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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical

comn ee ach memb bod 1 ed 1n 3 DIC Or winich a technica ommittee has been estab hed ha

to be|represented on that committee. International organizations, governmental and non-governmental, in liaiSof with
ISO, jalso take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
mattdrs of electrotechnical standardization.

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Patt 2.

The :rain task of technical committees is to prepare International Standards. Draft International\Standards adopt¢d by the
technfical committees are circulated to the member bodies for voting. Publication as an International Standard rgquires
apprgval by at least 75 % of the member bodies casting a vote.

Atterjtion is drawn to the possibility that some of the elements of this part of ISO/IEC) 19505 may be the subject pf patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

This [nternational Standard was prepared by Technical Committee ISO/IEC/TC JTC1, Information technology, in
collaboration with the Object Management Group (OMG), following the Submission and processing as a Publicly
Availlable Specification (PAS) of the OMG Unified Modeling Language (UML) specification.

This [[nternational Standard is related to:

ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-
ODP).

S

This [nternational Standard consists of the following parts, under the general title Information technology - Ope
distriputed processing - UML specification:

o| Part 1: Infrastructure

| Part 2: Superstructure

Apart from this Foreword, the text of this International Standard is identical with that for the OMG specificatiop for
UML, v2.4.1, Part 1.
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Introduction

The rapid growth of distributed processing has led to a need for a coordinating framework for this standardization and
ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-ODP)

provi

es such a framework Tt defines an architecture within which snpport of distribution _interoperability and p

ortability

can be integrated.

RM
syste
of ca
(e.g.

apprdpriate extensions (using stereotypes, tags, and constraints).

RM-

ms. The scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the sanie and, in
es, the RM-ODP Part 2 and the UML specification use the same term for concepts that are rélated but not
interface). Nevertheless, a specification using the Part 2 modeling concepts can be expressed’using UML

DDP Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for describing distributed

\ number
identical
with

DDP Part 3 (ISO/IEC 10746-3) specifies a generic architecture of open distributed systems, expressed using the

foundational concepts and framework defined in Part 2. Given the relation between UML as a modeling language|and Part

2 of the RM ODP standard, it is easy to show that UML is suitable as a notation for‘the individual viewpoint

speci

The Unified Modeling Language (UML) is a general-purpose modeling language with a semantic specification,

fications defined by the RM-ODP.

graplfical notation, an interchange format, and a repository query interface. It is designed for use in object-orierjted
softwlare applications, including those based on technologies recomimended by the Object Management Group (OMG). As

such,

As af
interd

The ¢
envir
Whil
Procg

it serves a variety of purposes including, but not limited td;\the following:
a means for communicating requirements and design intent,
a basis for implementation (including automated code generation),

a reverse engineering and documentation facility.

hange:
between software development tools,
between software develop€rs;and
between repositories-and’/other object management facilities.

xistence of such-a Standard facilitates the communication between standardized UML environments and o
bnments.

e not limited to this context, the UML standard is closely related to work on the standardization of Open D]
ssing (ODP).

international standard, the various companents of UML provide a common foundation for model and mefadata

her

stributed
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2

2.1

Information technology - Object Management Group
Unified Modeling Language (OMG UML), Infrastructure

Scope

[nternational Standard defines the Unified Modeling Language (UML), revision 2. The objective of UML
de system architects, software engineers, and software developers with tools for analysis, design, and
mentation of software-based systems as well as for modeling business and similar processes:.

hcorporated a number of best practices from modeling language design, object-orientéd programming, and

be definitions of its abstract syntax rules and semantics, a more modular language structure, and a greatly i
ility for modeling large-scale systems.

otation is required. UML meets the following requirements:

A formal definition of a common MOF-based metamodelthat specifies the abstract syntax of the UML. The
syntax defines the set of UML modeling concepts, theit‘attributes and their relationships, as well as the rules
combining these concepts to construct partial or complete UML models.

A detailed explanation of the semantics of each-UML modeling concept. The semantics define, in a technolo
independent manner, how the UML concepts'ate to be realized by computers.

A specification of the human-readable netation elements for representing the individual UML modeling cond
well as rules for combining them inte.a/variety of different diagram types corresponding to different aspects of
systems.

A detailed definition of ways.in which UML tools can be made compliant with this International Standard. T
supported (in a separate-specification) with an XML-based specification of corresponding model interchange
(XMI) that must be realized by compliant tools.

Conformance

General

f the primary goals of UML is to advance the state of the industry.by enabling object visual modeling todl
perability. However, to enable meaningful exchange of model information between tools, agreement on semantics

nitial versions of UML (UML 1) originated with three leading object-oriented metheds (Booch, OMT, and OOSE),

ectural description languages. Relative to UML 1, this revision of UML has been‘enhanced with significarftly more

mproved

hbstract
for

2y~

epts as
modeled

his is
formats

UML 1s a language with a very broad scope that covers a large and diverse set of application domains. Not all of its
modeling capabilities are necessarily useful in all domains or applications. This suggests that the language should be
structured modularly, with the ability to select only those parts of the language that are of direct interest. On the other
hand, an excess of this type of flexibility increases the likelihood that two different UML tools will be supporting
different subsets of the language, leading to interchange problems between them. Consequently, the definition of
compliance for UML requires a balance to be drawn between modularity and ease of interchange.

©180
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Experience with previous versions of UML has indicated that the ability to exchange models between tools is of
paramount interest to a large community of users. For that reason, this International Standard defines a small number of
compliance levels thereby increasing the likelihood that two or more compliant tools will support the same or compatible
language subsets. However, in recognition of the need for flexibility in learning and using the language, UML also
provides the concept of language units.

2.2| Language Units

The modeling concepts of UML are grouped into language units. A language unit consists of a colledtion of tightly-
coupled modeling concepts that provide users with the power to represent aspects of the system un@ef study according to
a parficular paradigm or formalism. For example, the State Machines language unit enables modelers to specify|discrete
eventrdriven behavior using a variant of the well-known statecharts formalism, while the Activities language unit
provides for modeling behavior based on a workflow-like paradigm. From the user’s perspective, this partitioning of
UML] means that they need only be concerned with those parts of the language that they consider necessary for|their
moddls. If those needs change over time, further language units can be added to the™user’s repertoire as required. Hence,
a UML user does not have to know the full language to use it effectively.

In adflition, most language units are partitioned into multiple increments, each)adding more modeling capabilitigs to the
previpus ones. This fine-grained decomposition of UML serves to make-the language easier to learn and use, byt the
indivjdual segments within this structure do not represent separate compliance points. The latter strategy would lgad to an
excegs of compliance points and result to the interoperability problems described above. Nevertheless, the groupings
provided by language units and their increments do serve to simplify the definition of UML compliance as explained
below.

2.3 Compliance Levels

The {tratification of language units is used as the foundation for defining compliance in UML. Namely, the set pf
moddling concepts of UML is partitioned intd_horizontal layers of increasing capability called compliance levelf.
Compliance levels cut across the various language units, although some language units are only present in the ypper
level§. As their name suggests, each compliance level is a distinct compliance point.

For epse of model interchange, thére)are just two compliance levels defined for UML Infrastructure:

| Level 0 (L0) - This contains a single language unit that provides for modeling the kinds of class-based structures
encountered in most popular object-oriented programming languages. As such, it provides an entry-level modeling
capability. More-importantly, it represents a low-cost common denominator that can serve as a basis for interoperability
between different categories of modeling tools.

o| Metamodel Constructs (LM) - This adds an extra language unit for more advanced class-based structures usedl for
buildifig'metamodels (using CMOF) such as UML itself.

As n¢ted, compliance levels build on supporting compliance levels. The principal mechanism used in this Interpational
Standard—fer-achteving-thistspuckage nrerge{seeSeettonH-16-3; geMeree; g ackagemerge
allows modeling concepts defined at one level to be extended with new features. Most importantly, this is achieved in the
context of the same namespace, which enables interchange of models at different levels of compliance as described in
“Meaning and Types of Compliance.”

PROPPRPNPN 4
O pag O T

For this reason, all compliance levels are defined as extensions to a single core “UML” package that defines the common
namespace shared by all the compliance levels. Level 0 is defined by the top-level metamodel shown below.
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airnports
PrimitiveTypes Basic
& i)
i «merg‘e»
«rrierge:s :
.

Lo

Figure 2.1 - Level 0 package diagram

In this model, ”UML” is originally an empty package that simply merges in the contents of the Basic package from the
UM Infrastructure. This package, contains elementary concepts such as Class,\Package, DataType, Operation, fetc.

At the next level (Level LM), the contents of the “UML” package, now including the packages merged into Leyel 0 and
their [contents, are extended with the Constructs package.

rimitiveTypes

irnporte

g
?M‘-\.

