., mappings), and Artifacts.

/provided :Interface[0..*]{} (opposite A_provided_component::compongnt
The Interfaces that the Component exposes to its environment. These Interfaces may be Reéaéiz&drbgonent or
any of its realizingClassifiers, or they may be the Interfaces that are provided by its public Ports.

Dz r e a | ComponentBaalizatiofd..*]{subsetsElement::ownedElemensubsets
A_supplier_supplierDependency::sumpbependengy(oppositeComponentRealization::abstractjon

The set of Realizations owned by the Component. Realizations reference the Classifiers of which the Component is an
abstraction; i.e., that realizes ibehavior.

/required :Interface[0..*]{} (opposite A_required_component::compongnt

The Interfaces that the Component requires from other Components iviitserent in order to be able to offer its full

set of provided functionality. These Interfaces may be used by the Component or any of its realizingClassifiers, or they
may be the Interfaces that are required by its public Ports.

Operations

il

provided() :Interface[0..*]
Derivation for Component::/provided

body: let ris : Set(Interface) = allRealizedInterfaces(),
realizingClassifiers : Set(Classifier) = self.realization.realizingClassifier -
>union( self.allParents() - >collect(realization.realizingClassifier)) - >asSet(),
allRealizingClassifiers : Set(Classifier) = realizingClassifiers -
>union(realizingClassifiers.allParents()) - >asSet(),
realizingClassifierinterfaces : Set(Interface) = a lIRealizingClassifiers - >iterate(c; rci :
Set(Interface) = Set{} | rci - >union(c.allRealizedInterfaces())),
ports : Set(Port) = self.ownedPort - >union(allParents() - >collect(ownedPort)) - >asSet(),
providedByPorts : Set(Interface) = ports.provi ded- >asSet()
in ris - >union(realizingClassifierInterfaces) - >union(providedByPorts) - >asSet()

required() :Interface[0..*]
Derivation for Component::/required

body: let uis : Set(Interface) = allUsedIn terfaces(),
realizingClassifiers : Set(Classifier) = self.realization.realizingClassifier -
>union(self.allParents() - >collect(realization.realizingClassifier)) - >asSet(),
allRealizingClassifiers : Set(Classifier) = realizingClassifiers -
>unio n(realizingClassifiers.allParents()) - >asSet(),
realizingClassifiernterfaces : Set(Interface) = allRealizingClassifiers - >iterate(c; rci :
Set(Interface) = Set{} | rci - >union(c.allUsedInterfaces())),
ports : Set(Port) = self.ownedPort - >uni on(allParents() - >collect(ownedPort)) - >asSet(),
usedByPorts : Set(Interface) = ports.required - >asSet()
in uis - >union(realizingClassifierInterfaces) - >union(usedByPorts) - >asSet()

Constraints

il

no_nested_classifiers
A Component cannot nest Clagsi§.

inv: nestedClassifier - >isEmpty()
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1 no_packaged_elements
A Component nested in a Class cannot have any packaged elements.

inv: nestingClass <> null implies packagedElement - >isEmpty()

ComponentRealization [Class]

Description

Realization is specialized to (optionally) define the Classifiers that realize the contract offered by a Componentfiitserms o
provided and required Interfaces. The Component forms an abstraction from these various Classifiers.

Diagrams
Components

Generalizations

Realization

Association Ends

9 abstraction Componen{0..1{subsetDependacy::supplier subset&lement::owner (opposite
Component::realizatign
The Component that owns this ComponentRealization and which is implemented by itsg €&itzsifiers.

1 realizingClassifier Classifier[1..*]{subsetsDependency::clieht{opposite
A _realizimgClassifier_componentRealization::componentRealization
The Classifiers that are involved in the implementation of the Component that owns this Realization.

ConnectableElement [Abstract Class]

Description

ConnectableElement & abstract metaclass representing a set of instances that play roles of a StructuredClassifier.
ConnectableElements may be joined by attached Connectors and specify configurations of linked instances to be created withi
an instance of the containing StturedClassifier.

Diagrams

Structured Classifiey<ollaborationsActivities, Lifelines, FeaturesProperties

Generalizations

TypedElementParameterableElement

Specializations

Variable ParameterProperty
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Association Ends

1 /end :ConnectorEndO..*]{ordered} (oppositeConnectorEnd::role
A set of ConnectorEnds that attach to this ConnectableElement.

1 templateParameteiConnectableElementTemplateParamf@ed J{redefines
ParameterableElement::templateParanh€tmpositeConnectableElementTemplateParameter::parameteredE)jement
The ConnectableElementTemplateParameter for this ConnectableElearamefer.

Operations

1 end() :ConnectorEndoO..*]
Derivation for ConnectableElement::/end : ConnectorEnd

body: ConnectorEnd.allinstances() - >select(role = self)
ConnectableElementTemplateParameter [Class]

Description

A ConnectableElementTemplateParameter exposes a ConnectableElement as a formal parameter for a template.

Diagrams

Structured Classifiers

Generalizations

TemplateParameter

Association Ends

1 parameteredElementConnectableElemeiit..1]{redefinesTemplateParagter::parameteredEleméifopposite
ConnectableElement::templateParanjeter
The ConnectableElement for this ConnectableElementTemplateParameter.

Connector [Class]

Description

A Connector spéfies links that enables communication between two or more instances. In contrast to Associations, which
specify links between any instance of the associated Classifiers, Connectors specify links between instances playiectede conn
parts only.

Diagrams

Structured Classifierdlessagednformation Flows
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Generalizations

Feature

Attributes

9 /kind : ConnectorKind1..1]
Indicates the kind of Connector. This is derived: a Connector with one or more ends connected to a Port which is not o
a Part and which is not a behavior port is a delegation; otherwssaritassembly.

Association Ends

9 contract :Behavior[0..*] (oppositeA_contract _connector::connecjor
The set of Behaviors that specify the valid interactiotepas across the Connector.

1 Dz e @ahnectorEnd2..*[{ordered, subset&lement::ownedElemeh{oppositeA_end_connetor::connectgr
A Connector has at least two ConnectorEnds, each representing the participation of instances of the Classifiers typing
ConnectableElements attached to the end. The set of ConnectorEnds is ordered.

1 redefinedCanector :Connectolf0..*]{subsetsRedefinableElement::redefinedElemefdpposite
A_redefinedConnector_connector::connertor
A Connector may be redefined when its containing Classifier is specialized. The redefining Connector may have a type
that specializes the type of the redefined Connector. The types of the ConnectorEnds of the redefining Connector may
specialize the types oféhConnectorEnds of the redefined Connector. The properties of the ConnectorEnds of the
redefining Connector may be replaced.

1 type :Association0..1] (oppositeA_type connector::conneclor
An optional Association that classifies links corresponding to this Connector.

Operations

1 kind() : ConnectorKind
Derivation for Connector::/kind : ConnectorKind

body: if end - >exists(
role.ocliskKindOf(Port)
and partWithPort - >isEmpty()
and not role.oclAsType(Port).isBehavior)
then ConnectorKind::delegation
else ConnectorKind::assembly
endif

Constraints

. types
The types of the ConnectableElements that the ends ofrze€ton are attached to must conform to the types of the ends
of the Association that types the Connector, if any.

inv: type<>null implies
let noOfEnds : Integer = end - >size() in
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(type.memberEnd - >size() = noOfEnds) and Sequence{l1..noOfEnds} ->forAll(  i]end
>at(i).role.type.conformsTo(type.memberEnd - >at(i).type))

1 roles
The ConnectableElements attached as roles to each ConnectorEnd owned by a Connector must be roles of the Classi
that owned the Connector, or they must be Ports of such roles.

inv: s tructuredClassifier <> null

and
end- >forAll( e |
structuredClassifier.role - >includes(e.role)
or
e.role.ocllskindOf(Port) and structuredClassifier.role - >includes(e.partWithPort))

ConnectorEnd [Class]

Description
A ConnectorEnd is an endpoint of a Connector, which attaches the Connector to a ConnectableElement.
Diagrams

Encapsulated ClassifierStructured Classifiers

Generalizations

MultiplicityElement

Association Ends

1 /definingend :Property[0..1]{} (opposite A_definingEnd_connectorEndonnectorEnyl
A derived property referencing the corresponding end on the Association which types the Connector owing this
ConnectorEnd, if any. It is derived by selecting the end at the same place in the ordering of Association ends as this
ConnectorEnd

1 partWithPort :Property[0..1] (oppositeA_partWithPort_connectorEnd::connectorfnd
Indicates the role of the internal structure of a Classifier with tnet® which the ConnectorEnd is attached.

1 role :ConnectableElemeifit..1] (oppositeConnectableElement::end
The ConnectableElement attached at this @otorEnd. When an instance of the containing Classifier is created, a link
may (depending on the multiplicities) be created to an instance of the Classifier that types this ConnectableElement.

Operations

1 definingend() :Property]0..1]
Derivation for ConnectorEnd::/definingEnd : Property

body: if connector.type = null
then
null
else
let index : Integer = connector.end - >indexOf(self) in
connector.type.memberEnd - >at(index)
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endif

Constraints

1 role_and_part_with_port
If a ConnectorEnd references a partWithPort, then the role must be a Port that is defined or inherited by the type of the

partWithPort.
inv: partWithPort - >notEmpty() implies
(role.oclIsKindOf(Port) and partWithPort.type.oclAsTyp e(Namespace).member - >includes(role))

1 part_with_port_empty
If a ConnectorEnd is attached to a Port of the containing Classifier, partWithPort will be empty.

inv: (role.ocllsKindOf(Port) and role.owner = connector.owner) implies partWithPort - >isEmpty()

1 multiplicity
The multiplicity of the ConnectorEnd may not be more general than the multiplicity of the corresponding end of the
Association typing the owning Connector, if any.

inv: self.compatibleWith(definingEnd)

1 self_part_with_port
The Property held in seffartWithPort must not be a Port.

inv: partWithPort - >notEmpty() implies not partWithPort.ocllsKindOf(Port)
ConnectorKind [Enumeration]

Description

ConnectorKind is an enumeration that defines whether a Connector is an assemblygatiodel
Diagrams

9 Structured Classifiers

Literals

1 assembly
Indicates that the Connector is an assembly Connector.

1 delegation
Indicates that the Connector is a delegation @otuon.
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EncapsulatedClassifier [Abstract Class]

Description

An EncapsulatedClassifier may own Ports to specify typed interaction points.

Diagrams

Encapsulated Classifier€lasses

Generalizations

StructuredClassifier

Specializations

Class

Association Ends

1 Dz / o wn @dtPpo*{stbsetsStructuredClassifier::ownedAttribJtéopposite
A_ownedPort_encapsulatedClassifier::encapsulatedCla}sifier
The Ports owned by the EncapsulatedClassifier

Operations

1 ownedPort() Port[0..*]
Derivation for EncapsulatedClassifier::/ownedPort : Port

body: ownedAttribute - >select(oclIsKindOf(Port)) - >collect(oclAsType(Port)) - >asOrderedSet()

Port [Class]

Description

A Port is a property of an EncapsulatedClassifier that specifies a distinct interaction point between that EncapsufiztedClassi
and its environment or between the (behavior of the) EncapsulatedClassifier and its internal parts. Pariectesl¢o

Properties of the EncapsulatedClassifier by Connectors through which requests can be made to invoke BehavioralFedtures. A
may specify the services an EncapsulatedClassifier provides (offers) to its environment as well as the seavices that
EncapsulatedClassifier expects (requires) of its environment. A Port may have an associated ProtocolStateMachine.

Diagrams

Encapsulated ClassifierlBvents Invocation Actions

Generalizations

Property
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Attributes

1 isBehavior :Boolean[1..1] = false
Specifies whether requests arriving at this Port aneteethe classifier behavior of this EncapsulatedClassifier. Such a
Port is referred to as a behavior Port. Any invocation of a BehavioralFeature targeted at a behavior Port will be handlec
by the instance of the owning EncapsulatedClassifier itselgrdtlan by any instances that it may contain.

1 isConjugated Boolean[1..1] = false
Specifies the way that the provided and required | nt e

1 isService Boolean[1..1] = true
If true, indicates that this Port is used to provide the published functionality of an EncapsulatedClassifier. If false, this
Port is used to implement the EncapsulatedClassifier but is not phet e$sential externallyisible functionality of the
EncapsulatedClassifier and can, therefore, be altered or deleted along with the internal implementation of the
EncapsulatedClassifier and other properties that are considered part of its implementation.

Association Ends

1 protocol :ProtocolStateMaching..1] (oppositeA_protocol_port::poit
An optional ProtocolStateMachine which describes valid &utigons at this interaction point.

91 /provided :Interface[0..*]{} (opposite A_provided_ port::poit
The Interfaces specifying the set of Operations and Recspitiahthe EncapsulatedCclassifier offers to its environment
via this Port, and which it will handle either directly or by forwarding it to a part of its internal structure. Thistamsocia
is derived according to the value of isConjugated. If isConjdgatéalse, provided is derived as the union of the sets of
Interfaces realized by the type of the port and its supertypes, or directly from the type of the Port if the Port is typed by
an Interface. If isConjugated is true, it is derived as the uniomedddts of Interfaces used by the type of the Port and its
supertypes.

1 redefinedPort Port[0..*]{subsetsProperty::redefinedPropeitfoppositeA_redefinedPort_port::port
A Port may be redefined when its containing EncapsulatedClassifier is specialized. The redefining Port may have
additional Interfaces to those that are associated with the redefined Port oréplaag an Interface by one of its
subtypes.

91 /required :Interface[0..*]{} (opposite A_required_port::pojt
The Interfaces specifying the set of Operatiorgs Raceptions that the EncapsulatedCassifier expects its environment to
handle via this port. This association is derived according to the value of isConjugated. If isConjugated is false, require
is derived as the union of the sets of Interfaces usedehype of the Port and its supertypes. If isConjugated is true, it
is derived as the union of the sets of Interfaces realized by the type of the Port and its supertypes, or directly from the
type of the Port if the Port is typed by an Interface.

Operations

1 provided() :Interface[0..*]
Derivation for Port::/provided

body: if isConjugated then basicRequired() else basicProvided() endif
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1 required() :Interface[0..*]
Derivation for Port::/required

body: if isConjugated then basicProvided() else basicRequired() endif

1 basicProvided() Interface[0..*]
The union of the sets of Interfaces realized by the typleeoPort and its supertypes, or directly the type of the Port if the
Port is typed by an Interface.

body: if type.ocllsKindOf(Interface)

then type.oclAsType(Interface) - >asSet()
else type.oclAsType(Classifier).allRealizedInterfaces()
endif

1 basicRequired() Interface[0..*]
The union of the sets of Interfaces used by the type of the Port and its supertypes.

body: type.oclAsType(Classifier).allUsedInterfaces()

Constraints

I port_aggregation
Port.@gregation must be composite.

inv: aggregation = AggregationKind::composite

1 default_value
A defaultValue for port cannot be specified when the type of the Port is an Interface.

inv: type.oclisKindOf(Interface) implies defaultValue - >isEmpty()

1 encapsulated vaner
All Ports are owned by an EncapsulatedClassifier.

inv: owner = encapsulatedClassifier
StructuredClassifier [Abstract Class]

Description

StructuredClassifiers may contain an internal structure of connected elements whidhgflays a role in the overall Behavior
modeled by the StructuredClassifier.

Diagrams

Encapsulated ClassifierStructured Classifier€ollaborations

Generalizations

Classifier
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Specializations

Collaboration EncapsulatedClassifier

Association Ends

1 Dz own e d APRroperty|®.ti{oreéered, subset€lassifier::attributesubset$StructuredClassifier::rolesubsets
Namespace::ownedMembBegoppositeA_ownedAttribute structuredClassifier::structuredClassifier
The Properties owned by the StructuredClassifier.

1 Dz o w nmmattGroConnectol0..*[{subsetsClassifier::featuresubsets
A_redefinitionContext_redefinableElement::redefinableElenmutigtsNamespace::ownedMembBdppposite
A_ownedConnector_structuredClassifier::structuredClaskifier
The connectors owned by the StructuredClassifier.

1 /pat: Property[0..*]{} (opposite A_part_structuredClassifier::structuredClassjfier
The Properties specifying instances that the StructuredClassifier owns by compositiooll&ti®c is derived,
selecting those owned Properties where isComposite is true.

91 /role :ConnectableElemefd..*]{union, subsetNamespace::membefopposite
A_role_structuredClassifier::structuredClassifier
The roles that instances may play in this StructuredClassifier.

Operations

1 part() :Property]0..*]

Derivation for StructuredClassifier::/part

body: ownedAttribute - >select(isComposite)
11.9Association Descriptions

A_collaborationRole_collaboration [Association]

Diagrams

Collaborations

Owned Ends

1 collaboration Collaboration0..*]{subsetsA_role_structuredClassifier::structuredClasski@pposite
Collaboration::collaborationRo)e
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A_connectableElement_templateParameter_parameteredElement [Association]

Diagrams

Structured Clasfiers

Member Ends

1 ConnectableElement::templateParameter
1 ConnectableElementTemplateParameter::parameteredElement

A_contract_connector [Association]

Diagrams

Structured Classifiers

Owned Ends

1 connector Connectolf0..*] (oppositeConnector::contrayt

A_definingEnd_connectorEnd [Association]

Diagrams

Structured Classifiers

Owned Ends

1 connectorEnd ConnectorEnd0..*] (oppositeConnectorEnd::definingEnd

A_endType_association [Association]

Diagrams

Associations

Owned Ends

1 association Association0..*|{subsetsA_relatedElement_relationship::relationsh{pppositeAssociation::endType
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A_end_connector [Association]

Diagrams

Structured Classifiers

Owned Ends

1 connector Connectolf1..1}{subsetElement::ownér(oppositeConnector::eng

A_end_role [Association]

Diagrams

Structured Classifiers

Member Ends

1 ConnectableElement::end
M ConnectorEnd::role

A_extension_metaclass [Association]

Diagrams

ClassesProfiles

Member Ends

1 Class:extension
i Extension::metaclass

A_memberEnd_association [Association]

Diagrams

AssociationsProperties

Member Ends

1 Association::memberEnd
1 Property::association

A_navigableOwnedEnd_association [Association]

Diagrams

Associations
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Owned Ends

9 association Association0..1[{subsetProperty::owningAssociati¢r(oppositeAssociation::navigableOwnedEnd

A_nestedClassifier_nestingClass [Association]

Diagrams

Classes

Owned Ends

1 nestingClass Class[0..1]{subsetdNamedElement::namespaceibsetfRedefinableElement::redefinition@text
(oppositeClass::nestedClassifler

A_ownedAttribute_class [Association]

Diagrams

ClassesProperties

Member Ends

1 Class::ownedAttribute
1 Property::class

A_ownedAttribute_structuredClassifier [Association]

Diagrams

Structured Classifiers

Generalizations

A role structuredClassifier

Owned Ends

9 structuredClassifier StructuredClassifie]0..1[{subsetdNamedElement::namespaceibsets
A_attribute classifier::classifieredefinesA_role_structuredClassifier::structuredClassifi@pposite
StructuredClassifier::ownedAttribgte
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A_ownedConnector_structuredClassifier [Association]

Diagrams

Structured Classifiers

Owned Ends

1 structuredClassifier StructuredClassifie]0..1[{subsetd-eature::featuringClassifiesubsets
NamedElement::namespaceibsetfRedefinableElement::redefinitionContgxbpposite
StructuredClassifier::ownedConnegtor

A_ownedEnd_owningAssociation [Association]

Diagrams

AssociationsProperties

Member Ends

9 Association::ownedEnd
1 Property::owningAssociation

A_ownedOperation_class [Association]

Diagrams

ClassesOperations

Member Ends

1 Class::ownedOperation
1 Operation::class

A_ownedPort_encapsulatedClassifier [Association]

Diagrams

Encapsulated Classifiers

Owned Ends

1 encapsulatedClassifieEncapsulatedClassifi§d..1[{subsets
A_ownedAttribute_structuredClassifier::structuredClasdgifieppositeEncapsulatedClassifier::ownedBort
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A_ownedReception_class [Association]

Diagrams

Classes

Owned Ends

1 class Clasg[0..1}{subsetFeature::featuringClassifiesubsettNamedElement::namespadepposite
Class::ownedReceptidpn

A_packagedElement_component [Association]

Diagrams
Components

Owned Ends

1 component Componenf0..1]{subsetdNamedElement::namespddeppositeComponent::packagedElemgnt

A_partWithPort_connectorEnd [Association]

Diagrams

Encapsulated Classifiers

Owned Ends

1 connectorEnd ConnectorEndO0..*] (oppositeConnectorEnd::partWithPgrt

A_part_structuredClassifier [Association]

Diagrams

Structured Classifiers

Owned Ends

1 structuredClassifier StructuredClassifie]0..1] (oppositeStructuredClassifier::pgrt
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A_protocol_port [Association]

Diagrams

Encapsulated Classifiers

Owned Ends

1 port :Port[0..*] (oppositePort::protocal

A_provided_component [Association]

Diagrams
Components

Owned Ends

1 component Componenf0..*] (oppositeComponent::pavided

A_provided_port [Association]

Diagrams

Encapsulated Classifiers

Owned Ends

1 port :Port[0..*] (oppositePort::providedl

A_realization_abstraction_component [Association]

Diagrams
Components

Member Ends

1 Component::rd&ation
1 ComponentRealization::abstraction
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A_realizingClassifier_componentRealization [Association]

Diagrams
Components

Owned Ends

1 componentRealizationComponentRealizatiofd..*]|{subsetsNamedElement::clientDependefdppposite
ComponentRealization::realizingClassijier

A_redefinedConnector_connector [Association]

Diagrams

Structured Classifiers

Owned Ends

91 conrector :Connectof0..*[{subsetsA_redefinedElement redefinableElement::redefinableEleh{epposite
Connector::redefinedConnec}or

A_redefinedPort_port [Association]

Diagrams

Encapsulated Classifiers

Owned Ends

1 port:Port[0..*]{subsetsA_redefinedProperty property::properfpppositePort::redefinedPoyt

A _required_component [Association]

Diagrams
Components

Owned Ends

1 component Componenf0..*] (oppositeComponent::required
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A_required_port [Association]

Diagrams

Encapsulated Classifiers

Owned Ends

1 port :Port[0..*] (oppositePort::requirejl

A_roleBinding_collaborationUse [Association]

Diagrams

Collaborations

Owned Ends

1 collaborationUse CollaborationUs40..1]{subsetElement::ownédr (oppositeCollaborationUse::roleBindig

A_role_structuredClassifier [Association]

Diagrams

Structured Clasifiers

Specializations

A_ownedAttribute structuredClassifier

Owned Ends

9 structuredClassifier StructuredClassifie0..*]{subsetsA_member_memberNamespace::memberName}japposite
StructuredClassifier::ro)e

A_superClass_class [Association]

Diagrams

Classes
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Owned Ends

1 class (Clasg[0..*]{subsetsA_general_classifier::classifiefoppositeClass::superClays

A_type_collaborationUse [Association]

Diagrams

Collaborations

Owned Ends

1 collaborationUse CollaboationUs€0..*] (oppositeCollaborationUse::type

A_type_connector [Association]

Diagrams

Structured Classifiers

Owned Ends

9 connector Connectof0..*] (oppositeConnector::type
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12 Packages

12.1 Summary

Packages provide the main generic structuring and organizing capability of UML. There @kizspiens for Models and for
Profiles which organize extensions to UML.

12.2 Packages

12.2.1 Summary

This sub clause provides the specification for Packages and Models.

12.2.2 Abstract Syntax

| TemplateableFlement | | HNamespace | | PackageableFlement |

{subsets ownedMember}
+ packagedElement

*

{subsets namespace}

Package : L
FURI: Sbing[0..1]  owningPackage
0.1
{subsets owningPackage}  {subsets packagedElement}
+ package + JownedType
e s " =|1 Type
0.1
| Directedrelationship |
{subsets packagedElernent}
+ [nestedPackage {subsets source, {subsets ownedElement,
" subsets owner} subsets directedRelationship}:
+ receivingPackage + packageMerge
- PackageMerge
1
0.1 " {subsets target}  {subsets directedrelationship}
) + mergedPackage + packageMerge
+ nestingPackage 1
{subsets owningPackage} *

T

Model
+ viewpoint : Skring [0..1]

Figure 12.1 Packages

12.2.3 Semantics

Package

A Package is a namespace fomitanbers, which comprise those elements associateg@adegedElement (which are said to be
ownedor contained, and thosemported

A Package definition can extend the contents of other Packages througértiiey of the contained elements.
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A Package may be defined as a template and bound to other templates: see suBclBersplates, for further information.

The URI can be specified to provide a unique identifier for a Packaigi@nWML there is no predetermined usage for this, with
the exception of profiles (see sub cla@i@e3.3. It may, for example, be used by model management facilities for model
identification. The URI should hence be unique anchanged once assigned. There is no requirement that the URI be
dereferenceable (though this is of course permitted).

PackageMerge

A PackageMerge is a directed relationship between two Packages that indicates that the contents ofrifrgeitrgsbge are
combined into the sourceceivingPackage according to a set of rules defined below. It is very similar to Generalization in the
sense that the source element conceptually adds the characteristics of the target element to its own charachénigticaresu
element that combines the characteristics of both. Just as a subclass is not normally depicted with its inherited features, a
receiving Package is not normally depicted with the merged elements froasigégPackages. In terms of model semans, there

is no difference between a model with explicit PackageMerges, and a model in which all the merges have been performed.
Likewise XMl files containing PackageMerge are semantically equivalent to the same XMl files with the PackageMerges
expanded.

Also, as with Generalization, a Package may not merge itself (directly or indirectly).

This capability is designed to be used when elements defined in different Packages have theesantkare intended to

represent the same concept. A given base contapbe merged for different purposes, with each purpose defined in a separate
receiving Package. By selecting different receiving packages, it is possible to obtain a custom definition of a concept for a
specific end.

Thus, any reference to a model eletneontained in the receiving Package implies a reference to the results of the merge rather
than to the increment that is contained in that Package. This is illustrated by the exdfignieeh2.2 in which Package P2

defines anncrement of Class A originally defined in P1. Package P2 merges the contents of Package P1, which implies the
merging of P1::A into increment P2::A. Package P3 defines a subclass of P2::A called SubA. In this case, element A in Packag
P2 (P2::A) represss theresultof the merge of P1::A into P2::A and not just the increment P2::A.

NOTE. If another package were to import P1, then a reference to A in the importing package would represent P1::A rather thar
the A resulting from merge.

P1 P2 P3

«merge» «import»
A SCCEEREEERERPRERE A eZn oo A =<}—— SubA

Figure 12.2 lllustration of the Meaning of Package Merge

A PackageMerge can be viewed as an operation (that is itself a set of transformations) whereby the contents of thelfeackage tc
merged are combined with the contentshef receiving Package. In cases in which certain elements in the two Packages match
(according to defined rules), their contents are (conceptually) merged into a single resulting element according td thie$orma

of PackageMerge specified below. Thiper at i on i s akin to ficopying downo the
expanded subclass is the equivalent to the resulting package.

To understand the rules of PackageMerge, it is necessary to clearly distinguish between threentiititisicthemergedPackage
(e.g., P1 irFigure12.2), thereceivingPackage (e.g., P2), and the result of the merge transformations (also P2)ecditiegPackage
also plays the role eésultingPackage. This dual interpretain of the same model element can be confusing, so it is useful to
introduce the following terminology that aids understanding:
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merged packagethe package that is to be merged into the receiving package (this is the package that is the target of tt
mergearrow in the diagrams).

receiving packagethe package that, conceptually, contains the results of the merge (and which is the source of the
merge arrow in the diagrams). However, this term is used to refer to the package and its loeicietie mege
transformations have been performed.

resulting package the package that, conceptually, contains the results of the merge. In the model, this is, of course, the
same package as the receiving package, but this particular term is used to refer tkethe qad its contengdter the
merge has been performed.

merged elementrefers to a model element that exists in the merged package.

receiving elementis a model element in the receiving package. If the elementtasching(as defined below)
merged element, the two are combined to produce the resulting element (see below). This term is used to refer to the
elementeforethe merge has been performed.

resulting elementis a model element in the resulting packafierthe merge was performed. F@ceiving elements

that have a matching merged element, this is the combined eleftetihe merge was performed. For merged elements
that have no matching receiving element, this is the same as the merged element. For receiving elements that have nc
matching merged element, this is the same as the receiving element.

element typerefers to theype of any kind of TypedElement, such as the of a Parameter or StructuralFeature.

element metatypeis the MOF type of a model element (e.g., Classifissociation, Feature).

This terminology is based on a conceptual view of PackageMerge that is represented by the schematic Higgrah?t

(NB: this is not a UML diagram). TheckagedElements (direct and indirect) of R&kages A and B are all incorporated into the
namespace of Package B'. However, it is important to emphasize that this view is merely a convenience for describing the
semantics of PackageMerge and is not reflected isttdredmodel, that is, thphysicalmodel itself is not transformed in any
way by the presence of PackageMerges.

merged receiving
package package
A A B
R < 77
I . .
| ~ . ) Ve /
I ~
| /
I package /
amerges : merge

| abecomess
I l"’l
| /
| |

r———-= L]
: | resulting : /
I | package | L‘/':

| |
B | B’ I

I

- J

Figure 12.3 Conceptual View of the Package Merge Semantics

25¢€

UML v2.5



The semantics of PackageMerge are defined by a set of constraimtaresfdrmations. The constraints specify the preconditions

for a valid PackageMerge, while the transformations describe its semantic effects (i.e., postconditions). If any carestraints
violated, the PackageMerge isfilirmed and the model that contaihs invalid. Different element metatypes have different
semantics, but the general principle is always the same: a resulting element will not be any less capable than ibwhs prior t
merge: meaning, for instance, that the resulting navigabilitytipliaity, visibility, etc. of a receiving model element will not be
reduced as a result of a PackageMerge. One of the key consequences of this is that model elements in the resulting Package :
compatible extensions of the corresponding elements irutimedrged) receiving package.

In this specification, explicit merge transformations are only defined for certain general element metatypes found mostly in
metamodels (Packages, Classes, Associations, Properties, etc.), as the semantics of mergirdsaihelekirent metatypes

(e.g., state machines, interactions) are complex and domain specific. Elements of all other kinds of metatypes aredtransforme
according to thelefault rule they are simply deep copied into the resulting package. (This rule caupéeseded for specific
metatypes through profiles or other kinds of language extensions.)

General Package Merge Rules
A merged element and a receiving elemaatchif they satisfy the matching rules for their metatype.
CONSTRAINTS:

1. There can be no cyclésthe «merge» directed graph.

2. A Package cannot merge a Package in which it is contained (via owningPaakesss or indirect).
3. A Package cannot merge a Package that it contains (via packagedBlefineat or indirect).
4

A merged element whose mstee is not a kind of Package, Class, DataType, Property, Association, Operation,
Constraint, Enumeration, or EnumerationLiteral cannot have a receiving element with the same name and metatype
unless that receiving element is an exact copy of the mergeeet (i.e., they are the same).

5. A PackageMerge is valid if and only if all the constraints (in this clause) required to perform the merge are satisfied.

6. Matching typed elements (e.g., Properties, Parameters) must have conforming types. For tyme€itetes or
Datatypes, a conforming type is either the same type or a common supertype. For all other cases, conformance mean:
that the types must be the same.

7. Areceiving element cannot have explicit references to any merged element.

8. Any redefinitionsassociated with matching RedefinableElements must not be conflicting.

TRANSFORMATIONS:

1. (The default rulgMerged or receiving elements for which there is no matching element are deep copied into the
resulting package.

2. The result of merging two elementstivmatching names and metatypes that are exact copies of each other is the
receiving element.

3. Matching elements are combined according to the transformation rules specific to their metatype and the results includ
in the resulting Package.

4. All type references to typed elements that end up in the resulting package are transformed into references to the
corresponding resulting TypedElements (i.e., not to their respective increments).

5. For all matching elements: if both matching elements Ipaivate visibility, the resulting element will hayeivate
visibility; otherwise, the resulting element will hgweblic visibility.
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6. For all matching Classifier elements: if both matching elementsikshetract = true, the resulting element has\bstract
=true; otherwise, the resulting element hasbstract = false

7. For all matching Classifier elements: if both matching elementsh@sspecialization = true, the resulting element has
isFinalSpecialization = true; otherwise, the resulting element hnalSpecialization = false

8. For all matching elements: if both matching elements are not derived, the resulting element is also not derived;
otherwise, the resulting element is derived.

9. For all matching MultiplicityElements: thewer bound of the resulting ement is the lesser of thever bounds of the
matching elements.

10. For all matching MultiplicityElements: theper bound of the resulting element is the greater ofipher bounds of the
matching elements.

11. Any stereotypes applied to a model elementtimee a merged or receiving element are also applied to the corresponding
resulting element.

12. For matching RedefinableElements: different redefinitions of matching RedefinableElements are all applied to the
resulting element.

13. For matching RedefinableElemts: if both matching elements haseeaf = true, the resulting element also haisaf =
true; otherwise, the resulting element hasaf = false.

Package Rules
Elements that are kinds of Package matchdme and metatype
CONSTRAINTS:

1. All Classifiers h the merged Package must have a@mptyqualiiedName and havesDistinguishableFrom() = true in the
merged Package.

2. All Classifiers in the receiving Package must have aemptyqualifiedName and havesDistinguishableFrom() = true in the
receiving Rickage.

TRANSFORMATIONS:

1. A nestedPackage from the merged Package is transformed intes&dPackage with the sameame and contents in the
resulting Package, unless the receiving Package already conta#nsiBackage that matches. In the latter cadeg t
mergecdhestedPackage is recursively merged with the matching receiuiagtedPackage.

2. An Elementimport which is aglementimport of the receiving Package is transformed into a corresponding Elementimport
in the resulting Package. Imported elementsatenerged (unless there is also a PackageMerge to the Package owning
the imported element).

Class and DataType Rules
Elements that are kinds of Class or DataType match by name and metatype.
TRANSFORMATIONS:

1. All Properties that arewnedAttributes of the nerged Classifier are merged with the receiving Classifier to produce the
resulting Classifier according to the Property transformation rules specified below.

2. nestedClassifiers are merged recursively according to the same rules.
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Property Rules

Elements thieare kinds of Property match by name and metatype.

CONSTRAINTS:

1.
2.
3.

The value ofsstatic of matching Properties must be the same.
The value ofsunique of matching Properties must be the same.

Any Constraints associated with matching Properties must nairifkcting.

TRANSFORMATIONS:

1.

8.

For merged Properties that do not have a matching receiving Property, the resulting Property is a Property in the
resulting Classifier that is the same as the merged Property.

For merged Properties that have a matching vewgProperty, the resulting Property is a Property with the same name
and characteristics except where these characteristics are different. Where these characteristics are differentgthe resu
Property characteristics are determined by applicatidheo&ppropriate transformation rules.

For matching Properties: if both Properties hareadOnly = true, the resulting Property also haReadOnly = true;
otherwise, the resulting Property hsmeadonly = false.

For matching Properties: if both Proples havesordered = false, then the resulting Property also hasdered = false
otherwise, the resulting Property hedrdered = true.

For matching Properties: if neither Property is designated as a subset of some derived union, then the negsetting P
will not be designated as a subset; otherwise, the resulting Property will be designated as a subset of that derived unio

For matching Properties: different Constraints of matching Properties are all applied to the resulting Property.

For matcling Properties: if either the merged and/or receiving elementsituangie = false, the resulting element has
isUnique = false otherwise, the resulting element hasique = true.

The value ofype for the resulting Property is transformed to refethim corresponding type in the resulting Package.

Association Rules

Elements that are kinds of Association matchdye and metatype.

CONSTRAINTS:

1.
2.

These rules only apply to binary Associations. (For mergiagyrassociations thaefault ruleis used)

The receiving association end must haygegation = compositeif the matching merged association end dyggegation
= composite

The receiving association end must be owned by the Association if the matching merged association end is owned by
Associdion.

TRANSFORMATIONS:

1.

A merge of matching Associations is accomplished by merging the Association classifiers (using the merge rules for
Classifiers) and merging their correspondimgedend Properties according to the rules for Properties and the faltpwi
rule for association ends.
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2. For matching association ends: if neither association enchiéaNavigableEnd, then the resulting association end is
also not inownedNavigableEnd. In all other cases, the resulting association enddsriedNavigableEnd.

Operation Rules
Elements that are kinds of Operation matchdye, Parameter order, and Parameter types, not including any return type.
CONSTRAINTS:

1. Operation Parameters and their types must conform to the same rules for type and multiplicity afineeréod
Properties.

2. The receiving Operation must haseuery = true if the matching merged Operation hs@uery = true.

TRANSFORMATIONS:

1. For merged Operations that do not have a matching receiving Operation, the resulting Operation is an Oyleridion wi
same name and signature in the resulting classifier.

2. For merged Operations that have a matching receiving Operation, the resulting Operation is the outcome of a merge o
the matching merged and receiving Operations, with Parameter transformatifumepd according to the Property
transformations defined above.

Enumeration Rules
Elements that are kinds of EnumerationLiteral match by owning Enumeration and hdtesal

CONSTRAINTS:

1. Matching EnumerationLiterals must be in the same order.

TRANSFORMATIONS:

1. Non-matching EnumerationLiterals from the merged Enumeration are included in the receiving Enumeration.

Constraint Rules
CONSTRAINTS:

1. Constraints must be mutually naontradictory.

TRANSFORMATIONS:

1. The Constraints of the merged model elementslheglded to the Constraints of the matching receiving model
elements.

Model

A Model is a description of a system, where 6systembd is
hardware but organizations and processes. It describegstesn from a certaviewpoint(or vantage point) for a certain

category oftakeholderge.g., designers, users, or customers of the system) and at a certain level of abstraction. A Model is
complete in the sense that it covers the whole system, alttanlg those aspects relevant to its purpose (i.e., within the given
level of abstraction and viewpoint) are represented in the Model.

As a Package, a Model has a sehehbers that together describe the system being modeled. The organization of dmaeatsl
varies by the modeling method being used. One approach is one or more composition hierarchies whessta top
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Package/Component represents the boundary of the system. A Model may also contain elements describing relevant parts of t
s y st e m@nmene The environment is typically modeled by Actors and their Interfaces. As these are external to the system,
they reside outside the Package/Component hierarchy. They may be collected in a separate Package, or owned directly by the
Model aspackagedElements.

Different Models can be defined for the same system, where typically the different Models are complementary and defined fron
the perspectives (viewpoints) of different system stakeholders. With composition of Models, a container model represents
comprehensive view of the system given by the different views defined by the contained Models.

Models can have Abstraction Dependencies between them: refinement (stereotyped by «refine» from the Standard Profile) or
mapping ( for example stereotyped hyace» from the Standard Profile). These are typically represented in more detail by
Dependencies between the elements contained in the Models. Relationships between elements in different Models generally n
direct impact on the contents of the Models lseaeach Model is meant to be complete. However, they are useful for tracing
refinements and for keeping track of cresferences between models.

12.2.4 Notation

A Package is shown as a | arge rectangl e ftheitdplbfthalargemectarigle:r e ¢
collectively this r sdntereddtherPackageamay e sHownenithinithe large.rettani§bees may

also be shown by branching linesitember elements, drawn outside the package. A plus sigwithjn a circle is drawn at the

end attached to the Package.

Conformant tools may restrict the use of these notatiops:kagedElements. Optionally, elements that become available for use
in an importing Package through a Packagelmport or an Elememtimpg have a distinct color or be dimmed to indicate that
they are nopackagedElements.

91 If the members of the Packagare notshown within the large rectangle, then tame of the Package should be placed
within the large rectangle.

91 If the members of the Packagare shown within the large rectangle, then thee of the Package should be placed within
the tab.

Thevisibility of a packagedElement may be indicated by preceding thneb y a vi si bi | ipdbhca s gmldfoolr ( 6 + €
private). Packages ay not haveprotected or packagevisibility.

A tool may showisibility by a graphic marker, such as color or font. A tool may also shitity by selectively displaying those
elements that meet a given visibility level (e.g., gniyplic elements). Adiagram showing a Package witlembers need not
necessarily show all iteembers; it may show a subset of thembers according to some criterion.

The URI for a Package may be indicated with the {ext = <uri>} following the Packageame.

A PackageMerg is shown using a dashed line with an open arrowhead pointing fromedin@gPackage (the source) to the
mergedPackage (the target). In addition, the keyword «merge» is shown near the dashed line.

Target ‘3"“-‘_“1xmerge» ]

-

== Source

Figure 12.4 Notation for Package Merge
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A Model is notated using the ordinary Package symbol (a folder icon) with a small triangle in the upper right cornargs the |
rectangle.

Optionally, especially if thenembers of the Model are shown within the largectangle, the triangle may be drawn to the right of
the Modelname in the tab.

A Model may also be notated as a Package, using the ordinary Package symbol with the keyword «model» placed=atzove the
of the Model.

12.2.5 Examples

There are three alternative repentations of the same Package namgesin Figure12.5. The one on the left just shows the
Package without revealing any of itembers. The middle one shows some of thenbers within the borders of the Package
rectangle (ad also its URI), and the one to the right shows some ofi¢h@ers using the alternative ownership notation.

1

Types
] {uri=http:/iwww.abc.com/models/Types}

Types

Types Integer

Time

Shape Paoint

Figure 12.5 Examples of a Package with Members

In Figure12.6, packags P and Q are being merged by package R, while package S merges only package Q.
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Figure 12.6 Simple Example of Package Merge

The conceptually resulting packages R and S are shokigume12.7. The expressions in square brackets indicate which

i ndividual el ements were merged to produce the final res
6transformationd as an oper at or ,omthdneerge tradsiarvhation agptied fo matchingt h e
receiving element X and merged element Y.

NOTE. These expressions are not part of the standard notation, but are included here for explanatory purposes.
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A | c b
[P-A@(Q:A@R-A) | [Q::C]
v c
’T | 1@
A
B [QA@S:A] 5
[FB] [S::B]

Figure 12.7 Simple Example of Transformed Packages Following the Merges

In Figure12.8, additional PackageMerges are introduced by having Package T, which gaagapedElements of its own, merge
Packages R and S defined previously.

1
R
~~. “merge»
II""‘--.
*-._H_‘-“‘H _I
T
r-"'-."'.
I -

-

S Aan merge»

Figure 12.8 Introducing Additional Package Merges

In Figure12.9, the conceptually resulting Package T is depicted. In this Package, the definitions of A, B, C, and D have all been
brought together.

NOTE. The types of the ends of the Associations that were originally in the packages Q and S have all been updated to refer tc
the appropriate elements in Package T.
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Figure 12.9 Result ofthe Additional Package Merges
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Figure 12.10 Three Models Representing Parts of a System
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«model»
OrderEntry

AN VAN
Analysis Design
Model Model

Figure 12.11 Two Views of One System Collected in a Container Model

12.3 Profiles

12.3.1 Summary

The Profiles clause describes capabilities that allow metaclasses to be extended to adapt them for different purpaeded his i
the ability to tailor the UML metamodel for different platforms (such as J2EE or .NET) or domains (seaktiage or Service
Oriented Architecture). The Profiles clause is consistent with the OMG Meta Object Facility (MOF).

Positioning Profiles versus Metamodels, MOF and UML

UML is reused at several melgvels in various OMG specifications that deal withdeling. For example, MOF uses it to

provide the ability to model metamodels. This clause deals with use cases comparable to the MOF atribtatagtd, which

is one level higher than the rest of the superstructure specification. In order to alaehieference metamodel must be
defined as an instance of UML that corresponds to its de
stereotypes are defined to extend the UML classes in the normative version of the UML metamsdeXM | serialization is
referenced ilAnnex E

Profiles are not a firatlass extension capability (i.e., it does not allow for creating new metamodels). Rather, the intention of
Profiles is to give a straightforward mechamifor adapting an existing metamodel with constructs that are specific to a particular
domain, platform, or method. Each such adaptation is grouped in a Profile. It is not possible to remove any of the Cibastraint
apply to UML using a Profile, but is possible to add new Constraints that are specific to the Profile. The only other restrictions
are those inherent in this Profiles clause; there is nothing else that is intended to limit the way in which a metamodel is
customized.

First-class extensibily is handled through MOF, where there are no restrictions at the metamodel level: it is possible to add
subclasses and associations as necessary.

There are several reasons why you may want to extend UML.:

1 Give aterminology that is adapted to a particplatform or domain (for example EJB terminology like Home
interfaces, Enterprise Java Beans, and Archives).

1 Give a syntax for constructs that do not have a notation (such as in the case of Actions).
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1 Give a different notation for already existing symh@lsch as being able to use a picture of a computer instead of
the ordinary Node symbol to represent a computer in a network).

Add additional semantics to UML or specific metaclasses.
Add types that do not exist in UML (such as defining a timer, clockoltirmuous time).

Add Constraints that restrict the way UMLO6s constru

=A =2 =4 =4

Add information that can be used when transforming a model to another model or code (such as defining mapping
rules betweea model and Java code).

There is no simple answer for when to create a new metamodel, when to create a new profile, and when to create both (one fo
UML tooling, the other for MOFbased tooling).

12.3.2 Abstract Syntax
{subsets ownedElement,

subsets directedrelationship}

ProfileApplication + profileApplication

+ isStrict : Boolean = false [ *
{subsets directedrelationship}
+ profileApplication | * {subsets source,
subsets owner}
+ applyingPackage | 1
{subsets target}
+ appliedProfile {readonly} {readOnly}
Profile ko + [metaclass + fextension | Extension
_ 0 1 * | + [isRequired : Boolean = False {readOnly} |
{redefines UW”'”QEGC‘I?GE} 1 {} {subsets owningAssociation}
+ owningPackage 1 | + extension
{readonly, SUJbSEtS %ZE!'BQE?HE” ‘i"'t} {redefines ownedEnd}
+ JownedSterectype
w {redefines type} 1.}, + ownedEnd
+ fprofile + stereotype |— Stereotype +tpe * ‘ ExtensionEnd ‘
1 * 1 + extensionEnd | + flower : Integer [0..1] = 0 {redefines lower} |
{readOnliy} ‘ {subsets typedElement}
{subsets owner}
{subsets 0 0 {subsets 0.1 | + stereotype
importinghamespace} importinghamespace’} ¥
s I
{subsets ownedElement}
-
{subsets packagelmport} {subsets elementmport} +lcon
+ metamodelReference | * * |, + metaclassReference Image
| PackageImport ‘ ‘ ElementImport | IF;'_:\:ZT, :sf\t:r::g[guﬁj
+ location : String [0..1]

Element

Figure 12.12 Profiles
12.3.3 Semantics

Profiles

A Profile is a restricted form of metamodel that can be used to extend UML, as described below. The primary extensain constr
is the Stereotype.

Restricting Availability of UML Elements

ThemetaclassReference Elementimports angetamodelReference Pa c k agel mpor t s may be fikesngd t o ¢
rules The filtering rules determine which UML elements availablewhen the Profile is applied and which oneslzdeen
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NOTE. Applying a Profile toa model does not change that model in any way; it merely defines a view of the underlying model.
The effects of a metaclass being hidden (not available) are as follows:
1 Itis not possible to create new instances of that metaclass (or its subclasses)

1 Existing instances of that metaclass (or its subclasses) can no longer be seen in diagrams or selected in lists, including
browser panes

1 Relationships with existing instances of that metaclass (or its subclasses) can no longer be seen in diagrams or selectt
lists, including browser panes

Tools may vary in how they implement the ab®dvier example they may hide the metaclass/instances completely in selection
lists or make them grayed out/unselectable .

In order for the filtering rules (described further @lmn a Profile to be activated, the Profile must be appli&triot mode:
specifically thesstrict attribute on the ProfileApplication must be set to true; otherwise the filtering rules are ignored for this
profile application.

The most common casevden a Profile imports UML itself usingneetamodelReference. A conformant tool may provide this as
built-in behavior when the user creates a Profile. In that case, every UML metaclass is available. Alternatively, specific
metaclasses could be referendatighmetaclassReferences and only those would then be available. A further option is to use

one or morenetamodelReferences t0 Package(s) that contain Elementimports for a subset of UML metaclasses. This allows the set
to be reusable across many Profigthout having to specify individuahetaclassReferences each time.

Thevisibility andalias properties of Elementimports are ignored when it is usedresélassReference.

Where both anetaclassReference and ametamodelReference are present on a pradil the latter is ignored and only the specific
metaclasses are available.

In detail, the following rules are used to determine whether a model element is available after a Profile has beenStgptied in
mode. Metaclasses and their instancesaaadable if they are:

1. referenced by an explicitetaclassReference, Or

2. (in the absence of a metaclassReference) members (directly or transitively) of a Package that is referenced by an explicit
metamodelReference, Or

3. extended by a Stereotype which is@nber of the applied profile (even if the extended metaclass itself is not available).

All other model elements atfédden(not available) when the Profile is applied in Strict mode.
This makes invalid the combination of applied profiles that specifyavenlagping (disjoint) sets of available metaclasses.

If a Profile P1 imports another Profile P2, themailaclassReference andmetamodelReference associations will be combined at the
P1 level, and the filtering rules apply to this union. Stereotypes impaoaradanother Profile using Elementimport or
Packagelmport are added to the namespace members of the importing profile.Profile Contents

A Profile can define Classes, Associations, DataTypes, PrimitiveTypes and Enumerations as well as Stereotypes. &lpre precis
all the constraints of a CMG&ompliant metamodel apply to a UML Profile. These are defined in detail in Section 14.3 of the
MOF Core Specification.

Apart from Stereotypes, Types defined in a Profile can only be used @setbhEProperties in the Bfile, they cannot be used as
Types in models the Profile is applied to as they apply at themedal level, not the model level. It is however possible to
define these types in separate Packages and import them as needed in both Profiles and mgeleiPaakear to use them for
both purposes.
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Stereotypes can participate only in binary Associations. The opposite class can be another Stereot@terentye Class that

is apackagedElement of a Profile (directly or indirectly), or a UML metaclas®rkhese Associations there must be an

ownedAttribute Property typed by the opposite class. Where the opposite class is not a stereotype, the opposite property must be
ownedMember Of the Association itself rather than the other class/metaclass. Theddffeese rules is that Associations in a

Profile are not required to involve a Stereotype but may not own both of their Ends.

The most direct implementation of the Profile capability that a tool can provide is by having a metamodel based implementatio
similar to the Profile metamodel. However, this is not a requirement of the current standard, which requires only thaf support
the specification, and the standard XMl based interchange capacities. The Profile capability has been designed to be
implemenable by tools that do not have a metamdabded implementation. Practically any mechanism used to attach new
values to model elements can serve as a valid profile implementation. As an example, the UML1.4 profile metamodel could be
the basis for implemeimg a UML2-compliant profile tool.

Integrating and Extending Profiles

There is a number of ways to create, extend, and integrate Profiles. These are described briefly in this sectionfostader to
better profile integration and reuse.

The simplest fan of Profile integration is to simply apply multiple Profiles to the same Package. This requires no integration
between the Profiles at all. Such Profiles might be designed to complement each other, addressing different concerns.

It is also possible for anProfile to reuse all of or parts of another, and to extend other Profiles. Like any other Class, Stereotype
can be defined in Packages or Profiles that can be factored for reuse. These Stereotypes can be directly reused tenbethg refe
or specializd in other Profiles. Normal rules apply as to whether a referenced Stereotype is visible to users of the extending
Profile.: a public import is needed to ensure that Stereotypes from other profiles are visible after applying the erending o

For exampletheUnified Profile for DODAF and MODARUPDM) Profile could integrate with the SysML Profile to reuse
Stereotypes such as Requirement and ViewPoint. UPDM could be designed to use ViewPoint in a manner that is semantically
consistent with SysML. Howevé&PDM could extend ViewPoint with additional properties and associations for its purposes.

The UPDM specification could note to users that ViewPoint is a stereotype in UPDM that represents a "placeholder” to
ViewPoint in SysML. Users could then apply UPDMa model, and get UPDM's ViewPoint capabilities without any coupling

with, or need for SysML. UPDM could then provide another compliance point that merges with the SysML profile resulting in
stereotypes Requirement and ViewPoint having the capabilitiestiofprofiles. The SysML::ViewPoint would be merged with

the UPDM::ViewPoint allowing the shared semantics to be supported without making any changes to the existing model. Users
who want UPDM with SysML would then apply this merged profile.

MOF-Equivalent Semantics

The following section specifies the semantics of Stereotypes and their instances using MOF. That does not mean tltat tools net
implement Profiles using MOF, but that a AIOF-based implementation must do whatever is necessary under thetoovers
ensure it behaves, in all observable ways, as if it were a MOF implementation.

The same mapping to MOF is used to determine how to serialize applied profiles using XMI. A Profile is an instance of the
UML2 metamodel, not a CMOF metamodel. ThereforeMi@F to XMI mapping rules do not directly apply for instances of a
Profile. Figure12.15is an example of a mapping between a UML2 Profile and an equivalent CMOF model. This mapping is usec
as a means to explain and formally spebibw Profiles are serialized and exchanged as XMI. Using the following Profile to
CMOF mapping rules, the XMI specification can be used to determine how Profiles, and models with Profiles applied, are
represented in XMI. In the mapping:

1 A Profile maps ta CMOF Package.

1 A Stereotype maps to a CMOF class with the same name and properties.
1 A Metaclass is already a CMOF class so it maps to itself.
il

An Extension maps to an Association as described in the Semantics sub clause of Extension.
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1 Any other elements ithe Profile (e.g., noiStereotype Classes) are treated as MOF elements.

1 Aninstance of a Stereotype (created when the Stereotype is applied to an Element) maps to an instance of the CMOF
class representing the Stereotype. It is associated with the Elenvetmith it applies using a Link which is an instance
of the Association to which the Extension is mapped.

For a Profile th&JRI Property (inherited from Package) is used to determine the nsURI to be used to identify instances of the
Profile in XMI.

NOTE. By default thename attribute of the Profile is used for the nsPrefix in XMl but this can be overridden by the CMOF tag
org.omg.xmi.nsPrefix.

OMG normative Profiles, such as the UML Standard Profile, follow an OMG normative naming scheme for URIs: For non
standard profiles a recommended convention is:

nsUri = http://<profileParentQualifiedName>/<version>/<profileName>.xmi
nsPrefix =<profileName>
where:

1 <profileParentQualifiedName> is the qualified name of the Package containing the Profile (if any) with /
(forward slash) substituted for ::, and all other illegal XML QName characters removed.

1 <version > is a version identifier.

NOTE. For OMG normative profiles this is a date in the format YYYYMMnn where nn is a serial number within the
month, and representset version of the Profile XMI not that of the specification which might bieseed without
affecting the XMI.

1 <profileName> is thename of the Profile.

A Profile can be exchanged just like any model, as an XMl file, and models that have a Profilecppétnb be interchanged.

Figure12.17 shows a Stereotype hamed Home extending the Interface UML2 met&idassl12.15 illustrates the MOF
correspondence for that example, basically by introducingsaociation from the Home MOF class to the Interface MOF class.

For illustration purposes, we add a Property fAmagic: Stri

The first serialization below shows how the moddFigure12.17 (definition of the Profile extending the UML2 metamodel) can
be exchanged.

<?xml version="1.0" encoding="UTF -8"7>
<xmi:XMI xmIns:xmi=http://www.omg.org/spec/XMI/YYYYMMnn>
xmins:mofext=http://www.omg.org/spec/MOF/YYYYMMnn xmins:uml=http://www.omg.org/spec/UML/YYYYMMnn
<uml : Profile xmi:id="id0" xmi:type=ouml:Profiledo name="HomeExampl e’
<metamodel Reference xmi:type=ouml: Packagel mporto xmi:id="id2">
<importedPackage href="http://www.omg.org/spec/UMLYYYYMMnn/UML.xmi#_0"/>
</metamodelReference >
<packagedElement xmi:typ e="uml:Stereotype" xmi:id="id3" name="Home">
<ownedAttribute xmi:type="uml:Property" xmi:id="id5" name="base_Interface" association="id6">
<type href="http://www.omg.org/spec/UML/YYYYMMnn/UML.xmi#Interface"/>
</ownedAttribute>
</packagedElement>
<packag edElement xmi:type="uml:Extension" xmi:id="id6" name="A_Interface_Home" memberEnd="id7 id5">
<ownedEnd xmi:type="uml:ExtensionEnd" xmi:id="id7" name="extension_Home" type="id3"
aggregation="composite">
</ownedEnd>
</packagedElement>
</uml:Profile>
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<mofext : Tag xmi:type=omofext: Tagd name= val ue="Hon
<mofext: Tag xmi:type=0mofext: Tagd name=
value="http://HomeExample/20120501/HomeExample.xmi"/>

</xmi:XMI>

org.omg. xmi .nsPr

efi x
"org.omg. xmi .nsURI"

Figure12.13is an examig model that includes an instance of Interface extended by the Home stereotype.

ClhientPackagze

Home=
Client

|z -

Figure 12.13 Using the HomeExample Profileto Extend a Model

Now the XMI below shows how this model extended by the Prdfierialized. A tool importing that XMI file can filter out the
elements related to the HomeExample Profile, if the tool does not have this Profile definition.

<?xml version="1.0" encoding="UTF -8"?>
<xmi:XMI xmIns:xmi="http://www.omg.org/spec/XMI/YYYYMMn n" xmins:uml="http://www.omg.org/spec/UML/YYYYMMnn"
xmins:HomeExample="http://HomeExample/20120501/HomeExample.xmi">
<uml : Package xmi:type=0ouml: Packageo xmi:id="idl" name="ClientPack:
<profileApplication xmi:type=0ouml:ProfileApplicationdo xmi:id=

<appliedProfile href="http://HomeExample/20120501/HomeExample.xmi#id0"/>
</profileApplication>
<packagedElement xmi:type="uml:Interface" xmi:id="id2" name="Client"/>
</uml:Package>

<! -- applied stereotypes - >
<HomeExample:Home xmi:id= "id4" base_In terface="id2"/>
</xmi:XMI>

Defining Profiles for Non-UML Metamodels

In theory the Profiles capability can be used to define extensions for metamodels other than UML, though this capability has
rarely, if at all, been used in practice. It would requirg @oling implementing that metamodel to also support some kind of
profile application mechanisiinthat is outside the scope of this specification. The following describes how the Profile definition
mechanism may be used in this way.

In addition to UML, aProfile may be related to another M@bBmpliantreference metamoddh general a reference metamodel
typically consists of metaclasses that are either imported or locally owned. All metaclasses that are extended byaaeptofile h

be members (directlyrandirectly) of the same reference metamodel. mik@classReference Elementimports and

metamodelReference Packagelmports serve two purposes: (1) they identify the reference metamodel elements that are imported b
the profile and (2) they specifythe Frof e 6s fi Il tering rules. The filtering rul
availablewhen the Profile is applied and which onestddelen

NOTE. Applying a Profile does not change the underlying model in any way; it merely defines a tirewoflerlying model.

In general, only model elements that are instances of imported reference metaclasses will be visible when the prigde is appl
Instances of all other metaclasses will be hidden and further instances may not be created. Bnddéwiements whose
metaclasses are owned by the reference metamodel are visible. This applies transitively to any subpackages of the reference
metamodel according to the default rules of package import. If any metaclass is importedhesinigsaRreference

Elementimport, then model elements whose metaclasses are the same as that metaclass are available. However, a
metaclassReference blocks ametamodelReference whenever an element or Package of the referenced metamodel is also referenced
by a metaclasseference. In such cases, only the elements that are explicitly referencednbiatfaesRreference will be visible,

while all other elements of the metamodel Package will be hidden.
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The following rules are used to determine whether a model elemenilabévar hidden after a Profile has been applied. Model
elements aravailableif they are instances of metaclasses that are:

1. referenced by an expliaitetaclassReference, Or

2. contained (directly or transitively) in a Package that is referenced by acitexptamodelReference; unless there are
other elements of subpackages of that Package that are explicitly referenced by a MetaclassReference, or

3. extended by a Stereotype owned by the applied profile (even if the extended metaclass itself is not visible)

All other model elements alfedden(not available) when the Profile is applied.

The most common case is when a Profile just imports an entire metamodel mstagaelReference. In that case, every element
instantiating a metaclass in the metamodeglsible.

In the example ifrigure12.14, MyMetamodel is a metamodel containing two metaclasses: Metaclass1 and Metaclass2.
MyProfile is a profile that references MyMetamodel and Metaclass2. However, there is also an expbtaismetéerence to
Metaclass2, which overrides the metamodel reference. An application of MyProfile to some model based on MyMetamodel will
show instances of Metaclass2 (because it is referenced by an explicit metaclass reference). Also, those iivittadas if

that are extended by an instance of MyStereotype will be visible. However, instances of Metaclass1 that are not extended by
MyStereotype remain hidden.

1]
wreferences | MyMetamodel
I
aprofiles MyProfile wreferences «Metaclasss
| Metaclass2
«sterectypes
MyStereotype - «Metaclasss
o Metaclass1

Figure 12.14 Specification of an AvailableMetaclass

If a Profile P1 imports another Profile P2, themallaclassReference andmetamodelReference associations will be combined at the
P2 level, and the filtering rules apply to this union.

The filtering rules defined at the Profile level are, $8ence, merely a suggestion to modeling tools on what to do when a profile
is applied to a model.

Theisstrict attribute on a ProfileApplication specifies that the filtering rules have to be applied strigtytidfis true on a
ProfileApplication, tlen no other metaclasses than the accessible one defined by the profile shall be accessible when the Profile
applied on a model. This prohibits the combination of applied profiles that specify different accessible metaclasses.

ProfileApplication
A ProfileApplication is used to record which Profiles have been applied to a Package.

One or more Profiles that extend UML may be applied at will to a model Package. Applying a Profile means that it isgossible
apply the Stereotypes that are defined as pdheoProfile. It is possible to apply multiple Profiles to a Package, though this
could make the Package invalid if they have conflicting Constraints. Applying a Profile means recursively applyingsaddits ne
and imported Profiles. Stereotypes that arelis members of a Profile may be applied to applicable model elements in Packages
to which the Profile has been applied.
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When a Profile is applied, instances of the appropriate Stereotypes must be created for those elements that are instances of
metaclasss with ExtensionEnds which haeBequired = true. The model is not weflormed without these instances.

Once a Profile has been applied to a Package, it is allowed to remove the applied Profile at will. Removing a Profileamplies
all elements thatra instances of Stereotypes defined in the Profile are deleted. The removal of an applied Profile leaves the
instances of elements from the referenced metamodel intact. It is only the instances of the elements from the Pmfile that ar
deleted. This meartkat for example a profiled UML model can always be interchanged with another tool that does not support
the profile and be interpreted as a pure UML model.

A Profile which is gpackagedElement of another Profile can be applied individually. However, tbsted Profile must specify any
required metaclass and/or metamodel references if it contains any Stereotypes and may use Packagelmport to indicate other
Profiles to be capplied. Metaclass and/or metamodel references are not inherited from a contaifilag Pr

Stereotypes

A Stereotype defines an extension for one or more metaclasses, and enables the use of specific terminology or natation in pla
of, or in addition to, the ones used for the extended metaclasses.

A Stereotype is a limited kind of metacdathat cannot be used by itself, but must always be used in conjunction with one of the
metaclasses it extends. Each Stereotype may extend one or more metaclasses through association (Extension) rather than
generalization/specialization. Similarly,amétac¢ s s may be extended by one or more S
Stereotype to a metaclass ACo0O from UML using an AExtensi
el ements of type C can Hseeezampleifgirel®22Dgfinirega Stereos/ge At the moded leveli S 0
(such asirFigurel227) i nst ances of ASO0 are related to ACO model el e
Assocat i on/ Extension from fiSéd to ACO) .

Any metaclass referenced bynataclassReference or contained in a Package referenceanbyamodelReference of the closest
Profile directly or indirectly containing a Stereotype can be extended by the Stereotype. Fde Statep, Transitions,
Activities, Use Cases, Components, Properties, Dependencies, etc. can all be extended with Stereotypesdiitireference
is UML. A Stereotype may be contained in a Package in which case the metaclasses available far axtethsise referenced
by the closest parent Profile containing the Package.

Just like a Class, a Stereotype may have Properties, which have traditionally been referred to as Tag Definitions. When a
Stereotype is applied to a model element, the valudsedPtoperties have traditionally been referred ttagged values

Stereotype specializes Class and its Properties have the same meaning in Stereotypes as they do in Class. Tool vendors may
choose to support extensibility that includes owned operatiahbetmaviors, but are not required to do so. Tools must however
support StereotypevnedAttributes.

Its Profile or Package defines the namespace for the Stereotype. When Profiles are applied to a Package, the avdilpbke Stereo
for use are defined by tlaplied Profiles, and these Stereotypes can be displayed using the fully qualified name if needed in
order to distinguish Stereotypes with the sasmee in different Profiles or Packages. Packagelmport and Elementimport can be
used to allow the use of unglified names. Stereotypes directly owned by an applied ProtiteédStereotype) may be used

without qualified names.

Images

The Image class provides the necessary information to display an Image in a diagram. Icons are typically handled through the
Image class.

Information such as physical placement or format is provided by the Image class. The Image class provides a generic way of
representing images in different formats. Although some predefined values are speciéiethféor convenience and

interoperability, the set of possible formats is open ended. However there is no requirement for a tool to be able to ihterpret an
display any specific format, including those predefined values.

Theformat property indicates the format of the content, whichde the stringontent should be interpreted. The following values
are reserved3VG, GIF, PNG, JPG, WMF , EMF, BMP. I n addi tMIMEh6tihe plrhedi xeder ved:
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by a valid MIME type as defined by RFC3023. This option can be aseq alternative to express the reserved values above, for
example ASVGO could instead be expressed fAMI ME: 1 mage/ sv

Extensions

An Extension is used to indicate that the properties of a metaclass are extended through a Stereotype, and dgiyes the abil
flexibly add (and later remove) stereotypes to classes.

Extension is a kind of Association. One end of the Extension is an ordinary Property and the other end is an ExtenstonEnd. Th
former ties the Extension to a (meta)Class, while the lattethgeExtension to a Stereotype that extends the Class.

A required ExtensiongRequired = true) means that an instance of this Stereotype must be linked to each instance of the extende
metaclass in the model to which the containing Profile has been afiliedwise the model is not wdbrmed). If the extending
Stereotype has subclasses, then at most one instance of the Stereotype or one of its subclasses is required.

A nonrequired ExtensionsRequired = false) means that an instance of this Stereetgpy be linked to an instance of an

extended metaclass at will, and also later deleted at will; however, there is no requirement that each instance ofdenetaclas
stereotyped. However the same stereotype (or its subtypes) can never be appliedineisartee element. An instance of a
Stereotype is deleted when either the instance of the extended metaclass is deleted, or when the Profile definingpésstereot
removed from theppliedProfiles of the Package.

The equivalence to a MOF constructiosi®wn inFigure12.15. This figure illustrates the case showrFigure12.17, where

the Stereotype named Home extends the Interface metaclass. In this figure, Interface is an instance of the UBH (metacla
CMOF Class) and Home is an instance of a Stereotype (also considered a CMOF Class for this purpose). The MOF construct
equivalent to an Extension is a composition from the extended metaclass to the extension Stereotype, owned by the extended
metaclas. When the Extension is required, then the multiplicity of the property typed by the extension Sterdotype is

The name of the Property typed by the extended metaclass is:
Obase_ 06 extendedMetacl assName
The name of the Property typed by the extensioreStgpe (the ExtensionEnd) is:
6extension_06 stereotypeName

Constraints are frequently added to Stereotypes. The above Properties may be used for expressing OCL navigations.,For exar
the following OCL expression states that a Home Interface shall netattibutes:

self.base_Interface.ownedAttributes - >isEmpty()
base_Interface extension_Home

Interface < Home
1 0.1

Figure 12.15 MOF Model Equivalent to Extending "Interface" by the "Home" Stereotype

ExtensionEnd

An ExtensionEnd is used to tie an Extension tereotype when extending a metaclass: itisigableOwnedEnd of the
Extension, avoiding an exttanedAttribute on the extended Class. It is always typed by a Stereotype and must always have
isComposite = true.

The default multiplicity of an ExtensnEnd is 0..1. It may be 1..1 if the Stereotype is required but the upperBound may never be
more than 1.
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12.3.4 Notation

The notation for an Extension is an arrow pointing from a Stereotype to the extended Class, where the arrowhead is shown as
filled triangle.An Extension may have the same adornments as an ordinary Association, but they are typically elided and
navigability arrows are never shownisikequired = true, the adornmenrfrequired} is shown near the ExtensionEnd.

<

Figure 12.16 The Notation for an Extension

It is possible to use the multiplicities 0..1 or 1 on the ExtensionEnd as an alternative to the adpeguieet}. Due to how
isRequired is derived, the multiplicity 0..1 correspondssRequired = false

A Profile uses the same notation as a Package, with the addition that the keyword «profile» is shown before or abovefthe name
the Packagerrofile:metaclassReference andProfile::metamodelReference Use the same notation R&kage::elementimport and
Package::packagelmport, respectively but with the keyword «reference».

ProfileApplications are shown using a dashed arrow with an open arrowhead from the Package to each applied Profige. Either t
keyword «apply» is shown near the arrow, orkbgword «strict»- the latter ifisStrict = true.

If multiple appliedProfiles have Stereotypes with the samagne, it may be necessary to qualify the name of the Stereotype (with the
profile name).

A Stereotype uses the same notation as a Class, widddlition that the keyword «stereotype» is shown before or above the
name of the Class.

When a Stereotype is applied to a model element (an instance of a Stereotype is linked to an instance of a metactassy, the na
the Stereotype is shown within a pafrguillemets above or before the name of the model element, or where the name would
appear if the name is omitted or not displayed. For model elements that are not NamedElements but do have a graphical
representation, unless specifically stated elsewlieeestereotypes can be displayed within a pair of guillemets near the upper
right corner of the graphical representation. If multiple stereotypes are applied, the names of the applied sterebtypesaare s

a commaseparated list within a pair of guitteets. When the extended model element has a keyword, then the stereotype name(s
will be displayed close to the keyword, within the same or separate guillemets (example: «interface» «Clock» or «Clock,
interface»).

Nor mal | y a naSetstarts aith ta yppescase letter, to follow the convention for naming Classes. However Profiles
may use different conventions. Matching between the names of Stereotype definitions and applicaticirsssnsitiee, SO
naming stereotype applications with lowease ¢tters where the stereotypes are defined using wqaser letters is valid,
although stylistically obsolete. For legacy reasons a tool may display stereotype names with the initial letter in l@wen case
when defined in upper case.

A tool can choose wdther it will display Stereotypes or not. In particular, tools can choose not to disglasedstereotypes,
but to display only the values of theiknedAttributes if any.

The values of thewnedAttributes of a Stereotype (or its generalizations) apptie@ a model element can be shown in one of the
following three ways:

1. As part of a comment symbol connected to the graphic node representing the model element.
2. In separate compartments of the graphic node representing that model element.

3. Above thename stiing within the graphic node or, else, before the name string.

In the case where a compartment or comment symbol is used, the stereotype name may be shown in guillemetsahefore the
string in addition to being included in the compartment or comment.
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Thevalues are displayed as nawvedue pairs:
<namestring> 6=06 <valwuestring>
If a Stereotype Property is multalued, then the <valuestring> is displayed as a coseparated list:
<valuestring> ::= <value> [6,06 <value>]*
Certain values have special displales:

1 As an alternative to a narvalue pair, when displaying the values of Boolean Properties, tools may use the
convention that if the <namestring> is displayed, then the vatmgeisotherwise, the value false

1 If the value is th@ame of a NamedEment, then, optionally, thealifiedName of that element can be displayed.

If compartments are used to display Stereotype Property values, then an additional compartment is required for each applied
Stereotype whose Property values are to be displayeth §ich compartment is headed by the name of the applied stereotype in
guillemets. Such compartments are only applicable to elements for which compartments generally may be used: specifically
Classifiers and States.

Within a comment symbol, or, ifdisplayd b ef or e or ab o vase, thetPeopemyovaued frora & speniicn t 6 s
Stereotype are optionally preceded with the name of the applied Stereotype within a pair of guillemets. This is usefubif val
more than one applied stereotype shouldhmavn.

When displayed in compartments or in a comment symbol, at most one naresiniesgiring pair can appear on a single line.
When di splayed above mme theeadmesalue pairs amecepardted bylseamicelansd addsall pairs for a
given stereotype are enclosed in braces.

Icon presentation

It is possible to attach Images to a Stereotype that can be used in lieu of, or in addition to, the normal notation efexmentie
to which the Stereotype is applied.

When a Stereotype has awalforicon, the referenced Image can be graphically attached to the model elements to which the
Stereotype has been applied. Every model element that has a graphical presentation can have an attached icon. When model
elements are graphically expressed as:

1 Boxes (sedigurel2.23): the box may be replaced by the Image, anddhe of the model element appears
below the Image. This presentation option can be used only when a model element has one single Stereotype
applied and wheProperties of the model element (ecgumedAttributes, ownedOperations Of a Class) are not
presented. As another option, the Image may be presented in a reduced size, inside and to the top of the box
representing the model element. When several Stereogypeapplied, several Images may be presented within
the box.

71 Lines: the Image may be placed close to the line.

1 Textual notation: the Image may be presented to the left of the textual notation.

Sever al | mages may b e icénPropety. @he nterdretdtion ofdhe different attachey pnagéssin that case
is a semantic variation point. Some tools may use the different Images for different purposes: the icon replacing thleebox, fo
reducedsize icon inside the box, for icons within tie@wsers, etc. Alternatively, depending on the Image format, tools may
choose to scale one single Image into different sizes for these different purposes.

Some model elements already use an icon for their default presentation. A typical example tfahAstisr model element,
which uses the fistickmandaomi soappWhed adoSsachobypmme@mdacesh| a
the default presentation icon within diagrams.
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12.3.5 Examples

In Figure12.17, asimple example of using an Extension is shown, where the sterddtypeextends the metaclab#erface

* ustereotype»
Home

Interface

Figure 12.17 Example of Using an Extension

An instance of the stereotyptomecan be added to andmoved from an instance of the claserfaceat will, which provides
for a flexible approach of dynamically adding (and removing) information specific to a Profile to a Package.

In Figure12.18, each instance of metacla@empament in a model to which the Profile has been applied must have agplied
instance of the stereotyfB&an as the Extension haRequired = true. (As the stereotypBeanis abstract, this means that each
instance of metaclasdomponentnust be stereotypeby an instance of one of its concrete subclasses.) The model is not well
formed unless such a Stereotype is applied. This provides a way to express Extensions that should always be present for all
instances of the base metaclass depending on whicheBrafi applied.

< {required}l  4ste reotype»

Component
P Bean

Figure 12.18 Example of a Required Extension

In Figure12.19, a simple example of an EJB profile is shown.

aprofiles EJB
) «eMetaclasss | asteraotypes
sMetaclasss | {required) asterectypes Artifact - JAR
Component | Bean
- T
"—li | asterectypes
| | 7| Remote
Metacl ol
sMetaclasss
asierectypes wstersatypes Interface
Entity Session | asterectypes
state: Statekind Home
{A component |,
cannot be wenUmMerations
generalized or StateKind
spedialized) stateless
stateful

Figure 12.19 Defining a Simple EJB Profile

The Profile defines that the abstract stereoBpanis required to be applied to metacl&smponentwhich means that an
instance of either of the concrete subclagsgfty andSessiorof Beanmust be linked to eadhstance ofComponentThe
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Constraints that are part of the Profile are evaluated when the Profile is applied to a Package, and these Constodits need t
satisfied in order for the model to be widkmed.

e |
aenumerations
Calor Javaintegar

red

graen

e

/r'm'h lﬂ'l‘\
aprofles Manufaciurar /
Factory |
= Davwics ! aDevices
aMetaciasss | . capplyy ™ L eDavies ﬁ
Class - author- Siring ———— ] - - voliTe=10

color Color channel: Javalmeger
volume; Javalnteger

Figure 12.20 Importing a Package from a Profile

In Figure12.20, the Package naméypesis imported by the Profile namadanufacturer . The Enumeration nametblor and
the Class namedavalntegerare then used as thee of Properties of the Stereotype nanigeviceas well as the standard
PrimitiveTypeString.

If the ProfileManufactureiis later applied to a Package, then the types ffgpesare not available for use in the Package to
which the Profile is applied unless pagkdypesis explicitly imported. This means that the cldasalnteger can be used as
the type of a Stereotype Property (e.gDavice but not as an ordinary Property (as part of the Cl&gsunless Package
Factory also imports Packageypes (which it does)

NOTE. The value of theolume Property is displayed once the Stereotiavicehas been applied to the Clasg.
Given the profileslavaandEJB, Figure 12.21shows how these may be applied to the PackégieShopping

1
wprofiles l
Java aprofilexs
T EJB
capriys, =
o wapplys
WebShopping

Figure 12.21 Profiles Applied to a Package

In Figure12.22, a simple stereotyp€lockis defined to be applicable at will (dynamically) to instances of the metaclass Class.
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wsiereotypes
Clock

«Metaclasss
Class

OSVersion: String
startOperation: Operation
POSIXCompliant: Boolean

Figure 12.22 Defining a Stereotype

aClocks @ (@
StopWatch StopWatch StopWatch
«Cragtor, Clocks % '®
StopWatch StopWatch

Figure 12.23 Presentation Options for an Extended Class
In Figure12.24, an instance diagram of the examjpléigure12.22 is shown.
NOTE. The ExtensionEnd must be composite, and that the desRegired Property in this case false

Figure12.24 shows the instances representing the definition of thee&type named Clock definedRigure12.22. In this
definition, the extended metaclass (:Class; fAname = Cl as
modeling tool this representation of the UML2 stamr d met amo d e | would typically be ir
proxies to the metaclass being extended.

(It is therefore still at the same méevel as UML, and does not show the instance model of a model extended by the stereotype.
An example bthis is provided irFigure12.26 andFigure12.27.) The Semantics sub clause of the Extension concept explains the
MOF equivalent, and how constraints can be attached to stereotypes.

‘Siersotyne ‘Property type | PrmitveTyps
CI35E
Mame="Clock” name="0Version” name="Siring"
name = “Class"
tyoe
type
panadAtribute
Zmoleme type Liass
Progerty ‘Extension ‘ExtenslonEnd
- P - -
memperend madEnd, name="stancoeraton name="oparation
IECOMpOSNE=Talse sRequirsg=false | memperEnd| ISCOMposite=rug
Propefty type | EIMENEType
ownedatiribute
name="POSXComplant name="Boalean”

Figure 12.24 An Instance Diagram when Defining a Stereotype

Figure12.25 shows how the same Stereotype nafkxtk extends both the metaclass Component and the metaclass Class
(though each instancé the Stereotype can extend only one model element). It also shows how different Stereotypes can extenc
the same metaclass.
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aSIEnEOEyEE .
Clook
aMetadasss -
Component - CEVersion: Siing
starbOperation: Cperation
FPOEMCompliant: Boolean
aMetndazss =SiEnen T
Craafor
Clace -
{requirsd} | author: String
date: 2iring

Figure 12.25 Defining Multiple Stereotypes on Multiple Stereotypes
Figure12.26 shows how the Stereoty@ock, as defined ifrigure12.25, is applied to a Class nam&tbpWatch

wClocks
StopWatch

Figure 12.26 Using a Stereotype

Figure12.27 shows the underlying semantics for when the Stereotype n@loeklis applied to a class call&topWatch The
right-hand side uses instance diagram notation to show the-&d@ivalent instances that should be used to understand the
behaviorand XMl serialization of the UML diagram on the left. The Extension between the Stereotype and the metaclass Class
results in a link between the instance of StereoGlpek and the (usedefined) Class namestopWatch

=Clocks P - - Aoiock
stopwaton Clags extenzion_Ciock
& base_Class B I
- D8Version="3 32
==t ZopW atch®
rAmES SR A FOZIXCompllant==alse
aCoCcks
OEVersion="3,32" ownedOperaton
startdperation=CIck
Dperatign
starCperation
name="Clck"

Figure 12.27 Showing Values of Stereotypes and a Simple Instance Specification
Next, two stereotypelock andCreator are applied to the same model element, as showigime12.28.

NOTE. The Property values @ach of the applied Stereotypes are shown in a comment symbol attached to the model element.

aClocks
aClock, Creators OSVersion="3.32"
StopWatch startOperation=Click
5 aCreators
Click() name="Jonas"
date="04-04-04"

Figure 12.28 Using Stereotypes and Showing Values

Finally, two more alternative notational forms are showhigure12.29.
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wClocks
AlammClock

Start(}

alClocks
O5Version="1.1"
startCiperation="5tart
POSI K Compliant=True

«Chocks
{POSEX Compliant}
AlarmClock

Start(}

Figure 12.29 Other Notational Forms for Depicting Stereotype Values
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12.4Classifier Descriptions

Extension [Class]

Description

An extension is used toditate that the properties of a metaclass are extended through a stereotype, and gives the ability to
flexibly add (and later remove) stereotypes to classes.

Diagrams

Profiles Classes

Generalizations

Association

Attributes

/isRequired Boolean[1..1] = false

Indicates whether an instance of the extending stereotype must be created when an instandeoddoectass is

created. The attribute value is derived from the value of the lower property of the ExtensionEnd referenced by
Extension::ownedEnd; a lower value of 1 means that isRequired is true, but otherwise it is false. Since the default valu
of ExtensionEnd::lower is 0, the default value of isRequired is false.

Association Ends

1 /metaclass Clasg[1..1]{} (opposite Class::extensign
References the Class thsiextended through an Extension. The property is derived from the type of the memberEnd tha
is not the ownedEnd.

1 Dz o wn e BxtemsidnEndl..1]{redefinesAssociation::ownedErdoppositeA_ownedEnd_extension::extensjon
References the end of the extension that is typed by a Stereotype.

Operations

91 isRequired() Boolean
The query isRequired() is true if the owned end has a multiplicity with the lower bound of 1.
body: ownedEnd.lowerBound() = 1

1 metaclass() Class
The query metaclass() returns the metaclass thairig betended (as opposed to the extending stereotype).
body: metaclassEnd().type.oclAsType(Class)

1 metaclassEnd()Property

282

The query metaclassEnd() returns the Property that is typed by a metactagsoged to a stereotype).

UML v2.5



body: memberEnd - >reject(p | ownedEnd - >includes(p.oclAsType(ExtensionEnd))) - >any(true)

Constraints

1 non_owned_end
The norowned end of an Extension is typed by a Class.

inv: metaclassEnd() - >notEmpty() and metaclassEnd().type.oclIsKi ndOf(Class)

1 is_binary
An Extension is binary, i.e., it has only two memberEnds.

inv: memberEnd - >size() = 2
ExtensionEnd [Class]

Description

An extension end is used to tie an extension to a stereotype when extending a metaclagsulT hultiplicity of an extension
endis 0..1.

Diagrams
Profiles

Generalizations
Property

Attributes

9 /lower :Integer[0..1] =0
This redefiniton changes the default multiplicity of association ends, since model elements are usually extended by 0 o

1 instance of the extension stereotype.

Association Ends

1 type :Stereotypdl..1){redefinesTypedElement::type(oppositeA_type_extensionEnd::extensionBnd
References the type of the ExtensionEnd. Note that this association restricts the possible types ofiamEexté¢os
only be Stereotypes.

Operations

1 lowerBound() :integer[0..1]
The query lowerBound() returns the lower bound of the multiplicity as an Integer. This is a redefinition of the default
lower boundwhich normally, for MultiplicityElements, evaluates to 1 if empty.

body: if lowerValue=null then O else lowerValue.integerValue() endif
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Constraints

1 multiplicity
The multiplicity of ExtensionEnd is 0..1 or 1.

inv: (lowerBound() = 0 or lowerBound() = 1) and upperBound() = 1

1 aggregation
The aggregation of an ExtensionEnd is composite.

inv: self.aggregation = AggregationKind::composite
Image [Class]

Description

Physical definition of a graphical image.

Diagrams

Profiles

Generalizations

Element

Attributes

1 content String[0..1]
This contains the serialization of the image according to the format. The value could represent a bitmapg¢imaage su
GIF file, or drawing ‘instructions' using a standard such as Scalable Vector Graphic (SVG) (which is XML based).

1 format :String[0..1]
This indicates the format of the content, which is how the stongeat should be interpreted. The following values are
reserved: SVG, GIF, PNG, JPG, WMF, EMF, BMP. In addition the prefix 'MIME: ' is also reserved. This option can be
used as an alternative to express the reserved values above, for example "SVG'steaddoi@ expressed as "MIME:
image/svg+xml".

1 location :String[0..1]
This contains a location that can be used by a tool to locate the image as an alternative to embedding it in the stereoty,

Model [Class]

Description

A model captures a view of a physical system. It is an abstraction of the physical system, with a certain purpose. Séhis purpo
determines what is to be included in the model and what is irrelevant. Thus the model compleaiblysdhase aspects of the
physical system that are relevant to the purpose of the model, at the appropriate level of detail.
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Diagrams
Packages

Generalizations
Package

Attributes

1 viewpoint :String[0..1]
The name of the viewpoint that is expressed by a model (this name may refer to a profile definition).