N

Basic

constructs

<<|:ﬁérg.e>3

Figune 2.2 - Level M package diagram

N

'
“IMErdes
'

S

Lhd

Notelthat LM does.tiot explicitly merge Basic, since the elements in Basic are already incorporated into the corregponding
elem¢nts in Cofistructs.

2.4| ~ Meaning and Types of Compliance

Compliance to a given level entails full realization of all language units that are defined for that compliance level. This
also implies full realization of all language units in all the levels below that level. “Full realization” for a language unit at
a given level means supporting the complete set of modeling concepts defined for that language unit at that level.

Thus, it is not meaningful to claim compliance to, say, Level 2 without also being compliant with the Level 0 and Level
1. A tool that is compliant at a given level must be able to import models from tools that are compliant to lower levels
without loss of information.
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are two distinct types of compliance. They are:

Abstract syntax compliance. For a given compliance level, this entails:

» compliance with the metaclasses, their structural relationships, and any constraints defined as part of the merged

UML metamodel for that compliance level, and

Comj

Tablg 2.1 - Example compliance statement

* the ability to output models and to read in models based on the XMI schema corresponding to that comp
level.

Concrete syntax compliance. For a given compliance level, this entails:

 compliance to the notation defined in the “Notation” sub clauses in this part of ISO/IEC 19505 for those
metamodel elements that are defined as part of the merged metamodel for that compliarce-level and, by
implication, the diagram types in which those elements may appear; and optionally

» the ability to output diagrams and to read in diagrams based on the XMI schema defined by the Diagram
Interchange specification for notation at that level. This option requires abstract syntax and concrete syn
compliance.

Concrete syntax compliance does not require compliance to any presefitation options that are defined as g
notation.

liance for a given level can be expressed as:
abstract syntax compliance
concrete syntax compliance
abstract syntax with concrete syntax compliance

abstract syntax with concrete syntax and diagram interchange compliance

Conppliance Summary

Conjpliance level Abstract'Syntax | Concrete Syntax Diagram Interchange Op-
tion

LO YES YES NO

LM NO YES NO

In ca
undet
speci

e of tools that-generate program code from models or those that are capable of executing models, it is also

iance

art of the

useful to

stand the level of support for the run-time semantics described in the various “Semantics” sub clauses of the

fication..However, the presence of numerous variation points in these semantics (and the fact that they are

infor

possi le-Combinations is very ]argP

allywusing natural language), make it impractical to define this as a formal compliance type, since the nu

defined
mber of

A similar situation exists with presentation options, since different implementers may make different choices on which
ones to support. Finally, it is recognized that some implementers and profile designers may want to support only a subset
of features from levels that are above their formal compliance level. (Note, however, that they can only claim compliance
to the level that they fully support, even if they implement significant parts of the capabilities of higher levels.) Given this
potential variability, it is useful to be able to specify clearly and efficiently, which capabilities are supported by a given
implementation. To this end, in addition to a formal statement of compliance, implementers and profile designers may
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also provide informal feature support statements. These statements identify support for additional features in terms of
language units and/or individual metamodel packages, as well as for less precisely defined dimensions such as
presentation options and semantic variation points.

An example feature support statement is shown in Table 2.2 for an implementation whose compliance statement is given
in Table 2.1. In this case, the implementation adds two new language units from higher levels.

Tablg 2.2 - Example feature support statement

Fea‘ure Support Statement

Lanl]uage Unit Feature

Constructs An Association A1 specializes another Association A2 if each endof A1 subsets the
corresponding end of A2.

Congtructs A redefining property must have the same name as the redefined property.

2.5| Compliance Level Contents

Tabld 2.3 identifies the packages by individual compliance levels in addition to those that are defined in lower levels (as
a rul¢, Level (N) includes all the packages supported by Level (N-19).“The set of actual modeling features added by each
of th¢ packages are described in the appropriate clauses of the related language unit.

Tablg¢ 2.3 - Metamodel packages added to compliance leyeéls

Level Metamodel Package Added
LO Basic
LM Constructs

3 Normative References

The following normativ€documents contain provisions which, through reference in this text, constitute provisiofs of this
part ¢f ISO/IEC 19505, For dated references, subsequent amendments to, or revisions of, any of these publicatiops do not

applyf

RFC2419yhttp://ietf.org/rfc/rfc2119, Key words for use in RFCs to Indicate Requirement Levels, S. Bradner,| March
1997

o ISO/IEC 19505-2 , Information technology — OMG Unified Modeling Language (OMG UML) Version 2.4. — Part
2: Superstructure; pas/2011-08-12

« OMG Specification formal/2011-08-06, UML Superstructure, v2.4.1

« OMG Specification formal/2010-02-01, Object Constraint Language, v2.2

« OMG Specification formal/2011-08-07, Meta Object Facility (MOF) Core, v2.4.1
« OMG Specification formal/2011-08-09, XML Metadata Interchange (XMI), v2.4.1
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OMG Specification formal/06-04-04 , UML 2.0 Diagram Interchange

Note — UML 2 is based on a different generation of MOF and XMI than that specified in ISO/IEC 19502:2005 Information
technology - Meta Object Facility (MOF) and ISO/IEC 19503:2005 Information technology - XML Metadata Interchange
(XMI) that are compatible with ISO/IEC 19501 UML version 1.4.1.
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Terms and Definitions

are no formal definitions in this part of ISO/IEC 19505 that are taken from other documents,

Notational Conventions

eywords “must,” “must not,” “shall,” “shall not,” “should,” “should not,” and “may” in this part of ISO/IH
be interpreted as described in RFC 2119.

Additional Information

Architectural Alignment and MDA Support

e 7, “Language Architecture,” explains how the \UML 2: Infrastructure is architecturally aligned with the
structure that complements it. It also explainshow the InfrastructureLibrary defined in the UML 2. Infras
e strictly reused by MOF 2 specificationg:

IOF 2: Core Specification is architécturally aligned with this part of ISO/IEC 19505.

MG’s Model Driven Architecture (MDA) initiative is an evolving conceptual architecture for a set of indus
ology specifications that will'support a model-driven approach to software development. Although MDA is

a technology specification, it représents an important approach and a plan to achieve a cohesive set of model-dy

techn|
Drivd

6.2

ology specifications. Fhis’International Standard’s support for MDA is discussed in Annex B: “Support fo
n Architecture,” opr.page 213.

How . to Proceed

The flest ofithis document contains the technical content of this part of ISO/IEC 19505. Readers are encouraged|

read

‘Subpart I - Introduction” to familiarize themselves with the structure of the language and the formal appro

for it

C 19505

(/ML 2:
tructure

try-wide

not itself

iven
Model

to first
ch used

b specification. Afterwards the reader may choose to either explore the Infrastructurel ibrary, described in

‘Subpart

II - Infrastructure Library” or the UML::Classes::Kernel package that reuses it, described in the UML 2: Superstructure.
The former specifies the flexible metamodel library that is reused by the latter.

Readers who want to explore the user level constructs that are built upon the infrastructural constructs specified here

shoul

d investigate the specification that complements this, the UML 2: Superstructure.
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Although the clauses are organized in a logical manner and can be read sequentially, this is a reference specification
intended to be read in a non-sequential manner. Consequently, extensive cross-references are provided to facilitate
browsing and search.

6.2.1 Diagram format

The {

ollowing conventions are adopted for all metamodel diagrams throughout this part of ISO/IEC 19505:

An association with one end marked by a navigability arrow means that:
« the association is navigable in the direction of that end,
+ the marked association end is owned by the classifier, and

* the opposite (unmarked) association end is owned by the association.

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

* each association end is owned by the classifier at the opposite end (i,e%, neither end is owned by the asso

Association specialization and redefinition are indicated by appropriate constraints situated in the proximity
association ends to which they apply. Thus:

* the constraint {subsets endA} means that the association.énd to which this constraint is applied is a speci

of association end endA that is part of the association-being specialized.

* a constraint {redefines endA} means that the association end to which this constraint is applied redefines

association end endA that is part of the association being specialized.

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

iation).

f the

lalization

the

If an association end is unlabeled, the default name for that end is the name of the class to which the end is aftached,

modified such that the first letter is a-lowercase letter. (Note that, by convention, non-navigable association e

often left unlabeled since, in general;-there is no need to refer to them explicitly either in the text or in formal

constraints — although they may ‘be needed for other purposes, such as MOF language bindings that use the
metamodel.)

Associations that are notexplicitly named, are given names that are constructed according to the following p
rule:

ITEEE)

“A_” <association-end-namel> <association-end-name2>

where <association-end-namel> is the name of the first association end and <association-end-name2> is thq

the second association end.