Package [Class]

Description

A package can have one or more profile appbeetto indicate which profiles have been applied. Because a profile is a package,
it is possible to apply a profile not only to packages, but also to profiles. Package specializes TemplateableElement and
PackageableElement specializes ParameterableEl¢éongmecify that a package can be used as a template and a
PackageableElement as a template parameter. A package is used to group elements, and provides a hamespace for the grour
elements.

Diagrams

PackagesProfiles Namespaces

Generalizations

PackageableElememfemplateableElemenilamespace

Specializations

Model, Profile

Attributes

1 URI: String[0..1]
Provides an identifier for the package that can be used for many purposes. #thRuniversally unique identification
of the package following the IETF URI specification, RFC 2396 http://www.ietf.org/rfc/rfc2396.txt and it must comply
with those syntax rules.

Association Ends

1 Dz / ne st eRbékagdlk * ¥HmlesetsPackage::packagedElemg(mppositePackage::nestingPackgge
References the packaged elements that are Packages.

1 nestingPackagePackagd0..1]{subsetsA_packagedElement owningPackage::owningPagk@gsposite
Package::nestedPackage
References the Package that owns this Package.
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1T Dz / own e d SS$taaotgpdt . }{qulzsetsPackage::packagedElemg(ipposite
A_ownedStereotype owningPackage::owningPackage
References the Stereotypes that are owned by the Package.

1 DZz / o wn eTygpENM.FlfsubsetsPackage::packagedElemgiipppositeType::package
References the packaged elements that are Types.

1 Dz p ac k a gPaddemeMergf0..*]{subsetsElement::ownedElemensubsets
A_source_directedRelationship::directedRelations{oppositePackageMerge::receivingPackige
References the PackageMerges that are owned by this Package.

1 Dz p ac k ag eRhé&kageatnebremeft.*[{subsetsNamespace::ownedMembBdbpposite
A_packagedElement owningPackagemigPackage
Specifies the packageable elements that are owned by this Package.

T DZ prof i | e PRrofieApplicaion[0..8){subsetsElement::ownedElemensubsets
A_source_directedRelationship::directedRelations{oppositeProfileApplication::applyingPackage
References the ProfileApplicatiotizat indicate which profiles have been applied to the Package.

Operations
91 allApplicableStereotypes()Stereotypd0..*]
The query allApplicableStereotypes() returns all the directly direotly owned stereotypes, including stereotypes
contained in suiprofiles.
body: let ownedPackages : Bag(Package) = ownedMember - >select(ocllskindOf(Package))
>collect(oclAsType(Package)) in
ownedStereotype - >union(ownedPackages.allApplicableStereotypes( )) - >flatten() - >asSet()
1 containingProfile() Profile [0..1]
The query containingProfile() returns the closest profile directly or indirectly containing this package (or this package
itself, if it is a profile).
body: if self.ocllsKindOf(Profile) then
self.oclAsType(Profile)
else
self.namespace.oclAsType(Package).containingProfile()
endif

1 makesVisible(el NamedElement: Boolean
The query makesVisible() defines whether a Package makes an element visible outside itself. Elements with no visibili
and elements with public visibility are made visible.
pre: member - >includes(el)
body: ownedMember - >includes(el) or
(elementimport - >select(eilei.importedElement = VisibilityKind::public)
>collect(importedElement.oclAsType(NamedElement)) - >includes(el)) or
(packagelmport - >select(visibility = VisibilityKind::public) - >collect(importedPackage.member
>includes(el)) - >notEmp ty())

1 mustBeOwned() Boolean

28¢

The query mustBeOwned() indicates whether elements of this type must have an owner.
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body: false

1 nestedPackage(Packagd0..*]
Derivation for Package::/nestedPackage

body: packagedElement - >select(oclIskKindOf(Package)) - >collect(oclAsType(Package)) - >asSet()

1 ownedStereotype()Stereotypd0..*]
Derivation for PackagdownedStereotype

body: packagedElement - >select(oclIsKindOf(Stereotype)) - >collect(oclAsType(Stereotype)) - >asSet()

1 ownedType() Typel[0..*]
Derivation for Package::/ownedType

body: packagedElement - >select(ocll sKindOf(Type)) - >collect(oclAsType(Type)) - >asSet()

1 visibleMembers() PackageableElemef..*]
The query visibleMembers() defines which members of a Package can be accessed outside it.

body: member- >select( m | m.ocllsKindOf(PackageableElement) and self.makesVisible(m))
>collect(oclAsType(PackageableElement)) - >asSet()

Constraints

1 elements_public_or_private
If an element that is owned by a package has visibility, it is public or private.

inv:p ackagedElement - >forAll(e | e.visibility<> null implies e.visibility = VisibilityKind::public or
e.visibility = VisibilityKind::private)

PackageMerge [Class]

Description
A package merge defines how the contents of one package areeeibgnithe contents of another package.
Diagrams

Packages

Generalizations

DirectedRelationship

Association Ends

1 mergedPackagePackagdl..1]{subsetDirectedRelationship::targefopposite
A_mergedPackage_packageMerge::packageNlerge
References the Package that is to be merged with tbwiregpackage of the PackageMerge.
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1 receivingPackagePackagdl..1]{subsetDirectedRelationship::sourcesubset&Element::ownégr (opposite
Package::packageMenge
References the Package that is being extended with the contents of the merged package of the PackageMerge.

Profile [Class]

Description

A profile defines limited extensions to a reference metamodel with the purpose of adapting the metamodel to a specific platforr
or domain.

Diagrams
Profiles

Generalizations
Package

Association Ends

T DZ met acl asHeRenfinpor{®.r]{sibsetsNamespace::elementimpp(opposite
A_metadassReference_profile::profjle
References a metaclass that may be extended.

1T Dz met amode PRladebnpadin.g{ibsetsNamespace::packatmpor} (opposite
A_metamodelReference_profile::projile
References a package containing (directly or indirectly) metaclasses that may be extended.

Constraints

1 metaclass_reference_not_specialized
An elemenimported as a metaclassReference is not specialized or generalized in a Profile.

inv: metaclassReference.importedElement ->
select(c | c.ocllsKindOf(Classifier) and
(c.oclAsType(Classifier).allParents() - >collect(namespace) - >includes(self))) - >isEmpty()

and

packagedElement - >

select(oclisKindOf(Classifier)) - >collect(oclAsType(Classifier).allParents()) ->
intersection(metaclassReference.importedElement - >select(oclisKindOf(Classifier))

>collect(oclAsType(Classifier))) - >isEmpty()

1 references_saen metamodel
All elements imported either as metaclassReferences or through metamodelReferences are members of the same bas
reference metamodel.

inv: metamodelReference.importedPackage.elementimport.importedElement.allOwningPackages() ->
union(metaclassR  eference.importedElement.allOwningPackages() ) - >notEmpty()
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ProfileApplication [Class]

Description
A profile application is used to show which profiles have been applied to a package.
Diagrams

Profiles

Generalizations

DirectedRelationship

Attributes

9 isStrict :Boolean[1..1] = false
Specifies that the Profile filtering rules for the metaclasses of the reéstenetamodel shall be strictly applied.

Association Ends

1 appliedProfile Profile [1..1]{subsetDirectedRelationship::targefopposite
A_appliedProfile profileApplication::profileApplicatign
References the Profiles that are applied to a Package through this ProfileApplication.

1 applyingPackagePackagdl..1]{subsetDirectedRelationship::sourceubset&lement::owner(opposite
Package::profileApplication
The packagehtat owns the profile application.

Stereotype [Class]

Description

A stereotype defines how an existing metaclass may be extended, and enables the use of platform or domain specifig terminol
or notation in place of, or in addition tihe ones used for the extended metaclass.

Diagrams

Profiles

Generalizations

Class

Association Ends

1 Dz i dnoage[0-*]{subsetsElement::ownedElemehfoppositeA_icon_stereotype::stereotype
Stereotype can change the graphical appearance of the extended model element by using attached icons. When this
associatia is not null, it references the location of the icon content to be displayed within diagrams presenting the
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extended model elements.

1 /profile : Profile [1..1]{} (opposite A_profile_stereotype::stereotype
The profile that directly or indirectly contains this stereotype.

Operations

1 containingProfile() Profile
The query containingProfile returns the clogasffile directly or indirectly containing this stereotype.

body: self.namespace.oclAsType(Package).containingProfile()

1 profile() : Profile
A stereotype must be contained, directly or indirectly, in a profile.

body: self.containingProfile()

Constraints

1 binaryAssociationsOnly
Stereotypes may only participate in binary associations.

inv: ownedAttribute.association - >forAll(memberEnd - >size()=2)

1 generalize
A Stereotype may only generalize or specialize another $ypeo

inv: allParents() - >forAll(oclisKindOf(Stereotype))
and Classifier.allinstances() - >forAll(c | c.allParents() - >exists(ocllsKindOf(Stereotype)) implies
c.ocllsKindOf(Stereotype))

1 name_not_clash
Stereotype names should not clash with keyword namekd@xtended model element.

Cannot be expressed in OCL

I associationEndOwnership
Where a stereotypebs property is an association end
not a stereotype, the other end must be owned bgstbaciation itself.

inv: ownedAttribute

- >select(association - >notEmpty() and not association.ocllsKindOf(Extension) and not
type.oclisKindOf(Stereotype))

- >forAll(opposite.owner = association)
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12.5Association Descriptions

A_appliedProfile_profileApplication [Association]

Diagrams

Profiles

Owned Ends

1 profileApplication :ProfileApplication[0..*]{subsetsA_target_directedRelationship::directedRelations@gmposite
ProfileApplication::appliedProfile

A_icon_stereotype [Association]

Diagrams

Profiles

Owned Ends

1 stereotype Stereotypd0..1]{subsetElement::ownéer (oppositeStareotype::icon

A_mergedPackage_packageMerge [Association]

Diagrams
Packages

Owned Ends

1 packageMergePackageMergf..*]{subsets A_target_directedRelationship::directedRelationklgpposite
PackageMerge::mergedPackpge

A_metaclassReference_profile [Association]

Diagrams

Profiles

UML v2.5 291



Owned Ends

1 profile : Profile [0..1]{subsetsElementimport::importingNamespdo@ppositeProfile::metaclassRefererjce

A_metamodelReference_profile [Association]

Diagrams

Profiles

Owned Ends

1 profile : Profile [0..1]{subsetdPackagelmport::importingNamespageppositeProfile::metamodelReferenyce

A_nestedPackage nestingPackage [Association]

Diagrams
Packages

Member Ends

1 Package::nestedPackage
1 Package::nestingPackage

A_ownedEnd_extension [Association]

Diagrams

Profiles

Owned Ends

1 extension Extension1..1}{subsetProperty::owningAssociaii} (oppositeExtension::ownedEnd

A_ownedStereotype_owningPackage [Association]

Diagrams
Profiles

Generalizations

A _packagedElement _owningPackage
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Owned Ends

1 owningPackagePackagdl..1]{redefinesA_packagedElement_owningPackage::ovafackagg(opposite

Package::ownedStereotype

A_ownedType_package [Association]

Diagrams
Packages

Member Ends

M Package::ownedType
1 Type:package

A_packageMerge_receivingPackage [Association]

Diagrams
Packages

Member Ends

1 Package::packageMerge
1 PackageMerge::receivingPackage

A_packagedElement_owningPackage [Association]
Diagrams
Packages

Specializations

A_ownedStereotype owningPackage

Owned Ends

1 owningPackagePackagdO..1]{subsetdNamedElement::namespddeppositePackage::packagedElemgnt

A_profileApplication_applyingPackage [Association]

Diagrams

Profiles
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Member Ends

1 Package::profileApplication
1 ProfileApplication::applyingPackage

A_profile_stereotype [Association]

Diagrams

Profiles

Owned Ends

1 stereotype Stereotypd0..*] (oppositeStereotype:.profile

A_type_extensionEnd [Association]

Diagrams

Profiles

Owned Ends

1 extensionEnd ExtensionEndO0..*[{subsetsA_type_typedElement::typedElemgiibpposite ExtensionEnd::type
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13 Common Behavior

13.1 Summary

This clause specifies the core concepts underlying all behavioral modeling in UML. Structural models of Classifiers in UML
define the allowable instancesathmay exist at any point in time, what values their StructuralFeatures may have and how those
instances may be related to each other. Behavioral modeling, on the other hand, models how these instances may change ove
time.

UML provides Behavior, Event, dnTrigger constructs to model the corresponding fundamental concepts of behavioral
modeling.

Behavioris the basic concept for modeling dynamic change. Behavior maxdoatedeither by direct invocation or through
the creation of aactive objecthathosts the behavior. Behavior may alscebgergentresulting from the interaction of one or
more participant objects that are themselves carrying out their own individual behaviors.

Dynamic behavior results iventsof interest that occur at specific ptann time. Such events may be implicit, occurring on the
change of some value or the passage of some interval of time. They may also be explicit, occurring when an operation is calle
an asynchronousignalis received.

The occurrence of an event mégmtrigger new behavior, or change the course of already executing behavior. Explicit events
thus provide the basic mechanism for communication between behaviors, in which an action carried out in one behavior, such
calling an operation or sending gisal, can trigger a response in another behavior.

The remainder of this clause further details the fundamental UML modeling mechanisms of Behaviors, Events and Triggers.
These mechanisms then provide the framework for the specification in the followisg<lef various complete UML behavioral
modeling constructs.

13.2 Behaviors

13.2.1 Summary

This sub clause introduces the framework for modeling behavior in UML. The concrete subtypes of Behavior, described in
subsequent clauses, then provide different mechanismpegdtifysbehaviors.

A variety of behavioral specification mechanisms are supported by UML, including:
I StateMachines that model finite automata (see Cladjse
91 Activities defined using Petrietlike graphs (see Claudé)
1 Interactions that model partiallyrdered sequences of event occurrences (see Ql@use

These behavioral specification mechanisms differ in their expressive power and domain of applicability. Thihateen all
behaviors can be described by each of the mechanisms. Nevertheless, many behaviors can be described by one or more of th
mechanisms, in which case the choice of mechanism is one of convenience, or, alternatively, multiple mechanisreecctm be
provide different models of the same behavior.
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13.2.2 Abstract Syntax

A
{readOnly, subsets {subsets
- - redefinitionContext} redefinableElement} -
BehavioredClassifier + Jontext + behavior Behavior
+ isReentrant : Boolean = true
0.1 * {subsets context} {subsets ownedRule}
+ behavior + precondition
- Constraint
{redefines 0.1 *
behavioredClassifier} {subsets ownedBehavior
+ behavioredClassifier + classifierBehavior
{subsets context} {subsets ownedRule}
0.1 0.1 + behavior + postcondition
-
0.1 *
{subsets namespace} {subsets ownedMember} + behavior
+ behavioredClassifier + ownedBehavior B {subsets classifier}
- o1 =
*
+ specification + method
BehavioralFeature |I= P + redefinedBehavior
0.1 * {subsets redefinedClassifier}
{ordered, subsets {subsets namespace}
ownedMember} {subsets namespace} + behavior -
Parameter et OWNedParameter + behavior ‘—\—
* .1 0.1 + ownedParameterSet
T {subsets ownedMember}

OpaqueBehavior

+ body : String [*] {ordered, nonunique}
+ language : String [*

FunctionBehavior
I

Figure 13.1 Behaviors
13.2.3 Semantics

Behaviors

A Behavior is a specification of events that may occur dynamically over time (see alsauméi8l3on the explicit modeling of
Events in UML). This specification may be prescriptive of specifically what events may occur in what situations, destriptive
emergent behavior or illustrative of possible sequencesesit@ccurrences. Every Behavior defines at least one event, the event
of its invocation. A Behavior may be invoked directly, via a BehavioralFeature that it implementstasiar as the

classifierBehavior of a BehavioredClassifier.

On each invocatiorthe subsequent actual sequence of event occurrences due to the invocation, consistent with the specificatiol
of the Behavior, is called axecution tracéor the Behavior. An execution trace always begins with the invocation of the

Behavior and may contire indefinitely (if the Behavior does not terminate), or it may end in the occurrencewipdetion

event for the Behavior. Event occurrences during an execution trace include both occurrences caused by the Behavior, such a
attribute value changes, ctem and destruction of objects and invocation of other Behaviors, and occurrences that trigger
responses within the Behavior, such as the changing of a monitored value or the receipt of a Signal instance.

Behaviors in UML are kinds of Classes, which metias they may be instantiated as objects. An object that is an instance of a
Behavior is known as a behaviexecutionlnvoking the Behavior corresponds to instantiating the Behavior, and there is a
specific execution trace corresponding to each Behaxiecution.

Since a Behavior is a Class, it may be specialized and may also itself own StructuralFeatures and BehavioralFeatures. These
features may be referenced in the specification of the Behavior. An execution of the Behavior may then accesarégse feat
such as reading and modifying attributes of the Behavior. Public features of a Behavior may also be referenced frofn outside o
the Behavior, as usual for the features of any Class.
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A Behavior may be invoked many timesréentrantBehavior (i.e., onavith its isReentrant property equal to tryenay be

invoked again before a previous invocation has completed (this is the default). On the othenbamdeatrantBehavior (i.e,

one with itsisReentrant property equal to false) shall not be invokediagdf a previous invocation has not completed. A reentrant
Behavior may have many ongoing executions at any one time, butraewmnant Behavior shall have at most one uncompleted
execution at any time. If an invoking Behavior attempts to invoke aemmtrant Behavior that already has an uncompleted
execution, then the invoker shall block until the existing execution completes (or indefinitely, if the execution neveespmpl

A Behavior may be invokeslynchronouslyr asynchronouslySynchronous inecation means that an invoking Behavior retains a
reference to the invoked Behavior execution and waits for the execution to complete. Asynchronous invocation, on the other
hand, means that the invoked Behavior execution proceeds concurrently with #iegridehavior.

The preconditions for a Behavior define conditions that shall be true when the Behavior is invoked.pldeeséitions may be
assumed in the detailed specification of the Behavior. The semantics of an invocation of a Behavigiraubetitien is not
satisfied are intentionally undefined.

Thepostconditions for a Behavior define conditions that will be true when the invocation of the Behavior completes successfully,
assuming thereconditions were satisfied. Theg@stconditions shall be atisfied in the detailed specification of the Behavior.

Behavior Parameters
A Behavior may have Parameters (see sub claus¢hat provide the ability to pass values into and out of Behavior executions.

When a Behavior is iroked,argumentv al ues may be provided corresponding to
constrained by the multiplicity of those Parameters. If such an input Parameterhas\alue, and no explicit argument value

is given for it, thenhe defaultvalue is evaluated to provide argument values for the Parameter. Argument values are available to
affect the course of the invoked Behavior execution.

When a Behavior execution completes, it may prodasaltvalues corresponding to Parameteistvh  di rect i on #fi
and Areturn, 0 as constrained by the mul t i pefadlvalde, tand naoekplicit h o s
result value is given for it, then thiefaultvalue is evaluated to provide result values floe Parameter. If the Behavior was

invoked synchronously, then result values are returned to the invoker. However, if the Behavior was invoked asynchronously,
then any result values are lost when the Behavior execution completes.

Parameters may also bearked astreaming(i.e., have thésStreaming property berue). Such Parameters allow values to be
passed into and out of a Behavior execution any time during its course, rather than just on invocation and completion.

If an input Parameter is streamijrigen argument values may be provided for the Parameter during the course of a Behavior
execution rather than just at invocation. One or more argument values pagtbetio a streaming input Parameter at or any

time after the invocation of a Behavior dpefore its completion. These argument values are then available to affect the further
course of the Behavior execution from that time forward.

If an output Parameter is streaming, then a Behavior execution may provide result values for the Parangeitsratunise
rather than just at completion. One or more result values mpgdtecto a streaming output Parameter any time after the
invocation of a Behavior up to or at its completion. These result values are then available to affect the furéhef tt@urs
execution of thenvokingBehavior from that time forward.

NOTE. In order for an invoker to be able to obtain posted values from streaming output Parameters, the invoked Behavior has
be invoked synchronously, even though streamed outputs gotddtially trigger asynchronous responses in the invoker (see, for
example, the semantics of CallBehaviorActions for Behaviors with streaming Parameters in sub6cBuuse

A reentrant Behavior shall not have streamingaReaters, because there are potentially multiple executions of the Behavior going
at the same time, and it would be ambiguous which execution would be receiving or producing streamed values.

A Behavior may have one or more output Parameters markeskasption=true. In this case, when an execution of the Behavior
completes, either none of these Parameters shall have values or exactly one shall have a value and no other paratiaiers (exce
or otherwise) shall have any values.
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NOTE. Returning a value inreexception Parameteri®tc onsi dered t o be Araising an exc:
clausel5.5.3

A Behavior with input ParameterSets can only accept inputs from Parameters in one of the sets per é8altaior with

output ParameterSets can only post outputs to the Parameters in one of the sets per execution. The semantics of conditions
input and output ParameterSets are the same as Bep@vintitions and postconditions, respectively, but apyponly to the set of
Parameters specified.

Opaque and Function Behaviors

An OpaqueBehavior is a Behavior whose specification is given in a textual language other than UML.

An OpaqueBehavior hashady that consists of a sequence of text Strings reprieggalternative means of specifying the

required behavior. A corresponding sequendengfiage Strings may be used to specify the languages in which each mfdithe
Strings is to be interpreted. Languages are matchedicstrings by order. The UML spéication does not define howady

Strings are interpreted relative to any language, though other specifications may definelspgetficStrings to be used to
indicate interpretation with respectobe¢ioterpreted acerdingpcetieiO€CL c at
specification).

NOTE. It is not required to specify the languages. If they are unspecified, then the interpretationdaf &tsings shall be
determined implicitly from the form of the bodies or the context ofofiske OpaqueBehavior.

If an OpaqueBehavior has more than one body String, then any one of the bodies can be used to determine the behavior of the
OpagueBehavior. The UML specification does not determine how this choice is made.

A FunctionBehavior is an faqueBehavior that does not access or modify any objects or other external data. During the
execution of a FunctionBehavior, no communication or interaction with anything external to the FunctionBehavior is allowed.
The amount of time to compute its resul undefined. A FunctionBehavior may raise exceptions for certain input values, in
which case the computation is abandoned.

FunctionBehaviors thus represent functions that transform a set of input argument values (given by the input Parameters of th
FurctionBehavior) to a set of output result values (given by the output Parameters of the FunctionBehavior). The execution of &
FunctionBehavior depends only on the argument values and has no other effect than to compute result values. Examples of
functions hat might be modeled as FunctionBehaviors include primitive arithmetic, Boolean, and String functions.

Behaviored Classifiers

A BehavioredClassifier is a Classifier that may haweedBehaviors, at most one of which may be considered to specify the
behavig of the BehavioredClassifier itself. Conversely, a Behavior that iswiteeiBehavior of a BehavioredClassifier has that
BehavioredClassifier as itentext. The specification of such a Behavior may reference features efrilee BehavioredClassifier
as well as any other elements visible to the context BehavioredClassifier.

A Behavior that is not directly aswnedBehavior of a BehavioredClassifier may nevertheless still have a context. To determine the
context of a Behavior that is not directly @amedBehavior, find the first BehavioredClassifier reached by following the chain of
ownership relationships from the Behavior, if any. If there is such a BehavioredClassifier, thendbigthaunless it is itself a
Behavior with a noremptycontext, in which case this is also thentext for the original Behavior. For example, thetext of an

entry Behavior (see sub claudd.?) in a StateMachine owned by a BehavioredClassifier is the classifier that owns the
StateMachingnot the StateMachine.

A Behavior that is owned directly by a Class ass@edClassifier (see sub clauskl.4), rather than as aswnedBehavior, doesnot

have the Class as itentext. ThenestedClassifiers of a Class areimply nested in the Class considered as a Namespace. As a
nestedClassifier, 8 Behavior has visibility of elements defined within the owning Class and other elements visible to that Class, an
it may itself be visible outside the Class, dependingondsidear ed vi si bi |l i ty. -aBuotn e o sB esheanmvain
not otherwise affected by being nested in the Class.
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If a Behavior has eontext, then an execution of the Behavior always has an associatéekt objecthat is an instance of the

context BehavioredClassifier (as long as that BehavioredClassifier is instantiable). A Behavior withateitta
BehavioredClassifier malyosed | Bebhavi aoavokled tali @ dasandt he
context object. Th8ehavior execution also serves as its own context object in the case tatghdehavioredClassifier is not
instantiable, that is, if it is a Component withdirectlyinstantiated=true (see sub claudd.6) or a Colldoration (see sub clause

11.7). Thus, a Behavior execution always has a context object, whether or not the Behavior has an explicit, instantiable context
BehavioredClassifier.

A BehavioredClassifier may have a distinguishegedBehavior called itsclassifierBehavior. A classifierBehavior describes the
behavior an instance of the owning Classifier may undergo in the course of its lifetinuas3it@Behavior of a
BehavioredClassifier is considered to be invoked when aarios of the owning BehavioredClassifier is created and the
resulting execution has the new instance as its context object. The execution is terminated if the instance is destroyed.

A classifierBehavior is always a definition of behavior, not an illusioat Its precise semantics depends on the kind of
BehavioredClassifier that owns it. For example,dhssifierBehavior of a Collaboration (see sub clauksk7) represents emergent
behavior of all the parts, whereas thasifierBehavior of a Class (see sub claukk ) is just the behavior of instances of the Class
separated from the behaviors of any of its parts. However, a passive Classagtiitirfalse) shall not have gassifierBehavior.

Behavioral Features and Methods

There are two kinds of BehavioralFeatures: Operations (see sub gl8uaed Receptions (see sub clal8e3. Of the different

kinds of BehavioredCladgrs in UML, only Classes may have BehavioralFeatures and only active Classes may have Reception
(see sub clausEL.4). Calling an Operation on or sending a Signal instance to an object of a Clasgugsffor the objetto

carry out an identified BehavioralFeature. An Operation call identifies a specific operation to be invoked. The receipt of an
instance of a Signal, on the other hand, is considered to be a request for any Reception of the receiving objectdbatthafieren
Signal or any direct or indirect generalization of it.

A BehavioralFeature of a Class may be implemented by one ormmatkel Behaviors. Such a BehavioralFeature specifies that
instances of the owning Class will respond to a request for the Behava | Feat ure by i nvoking one
methods. A Behavior shall be theethod for no more than one BehavioralFeature, callegpisification. The specification of a

Behavior shall be an owned or inheriteember of the Class of whickhe Behavior is anwnedBehavior. It is possible to have

more than onenethod associated with a single BehavioralFeature, but there shall be at most one Behavior for a particular pairing
of a Class (aswner of the Behavior) and a BehavioralFeature fesspecification for the Behavior). This means that a single
BehavioralFeature may hawethods both in its owning Class and any direct or indirect subclass of that Class, but with no more
than onenethod per Class.

The receiving object becomes the contebject for the execution of any invoke@thods.

NOTE. Methods of a Reception are always invoked asynchronously, while the methods of an Operation may be invoked either
synchronously or asynchronously, depending on how the Operation is called.

Themethod resolution process shall be based on the BehavioralFeature being requested, the object receiving the request and a
data values associated with the request (i.e., Operation input parameter values or Signal attribute values). However, the UML
specificationdoes not mandate that a conforming UML tool support any particular resolution process. In general, the resolution
process may be complicated, to include such mechanisms as-aftéonmethods, delegation, etc. In some of these variations,
multiple Behavbrs may be executed as a result of a single call. ietitds are identified by the resolution process, then it is
undefined what happens.

The following is a simple objeairiented resolution process for a CallEvent that always results in at masttoebeing
identified:

If the Class of the receiving object ownsi@hod for the Operation identified in the CallEvent, then thathod is the

result of the resolution. Otherwise, the superclass of the Class of the receiving object is examimedhdorfar the
Operation, and so on up the generalization hierarchy umtittad is found or the root of the hierarchy is reached. If a
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Class has multiple superclasses, then all of them are examineaddbpba If Nno method is found, or anethod is found in
more than one ancestor Class along different paths, then the modé&driséd for this resolution process and it results
in N0 method.

A method of an Operation shall have Parameters corresponding to the Parameters of the Operation. Siniliestyota

Reception shall have Parameters corresponding tatibetes of the Signal referenced by the Reception, which are considered as
effewmbi Par imeters of the Recept i on.iinpul@peratidreparameterasdbisre s as s
Signal attribute values are then passed tar@thod invoked due to the request via thethod parameters. For a synchronous
Operation call, output Parameter values fronrib@od execution are also passed back to the Operation caller via the
correponding Operation output Parameters.

However, no one approach is defined for matching the Parametersnafiibeto the Parameters of the BehavioralFeature.
Possible approaches include exact match (i.etygh@f the corresponding Parameters, ordarstibe the same), a@riant
match (theype of a Parameter of theethod may be a subtype of thge of the Parameter of the BehavioralFeature), centra
variant match (thepe of a Parameter of theethod may be a supertype of thee of the Parameterfdhe BehavioralFeature), or
a combination thereof.

13.2.4 Notation

The notation for various subclasses of Behavior are defined in subsequent clauses.
The notation for Signals and Receptions is covered under Simple Classifiers in sud@lauke

The notation for active Classes is covered under Structured Classifiers in sutddlduse

13.2.5 Examples

None.

13.3 Events

13.3.1 Summary

An Event is a something that may occur at a specific instant in time. Onergagiitave many occurrences, which may happen
at different times. In this sense, an Event can be considered a classification of its occurrences, though Events alig not actu
Classifiers in UML.

Of particular importance are Events that trigger a respoiteéva Behavior. Such Events that may be explicitly modeled within
UML include TimeEvents that occur at a specified time or after a duration, ChangeEvents that occur when a specified Boolean
value becomesueand MessageEvents that occur on the recéiphoessagewhich is a communication from one Behavior to
another requesting an Operation call or Signal reception.
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13.3.2 Abstract Syntax

PackageableFlement

E’l + port + trigger | Trigger | t trigger + event

or!

* * * 1

MessageEvent | TimeEvenk |
+ isRelative : Boolean = false

hang
” {subsets owner} 0 {subsets owner}
0..1 | + changeEvent 0.1 + timeEvent
{subsets ownedElerment} {subsets ownedElernent}
1 | + changeExpression 1 | +when
| AnyReceiveEvent | | SignalEvent | | CallEvent |
[ | [ | [ | ValuesSpecification TimeExpression

+ signalEvent | * * | + calEvent

X 1 [+ operation
+ signaly[,1

| Signal Operation

Figure 13.2 Events

13.3.3 Semantics

Event Dispatching

An Event is the specificatn of some occurrence that may potentially trigger behavioral effects. A Trigger specifies a specific
point in the definition of a Behavior at which an Event occurrence may have such an effect. Event is a PackageableElement,
allowing Events to be modeléaddependently of their use. A Trigger, however, always appears as a part of some larger behaviore
specification (e.g., on a StateMachine Transition or in an AcceptEventAction). A single Event may be used in sevetal differen
Triggers.

As discussed in sutlausel3.2.3 a Behavior execution always has an associated context object (which may be the execution
itself). A context object mediates the handling of Event occurrences for all of its associated Behavior executions Bi#men a
occurrence is recognized by a context object, it may have an immediate effect or it may be saved for later triggefed effect.
immediate effect is manifested by direct invocation of a Behavior as determined by the Event, such as the invtieation of
method Of a BehavioralFeature (see sub claL3&.3. A triggered effect is manifested by the storage of the occurrence in the
event poobf the object and the later consumption of the occurrence by an ongoing Behavidgioexthat reaches a Trigger that
matches the Event corresponding to the occurrence in the pool.

In general, when a Behavior execution comesuaid pointwhere it needs a Trigger to continue, the event pool of its context
object is examined for an evahat satisfies the outstanding Trigger (or Triggers). If the pool contains an event occurrence that
satisfies one of the Triggers, the occurrence is removed from the podispatchedo the Behavior, which continues its

execution as specified. Any @daassociated with the Event occurrence are made available to the triggered Behavior during its
further execution.

NOTE. All Behaviors with the same context object share the event pool of that object, but any Event occurrence in the pool car
be consumed bgnly one Behavior.

There is no requirement for a specific order in which Event occurrences in an event pool are examined or dispatchest If an ev
pool contains an occurrence that satisfies no Triggers at a wait point, then the general semanticsooé@elasifiers do not
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specify what happens to it. (However, see the specific semantics for the dispatching and deferring of event occurrences for
StateMachines in sub clau$é.2)

Message Events

A message is a communication which a sender makes a request for either an Operation call or Signal reception by a receiver
This communication involves two events: the event of sending the message and the event of receiving the message. Sending
events, however, are not modeledaplicit model elements in UML, though they are implicit in the execution of
InvocationActions (see sub clauk@.3) and occurrences of such events can be modeled in Interactions (see subcBuse
MessageEvent, on the other hand, is an explicit model of the receipt of a message, in order to be able to specifyatTrigger t
responds to occurrences of that event.

A message contains:
1 Data associated with the request being made (argumer@pération parameters or values for Signal attributes).
1 Information about the nature of the request (i.e., the BehavioralFeature invoked).
1 For a synchronous invocation, sufficient information to enable the return of a reply from the invoked Behavior.

While each message is targeted at exactly one receiver object and caused by exactly one sending object, an occurrence of a
sending event may result in a number of messages being generated (as in SignalBroadcastAction, seeléuB.cldgse

receiver of a message may be the same as the sender, it may be local (i.e., an object held in a slot of the curregtly executi
Behavior or its context object) or it may be remote. The manner of transmitting the message, the amourdqfitedgo

transmit it, the order in which the transmissions reach their receiver object and the path for reaching the receiver object a
undefined.

The receipt of a message is manifested as a MessageEvent occurrence. A CallEvent is a MessageEsageforenessting

that a specific Operation be called. A SignalEvent is a MessageEvent for messages requesting the reception of areinstance of
specific Signal. An AnyReceiveEvent is a MessageEvent for any message that is not explicitly handled by esigtethe

Trigger.

In the case of a CallEvent for an Operation or a SignalEvent for a Signal that matches a Reception on the receiver, if the
Operation or Reception has one or maeghods, then the method resolution process described for Behavioral €satnuot

Methods in sub clausk3.2.3shall be carried out to determinenethod to be used to handle a MessageEvent occurrence. If a

method IS S0 identified, it is invoked to respond to the message request. Otherwise, thedgeaagccurrence is saved in the

event pool of the receiving object. When a MessageEvent occurrence is dispatched from the event pool and matches a Trigger
defined in the Behavior specification for the receiver, it causes the execution of a respomsengviBehavior.

A Trigger for an AnyReceiveEvent may be triggered by the receipt of any message (Signal send or Operation call). However, if
there is a relevant SignalEvent or CallEvent Trigger that specifically matches the message, then the AnyRdcEiigefeves
nottriggered by the message. Which other Triggers are related to an AnyReceiveEvent Trigger depends on the context of the
Trigger (in particular, see sub clauk&2on Transitions and sub claus&.10on AcceptEventActions). An AnyReceiveEvent

may also be triggered by the receipt of a message containing an object other than a Signallnstance, as may be sent by a
SendObjectAction (see sub clause33).

A Trigger may also specify one or more ports, in which case the event of the Trigger shall be a MessageEvent. In ¢his case th
Trigger only matches event occurrences for messages received through one of the specified Ports (see alsd $iBpolause
EncapsulatedClassifiers and Ports).

Change Events
A ChangeEvent occurs when a BooleasngeExpression becomes true. For example, this could be as a result of a change in the

value of some Attribute or a change in the vakferenced by a link corresponding to an Association. A ChangeEvent occurs
implicitly and is not the result of any explicit action.
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An occurrence is considered to be generated any time the valuecbdrtieExpression changes from false toue Howeverit is
not defined specifically whendaangeExpression is evaluated or whether a ChangeEvent occurrence remains available for
detection even if the associate@ngeExpression value changes back falsebefore the occurrence is consumed.

Time Events

A TimeEvent specifies an instant in time at which it occurs. The instant is specified as a TimeExpression (see 8ul). cThase
expression can be absolute or relative to some other instant. Relative TimeEvents shall alisagisbéhe context of a Trigger,
and the starting point is the time at which the Trigger becomes active.

13.3.4 Notation

There is no notation for Events outside of the context of their use in Triggers. A Trigger is denoted textually baddddnfthe
Event itis for:

<trigger> ::= <call -event> | <signalevent> | <anyreceiveevent> | <timeevent> | <changesvent>

where:

1 A CallEvent is denoted by the hame of the triggering Operation, optionally followed by an assignment specification:

<callcevent > :: fo6<hamesspfgdimeincati on>] 06) 0]
<assignmenspecification> ::= <assigneeh a me > [ 6, hamed*ssi gned

where:

<assignedname>is an implicit assignment of the argument value for the corresponding Parameter of the Operation to ¢

Property or Variable ahe context object for the triggered Behavior.

<assignmenspecification>is optional and may be omitted even if the Operation has Paranitestandard mapping
is defined from an assignment specification to the UML abstract syntax. A conformingroblégjuired to support this

notation. If it does, it may provide a mapping to standard UML abstract syntax, e.g., by implicitly inserting Actions to

carry out the behavior implied by the notation.
1 A SignalEvent is denoted by name of the triggering Sigyationally followed by an assignment specification:

<signate vent >
<assignmenspecification> ::

<namespgoéi(bi faasenghméhod]
<attrrn a me > [-Gam&R at tr

where<assignmentspecification>is defined as for CallEvent above.

T AnyAnyRecei veEvent is denoted by the keyword dall o:
<any-receivee vent > :: = 6all o

T A ChangeEvent is denoted by the keyword fiwhenodo f ol
<changee vent > : : = -gpeclicatod®> <val ue

See Clausg for the notation for various kinds of ValueSpecifications.

T A relative TimeEvent is denoted with the keyword #
absolute TimeEvent is specified witbButheakeyiwordah
<time-event> ::= <relative-time-event> | <absolutdime-event>
<relative-tmee vent > : : =-expadsiboner 6 <t i me
<absolutetimee vent > : : -exprésaitn® <t i me
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See also sub claug$e4.4on the notation for TimeExpressions.

13.3.5 Examples

None.
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13.4Classifier Descriptions

AnyReceiveEvent [Class]

Description

A trigger for an AnyReceiveEvent is triggered by the receipt of any message that is not explicitly handled byeahtyiggjer.

Diagrams

Events

Generalizations

MessageEvent
Behavior [Abstract Class]

Description

Behavior is a specification of how its context BehavioredClassifier ceastgte over time. This specification may be either a
definition of possible behavior execution or emergent behavior, or a selective illustration of an interesting subsbteof possi
executions. The latter form is typically used for capturing examplek,as1a trace of a particular execution.

Diagrams

Behaviors Object NodesActivities, Control NodesExpressionsStructured Classifier8ehavior State Machines
Interfaces|nteractions Occurrences-eaturesinvocation ActionsOther Actions

Generalizations

Class

Specializations

OpagueBehavigiActivity, StateMachinglnteraction

Attributes

9 isReentrant Boolean[1..1] = true
Tells whether the Behavior can be invoked while it is still executing from a previous invocation.

Association Ends

1 /context :BehavioredClassifief0..1[{subsetsRedefinableElement::redefinitionContgxopposite
A_context behavior::behavipr
The BehavioredClassifier that isetisontext for the execution of the Behavior. A Behavior that is directly owned as a
nestedClassifier does not have a context. Otherwise, to determine the context of a Behavior, find the first
BehavioredClassifier reached by following the chain of ownatimiships from the Behavior, if any. If there is such a
BehavioredClassifier, then it is the context, unless it is itself a Behavior with-ampty context, in which case that is
also the context for the original Behavior. For example, following tigisrahm, the context of an entry Behavior in a
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StateMachine is the BehavioredClassifier that owns the StateMachine. The features of the context BehavioredClassifie
as well as the Elements visible to the context Classifier are visible to the Behavior.

1 Dz own e d P Paranmetefd..8{ordered, subsetdlamespace::ownedMembBdbpposite
A_ownedParameter behavior::behayior
References a list of Parameters to the Behavior which describes the order and type of arguments that can be given whe
the Behavior is invoked and of the values which will be returned when the Behavior completes its execution.
1 Dz o wnamtBr8et ParameterSd0..*]{subsetsNamespace::ownedMembgppposite
A_ownedParameterSet_behavior::behgvior
The Paramet&ets owned by this Behavior.
1 Dz post c Gansrainfd..g{subsetsNamespace::ownedRiléoppositeA_postcondition_behavior::behavjor
An optional set bConstraints specifying what is fulfilled after the execution of the Behavior is completed, if its
precondition was fulfilled before its invocation.
1 DZ pr e c oCousirain{0.0*]fisubsetsNamespace::ownedR§léoppositeA_precondition_behavior::behavijor
An optional set of Constraints specifying what must be fulfilled before the Behavior is invoked.
1 specification BehavioralFeaturf0..1] (oppositeBehavioralFeature::methpd
Designates a BehavioralFeature that the Behavior implements. The BehaanaFeust be owned by the
BehavioredClassifier that owns the Behavior or be inherited by it. The Parameters of the BehavioralFeature and the
implementing Behavior must match. A Behavior does not need to have a specification, in which case it either is the
classifierBehavior of a BehavioredClassifier or it can only be invoked by another Behavior of the Classifier.
1 redefinedBehavior Behavior[0..*]{subsetsClassifier::redefinedClassifie(opposite
A_redefinedBehavior_behavior::behayior
References the Behavior that this Behavior redefines. A subtype of Behavior may redefine any other subtype of
Behavior. If he Behavior implements a BehavioralFeature, it replaces the redefined Behavior. If the Behavior is a
classifierBehavior, it extends the redefined Behavior.
Operations
1 context() :BehavioredClassir [0..1]
A Behavior that is directly owned as a nestedClassifier does not have a context. Otherwise, to determine the context o
Behavior, find the first BehavioredClassifier reached by following the chain of owner relationships from the Behavior, if
any. If there is such a BehavioredClassifier, then it is the context, unless it is itself a Behavior wittmaphooontext,
in which case that is also the context for the original Behavior.
body: if nestingClass <> null then
null
else
letb:  BehavioredClassifier = self.behavioredClassifier(self.owner) in
if b.ocllsKindOf(Behavior) and b.oclAsType(Behavior)._'context' <> null then
b.oclAsType(Behavior)._'context'
else
b
endif
endif
1 behavioredClassifier(fromElemen} : BehavioredClassifie]0..1]
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The first BehavioredClassifier reached by following the chain of owner relationships from thedgtfiaviy.
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body: if from.ocllsKindOf(BehavioredClassifier) then
from.oclAsType(BehavioredClassifier)

else if from.owner = null then
null

else
self.behavioredClassifier(from.owner)

endif

endif

1 inputParamete(y: Parametef0..*]
The in and inout ownedParameters of the Behavior.

body: ownedParameter - >select(direction=ParameterDirectionKind::_'in' or
direction=ParameterDirectionKind::inout)

1 outputParamets() :Parametef0..*]
The out, inout and return ownedParameters.

body: ownedParameter - >select(direction=ParameterDirectionKind::out or
direction=ParameterDirectionKind::inout or direction=ParameterDirectionKind::return)

Constraints

1 most_one_behavior
There may be at most one Behavior for a given pairing of BehavioredClassifier (as owner of the Behavior) and
BehavioralFeature (as specification of the Behavior).

inv: specification <> null implies _'context'.ownedBehavior -
>s elect(specification=self.specification) ->size() =1

i parameters_match
If a Behavior has a specification BehavioralFeature, then it must have the same number of ownedParameters as its
specification. The Behavior Parameters must also "match” the Behaviaratar Parameters, but the exact
requirements for this matching are not formalized.

inv: specification <> null implies ownedParameter - >size() = specification.ownedParameter - >size()

1 feature_of context_classifier
The specification BehavioralFeature must eadure (possibly inherited) of the context BehavioredClassifier of the
Behavior.

inv: _'context'.feature - >includes(specification)

CallEvent [Class]

Description

A CallEvent models the receipt by an object of a message invoking a eall@pberation.