Axq unlabeled dependency between two packages is interpreted as a package import relationship.

hds are

oduction

name of

Note that some of these conventions were adopted to contend with practical issues related to the mechanics of producing
this International Standard, such as the unavailability of conforming modeling tools at the time the specification itself was
being defined. Therefore, they should not necessarily be deemed as recommendations for general use.
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6.2.2 Contents of Subparts | and Il

6.2.2.1 Contents of Subpart| - Introduction

The Unified Modeling Language is a visual language for specifying, constructing, and documenting the artifacts of
systems. It is a general-purpose modeling language that can be used with all major object and component methods, and

that
(e.g.

The
sever

Undg¢]
been
shoul
vend
for ¢

Althd
chang
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6.2.2
This
9-C
10 -
11 -
12 -
13 -]

This
such

an be applied to all application domains (e.g., health, finance, telecom, aerospace) and implementation pla
J2EE, .NET).

MG adopted the UML 1.1 specification in November 1997. Since then UML Revision Task Forces’have j
nl minor revisions, the most recent being the UML 1.4 specification, which was adopted in May 2001.

r the stewardship of the OMG, the UML has emerged as the software industry’s dominantimodeling langua
successfully applied to a wide range of domains, ranging from health and finance to_acrespace to e-comm
d be expected, its extensive use has raised numerous application and implementation-issues by modelers a

nsideration.

ugh many of the issues have been resolved in minor revisions by Revision Task Forces, other issues requi
res to the language that are outside the scope of an RTF. Consequently, the OMG issued four complementa
ecturally aligned RFPs to define UML: UML Infrastructure, UMI Superstructure, UML Object Constrain{
hage, and UML Diagram Interchange.

[UML specification is organized into two volumes (UML 2; Tnfrastructure and UML 2: Superstructure), co
he breakdown of modeling language requirements intowo RFPs (UML Infrastructure RFP and UML
structure RFP). Since the two volumes cross-reference each other and the specifications are fully integrat
olumes could easily be combined into a single volume at a later time.

.2 Contents of Subpart Il - InfrastructureLibrary

subpart includes the following clauses:
pre:: Abstractions

Core::Basic

Core::Constructs

Core::Profiles

Primitive Typés

Hescribes.the structure and contents of the Infrastructure packages for the UML metamodel and related met
ps thetMeta Object Facility (MOF) and the Common Warehouse Metamodel (CWM). The first top level p3

Infra
The

ftriictureLibrary, which defines a reusable metalanguage kernel and a metamodel extension mechanism for

tforms

roduced

be. It has
brce. As
hd

rs. As of the time of this writing over 500 formal usage and implementation issues.Have been submitted to fhe OMG

re major
ry and

hsistent

bd, these

hmodels,
ckage is
UML.

netalaneliace K ne an be ed o spe a varie O metamodae n ding \Y

the library defines a profiling extension mechanism that can be used to customize UML for different platforms and

addition,

domains without supporting a complete metamodeling capability. The nested packages of the InfrastructureLibrary are

Core and Profile. The other top level package is PrimitiveTypes, which consists of a small number of primitive types that
are commonly used for metamodeling. The PrimitiveTypes package is imported by nested packages in the
InfrastructureLibrary and can be imported by other packages, libraries and metamodels that need to define primitive data.
The high level architecture of the Infrastructure packages is shown below.
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InfrastructureLibrary
[1 1
Core | Profiles | PrimitiveTypes
J J S

Figune 6.1 - The Metamodel Library package contains the packages
Coreland Profiles

2012(E)

The (ore package is the central reusable part of the InfrastructureLibrary, and is further subdivided-as shown in the figure

belovw.
]
Constructs
.
I «import» PrimitiveTypes

Abstractions | .............. BEN

«import»
Basic [----------—-——--—- N

] «import»
Constructs |----------——-—- -

Figure 6.2 - The Core package contains the packages PrimitiveTypes,
Abstractions, Basic, and Constructs

The package PrimitiveTypes is a simple package that contains a number of predefined types that are commonly u

ed when

metamodeling, and as such they are used both in the infrastructure library itself, but also in metamodels like MDF and

UML. The package Abstractions contains a number of fine-grained packages with only a few metaclasses each,
which are abstract. The purpose of this package is to provide a highly reusable set of metaclasses to be specialiZ
defining new metamodels. The package Constructs also contains a number of fine-grained packages, and brings
many| of the aspects of the Abstractions. The metaclasses in Constructs tend to be concrete rather than abstract,

most of
ed when
together
and are

geargd towards an object=ofiénted modeling paradigm. Looking at metamodels such as MOF and UML, they typically

impoft the Constructs-package since the contents of the other packages of Core are then automatically included
packdge Basic containg’a subset of Constructs that is used primarily for XMI purposes.

The

The Profiles package contains the mechanisms used to create profiles of specific metamodels, and in particular pf UML.

This pxtension mechanism subsets the capabilities offered by the more general MOF extension mechanism.

The {etailed structure and contents of the PrimitiveTypes, Abstractions, Basic, Constructs, and Profiles package
further described in subsequent clauses.

© ISO/IEC 2012 - All rights reserved
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The 1
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speci
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Infra:
archi

7.2

The 1

ML specification is defined using a metamodeling approach (i.e., a metamodel is used to specify the mo
rises UML) that adapts formal specification techniques. While this approach lacks some of the rigor-ofia
fication method, it offers the advantages of being more intuitive and pragmatic for most implementeérs’and

ollowing sub clauses summarize the design principles followed, and show how they are applied to organiz

ML metamodel has been architected with the following design principl€s. in mind:

tioners.! This clause explains the architecture of the UML metamodel.

tructure and Superstructure. The last sub clause explains how the UML metamodel confosms to a 4-layer mi
ectural pattern.

Design Principles

Modularity — This principle of strong cohesion and loose coupling’is‘applied to group constructs into packa
organize features into metaclasses.

Layering — Layering is applied in two ways to the UML meétamodel. First, the package structure is layered td
the metalanguage core constructs from the higher-level caristructs that use them. Second, a 4-layer metamods
architectural pattern is consistently applied to separate’eoncerns (especially regarding instantiation) across la)
abstraction.

Partitioning — Partitioning is used to organize conceptual areas within the same layer. In the case of the

InfrastructureLibrary, fine-grained partitioning is used to provide the flexibility required by current and futur
metamodeling standards. In the case of the"UML metamodel, the partitioning is coarser-grained in order to ing
cohesion within packages and loosening'the coupling across packages.

Extensibility — The UML can be.extended in two ways:

* A new dialect of UML~can be defined by using Profiles to customize the language for particular platforn
J2EE/EJB, .NET/COM+) and domains (e.g., finance, telecommunications, aerospace).

* A new languagerelated to UML can be specified by reusing part of the InfrastructureLibrary package an|
augmenting with appropriate metaclasses and metarelationships. The former case defines a new dialect d
while the-latter case defines a new member of the UML family of languages.

Reuse —Afine-grained, flexible metamodel library is provided that is reused to define the UML metamodel,
other architecturally related metamodels, such as the Meta Object Facility (MOF) and the Common Warehou|
Metamodel (CWM).

jzl that
rmal

c UML’s
ctamodel

bes and

separate
|
bers of

h
7

rease the

s (e.g.,

d
fUML,

hs well as
e

7.3

Infrastructure Architecture

The Infrastructure of the UML is defined by the InfrastructureLibrary, which satisfies the following design requirements:

1.

It is important to note that the specification of UML as a metamodel does not preclude it from being specified via a math
ically formal language (e.g., Object-Z or VDM) at a later time.
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» Define a metalanguage core that can be reused to define a variety of metamodels, including UML, MOF, and CWM.
 Architecturally align UML, MOF, and XMI so that model interchange is fully supported.

» Allow customization of UML through Profiles and creation of new languages (family of languages) based on the same
metalanguage core as UML.

As shown in Figure 7.1, Infrastructure is represented by two packages: InfrastructureLibrary and PrimitiveTypef. The

packdge InfrastructureLibrary consists of the packages Core and Profiles, where the latter defines the mechanisms that
are uped to customize metamodels and the former contains core concepts used when metamodeling. The package
Prim{tiveTypes consists of a few predefined primitive types that are commonly used when metamodeling, and is [designed
specifically with the needs of UML and MOF in mind.

InfrastructureLibrary

1 1

1
Core Profiles | PrimitiveTypes

Figure 7.1 - The InfrastructureLibrary packages

7.4 Core

In its|first capacity, the Core package is a complete metamodel particularly designed for high reusability, where| other

metaodels at the same metalevel (see 7.7, “Superstru¢ture Architecture,” on page 17) either import or specialige its

specified metaclasses. This is illustrated in Figure /2, where it is shown how UML, CWM, and MOF each depgnds on a
comnjon core. Since these metamodels are at the very heart of the Model Driven Architecture (MDA), the comton core
may flso be considered the architectural kerngbof MDA. The intent is for UML and other MDA metamodels to [reuse all
or pafts of the Core package, which allows other metamodels to benefit from the abstract syntax and semantics that have
alreadly been defined.