Diagrams

Events
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Generalizations
MessageEvent

Association Ends

1 operation Operation1..1] (oppositeA_operation_callEvent::callEvent
Designates the Operation whose invocation raised the CalEvent.

ChangeEvent [Class]

Description

A ChangeEvent models a change in the system configuration that makes a condition tr

Diagrams

Events

Generalizations

Event

Association Ends

T Dz c hange EXaueSeexificationt..1]{subsetElement::ownedElemehfopposite
A_changeExpression_changeEvenamgeEvernt
A Booleanvalued ValueSpecification that will result in a ChangeEvent whenever its value changes from false to true.

Event [Abstract Class]

Description
An Event is the specification of some occurrence that may potentially teffgets by an object.
Diagrams

Events

Generalizations

PackageableElement

Specializations

ChangeEveniMessagg&vent TimeEvent
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FunctionBehavior [Class]

Description

A FunctionBehavior is an OpaqueBehavior that does not access or modify any objects or other external data.

Diagrams

Behaviors

Generalizations

OpagueBehavior

Operations

1

hasAllDataTypeAttributes(dDataTyp¢ : Boolean
The hasAllDataTypeAttributes query tests whether the types of the attributes of the given DataType are all DataTypes,
and similarly for all those DataTypes.

body: d.ownedAttribute - >forAll(a |
a.type.ocllsKindOf(DataType) and
hasAllDataTypeAttributes(a.typ e.oclAsType(DataType)))

Constraints

one_output_parameter
A FunctionBehavior has at least one output Parameter.

inv: self.ownedParameter ->
select(p | p.direction = ParameterDirectionKind::out or p.direction= ParameterDirectionKind::inout
or p.direction= ParameterDirectionKind::return) ->size() >=1

types_of_parameters
The types of the ownedParameters are all DataTypes, which may not nest anything but other DataTypes.

inv: ownedParameter - >forAll(p | p.type <> null and
p.type.oclisTypeOf(DataType) and has AllDataTypeAttributes(p.type.oclAsType(DataType)))

MessageEvent [Abstract Class]

Description

A MessageEvent specifies the receipt by an object of either an Operation call or a Signal instance.

Diagrams

Events

Generalizations

Event
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Specializations

AnyReceiveEventCallEvent SignalEvent

OpaqueBehavior [Class]

Description

An OpaqueBehavior is a Behavior whose specification is given in a textual language other than UML.

Diagrams

Behaviors

Generalizations

Behavior

Specializations

FunctionBehavior

Attributes

1 body :String[0..*]
Specifies the behavior in one or more languages.

1 language String[0..*]

Languags the body strings use in the same order as the body strings.

SignalEvent [Class]

Description
A SignalEvent represents the receipt of an asynchronous Signal instance.
Diagrams
Events
Generalizations
MessageEvent

Association Ends

1 signal :Signal[1..1] (oppositéA_signal_signalEvent::signalEvegnt
The specific Signal that is assoeidtwith this SignalEvent.
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TimeEvent [Class]

Description

A TimeEvent is an Event that occurs at a specific point in time.

Diagrams

Events

Generalizations

Event

Attributes

1 isRelative :Boolean[1..1] = false
Specifies whether the TimeEvent is specified as an absolute or relative time.

Association Ends

1 Dz w hEnmmeExpressiofl..1]{subset€lement::ownedElemeh{oppositeA_when_timeEvent::timeEvent
Specifies the time of the TimeEvent.

Constraints

1 when_non_negative
The ValueSpecification wimemust return a nenegative Integer.

inv: when.integerValue() >= 0
Trigger [Class]

Description

A Trigger specifies a specific point at which an Event occurrence may trigger an effect in a Behavior. A Trigger mafidue quali
by the Port orwhich the Event occurred.

Diagrams

Events Behavior State Machinefccept Event Actions

Generalizations

NamedElement
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Association Ends

1 event :Event[1..1] (oppositeA_event_trigger::trigggr
The Event that detected by the Trigger.

1 port:Port[0..*] (oppositeA_port_trigger::triggex
A optional Port of through which the given effect is detected.

Constraints

1 trigger_with_ports
If a Trigger specifies one or more ports, therg\a the Trigger must be a MessageEvent.

inv: port - >notEmpty() implies event.ocllsKindOf(MessageEvent)
13.5Association Descriptions

A_changeExpression_changeEvent [Association]

Diagrams

Evers

Owned Ends

1 changeEventChangeEveni0..1[{subsetElement::ownér(oppositeChangeEvent::changeExpresgion

A_context_behavior [Association]

Diagrams

Behaviors

Owned Ends

1 behavior Behavior[0..*[{subsetsA_redefinitionContext_redefinableElement::redefinableElen@mposite
Behavior::context

A _event_trigger [Association]

Diagrams

Events
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Owned Ends

1 trigger :Trigger[0..*] (oppositeTrigger::event

A_operation_callEvent [Association]

Diagrams

Events

Owned Ends

1 callEvent :CallEvent[0..*] (oppositeCallEvent::operation

A_ownedParameterSet_behavior [Association]

Diagrams

Behaviors

Owned Ends

91 behavior Behavior[0..1]{subsetdNamedElement::namespadeppositeBehavior::ownedParameteryet

A_ownedParameter_behavior [Association]

Diagrams

Behaviors

Owned Ends

1 behavior Behavior[0..1]{subsetdNamedElement::namespaddeppositeBehavior::ownedParamejer

A_port_trigger [Association]

Diagrams

Events
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Owned Ends

1 trigger :Trigger[0..*] (oppositeTrigger::por)

A_postcondition_behavior [Association]

Diagrams

Behaviors

Owned Ends

1 behavior Behavior[0..1]{subsetLonstraint::conte}t(oppositeBehavior::mstcondition

A_precondition_behavior [Association]

Diagrams

Behaviors

Owned Ends

1 behavior :Behavior[0..1]{subsetLonstraint::conte}t(oppositeBehavior::precondition

A_redefinedBehavior_behavior [Association]

Diagrams

Behavias

Owned Ends

1 behavior Behavior[0..*}{subsetsA_redefinedClassifier classifier::classifi€oppositeBehavior::edefinedBehavigr

A_signal_signalEvent [Association]

Diagrams

Events
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Owned Ends

1 signalEvent SignalEven{0..*] (oppositeSignalEvent::signal

A_when_timeEvent [Association]

Diagrams

Events

Owned Ends

1 timeEvent TimeEvent0..1]{subsetElement::owner (oppositeTimeEvent::wheh
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14 StateMachines

14.1 Summary

The StateMachines package defines a set of concepts that can be used for modeling diseteteesvBehaviors using a finite
statemachine formalism. In addition to expressing the Behavior of parts of a system (e.g., the Behavior of Classifier instances),
state machines can also be used to express the valid interaction sequencgsptadield for parts of a system. These two kinds

of StateMachines are referred tobehavior state machinesdprotocol state machinagspectively

The specific form of finite state automata used in UML is based on an-@bjeét e nt ed v ar i astatechat§ Davi d
formalism.

14.2 Behavior StateMachines

14.2.1 Summary

Behavior StateMachines can be used to specify any of the following:

A TheclassifierBehavior of an active Class.

A An ownedBehavior of a BehavioredClassifier that is not thessifierBehavior of that BehavicedClassifier.
A A standalone Behavior, that is, one that does not have a corresponding BehavioredClassifier.
A

A method corresponding to a BehavioralFeature (i.e., an Operation or a Reception).
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14.2.2 Abstract Syntax

cerumerstions pp——
£ TransitionKind PseudostateKind
internal initial
local deepHistary
+ submaching StateMachine external shallovHistory
0.1 jain
Fark
{subsets namespace} junction
+ stateMachine chaice
- entryPoint
0.1 exitPoink
0 1‘}+ stateMachine * terminate

{subsets namespace}

{subsets ownedMernber}
+ region |1..%
{subsets namespace} {subsets namespacet
+ container Regi + contaner
gion
HNamedElement 0.1 1

Fi
{subsats ownedMernber}
*| + region
. {subsets ownedMembert {subsets ownediember} | &
+ subvertaxt . {r?_adon\y} + transition
+ targel + fincoming L [subsets awner}
Vertex 1 * Transition + transition

eadOnly} |+ Transiionking = extermal g

+ source + foutgoirg 0.1

1 0

Lsubsets ownert ' ’ {subsats context}
+ transition 0.1 0..1 |+ transition
{subsets ownedElement} o1 {subseés ownedRule}:
+ connectionPaointReference + trigger - Lyt g

ConnectionPointReference
0.1 [ trigger | [ Constraint |
{subsets ownedRule}:
+ cDmnect\DnPUmtRefErEmcle {SUhSEEdDE\.'%’;?%EﬁEEg " 0.1 + statelnvariant
+ connection | *
{subsets ownedMernberk {subsets
namespat\:ti} - Fi fsubhsets ownedElsrment}
{subsets ownedMember} + state | 0.
+ connectionPoint | * |+ entry * [+ et {subsets namespacel + state 0. 1 3 {subsets owner} 0.1 | + effect
{subsets ownedMember} State ’F Behavior
Pseudostate |,_+ conrectioriont O el  TsComposits  Baclan = Falss readon}
[+ kind : Pseudnstatekind = initial " + state + fisOrthoganal : Boolean = False {readonlyt {subsets context}
{subsets namespace} | + jissimple : Boolean = true freadnly} + owningState
+ fisSubmachineState : Boolean = false {readOnly} 0.1
{subsets owner}  {subsets ownedElement}
. + state + entry.
+ submachineState -
w 0.1 01
fsubsets owner) {subsets ownedElement]
+ exit
oL 0.1
{subsets owner} {subsets ownedElernent}
+ state + doactivit
Fa) oL 0.1

Figure 14.1 Behavior StateMachines

14.2.3 Semantics

StateMachine

A behaviorStateMachine comprises one or more Regions, each Region containing a graph (possibly hierarchical) comprising a
set of Vertices interconnected by arcs representing Transitions. Stelténe execution is triggered by appropriate Event
occurrences. A particular execution of a StateMachine is represented by a set of valid path traversals through oneggzrmore Re
graphs, triggered by the dispatching of an Event occurrencen#iiahactive Triggers in these graphs. The rules for matching
Triggers are described below. In the course of such a traversal, a StateMachine instance may execute a potentially complex
sequence of Behaviors associated with the particular elements of the grajgine behg traversed (transitieffects, stateentry

and statexit Behaviors, etc.)

If the StateMachine has a kind of BehavioredClassifier context, then that Classifier defines which Signal and CallEersnt trigg
are applicable to that StateMachine, aridoly Features are available to the Behaviors owned by the StateMachine. Signal
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Triggers and CallEvent Triggers for the StateMachine are defined according to the Receptions and Operations of this Classifie
respectively. These Features may be used to defassage event Triggers of the StateMachine.

If the StateMachine has no BehavioredClassifier context (i.e., it is a-atamel Behavior), then its Triggers do not need to be tied
to any Receptions or Operations of some Classifier. For example, sudkbMedtaine might be defined as a Template with its
Triggers defined as TemplateParameters. Such a StateMachine can then be reused withdiféer&@assifiers by binding
appropriate CallEvent or SignalEvent Triggers to these TemplateParameters.

In situations where a StateMachine specifiesnibgod of a BehavioralFeature (Operation or Reception), the Parameters of the
StateMachine shall match the Parameters of the BehavioralFeature (see sub3cfagsé his is themeans by which the
StateMachine execution accesses the Parameters of the BehavioralFeature. Otherwise, the method by which an executing
StateMachine instance accesses the dispatched Event occurrence and its associated data is not definedL@ee Clause

By definition, invocations of StateMachine executions result in triggered effects (see sull8l8u3eand, hence, there is an
associated event pool with such an execution. The event paSitateMachine execution belongs to eithesoitgxt Classifier
object or, if the StateMachine definesi@hod of a BehavioralFeature, to the instance of the Classifier owning the
BehavioralFeature.

Due to its eventlriven nature, a StateMachine exéeontis eithelin transitor in state alternating between the two. It is in transit
when an event is dispatched that matches at least one of its associated Triggers. While in transit, it may executef a number o
Behaviors associated with the paths it isrigk

NOTE. A StateMachine execution may be executing Behaviors even when it has settled in a stable state configuration, in case
where there areoActivity Behaviors associated with its active state configuration.

Regions

A Region denotes a behavior fragnt that may execute concurrently with its orthogonal Regions. Two or more Regions are
orthogonal to each other if they are either owned by the same State or, at the topmost level, by the same StateMadbime. A Reg
becomesctive(i.e., it begins executp) either when its owning State is entered or, if it is directly owned by a StateMachine (i.e.,
it is a top level Region), when its owning StateMachine starts executing. Each Region owns a set of Vertices and Transitions,
which determine the behaviorab¥l within that Region. It may have its ovnitial Pseudostate as well as its own FinalState.

A default activatiorof a Region occurs if the Region is entered implicitly, that is, it is not entered through an incoming Transition
that terminates on one i component Vertices (e.g., a State arseory Pseudostate), but either

1 through alpcal or external) Transition that terminates on the containing State or,
1 in case of a top level Region, when the StateMachine starts executing.

Default activatiormeans that execution starts with the Transition originating froninitial Pseudostate of the Region, if one is
defined. No one approach is defined for the case when theréngialo Pseudostate exists within the Region. One possible
approach is to deethe model ill defined. An alternative is that the Region remains inactive, although the State that contains it is
active. In other words, the containing composite State is treated as a simple (leaf) State.

Conversely, amexplicit activationoccurs when®& e gi on i s entered by a Transition ter
Vertices. When one Region of an orthogonal State is activated explicitly, this will result in the default activatiohitsf all o
orthogonal Regions, unless those Regions laeentered explicitly (multiple orthogonal Regions can be entered explicitly in
parallel through Transitions originating from the sgoré Pseudostate).

Vertices

Vertex is an abstract class that captures the common characteristics for a variegreftdifincrete kinds of nodes in the
StateMachine graph (States, Pseudostates, or ConnectionPointReferences). With certain exceptions described below, a Verte
can be theource and/ortarget of any number of Transitions. The semantics of a Vertex deperige concrete kind of node it
represents. In general, Pseudostates and ConnectionPointReferencassiies in the sense that a compound transition
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execution simply passes through them, arriving oma@ming Transition and leaving on aiatgoing Transition without pause.
State and FinalState, however, represtaibleVertices, such that, when a StateMachine execution enters them it remains in them
until either some Event occurs that triggers a transition that moves it to a different Statetatetdachine is terminated.

The semantics of individual types of Vertices are described below.

States

A State models a situation in the execution of a StateMachine Behavior during which some invariant condition holds. In most
cases this condition is nax@icitly defined, but is implied, usually through the name associated with the State. For example, in

Figurel434, whi ch models the behavior of a telephone unit, th
telephone is and is not being used, respectively. This example also illustrates the fact that a State need not necessardy repres
fully static situation, as there is clearly somethrodughowi | e
al | that activity the telephone remains in use (i .e., fi a

Kinds of States
The following kinds of States are distinguished:
1 simpleState isSimple = true)
I compositeState {sComposite = true)
I submachinétate sSubmachineState = true)

A simple State has no internal Vertices or Transitions. A composite State contains at least one Region, whereas a submachine
State refers to an entire StateMachine, which i s, chencep
either a simple composite State with exactly one Region or an orthogonal State with multiple Regjibbgogal = true). For

example, irFigure14.8, State ACourseAttempto i s an exampgreasStatd a ¢ o mg
AStudyingd is a composite State that contains three Regi

Any State enclosed within a Region of a composite State is cadigldstateof that composite State. It is calledliaect substate
when it is not contained in any other State; otlige, it is referred to as andirect substate

State configurations

In general, a StateMachine can have multiple Regions, each of which may contain States of its own, some of which may be
composites with their own multiple Regions, etc. Consequenflyaa t i cul ar fAstated of an exec.tl
represented by one or more hierarchies of States, starting with the topmost Regions of the StateMachine and down through the
composition hierarchy to the simple,leaf, States. Similarly, we catalk about such a hierarchy of substates within a composite
State. This complex hierarchy of States is referred tostete configuratiorfof a State or a StateMachirmy example, one valid

state configuration for an execution of the StateMachine depicted in Figure 14.8 is: <CourseAttempt - Studying i (Studying::Lab2,

Studying::TermProject, Studying::FinalTest)>. An executing StateMachine instance can only be in exactly one state configuration at a
time, which is referred tas itsactivestate configurationStateMachine execution is represented by transitions from one active
state configuration to another in response to Event occurrences that match the Triggers of the StateMachine.

A State is said to be active if it is paf the active state configuration.
A state configuration is said to be stable when:
1 no further Transitions from that state configuration are enabled and

1 all theentry Behaviors of that configuration, if present, have completed (but not necessasibpdtiety Behaviors of
that configuration, which, if defined, may continue executing).

State entry, exit, and doActivity Behaviors
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A State may have an associatady Behavior. This Behavior, if defined, is executed whenever the State is entered through an
external Transition. In addition, a State may also have an asso@sat@&khavior, which, if defined, is executed whenever the
State is exited.

A State may also have an associatexttivity Behavior. This Behavior commences execution when the Statgesed (but only
after the Statentry Behavior has completed) and executes concurrently with any other Behaviors that may be associated with th
State, until:

1 it completes (in which case a completion event is generated) or
9 the State is exited, in whiclase execution of théActivity Behavior is aborted.
State history

The concept of Stateistorywas introduced by David Harel in the original statechart formalism. It is a convenience concept
associated with composite States whereby a State keeps tthekstdte configuration it was in when it was last exited. This
allows easy return to that same state configuration, if desired, the next time the State becomes active (e.g., afiéraeturnin
handling an interrupt), or if there is a local Transitiotihwi the composite state that returns to its history. This is achieved simply
by terminating a Transition on the desired type of history Pseudostate inside the State. The advantage provided iby ithis facil
that it eliminates the need for users to ediflli keep track of history in cases where this type of behavior is desired, which can
result in significantly simpler state machine models.

Two types of history Pseudostates are proviflezkp history(deepHistory) represents thiill state configuratioof the most
recent visit to the containing State. The effect is the same as if the Transition terminatingeepHh&ry Pseudostate had,
instead, terminated on the innermost State of the preserved state configuration, including executiofy @ettlaviors
encountered along the weyhallow history(shallowHistory) represents a return to only ttopmost substatef the most recent
state configuration, which is entered using the default entry rule.

In cases where a Transition terminates on tjig?seudostate when the State has not been entered before (i.e., no prior history)
or it had reached its FinalState, there is an option to force a transition to a specific substate, dsfaglthéstory mechanism

This is a Transition that originatén the history Pseudostate and terminates on a specific Vertale{that history stafeof the

State containing the history Pseudostate. This Transition is only taken if execution leads to the history Pseudost&tatand the
had never been activefbee. Otherwise, the appropriate history entry into the State is executed (see above). If no default history
Transition is defined, then standard default entry of the State is performed as explained below.

Deferred Events

A State may specify a set of/ént types that may be deferred in that State. This means that Event occurrences of those types wi
not be dispatched as long as that State remains active. Instead, these Event occurrences remain in the event pool until:

9 a state configuration is reachetiave these Event types are no longer deferred or,

9 if a deferred Event type is used explicitly in a Trigger of a Transition whose source is the deferring State (i.e., a kind of
override option).

An Event may be deferred by a composite State or submacdfaitess 3n which case it remains deferred as long as the composite
State remains in the active configuration.

Entering a State

The semantics of entering a State depend on the type of State and the manner in which it is entered. However, ihall cases, t
entry Behavior of the State is executed (if defined) upon entry, but only aftesffesiyBehavior associated with the incoming
Transition is completed. Also, ifdActivity Behavior is defined for the State, this Behavior commences execution immediately
after theentry Behavior is executed. It executes concurrently with any subsequent Behaviors associated with entering the State,
such as thentry Behaviors of substates entered as part of the same compound transition.
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The above description fully coversat case ofimple States. Fotomposite States with a single Region the following alternatives
exist:

1 Default entry This situation occurs when the composite State is the dirgatof a Transition (graphically, this is
indicated by an incoming Trangiti that terminates on the outside edge otth@osite State). After executing thentry
Behavior and forking a possibdeActiviy Behavior execution, if amitial Pseudostate is defined, State entry continues
from that Vertex via its outgoing Transitigknown as the default Transition of the State). Ifntal Pseudostate is
defined, there is no single approach defined. One alternative is to treat such a model as ill formed. A second alternativ
to treat the composite State as a simple Statajriating the traversal on that State despite its internal parts.

1 Explicit entry If the incoming Transition or its continuations terminate on a directly contained substate of the composite
State, then that substate becomes active aaatigBehavior isexecuted after the execution of #ery Behavior of the
containing composite State. This rule applies recursively if the Transition terminates on an indirect (deeply nested)
substate.

9 Shallow history entryif the incoming Transition terminates ostallowHistory Pseudostate of the composite State, the
active substate becomes the substate that was most recently active prior to this entry, unless:

o the most recently active substate is the FinalState, or
o thisis the first entry into this State.

o Inthe htter two cases, if a default shallow history Transition is defined originating froshdin@vHistory
Pseudostate, it will be taken. Otherwise, default State entry is applied.

1 Deep history entryThe rule for this case is the same as for shallow higxegpt that thearget Pseudostate is of type
deepHistory and the rule is applied recursively to all levels in the active state configuration below this one.

1 Entry point entryIf a Transition enters @émposite State through aentryPoint Pseudostatehén theeffect Behavior
associated with the outgoing Transition originating from the entry point and penetrating into the State (buteafiter the
Behavior of the composite State has been executed).

If the composite State is also an orthogonal Statle muitltiple Regions, each of its Regions is also entered, either by default or
explicitly. If the Transition terminates on the edge of the composite State (i.e., without entering the State), thRegilbtiseare
entered using the default entry rule abol the Transition explicitly enters one or more Regions (in case of a fork), these
Regions are entered explicitly and the others by default.

Exiting a State

When exiting a State, regardless of whether it is simple or composite, the final step inwdhedxit,after all other Behaviors
associated with the exit are completexdithe execution of thexit Behavior of that State. If the State hawactivity Behavior that
is still executing when the State is exited, that Behavior is abbefedethe exit Behavior commences execution.

When exiting from a composite State, exit commences with the innermost State in the active state configuration. Thiat means tt
exit Behaviors are executed in sequence starting with the innermost active State. ilf tleewes through aexitPoint
Pseudostate, then thgt Behavior of the State is executed afterditet Behavior of the Transition terminating on the exit point.

When exiting from an orthogonal State, each of its Regions is exited. After thatii Behavior of the State is executed.
Encapsulated composite States

In some modeling situations, it is useful to encapsulate a composite State, by not allowing Transitions to penetratealirectly
the State to terminate on one of its internal Verti@ae common use case for this is when the internals of a State in an abstract
Classifier are intended to be specified differently in different subtype refinements of the abstract Classifier.) Despite the
encapsulation, it is often necessary to bind therimal elements of the composite State with incoming and outgoing Transitions.
This is done by means of entry and exit points, which are realized \dattfieoint andexitPoint Pseudostates.
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Entry pointsrepresent termination pointso(rces) for incomirg Transitions and origination pointarfets) for Transitions that
terminate on some internal Vertex of the composite State. In effect, the latter is a continuation of the external incoming
Transition, with the proviso that the execution of ¢hey Behavior of the composite State (if defined) occurs betweenitae
Behavior of the incoming Transition and titect Behavior of the outgoing Transition. If there is no outgoing Transition inside
the composite State, then the incoming Transition simpffippas a default State entry.

Exit points are the inverse of entry points. That is, Transitions originating from a Vertex within the composite Stateirtzie te
on the exit point. In a welormed model, such a Transition should have a correspondingnabd@ansition outgoing from the
same exit point, representing a continuation of the terminating Transition. If the composite Statexh8ghavior defined, it is
executed after amaffect Behavior of the incoming inside Transition and before eifayt Behavior of the outgoing external
Transition.

Submachine States and submachines

Submachines are a means by which a single StateMachine specification can be reused multiple times. They are similar to
encapsulated composite States in that they needidartoming and outgoing Transitions to their internal Vertices. However,
whereas encapsulated composite States and their internals are contained within the StateMachine in which they are defined,
submachines are, like programming language macros, diB&éztvior specifications, which may be defined in a different

context than the one where they are used (invoked). Consequently, they require a more complex binding. This is aclgbved thro
the concept osubmachine Stafge., States withsSubmachineState = true), which represent references to corresponding

submachine StateMachines. The concept of ConnectionPointReference is provided to support binding between the submachin
State and the referenced StateMachine. A ConnectionPointReference repreegiterathe submachine State at which a
Transition either terminates or originates. That is, they serve as targets for incoming Transitions to submachinensthées, as
sources for outgoing Transitions from submachine States. Each ConnectionPoinit®eiferaatched by a corresponding entry

or exit point in the referenced submachine StateMachine. This provides the necessary binding mechanism between the
submachine invocation and its specification.

A submachine State implies a madit@ insertion of thespecification of the corresponding submachine StateMachine. It is,
therefore, semantically equivalent to a composite State. The Regions of the submachine StateMachine are the Regions of the
composite State. Thantry, exit, andeffect Behaviors anthternal Transitions are defined as contained in the submachine State.

NOTE. Each submachine State represents a distinct instantiation of a submachine, even when two or more submachine States
reference the same submachine.

A submachine StateMachine can be entefia its defaultigitial) Pseudostate or via any of its entry points (i.e., it may imply
entering a notorthogonal or an orthogonal composite State with Regions). Entering viatiiéd®seudostate has the same
meaning as for ordinary composite Staf@s.entry point is equivalent tojanction Pseudostatedrk in cases where the
composite State is orthogonal): Entering via an entry point implies thattth8ehavior of the composite state is executed,
followed by the Transition from the entry poiotthe target Vertex within the composite State. Amyds associated with these
entry point Transitions must evaluatertiee in order for the specification to be well formed.

Similarly, a submachine Statemachine can be exited as a result of:
1 reachingts FinalState,
9 triggering of a group Transition originating from a submachine State, or
1 via any of its exit points.

Exiting via a FinalState or by a group Transition has the same meaning as for ordinary composite States.

ConnectionPointReference

As noed above, a connection point reference represents a usage (as part of a submachine State) of an entry/exit point defined
the StateMachine referenced by the submachine State. Connection point references of a submachine State can be used as
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sources/targstof Transitions. They represent entries into or exits out of the submachine StateMachine referenced by the
submachine State.

Connection point references are sources/targets of Transitions implying exits out of/entries into the submachine StateMachine
referenced by a submachine State.

An entry point connection point reference as the target of a Transition implies thagdahef the Transition is thentryPoint
Pseudostate as defined in the submachine of the submachine State. As a result, the Rbgisanbrofichine StateMachine are
entered through the correspondangryPoint Pseudostates.

An exit point connection point reference as the source of a Transition implies thairthef the Transition is the exit point
Pseudostate as defined in thémiachine of the submachine State that has the exit point connection point defined. When a Regio
of the submachine StateMachine reaches the corresponding exit point, the submachine state is exited via this exit point.

FinalState

FinalState is a special ldrof State signifying that the enclosing Region has completed. Thus, a Transition to a FinalState
represents the completion of the behaviors of the Region containing the FinalState.

Pseudostate and PseudostateKind

A Pseudostate is an abstraction thatbemgasses different types of transient Vertices in the StateMachine graph. Pseudostates ar
generally used to chain multiple Transitions into more compdexpound transitionésee below). For example, by combining a
Transition entering &rk Pseudostate ith a set of Transitions exiting that Pseudostate, we get a compound Transition that can
enter a set of orthogonal Regions.

The specific semantics of a Pseudostate depend on the kind of Pseudostate, which is defikied dtyritaite of type
Pseudostaind. The following describes the different kinds and their semantics:

A initial - An initial Pseudostate represents a starting point for a Region; that is, it is the point from which execution of its
contained behavior commences when the Region is entiere@gfault activation. It is theurce for at most one
Transition, which may have an associadett Behavior, but not an associatégger or guard. There can be at most one
initial Vertex in a Region.

A deepHistory T This type of Pseudostate is adiof variable that represents the most recent active state configuration of
its owning State. As explained above, a Transition terminating on this Pseudostate implies restoring the State to that
same state configuration, but with all the semantics ofiegta State (see the Subclause describing State entry). The
entry Behaviors of all States in the restored state configuration are performed in the appropriate order starting with the
outermost State. AeepHistory Pseudostates can only be defined for cositp States and, at most one such Pseudostate
can be contained in a composite State.

A shallowHistory i As explained above, this type of Pseudostate is a kind of variable that represents the most recent active
substate of its containing State, but not thiessates of that substate. A Transition terminating on this Pseudostate
implies restoring the composite State to that substate with all the semantics of entering a State. A single outgoing
Transition from this Pseudostate may be defined terminating dostasel of the composite State. This substate is the
default shallow history statef the composite State. #hallowHistory Pseudostates can only be defined for composite
States and, at most one such Pseudostate can be included in a composite State.

A join i This type of Pseudostate serves as a comangs Vertex for two or more Transitions originating from Vertices in
different orthogonal Regions. Transitions terminating gnraPseudostate cannot haveguard or atrigger. Similar to
junction points in Btri netsjoin Pseudostates perform a synchronization function, whereby all incoming Transitions
have to complete before execution can continue through an outgoing Transition.

A fork i fork Pseudostates serve to split an incoming Transition into two or Tmansitions terminating on Vertices in
orthogonal Regions of a composite State. The Transitions outgoing fromRseudostate cannot haveguard or a
trigger.
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A junction i This type of Pseudostate is used to connect multiple Transitions into compathadptween States. For
example, gunction Pseudostate can be used to merge multiple incoming Transitions into a single outgoing Transition
representing a shared continuation path. Or, it can be used to split an incoming Transition into multiple outgoing
Transition segments with differegiard Constraints.

NOTE. Suchguard Constraints are evaluatbgforeany compound transition containing this Pseudostate is executed,
which is why this is referred to asstaticconditional branch.

It may happen thafor a particular compound transition, the configuration of Transition pathguantvalues is such

that the compound transition is prevented from reaching a valid state configuration. In those cases, the entire compour
transition is disabled even thouiyh Triggers are enabled. (As a way of avoiding this situation in some cases, it is
possible to associate a predefigedddd e not ed as fiel sed with at most one ol
enabled if all the guards attached to the other Tiiansievaluate tealse). If more than onguard evaluates tarue, one

of these is chosen. The algorithm for making this selection is not defined.

A choice T This type of Pseudostate is similar tection Pseudostate (see above) and serves similar e pwith the
difference that thguard Constraints on all outgoing Transitions are evaludigthmically when the compound
transition traversal reaches this Pseudostate. Consequ@ntly, is used to realize a dynamic conditional branch. It
allows spliting of compound transitions into multiple alternative paths such that the decision on which path to take may
depend on the results of Behavior executions performed in the same compound transition prior to reaching the choice
point. If more than one guaaValuates terue, one of the corresponding Transitions is selected. The algorithm for
making this selection is not defined. If none of §h&ds evaluates terue, then the model is considered ill formed. To
avoid this, it is recommended to defineonée@ioi ng Tr ansi ti on yuardtfohevaryjaheicepr ed e f i
Pseudostate.

A entryPoint i An entryPoint Pseudostate represents an entry point for a StateMachine or a composite State that provides
encapsulation of the insides of the State or StateMachireach Region of the StateMachine or composite State owning
theentryPoint, there is at most a single Transition from the entry point to a Vertex within that Region.

NOTE. If the owning State has an associatedy Behavior, this Behavior is executbdfore any behavior associated
with the outgoing Transition. If multiple Regions are involved, the entry point act®asRseudostate.

A exitPoint T An exitPoint Pseudostate is an exit point of a StateMachine or composite State that provides ermaps$ulati
the insides of the State or StateMachine. Transitions terminating on an exit point within any Region of the composite
State or a StateMachine referenced by a submachine State implies exiting of this composite State or submachine Stat
(with executiorof its associateexit Behavior). If multiple Transitions from orthogonal Regions within the State
terminate on this Pseudostate, then it acts likehaPsuedostate.

A terminate i Entering aerminate Pseudostate implies that the execution of the Stateiads terminated immediately.
The StateMachine does not exit any States nor does it perforaxisRghaviors. Any executingpActivity Behaviors are
automatically aborted. Enteringeaminate Pseudostate is equivalent to invoking a DestroyObjectAction

Transitions

A Transition is a single directed arc originating from a sirglece Vertex and terminating on a singieget Vertex (thesource
andtarget may be the same Vertex), which specifies a valid fragment of a StateMachine Behavior. It may dsscciatedffect
Behavior, which is executed when the Transition is traversed (executed).

NOTE. The dur ation of a Transition traversal i s undefined,
andnori zer oo t i me.

Transitiors are executed as part of a more comptarpound transitiothat takes a StateMachine execution from one stable state
configuration to another. The semantics of compound transitions are described below.

In the course of execution, a Transition instancaid to be:
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1 reached when execution of its StateMachine execution has reachedrits Vertex (i.e., itsource State is in the active
state configuration);

91 traversed when it is being executed (along with any associetted Behavior); and
1 completedafter it has reached itsget Vertex.

A Transition may own a set of Triggers, each of which specifies an Event whose occurrence, when dispatched, may trigger
traversal of the Transition. A Transitiafyger is said to beenabledf the dispatched Evémccurrence matches its Event type.

Transition kinds relative to source

The semantics of a Transition depend on its relationship to its source Vertex. Three different possibilities are dedfimiag dep
on the val ue lndattibitee Transi ti onds

1 kind = external means that the Transition exits its source Vertex. If the Vertex is a State, then executing this Transition
will result in the execution of any associated exit Behavior of that State.

1 «kind = local is the opposite of external, meaning ttreg Transition does not exit its containing State (and, hence, the exit
Behavior of the containing State will not be executed). However, for local Transitions the target Vertex must be differer
from its source Vertex. A local Transition can only existivita composite State.

1 «kind = internal is a special case of a local Transition that is atsaifsition (i.e., with the same source and target States),
such that the State is never exited (and, thus, petitered), which means that no exit or entry 8atrs are executed
when this Transition is executed. This kind of Transition can only be defined if the source Vertex is a State.

High-level (group) Transitions

Transitions whoseource Vertex is a composite States are caliggh-levelor group Transitins. If they arexternal, group
Transitions result in the exiting of all substates of the composite State, executing any eefBethaviors starting with the
innermost States in the active state configuration. In caseabTransitions, thexit Behaviors of thesource State and thentry
Behaviors of thearget State will be executed, but not those of the containing State.

Completion Transitions and completion events

A special kind of Transition is a completion Transition, which has an implicgedrigr he event that enables this trigger is called
acompletion everdnd it signifies that all Behaviors associated withsthece State of the completion Transition have completed
execution. In case of simple States, a completion event is generatethetassociateehtry anddoActivity Behaviors have

completed executing. If no such Behaviors are defined, the completion event is generated upon entry into the StatesiE®r compc
or submachine States, a completion event is generated under the folbinsingstances:

1 Allinternal activities (e.g.entry anddoActivity Behaviors) have completed execution, and
9 if the State is a composite State, all its orthogonal Regions have reached a FinalState, or
1 if the State is a submachine State,dlitenachine StatéMachine execution has reached a FinalState.

Completion events have dispatching priority. That is, they are dispatched ahead of any pending Event occurrences in the even
pool. Completion of all top level Regions in a StateMachine corresponds to a compfatie Behavior of the StateMachine and
results in its termination.

Transition guards

A Transition may have an associatgdrd Constraint. Transitions that haveuward which evaluates to false are disabled. Guards
are evaluated before the compoundhgiton that contains them is enabled|ess they are on Transitions that originate from a
choice Pseudostateln the latter case, thyards are evaluated when the choice point is reached. A Transition that does not have
an associateguard is treated af it has aguard that is alwaysrue.
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NOTE. A completion Transition may also haveguard.

A guard constraint may involve tests of orthogonal States of the current StateMachine, or explicitly designated States of some
reachabl e obj ecttat(eflodor oerx afinmpolte ,i niiStt a3 e20) . State names ma
Regions that contain them, yielding pathnames of thee for
the same State name occurs in differemhposite State Regions.

Compound transitions

As noted earlier, when an Event occurrence triggers an enabled Transition or a StateMachine execution is createdtjdbés can in
traversal of a set of connected and nested Transitions and Vertices urtibasttte configuration is reached. In the general case,
a trace of this traversal, known as@npound transitioncan be represented by an acyclical directed graph. The root (source) of
this graph can be one of the following:

1 A Transition with one or mer Triggers defined.
1 A completion Transition.

1 Asetof Transitions (including, possibly, completion Transitions) originating from different orthogonal Regions that
converge on a commg@ein Pseudostate.

1 A Transition originating from amitial Pseudostatef the topmost Region (i.e., a Region owned by the StateMachine);
this variant applies only to cases when the StateMachine instance is created.

Branching in a compound transition execution occurs whenever an executing Transition performs a defaut artate with
multiple orthogonal Regions, with a separate branch created for each Region, orfevhd?saudostate is encountered. The

overall behavior that results from the execution of a compound transition is a partially ordered set of exd@eioagiars

associated with the traversed elements, determined by the order in which the elements (Vertices and Transitions) ae&lencounte
For example, if a Transition entering a compound State terminates on a substate of that StatesfteB&mavior of the

Transition would be executed before the execution oértagBehavior of the compound State, followed by éhey Behavior of

the substate. If rk Pseudostate is encountered in the traversal, thestébielBehaviors of the individualwggoing branches are,

at least conceptually, executed concurrently with each other.

If a choice or join point is reached with multiple outgoing Transitions wgihrds, a Transition whosguard evaluates tarue will

be taken. If more than oeard evaludes totrue, one of these Transitions is chosen for continuing the traversal. The algorithm
for making this selection is undefined. In case of Transitions originating frowiee Pseudostate, if nguards evaluate tdrue

when the Pseudostate is reactbd,model is ill formed.

Transition ownership

The owner of a Transition is not explicitly constrained, though the Region in which it is contained must be owned directly or
indirectly by the owning StateMachine. A suggested owner of a Transition is thé.&&A Common Ancestor of the source and
target Vertices (see below).

Event Processing for StateMachines
The runto-completion paradigm

The processing of Event occurrences by a StateMachine execution conforms to the general semantics definetiinUplanse
creation, a StateMachine will perform its initialization during which it executes an initial compound transition prontpted by
creation, after which it entersvait point In case of StateMachine Behaviors, a waihpis represented by a stable state
configuration. It remains thus until an Event stored in its event pool is dispatched. This Event is evaluated andhéfsitamatc
valid Trigger of the StateMachine and there is at least one enabled Transition thatigggered by that Event occurrence, a
single StateMachinstepis executed. A step involves executing a compound transition and terminating on a stable state
configuration (i.e., the next wait point). This cycle then repeats until either the State®aompletes its Behavior or until it is
asynchronously terminated by some external agent.
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StateMachines can respond to any of the Event types described in Basseell as to completion everftee above).

NOTE. As explaned above, completion events have priority and will be dispatched ahead of any pending Event occurrences in
the event pool.

Event occurrences are detected, dispatched, and processed by the StateMachine execratiartjme
NOTE. The order of event dpatching is left undefined, allowing for varied scheduling algorithms.

This cycle is referred to as then-to-completionparadigm and the corresponding StateMachine step is caltad-to-

completion stepRurtrto-completion means that, in the absencexafeptions or asynchronous destruction of the context Classifier
object or the StateMachine execution, a pending Event occurrence is dispatchefteothe processing of the previous
occurrence is completeahd a stable state configuration has beechexd That is, an Event occurrence will never be dispatched
while the StateMachine execution is busy processing the previous one. This behavioral paradigm was chosen to avoid
complications arising from concurrency conflicts that may arise when a Stateldadbs to respond to multiple concurrent or
overlapping events.

When an Event occurrence is detected and dispatched, it may result in one or more Transiti@mabkdir firing. If no
Transition is enabled and the corresponding Event type is oty of theleferrableTriggers lists of the active state configuration,
the dispatched Event occurrence is discarded and the+eompletion step is completed trivially.

Due to the presence of orthogonal Regions, it is possible that multiple Tram§itialifferent Regions) can be triggered by the

same Event occurrence. The order in which these Transitions are executed is left undefined. Each orthogonal Regim@in the ac
state configuration that does nbottomlceomndlad nRengeisd re)d warnt hfoigroe
as a result of the current Event occurrence. When all orthogonal Regions have finished executing the Transition, Ehesotirrent
occurrence is fully consumed, and the-tarcompletion step is compld.

As mentioned above, it is possible for multiple mutually exclusive Transitions in a given Region to be enabled fortfieng by
same Event occurrence. In those cases, only one is selected and executed. Which of the enabled Transitions is chosen is
determined by the Transition selection algorithm described below.

During a Transition, a number of actions Behaviors may be executed. If such a Behavior includes a synchronous invocation ca
on another object executing a StateMachine, then the Trangijpissnot completed until the invoked object method completes
its runto-completion step.

Runto-completion may be implemented in various ways. For active Classes, it may be realized by-&opvenning in its
own thread, and that reads event ocawes from a pool. For passive Classes it may be implemented using a monitor .

IMPLEMENTATION NOTE . Runto-completion is often mistakenly interpreted as implying that an executing StateMachine
cannot be interrupted, which, of course would lead to prioritgrsion issues in some tirsensitive systems. However, this is

not the case; in a given implementation a thread executing a StateMachine step can be suspended, allowwingyitygiheeads

to run, and, once it is allocated processor time againéyriderlying thread scheduler, it can safely resume its execution and
complete its event processing.