14 © ISO/IEC 2012 - All rights reserved
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UML CcwMm

Profiles

Figure 7.2 - The role of the common Core

In orgler to facilitate reuse, the Core package is subdivided mto a number of packages: Abstractions, Basic, and
Consfructs as shown in Figure 7.3. As we will see in subsequent clauses, some of these are then further divided into even
more|fine-grained packages to make it possible to pick*and choose the relevant parts when defining a new metadmodel.
Note] however, that choosing a specific package also implies choosing the dependent packages. There are minof
diffefences in the design rationale for the otherlthree packages. The package Abstractions mostly contains abstrpct
metaglasses that are intended to be furtherspecialized or that are expected to be commonly reused by many metpmodels.
Very [few assumptions are made about the'metamodels that may want to reuse this package; for this reason, the [package
Abstiactions is also subdivided into several smaller packages. The package Constructs, on the other hand, mostly|contains
concfete metaclasses that lend thefnselves primarily to object-oriented modeling; this package in particular is reused by
both MOF and UML, and represerits a significant part of the work that has gone into aligning the two metamodels. The
packdge Basic represents a.few constructs that are used as the basis for the produced XMI for UML, MOF, and|other
metamodels based on the\nfrastructureLibrary.

]
Constructs

1

«import» PrimitiveTypes
Abstractions  |-----------7-------- >

Figure 7.3 - The Core packages
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In its second capacity, the Core package is used to define the modeling constructs used to create metamodels. This is done
through instantiation of metaclasses in the InfrastructureLibrary (see 7.10, “Metamodel Layering,” on page 18). While
instantiation of metaclasses is carried out through MOF, the InfrastructureLibrary defines the actual metaclasses that are
used to instantiate the elements of UML, MOF, CWM, and indeed the elements of the InfrastructureLibrary itself. In this
respect, the InfrastructureLibrary is said to be self-describing, or reflective.

7.5| Profiles

As whps depicted in Figure 7.1, the Profiles package depends on the Core package, and defines the méchanisms jused to
tailor| existing metamodels towards specific platforms, such as C++, CORBA, or EJB; or domainssuch as real-time,
businjess objects, or software process modeling. The primary target for profiles is UML, but it {s-possible to usg profiles
together with any metamodel that is based on (i.e., instantiated from) the common core. A profile must be baseql on a
metamodel such as the UML that it extends, and is not very useful standalone.

Profiles have been aligned with the extension mechanism offered by MOF, but provide a'more light-weight apprgach with
restriftions that are enforced to ensure that the implementation and usage of profileés-should be straightforward gnd more
easily supported by tool vendors.

7.6| Architectural Alignment between UML.and MOF

One ¢f the major goals of the Infrastructure has been to architecturdlly align UML and MOF. The first approacl to
accorpplish this has been to define the common core, which is realized as the package Core, in such a way that the model
elem¢nts are shared between UML and MOF. The second apptoach has been to make sure that UML is defined a§ a model
that ip based on MOF used as a metamodel, as is illustrated in Figure 7.4. Note that MOF is used as the metampdel for
not oply UML, but also for other languages such as CWM.

M3
«metamodel»
MOF
«instanceOfy.. " «instanceOf»
M2 ) A .
«metamodel» «metamodel»
UML CWM

Figure 724 - UMI and MOF are at different metalevels

How these metalevel hierarchies work is explained in more detail in 7.7, “Superstructure Architecture,” on page 17. An
important aspect that deserves mentioning here is that every model element of UML is an instance of exactly one model
element in MOF. Note that the InfrastructureLibrary is used at both the M2 and M3 metalevels, since it is being reused
by UML and MOF, respectively, as was shown in Figure 7.2. In the case of MOF, the metaclasses of the
InfrastructureLibrary are used as is, while in the case of UML these model elements are given additional properties. The
reason for these differences is that the requirements when metamodeling differ slightly from the requirements when
modeling applications of a very diverse nature.
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MOF defines for example how UML models are interchanged between tools using XML Metadata Interchange (XMI).

MOF also defines reflective interfaces (MOF::Reflection) for introspection that work for not only MOF itself, but also for
CWM, UML, and for any other metamodel that is an instance of MOF. It further defines an extension mechanism that can
be used to extend metamodels as an alternative to or in conjunction with profiles (as described in Clause 13,
“Core::Profiles™). In fact, profiles are defined to be a subset of the MOF extension mechanism.

7.7| Superstructure Architecture

The YML Superstructure metamodel is specified by the UML package, which is divided into a numbeér_of packgges that
deal ith structural and behavioral modeling, as shown in Figure 7.5.
Each|of these areas is described in a separate clause of the UML 2: Superstructure specificationy Note that there pre some
packages that are dependent on each other in circular dependencies. This is because the dependencies between the top-
level|packages show a summary of all relationships between their subpackages; there ate'no circular dependencjies
betw¢en subpackages of those packages.
— —
CommonBehaviors - AN _ Classes — 1
/ N |
\ |
/ \ |
/ \ |
| / \ |
UseCases / StateMachines Interactions \ |
\ |
7 T
NS | \ |
e | \
A = |
\’ — |
Activities CompositeStructures AuxiliaryCpnstructs
/
/
¥
Actions Components
1
Deployments
Figure 7.5 - The top-level package structure of the UML 2 Superstructure
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7.8

Reusing Infrastructure

One of the primary uses of the UML 2 Infrastructure specification is that it should be reused when creating other
metamodels. The UML metamodel reuses the InfrastructureLibrary in two different ways:

.

All of the UML metamodel is instantiated from meta-metaclasses that are defined in the InfrastructureLibra

As w|
Infra
reuse

7.9

The ]
bring
heart
is vel
const]

Becapse the Infrastructure has been designed for reuse, there are metaclasses—particularly in Abstractions—thg

partig
meta
name
(spec
wher
point

7.1

The 4
on w

genetfally three layers that always have to be taken into account:

1.

The UML metamodel imports and specializes all metaclasses in the InfrastructureLibrary.

ns discussed earlier, it is possible for a model to be used as a metamodel, and here we make use, of this fa
tructureLibrary is in one capacity used as a meta-metamodel and in the other aspect as a metamodel, and
d in two dimensions.

The Kernel Package

hifrastructureLibrary is primarily reused in the Kernel package of Classes in UML"™2: Superstructure; this is
ing together the different packages of the Infrastructure using package merges The Kernel package is at thq
of UML, and the metaclasses of every other package are directly or indifectly dependent on it. The Kernel
y similar to the Constructs package of the InfrastructureLibrary, butradds more capabilities to the modelin
fucts that were not necessary to include for purposes of reuse or alignment with MOF.

lly defined in several different packages. These different aspeets are for the most part brought together intg
lass already in Constructs, but in some cases this is don¢lonly in Kernel. In general, if metaclasses with tl
occur in multiple packages, they are meant to represent'the same metaclass, and each package where it is
alized) represents a specific factorization. This sanie pattern of partial definitions also occurs in Superstruj
b some aspects of, for example, the metaclass Clgss are factored out into separate packages to form compl
5 (see below).

D Metamodel Layering

rchitecture that is centered arotind the Core package is a complementary view of the four-layer metamodel |
hich the UML metamodel hasitraditionally been based. When dealing with meta-layers to define languages

the language specifieation, or the metamodel,
the user specification, or the model, and

objects of the model.

structure can be applied recursively many times so that we get a possibly infinite number of meta-layers;

t. The
is thus

done by
very
package

g

t are

a single
e same
defined
cture,
ance

nierarchy
there are

vhat is a
anguage

odel'in one case can be a model in another case, and this is what happens with UML and MOF. UML is a

. >

ification

(metamodel) from which users can define their own models. From the perspective of MOF, however, UML is viewed as
a user (i.e., the members of the OMG that have developed the language) specification that is based on MOF as a language
specification. In the four-layer metamodel hierarchy, MOF is commonly referred to as a meta-metamodel, even though

strictly speaking it is a metamodel.