Enabled Transitions
A Transition is enabled if and only if:
A All of its source States are in the active state configuration.

A At least one of theiggers of the Transition has an Event that is matched by the Event type of the dispatched Event
occurrence. In case of Signal Events, any occurrence of the same or compatible type as specified in the Trigger will
match. If one of the Triggers is for an AnyRed&rent, then either a Signal or CallEvent satisfies this Trigger, provided
that there is no other Signal or CallEvent Trigger for the same Transition or any other Transition having the same sourt
Vertex as the Transition with the AnyReceivEvent triggee @s013.3.7).

UML v2.5 327



A If there exists at least one full path from the source state configuration to either the target state configuration or to a
dynamicchoice Pseudostate in which afliard conditions arerue (Transitions wihoutguards are treated as if their
guards are alwaysue).

As more than one Transition may be enabled by the same Event occurrence, being enabled is a necessary but not sufficient
condition for the firing of a Transition.

Conflicting Transitions

It is possible for more than one Transition to be enabled within a StateMachine. If that happens, then such Transitidns may be
conflictwith each other. For example, consider the case of two Transitions originating from the same State, triggered by the sal
event, but with differenguards. If that event occurs and baghard conditions arerue, then at most one of those Transition can

fire in a given rurto-completion step.

Two Transitions are said to conflict if they both exit the same State, or, morsglyettiat the intersection of the set of States
they exit is norempty. Only Transitions that occur in mutually orthogonal Regions may be fired simultaneously. This constraint
guarantees that the new active state configuration resulting from executseg tifel ransitions is well formed.

An internal Transition in a State conflicts only with Transitions that cause an exit from that State.
Firing priorities

In situations where there are conflicting Transitions, the selection of which Transitions wdlbd&sed in part on an implicit
priority. These priorities resolve some but not all Transition conflicts, as they only define a partial ordering. Thespforit
conflicting Transitions are based on their relative position in the state hierarchy.iBifiagfa Transition originating from a
substate has higher priority than a conflicting Transition originating from any of its containing States.

The priority of a Transition is defined based orséigce State. The priority of Transitions chained in@mpound transition is
based on the priority of the Transition with the most deeply neste@ State.

In general, if t1 is a Transition whose source State is s1, and t2 has source s2, then:

A If slis adirect or indirectly nested substate of s2, théras higher priority than t2.

A If s1 and s2 are not in the same state configuration, then there is no priority difference between t1 and t2.
Transition selection algorithm
The set of Transitions that will fire is a maximal set of Transitions thatisatisie following conditions:

A All Transitions in the set are enabled.

A There are no conflicting Transitions within the set.

A There is no Transition outside the set that has higher priority than a Transition in the set (that is, enabled Trathsitions w
highest priorities are in the set while conflicting Transitions with lower priorities are left out).

This can be implemented by a greedy selection algorithm, with a straightforward traversal of the active state confijatasion.

in the active state coigluration are traversed starting with the innermost nested simple States and working outwards. For each
State at a given level, all originating Transitions are evaluated to determine if they are enabled. This traversal tjuzirimtees
priority principle is not violated. The only nemivial issue is resolving Transition conflicts across orthogonal States on all levels.
This is resolved by terminating the search in each orthogonal State once a Transition inside any one of its compexents is fir

Transtion execution sequence

Every Transition, except for internal and local Transitions, causes exiting of a source State, and entering of thédaldetsBta
two States, which may be composite, are designated asatinesourceand themain targetof a Transition respectively.
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Theleast common ancest@rCA) of a compound transition is the innermost Region that contains (directly or indirectly) both the
source andtarget States of the compound transition.

The main source is a direct substate of the &tetfiat contains the source States, and the main target is the substate of the Regior
that contains the target States.

NOTE. A Transition from one Region to another in the same immediate enclosing composite State is not allowed.
Once a Transition is enkdal and is selected to fire, the following steps are carried out in order:
A The main source State is exited.

A Behaviors are executed in sequence following their linear order along the segments of the Transition: the closer the
Behavior to the source Stathe earlier it is executed.

A If a choice point is encountered, the guards following that choice point are evaluated dynamically and a path whose
guards arerue is selected.

A The main target State is entered.

14.2.4 Notation

StateMachine Diagrams

StateMachine digrams specify StateMachines. This Clause outlines the graphic elements that may be shown in StateMachine
diagrams, and provides cross references where detailed information about the semantics and concrete notation for each eleme
can be found. It also faishes examples that illustrate how the graphic elements can be assembled into diagrams.

A StateMachine diagram is a graph that represents a StateMachine. States and various other types of Vertices in thaetateMac
graph are rendered by appropriatet&tnd Pseudostate symbols, while Transitions are generally rendered by directed arcs that
connect them, or by control symbols representing the actions of the Behavior on the Transition.

StateMachine

When depicting StateMachine redefinition in a clasgrdim, the default rectangle notation for Classifier can be used, with the
keyword «StateMachine» inside the name compartment above or before the name of the StateMachine.

The association between a StateMachine anaitext Classifier or BehavioralFeates does not have a special graphical
representation.

Region

A composite State or StateMachine with Regions is shown by tiling the graph Region of the State/StateMachine using dashed
lines to divide it into Regiond={gure14.2). Each Region may have an optional name and contains the nested disjoint States and
the Transitions between these. The text compartments of the entire State are separated from the orthogonal Regions by a solic
line.
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A composite State or Sttlachine with just one Region is shown by showing a nested state diagram within the graph Region.

S

A

.

Figure 14.2 Notation for a composite State with Regions

State

State is shown as a rectangle with roundedes, with the State name shown withiigure14.3).

Ty ping
Fasswomd

b

Figure 14.3 State notation

Optionally, it may have an attached name &ilgyre14.4). The name tais a rectangle, usually resting on the outside of the top
side of a State and it contains the name of that State. It is normally used to keep the name of a composite Statitigatrizds or
Regions, but may be used in other cases as well.

TypingPassword

Figure 14.4 State with a name tab

A State may be subdivided into multiple compartments separated from each other by a horizoRigLiia&4.5).
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( TypingFassword \

entry / setEcholnvisible
entry / setEchoMormal
character/ handleCharacter
help fdisplayHelp

Figure 14.5 State with compartments
The compartments of a State are:
A name compartment
A internal Behaviors compartment
A internal Transitions compartment.
A composite State also has a:
A decomposition compartment.
Each of these compartments is desedi below.
A Name compartment

This compartment holds the (optional) name of the State, as a string. States without names are anonymous and are al
distinct. It is undesirable to show the same named State twice in the same diagram, as confusion majesssue, u
control icons are used to show a TransHisiented view of the StateMachine. Name compartments should not be used

if a name tab is used and vice versa.

In case of a submachine State, the name of the referenced StateMachine is shownas dsirwgfolg 6 : 6 af t
of the State.

A Internal activities Behaviors compartment
This compartment holds a list of internal Behaviors associated with a State. Each entry has the following format:
<behaviortypelabel> [/ <behavior-expression>]

The<behavior-typelabel> identifies the circumstances under which the Behavior specified sb#teavior
expression>will be invoked and can be one of the following:

o entry 8 This label identifies a Behavior, specified by the corresponding expression, whicfoisnee upon
entry to the States(try Behavior).

0 exitd This label identifies a Behavior, specified by the corresponding expression, that is performed upon exit
from the Stateekit Behavior).

o dod This label identifies an ongoing BehaviabActivity Behavior) that is performed as long as the modeled
element is in the State or until the computation specified by the expression is completed.

The optionakbehaviorexpression>is an expression in some textual surface language, which may be either a vendor
specific or some standard language (see sub cldi$e

A Internal Transition compartment

This compartment contains a list of internal Transitions, where each item has the following syntax:
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{<trigger>}* [ <guard>"]][ /<behaviorexpression>]

Where<trigger> is the notation for Triggers (see sub clai8e8.9, <guard> is a Boolean expression fogeard, and
the optionakbehaviorexpression>is the specification of theffect Behavior b be executed if the Event occurrence
matches theigger andguard of the internal Transition. s an expression written in some textual surface language,
which may be either a vendspecific or some standard language (see sub cl&uge

Alternatively, in place of a textual behavior expression the various Behaviors associated with a State or internal Taanséion
expressed using the appropriate graphical representation (e.g., an activity diagram).

Composite State
A decomposition compartment

This compartment shows its composition structure in terms of Regions, States, and Transition. In addition to the (apténal) n
and internal Transition compartments, the State may have an additional compartment that coesa@tsdiagram. For
convenience and appearance, the text compartments may be shrunk horizontally within the graphic Region.

In some cases, it is convenient to hide the decomposition of a composite State. For example, there may be a large number of
Statesmested inside a composite State and they may simply not fit in the graphical space available for the diagram. In that case
the composite State may be represented by a simpl e-hd&d at e
corner (sedrigurel4.7). This icon, consisting of two horizontally placed and connected States, is an optional visual cue that the
State has a decomposition that is not shown in this particular diagram. Instead, the contectsngbdisée State are shown in a
separate diagram.

NOTE. The Ahidingodo here is purely a matter of graphical con
restrictions.

A composite State may have one or more entry and exit points orisideohiorder or in close proximity of that border (inside or
outside).

/_ Dialing \

( stan N\ digit(n) ( Ppartial Dial ) [number.isValid()]
entry/ start dial tone - entry/number.append(n) :
exit/ stop dial tone S J
J
digit(n)

- 4

Figure 14.6 Composite State with two States
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(~  HiddenComposite )

entry / start dial tone
exit / stop dial tone

\ O )

Figure 14.7 Composite State with a hidderdecomposition indicator icon

CourseAttempt \

Studying

( : ] project done
H Term PI’D]ECtJ >©

Final Tesﬂ pass —
J ./

i { Failed ] [ PassedJ

A

Figure 14.8 Composite State with Regions

Submachine State

The submachine State is depicted as a normal State where the string in the name compartment has the following syntax:
<staten a me > 0§ -obreferencedSmteMachine>

The submachine State symbol may contain the references to one anhmqgreints and to one or moeit points. The notation
for these connection point references comprisegexit Pseudostates dhe border of the submachine State. The names are the
names of the corresponding entry/exit points defined within the referenced StateMachine (see ConnectionPointReference).
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If the submachine StateMachine is entered through its defawitPseudostator if it is exited as a result of the completion of
the submachine, it is not necessary to use the entry/exit point notation. Similarly, an exit point is not required d¢barsxi
through an explicit group Transition that originates from the baynofethe submachine State (implying that it applies to all the
substates of the submachine).

Submachine States invoking the same submachine may occur multiple times in the same state diagram with the entry and exit
points being part of different Trangitis.

The diagram irFigure14.9 shows a fragment from a StateMachine diagram in which a submachine State (the
FailureSubmachine) is referenced. The actual submachine StateMachine is defined in some enclosingdmnanpespace.

~

HandleFailure:
FailureSubmachine

error 1/

sub

error3/

subEnd o—o
N R _/

fixed1
Figure 14.9 Submachine State example
I n the above example, the Transition triggered by E®gent
St ateMachi n®.TrTares ifiteiramri3mpl i es taking the default Transi

The Transition originating from the AsubEndo exit plat nt
is executed within the HandleFailure StateMachir@s Transition must have been triggered within the HandleFailure
StateMachine. Finally, the Transition originating from the edge of the submachine State is taken as a result of thexcompletio
event generated when the FailureSubmachine reaches itst&iaalS

NOTE. The same notation would apply to composite States with the exception that there would be no reference to a
StateMachine in the State name.

Figure14.10is an example of a StateMachine defined with two exit pointsytmd exit points may be shown on the frame or
within the state graphrigure14.10is an example of a StateMachine defined with an exit point shown within the state graph.
Figure14.11 shows the same &eMachine using a notation shown on the frame of the StateMachine.
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ReadAmountSM )

abort

selectAmount

otherAmount

amount

enterAmount__abor.
ok aborted

Figure 14.10 StateMachine with an exit point as part of the StateMachine graph

ReadﬁmnuntSM)
| abort
selectAmount otherAmount
amount
] abort
enterAmount —
ok J aborted

Figure 14.11 StateMachine with an exit point on the border

In Figure14.12 the StateMachine shown Figure14.11is referenced in a submachine State, and the presentation option with the
exit points on the Statymbol is shown.
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ATM

verifyCard

accoeptCard/

( readAmount : aborted

L ReadAmountSM

oUtOfService

~ releaseCard/
outOfService verify Transaction CardReleased

Figure 14.12 Submachine Sate that uses an exit point

An example of the notation for entry and exit points for composite States is shévwguial4.21.
State listhotation

State lists provide a graphical shortcut for certain situations that sometimes occur in practice.

NOTE. These are purely notational forms with no corresponding abstract syntax representation. Consequently, there is no
normative way by which sudfraphical representations can be exchanged between conformant tools, although vendors might
provide implementatiospecific support for such an interchange.

Multiple effect-free Transitions with the same Trigger values originating on different Stated bither (a) targeting a common
junction Vertex with a single outgoing Transition or (b) terminating on the same target State, may be represented by a Single
Transitiortlike arc originating from a Statiike graphic element, labeled with a list of th@mes of the originating States. This

arc terminates on the joint target State. For example, transitioRigure14.13, is equivalent to two distinct Transitions, one
from State fAS10 and the sremiomadt ifrrgo no NSt Sttaet ei SH3 0 .wi t h bot

Similarly, two or moresffect-free Transitions originating from different States but with the same Triggers and all terminating on a
history Vertex can be rendered by a TransHika directed arc originating and terminating or #ame state list symbol (e.g.,
Figure14.13 andFigure14.14).
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S1, 82

e
f
83
Figure 14.13 State list notation option
VerfyiZard, ) VerifyCard, A
FeleaseCard logCard VerifyTransaction logWerify
A

N i ' /P

Figure 14.14 State lists

FinalState

A FinalState is shown as a circle surrounding a small solid filled circlé~{gaee14.15). The corresponding completion
Transition on the enclosing State has as notatiombabeled Transition.

/."'“‘\.
I |
-/
Figure 14.15 FinalState notation

Figure14.6 has an example of a FinalState (the rgittst of the States within the composite State).

Pseudostate

An initial Pseudostate is shown as a small solid filled circle Kgpere14.16). In a Region of a ClassifierBehavior StateMachine,
the Transition from amitial Pseudostate may be labeled with the Event type of the occerttestt creates the object; otherwise,
it must be unlabeled. If it is unlabeled, it represents any Transition from the enclosing State.

Figure 14.16initial Pseudostate

A shallowHistory Pseudostate isindiat ed by a smal | c iFigudl4l?)clt@pplieatd the State Region tidaH 6
directly encloses it.

(®

Figure 14.17 shallowHistory Pseudostate
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A deepHistoryPseud st at e is indicated by aFigura®dllg). It appliesddthe State Regianithati n g
directly encloses it.

@

Figure 14.18 deepHistory Pseudostate

An entrypoint is shown as a small circle on the border of the StateMachine diagram or composite State, with the name associa
with it (seeFigure14.19).

agah1(:)

Figure 14.19 entryPoint Pseudosate

Optionally it may be placed both within the StateMachine diagram and outside the border of the StateMachine diagram or
composite State.

An exit point is shown as a small circle with a cross on the border of the StateMachine diagram or composiithSteteiame
associated with it (seeigure14.20).

aborted

&

Figure 14.20 exitPoint Pseudostate

Optionally, and exit point symbol may be placed both within the StateMachine diagrampsitenstate and outside the border
of the StateMachine diagram or composite Stagure14.21illustrates the notation for depicting entry and exit points of
composite States.

33¢ UML v2.5



e \ \
' Scomp
'8 Y
‘ Sin
. A
| |
P R
7 ~,
| ot By
o X x)_/’
L EitA, ExitE

Figure 14.21 entryPoint and exitPoints on a composite State
Al ternatively, t he Fidureld2amFigurea%canalsode used fopthenransitioriented notation.

A junction is represented by a small filled circle (deigurel14.22).

—
State1

Statel
eZlb < (] el[b < 0]

“é:,..-'

—
™ s ~

| State? | State3 | Stated |
N

Figure 14.22junction Pseudostate with incoming and outgoing Transitions

A choice Pseudostate is shown as a diamehdpedsymbol as exemplified shown by the Hatind diagram ifrigure 14.23.
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[>=10] |[«¢.10] [d::m]; |[id <10]

Figure 14.23 choice Pseudostates

NOTE. In cases when afluards associated witkriggers of Transitions leavig achoice Pseudostate are binary expressions that
share a common left operand, then the notationHaite Pseudostate may be simplified. The left operand may be placed inside
the diamoneshaped symbol and the rest of the Guard expressions placedautgbig Transitions. This is illustrated by the
right-hand diagram ifrigure 14.23,

A terminate Pseudostate is shown as a crossFagare14.24.

>

Figure 14.24terminate Pseudostate

The notation for @ork andjoin is a short heavy baF{gure14.25). The bar may have one or more arrows from source States to
the bar (when representing a joint). The bar may have one or more &wowhe bar to States (when representing a fork). A
Transition string may be shown near the bar.

Process

Co—
=3

- J/

Figure 14.25fork and join Pseudostates

ConnectionPointReference

A connection point reference to an entojrg has the same notation aseaty Pseudostate. The circle is placed on the border of
the State symbol of a submachine State.
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ReadAmount ;
ReadAmountSM

Y
Ny

again

Figure 14.26 Entry point ConnectionPointReference notation
A connection poitreference to an exit point has the same notation astd&@seudostate. The encircled cross is placed on the
border of the State symbol of a submachine State.

ReadAmount ;
ReadAmountSM

Y

abort

Figure 14.27 Exit point ConnectionPointReference notation

Al ternatively, a connection point reference to an eintry
Figurel428. The text inside the symbol shh@améoftbeoccanneatiompoint.flieis k e y w

notation may only be used if the Transition ending with the connection point is defined using the graphical Transibon notati
such as the one shownhigure14.30.

P -
K via again _)
Y

ReadAmount:
ReadAmountSh

Figure 14.28 Alternative entry point ConnectionPointReference notation

A connection point reference to an exit point €¢Eigueld®d so b
Theext inside the symbol shall contain the keyword 6vi ad
be used if the Transition associated with the connection point is defined using the graphical Transition notation soieé as the

shown in Figure14.30.
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ReadAmount:
ReadAmountSh

( via aborted )

Figure 14.29 Alternative exit point ConnectionPointReference notation

Transition
The defaultextualnotation for a Transition is defined by the following BN¥peession:
[ <trigger> [6,06 <trigger >gxpresfiah}]]6 <guar d>6] 6]

Where<trigger> is the standard notation for Triggers (see sub cla8s®4, <guard> is a Boolean expression fogaard, and
the optimal <behaviorexpression>is an expression specifying thigect Behavior written in some vendgpecific or standard
textual surface language (see sub cldigsé@). The trigger may be any of the standard trigger types. &ygeat triggers and
CallEvent triggers are not distinguishable by syntax and must be discriminated by their declaration elsewhere.

As an alternative, in cases where ¢hect Behavior can be described as a confimli based sequence of Actions, thera is
graphical representation for Transitions and compound transitions which is similar to the notation used for Actionssgsee Clau
16).

This notation is in the form of a directed graph, which consists of one or more graphibalsinterconnected by directed arcs
that represent control flow (s&égure14.30). In all cases except for the Transition originating fromithal Pseudostate, the
starting symbol, which has the form of the standard siff#ée notation, represents Hearce State of the Transition. If this
Transition has a Signdilased Trigger, then the source state symbol is connected by an arc pointing to Sepediabceipt
symbol described below. If there are multiple Triggerrstiie Transition, they are all listed in the same symbol as explained
below.

If the Transition originates from theitial Pseudostate, the starting symbol isithitial symbo| which is the same as used for the
initial Pseudostate: a filled black circla that case, there is no Signal receipt symbol immediately following the starting symbol.

Except for end symbols that terminate the paths, any of the following symbols can appear in the chain as appropriate
I an action symbol
1 a choice point symbol
1 a Sigral send symbol
1 a merge symbol

The terminating symbol in these directed graphs is always either di&tatgmbol representing therget State of the transition
or a final state symbol (which is the same as the symbol for a FinalState).

As this represdation only applies for contrdlow Behaviors, there is no equivalent to Data nodes.
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Action symbols

Each action symbol is represented by a rectangle with an optional textual specification of the action. It maps either to an
OpagueAction or to a Sequenceatéocontaining one or more Actions executed in sequence (see sublédlisd and which
are part of the Activity specifying thefect Behavior of the appropriate Transition in the compound transition.

Signal receipt syl

The Signal receipt symbol is shown as a-fdented polygon that looks like a rectangle with a triangular notch in one of its sides
(either one). It maps to thegger of the Transition and doemtmap to an Action of the Activity that specifies #iect Behavior.
The names of the Signals of the Trigger as well as any guard are contained within the symbol as follows:

<trigger> [6,0 <trigger>]* [6][ 6 <guard->

Where<trigger> is specified as described in sub clali8e3.4with the restriction that only Signal and change Event types are
allowed. The trigger symbol is always first in the path of symbols and a compound transition can only have at most one such
symbol.

Signal send symbol

This represents the speciatian of sending a signal and maps directly to a SendSignalAction that is part of the Activity that
describes theffect Behavior of the corresponding Transition. The notation corresponds to the notation for the SendSignalAction
(see SubclausEs.3.9.

Choice point symbol

This symbol maps directly toaoice Pseudostate and uses the same notation.
NOTE. It is not part of any Activity.

Merge symbol

A merge symbol is used to join multiple contflilw arcs and maps directtp ajunction Pseudostate and uses the same notation.
It is not part of any Activity.

Figure14.30 shows a compound transition consisting of three connected Transitions: one from the Idle State to the choice
symbol, one for eactf the branches of the choice through the junction symbol, and one frgosndhen Pseudostate to the
Busy State.
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Minor(ld) M ajor(ld)
MinorFEeq = Id; MajorFeq = Id;
g ™
Busy
\ J

Figure 14.30 Symbols for Signal reception, Sending, and Actions on a Transition
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4
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Klight goes out / defer/

light goes out <

V

/( Four Coffee )

Figure 14.31 Deferred Trigger notation

TransitionKind

A

Transitions of kindocal will be on the inside of the frame of the composite State, leaving the border of the composite
State, or one of its entry points, and end at a Vertex inside the composite State. In the eeaesaiEtransition, he

target may be thsource State itself, or an exit point on theurce State. Alternatively, a Transition of kingcal can be
shown as a Transition | eaving a State symbol containi
enclosng composite State. All of the TransitionsHigure14.32 arelocal.

Transitions of kincexternal can target any Vertex contained within or external tasthee Vertex. The part of the
external Transition closest to theurce must be drawn outside of theurce Vertex border. In the case of axternal self
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Transition where theource is a State or exit point on the State, it may target the State itself or an entry point on the State
and it will be drawn completely outside thie State border. All of the Transitionskigure14.33 areexternal.

T S

——

)

N =

Figure 14.32 Local Transitions
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4
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Examples

Figure14.34is an example StateMachine diagram for the StateMachine for simple telephone. In additioitito Bseudostate,

the StateMachine has an entdyipoiomt toalthed Fiaatl iSY@aEmrt ryad

~

tiveEnt i
acg)e_nia- Active ( Time-out W

do/ play messagej

dial digit(n)
[incomplete]

()

=/

after (15 sec.)

. . after (15 sec.)
([ DialTone dial digit(n)

it (dof play dial tone ™ - 4 linvalid]
receiver e :
. dial digit(n)[valid]
/get dial tone [ Invalid Jeonnect
Idle |-=i—. Ldof play messageJ | Connecting
. busy
Pinned Busy connected

callee do/ play busy
callee hangs u ‘ tone J
caller answers s
hangs up g
fdisconnect

Ringing 1
l Talking ] callee answers do/ play ringingJ

\ fenable speech | tone

/

abort terminate
'|" i
aborted

Figure 14.34 StateMachine diagram representing a telephone

An example of submachine usage is showhigure14.10 andFigure14.11.

14.3 StateMachine Redefinition

14.3.1 Summary

StateMachines are used for the definition of Behavior (for example, Classes that are generalizable). As part of tlaigpecializ
of a Class it may be required to specialiseBehavior definitions. This is achieved by defining the Behavior of the specialized
Classifier as an extension of the Behavior of the general Classifier using redefinition.
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14.3.2 Abstract Syntax

freadOnly, redefines
redefinitionContext:

Classifier

+ fredefinitionContext w

RedefinableElement

+ region
{redefines

{readCnly, redefines
redefinitionContext}
+ fredefinitionContext

redefinableElement}

Region

Lsubzets redefinedElement}

Jredefines redefinableElerment}

{subsets redefinableElement}
+ region
0.1

0.1
extendedRegion

{subsets redefinableElement}

State

+ state

1

{readCnly, redefines
redefinitionContext}

+ fredefinitionContext

#®

+ state

edefine

{redefines redefinableElement’:

{sulijsets reggﬁ%EdElement}

+ transition

1

+ stateMachine

StateMachine

{subsets behavior:

0.1

e

+ extendedStatemachine
{redefines redefinedBehavior}

Figure 14.35 StateMachine redefinition

14.3.3 Semantics

StateMachine Extension

*®

Transition

J{subsets redefinableElerment’
+ transition

0.1

0.1

+ redefinedTransition
faubsets redefinedElement:

A StateMachine is generalizable specializedStateMachine is an extension of theneralStateMachine, such that

f
f

|l

new Regions, Vertices, and Transitions may be added;

Regions and States may be rikd (e.g., simple States can be redefined as composite States while composite States
can be redefined by adding States and Transitions); and

Transitions can be redefined.

This can be done as part of Classifier specialization; that is, StateMaetnxiers andclassifierBehaviors owned by a general

Classifier can be specialized as can StateMachines that specify the methods of Behavioral features of a general Classifier.

A specialized StateMachine will haadl the elements of the general StateMachamel it may include additional elements.

Regions may be added. Inherited Regions may be redefined by extension: States and Vertices are inherited, and States and

Transitions of the Regions of the StateMachine may be redefined.
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State redefinition

A simple Sate may be redefined (extended) to become a composite State by one or more Regions. A composite State can be
redefined (extended) by:

1 adding new Regions,
1 adding Vertices and Transitions to inherited Regions,
1 addingentry/exit/doActivity Behaviors, if thegeneral State does not have any,
1 redefining States and Transitions.
The redefinition of a State applies to the whole StateMachine.

A submachine State may also be redefined. The submachine StateMachine may be replaced by another submachine
StateMachine, mvided that it has the same entry/exit points as the redefined submachine StateMachine. However, it may
additional entry/ exit points.

In case of multiple general Classifiers, extension implies that the extension StateMachine gets orthogonal Reapbrcf fiiee
StateMachines of the general Classifiers in addition to a distinct new Region.

Transition redefinition
A Transition of an extended StateMachine may in the StateMachine extension be redefined. Transitions can beetiete their
andtarget Stae replaced, while theource State andrigger are preserved.

14.3.4 Notation

A StateMachine that is an extension of the StateMachine in a general Classifier will have the keyword «extended» agkociated \
the name of the StateMachine (e.g., Beegire14.37 andFigure 14.38). Similarly, to indicate that an inherited Region is extended

or that a State is extended, the keyword «extended» is added to the name of the element. Inherited elStaatdactzine,

Region, or State are drawn either with dashed lines ortigted lines (e.gkigure14.37).

Examples

As an example of StateMachine specialization, tinteATM at es
StateMachine ifrigure14.36 have been designated{@isal}, which means that they cannot be redefined in specializations of
ATM. All other States can be redefined. The (verifyTransaet@@aseCard) Transition hasalbeen specified g8nal},

meaning that itsffect Behavior and thearget State cannot be redefined.
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ATM

OutOfService

{final}

outOfService

( VerifyCard \
. = {final}

acceptCard

h

\ ReadAmount

=

o

amount
ki releaseCard
Verify Transaction
{final} J {final}

‘::( ReleaseCard
| ]

Figure 14.36 A general StateMachine
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In Figure14.37 a specialized ATM (whig is the StateMachine of a Class that is a specialization of the Class with the ATM
StateMachine oFigure14.36) is defined by extending the composite State by adding a State and a Transition, so that users can
enter the desiredmount. In addition, a Transition is added from an inherited State to the newly introduced State.

ATM {extended} )

T — " —

:( FReadAmount fextended} 1
i i
L 5
i { Selectamount }  otherAmount i
! : }

i : : E
i M e e e e 4 i
' '
’ |
: f EnterAmount i
e =
' ]
! ok L |
| N 5

Figure 14.37 An extended StateMachine

Figure14.38 shows an example of adding T&itions to a specialized StateMachine.
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ATM {extended} )

ReadAmount :

. {SelectAmount 5 bort

i ~“EnterAmount 1y | abort
___________________________________________ 2 2

Figure 14.38 Adding Transitions

14.4 ProtocolStateMachines

14.4.1 Summary

ProtocolStateMachines are used to express usage protocols. ProtocolStateMachines express thenegal adguent
occurrences to which the Behaviors of an associated BehavioredClassifier must conform. The StateMachine notation is a
convenient way to define the order of invocations of the behavioral features of a Classifier. ProtocolStateMachines can be
associated with Classifiers, Interfaces, and Ports.
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14.4.2 Abstract Syntax

StateMachine

{subsets source, {subsets ownedElerment,
subsets ownert subsets directedRelationship}
ProtocolStateMachine L‘ + specificMachine + conformance J ProtocolConformance
*
1

fsubsets target} {subsets directedRelationship-

+ generalMachine + protocolConformance
1 *
i
Iredefines transition} {subsets guard}
- + protocol Transition + preCondition
ProtocolTransition 0.1 0.1 Consktraint
fsubsets context}: {subsets ownedRule}
+ owning Transition + postCondition
-> b

0.1 0.1

+ protocolTransition | *

freadOnly}
+ freferred | *

Figure 14.39 ProtocolStateMachines

14.4.3 Semantics

ProtocolStateMachine

A ProtocolStateMachine is always defined in the context of a Classifgecifies which BehavioralFeatures of that Classifier
can be invoked in a given protocol state and under what conditions, thereby specifying allowed invocation sequences. In this
manner, a specification of the lifecycle of an instance of the Classifiefined from an external perspective.

ProtocolStateMachines help define the order in which BehavioralFeatures of a Classifier are invoked by specifying:
A the behavioral context (i.e., which states andqameditions) in which they can be validly inved,
A the valid orderings of invocations,

A the expected outcomes (pasinditions) of invocations.
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ProtocolStateMachine present an external view of the owning Classifier as perceived by its collaborators. This extends beyond
what can be captured via pnd postconditions on individual BehavioralFeatures, as ProtocolStateMachines also specify the
valid orderings of invocations of the different features. This is achieved by a state machine specification in whiddititwe tran
triggers are feature invocatis and the guards of the transitions (ProtocolTransitions) specify toemaion that must apply

for the invocation to be valid. The states (ProtocolStates) of this state machine, being a consequence of past inverates) seq
capture the state difie protocol and are also a form of {m@ndition.

NOTE.Because Protocol StateMachines provide a Ablack boxo v
necessarily correspond to the States of internal behavioral StateMachines.

ProtocolStatMachine interpretation can vary from;

1. DeclarativeProtocolStateMachines, which specify the legal Transitions for BehavioralFeature invocations. The effects
of a BehavioralFeature invocation is not specified. This type of specification only providesagictom the user of the
context Classifier.

2. Executablgrun time) ProtocolStateMachines, which specify all Event occurrences that an object may receive and
handle, together with the Transitions that these trigger. In this case, the legal Transit@etsafdoralFeature
invocations must match exactly the triggered Transitions or-timenexception occurs. The invocation results in the
execution of the method associated with the invoked BehavioralFeatures.

The specifications for both interpretatiosglie same, the only difference being the direct dynamic implication that the latter
interpretation provides.

The more sophisticated forms of modeling encountered in behavioral StateMachines such as compound Transitions, submachi
StateMachines, composiStates, and concurrent orthogonal Regions, can also be used for ProtocolStateMachines. For example
concurrent Regions make it possible to express protocols where an instance can have several active States simultaneously.
Submachine StateMachines and ponmnd transitions can be used for factorizing complex ProtocolStateMachines.

A Classifier may have several ProtocolStateMachines. This can be used, for example, when a Classifier has multiplecbarents, ¢
having its own ProtocolStateMachine, and the mrot®are orthogonal. An alternative to this is to simply have one
ProtocolStateMachine, with distinct StateMachines in concurrent Regions.

State in ProtocolStateMachines

The States of ProtocolStateMachines are exposed to the users of their contefi¢iGlaSgirotocol State represents an exposed
stable situation of its context Classifier: When an instance of the Classifier classifier is not processing any BehavieralFea
invocation, users of this instance can always know its state configuration.

The States of a ProtocolStateMachine cannot have deéimsdlexit, Or doActivity Behaviors.

ProtocolTransition

A ProtocolTransition specifies a legal Transition for an invocation of a BehavioralFeature of the context Classifier.
ProtocolTransitions havedHollowing features:

9 a precondition preCondition), which specializes thguard attribute of Transition,
1 atrigger,
9 a postcondition postCondition).

The protocol Transition specifies that (a) the associated (referred) feature can be invoked tam@ afishe context Classifier,
if it is in theorigin State and the guard condition holds, and that (b) upon completion of the Transition, the instance will be in the
target State in which the postondition will hold.
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ProtocolTransitions do not hava associatedsfect Behavior. The consequence of a ProtocolTransition executed as a result of a
BehavioralFeature invocation is implicit: it is the execution of the method corresponding to the invoked Behavioralfeature. |
case of other types of Triggethe consequences are unspecified except that a Transition will lead to another State under a
specific postcondition, regardless of any Behaviors associated with this Transition.

Unexpected trigger reception

The interpretation of the reception of an Etveocurrence that does not match a valid trigger for the current State, state invariant,
or precondition is not defined (e.g., it can be ignored, rejected, or deferred; an exception can be raised; or the appl&tation can
on an error). It correspondsmantically to a preondition violation, for which no predefined Behavior is defined in UML.

Unexpected Behavior

The interpretation of an unexpected Behavior, that is an unexpected result of a Transition (wrong FinalState or FinalState
invariant, or poscondition) is also not defined. However, this should be interpreted as an error of the implementation of the
ProtocolStateMachine.

Equivalences to preand postconditions of operations

A protocol Transition can be semantically interpreted in termsesfgmd postconditions on the associated operation. For
example, the Transition iRigure14.40 can be interpreted in the following way:

1. The operation Amlod can be called on atmheé ncdédmdictei avih efinC
2. When fAimlo is called i the Protocol State AS10 under t
under the condition AC2.0

) [Ctmi/[c2]
S1 J 52

Figure 14.40 An example of a ProtocolTransiion associated with the operation "m1"
Operations referred by several Transitions

( ) [emifed) )
S1 J S2

e,

e ) Eamred \
S3 )L S4

J

Figure 14.41 Example of several ProtocolTransitions associated with the same operation (m1)

In a ProtocolStateMachine, seakTransitions can refer to the same operation as illustratéidime 14.41. In that case, all pre
and postconditions will be combined in the operation {wandition as shown below.

Operation m1()
Pre: in state S1 and condi tion C1
or
in state S3 and condition C3
Post: if the initial condition was #fAin state S1 and condition C10
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then in S2 and C2
else
if the initial condition was fiin state S3 and condition C30
then in S4 and C4
A ProtocolStateMachine specifies aletlegal ProtocolTransition for each BehavioralFeature referred by its Transitions.
Unreferred Operations

If a BehavioralFeature is not referred by any ProtocolTransition, then the operation can be called for any State of the
ProtocolStateMachine, and llmot change the current State orpaed postconditions.

Using other types of Events in ProtocolStateMachines

Apart from invocations of BehavioralFeatures, other Events may be used for expressing the behavior of ProtocolStateMachine:
A Trigger thatis not a BehavioralFeature invocation can be specified for a protocol Transition. In that case, this specification is
requirement for the environment external to the ProtocolStateMachine. That is, it is legal to send an Event occuretygeeof thi

to an instance of the context Classifier only under the conditions specified by the ProtocolStateMachine. The precise semantic
interpretation of this is not defined.

ProtocolConformance

ProtocolStateMachines can be refined into more specific ProtocolStateldacRrotocol conformance declares that the specific
ProtocolStateMachine specifies a protocol that conforms to that specified by the general ProtocolStateMachine.

A ProtocolStateMachine is owned by a Classifier. The Classifiers owning a general StateMachan associated specific
StateMachine are generally also connected by a Generalization or a Realization.

Protocol conformance represents a declaration that every rule and constraint specified for the general ProtocolStastdtiachine (
invariants, pe- and postconditions for the operations referred by the ProtocolStateMachine) apply to the specific
ProtocolStateMachine.

14.4.4 Notation

ProtocolStateMachine

The notation for ProtocolStateMachine is very similar to the one for behavioral StateMachinesywirel Kprotocol} placed
close to the name of the StateMachine differentiates graphically ProtocolStateMachine diagrams.
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4

create/f 1 -
.—)[ opened | )[ closed €
s [doonway-=isEmpty()] close! J

lock!

p
lock ]—

b vy

unlacks

Figure 14.42 ProtocolStateMachine example

The textual expression of an invariant assteal with a State in a ProtocolStateMachine is represented by placing it after or under
the name of the State, enclosed in square bradkigisr€14.43).

~ ~
TypingPassword
[invariant expr]
9 )

Figure 14.43 Notation for a State with an invariant

ProtocolTransition

The usual StateMachine notation applies. The difference is that no effect Behaviors are specified for ProtocolTramkitiahs, an
postconditions can exist. Pesbnditions have the same syntax as guarditiond, but appear at the end of the Transition
syntax.

[precondition] event / [postcondition]

>

Figure 14.44 ProtocolTransition notation
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14.5Classifier Descriptions

ConnectionPointReference [Class]

Description

A ComnectionPointReference represents a usage (as part of a submachine State) of an entry/exit point Pseudostate defined in
StateMachine referenced by the submachine State.

Diagrams

Behavior State Machines

Generalizations

Vertex

Association Ends

1 entry :Pseudostatf..*] (oppositeA_entry connectionPointReference::connectionPointRefefenc
The entryPoint Pseudostates corresponding to this connection point.

1 exit : Pseudostatf..*] (oppositeA_exit_connectionPointReference::connectionPointRefsgen
The exitPoints kind Pseudostates corresponding to this connection point.

1 state :State[0..1]{subsetdNamedElement::namespaddeppositeState::connection
The State in which the ConnectionPointReference is defined.

Constraints

1 exit_pseudostates
The exit Pseudostates must be Pseudostates with kind exitPoint.

inv: exit - >forAll(kind = PseudostateKind::exitPoint)

1 entry_pgudostates
The entry Pseudostates must be Pseudostates with kind entryPoint.

inv: entry - >forAll(kind = PseudostateKind::entryPoint)

FinalState [Class]

Description

A special kind of State, which, when entered, signifies that the encl@sigign has completed. If the enclosing Region is
directly contained in a StateMachine and all other Regions in that StateMachine also are completed, then it meansihat the en
StateMachine behavior is completed.
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Diagrams

Behavior State Machines

Generalizations

State

Constraints

1 no_exit_behavior
A FinalState has no exit Behavior.

inv: exit - >isEmpty()

1 no_outgoing_transitions
A FinalState cannot have any outgoing Transitions.

in v: outgoing - >size() =0

1 no_regions
A FinalState cannot have Regions.

inv: region ->size()=0

1 cannot_reference_submachine
A FinalState cannot reference a submachine.

inv: submachine - >isEmpty()

1 no_entry_behavior
A FinalState has no entry Behavior.

inv:entry - >isEmpty()

1 no_state_behavior
A FinalState has no state (doActivity) Behavior.

inv: doActivity - >isEmpty()
ProtocolConformance [Class]

Description

A ProtocolStateMachine can be redefined into a more specific ProtocolStateMaiciteebehavioral StateMachine.
ProtocolConformance declares that the specific ProtocolStateMachine specifies a protocol that conforms to the general
ProtocolStateMachine or that the specific behavioral StateMachine abides by the protocol of the geoeddStateMachine.

Diagrams

Protocol State Machines
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Generalizations

DirectedRelationship

Association Ends

1 generalMachine ProtocolStateMaching..1}{subsetDirectedRelationship::targefopposite
A_generalMachine_protocolConformance::protocolConformpance
Specifies the ProtocolStateMachine to which the specific ProtocolStateMachine conforms.

1 specificMachine ProtocolStateMachingl..1]{subsetDirectedRelationship::sourceubset&lement::ownér (opposite
ProtocolStateMachine::conformance
Specifies the ProtocolStateMachine which conforms to the gdPerticolStateMachine.

ProtocolStateMachine [Class]

Description

A ProtocolStateMachine is always defined in the context of a Classifier. It specifies which BehavioralFeatures of tiee Classif
can be called in which State anadder which conditions, thus specifying the allowed invocation sequences on the Classifier's
BehavioralFeatures. A ProtocolStateMachine specifies the possible and permitted Transitions on the instances of its context
Classifier, together with the Behavidralatures that carry the Transitions. In this manner, an instance lifecycle can be specified
for a Classifier, by defining the order in which the BehavioralFeatures can be activated and the States through whitctean inst
progresses during its existence.

Diagrams

Protocol State MachineEncapsulated Classifiersiterfaces

Generalizations

StateMachine

Association Ends

1 DZz c onf oPrateaiCordormancf..*|{subsetsElement::ownedElemensubsets
A_source_directedRelationship::diredRalationship (oppositeProtocolConformance::specificMachjne
Conformance between ProtocolStateMachine

Constraints

91 classifier_context
A ProtocolStateMachine must only have a Classifier context, not a Beal&@ature context.

inv: _'context' <> null and specification = null

1 deep_or_shallow_history
ProtocolStateMachines cannot have deep or shallow history Pseudostates.

inv: region - >forAll (r | r.subvertex - >forAll (v | v.ocllsKindOf(Pseudostate) implies
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((v.oc |AsType(Pseudostate).kind <> PseudostateKind::deepHistory) and (v.oclAsType(Pseudostate).kind
<> PseudostateKind::shallowHistory))))

1 entry_exit do
The states of a ProtocolStateMachine cannot have entry, exit, or do activity Behaviors.

inv: region - >forAll(  r|r.subvertex - >forAll(v | v.oclisKindOf(State) implies
(v.oclAsType(State).entry - >isEmpty() and v.oclAsType(State).exit - >isEmpty() and
v.oclAsType(State).doActivity - >isEmpty())))

1 protocol_transitions
All Transitions of a ProtocolStateMachine must be &gofTransitions.

inv: region - >forAll(r | r.transition - >forAll(t | t.ocllsTypeOf(ProtocolTransition)))

ProtocolTransition [Class]

Description

A ProtocolTransition specifies a legal Transition for an Operation. Transitions otBliStateMachines have the following
information: a precondition (guard), a Trigger, and a pasindition. Every ProtocolTransition is associated with at most one
BehavioralFeature belonging to the context Classifier of the ProtocolStateMachine.

Diagrams

Protocol State Machines

Generalizations

Transition

Association Ends

1 DZ post CdcCandtiaihfDd..d]fsubsetdNamespace::ownedRiléopposite
A_postCondition_owningTransition::owningTransitjon
Specifies the post condition of the Transition which is the Condition that shoulutdieesl once the Transition is
triggered. This post condition is part of the post condition of the Operation connected to the Transition.

T Dz pr e Co GoastrainfOo I{subsetsTransition::guardl (opposite
A_preCondition_protocolTransition::protocolTransitjon
Specifies the precondition of the Transition. It specifies the Condition that should be verified before triggering the
Transition. This guard condition added to the source State will be evaluated as part of the precondition of the Operatiol
referred by the fiansition if any.

1 /referred :Operation0..*[{} (opposite A_referred_protocolTransition::protocolTransitjon
This association refers to the associated Operalids derived from the Operation of the CallEvent Trigger when
applicable.
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Operations

1 referred() :Operation0..*]
Derivation for ProtocolTransition::/referred

body: trigger - >collect(event) - >select(ocl IsKindOf(CallEvent))
>collect(oclAsType(CallEvent).operation) - >asSet()

Constraints

1 refers_to_operation
If a ProtocolTransition refers to an Operation (i.e., has a CallEvent trigger corresponding to an Operation), then that
Operation should apply to the dert Classifier of the StateMachine of the ProtocolTransition.

inv: if (referred() - >notEmpty() and containingStateMachine()._'context' - >notEmpty()) then
containingStateMachine()._'context'.oclAsType(BehavioredClassifier).allFeatures() -
>includesAll(re ferred())

else true endif

I associated_actions
A ProtocolTransition never has associated Behaviors.

inv: effect = null

1 belongs_to_psm
A ProtocolTransition always belongs to a ProtocolStateMachine.

inv: container.belongsToPSM()

Pseudostate [Class]

Description

A Pseudostate is an abstraction that encompasses different types of transient Vertices in the StateMachine graph. h&tateMac
instance never comes to rest in a Pseudostate, instead, it will exit and enter the Pseudostaténglthimiats-completion step.

Diagrams

Behavior State Machines

Generalizations

Vertex

Attributes

1 kind : PseudostateKinfl..1] = initial
Determines the precise type of the Pseudostate and can be one of: entryPoint, exitPoint, initial, deepHistory,
shallowHistory, join, fork, junction, terminate or choice.
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Association Ends

i state :State[0..1]{subsetdNamedElement::namespadeppositeState::connectionPoint
The State that owns this Pseudostate and in which it appears.

1 stateMabine :StateMaching0..1]{subsetdNamedElement::namespadeppositeStateMachine::connectionPagjnt
The StateMachine in whidhis Pseudostate is defined. This only applies to Pseudostates of the kind entryPoint or
exitPoint.

Constraints

1 transitions_outgoing
All transitions outgoing a fork vertex must target states in different regions of an orthogonal state.
inv: (kind = Pseudo stateKind::fork) implies
-- for any pair of outgoing transitions there exists an orthogonal state which contains the targets
of these transitions
-- such that these targets belong to different regions of that orthogonal state
outgoing - >forAll(t1:T ransition, t2:Transition | let contState:State =
containingStateMachine().LCAState(t1.target, t2.target) in
((contState <> null) and (contState.region

- >exists(rl:Region, r2: Region | (r1 <> r2) and t1.target.isContainedIinRegion(rl) and
t2.target.isCo ntainedIinRegion(r2)))))

1 choice_vertex
In a complete statemachine, a choice Vertex must have at least one incoming and one outgoing Transition.
inv: (kind = PseudostateKind::choice) implies (incoming - >size() >= 1 and outgoing - >size() >= 1)

1 outgoing_frominitial
The outgoing Transition from an initial vertex may have a behavior, but not a trigger or a guard.

inv: (kind = PseudostateKind::initial) implies (outgoing.guard = null and outgoing.trigger -
>isEmpty()

1 join_vertex
In a complete StateMachine, a jdfertex must have at least two incoming Transitions and exactly one outgoing
Transition.

inv: (kind = PseudostateKind::join) implies (outgoing - >size() = 1 and incoming - >size() >=2)

1 junction_vertex
In a complete StateMachine, a junction Vertex must haleaat one incoming and one outgoing Transition.

inv: (kind = PseudostateKind::junction) implies (incoming - >size() >= 1 and outgoing - >size() >= 1)

1 history_vertices
History Vertices can have at most one outgoing Transition.
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inv: ((kind = PseudostateKind::dee pHistory) or (kind = PseudostateKind::shallowHistory)) implies
(outgoing - >size() <=1)

1 initial_vertex
An initial Vertex can have at most one outgoing Transition.

inv: (kind = PseudostateKind::initial) implies (outgoing - >size() <=1)

1 fork_vertex
In a complée StateMachine, a fork Vertex must have at least two outgoing Transitions and exactly one incoming
Transition.

inv: (kind = PseudostateKind::fork) implies (incoming - >size() = 1 and outgoing - >size() >= 2)

1 transitions_incoming
All Transitions incoming a j@i Vertex must originate in different Regions of an orthogonal State.
inv: (kind = PseudostateKind::join) implies
-- for any pair of incoming transitions there exists an orthogonal state which contains the source
vetices of these transitions
-~ such that these source vertices belong to different regions of that orthogonal state
incoming - >forAll(t1:Transition, t2:Transition | let contState:State =
containingStateMachine().LCAState(t1.source, t2.source) in
((contState <> null) and (contState.region

- >exists(rl:Region, r2: Region | (r1 <>r2) and tl.source.isContainedInRegion(rl) and
t2.source.isContainedIinRegion(r2)))))

PseudostateKind [Enumeration]

Description

PseudostateKind is an Enumeration type that is used to differerdgr@es kinds of Pseudostates.

Diagrams

1 Behavior State Machines

Literals

1 initial
An initial Pseudostate represents a starting point for a Region; that is, it is the point from which exedtstion of
contained behavior commences when the Region is entered via default activation. It is the source for at most one
Transition, which may have an associated effect Behavior, but not an associated trigger or guard. There can be at mos
one initial Vertexn a Region.

1 deepHistory
This type of Pseudostate is a kind of variable that represents the most recent active state configuration of its owning
State. As explained above, a Transition terminating on this Pseudostate implies rdsto8itaje to that same state
configuration, but with all the semantics of entering a State (see the clause describing State entry). The entry Behavior
of all States in the restored state configuration are performed in the appropriate order startirggoutérthost State. A
deepHistory Pseudostates can only be defined for composite States and, at most one such Pseudostate can be contai
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in a composite State.

1 shallowHistory
As explained for the deepHistory Pseudostate, this typsefidostate is a kind of variable that represents the most
recent active substate of its containing State, but not the substates of that substate. A Transition terminating on this
Pseudostate implies restoring the composite State to that substate thighsalinantics of entering a State. A single
outgoing Transition from this Pseudostate may be defined terminating on a substate of the composite State. This subsi
is the default shallow history state of the composite State. A shallowHistory Pseudmestadesy be defined for
composite States and, at most one such Pseudostate can be included in a composite State.

T join
This type of Pseudostate serves as a common target Vertex for two or more Transitions originating from Vertices in
differentorthogonal Regions. Transitions terminating on a join Pseudostate cannot have a guard or a trigger. Similar to
junction points in Petri nets, join Pseudostates perform a synchronization function, whereby all incoming Transitions
have to complete before ésution can continue through an outgoing Transition.

1 fork
fork Pseudostates serve to split an incoming Transition into two or more Transitions terminating on Vertices in
orthogonal Regions of a composite State. The Transitions outgoing fiar Rseudostate cannot have a guard or a
trigger.

9 junction
This type of Pseudostate is used to connect multiple Transitions into compound paths between States. For example, a
junction Pseudostate can be used to merge multiple incomargsifions into a single outgoing Transition representing a
shared continuation path. Or, it can be used to split an incoming Transition into multiple outgoing Transition segments
with different guard Constraints. Note that such guard Constraints areteddbgdore any compound transition
containing this Pseudostate is executed, which is why this is referred to as a static conditional branch. It may happen ti
for a particular compound transition, the configuration of Transition paths and guard vauels ikat the compound
transition is prevented from reaching a valid state configuration. In those cases, the entire compound transition is
disabled even though its Triggers are enabled. (As a way of avoiding this situation in some cases, it isgpossible t
associate a predefined guard denoted as fiel sed0 with e
guards attached to the other Transitions evaluate to false). If more than one guard evaluates to true, one of these is
chosen. Thalgorithm for making this selection is not defined.

1 choice
This type of Pseudostate is similar to a junction Pseudostate (see above) and serves similar purposes, with the differer
that the guard Constraints on all outgoing Transitiongeatuated dynamically, when the compound transition traversal
reaches this Pseudostate. Consequently, choice is used to realize a dynamic conditional branch. It allows splitting of
compound transitions into multiple alternative paths such that the degisiehich path to take may depend on the
results of Behavior executions performed in the same compound transition prior to reaching the choice point. If more
than one guard evaluates to true, one of the corresponding Transitions is selected. The &gorigtking this
selection is not defined. If none of the guards evaluates to true, then the model is considered ill formed. (To avoid this,
is recommended to define one outgoing Transition witt

1 entryPoint
An entryPoint Pseudostate represents an entry point for a StateMachine or a composite State that provides encapsulai
of the insides of the State or StateMachine. In each Region of the StateMachine or composite Statheowning
entryPoint, there is at most a single Transition from the entry point to a Vertex within that Region. Note that, if the
owning State has an associated entry Behavior, this Behavior is executed before any behavior associated with the
outgoing Transitionlf multiple Regions are involved, the entry point acts as a fork Pseudostate.
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exitPoint

An exitPoint Pseudostate is an exit point of a StateMachine or composite State that provides encapsulation of the insid
of the State or StateMacta. Transitions terminating on an exit point within any Region of the composite State or a
StateMachine referenced by a submachine State implies exiting of this composite State or submachine State (with
execution of its associated exit Behavior). If muéiffransitions from orthogonal Regions within the State terminate on
this Pseudostate, then it acts like a join Psuedostate. composite state.

terminate

Entering a terminate Pseudostate implies that the execution of the StateMachiménstéer immediately. The
StateMachine does not exit any States nor does it perform any exit Behaviors. Any executing doActivity Behaviors are
automatically aborted. Entering a terminate Pseudostate is equivalent to invoking a DestroyObjectAction.

Region [Class]

Description

A Region is a togevel part of a StateMachine or a composite State, that serves as a container for the Vertices and Transitions c
the StateMachine. A StateMachine or composite State may contain multiple Regions rieyrésdiatviors that may occur in

parallel.

Diagrams

Behavior State MachineState Machine Redefinition

Generalizations

Namespace RedefinableElement

Association Ends

36¢€

extendedRegionRegion[0..1]{subsetRedefinableElement::redefinedElent (opposite
A _extendedRegion_region::regjon
The region of which this region is an extension.

/redefinitionContext Classifier[1..1]{redefinesRedefinableElement::redefinitionContgxbpposite
A_redefinitionContext region::regijpn
References the Classifier in which context this element may be redefined.

state State[0..1]{subsetdNamedElement::namespddeppositeState:.regioh
The State that owns the Region. If a Reg®mowned by a State, then it cannot also be owned by a StateMachine.

stateMachine StateMaching0..1]{subsetdNamedElement::namespaddeppositeStateMachine::regign
The StateMachine that owns the Region. If a Region is owned by a StateMachine, then it cannot also be owned by a
State.

Dz s u b Wertex[G.*}{subsetsNamespace::ownedMembBgoppositeVertex::containeyr
The set of Vertices that are owned by theg®n.

Dz t r a nfeamsitidn[0..AM{subsetsNamespace::ownedMembBd&pppositeTransition::containgr
The se¢ of Transitions owned by the Region.
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Operations

il

belongsToPSM() Boolean
The operation belongsToPSM () checks if the Region belongs to a ProtocolStateMachine.

body: if stateMachine <> null
then

stat eMachine.ocllsKindOf(ProtocolStateMachine)
else

state <> null implies state.container.belongsToPSM()
endif

containingStateMachine()StateMachine
The operation containingStateMachiheeturns the StateMachine in which this Region is defined.

body: if stateMachine = null
then
state.containingStateMachine()
else
stateMachine
endif

isConsistentWith(redefineeRedefnableElement: Boolean

The query isConsistentWith() specifies that a redefining Region is consistent with a redefined Region provided that the
redefining Region is an extension of the Redefined region, i.e., its Ventidetransitions conform to one of the

following: (1) they are equal to corresponding elements of the redefined Region or, (2) they consistently redefine a Stat
or Transition of the redefined region, or (3) they add new States or Transitions.

pre: redefinee .isRedefinitionContextValid(self)

body: -- the following is merely a default body; it is expected that the specific form of this
constraint will be specified by profiles

true

isRedefinitionContextValid(redefinedRegion : Boolean

The query isRedefinitionContextValid() specifies whether the redefinition contexts of a Region are properly related to
the redefinition contexts of the specified Region to allowédhésnent to redefine the other. The containing StateMachine
or State of a redefining Region must Redefine the containing StateMachine or State of the redefined Region.

body: if stateMachine - >isEmpty() then

-- the Region is owned by a State

(state.rede  finedState - >notEmpty() and

state.redefinedState.region - >includes(redefined))
else -- the region is owned by a StateMachine

(stateMachine.extendedStateMachine - >notEmpty() and

stateMachine.extendedStateMachine - >exists(sm : StateMachine | sm.region - >i ncludes(redefined)))
endif

redefinitionContext() Classifier
The redefinition context of a Region is the nearest containing StateMachine.

body: let sm : StateMachine = containingStateMachine() in
if sm._'context' = null or sm.general - >notEmpty() then
sm
else
sm._'context’
endif
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Constraints

1 deep_history vertex
A Region can have at most one deep history Vertex.

inv: self.subvertex - >select (ocllsKindOf(Pseudostate)) - >collect(oclAsType(Pseudost ate)) ->
select(kind = PseudostateKind::deepHistory) ->size() <=1

1 shallow_history_vertex
A Region can have at most one shallow history Vertex.

inv: subvertex - >select(oclIsKindOf(Pseudostate)) - >collect(oclAsType(Pseudostate)) ->
select(kind = Pseudostate Kind::shallowHistory) ->size() <=1
1 owned

If a Region is owned by a StateMachine, then it cannot also be owned by a State and vice versa.

inv: (stateMachine <> null implies state = null) and (state <> null implies stateMachine = null)

9 initial_vertex
A Regim can have at most one initial Vertex.

inv: self.subvertex - >select (ocllsKindOf(Pseudostate)) - >collect(oclAsType(Pseudostate)) ->
select(kind = PseudostateKind::initial) ->size() <=1

State [Class]

Description

A State models a situation duginvhich some (usually implicit) invariant condition holds. For behavior StateMachines, States are
internal elements hidden from view of external parties. However, the states of ProtocolStateMachines are intended ¢o be expos
to the users of their conte®lassifiers. A protocol State represents an exposed stable situation of its context classifier: when an
instance of the Classifier is not processing any BehavioralFeature, external parties interacting with this instancesdaroalway

its State configuradn.

Diagrams

Behavior State MachineState Machine Redefinitiof®®bject Nodes

Generalizations

RedefinableElemenNamespacg/ertex

Specializations

FinalState

Attributes

1 /isComposite Boolean[1..1] = false
A state with isComposite=true is said to be a composite State. A composite State is a State that contains at least one
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Region.

91 /isOrthogonal Boolean[1..1] = false
A State wth isOrthogonal=true is said to be an orthogonal composite State An orthogonal composite State contains twc
or more Regions.

1 /isSimple :Boolean[1..1] = true
A State with isSimple=true is said to be a sinfplate A simple State does not have any Regions and it does not refer to
any submachine StateMachine.

1 /isSubmachineStateBoolean[1..1] = false
A State with isSubmachineState=true is said to héaachine State Such a State refers to another
StateMachine(submachine).

Association Ends

1 DZ c o n n EannectionRointReferenge..*[{subsetsNamespace::ownedMembBdpbpposite
ConnectionPointReferencdaatd
The entry and exit connection points used in conjunction with this (submachine) State, i.e., as targets and sources,
respectively, in the Region with the submachine State. A connection point reference references the corresponding
definition of a comection point Pseudostate in the StateMachine referenced by the submachine State.

1 Dz c onne c PseawosRidi.*fisubsetsNamespace::ownedMembdpppositePseudostate::stgte
The entry and exit Pseudatts of a composite State. These can only be entry or exit Pseudostates, and they must have
different names. They can only be defined for composite States.

1 Dz def er r alvidger[0.rl{subses Element::ownedElemehfoppositeA_deferrableTrigger_state::state
A list of Triggers that are candidates to be retained by the StateMachine if they trigganaitidins out of the State
(not consumed). A deferred Trigger is retained until the StateMachine reaches a State configuration where it is no long
deferred.

1 Dz d o A c Behavior[D.y]{subsetElement::ownedElemeh(oppositeA_doActivity state::stade
An optional Behavior that is egated while being in the State. The execution starts when this State is entered, and cease
either by itself when done, or when the State is exited, whichever comes first.

1 DZ e nBelavior[0..1]{subsetElement::ownedElemeh{oppositeA_entry state::staje
An optional Behavior that is executed whenever this State is entered regardless of the Transition takethéoStdeh
If defined, entry Behaviors are always executed to completion prior to any internal Behavior or Transitions performed
within the State.

1 Dz e Behaviorf0..1]{subsetElement::ownedElemehfoppositeA_exit state::staje
An optional Behavior that is executed wheaeethis State is exited regardless of which Transition was taken out of the
State. If defined, exit Behaviors are always executed to completion only after all internal and transition Behaviors have
completed execution.

1 redefinedState State[0..1]{subsetRedefinableElement::redefinedElemiefdppositeA_redefinedState state::state
The State of which this Stateasedefinition.

1 /redefinitionContext Classifier[1..1]{redefinesRedefinableElement::redefinitionContgxopposite
A_redefinitionContext_state::stjte
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References the Classifier in which context this element may be redefined.

1 Dz r e Regmnjo0..*]{subsetsNamespace::ownedMembgoppositeRegion::state
The Regions owned directly by the State.

1 Dz st at e Canstrainf0..H{subsetdNamespace::ownedRiléopposite
A_statelnvariant_owningState::owningS)ate
Specifies conditions that are always true when this State is the current State. In ProtocolStateMachines state invariant:
are additional conditions to the preconditions of the outgoing Transitions, and to the postcondition of the incoming
Transitions.

1 submachine StateMaching0..1] (oppositeStateMachine::submachineState
The StateMachine that is to be inserted in place of the (submachine) State.

Operations

1 containingStateMachine()StateMachine
The query containingStateMachine() returns the StateMachine that contains the State either directly or transitively.
body: container.containing StateMachine()

1 isComposite() Boolean
A composite State is a State with at least one Region.
body: region - >notEmpty()

91 isConsistentWith(redefineeRedefinableElemeht Boolean
The query isConsistentWith() specifies that a redefining State is consistent with a redefined State provided that the
redefining State is an extension of the redefined State A sintgile &n be redefined (extended) to become a composite
State (by adding one or more Regions) and a composite State can be redefined (extended) by adding Regions and by
adding Vertices, States, and Transitions to inherited Regions. All States may adda# espry, exit, and 'doActivity'
Behaviors.
pre: redefinee.isRedefinitionContextValid(self)
body: -- the following is merely a default body; it is expected that the specific form of this
constraint will be specified by profiles
true

91 isOrthogonal() Boolean
An orthogonal State is a composite state with at least 2 regions.
body: region ->size ()>1

1 isRedefinitionContextValid(redefinedStatg : Boolean

37C

The query isRedefinitionContextValid() specifies whether the redefinition contexts of a State are properly related to the
redefinition contexts of the specified State to allow this element to redefine theTdtisameans that the containing
Region of a redefining State must redefine the containing Region of the redefined State.

body: container.redefinedElement.oclAsType(Region) - >exists(r:Region | r.subvertex
>includes(redefined))
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1 isSimple() :Boolean
A simple State is a State without any regions.

body: region - >isEmpty()

1 isSubmachineState(Boolean
Only submachine State references another StateMachine.

body: submachine <> null

1 redefinitionContext() Classifier
The redefinition context of a State is the nearest containing StateMachine.

body: let sm : StateMachine = containingStateMachine() in

if sm ._'context' = null or sm.general - >notEmpty() then
sm

else
sm._'context’

endif

Constraints

1 entry_or_exit
Only entry or exit Pseudostates can serve as connection points.

inv: connectionPoint - >forAll(kind = PseudostateKind::entryPoint or kind = Pseudostat eKind::exitPoint)

I submachine_states
Only submachine States can have connection point references.

inv: isSubmachineState implies connection - >notEmpty( )

I composite_states
Only composite States can have entry or exit Pseudostates defined.

inv: connectionPoint - >notEmpty() implies isComposite

9 destinations_or_sources_of transitions
The connection point references used as destinations/sources of Transitions associated with a submachine State mus
defined as entry/exit points in the submachine StateMachine.

inv:  self.isSubmachineState implies (self.connection - >forAll (cp |
cp.entry - >forAll (ps | ps.stateMachine = self.submachine) and
cp.exit - >forAll (ps | ps.stateMachine = self.submachine)))

1 submachine_or_regions
A State is not allowed to have both a subhiiae and Regions.

inv: isComposite implies not isSubmachineState
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StateMachine [Class]

Description

StateMachines can be used to express edtdven behaviors of parts of a system. Behavior is modeled as a traversal of a graph
of Vertices interconnected by one or more joined Transition arcs that are triggered by the dispatching of successive Event
occurrences. During this traversal, the StateMachine may execute a sequence of Behaviors associated with varioustelements ¢
StateMachine.

Diagrams

Behavior State MachineState Machine RedefinitigifProtocol State Machines

Generalizations

Behavior

Specializations

ProtocolStateMachine

Association Ends

1 DZ c onne c PseaosRifpi*stbsetsNamespace::ownedMembBdbppositePseudostate::stateMachjne
The connection poistdefined for this StateMachine. They represent the interface of the StateMachine when used as pa
of submachine State

1 extendedStateMachineétateMaching0..*]{redefinesBehavior::redefinedBehavipfopposite
A_extendedStateMachine stateMachine::stateMaghine
The StateMachines of which this is an extension.

1 Dz r e Régonjl..*}{subsetsNamespace::ownedMembBgopppositeRegion::stateMachine
The Regions owned directly by the StateMaehi

1 submachineStateState[0..*] (oppositeState::submachine
References the submachine(s) in case of a submachine State. Multiple machines are réieraseed a concurrent
State.

Operations

1 LCA(sl :Vertex s2 :VerteX) : Region
The operation LCA(s1,s2) returns the Region that is the least conmuestar of Vertices s1 and s2, based on the
StateMachine containment hierarchy.

body: if ancestor(s1, s2) then
s2.container
else
if ancestor(s2, s1) then
sl.container
else
LCA(s1.container.state, s2.container.state)
endif
endif
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1 ancestor(slVertex s2 :Vertex) : Boolean
The query ancestor(sl, s2) checks whether Vertex s2 is an ancestor of Vertex s1.

body: if (s2 =s1) t hen
true
else
if s1.container.stateMachine - >notEmpty() then
true
else
if s2.container.stateMachine - >notEmpty() then
false
else
ancestor(sl, s2.container.state)
endif
endif
endif

1 isConsistentWith(redefineeRedefinableElemeht Boolean
The query isConsistentWith() specifies that a redefining StateMachine is consistent with a redefined StateMachin
provided that the redefining StateMachine is an extension of the redefined StateMachine : Regions are inherited and
Regions can be added, inherited Regions can be redefined. In case of multiple redefining StateMachine, extension
implies that the redefing StateMachine gets orthogonal Regions for each of the redefined StateMachine.

body: -- the following is merely a default body; it is expected that the specific form of this
constraint will be specified by profiles
true

1 isRedefinitionContextValid(redefinedStateMaching: Boolean
The query isRedefinitionContextValid() specifies whether the redefinition context of a StateMachine is properly related
to the redefinition contexts of the specified StateMachine to allow this element to redefine the other. The context
Classifier of a redefining StateMachine must redefine the context Classifier of the redefined StateMachine.

body: self._'context'().oclAsType(Be havioredClassifier).redefinedClassifier
>includes(redefined.oclAsType(Behavior)._'context'())

I LCAState(vl Vertex v2 :VerteX : State
This utility funciton is like the LCA, except that it returns the nearest composite State that contains both input Vertices.

body: if v2.0oclIsTypeOf(State) and ancestor(v1, v2) then
v2.0clAsType(State)

else if v1.ocllsTypeOf(State) and ancestor(v2, v1) then
vl.0 clAsType(State)

else if (v1.container.state - >isEmpty() or v2.container.state - >isEmpty()) then
null.oclAsType(State)

else LCAState(v1.container.state, v2.container.state)

endif endif endif

Constraints

1 connection_points
The connection points of a Sthktachine are Pseudostates of kind entry point or exit point.

inv: connectionPaint - >forAll (kind = PseudostateKind::entryPoint or kind =
PseudostateKind::exitPoint)
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1 classifier_context
The Classifier context of a StateMachine cannot be an Interface.

inv: _'co  ntext' <> null implies not _'context'.oclisKindOf(Interface)

1 method
A StateMachine as the method for a BehavioralFeature cannot have entry/exit connection points.

inv: specification <> null implies connectionPoint - >isEmpty()

I context_classifier
The contexClassifier of the method StateMachine of a BehavioralFeature must be the Classifier that owns the
BehavioralFeature.

inv: specification <> null implies ( _'context' <> null and specification.featuringClassifier
>exists(c | ¢ = _'context'))

Transition [Class]

Description

A Transition represents an arc between exactly one source Vertex and exactly one Target vertex (the source and targets may |
the same Vertex). It may form part of a compound transition, which takes the StateMachinedrsteaaly State configuration
to another, representing the full response of the StateMachine to an occurrence of an Event that triggered it.

Diagrams

Behavior State MachineState Machine RedefinitiofProtocol State Machines

Generalizations

NamespaceRedefinableElement

Specializations

ProtocolTransition

Attributes

1 kind : TransitionKind[1..1] = external
Indicates the precise type of the Transition.

Association Ends

1 container Region[1..1[{subsetdNamedElement::namespadeppositeRegion::transitioh
Designates the Region that owns this Transition.

1 Dz e f Bebavitr[0.:1{subsetElement::ownedElemehfoppositeA_effect transition::transition
Specifies an optional behavitir be performed when the Transition fires.
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1 Dz g u@ondgrainf0..1}{subsetdNamespace::ownedRuléoppositeA_guad_transition::transition
A guard is a Constraint that provides a fgrained control over the firing of the Transition. The guard is evaluated when
an Event occurrence is dispatched by the StateMachine. If the guard is true at that time, the Thranshimenabled,
otherwise, it is disabled. Guards should be pure expressions without side effects. Guard expressions with side effects
ill formed.

1 redefinedTransition Transition[0..1]{subsetsRedefinableElement::redefinedElemefupposite
A_redefinedTransition_transition::transitjon
The Transition that is redefined by this Transition.

1 /redefinitionContext Classifier[1..1]{redefinesRedefinableElement::redefinitionContgxbpposite
A_redefinitonContext_transition::transitiyn
References the Classifier in which context this element may be redefined.

1 source Vertex[1..1] (oppositeVertex::outgoing
Designates the originating Vertex (State or Pseudostate) of the Transition.

9 target :Vertex[1..1] (oppositevertex::incoming
Designates the target Vertex that is redcivben the Transition is taken.

1 Dz t r iTuggee[0..*[{subsetsElement::ownedElemehtoppositeA_trigger_transitn::transition
Specifies the Triggers that may fire the transition.

Operations

1 containingStateMachine()StateMachine
The query containingStateMachine() returns the StateMachine thiairt®the Transition either directly or transitively.
body: container.containingStateMachine()

91 isConsistentWith(redefineeRedefinableElemeht Boolean
The query isConsistentWith() specifies that a redefining Transition is consistent with a redefined Transition provided
that the redefining Transition has the following relation to the redefined Transition: A redefining Transition redefines all
properties othe corresponding redefined Transition except the source State and the Trigger.
pre: redefinee.isRedefinitionContextValid(self)
body: -- the following is merely a default body; it is expected that the specific form of this
constraint will be specified by p rofiles
true

1 redefinitionContext() Classifier

The redefinition context of a Transition is the nearest containing StateMachine.

body: let sm : StateMachine = containingStateMachine() in

ifsm. _'context' = null or sm.general - >notEmpty() then
sm

else
sm._'context’

endif
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Constraints

I state is_external
A Transition with kind external can source any Vertex except entry points.

inv: (kind = TransitionKind::external) implies
not (source.ocllsKind Of(Pseudostate) and source.oclAsType(Pseudostate).kind =
PseudostateKind::entryPoint)

1 join_segment_guards
A join segment must not have Guards or Triggers.

inv: (target.ocllsKindOf(Pseudostate) and target.oclAsType(Pseudostate).kind = PseudostateKind::join)
implies (guard = null and trigger - >isEmpty())

i state is_internal
A Transition with kind internal must have a State as its source, and its source and target must be equal.

inv: (kind = TransitionKind::internal) implies
(source.ocllsKindOf (State) and sou rce = target)

I outgoing_pseudostates
Transitions outgoing Pseudostates may not have a Trigger.

inv: source.ocllsKindOf(Pseudostate) and (source.oclAsType(Pseudostate).kind <>
PseudostateKind::initial) implies trigger - >isEmpty()

{1 join_segment_state
A join segnent must always originate from a State.

inv: (target.ocllsKindOf(Pseudostate) and target.oclAsType(Pseudostate).kind = PseudostateKind::join)
implies (source.ocllsKindOf(State))

1 fork_segment_state
A fork segment must always target a State.

inv: (source.oc lIsKindOf(Pseudostate) and source.oclAsType(Pseudostate).kind =
PseudostateKind::fork) implies (target.ocllsKindOf(State))

I state is_local
A Transition with kind local must have a composite State or an entry point as its source.

inv: (kind = TransitionKind :local) implies
((source.oclIsKindOf (State) and source.oclAsType(State).isComposite) or
(source.ocllskindOf (Pseudostate) and source.oclAsType(Pseudostate).kind =
PseudostateKind::entryPoint))

9 initial_transition
An initial Transition at the topmostvel Region of a StateMachine that has no Trigger.

inv: (source.ocllskindOf(Pseudostate) and container.stateMachine - >notEmpty()) implies
trigger - >isEmpty()
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1 fork_segment_guards
A fork segment must not have Guards or Triggers.

inv: (source.ocllsKindOf(Pse udostate) and source.oclAsType(Pseudostate).kind = PseudostateKind::fork)
implies (guard = null and trigger - >isEmpty())

TransitionKind [Enumeration]

Description

TransitionKind is an Enumeration type used to differentiate the vakiods of Transitions.

Diagrams

9 Behavior State Machines

Literals

1 internal
Implies that the Transition, if triggered, occurs without exiting or entering the source State (i.e., it does reostdase
change). This means that the entry or exit condition of the source State will not be invoked. An internal Transition can |
taken even if the SateMachine is in one or more Regions nested within the associated State.

1 local
Implies tha the Transition, if triggered, will not exit the composite (source) State, but it will exit eentee any state
within the composite State that is in the current state configuration.

1 external
Implies that the Transition, if triggeredijll exit the composite (source) State.

Vertex [Abstract Class]
Description
A Vertex is an abstraction of a node in a StateMachine graph. It can be the source or destination of any number o$.Transition

Diagrams

Behavior State Machines

Generalizations

NamedElement

Specializations

ConnectionPointReferenceseudostateState
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Association Ends

no other valid

1 container Region[0..1]{subsetdNamedElement::namespageppositeRegion::subvertex
The Region that contains this Vertex.
1 /incoming :Transition[0..*]{} (opposite Transition::target
Specifies the Transitions entering thiertex.
1 /outgoing :Transition[0..*]{} (opposite Transition::source
Specifies the Transitions departing from this Vertex.
Operations
I containingStateMachine()StateMachine
The operation containingStateMachine() returns the StateMachine in which this Vertex is defined.
body: if container <> null
then
-- the container is a region
container.c  ontainingStateMachine()
else
if (self.ocllsKindOf(Pseudostate)) and ((self.oclAsType(Pseudostate).kind =
PseudostateKind::entryPoint) or (self.oclAsType(Pseudostate).kind = PseudostateKind::exitPoint)) then
self.oclAsType(Pseudostate).stateMachin e
else
if (self.ocllsKindOf(ConnectionPointReference)) then
self.oclAsType(ConnectionPointReference).state.containingStateMachine() -
cases possible
else
null
endif
endif
endif
1 incoming() :Transition[0..*]
Derivation for Vertex::/incoming.
body: Transition.alllnstances() - >select(target=self)
9 outgoing() :Transition[0..*]
Derivation for Vertex/outgoing
body: Transition.allinstances() - >select(source=self)
91 isContainedInState(sStatg : Boolean

37¢

This utility operation returns true if the Vertex is contaiimethe State s (input argument).

body: if not s.isComposite() or container - >isEmpty() then
false
else
if container.state = s then
true
else
container.state.isContainedInState(s)

UML v2.5



endif
endif

1 isContainedInRegion(rRegior) : Boolean

This utility query returns true if the Vertex is contained in the Region r (input argument).

body: if (container =r) then
true

else
if (r.state - >isEmpty()) then
fal se
else
container.state.isContainedinRegion(r)
endif
endif

14.6 Association Descriptions

A_conformance_specificMachine [Association]

Diagrams

Protocol State Machines

Member Ends

1 ProtocolStateMachine::conformance
1 ProtocolConformance::specificMachine

A_connectionPoint_state [Association]

Diagrams

Behavior State Machines

Member Ends

9 State::connectionPoint
1 Pseudostate::state

A_connectionPoint_stateMachine [Association]

Diagrams

Behavior State Machines

Member Ends

M StateMachine::connectionPoint
1 Pseudostate::stateMachine

UML v2.5

37¢



A_connection_state [Association]

Diagrams

Behavior State Machines

Member Ends

I State::connection
1 ConnectionPointReference::state

A_deferrableTrigger_state [Association]

Diagrams

Behavior State Machines

Owned Ends

1 state :State[0..1]{subsetElement::ownéer (oppositeState::deferrableTrigger

A_doActivity_state [Association]

Diagrams

Behavior State Machines

Owned Ends

1 state :State[0..1]{subsetElement::ownér(oppositeState::doActivity

A_effect_transition [Association]

Diagrams

Behavior State Machines

Owned Ends

9 transition :Transition[0..1]{subsetElement::ownéer (oppositeTransition::effeck
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A_entry_connectionPointReference [Association]

Diagrams

Behavior State Machines

Owned Ends

1 connectionPointReferenc&€onnectionPointRefereng@..1] (oppositeConnectionPointReference::entry

A_entry_state [Association]

Diagrams

Behavior State Machines

Owned Ends

9 state :State[0..1]{subsetsElement::ownér (oppositeState::entry

A_exit_connectionPointReference [Association]

Diagrams

Behavior State Machines

Owned Ends

1 connectionPointReferenc&€onnectionPointRefereng@..1] (oppositeConnectionPointReference::exit

A_exit_state [Association]

Diagrams

Behavior State Machines

Owned Ends

1 state :State[0..1]{subsetsElement::ownér (oppositeState::exif
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A_extendedRegion_region [Association]

Diagrams

State Machine Redefinition

Owned Ends

1 region :Region[0..1}{subsetsA redefinedElement_redefinableElement::redefinableEleh{epposite
Region::extendedRegipn

A_extendedStateMachine_stateMachine [Association]

Diagrams

State Machine Redefinition

Owned Ends

1 stateMachine StateMaching0..1]{subsetsA_redefinedBehavior_behavior::behayidopposite
StateMachine::egindedStateMachifje

A_generalMachine_protocolConformance [Association]

Diagrams

Protocol State Machines

Owned Ends

1 protocolConformanceProtocolConformanci..*|{subsetsA_target directedRelationship::directedRelationkhip
(oppositeProtocolConformancegeneralMaching

A _guard_transition [Association]

Diagrams

Behavior State Machines

Specializations

A _preCondition_protocdlransition
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Owned Ends

9 transition :Transition[0..1]{subsetgConstraint::conte}t(oppositeTransition::guarjl

A_incoming_target_vertex [Association]

Diagrams

Behavior State Machines

Member Ends

1 Vertex:iincoming
1 Transition::target

A_outgoing_source_vertex [Association]

Diagrams

Behavior State Machines

Member Ends

1 Vertex:outgoing
I Transition::source

A_postCondition_owningTransition [Association]

Diagrams

Protocol State Machines

Owned Ends

1 owningTransition ProtocolTransitiof0..1]{subsetgConstraint::conte}t(oppositeProtocolTransibn::postConditioh

A_preCondition_protocolTransition [Association]

Diagrams

Protocol State Machines

Generalizations

A _quard_transition
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Owned Ends

1 protocolTransition ProtocolTransitiorf0..1}{redefinesA_guard_transition::transitigr(opposite
ProtocolTransition::preCondition

A_redefinedState_state [Association]

Diagrams

State Machine Redefinition

Owned Ends

9 state :State[0..1]{subsetsA_redefinedElement_redefinableElement::redefinableEleh{epposite
State::redefinedState

A_redefinedTransition_transition [Association]

Diagrams

State Machine Redefinition

Owned Ends

9 transition :Transition[0..1]{subsetsA_redefinedElement_redefinableElement::redefinableElef{epposite
Transition::redefinedTransitidn

A_redefinitionContext_region [Association]

Diagrams

State Machine Redefinition

Generalizations

A redefinitionContext redefinableElement

Owned Ends

1 region :Region[0..*]{redefinesA_redefinitionContext redefinableElement::redefinableElein@mposite
Region::redefinitionContekt
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A_redefinitionContext_state [Association]

Diagrams

State Machine Redefinition

Generalizations

A redefinitionContgt redefinableElement

Owned Ends

1 state :State[0..*]{redefinesA_redefinitionContext redefinableElement::redefinableElein@posite
State::redefinitionContekt

A_redefinitionContext_transition [Association]

Diagrams

State Machine Redefinition

Generalizations

A redefinitionContext redefinableElement

Owned Ends

9 transition :Transition[0..*]{redefinesA_redefinitionContext_réefinableElement:.redefinableElem(dpposite
Transition::redefinitionContext

A_referred_protocolTransition [Association]

Diagrams

Protocol State Machines

Owned Ends

1 protocolTransition ProtocolTransitiorf0..*] (oppositeProtocolTransition::referrgd

A_region_state [Association]

Diagrams

Behavior State Machines
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Member Ends

I State::region
1 Region::stée

A_region_stateMachine [Association]

Diagrams

Behavior State Machines

Member Ends

I StateMachine::region
1 Region::stateMachine

A_statelnvariant_owningState [Association]

Diagrams

Behavior State Machines

Owned Ends

1 owningState State[0..1]{subsetgConstraint::conte}t(oppositeState::statelnvariant

A_submachineState_submachine [Association]

Diagrams

Behavior State Machines

Member Ends

1 StateMachine::submachineState
I State::submachine

A _subvertex_container [Association]

Diagrams

Behavior State Machines

Member Ends

1 Region::subvertex
1 Vertex::container
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A_transition_container [Association]

Diagrams

Behavior State Machines

Member Ends

1 Region::transition
1 Transition::container

A_trigger_transition [Association]

Diagrams

Behavior State Machines

Owned Ends

9 transition :Transition[0..1]{subsetElement::ownér (oppositeTransition::triggey
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15 Activities

15.1 Summary

An Activity is a kind of Behavior (see subacisel3.2) that is specified as a graphrafdesinterconnected bgdgesA subset of

the nodes arexecutable nodabat embody lowelevel steps in the overall ActivityDbject nodesold data that is input to and
output fom executable nodes, and moves acotsct flowedgesControl nodespecify sequencing of executable nodes via
control flowe d g e s . Activities are essentially what are commonl
computation are inhendly concurrent, as any sequencing of activity node execution is modeled explicitly by activity edges, and
no ordering is mandated for any computation not explicitly sequenced.

Activities may describe procedural computation, forming hierarchies of Aesvitivoking other Activities, or, in an object
oriented model, they may be invoked indirectly as methods bound to Operations that are directly invoked. Activities may be
applied to organizational modeling for business process engineering and workflbig.daritext, events often originate from
inside the system, such as the finishing of a task, but also from outside the system, such as a customer call. Actisiibg can
used for information system modeling to specify system level processes.

The remander of this clause describes how activity models are structured and various kinds of object and control nodes. The or
kind of executable nodes in UML afetions,which are fully described in Claudé. Actions are requiretbr any significant
capabilities of Activities. Actions invoke other Behaviors and Operations (see above), access and modify objects,ledkwell as
them together, and perform more advanced coordination of other Actions (Structured Actions). They amelcent o0 t he i
aspects of Activities, introducing a specialized form of object node (Pins) for object flows to get and provide datato Actio

Most of the examples of Activity data flow appear in Clal&eThe concreat syntax for Actions is a subset of the concrete syntax
for Activities (Action notation only appears in Activity diagrams), and some concrete syntax for Actions is specified in this
clause. This clause uses executable nodes to provide some independensetisas but must still be read in conjunction with
Clauselé.

15.2 Activities

15.2.1 Summary

An Activity is a Behavior specified as sequencing of subordinate units, using a control and data flow model. Subordinate
behaviors coordinated/ihese models may be initiated because other behaviors in the model finish executing, because objects
and data become available or because events occur externally to the flow. The flow of execution is modeled as ActivityNodes
connected by ActivityEdges.rAExecutableNode can be the execution of a subordinate behavior, such as an arithmetic
computation, a call to an operation, or manipulation of object contents (see GdarsActions for details). ActivityNodes also
include fow-of-control constructs, such as synchronization, decision, and concurrency control.