18
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7.11 The Four-layer Metamodel Hierarchy

:2012(E)

The meta-metamodeling layer forms the foundation of the metamodeling hierarchy. The primary responsibility of this
layer is to define the language for specifying a metamodel. The layer is often referred to as M3, and MOF is an example
of a meta-metamodel. A meta-metamodel is typically more compact than a metamodel that it describes, and often defines

SCVCIE
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own
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elem
modg
of m
they

instaf

A md
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procd
often
modd

sophies and constructs. However, each layer can be viewed independently of other layers, and needs to ma
esign integrity.

tamodel is an instance of a meta-metamodel, meaning that every element of the metamodel is an“instance
bnt in the meta-metamodel. The primary responsibility of the metamodel layer is to define adanguage for sj
Is. The layer is often referred to as M2; UML and the OMG Common Warchouse Metamodel (CWM) are ¢
tamodels. Metamodels are typically more elaborate than the meta-metamodels that desertbe them, especia
Hefine dynamic semantics. The UML metamodel is an instance of the MOF (in effect,,each UML metaclas
\ice of an element in InfrastructureLibrary).

del is an instance of a metamodel. The primary responsibility of the model layet is to define languages that|
htic domains, i.c., to allow users to model a wide variety of different problem domains, such as software, 1
sses, and requirements. The things that are being modeled reside ougside’the metamodel hierarchy. This la
referred to as M1. A user model is an instance of the UML metamodel. Note that the user model containg
| elements and snapshots (illustrations) of instances of these model elements.

elemg¢

metaclass Class, and the association Person.car between the classes is an instance of the metaclass Association. The

dl. The snapshots that are modeled at M1 are constrained.¥eérsions of the MO run-time instances.

etamodel hierarchy bottoms out at M0, which contains thetrun-time instances of model elements defined

nts.

ntain its

of an
pecifying
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ly when
S is an

describe
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yer is
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ller and
shares
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MOF are
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es of the

semantics of UML defines what happens when the user defined model elements are instantiated at M0, and we get an
instance of Person, an instance of Car, and a link (i.e., an instance of the association) between them.
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metamodel Class Association
«nstanceOf // HstanreeOf
// *
model Person ! Car
car
Figune 7.6 - An example of metamodeling; note that not all instance-of relationships are shown
stances, which are sometimes referred to as “run-time” instances, that are created at MO from for examplg Person
UML
ts that it
f an

not be confused with instances of the metaclass InstanceSpecification that-are also defined as part of the

The i

shou

metamodel. An instance of an InstanceSpecification is defined in a model at the same level as the model elemer]
ates, as is depicted in Figure 7.7, where the instance specification Mike is an illustration (or a snapshot) o

illust:
instance of class Person.

InstanceSpecification

metamodel Class
; ;
«instanceOf»| «instanceQf» |
model Person Mike: Person
age: Integer age = 11

Figure 7.7 - Giving an.illustration of a class using an instance specification

re by no
the meta-

3 An-Example of the Four-level Metamodel Hierarchy

ustration of how these meta-layers relate to each other is shown in Figure 7.8. It should be noted that we &

An il
layers are usually numbered from MO and upwards, depending on how many meta-layers are used. In this particular case,

the numbering goes up to M3, which corresponds to MOF.
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M3 (MOF) Class
/N
T T
// \\
// \\ ~
. . \ .
«instanceOf» / <<|nst§nceOf>> .. «instanceOf»
7 |
/// \\ ~
// \\
’ \ ~
// \ N
’ \ AN
i classifier
M2 (UML) Attribute Class - Instance
/ // / !
// // // ”
«instanceOf» / «instanceOf»  «instangeOf» «instanceOf»
f i i
/ 7 |
// ’ ]
/ / !
/ // |
’ 1
/ . / !
Video /
M1 (User model) — . «snapshot, : Video
‘Hitle: String

"\ «instanceOf»

title = "2001: A Spdee Odyssey"

MO (Run-time instances) aVideo

Figure 7.8 - An example of the four-layer. metamodel hierarchy
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Language Formalism

General

The

formal specification techniques are used to increase the precision and correctness of the specification. This elau
explains the specification techniques used to define UML.

The following are the goals of the specification techniques used to define UML.:

The s

It is fmportant to note that the current description is not a completely formal specification of the language becai

SO W

The s
detai
Currg

the fiture.

8.2

A co
statig
up in
synta

ML specification is defined by using a metamodeling approach that adapts formal specification technigug

For example, the well-formedness rules should help validate the abstract syntax and help identify errors.

should be sufficient so that there is no syntactic nor semantic ambiguity for eithep implementors or users. !
Conciseness — The specification techniques should be parsimonious, so that'the precise syntax and semantig
defined without superfluous detail.

Consistency — The specification techniques should complement theunetamodeling approach by adding essen
in a consistent manner.

Understandability — While increasing the precision and cenciseness, the specification techniques should alsqg
the readability of the specification. For this reason a lessthan strict formalism is applied, since a strict formali;
require formal techniques.

pecification technique used describes the metamodel in three views using both text and graphic presentati

uld have added significant complexity without clear benefit.

tructure of the language is nevertheless given a precise specification, which is required for tool interoperab
ed semantics are described usifiginatural language, although in a precise way so they can easily be unders
ntly, the semantics are noteonsidered essential for the development of tools; however, this will probably d

Levels of Formalism

mmon technique for specification of languages is to first define the syntax of the language and then to des
and dynamic semantics. The syntax defines what constructs exist in the language and how the constructs
terms;of other constructs. Sometimes, especially if the language has a graphic syntax, it is important to dg
X in a notation independent way (i.e., to define the abstract syntax of the language). The concrete syntax i

s. The

S€

Correctness — The specification techniques should improve the correctness of the metamedelby helping to vplidate it.

Precision — The specification techniques should increase the precision of both the Syntax and semantics. The [precision

S arc

tial detail

improve
m would

ns.

ise to do

lity. The
ood.
hange in

Cribe its
hre built
fine the
then

defin

bd by mnpping the notation onto the abstract syntax

The static semantics of a language define how an instance of a construct should be connected to other instances to be
meaningful, and the dynamic semantics define the meaning of a well formed construct. The meaning of a description

written in the language is defined only if the description is well formed (i.e., if it fulfills the rules defined in the static
semantics).

1.

By definition semantic variation points are an exception to this.
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The specification uses a combination of languages - a subset of UML, an object constraint language, and precise natural
language to describe the abstract syntax and semantics of the full UML. The description is self-contained; no other
sources of information are needed to read the document®. Although this is a metacircular description®, understanding this
document is practical since only a small subset of UML constructs are needed to describe its semantics.

In constructing the UML metamodel different techniques have been used to specify language constructs, using some of
the cgpabilities of UML. The main language constructs are reified into metaclasses in the metamodel. Other consfructs, in
essence being variants of other ones, are defined as stereotypes of metaclasses in the metamodel. This meehanisin allows
the s¢mantics of the variant construct to be significantly different from the base metaclass. Another mofe lightweight”
way ¢f defining variants is to use metaattributes. As an example, the aggregation construct is specified\by an atfribute of
the nfetaclass Property, which is used to indicate if an association is an ordinary aggregate, a composite aggreggte, or a
common association.

8.3| Package Specification Structure

This pub clause provides information for each package and each class in the UME metamodel. Each package hds one or
more|of the following sub clauses.

8.3.1 Class Descriptions

The qub clause contains an enumeration of the classes specifying.the constructs defined in the package. It begins [with one
diagrhm or several diagrams depicting the abstract syntax of the,constructs (i.e., the classes and their relationships) in the
packdge, together with some of the well-formedness requirements (multiplicity and ordering). Then follows a
specification of each class in alphabetic order (see below).

8.3.2 Diagrams

If a specific kind of diagram usually presents.the constructs that are defined in the package, a sub clause describing this
kind pf diagram is included.

8.3.8 Instance Model

An example may be providedto show how an instance model of the contained classes may be populated. The elgments in
the example are instances-of the classes contained in the package (or in an imported package).

8.4| Class'Specification Structure

The dpecification of a class starts with a presentation of the general meaning of the concept that sets the contex} for the
definjtion:

2. Although a comprehension of the UML’s four-layer metamodel architecture and its underlying meta-metamodel is helpful, it is
not essential to understand the UML semantics.
3. In order to understand the description of the UML semantics, you must understand some UML semantics.
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8.4.1 Description

The sub clause includes an informal definition of the metaclass specifying the construct in UML. The sub clause states if
the metaclass is abstract. This sub clause, together with the following two, constitutes a description of the abstract syntax
of the construct.

8.4.2 Attributes

Each/|of the attributes of the class are enumerated together with a short explanation. The sub clause states if the|attribute
is defived, or if it is a specialization of another attribute. The multiplicity of the attribute is suppressed it defaults to ‘1’
(defaplt in UML).

8.4.3 Associations

The member ends of associations connected to the class are also listed in the same way. The sub clause states if the
propdrty is derived, or if it subsets or redefines another end.

8.4.4 Constraints

The yell-formedness rules of the metaclass, except for multiplicitysand ordering constraints that are defined in the
diagrhm at the beginning of the package sub clause, are defined,as a (possibly empty) set of invariants for the njetaclass,
which must be satisfied by all instances of that metaclass for\the model to be meaningful. The rules thus specify
constfaints over attributes and associations defined in thesmetamodel. Most invariants are defined by OCL exprssions
together with an informal explanation of the expressiong’but in some cases invariants are expressed by other mdans (in
exceptional cases with natural language). The statement ‘No additional constraints’ means that all well-formedness rules
are ekpressed in the superclasses together with the-multiplicity and type information expressed in the diagrams.

8.4.6 Additional Operations (optional)

In many cases, additional operations)on the classes are needed for the OCL expressions. These are then defined|in a
separpte sub clause after the constraints for the construct, using the same approach as the Constraints sub clausg¢: an
informal explanation followéd by the OCL expression defining the operation.

8.4.6 Semantics
The fneaning of a‘'well formed construct is defined using natural language.

8.4.Y “Semantic Variation Points (optional)

The term semantic variation point is used throughout this document to denote a part of the UML specification whose
purpose in the overall specification is known but whose form or semantics may be varied in some way. The objective of
a semantic variation point is to enable specialization of that part of UML for a particular situation or domain.

There are several forms in which semantic variation points appear in the standard:

« Changeable default — in this case, a single default specification for the semantic variation point is provided in the
standard but it may be replaced. For example, the standard provides a default set of rules for specializing state
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machines, but this default can be overridden (e.g., in a profile) by a different set of rules (the choice typically depends
on which definition of behavioral compatibility is used).

* Multiple choice — in this case, the standard explicitly specifies a number of possible mutually exclusive choices, one

of which may be marked as the default. Language designers may either select one of those alternatives or define a new
one. An example of this type of variation point can be found in the handling of unexpected events in state machines; the
choices include (a) ignoring the event (the default), (b) explicitly rejecting it, or (c) deferring it.

| Undefined — in this case, the standard does not provide any pre-defined specifications for the semantic\variatjon point.
For instance, the rules for selecting the method to be executed when a polymorphic operation is inveked’are ndt defined
in the standard.

8.4.8 Notation
The notation of the construct is presented in this sub clause.
8.4.9 Presentation Options (optional)

If thgre are different ways to show the construct (e.g., it is not necessary f@ show all parts of the construct in every
occufrence), these possibilities are described in this sub clause.

8.4.10 Style Guidelines (optional)

Ofter] non-normative conventions are used in representing\some part of a model. For example, one such convention is to
always have the name of a class in bold and centered-within the class rectangle.

8.4.11 Examples (optional)
In this sub clause, examples of how the censtruct is to be depicted are given.
8.4.12 Rationale (optional)

If thgre is a reason why a consfruct is defined like it is, or why its notation is defined as it is, this reason is giv¢n in this
sub clause.

8.4.13 Changéesfrom UML 1.4

Here) changes compared with UML 1.4 are described and a migration approach from 1.4 to 2 is specified.

8.5 —Use-of-aConstraint Language

The specification uses the Object Constraint Language (OCL), as defined in Clause 6, “Object Constraint Language
Specification” of the UML 1.4 specification, for expressing well-formedness rules. The following conventions are used to
promote readability:

+ Self — which can be omitted as a reference to the metaclass defining the context of the invariant, has been kept for
clarity.
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In expressions where a collection is iterated, an iterator is used for clarity, even when formally unnecessary. The type of

the iterator is usually omitted, but included when it adds to understanding.

The ‘collect’ operation is left implicit where this is practical.

The context part of an OCL constraint is not included explicitly, as it is well defined in the sub clause where the

8.6

We s
sema|
mean|
simp

The 1

8.7

In the¢

COIISU dilll. dppcldls.

Use of Natural Language

rove to be precise in our use of natural language, in this case English. For example, the description of UM
htics includes phrases such as “X provides the ability to...” and “X is a Y.” In each of these-¢ases, the usua
ing is assumed, although a deeply formal description would demand a specification ofithe’semantics of ev|
e phrases.

ollowing general rules apply:

When referring to an instance of some metaclass, we often omit the word {‘ihstance.” For example, instead of
Class instance” or “an Association instance,” we just say “a Class” or “amAssociation.” By prefixing it with
“an,” assume that we mean “an instance of.” In the same way, by saying something like “Elements” we mean
the set) of instances of the metaclass Element.”

Every time a word coinciding with the name of some construct'in UML is used, that construct is meant.

Terms including one of the prefixes sub, super, or meta, are_written as one word (e.g., metamodel, subclass).

Conventions and Typography

description of UML, the following conventions have been used:
When referring to constructs in UML; 1ot their representation in the metamodel, normal text is used.

Metaclass names that consist ofappended nouns/adjectives, initial embedded capitals are used (e.g., ‘ModelH
‘StructuralFeature”).

Names of metaassociations-dare written in the same manner as metaclasses (e.g., ‘ElementReference’).

Initial embedded capital is used for names that consist of appended nouns/adjectives (e.g., ‘ownedElement,’
‘allContents’).

Boolean metdattribute names always start with ‘is’ (e.g., ‘isAbstract’).
Enumeration types always end with “Kind” (e.g., ‘AggregationKind”).

While referring to metaclasses, metaassociations, metaattributes, etc. in the text, the exact names as they app

IL
English
en these

saying “a
[IPSE]

hn “a” or
“a set (or

lement,’

bar in the

model are always used

No visibilities are presented in the diagrams, as all elements are public.

If a mandatory section does not apply for a metaclass, the text ‘No additional XXX’ is used, where ‘XXX’ is
of the heading. If an optional section is not applicable, it is not included.

the name

For textual notations a variant of the Backus-Naur Form (BNF) is often used to specify the legal formats. The conventions of
this BNF are:
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» All non-terminals are in italics and enclosed between angle brackets (e.g. ,<non-terminal>).
« All terminals (keywords, strings, etc.), are enclosed between single quotes (e.g., 'or’).
« Non-terminal production rule definitions are signified with the '::=' operator.

. RPpeﬁﬁnn of an item is QigniﬁPd by an asterisk plm‘ed after that item- "*'

| Alternative choices in a production are separated by the
<alternative-A> | <alternative-B>.

'"symbol; e.g.,
¢| Items that are optional are enclosed in square brackets (e.g., [<item-x>]).

s| Where items need to be grouped they are enclosed in simple parenthesis. For example,
(<item-1> | <item-2>) * signifies a sequence of one or more items, each of which is <ifem=1> or <item-2>.
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Subpart Il - Infrastructure Library
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9 Core::Abstractions

The Abstractions package of InfrastructureLibrary::Core is divided into a number of finer-grained packages to facilitate
flexible reuse when creating metamodels.

]
Constructs

«import»

PrimitiveTypes
Abstractions [ ------------------ >

Figune 9.1 - The Core package is owned by the InfrastructureLibrary
pack|and contains several subpackages

The qubpackages of Abstractions are all shown in Figure 9.2.
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1
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N
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Ownerships N
— 7 < AN
-7 0 \
— / | N N
— - / | N
- 1 N AN
N
Relationships Namespaces // : — | AN
7 = / Expressions Comments N
0 P A S | .
l , \ / S~ | T7RRCR N
Visibilities \ / N\
| 1 I TH . ) AN AN |
l / Classifiers onstraini \ \ N Multiplicities
\
‘ / N\ \—|
| 0 R \ \ Literals A
‘ TypedElements | \ \ N\ |
| | \ \ AN
7 N X \ AN
| / \ h ~ : \ \ N \
' / \ h \ \ |
| / o ) \ \
|
l / Super \ | \—ﬁ \ \ \

\ \ | \ |
¥ A 7 N | StructuralFeatures \ ‘
Gdneralizations |~ / \ = N MultiplicityEXpressions
/ \ | /V AN

/ \ | \ Instances
|
// —— \\
/ BehavioralFeatures \
/ \
!
Redefinitions Changeabilities

Figure 9.2 - The Abstractions package contains several subpackages, all of which are specified in this clause

The contents of each subpackage of Abstractions is described in a separate sub clause below.
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BehavioralFeatures Package

The BehavioralFeatures subpackage of the Abstractions package specifies the basic classes for modeling dynamic features
of model elements.

Figune 9.3 - The BehavioralFeatures package

]
TypedElements Classifiers
\\\ ///
\ W

BehavioralFeatures

(fro

Feature Namespace NamedElement TypedElement
I Classifiers) (from Namespaces) (from Namespaces) (from TypedElements)

Figure 9.4 - The elements defined in the BehaviorailFeatures package
9.1. BehavioralFeature

A behavioral feature is a feature of a‘Classifier that specifies an aspect of the behavior of its instances.

Desq
A be
is an
Beha

Gen¢ralizations

£\ £\

BehavioralFeature

Eription
havioral feature is a-feature of a classifier that specifies an aspect of the behavior of its instances. Behavior:

abstract metaclass)Specializing Feature and Namespace. Kinds of behavioral aspects are modeled by subcl
vioralFeature.