This subclause describes the basic structure and flow semantics of an activity model as a graph of nodes and edgets. Subsequ
subclauses then describe the various «ioidActivityNodes that an Activity may contain and how those nodes may be grouped
within the Activity.
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15.2.2 Abstract Syntax

Behavior Comeciabictlament | [ Maltiphaty
£y
-— {subsets namespace} {subsets ownedMember}
Activity + activityScope + variable variable
+ isReadOnly : Boolean = False 0.1 *
+ isSingleExecution : Boolean = false "
0.1 tivit ity T
activity + activity
Redefinabletlement {subsets owner}  {subsets owner} Redefinabletlement

+ artivityMode

)

Asubsets ownedElement} {subsets ownedElement}™_*

{subsets redefinedElement} + node + edge
" Activityllode + target + incoming ActivityEdge {subsets redefinableElernant}
1 * + activityEdge
+ soUrce + outgoing *
* 7 =
+ redefinedNode {subsets ownedElement} {subsets owner} ®
- - + guard + activityEdge
Value: tion
{subsets redefinableElement} aluespecifica o1 o1 + redefinedEdge
0.1 0.1 {subsets redefinedElernent}
+ weight + activityEdge

{subsets ownedElement}

+ transformation

{subsets owner}

+ objectFlow

. ~ 3
Beha 0.1 ObjectFlow ControlFlow
0.1 + | +isMulticast : Boolean = false |
i + isMultireceive : Boolean = false

+ selection + objectFlow

Figure 15.1 Activities
15.2.3 Semantics

Activities

The execution of one ActivityNode withimaActivity may affect, and may be affected by, the execution of other ActivityNodes
in the Activity. Such edges are represented by ActivityEdges that interconnect the ActivityNodes. The effect of one ddivityN
on another is specified by tflew of tokesover the ActivityEdges between the ActivityNodes.

Tokensare not explicitly modeled in an Activity, but are used for describing the execution of an Activitybjeat tokeris a

container for a value that flows over ObjectFlow edges (some objectto&arflow over ControlFlow edges, as specified by the
modeler, se&controlType for ObjectNodes in sub claud®.4). An object token with no value in it is callechall token. A

control tokenaffects execution of ActivityNodes, but does not carry any data, and flows only over ControlFlow edges. Each toke
is distinct from any other, even if it contains the same value as another.

ActivityEdges are directed, with tokens flowing from therce ActivityNode to thetarget ActivityNode. However, tokensffered

to an ActivityEdge by theource ActivityNode may not immediately flow along the edge. Instead, the tokens only move when the
offer isacceptedy the ActivityEdge, which requires at least theet ActivityNode to accept them also, which in turn might
depend on acceptance of cascading offers of the same tokens to edges and nodes further downstreasn éstescribed

below, object tokens shall only be accepted by ObjectNodes whilettokens shall only be accepted by ExecutableNodes

(with a modelerspecified exception for some object tokens accepted by ExecutableNodesesestType for ObjectNodes in

sub clausd5.4). ControlNodes are used to control the routing of offers through a network of ActivityEdges, controlling the flow
of accepted tokens.

ActivityNodes and ActivityEdges may be named, howevernshes andedges of an Activity are not required to have unique
names within that Activity. This allows, for example, simitates within an Activity (such as multiple invocations of other
Behavior) to be given the same name. Even though an Activity is a Namespace (a Behavior is a Class, which is a Classifier,
which isa Namespace), and thembers of a Namespace are required to be distinguishable (see subZlguseis constraint
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does not affect the naming of Activitgdes andedges because theodes andedges of an Activity areownedElements but not
ownedMembers Of the Activity.

NOTE. Activities are Classes (see sub clali8€) and may support Properties, such as how long the process has been executing
or how much it costs; Associations specifying libdk®bjects, such as the performer of the execution, who to report completion

to, or resources being used; Operations for managing execution of their instances, such as starting, stopping, alorting, and
and StateMachines specifying states of exenutiech as started, suspended, and so on. Profiles may include class libraries with
standard Classes that are used as root classes for activities in the user model and vendors may define their own libraries, o
support user defined features on Activity Ges.

Activity Nodes
ActivityNodes are used to model the individual steps in the behavior specified by an Activity.

An ActivityNode is enabled to begin execution when specified conditions are satisfied on the tokens offereiddaribhgn
ActivityEdges;the conditions depend on the kind of node. When an ActivityNode begins execution, tokens are accepted from
some or all of itsncoming ActivityEdges and a token [@aced onthe node. When a node completes execution, a token is removed
from the node and kens are offered to some or all ofdtsgoing ActivityEdges. The actual effect of the node execution depends
on the kind of the node, as detailed in subsequent subclauses.

All restrictions on the relative execution order of two or more ActivityNodesxgukcitly constrained by ActivityEdge
relationships. If two ActivityNodes are not ordered by ActivityEdge relationships (directly or indirectly, e.g., by beirajedgp
contained in ordered StructuredActivityNodes; see sub ctbbidd), they may execute concurrently.

NOTE. As used hergsoncurrentexecution simply means that there is no required order in which the nodes must be executed; a
conforming execution of the Activity may execute the nodes sequentially in eitteror may execute them in parallel.

As an ActivityNode may be thaurce for multiple ActivityEdges, the same token can be offered to muktipjets. However, the
same token can only be accepted attaiget at a time (unless it is copied, whereupiois not the same token, see ForkNodes in
sub clausd5.3and ExecutableNodes in sub clad$eh). If a token is offered to multiple ActivityNodes at the same titnghall

be accepted by at most one of them, but exactly which one is not completely determined by the Activity flow semantics. This
means that an Activity model in which ndeterminacy occurs may be subject to timing issues and race conditions. It is the
responsibility of the modeler to avoid such conditions in the construction of the Activity model, if they are not desired.

There are three kinds of ActivityNodes:

1. Control Nodes act as fAtraffic switchesd nnsancaagninnogt thhree sftloo
ControlNodes (with exceptions for InitiaINodes and ForkNodes, see sub t@se

2. ObjectNodes hold object tokens accepted franming ObjectFlows and may subsequently offer thersutgoing
ObjectFlows yith a modelerspecified exception for ControlFlows, seeontrolType for ObjectNodes in sub claudé.4).

3. ExecutableNodes actually carry out the desired behavior of an Activity. If an ExecutableNadenfiag ControlFlows,
then there must be tokens offered on all these flows that it accepts before beginning execution. While executing, an
ExecutableNode is considered to hold a single control token indicating it is executing. When it completes executien, it offer
control tolens on albutgoing ControlFlows. Allincoming andoutgoing ActivityEdges of an ExecutableNode must be
ControlFlows. (Actions, which are the only kind of ExecutableNode, use special attached ObjectNod@&nsdtieatcept
input and produce output objackens; see Claugs.)

Each of these kinds of ActivityNodes are described further in subsequent subclauses.

Activity Edges

An ActivityEdge is a directed connection between two ActivityNodes along which tokens may flowh&esorte
ActivityNode to thetarget ActivityNode.
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Tokens arefferedto an ActivityEdge by theource ActivityNode of the edge. Offers propagate through ActivityEdges and
ControlNodes, according to the rules associated with ActivityEdges (see belovgchnkired of ControlNode (see sub clause

15.3 until they reach an ObjectNode (for object tokens) or an ExecutableNode (for control tokens and some object tokens as
specified by modelers, see ObjectNodes in sub cldbigle Each kind of ObjectNode (see sub claliSe) and ExecutableNode

(see sub clausks.5and Clausd 6 on Actions) has rules for when offered takemay beacceptedIf an ObjectNode or
ExecutableNode accepts an offered token, then that token flows from its original offering ActivityNode to the accepting
ActivityNode. As described above, there may be contention between multiple nodes to whiahia téiered’ the concept of

offers defines the semantics for managing such contention.

An ActivityEdge may have guard, which is a ValueSpecification that is evaluated for each token offered to the edge. An offer
shall only pass along an ActivityEdgetlife guard for the edge evaluates to true for the offered token. An ActivityEdge without a
guard is equivalent to one with guard that evaluates to true for every tokesudrds are commonly used with DecisionNodes, as
described in sub claud®.3 but they are allowed on any ActivityEdge.)

Any number of tokens can pass along an ActivityEdge, in groups at one time, or individually at different timeght he
property dictates the minimum number of tokens that must traversgige at the same time. It is a ValueSpecification that is
evaluated every time a new token is offered bysthee ActivityNode. It must evaluate to a positive LiteralUnlimitedNatural
and may be a constant. Once the minimum number of tokens are pé#itted tokens offered by theurce are offered to the
target all at once. The minimum number of tokens must then be accepted before any tokens shall traverse the edge. If the
ActivityEdge has guard, theguard must evaluate to true for each token odféto the edge that counts towards the minimum. If
theguard fails for any of the tokens, and this reduces the number of tokens that can be offeregdet tbdess than the weight,
then all the tokens fail to be offered. An unlimited weight meaaisaththe tokens offered by theurce must be accepted before
any of them shall traverse the edge. (This can be combined with a JoinNode to take all of the tokensat\linen certain
conditions hold; see exampleshigure15.21 andFigure15.59). If aweight is not specified for an ActivityEdge, this is equivalent
to specifying aweight of 1.

NOTE. A weaker but simpler alternative d@ight is to group information into larger objects so thatrgle token carries all
necessary data.

There are two kinds of ActivityEdges:

1. A ControlFlow is an ActivityEdge that only passes control tokens (and some object tokens as specified by modelers, see
isControlType for ObjectNodes in sub claud®.4). ControlFlows are used to explicitly sequence execution of ActivityNodes,
as thearget ActivityNode cannot receive a control token and start execution ungbtie ActivityNode completes
execution and produces the token.

2. An ObjecFlow is an ActivityEdge that can have object tokens passing along it. ObjectFlows model the flow of values
between ObjectNodes. Tokens are offered tadiget ActivityNode in the same order as they are offered fronsdhee. If
multiple tokens are offed at the same time, then the tokens are offered in the same order as if they had been offered one a
time from thesource. If the source is an ObjectNode with an ordering specified, then tokens frorptine are offered to the
ObjectFlow in that ordeand, consequently, are offered from the ObjectFlow teathe in the same order. (See also sub
clausel5.4o0n the offering of tokens from an ObjectNode.)

Unlike ControlFlows, ObjectFlows also provide additional supportrfoiticast/receive, token selection from ObjectNodes and
transformation of tokens, as described below.

Object Flows

Object tokens pass over ObjectFlows, carrying data through an Activity via their values, or carrying nalidateef3. A null

token carstill be passed along an ObjectFlow and used like any other token. For example, an Action can output a null token to
explicitly indicate that it did not produce an optional value, and a downstream DecisionNode (see sulb Qacae test for this

and branch accordingly.

An ObjectFlow may have tansformation Behavior that has a single input Parameter and a single output Parameter. If a
transformation Behavior is specified, then the Behavior is invoked for each object tiffened to the ObjectFlow, with the value
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in the token passed to the Behavior as input (for a null token, the behavior is invoked but no value is passed). Thiheutput o
Behavior is put in an object token that is offered toidhyet ActivityNode insted of the original object token. If the output
parameter of the Behavior has a multiplicipper bound greater than 1, and the Behavior produces multiple values, then each
value is put in a separate object token, all of which are passediegthéctivityNode (if the output Parameter is ordered, this
ordering is preserved in the sequencing of the tokens). If the output Parameter has a mudtigliciound of O and the

Behavior produces no value, then a null token is offered taidee ActivityNode.

An ObjectFlow may have selection Behavior that has a single input Parameter and a single output Parameter. The input
Parameter of the Behavior must be wunordered, nonuni cgue a
havea multiplicity upper bound of 1. If a selection Behavior is specified, then it is used to offer a token from a source
Object Node to the ObjectFlow, rather than using the Obje
or an offeris withdrawn, the selection Behavior is invoked with the values from all the object tokens currently being offered to
the ObjectFlow passed to the Behavior input Parameterseldegon Behavior should then select one of the input values and
produce it a®utput. This output value is put in an object token and passed tagth\ctivityNode. If theselection Behavior

does not produce an output, then a null token is passed tagthd\ctivityNode.

If an ObjectFlow has bothteansformation and aselection Behavior, then theansformation Behavior is invoked first when a new
token is offered to the ObjectFlow and the resulting value is used in the invocatiors@édta behavior.

Because &ansformation Or selection Behavior is used while offerintokens to therget node, it may be run many times on the

same token before the token is accepted byatti@ node. This means the Behavior cannot have side effects. It shall not modify
objects, but transformations may for example, navigate from lojeetcdo another, get an attribute value from an object, or
replace a data value with another.

Multicasting and multireceiving are used in conjunction with ActivityPartitions (see sub dlauBs¢o model flows between
Behaviags that are the responsibility of objects determined by a publish and subscribe facility. However, the particular
publish/subscribe semantics used are not specified in this standard. (To support execution, a model must, therefedstdbe refin
specify theparticular publish/subscribe facility employed.) This is illustrateBigure15.7 in sub clausé5.2.5

Variables

ObjectFlows provide the primary means for moving data within an Activity. Varightaéde an alternate means for passing data
indirectly.

During the execution of an Activity, each of the Variables of the Activity may hold one or more values. There are Awatib@s to
values to Variables and to subsequently read values from those l¥auab described in sub clause9. The Variables of an
Activity are ownedMembers of the Activity considered as a Namespace, but they are local to the Activity and are not visible
outside it.

The use of a Variable effectly provides indirect data flow paths from the point at which a value is written to the Variable to all
the points at which the value is read from the Variable. Because there is no predefined relationship between the Aotams with
Activity that read fom and write to Variables, these actions must be sequenced by control flows to prevent race conditions that
may occur between Actions that read or write the same Variable.

A Variable is a kind of ConnectableElement (see sub claug®and, as such, is a TypedElement (see sub claBseAny
values held by a Variable must conform to the Type of the Variable.

A Variable is also a MultiplicityElement (see sub cladd®. If the upper bound on a Variable is 1, then that Variable may only

hold a single value. If thepper bound on a Variable is greater than 1, then it may hold multiple values up to the maximum
number given by thepper bound (or an unbounded numbertih e upper b o uonedboundon &Vadapleis | f t he
anything other than 0, then the Variable should nominally always hold at least as many values as givenebhdoed.

However, as the only way to write values into a Variable is througiodstvithin the Activity, it is not always possible to

enforce such a multiplicitpwer bound. (For further discussion of the semantics of Variable multiplicity, see the description of the
Actions used to read from and write to Variables, in sub clhGs)
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NOTE. Variables are introduced to simplify translation of common programming languages into activity models for those
applications that do not require object flow information to be readily accessible. However, sogramprihat set variables only
once can be easily translated to use object flows from the action that determines the values to the actions that ugse¢hem. So
programs that set variables more than once can be translated to object flows by introduzhgtidot containing properties for
the variables, or one object per variable combined with data store nodes.

Activity Execution

An Activity may haveprecondition andpostcondition Constraints, as inherited from Behavior (see sub claBs®. These apply
globally to all invocations of the Activity. (Actions within an Activity may also have local ame postconditions, see sub clause
16.2)

As a Behavior, an Activity may have Parameters (sbeckausel3.2). For each such Parameter, the Activity has a corresponding
ActivityParameterNode (two in the case of an inout Parameter, one for input and one for output). An ActivityParametarNode is
ObjectNode that makdzarameter values accessible within the Activity. (See sub cl&udéor a full discussion of
ActivityParameterNodes.)

When an Activity is invoked, any values passed to its input Parameters are put in object tokens aod pheceorresponding
input ActivityParameterNodes for the Activity (if an input parameter has no value, a null token is placed on the corgespondin
ActivityParameterNode). These ActivityParameterNodes then offer their tokens to outgoing ActivityEdges.

Whenan Activity is first invoked, none of its nodes other than input ActivityParameterNodes will initially hold any tokens.
However, nodes that do not have incoming edges and require no input data to execute are immediately enabled. A single contl
token isplaced on each enabled node and they begin executing concurrently. Such nodes include ExecutableNodes (see sub
clausel5.5 with no incoming ControlFlows and no mandatory input data and InitiaINodes (see subl8a&use

On each subsequent invocation of the Activity,isB&gleExecution property indicates whether the same execution of the Activity
handles tokens for all invocations, or a separate execution of the Activity is created for eaatianyBor example, an Activity
that models a manufacturing plant might have a parameter for an order to fill. Each time the activity is invoked, a new order
enters the flow. As there is only one plant, one execution of the Activity handles all ordsrappliés even if the Activity is an
Operation method (see sub claige?), for example, on each order.

If a single execution of the Activity is used for all invocations, the modeler must consider the interactions lhetwadtitle

streams of tokens moving through the ActivityNodes and ActivityEdges. Tokens may reach bottlenecks waiting for other tokens
ahead of them to move downstream, they may overtake each other due to variations in the execution time of invaksd behavi
and most importantly, may abort each other with constructs such as ActivityFinalNodes (see sutbc3ause

If a separate execution of the Activity is used for each invocation (this is the default), tokens from treiraoications do not
interact. For example, an Activity that iglassifierBehavior is invoked when the Classifier is instantiated (see sub clause 13.2), and
the modeler will usually want a separate execution of the Activity for each instance of tifeeclds$se same is true for

modeling methods in common programming languages, which have separate stack frames for each method call.

However, if an Activity has streaming Parameters (see sub d&uethen additional todns may flow into and out of the
Activity (via the corresponding ActivityParameterNodes) even during the course of a single execution. This may result in the
same sorts of token interaction issues that result from using a single execution.

The execution o&n Activity with no streaming Parameters completes when it has no nodes executing and no nodes enabled for
execution, or when it is explicitly terminated using an ActivityFinalNode (see sub di&BeThe execution of an Aiwity with
streaming input Parameters shall not terminate until the cumulative number of values posted to each of those input pgrameters
the invoker of the Activity) is at least equal to the Parameter multiplicity lower bound. The execution ofvity Wit

streaming output Parameters shall not terminate until the cumulative number of values posted to each of those outmst Paramet
(by the Activity itself) is at least equal to the Parameter multiplicity lower bound.

When the execution of an Actiyitcompletes, all ActivityParameterNodes corresponding testi@aming output Parameters
shall hold at least as many rouall object tokens as given by the corresponding Parameter multiplicity lower bound. The values
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associated with the object tokens ofle@utput ActivityParameterNode are then passed out of the Activity on the corresponding
output Parameter and made available to the invoker of the Activity.

An output Parameter may also be identified asaeptionParameter by havingException=true (se sub claus8.4). An output

posted to an exception Parameter precludes outputs from being posted to other output Parameters of a Behavior. ¢fkam object t
arrives at an output ActivityParameterNode associated with antexc&arameter, then the execution of the Activity is

immediately terminated. The value on the token is then passed to the exception Parameter as usual, but any tokentpah other o
ActivityParameterNodes associated with retreaming Parameters are last their values are not passed to the associated
Parameters. Values posted to streaming output Parameters before the termination of the Activity are not affected.

Use exception Parameters on Activities only if it is desired to abort all flows in thaétickor example, if the same execution

of an activity is being used for all its invocations (iisSingleExecution=true), then multiple streams of tokens will be flowing
through the same Activity. In this case, it is probably not desired to abdaved! just because one reaches an exception output.
Arrange for separate invocations of the Activity to use separate executions of the ActivigsiigeExecution=false) when
employing exception Parameters, so flows from separate executions witteubtesch other.

Activity Generalization

An Activity is a Classifier and, as such, may participate in Generalization relationships. A specialized Activity irdesikssth
andedges of its general Activities. ActivityNodes and ActivityEdges are Redéfielalements (see sub clauge) that may be
redefined in a specialized Activity.

An ActivityNode in a specialized Activity that redefines an ActivityNode from a general Activity is considered to replace the
redefined ActivityNode for any inherited ActivityEdges that had the redefined ActivityNode as a source or target. Similarly, an
ActivityEdge that redefines an ActivityEdge from a general Activity is considered to replace the redefined ActivityEdge for a
inherited ActivityNode that had the redefined ActivityEdge as an incoming or outgoing edge. If the redefined ActivityEdge is an
incoming or outgoing edge for any ActivityNode that is not inherited but is itself redefined, then the ActivityEdge edréplac

the redefiningActivityNode.

The effective sets of nodes and edges used in executing a specialized Activity consists of the unions of the inhedtet nodes
edges (which do not include redefined nodes and edges) and any additional nodes and edges defined izéd Aptgity!
(including any redefining nodes and edges). The execution of the specialized Activity then proceeds as usual, butplsiofg a gra
nodes and edges constructed from the union sets.

15.2.4 Notation

This subclause specifies a graphical notation foivits. This notation is optional in that a conforming tool may use a textual
concrete syntax instead. However, the notation given in this and subsequent notation subclauses within this clauge is the onl
graphical notation for Activities conformant withis specification.

The notation for an Activity is a combination of the notations of the ActivityNodes and ActivityEdges it contains, pldisra bor
and name displayed in the upper left corner. ActivityParameterNodes are displayed on the border fgeratfgmn for
ActivityParameterNode in sub clau$g.4). Pre and postcondition constraints, inherited from Behavior, are shown as textual
expressions with the keywords «precondition» and «postcondition», respectivel\yeyiard «singleExecution» is used for
Activities isSingleExecution=true.
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activity name «precondition» constraint N\
parameter name: Type  «postcondition» constraint

Figure 15.2 Activity notation

The roundcornered border dfigure15.2 may be replaced with the frame nadatdescribed in Annex A.
ActivityParameterNodes are displayed on the frame. The roarmered border or frame may also be omitted completely, in
which case ActivityParameterNodes may appear anywhere on the diagram.

The notation for Classes can be usaddiagramming the features of an Activity as showRigure15.3, with the keyword
«activity». They can be shown in class diagrams with associations.

wactivity»
Activity Name

attribute : type
attribute : type

operation (parameters)
operation (parameters)

Figure 15.3 Activity class naation

The notations for ActivityNodes are illustrated below. This notation is discussed in more detail in the following sufatauses
in Clauselé6 for Actions).

O | o ® ®
Aection node Object node ——————— Control nodes
Figure 15.4 ActivityNode notation

An ActivityEdge (whether a ControlFlow or ObjectFlow) is notated by an open arrowhead line connecting two ActivityNodes. If
the edge has a name, it is notated near the arrow. Guards are shown as text in square brackets nedin&il of th

UML v2.5 39¢



{weight=n}

S = o

{weight="] o ] ] .
Activity edge for interruptible regions

With edge weight

froliama v da aavaliin cnnaifiaatiand

name
= =

Aetivity edge with name

Regular activity edge

Figure 15.5 ActivityEdge notation

An ActivityEdge may also be notated using a connector, which is a small circle with the name of the edge in it. Thys is purel
notational. It does not affect thaderlying model. The circles and lines involved map to a single ActivityEdge in the model.
Every connector with a given label must be paired with exactly one other with the same label on the same Activity diagram. On
connector must have exactly one incogiedge and the other exactly one outgoing edge, each with the same type of flow, object
or control.

_— @ P (where, n 1s connector name)

Figure 15.6 ActivityEdge connector notation
The weight of an ActivityEdge may be shown in curly bracésguthe notation:
weightannot ation :: =&pecoweicaht ®nd 5§ 6val ue

The weight is a value specification, which may be a constant, that evaluates taeamanlimited natural value. An unlimited
wei ght i s notat ed tiandor VialuéSpecifictiheiaClaugds o t he not a

An interruptingEdge Of an InterruptibleRegion can be notated with a lightrbing (see also the alternative notation for
interruptingEdges in sub clausd.5.6).

{weight=n}

= 5

{weight=*} o _ _ .
Activity edge for interruptible regions

With edge weight
(where n is a value specification)

Figure 15.7 ActivityEdge notation

A control flow is notated by an arrowed line connecting two actions.

e
Control flow Control flow edge linking
(without actions) two actions

Figure 15.8 ControlFlow notation
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An object flowis notated by an arrowed line. Figure15.9, upper right, the two object flow arrows denote a single object flow
edge between two pins in the underlying model, as shown in the lower middle of the figure. (See other Pininatabiarisuse
16.2 The specific notational variant used shall be preserved when the diagram is interchanged, sBe) Annex

— (L)

Object flow arrow Twvo object flow arrows linking
(without activity nodes) object nodes and actions

(r—d

An object flow arrow linking
two object node pins.

Figure 15.9 ObjectFlow notations

A selection Behavior is specified with the keyword «selection» placed in a note symbol and attached to the appropriate ObjectFIc
symbol as illustrated in the figure below. A transformation Behavior is similarly specified using the keywastbwimation».

The body of the note symbol may either contain a textual representation of the Behavior (e.g., the body of an OpaqueBehavior
the name of a Behavior that is not represented textually.

oo «selection»
«se _ectlo_u» selection
selegtion specification
specification
1
T '
L]
——

Figure 15.10 Specifying selection behavior on an ObjectFlow

To reduce clutter in complex diagrams, Pins may be elided. The names of the Actions can suggest their Pins. Tools may suppc
hyperlinking from the ObjectFlow lines to show the data flowing along tlaech show a small square above the line to indicate

that Pins are elided, as illustrated in the figure below. Any adornments that would normally be near theeRén, lden be

displayed at the ends of the flow lines.

(B—H ) =

With explicit pins With pins elided

Figure 15.11 Eliding objects flowing on the edge

Multicast and multireceive are specified by annotating an ObjectFlow with «multicast» or «multireceive», respectivdly, see su
clausel5.2.5for examples.

15.2.5 Examples

Figure15.12 illustrates the following kinds of ActivityNodes: ExecutableNodes (e.g., Receive Order, Fill Order), ObjectNodes
(Invoice), and ControlNodes (the InitiaINode before Receive Order, the DecisionNode after Receiva@tdhe ForkNode and
JoinNode around Ship Order, the MergeNode before Close Order and the ActivityFinalNode after Close Order).
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[order

rejected]
Fill Ship Close
o= Order . Order
[order
accepted]

Make Accept |
Payment Payment |

Send
Invoice

Invoice

Figure 15.12 Activity node example (where the arrowed lines are the onlyan-activity node symbols)

In Figure15.13, the arrowed line connecting Fill Order to Ship Order is a ControlFlow edge. This means that when the Fill Order
behavior is completed, control is passed to the Ship Order. Below igrnfeGontrolFlow is shown with an edge name. The one

at the bottom left employs connectors, instead of a continuous line. On the upper right, the arrowed lines starting from Send
Invoice and ending at Make Payment (with the Invoice object node in betweedbgectFlow edges (at least in notation, see
discussion ofigure15.14). This indicates that the flow of Invoice objects goes from Send Invoice to Make Payment.

Fill Ship
Order Order
Send
Invoice
Fill Filled Ship -
Order Order Invoice
Fill Ship . . Fill Shi
e e is equivalent to Order Ord]eJr

Figure 15.13 ActivityEdge examples

Make
Payment

Both examples ifrigure15.14 indicate that order objects flow from Fill Order to Ship Order. The example on the left has two
arrowed lines, one from Fill Order and the other to Ship Order. The example aghtheas one arrowed line starting from a Fill
Order OutputPin (an ObjectNode) and ends at a Ship Order InputPin. The underlying model of these examples is the same, wi
one object flow in the model shown as two arrows on the left, assuming the Otdagleon the left does not represent a
CentralBufferNode (see sub clausg4).

- Order Order
( 1 ] e - [ Ship ' i Shi
N S Order Fill Ship
Order Order Order

Figure 15.14 ObjectFlow example

The example on the left ligure15.15 shows that the Pick Materials activity provides an order along with its associated
materials for assembly. On the right, the ObjectFlow has been simplified through eliding the ObjectFlow details.
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Order

Materials As(s)il]elfle
for Order

Materials Materials

Pick
Materials
for Order

Assemble
Order

Figure15.16 illustrates examples @klection andtransformation Behaviors. The example on the left indicates that the orders are to
be shipped based on order prioditgnd those with theasne priority should be filled on a firgt/first-out (FIFO) basis. The

example on the right indicates that the result of Close Order produces closed order objects, but Send Customer Nati&e require
customer object. The transformation specifies the iatron of a query operation that takes an Order and produces the associated
customer object.

With explicit pins With elided pins
Figure 15.15 Eliding objects flowing on the edge

«selectiony
FIFO within

«transformation» Iﬁ

Order Priority Order.customer
Order . Order ' .
" [Filled] : [Filled ' Customer o
Fi : Ship : - i

Figure 15.16 Specifyingselection and transformation Behaviors on an ObjectFlow

Figure15.18, the Requests for Quote (RFQs) are sent to multiple specific sellers (i.e., is multicast) for a quote response by eact
the sellers. Some number of sellers then respond by returning their quote response. As multiple responses can bereceived, th
edge is labeled for the multiple receive option. Publish/subscribe and other brokered mechanisms can be handled using the
multicast and multireceive mechanisms.

NOTE. The swimlanes are an important feature for indicating senders and responders.

In Figure15.17, the object node rectangle Order is linked to a class diagram that further defines the node. The class diagram
shows that filling an order r e gandfinighsequiramerasr An Olderkereis thetolgeat, a
flowing between the Accept and Fill activities, but linked to other objects. The activity without the class diagram provides
simplified view of the process. The link to an associated class diagram is used to show more detalil.

Accept Fill
)k

Object node
rectangle linked
with a class diagram

Order
Line Trim &
Item Finish

Figure 15.17 Linking a class diagram to an object node
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Buyer Seller

Request

. —>] RFQs

Q
Award = Quote
Quote Responses

Figure 15.18 Specifying multicast and multireceive on the edge

«multicasty

Place
Quote

«multireceive»

In Figure15.19, a caonector is used to avoid drawing a long edge around one tine of the fork. If a problem is not a priority, the
token going to the connector is sent to the merge instead of Evaluate Impact. The merge receives its token from Register
Problem, via the decisip instead of from Revise Plan for priority one problems. This is equivalent to the activity shown in
Figure15.20, which is has the same abstract syntax representatiiguae15.19.

Revise
Plan

Evaluate
Impact

Register Release
Problem Fix

Fix
Problem

Revise
Plan

[priority=1]

Release
Fix

Fix
Problem

Figure 15.20 Equivalent model

Figure15.21 illustrates three examples of using ttegght property. TheCricket example uses a constaaight to indicate that a

cricket team cannot be formed until eleven players are present. The Task example usgmnataatieight to indicate that an

invoice for a particular job can only be sent when all of its tasike haen completed. The bottom example depicts an Activity

for placing bids for a proposal, where many such bids can be placed. When the bidding period is over, the Ready to award bid
event arrives, then Award Bid receives all the bids at once, and cloesés the award.
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{weight=11} {weight=no of job tasks}

— Form Send
;ll 1(:k?t Cricket Task Job
ayer Team [completed] Invoice

Ready
to award
bid

Award
Bid

Bid

arrives

Bids for
Proposal

{weight=%}

Figure 15.21 ActivityEdge weight examples

The definition of Process Order kigure15.22 uses the border notation to indicate that it is an Activity with an
ActivityParameterNode corresponding to a single input Parameter. It hagrpostconditions on the requested order. All
invocations of it use the same execution.

s ™)
Process Order «preconditiony» Order complete
Requested Order: Order «postcondition» Order closed «singleExecution»
[order
rejactad]
Requested ( Receive
Order K Order
Send Accept
Invoice Payment Payment
\ Invoice
. J

Figure 15.22 Example of an activity with input parameter

The diagram irFigure15.23is a standard part selection workflow within an airline design process. The Standards Engineer
ensures that the substeps in Provide Required Part are performed in the order specifiddrathé gonditions specified, but
doesndt necessarily perform the steps. Some of the subst
Engineer is managing the process. The Expert Part Search behavior can result in a part faukdhenre part is not found, the
Assign Standards Engineer behavior is invoked. Lastly, Specify Part Mod Workflow produces values that are instances of
Activities representing work to be done. These are passed to subsequent actions for schedulingtemd(e&ecschedule Part

Mod Workflow, Execute Part Mod Workflow and Research Production Possibility). As Activities are Classes, instances of them
can be passed in object tokens and then later be executed. This is an example of runtime Activityidnstanatiaxecution.
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d N
Design Part
[part
Standard und]
Design
Engineer [part not
- found]
Standards
Engineer
L v
Provide Required Part Standards Design
Engineer Engineer
\[R Clanfy ]
equirement
[stream] [stream]
Assion o Specify Schedule Review
o= Standards Review Part Mod Part Mod Schedule
o Engineer Requiremen Workflow Workflow,
art not
found] [reschedule] [cancel]
[OK]Y
[stream]| [ ﬂgﬂrif}l-lgem
[stream] mod info
Execute
Part Mod
Workflow,
Research
Production
Possibility,
.

Figure 15.23 Part selection workflow example
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Figure15.24 shows an example activity for a process to resolve a trouble ticket.

f Trouble Ticket )

[problem statement rectified]

[recordad]
o—

[not recordad]

[known
problem
and solution]

[duplication
of another
problem]

Verify

Communicatd
Results
Resolution,
Audit and
| Record
[problem not solved]

\, J/

Figure 15.24 Trouble ticket workflow example

«activity»
Fill Order

costSoFar : USD
timeToComplete : Integer

suspend ()
resume ()
Figure15.25is an example of using class notation to show the class features of an ¢ _
Figure 15.25 Activity wi th attributes and operations

15.3 Control Nodes

15.3.1 Summary

A ControlNode is a kind of ActivityNode (see sub clali5e2.2 used to manage the flow of tokens between other nodes in an
Activity. This subclause describes the various ceteckinds of ControlNodes, including InitiaINodes, FinalNodes, ForkNodes,
JoinNodes, MergeNodes, and DecisionNodes.
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15.3.2 Abstract Syntax

Controlflode

i

InitialNode Finaltode ForkNode JoinNode MergeNode DecisionNode

+ isCombineDuplicate : Boolean = true

{subsets uwner}’ * |+ decisionMode
+ joinMode | 0.1 + decisionMode, 4

{subsets ownedElernent} B
+ joinSpec |, 0.1 + decisionInputFlow 0,1

FlowFinalNode ActivityFinalNode
ValueSpecification

Figure 15.26 Control Nodes

0.1 + decisionInput

Tz

ObjectFlow

15.3.3 Semantics

Initial Node

An InitiaINode is a CombINode that acts as a starting point for executing an Activity. An Activity may have more than one
InitialNode. If an Activity has more than one InitiaINode, then invoking the Activity starts multiple concurrent contsgldiuay

for each InitiaINode. (Aditional concurrent flows may begin at input ActivityParameterNodes and enabled ExecutableNodes; se
Subclause45.4.3and15.5.3)

An InitialNode shall not have anycoming ActivityEdges, which reans the InitiaINodes owned by an Activity will always be
enabled when the Activity begins execution and a single control token is placed on each such InitiaINode when Activity execut
starts. Theutgoing ActivityEdges of an InitiaINode must all be ConiFlows. The control token placed on an InitialNode is

offered concurrently on adlutgoing ControlFlows.

I nitial Nodes are an exception to the rule that Conferedd!l No
by an InitiaINodes not immediately accepted, or is otherwise blocked from moving downstream (for example by an
ActivityEdge guard), then it remains on the InitiaINode. (This is semantically equivalent to interposing a CentralBufferNode
between the InitiaINode and its ootgg edges; see sub claude4.3on the semantics of CentralBufferNodes.)

Final Nodes

A FinalNode is a ControlNode at which a flow in an Activity stops. A FinalNode shall not have outgoing ActivityEdges. A
FinalNode acceptslabkens offered to it on its incoming ActivityEdges.

There are two kinds of FinalNode:

1. AFlowFinalNode is a FinalNode that terminates a flow. All tokens accepted by a FlowFinalNode are destroyed. This has r
effect on other flows in the Activity.

2. An ActivityFinalNode is a FinalNode that stops all flows in an Activity (or StructuredActivityNode, see sub tfaii§e A
token reaching an ActivityFinalNode owned by an Activity terminates the execution of that Activity. ttiaity*owns
more than one ActivityFinalNode, then the first one to accept a token (if any) terminates the execution of the Activity,
including the execution of any other ActivityFinalNodes. The termination of Activity execution shall destroy all tdkiens he
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in any ObjectNodes other than output ActivityParameterNodes and shall terminate the execution of any behaviors
synchronously called from the Activity. However, the execution of Behaviors invoked asynchronously from the Activity
shall not be affected. @p the execution of the Activity has terminated, the invocation of the Activity completes as
described in sub claudé®.2.3

NOTE. If it is not desired to abort all flows in an Activity, use a FlowFinalNode, not an Activitiifaote. For example, if the
same execution of an Activity is being used for all its invocatiessdleExecution=true), then multiple flows of tokens will be
flowing through that one execution. In this case, it is probably not desired to abort allfsiwegause one reaches a FinalNode.
Using a FlowFinalNode will simply consume the tokens reaching it without aborting other flows. Alternatively, arrange for
separate invocations of the Activity to use separate executisngléExecution=false), so tokns from separate invocations will
not affect each other.

Fork Nodes

A ForkNode is a ControlNode that splits a flow into multiple concurrent flows. A ForkNode shall have exaaibypming
ActivityEdge, though it may have multiptetgoing ActivityEdges.If the incoming edge is a ControlFlow, then alltgoing edges
shall be ControlFlows and, if th&oming edge is an ObjectFlow, then alitgoing edges shall be ObjectFlows.

Tokens offered to a ForkNode are offered twaloing ActivityEdges of the nde. If at least one of these offers is accepted, the
offered tokens are removed from their original source and the acceptor receives a copy of the tokens. Any other offerothat wa
accepted on asutgoing edge due to the failure of the target to acite@mains pending from that edge and may be accepted by
the target at a later time. These edges effectively accept separate copies of the offered tokens, and offers made sballe edge
stand to their targets in the order in which they were accepttteadge (first in, first out). This is an exception to the rule that
ActivityEdges cannot fAholdodo tokens if they are blocked f
continue to hold the tokens they accept until all pending offf@ve been accepted by their targets.

NOTE. Any outgoing ActivityEdges that fail to accept an offer due to the failure of gheit, rather than their target, shall not
receive copies of those tokens.

NOTE. If guards are used on ActivityEdges outgoingn a ForkNode, the modeler should ensure that no downstream
JoinNodes depend on the arrival of tokens passing through the guarded edge. If that cannot be avoided, then a DecisionNode
should be introduced between the ForkNode and the edge with the gurdrthat tokens may be shunted to the downstream
JoinNode if the guard fails. (See also the examplEdare 15.20.)

Join Nodes

A JoinNode is a ControlNode that synchronizes multiple flows. A JoinNode shall have exactiyyoing ActivityEdge but may
have multiplancoming ActivityEdges. If any of théncoming edges of a JoinNode are ObjectFlows,diitgoing edge shall be an
ObjectFlow. Otherwise theutgoing edge shall be a ControlFlow.

Join nodes may havednspec, which s a ValueSpecification that determines the condition under which the join will emit a
token. If a JoinNode hasj@nsSpec, then this ValueSpecification is evaluated whenever a new token is offered to the JoinNode on
anyincoming ActivityEdge. This evaluatin shall not be interrupted by any new tokens offered during the evaluation, nor shall
concurrent evaluations be started when new tokens are offered during an evaluation. The ValueSpecification shall avaluate to
Boolean value.

If the joinSpec ValueSpeciication is given by a textual expression, then the names ofctireéng edges may be used to denote a
Boolean value indicating the presence (true) or absence (false) of an offer from a ControlFlow or to denote the valeid associa
with an object token offred from an ObjectFlow (if any). Alternatively, thasSpec may consist of an Expression with the name

of a single Boolean operator and no operands specified. In this case, the valyeirspiheeshall be given by applying the given
operator to Boolgavalues indicating the presence (true) or absence (false) of offers onceaety edge (with the ordering of

the operands not specified).

If a JoinNode does not havgomSpec, then this is equivalent toj@nSpec Expression with the Booleanopenato iand . & T h e
the implicit defaulfoinspec condition is that there is at least one token offered onieaehing ActivityEdge.
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If the (implicit or explicit)joinspec of a JoinNode evaluates to true, then tokens are offered ontghiag ActivityEdge of the
JoinNode according to the following rules:

1. If all the tokens offered on thecoming edges are control tokens, then one control token is offered entghiag edge.

2. If some of the tokens offered on tiheoming edges are control tokens and othare object tokens, then only the object
tokens are offered on thetgoing edge. Tokens are offered on thegoing edge in the same order they were offered to the
join. If iscombinedDuplicate is true for the JoinNode, then before object tokens areeaffier theoutgoing edge, those
containing objects with the same identity are combined into one token.

The above rules apply to all tokens offered to the JoinNode, including multiple tokens offered from timesaige=dge.

If any tokens are offered the outgoing ActivityEdge of a JoinNode, they shall be accepted by the target or rejected for traversal
over the edge (e.g., due to a failed guard) before any more tokens are offerediimitigeedge. If tokens are rejected for
traversal, they shall nonger be offered to thaitgoing edge. A conforming implementation may omit unnecessary joinSpec
evaluations if the JoinNode is blocked from offering tokens osuitsing edge.

Merge Nodes

A MergeNode is a control node that brings together multipledlaithout synchronization. A MergeNode shall have exactly one
outgoing ActivityEdge but may have multiplecoming ActivityEdges. If theoutgoing edge of a MergeNode is a ControlFlow, then
all incoming edges must be ControlFlows, and, if theying edgeis an ObjectFlow, then alicoming edges must be ObjectFlows.

All tokens offered on the incoming edges of a MergeNode are offered to the outgoing edge. There is no synchronizaison of flow
or joining of tokens.

Decision Nodes

A DecisionNode is a Controlle that chooses betweeangoing flows. A DecisionNode shall have at least one and at most two
incoming ActivityEdges, and at least oretgoing ActivityEdge. If it has twancoming edges, then one shall be identified as the
decisioninputFlow, the other bing called the@rimary incoming edgef the DecisionNode has only oireoming edge, then it is the
primary incoming edge. If the primary incoming edge of a DecisionNode is a ControlFlow, thepoaly edges shall be
ControlFlows and, if the primaiiycoming edge is an ObjectFlow, then allgoing edges shall be ObjectFlows.

A DecisionNode accepts tokens on its primary incoming edge and offers them towadbitg edges. However, each token
offered on the primary incoming edge shall traverseadtmneoutgoing edge. Tokens are not duplicated.

If any of theoutgoing edges of a DecisionNode have guards, then these are evaluated for each incoming token. The order in whi
guards are evaluated is not defined and may be evaluated concurrentlyrifrtéiey incoming edge of a DecisionNode is an
ObjectFlow, and the DecisionNode does not haseigioninputBehavior Or decisioninputFlow, then the value contained in an

incoming object token may be used in the evaluation ofrés on outgoing ObjectHows.

If a DecisionNode has dcisioninputFlow, then a token must be offered on both the primary incoming edge and the
decisioninputFlow before the token from the primary incoming edge is offered teutbeing edges. If the DecisionNode does not
have adecisioninputBehavior, then the value contained in the object token oni¢kisioninputFlow is made available to thgards on
eachoutgoing edge, regardless of whether the primary incoming flow is a ControlFlow or an ObjectFlow.