“Feature” on page 38

W [Feature
asses of

Attri

“Namespace” on page 75

butes

No additional attributes

Constraints

No additional constraints
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Additional Operations

[1] The query isDistinguishableFrom() determines whether two BehavioralFeatures may coexist in the same Namespace. It
specifies that they have to have different signatures.

BehavioralFeature::isDistinguishableFrom(n: NamedElement, ns: Namespace): Boolean;

isDistinguishableFrom =

Sem
The |

Notation

No a

9.2

A paj
featu

Desq

Pararn

Gene¢ralizations

Attri
No a

if n.ocllsKindOf(BehavioralFeature)

then
if ns.getNamesOfMember(self)->intersection(ns.getNamesOfMember(n))->notEmpty()
then Set{}->including(self)->including(n)->isUnique( bf | bf.parameter->collect(type))
else true
endif

else true

endif

rnﬁcs
st of parameters describes the order and type of arguments that can be giveén when the BehavioralFeature i3

iditional notation

Parameter

ameter is a specification of an argument used to\pass information into or out of an invocation of a behavi
e.

ription

heter is an abstract metaclass specializing TypedElement and NamedElement.

“TypedElement” on page/89

“NamedElement’*on page 73

butes

Iditional-attributes

Asscrciations

No additional associations

Constraints

No additional constraints
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Semantics
A parameter specifies arguments that are passed into or out of an invocation of a behavioral element like an operation. A
parameter’s type restricts what values can be passed.

A parameter may be given a name, which then identifies the parameter uniquel

behayteralfeature- d &t d-ortyby pOsHe

y within the parameters of the same

Notation

No ggneral notation. Specific subclasses of BehavioralFeature will define the notation for their paramboters.

Style Guidelines

A pafameter name typically starts with a lowercase letter.

9.3| Changeabilities Package

The Changeabilities subpackage of the Abstractions package defines when a structural feature may be modified|by a

client.

StructuralFeatures

Changeabilities

Figure 9.5 - The Changeabilities package

Structuralfeature
(from StructurdlFeatures)

A

StructuralFeature
isReadOnly : Boolean = false

Figure 9.6 - The elements defined in the Changeabilities package
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9.3.1 StructuralFeature (as specialized)

Description

StructuralFeature is specialized to add an attribute that determines whether a client may modify its value.

Genéralizations

| “StructuralFeature” on page 83

Attriputes

* ijReadOnly: Boolean — States whether the feature’s value may be modified by a client. Defaults false.

Assaociations

No aglditional associations

Constraints

No aglditional constraints

Sempntics

No adlditional semantics

Notation

A read only structural feature is shown using {readOnly}’as part of the notation for the structural feature. This amnotation
may pe suppressed, in which case it is not possible-to determine its value from the diagram.

Preslentation Option

It is possible to only allow suppression of this annotation when isReadOnly=false. In this case it is possible to asjume this
valug in all cases where {readOnly }«is'not shown.

9.4| Classifiers Package

The (lassifiers package(in the Abstractions package specifies an abstract generalization for the classification of {nstances
according to their features.

Namespaces

A
T

|

/

I
/
|

Classifiers

Figure 9.7 - The Classifiers package
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Namespace NamedElement

(from Namespaces) (from Namespaces)

Classifier /featuringClas sifier /feature Feature
0..* {union} *
{subsets member,
union}

Figune 9.8 - The elements defined in the Classifiers package
9.4.1 Classifier

A clgssifier is a classification of instances — it describes a set of instances that have features in common.

Desg¢ription

A clgssifier is a namespace whose members can include features. Classifier is an abstract metaclass.

Generalizations

o+ “Namespace” on page 75

Attriputes

No aglditional attributes

Assaociations

*  /|[feature : Feature [*]
Specifies each feature defined in the classifier. Subsets Namespace.:member. This is a derived union.

Additional Operations

[1] The queryaliFeatures() gives all of the features in the namespace of the classifier. In general, through mechanisnjs such as
ipheritapee, this will be a larger set than feature.

(lassifier::allFeatures(): Set(Feature);

allFeatures = member->select(ocllsKindOf(Feature))

Constraints

No additional constraints

Semantics

A classifier is a classification of instances according to their features.
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Notation

The default notation for a classifier is a solid-outline rectangle containing the classifier’s name, and optionally with
compartments separated by horizontal lines containing features or other members of the classifier. The specific type of
classifier can be shown in guillemets above the name. Some specializations of Classifier have their own distinct notations.

Presientation Options

Any gompartment may be suppressed. A separator line is not drawn for a suppressed compartment. If a comparfment is
supplel:ssed, no inference can be drawn about the presence or absence of elements in it. Compartment names car] be used
to renove ambiguity, if necessary.

9.4.2 Feature

A fedture declares a behavioral or structural characteristic of instances of classifiers.

Desgription

A fedture declares a behavioral or structural characteristic of instances of classifiers. Feature is an abstract metqclass.

Geng¢ralizations

.

“NamedElement” on page 73

Attriputes

No aglditional attributes

Associations

» /|featuringClassifier: Classifier [0..*]
The Classifiers that have this Feature\as a feature. This is a derived union.

Constraints

No aglditional constraints

Sempntics

A Feature represents §omie characteristic for its featuring classifiers. A Feature can be a feature of multiple claspifiers.

Notation

No generalinotation. Subclasses define their specific notation.
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9.5 Comments Package

The Comments package of the Abstractions package defines the general capability of attaching comments to any element.

Ownerships

Comments

Figure 9.9 - The Comments package

{subsets owner}t
+ annotatedElement i
Element + owvningElement

* 0.1

{subsets ownedElement}
+ ownediCamment

Comment

*

Figure 9.10 - The elements defined in the Comments package
9.5.1 Comment
A comment is a t€xtual annotation that can be attached to a set of elements.

Desg¢ription

A comfnent gives the ability to attach various remarks to elements. A comment carries no semantic force, but may contain
information that is useiul to a modeler.

A comment may be owned by any element.

Generalizations

None
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Attributes

*  body: String
Specifies a string that is the comment.

Associations

» annotatedElement: Element|*]
References the Element(s) being commented.

Constraints

No a

Sem

iditional constraints

pntics

A Comment adds no semantics to the annotated elements, but may represent informatiefi,useful to the reader of|the
moddl.

Notation

A Comment is shown as a rectangle with the upper right corner bent (thisds also known as a “note symbol”). The
rectafgle contains the body of the Comment. The connection to each¢@nnotated element is shown by a separate |[dashed
line.

Presentation Options

The dashed line connecting the note to the annotated element(s) may be suppressed if it is clear from the context, or not

impo

'tant in this diagram.

Examples

m

THis class was added
by] Alan Wright after

peting with the

mission planning team.

Account

Figure 9.11 - Commeént notation

9.5.2 Element

Desgription

An element can own comments.

Attributes

No additional attributes
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Generalizations

“Element (as specialized)” on page 77

Associations

M (¢

Con
No a

Sempantics

The ¢

Notation

No a

9.6

The
addit

Figune 9.12 - The Constraints-package

unedComment-Comment[*]
| N

The Comments owned by this element. Subsets Element::ownedElement.

straints

ditional constraints

omments for an Element add no semantics but may represent information useful to\the reader of the mode

ditional notation

Constraints Package

Constraints subpackage of the Abstractions package specifiésithe basic building blocks that can be used to
onal semantic information to an element.

Expressions Namespaces
7
™ A
\ /
N /’
\\ ’
“ /
— /
Constraints

—

add
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Element
{readOnly, union,
subsets ownedElement,
subsets member}
+/ownedMember
~| NamedElement
{readOnly, union}
+/member
*
{rgadOnly, union,
subsets owner}
+/namespace | 0..1
{ordered}
- +constrainedElement Element
¢ . Constraint
Namespace {subsets ownedMember} * *
+ownedRule

{SEESn?LSxt”ameSpa"e} {subsets ownedElement}

* {subsets owner} +specification . -
0..1 * +owningConstraint ValueSpecification
" et
0.1 1

Figure 9.13 - The elements defined in'the Constraints package

9.6.1 Constraint

A cofstraint is a condition\or restriction expressed in natural language text or in a machine readable language fpr the
purpgse of declaring §ome of the semantics of an element.

Desgription

Consfraint centains a ValueSpecification that specifies additional semantics for one or more elements. Certain kjinds of
constfaints.are predefined in UML, others may be user-defined. A user-defined Constraint is described using a §pecified

langL vhose nta and-interpretation a-1t00 esponsib One predefined language fo A ng con ) tsis

OCL. In some situations, a programming language such as Java may be appropriate for expressing a constraint. In other
situations natural language may be used.