If a DecisionNode hasdecisioninputBehavior, then this must be a Behavior with a return Parameter and no other output
Parameters. This Behavior is invoked for each incoming (control or object) token, and the result returned from the 8ehavior i
available in the evaluation of tlgeards on outgoing edges. AecisioninputBehavior shall not have side effects. It shall not modify
objects, but it may, for example, navigate from one object to another to get an attribute value from an object.

If the primary incoming edge of a Decisiontiis a ControlFlow, and the DecisionNode hascgioninputBehavior but not a
decisioninputFlow, then thedecisioninputBehavior shall have no input Parameters. However, if the DecisionNode has both a
decisioninputBehavior and adecisioninputFlow, then tfe decisioninputBehavior shall have a single in Parameter, and the value contained
in the object token offered on thecisioninputFlow shall be passed via this Parameter when the Behavior is invoked.
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If the primary incoming edge of a DecisionNode is aneBtbjlow, and the DecisionNode hageaisioninputBehavior but not a
decisioninputFlow, then thedecisioninputBehavior shall have an in Parameter and the value contained in an object token offered on the
primary incoming edge is passed via this Parametenwvine Behavior is invoked for the token. However, if the DecisionNode

has both aecisioninputFlow and adecisioninputBehavior, then thedecisioninputBehavior shall have two in Parameters, with the value
contained in the object token offered on the priniacoming edge passed via the first Parameter and the value contained in the
object token offered on thecisioninputFlow passed via the second Parameter when the Behavior is invoked.

A token offered on the primary incoming edge of a DecisionNode shiatifaverse anyutgoing edge for which thguard

evaluates to false. If there are multiple outgoing edges that either hgvaor that have guard that evaluates to true, then the
incoming token shall traverse at most one of these edges. If eanetharget of an unblockedtgoing edge accepts the token,
then the token traverses the corresponding edge and all other offers are withdrawn. If multiple targets accept the token
simultaneously, then the token traverses only one of the edges corregporiti@ accepting targets, but which one is not
determined by this specification.

In order to avoid nowleterministic behavior, the modeler should arrange that at mogta@ae@valuate to true for each incoming
token. If it can be ensured that only ayerd will evaluate to true, a conforming implementation is not required to evaluate the
guards on all outgoing edges once one has been found to evaluate to true.

For use only with DecisionNodes, a predefigestdii e | sed (representiddl asdaasExxpsespeéen
operands) may be used for at most angoing edge. This guard evaluates to true only if the token is not accepted by any other
outgoing edge from the DecisionNode.

15.3.4 Notation

Initial and Final Nodes

InitialNodes are notateals a solid circle, as shownkigure15.27.

Figure 15.27 InitialNode notation

ActivityFinalNodes are notated as a solid circle within a hollow circle, as shokiguine15.28. This can be thought of as a goal

notated as Abull s eye, o or target. FIl owFinal Nodes are n
Aectivity final Flow final

Figure 15.28 FinalNode notation

Fork and Join Nodes

The notation for both ForkNodes and JoinNodes is simply a line segment, as illustrated on the IeRigide D5.29 (not
necessarily in that orientation).When used, however, a ForkNode must have a&inglg Activity Edge and usually has two or
moreoutgoing ActivityEdges, while a JoinNode usually has two or mat¢ening ActivityEdges and must have a singlegoing
ActivityEdge.
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|r——
-
% .
l—
Fork node Fork node
(without flows) (with flows)

Figure 15.29 ForkNode and JoinNode notéion

A joinSpec on a JoinNode is shown in an annotation near the JoinNode symbbidaez15.30):
join-speeannotation ::= 6$6pedjdbion8&perod 6¥F¥6 value

See also Clausg&on the notatiorior ValueSpecifications.

{joinSpec = ...}

Join node (with flows >
. o —_—

and a join specification) : —
—

Figure 15.30joinSpec notation

The functionality of a JoinNode and a ForkNode can be combined by using the same node symbol, as illlsgated 581
This notation maps to a model containing a JoinNode with alh¢tv@ing ActivityEdges shown in the diagram and aneyoing
ActivityEdge to a ForkNode that has all thegoing ActivityEdges shown in the diagram.

Join node and fork node used
together; sharing the same svmbol

Figure 15.31 Combined JoinNode/ ForkNode notation

Merge Nodes and Decision Nodes

The notation for both MergeNodes and DecisionNodes is a diastwagkd symbol, as shown on the left sidBigtire15.32.
When used, hower, a MergeNode must have two or miaeming ActivityEdges and a singleutgoing ActivityEdge, while a
DecisionNode must have a singleoming ActivityEdge (other than a possible decisionInputFlow) and multiglging
ActivityEdges.

0 B

Merge node Merge node
(with flows)

Figure 15.32 MergeNode notation

A decisioninputBehavior on a DecisionNode is notated in a note symbol attached to the DecisionNode symbol, with the keyword
«decisionlnput», as shown kxigure15.33. A decisioninputFlow is identified by the keyword «decisionIinputFlow» annotating that
flow.
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«decisionlnputy
decision condition

o o %

Decision node Decision node Decision node Decision node
with behavior (with control flows) (with control flows)

5 «decisionInputFlow»

Figure 15.33 DecisionNode notation

The functionality of a MergeNode and a DecisionNode can be combined bythesisgme node symbol, as showifrigure
15.34. At most one of thexcoming flows may be annotated asleisioninputFlow. This notation maps to a model containing a
MergeNode with all thencoming edges shown in the diagram ameoutgoing edge to a DecisionNode that has all dhgoing
edges shown in the diagram.

Merge node and decision node used
together, sharing the same symbol

Figure 15.34 Combined MergeNode/DecisionNode notation
15.3.5 Examples

Initial Nodes

In Figure15.35, the InitiaINode passes control to the Receive Order ExecutableNode at the start of the execution of an Activity.

Recelve

Order

Figure 15.35 InitialNode example

Fork and Join Nodes

In Figure15.36, the ForkNode passes control to both the Ship Order and Send Invoice nodes when Fill Order is completed.

Order
Send

Invoice

Fill Order

Figure 15.36 ForkNode example

In Figure15.37, a JoinNode is used synchronize the processing of the Ship Order and Send Invoice nodes. Here, when both
have been completed, control is passed to Close Order.
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Ship
Order

Send
Invoice

Figure 15.37 JoinNode example

Close
Order

Figure15.38illustrates how goinSpec can be used to ensure that both a drink is selected and the correct amount of money has
been inserted before the drink is dispensed. Names of the incoming edges are used in the join specification to reér to wheth
tokens aravailable on the edges.

{joinSpec =

AandB

and the total coin value
mserted is >= drink price}

Select
Drink

A

Dispense
Drink

Insert
Coin

Figure 15.38joinSpec example

Merge and Decision Nodes

In Figure15.39, either one or both of the nodes Buy Item or Make Item could have been executaghésmpletes, control is
passed to Ship Item. That is, if only one of Buy Item or Make Item completes, then Ship Item is executed only once; if both
complete, Ship Item is executed twice.

Buy
Item

~— Ship

Item

Make
Item

—

Figure 15.39 MergeNode example

Figure15.40 contains a DecisionNode that follows the Received Order node. The branching is based on whether order was
rejected or accepted. An order accepted condition results in passing control to Fill Ordeossher aejected condition results in
passing control to Close Order.

[order

rejected] J,

Close
Order

o—

[order
accepted)]

Figure 15.40 DecisionNode example
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Figurel5.41illustrates an order process example. Here, an order itentiésl fiom stock and prepared for delivery. As the item
has been removed from inventory, the reorder level should also be checked; and if the actual level falls bedpecdipde
reorder point, more of the same type of item should be reordered.

Prepare Item

i Ship
for Delivery

Order

Pull
Order Item

! - [true]
rom Stock = Reorder
. Goods
[false]| ..

" «decisionInput»

inventoryLevel
< reorderPoint

Figure 15.41 DecisionNode example with decisioninput

Final Nodes

Figure15.42 depicts that, when the Close Order node is completed, the Activity is terminated. This is indicated bycpassing
to an Activity FinalNode.

Figure 15.42 ActivityFinalNode example

Figure15.43is based on an example for an employee expense reimbursement process, illustrating twentdiogus racing to
complete. The first one to reach the ActivityFinalNode aborts the other. The two flows appear in the same Activity so they ca
share data, such as who to notify in the case of no action. A ForkNode is used to split the initiahfloheftoitialNode and

begin the two concurrent flows.

[decision = reject] e Notify
— C ) —

eject Reject
[amount == 200] >

> . pproval =
Service ,)
— ov

> [decision = accept] Approval 4 \.

Auto
— o
Approve
[amount < 200]
No action Notify Cancel Cancel
timer No Action Transactior Service ‘

Figure 15.43 ActivityFinalNode example
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In Figure15.44, two ways to reach an ActivityFinalNode exist; butitistheresudtgfc | usi ve Aor 6 branchi
situation like the example iRigure15.43. This example uses two Activity FinalNodes, which has the same semantics as using
one with two incoming edges.

NOTE. Execution of the Notify of Moaification node must not take longer than Publish Proposal or Notify of Rejection, or an
ActivityFinalNode might kill it.

Notify of
Modificatior

[decision = modify]

Modity Review Publish
Proposal Proposal o Proposal O
[decision = accept]

Notify of
Rejection O

Y

[decision = reject]
Figure 15.44 ActivityFinalNode example

In Figure15.45, it is assumed that many components can be built and installed. Here, the Build Component node executes
iteratively for each component. When the last component is built, the end of the building iteration is indicated with a
FlowFinalNode. However, even though component building has come to an end, other nodes are still executing (such as Install
Component).

Install
Component

Build
Component

; [no more

[more components ~ components
to be built] to be built]

Figure 15.45 FlowFinalNode example

Figure15.46illustrates both kinds of RalNode: FlowFinalNode and ActivityFinalNode. This example extends the model shown
in Figure15.45. In the extended model, when the last component has been installed, the application is delivered. When Deliver
Application has comlpted, control is passed to an ActivityFinalNédimdicating that all processing in the Activity is terminated.

| Install Deliver
Component Applicatior O
® [more components

110 1more to be installed]
[more components ~ COMpONENts
to be built] fo be built]

[no more
components
to be installed]

Build
Component,

Figure 15.46 FlowFinalNode and ActivityFinalNode example
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Various Control Nodes

Figure15.47 contains examples of various kinds of ControlNodes. An InitiaINode is depicted in the upper left as triggering the
Receive Order node. A DecisionNode after Received Order illustrates branching based on order rejected or order accepte
conditions. Fill Order is followed by a ForkNode that passes control both to Send Invoice and Ship Order.

The JoinNode indicates that control will be passed to the MergeNode when both Ship Order and Accept Payment are complete
As a MergeNode will jugpass the token along, the Close Order node will be executed. (Control is also passed to Close Order
whenever an order is rejected.) When Close Order is completed, control passes to an ActivityFinalNode.

Ship

[order
rejected]

Receive
Order

Fill

Order
[order
accepted]
= Sen_d Make Accept
Invoice Payment Payment

Invoice

Figure 15.47 ControlNode examples (with accompanying actions and control flows)

15.4 Object Nodes

15.4.1 Summary

An ObjectNode is a kind of ActivityNode (see sub clalSe2.2 used to hold valueontaining object tokens during the course of

the execution of an Activity. This subclause describes ObjectNodes in general, as well as three concrete kinds of ObjectNodes
ActivityParameterNodes, CentralBufferNodes and DataStoreNodes. A fourth kind of ObjectNode, Pins, are always associated
with Actions and are described in Clad$eon Actions (see also sub clauke?).
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15.4.2 Abstract Syntax

A A

N + objectMode + selection
Objectiiode i — > Behavior

+ isControlType : Boolean = False
+ ordering : ObjectNodeOrderingkind = FIFO

{subsets owner} {subsets ownedElement}
+ objectMode + upperBound
1 e Valuespecdification |

0.1 0

+ objectMode + inState
" " # State

¥
+«enumeration:
— y ObjectNodeDrderingKind
ActivityParameterNode CentralBufferNode unordered
o ordered
N _ " LIFD
+ activityParameterode FIFO
+ parameter |, 1

Parameter DataStoreNode

Figure 15.48 Object Nodes

15.4.3 Semantics

Object Nodes

An ObjecfNode holds object tokens during the course of the execution of an Activity. Except in the case of an input
ActivityParameterNode (as discussed further below), the tokens held by an ObjectNode arrivefiimmActivityEdges.
Except in the case of an qutt ActivityParameterNode, tokens held by an ObjectNode may leave the noggonia
ActivityEdges. A token may traverse only one of thgoing edges. (See the discussion of Object Flows in sub cl&ige3 and
below, foradditional rules regarding when tokens may traverse the edgesg to andoutgoing from an ObjectNode.)

An ObjectNode may contain multiple object tokens with the same value. Such tokens are not normally combined (but see the
special semantics for D&treNodes below).

ObjectNodes are TypedElements (see sub claBself an ObjectNode hastgpe specified, then any object tokens held by the
ObjectNode shall have values that conform tontpeof the ObjectNode. If ngpe is specified, then the values may be of any
type. Null tokens (object tokens without a value) satisfy the type of all object nodes.

ObjectNodes may also specify agtate set of States. If such a set is specified, then any object token held by tceNObge

shall have a value withtgpe that has or inherits a StateMachine aslissifierBehavior that has all of the states in the inState set,
and whose instance for the given value shall be in a state configuration containing all of the Stated sptwifiState set (see
Clausel4 on the semantics of StateMachines).

An ObjectNode may not contain more tokens than specified hypégBound, if any. If an ObjectNode has apperBound, then
this ValueSpecification shadivaluate to an UnlimitedNatural value. TupperBound is evaluated each time a token is offered to or
removed from the ObjectNode. If the number of tokens already held by the ObjectNode is greater than or equal to the evaluate
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upperBound, then the Objedtode shall not accept any further tokens until some of the ones it is holding are removed. If the
removal of one or more tokens brings the number of tokens held below the evapgaiesind, then the ObjectNode may accept
any pending offers up to the litof the upperBound. If the upperBound evaluates to *, then there is no limit on the number of
tokens the ObjectNode may hold.

Theordering of an ObjectNode specifies the order in which tokens held by the node are offeredttpiitg ActivityEdges. Tls
property has one of the following values:

1 unordered’ The order in which tokens held by the ObjectNode are offereatdaing edges is not defined.

1 FIFOT Tokens held by the ObjectNode are offeredutgoing edges in the order in which they were atedgby the
Obj ect Node (i .e., AFirst In First Outo). Tokens do not

1 LIFOT Tokens held by the ObjectNode are offeredutgoing edges in the reverse order to which they were accepted by the
ObjectNode (ie. fiLast I n First Outo).

1 orderedi The ordering is modeledefined using aelection Behavior (see below).

An ObjectNode shall havesalection Behavior if and only ibrdering=ordered. Aselection Behavior shall have one input Parameter
and one output Pamgeter. The input Parameter must be have multiplicity 0..*, not ordered, andnanque (i . e. , a
the output Parameter must have multiplicity 1..1. If the ObjectNode is untyped, then the Parameters shall also be untyped.
Otherwise, the input Pameter shall have either the sampe as or a supertype of the ObjectNode, while the output Parameter
shall have either the samyge or a subtype of the ObjectNode.

Theselection Behavior of an ObjectNode is executed whenever a token is to be offéhebiaoing edges of the node. The

values contained in all the object tokens held by the Object Node are passed as input to the Behavior invocation. The Behavio
should choose one of these values and return it. An object token containing this vadneof$aifed to theutgoing edges of the
ObjectNode.

Theselection Behavior of an object node is overridden by ag#lyction Behaviors on its outgoing ObjectFlows (see the discussion
of ObjectFlowselection Behaviors in sub clausks.2.3.

Note that tokens overtaking each other duedering is independent of the case where each invocation of an Activity is handled
by a separate execution of the Activity (iieSjngleExecution=false). In this case, the tokens in separateuians have no
interaction with each other, because they flow through separate executions of the Activity (see the discussion of Activity
Execution in sub clauskb.2.3, but the separate executions can have multiple tokemst¢dforks or results of executable nodes)
that might overtake each other dueidering.

If isControlType=true for an ObjectNode, ControlFlows mayit®ming to andoutgoing from the ObjectNode, objects tokens can

come into or go out of the ObjectNodkng ControlFlows, and these tokens can flow along ControlFlows reached downstream
of the ObjectNode. The values on such object tokens may be used to affect the control of ExecutableNodes that are@the targets
such ControlFlows, though the specific miegnof such values is not defined in this specification (see sub caue

Activity Parameter Nodes

As a kind of Behavior, an Activity may have Parameters (see sub daudeWhen the Actiity is invoked, values may be
passed into the Activity execution on input Parameters (i.e., those with direction in or inout) and values may be mdtbed out
Activity execution on output Parameters (i.e., those with direction inout, out or return).

Within an Activity, inputs to and outputs from an Activity are handled using ActivityParameterNodes. Each
ActivityParameterNode is associated with one Parameter of the Activity that owns the nogge dhan
ActivityParameterNode shall be the same asyieeof its associated Parameter.

An ActivityParameterNode shall have eitherigbming or all outgoing ActivityEdges. An ActivityParameterNode witlatgoing
edges is amput ActivityParameterNode, while an ActivityParameterNode withming edges is moutput
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ActivityParameterNode. (Note that whether an ActivityParameterNode is for input or output is not determined until & least on
ActivityEdge is connected to it.)

An Activity shall have one ActivityParameterNode corresponding to each in, outyor Rdrameter and two
ActivityParameterNodes for each inout Parameter. An in Parameter shall not be associated with an output ActivityParameterNc
and an out or return Parameter shall not be associated with an input ActivityParameterNode (thoughydithesetiated with

an ActivityParameterNode that does not have any edges connected). An inout Parameter shall be associated with at most one
input ActivityParameterNode and at most one output ActivityParameterNode.

If an input ActivityParameterNode issxciated with a nostreaming Parameter, then, when the containing Activity is invoked,

any values passed on that Parameter are wrapped in object tokens and placed on the ActivityParameterNode at the start of the
Activity execution. If the Parameter is @mkd, the tokens are placed on the ActivityParameterNode in the order of the values in
the Parameter; otherwise the order is undefined. The ActivityParameterNode then offers the tokens to all its outgoing edges.

During the course of the execution of ani®ity, object tokens may flow into the output ActivityParameterNodes of the Activity.

An output ActivityParameterNode accepts all tokens offered to it, which are then placed onto the node. If an output
ActivityParameterNode is associated with a+4stneamng Parameter, then, when the execution of the containing Activity
completes, the values contained in the object tokens held by the ActivityParameterNode are passed out of the execution on the
Parameter. If the Parameter is ordered, then the values arecdoberesponding to thedering of the tokens for the
ActivityParameterNode.

If an input ActivityParameterNode is associated with a streaming Parameter, then, whenever a new value is posted to the
Parameter, that value is wrapped in an object tokeneglan the ActivityParameterNode and offered to all outgoing edges. If an
output ActivityParameterNode is associated with a streaming Parameter, then, whenever a new object token is accepted by the
ActivityParameterNode, the token is immediately removerhftioe ActivityParameterNode and the value it contains is

immediately posted to the Parameter. (See also the description of the semantics of streaming Parameters irl 8ub) clause

Central Buffer Nodes

A CentralBufferNode ets as a buffer betweeattoming ObjectFlows andutgoing ObjectFlows. It accepts all object tokens offered

to it on allincoming flows, which are then held by the node. Held object tokens are offesedding flows according to the
generabrdering rules for ObjectNodes. When an offer for a token is accepted by a downstream object node, that token is remove
from the CentralBufferNode and moved to the accepting object node, as for any object node.

Data Store Nodes
A DataStoreNode is a CentralBufferNoithat holds its object tokens persistently while its activity is executing.

When an offer for an object token held by a DataStoreNode is accepted by a downstream object node, the offered token is
removed from the DataStoreNode, per the usual CentralBufterMemantics. However, a copy is made of the removed object
token, with the same value, and this is immediately placed back onto the DataStoreNode. Thus, the values held by a
DataStoreNode appear to persist for the duration of each execution of its iognaéaiivity, even as tokens move downstream
from the node.

When a DataStoreNode accepts an object token, if that token contains an object with the same identity as an objedt eontained
token already held by the node, then the duplicate object tolimshbe placed on the DataStoreNode. Unlike a regular
CentralBufferNode, a DataStoreNode contains objects uniquely.

The selection andtransformation Behaviors orvutgoing ObjectFlows can be used to get information out of a DataStoreNode as if a
query wee being performed. For example, He&ction Behavior can identify an object to retrieve andtthéformation Behavior

can get the value of atttribute on that object. Also, while tokens are always offered onityeing flows of a DataStoreNode,

they can only actually flow when they are accepted by a downstream object node. This can be used to model pull semantics fol
data flow (for instance, see the exampl&igure15.59).

41€ UML v2.5



15.4.4 Notation

Object Nodes

ObjectNodes are notated @xtangles, as shown ffigure15.49. A name labeling the node is placed inside the symbol, where the

name indicates thgpe of the ObjectNode, or theame andtypeo f t he node in the format finame
instane s ar e s et sypearé labelédas siich.aAm ©lgectNode with a Signal as its type is shown with the symbol on

the right ofFigure15.49.

name Set of name
Object node Object node Object node
Jor tokens Jor tokens with
containing sets signal as type

Figure 15.49 ObjectNode notatiors

If an ObjectNode has anstate set of States, the names of the States in this set are written as a-separated list within
brackets below the name of the ObjectNode, as shown on the fédfuire 15.50. Values forupperBound, ordering andisControl Type
are notated by placing an annotation with the following form beneath the ObjectNode symbol (as $figune irb.50):

objecthodeannot at i on -nodep=r oop{edr toyb-ngeepdtopedty Yo bg }ebe t
objectnodeproperty := 6 up p er Bo u n-dpécificatiod| val ue

6or der i n griodedrdedingkifd] e c t
6control Typebé

objectnodeorderingk i nd : : = O6unorderedbé | O6orderedd | OFI FOb |
name name name
[state, state...]
Object node for {upperBound =2} {ordering = LIFO}
tokens containing Object node Object node
objects in specific with a limited with ordering
states upper bound other than FIFQ

Figure 15.50 ObjectNode annotations

The selection Behavior of an ObjectNode is specified within a note symbol with the keyword «selection», attached to the
ObjectNode symbol as illustratedkigure 15.51.

«selection»
selection
specification

name

Figure 15.51 Specifying selection behavior on an ObjectNode
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Activity Parameter Nodes

An ActivityParameterNode is notated as an ObjectNode, except that the full textual specification of the associated @ammeter
sub claus®.4) may be used to label the ActivityParameterNode instead of the normal name/type label. If the containing Activity
of the ActivityParameterNode is drawn with a border or frame, then the ActivityParameterNode symbol is drawpingeheap
border or frame (sefeigure15.2). If the Activity is drawn without a border or frame, then the ActivityParameterNode symbol

may be placed anywhere on the diagram (though it is clearer if it is placed on the edgeagfrtime h a similar location as it

would be if a border or frame were present).

Figure15.52 shows the annotations for an ActivityParameterNode associated with a steaming Parameter or an exception
Parameter. If the ActivityParammeer Node i s associated with a streaming Par a
to the node symbol. If the ActivityParameterNode is associated with an exception Parameter, then the node symbol is annotate
with a small triangle. (See alsab clausd3.2on the semantics of streaming and exception Parameters.)

Activity name N
{stream} Parameter name: type

k )

Figure 15.52 Notation for stream and exception parameters

The presentation option at the top of theivity diagram below may be used as notation for a model corresponding to the
notation at the bottom of the diagram.

4 N

Parameterl Parameter2

A 4
v

Parameterl Parameter2

N /

Figure 15.53 Presentation option for flows between pins and parameter nodes

Central Buffer and Data Store Nodes

A CentralBufferNode symbol may optionally include the keyword «centralBuffer», as shdwguie15.54.

«centralBuffer»

Figure 15.54 Optional CentralBufferNode notation
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A DataStoreNode is notated as an ObjectNode with the keyword «datastore», as dfigwretb.55.

«datastore»
name
[state]

Figure 15.55 DataStoreNode notation

15.4.5 Examples

Activity Parameter Nodes

In Figure15.56, production materials are fed into printed circuit board. At the end of the Activity, computers are quality checked.

—
( Rejected
Computers
Production . Produ‘c_e . Assemble Test
Materials Printed-Circuit Computers
Boards

Computers |
Accepted

Printed- / \ Assembled Computers

Circuit Computers
Boards b J

Figure 15.56 Example ActivityParameterNodes

In Figure15.57, production materials are streaming in to feed the ongoing printed circuit board fabrication. At the end of the
Activity, computers are quality checked. Computers that do not pass the test are exceptions.

4 = AN
{stream} AN Rejected
Computers
Production - P13d1(1\c_§ ) Assemble Test
Materials rinted-Clrcut Computers Computers I
Boards
| Accepted
Prmted- Assembled Computers
Cirouit Computers
Boards P J
N\

Figure 15.57 Example of ActivityParameterNodes for streaming and exceptions

Central Buffer and Data Store Nodes

In Figure15.58, the Behaviors for making parts at two factories produce finished part€erttielBufferNode collects the parts,
and Behaviors after it in the flow use them as needed. All the parts that are not used will be packed as spares, sad vice ver
because each token can only be drawn from the CentralBufferNode by one outgoing edtyeicEhia this example is nen
deterministic.
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Part Part
[Finished] [Finished]

Make Parts

Pack
at Factory 1

- Parts
«centralButfer»
Part
[Finished]
. Use
Make Parts Part Parts
Part [Finished]

[Finished]
Figure 15.58 CentralBufferNode example

Figure1559is an example of using a DataStoreNode. Records for hired employees are pergigtdtersonnel Database. If an
employee has no assignment, then one is made using Assign Employee. Once a year, all employees have their performance
reviewed. The JoinNode blocks the flow of tokens to Review Employee except when the AcceptEventArtab (dause

1610 i s triggered AOnce a yearo. When the AcceptEventnActi
on the JoinNode and, as the outgoighg=¢tdgoe DbpmcthéoRenso
employee records can then flow to Review Employee.

' «datastore» ) _
Hue P . 1 {weight=3}
Employee ersonne
database . Review

Emplovee

«selectiony
employee.

assignment = null Once a year

Assign
Employee

Figure 15.59 DataStoreNode example

15.5 Executable Nodes

15.5.1 Summary

An ExecutableNode is a kind of ActivityNode thaayrbe executed to produceas a step in the overall desired behavior of the
containing Activity. Generally, the ControlNodes and ObjectNodes in an Activity are largely there to control the sequdncing a
to manage the flow of data between the ExecutableNaftkhe Activity.

All concrete kinds of ExecutableNodes are Actions, which are described in CBUg@Es subclause discusses the general
semantics of ExecutableNodes within an Activity and the capability for any Executalelédlbave an ExceptionHandler
attached to it.
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15.5.2 Abstract Syntax

Element
A
{subsets owner} {subsets ownedElement}
+ protectediode + handler - . )
ExecutableNode n " ExceptionHandler : + exceptlanlnput: Objecth

+ exceptionHandler 1
+ handlerBody + exceptionHandler * + exceptionType
1 " % Classifier

*

+ exceptionHandler 1.

Figure 15.60 Executable Nodes
15.5.3 Semantics

Executable Nodes

An ExecutableNode is an ActivityNode that carries out a substantive behavioral stepAotivity that contains it. All the
incoming andoutgoing ActivityEdges of an ExecutableNode shall be ControlFlows. An ExecutableNode may also consume and
produce data, but it must do so through related ObjectNodes (Actions use Pins for this peepCtmrisd 6.)

An ExecutableNode shall not execute untiliralbming ControlFlows (if any) are offering tokens. That is, there igxgplicit join
on theincoming Control Flows. Specific kinds of ExecutableNodes may haveiaddltprerequisites that must be satisfied before
the node can execute.

Before an ExecutableNode begins executing, it accepts all tokens offeirednoiy ControlFlows. If multiple tokens are being
offered on a ControlFlow, they are all consumed. Tifexeof object tokens accepted from ControlFlows is not specified (see
isControlType for ObjectNodes in sub claud®.4), but the semantics above applies if the effect is to execute the ExecutableNode.

While the ExecutableNods executing, it is considered to hold a single control indicating it is execution. In some cases, multiple
concurrent executions of an ExecutableNode may be ongoing at one time (see the senmantigy®éentrant=true for Actions
in sub clausd6.2. In this case, the ExecutableNode holds one control token for each concurrent execution.

When an ExecutableNode completes an execution, the control token representing that execution is removed from the
ExecutableNode and ctal tokens are offered on allitgoing ControlFlows of the ExecutableNode. That is, there isrgoficit
fork of the flow of control from the ExecutableNode toditigyoing ControlFlows.

Exceptions and Exception Handlers

An exception is a value used teitify a noanormal completion mode of an execution. If an exception is raised (e.g., using a
RaiseExceptionAction; see sub clad€el3 within the execution of an ExecutableNode and not handled within that execution,
thenthe execution is terminated and the exception is propagated out of the ExecutableNode.

An ExecutableNode may have one or more ExceptionHandlers that are used to deal with exceptions that may be propagated c
of the ExecutableNode, which is thetectedNode of thosehandlers. If an exception is propagated out of the&ectedNode, then the

set ofhandlers is examined for a handler that matches the exceptioandler matches if theype of the exception is the same as,

or a (direct or indirect) subtype,aine of thesxceptionTypes of thehandler. If there is a match, thendler catches the exception. If

there are multiple matches, exactly oaedier catches the exception, but it is not defined which does.

If an ExceptionHandler catches an exceptioa,dkception is wrapped in an object token that is placed axdégioninput
ObjectNode for the handler. ThendlerBody of the ExceptionHandler is then executed. The execution ohtlderBody may
access the caught exception viadkeptioninput node.
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When thenhandlerBody of an ExceptionHandler completes execution after an exception is caught, control tokens are offered on the
outgoing ControlFlows of thgrotectedNode of the ExceptionHandler, in exactly the same way as ipihiectedNode completed

normally. If theprotectedNode is an Action with OutputPins, then thendlerBody must also be an Action with matching

OutputPins, and any tokens placed on the OutputPins a&ithierBody are transferred to the OutputPins of pheectedNode (see
alsosub clausé.6.2on Actions and Pins).

A handlerBody shall have nancoming or outgoing ActivityEdges. An ExecutableNode acting asaadlerBody is not enabled to
execute in any case other than in response to an exceptigncaeight by itsandler.

ThehandlerBody of an ExceptionHandler shall have the samager as theprotectedNode of the ExceptionHandler and shall own the
exceptioninput Of the ExceptionHandler. Theceptioninput shall either be untyped or haveyge thatis either the same as or a
(direct or indirect) generalization of all theceptionTypes of the ExceptionHandler. Typically, tihandlerBody will be a
StructuredActivityNode and theceptioninput will be an InputPin for it (see sub claukg.11on StructuredActivityNodes).

If an ExecutableNode propagates an exception and the node eitherrdaagiang or nohandler matches the propagated
exception, then the exception continues to propagate outward. If the exceptionasgtdtat all within the execution of the
containing Activity, then the Activity execution terminates and the exception is propagated out of the Activity. If thg Watv
invoked synchronously, then the exception is propagated to the caller. If tkigyAgas invoked asynchronously, then the
exception is lost and not propagated further.

15.5.4 Notation

Executable Nodes

An ExecutableNode is drawn generically as a rectangle with rounded corners, as shimunreib5.61. More speciatied
notations for various kinds of Actions are described in Cldése

name

Figure 15.61 ExecutableNode notation

Exception Handlers

The notation for ExceptionHandlers is illustratedrigure1562. An Excepti onHandl er i s shown
symbol from the boundary of theotectedNode to a small square on the boundary of the ExceptionHandler. The name of the
exceptionType is placed next tthe lightning bolt. The small square is theeptioninput node. Multiple ExceptionHandlers may be
attached to the sameotectedNode, each by its own lightning bolt.

Protected
Node

HandlerBody
Node

ExceptionType

Figure 15.62 ExceptionHandler notation

An option for notati ngzagd Eaxdcrprn meomtHaomd | eeFiguie1Sé3iag hitz ilgi n e,
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Protected I HandlerBody

Node Node

Figure 15.63 Alternative ExceptionHandler notation

15.5.5 Examples

Figure15.64 shows a matrix calculation. First a matrix is inverted, and then it is multiplied by a vector to produce a vector. If the
matrix is singular, the inversion will fail and a SingularMatrix exception is raised. This exceptiandled by the

ExceptionHandler for thexceptionType SingularMatrix, which executes the region containing the Substitute Vectorl Action. If an
Overflow exception occurs during either the matrix inversion or the vector multiplication, the regioniogriteénSubstitute

Vector2 Action is executed. Regardless of whether the matrix operations complete without exception or whether one of the
ExceptionHandlers is triggered, the action Print Results is executed next.

‘\
SingularMatrix
Invert Substitute
Matrix Vectorl
i /
Multiply ) N
Vector Overflow
| Substitute
L Vector2
. J/
J

Print
Results

Figure 15.64 ExceptionHandler example

15.6 Activity Groups

15.6.1 Summary

ActivityGoups are a grouping constructs for ActivityNodes and ActivityEdges. Nodes and edges can belong to more than one
group. This subclause describes two concrete kinds of Activity@, ActivityPartitions and InterruptibleActivityRegions.
StructuredActivityNodes are a third kind of ActivityGroup, but they are also Actions and are discussed in sulbcdduse
Clausel6 on Actions.
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15.6.2 Abstract Syntax

{subsets inActivity} {subsets owner} {subsets ownedElement} :
+ activity m + inActivity +group {lﬁ'{eadOr_wly,dumgn}
4-‘ Activitytroup * + Jcontainedio e:l“‘ —
0.1 0.1 _ * + finGroup * ctivityfiode
{readCnly, union, subsets Ireadonly, union}

ownedElement’} + /subgroup

" {readOnly, union}

* + JcontainedEdge
0.1 / g =|| ActivityEdge
+ [sUperGroup + finGroup *
{readCnly, union, subsets owner {readOnly, union}
Element
+represents | 0.1 {subsets superGroup}
+ superPartition
+ activityPartition | * f 0.1
3 *
{SUbsethspg:_ggg% ActivityPartition _ - _
+ isDimension : Boolean = false | + subpartition | InterruptibleActivityRegion |
* ]+ isExternal : Boolean = false {subsets subgroup} [ |
F L ]
{subsets inGroup} {subsets inGroup} {subsets inGroup} 0..1| + interrupts
+ inPartition | * * | 4 inPartition + inInterruptibleRegion | *
{subsets containedMode} {subsets containediode
+ node + node
. :
{subsets containedEdge}
+ edge + interruptingEdae

B
* ActivityEdge -

Figure 15.65 ActivityGroups

15.6.3 Semantics

Activity Partitions

An ActivityPartition is a kind of ActivityGroup for identifying ActivityNodes that have some characteristics in common.
ActivityPartitions can share contents. They often correspond to organizational units in a business model. They may be used to
allocate characteristics or resources among the nodes of an Activity.

ActivityPartitions do not affect the token flow of the madBhey constrain and provide a view on the Behaviors invoked due to
the execution of theontainedNodes andcontainedEdges of the partition, including Operation calls and Signal sends. This may be
due not only to the execution of explicit InvocationActigsse sub clausks.3 but also the implicit invocation of, e.g.,
transformation andspecification Behaviors. Constraints vary according to the kind of element that the pa#iitiesents as listed

below (These following awstraints are normative).

9 Classifier.Behaviors invoked within the partition are the responsibility of instances of the Classifier that that the partition
represents. Thecontext of all invoked Behaviors shall be the Classifier. Operation calls and Signds within the partition
shall target objects at runtime that are instances of the Classifier.

1 InstanceSpecificatioBehaviors invoked within the partition are the responsibility of the instance modeled by the
InstanceSpecification that the partiti@presents. Thecontext of all invoked Behaviors shall be a Classifier of the
InstanceSpecification. Operation calls and Signal sends within the partition shall target the instances represente¢ modeled
the InstanceSpecification.
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1 Property.Behaviors invokd within the partition are the responsibility of the instance or instances held by the Property that
the partitionrepresents. The context of all invoked Behaviors shall be the type of the Property. Operation calls and Signal
sends within the partition sha&arget an instance held by the Property at runtime. If the Property holds more than one value,
the invocations are treated as if they were made concurrently on each value and the invocation does not complete until all
concurrent instances of it cofefe.

An ActivityPartition may represent other kinds of Elements than the above, but the semantics for these are not defined in thi
specification.

An ActivityPartition may haveubpartitions. If an ActivityPartition hassbimension=true, then it is a dimesion partition for its
subpartitions. Dimension partitions shall not be contained in any other ActivityPartitions. For example, an Activity may have one
dimension partition for the location at which invoked Behaviors are carried out (represented biytleastbgartitions) and

another for the cost of performing them.

If an ActivityPartition represents a Property, andsilspartitions represent InstanceSpecifications, then the InstanceSpecifications
shall model values held by that Property. Behavioreked in thesubpartitions shall be consistent with the constraints required for
both the InstanceSpecification of thapartition and the Property of the containing ActivityPartition. For example, a partition may
represent the location at which an invol&shavior is carried out, and thebpartitions would represent specific values for that
Property, such as Chicago. The location Property might heriame of thecontext BehavioredClassifier of the enclosing Activity

or even of the Activity itself.

If an ActivityPartition represents a Property that istamute of a Classifier (see sub claud®), and is contained by another
partition, then theuperPartition shall represent that Classifier or a Property whasds that Classifier. All other noexternal
subpartitions in thesuperPartition shall also represeattributes of the Classifier. At runtime, the targets of invocations of Behaviors in
the subpartitions shall be the values of the representtbute of thesame instance of the Classifier represented by the
superPartition, including Operation calls and Signal sends. IfsilperPartition is apartition of an enclosing Activity that has the
Classifier as itsontext, then, at runtime, the context object of eheecuting Activity shall be the same instance of the Classifier
represented by theiperPartition that are targets of invocations in th@partitions.

If a nonexternal ActivityPartition represents a Classifier and is contained in another partitiotheébegerPartition shall also
represent a Classifier, and the Classifier ofstlwpartition must be a nestedClassifier or ownedBehavior of the Classifier
represented by theiperPartition or be at the contained end of a composition Association withltssi@er represented by the
superPartition. If the latter, then, at runtime, the target for invocations of Behaviors suihatition, including Operation calls and
Signal sends, shall be considered to be an instance of the Classifier represeraedopyrtiion that is linked to an instance of
the Classifier represented by tigerPartition by the composition Association.

An external ActivityPartition is one witisExternal=true. External partitions are intentional exceptions to the rules fotiqguart
structure. For example, a dimension partition may have partitions showipgrtthef a StructuredClassifier. It can then have an
external partition that does not represent one ofdhe but a completely separate Classifier. In business modelitgrnal
partitions can be used to model entities outside a business.

ActivityPartitions may be used in a way that provides enough information for review bieliglhmodelers, though not enough

for execution. For example, if a partition representsas$ifier, then Behaviors invoked in that partition are the responsibility of
instances of the Classifier, but the model may or may not say which instance in particular. Thus, an invocation of am Operati
would be limited to an Operation on that Classjftlart an input ObjectFlow to the invocation might not be specified to tell which
instance should be the target at runtime. The ObjectFlow could be specified in a later stage of development to support execut
Another option would be to use ActivationRions that represemtrts. Then, when the Activity executes in the context of a
particular object, the parts of that object at runtime will be used as targets for the Operation calls and Signal ssodbeds d
above.

Interruptible Activity Regions

An InterruptibleActivityRegion is an ActivityGroup that supports termination of a portion of an Activity. An
InterruptibleActivityRegion contains only ActivityNodes. It also identifiesnagruptingEdges certain ActivityEdges that have
their source within the region and thetarget outside the region. When a token offered alongwanuptingEdge is accepted and
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traverses that edge, then the execution afoathinedNodes of the region is terminated and all tokens are removed from them.
However, the tokn traversing thiaterruptingEdge still arrives at itsarget and, further, any accepted tokens traversing non
interrupting edges fromsurce node within the region totarget node outside the region also still arrive atthget nodes, even
if the interruption occurs during the traversal.

AcceptEventActions in the region that do not haxeming edges are enabled only when a token enters the region, even if the
token is not directed at the AcceptEventAction (see sub clid€for a full description of AcceptEventActions).

Do not use an InterruptibleActivityRegion if it is not desired to abort all flows in the region in some cases. For ekample, i
single execution of an Activity is being used for all its invocati@re.,isSingleExecution=true), then multiple streams of tokens

will be flowing through the same Activity. In this case, it is probably not desired to abort all flows in a region juselmwau
token leaves the region. Arrange for separate invocatibtie Activity to use separate executions of the Activity (i.e.,
isSingleExecution=false) when employing InterruptibleActivityRegions, so tokens from different invocations will not affect each
other.

15.6.4 Notation

Activity Partitions

An ActivityPartition is nadated with two, usually parallel lines, either horizontal or vertical, and a name labeling the partition in a
box at one end. Any ActivityNodes and ActivityEdges placed between these lines are considered to be contained within the
partition. This notatiorior an ActivityPartition is colloquially known as a swimlane, as showfignire15.66(a). Swimlanes can
express hierarchical partitioning by representingstibgartitions as further partitioning ahe superpartition, as illustated inFigure
15.66(b). Diagrams can also be partitioned multidimensionally, as depictedure1566( ¢ ) , wher e each Aswi
intersection of multiple partitions. The partitions within eaohehsion may be grouped into an enclosing activity partition with
isDimension=true, whose name is the dimension name. Rather than being shown as a partition itself, however, the dimension is
indicated by placing its name alongside the set of partitiotieidimension, as shown Figure 15.66(c).

Figure 15.66 ActivityPartition notations

In some diagramming situations, using parallel lines to delineate ActivityPartitions is atitgdraAn alternative is to place the
partition name in parenthesis above the ActivityNode name, as illustraftéglire 15.67(a), below. A commaeparated list of
partition names means that the node is contained in more tegradition. A double colon within a partition name indicates that
the partition is nested, with tlkeperPartitions coming earlier in the name. An external partition (vdtixternal=true) is labeled

with the keyword «external», as illustratedHigure 15.67(b). If an ActivityNode within a nomxternal swimlane is given a
specific external partition name, as shown on the righigare15.67(b), then the ActivityNode is considered to be contained in
thenamed external partition, rather than the partition denoted by the swimlane.
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