Constraint is a condition (a Boolean expression) that restricts the extension of the associated element beyond what is
imposed by the other language constructs applied to the element.

Constraint contains an optional name, although they are commonly unnamed.
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Generalizations

+ “NamedElement” on page 73

Attributes

N Loo: Lbbaidanns
O agartronar-attrroutes

Associations
* donstrainedElement: Element[*]
The ordered set of Elements referenced by this Constraint.

*  dontext: Namespace [0..1]
Specifies the Namespace that is the context for evaluating this constraint. Subsets NamedElement: :namespace.

+  gpecification: ValueSpecification[1]
A condition that must be true when evaluated in order for the constraint to be-satisfied.
Subsets Element::ownedElement.

Constraints

[1] The value specification for a constraint must evaluate to a Boolean yalue.
Cannot be expressed in OCL.

[2] Hvaluating the value specification for a constraint must not have side effects.
Cannot be expressed in OCL.

[3] A constraint cannot be applied to itself.

njot constrainedElement->includes( self )

Sempantics

A Constraint represents additional semantichinformation attached to the constrained elements. A constraint is an pssertion
that ipdicates a restriction that must be satisfied by a correct design of the system. The constrained elements ar¢ those

elem¢nts required to evaluate the constraint specification. In addition, the context of the Constraint may be accegsed, and
may pe used as the namespace for interpreting names used in the specification. For example, in OCL ‘self” is usefl to refer
to th¢ context element.

Consfraints are often expréssed as a text string in some language. If a formal language such as OCL is used, th¢n tools
may pe able to verify some aspects of the constraints.

In geperal there arevmany possible kinds of owners for a Constraint. The only restriction is that the owning elenfent must
have [access todhe'constrainedElements.

The ¢wner'0f-the Constraint will determine when the constraint specification is evaluated. For example, this allpws an
Operation to specify if a Constraint represents a precondition or a postcondition.

Notation

A Constraint is shown as a text string in braces ({}) according to the following BNF:
constraint ::= ‘{* [ <name> *:’ ] <Boolean expression>"}’

For an element whose notation is a text string (such as an attribute, etc.) the constraint string may follow the element text
string in braces. Figure 9.14 shows a constraint string that follows an attribute within a class symbol.
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For a Constraint that applies to a single element (such as a class or an association path), the constraint string may be
placed near the symbol for the element, preferably near the name, if any. A tool must make it possible to determine the
constrained element.

For a Constraint that applies to two elements (such as two classes or two associations), the constraint may be shown as a
dashed line between the elements labeled by the constraint string (in braces). Figure 9.15 shows an {xor} constraint

betw

en two associations.

Presientation Options

The ¢
a das

If the
direc

onstraint string may be placed in a note symbol and attached to each of the symbols for the canstrained elements by
hed line. Figure 9.16 shows an example of a constraint in a note symbol.

constraint is shown as a dashed line between two elements, then an arrowhead may be‘placed on one end{ The
ion of the arrow is relevant information within the constraint. The element at the tail 6f the arrow is mappgd to the

first position and the element at the head of the arrow is mapped to the second positionsin the constrainedElemgnts

colle

For t

tion.

Examples
Stack
sizp: Integer {size >= 0}

pu
po

h()
()

Figure 9.14 - Constraint attached to.an.attribute

ccount |

Person

Corpaoration

iree or more paths of the same kind (such as generalization paths or association paths), the constraint may|be
attaclied to a dashed line crossing all of the paths.

Figure 9.15 - {xor} constraint
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q 1), boss
employee employer
Person Company
* 0..1
{self.boss->isEmpty() or
self.employer = self.boss.employer}

Figune 9.16 - Constraint in a note symbol
9.6.2 Namespace (as specialized)

Desg¢ription

A namespace can own constraints. A constraint associated with a nameéspace may either apply to the namespacel|itself, or
it maly apply to elements in the namespace.

Generalizations

o+ “Namespace” on page 75

Attriputes

No aglditional attributes
Associations

* gwnedRule: Constraint[*]

Specifies a set of Constraints owned by this Namespace. Subsets Namespace.:ownedMember.

Constraints

No adlditional constraint$

Sempantics

The ¢wnedRule constraints for a Namespace represent well-formedness rules for the constrained elements. Thege
constraints are evaluated when determining if the model elements are well-formed.

Notation

No additional notation
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9.7 Elements Package

The Elements subpackage of the Abstractions package specifies the most basic abstract construct, Element.

Elgements

Figurg 9.17 - The Elements package

Element

Figurg 9.18 - The elements defined in the Elements package
9.7.1 Element

An elgment is a constituent of a model.

Desdription

Elemg¢nt is an abstract metaclass with no superclass. It issused as the common superclass for all metaclasses in the
infrasfructure library.

Gengdralizations

*| None

Attributes

No additional attributes

Assdciations

No additional associations

Constraints

No additional-constraints

Semantics

Subclasses of Element provide semantics appropriate to the concept they represent.

Notation

There is no general notation for an Element. The specific subclasses of Element define their own notation.
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9.8 Expressions Package

The Expressions package in the Abstractions package specifies the general metaclass supporting the specification of
values, along with specializations for supporting structured expression trees and opaque, or uninterpreted, expressions.
Various UML constructs require or use expressions, which are linguistic formulas that yield values when evaluated in a

contgXt.

Ownerships

Expressions

Figure 9.19 - The Expressions package

Infrastructurelibrary:: Core::Abstractions::Ownerships::
Element

{subsetmQwnedElement, ordered)

ValueSpecification + opegard

— <

OpaqueE xpression Expression 0.1
+ Hody . Siring [*] {nonunigue, orderdd} + symbol - String [0..1]
+ lpnguage : Sing [ {ordered) + xprassion

{subsels owner)

Figune 9.20 - The elements defined in the Expressions package

9.8.1 Expression

An ekpression is a structured tree of symbols that denotes a (possibly empty) set of values when evaluated in a|context.

Description
An expression represents a node in an expression tree, which may be non-terminal or terminal. It defines a symbol, and

has a possibly empty sequence of operands that are value specifications.

+ “ValueSpecification” on page 49
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Attributes

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

Associations

Constraints

No aglditional constraints

Sempntics

An expression represents a node in an expression tree. If there is no operand, it represents a terminal node. If tH
operands, it represents an operator applied to those operands. In either case there is™a 'symbol associated with thi
The interpretation of this symbol depends on the context of the expression.

Not

By d¢fault an expression with no operands is notated simply by its symbel, with no quotes. An expression with
is nofated by its symbol, followed by round parentheses containing.its operands in order. In particular contexts
notatjons may be permitted, including infix operators.

Examples
xor
else
plus(x,1)
x+1
9.8.2 OpaqueExpression
An opaque expression is an uninterpreted textual statement that denotes a (possibly empty) set of values when d
in a dontext.
Desgription

An opaque expression-Contains language-specific text strings used to describe a value or values, and an optiona
specification of-th¢ languages.

One

used.

dperand: ValueSpecification[*]
Specifies a sequence of operands. Subsets Element::ownedElement.

ion

predefined language for specifying expressions is OCL. Natural language or programming languages may

ere are
e node.

bperands
special

valuated

Iso be

Generalizations

» “ValueSpecification” on page 49

Attributes

48

body: String [0..*] {nonunique, ordered}
The text of the expression, possibly in multiple languages.
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* language: String [0..*] {ordered}
Specifies the languages in which the expression is stated. The interpretation of the expression body depends on the
language. If languages are unspecified, it might be implicit from the expression body or the context. Languages are

Associations

No a

Constraints

[1] 1

Sempntics

The ¢xpression body may consist of a sequence of text strings — each in a different language — representing alte
reprepentations of the same content. When multiple language strings are pfevided, the language of each separate]

deter

strings is language specific. Languages are matched to body strings by‘order. If the languages are unspecified, it
implicit from the expression bodies or the context.

It is 4ssumed that a linguistic analyzer for the specified languages will evaluate the bodies. The time at which t}
will Be evaluated is not specified.

Notation

Ano
a too

An o

The languages of an opaque expression, if specified, are often not shown on a diagram. Some modeling tools ma

a par
form

before the expression string-to which it corresponds.

Styl

A la
exa

Exa

language->notEmpty() implies

matched to body strings by order.

:2012(E)

ditional associations

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

(body->size() = language->size())

mined by its corresponding entry in the “language” attribute (by sequence order). The interpretation of the

baque expression is displayed as text stringtin particular languages. The syntax of the strings are the respons
and linguistic analyzers for the language!

baque expression is displayed as.a part of the notation for its containing element.

icular language or assume a-particular default language. The language is often implicit under the assumptio
of the expression makes.its purpose clear. If the language name is shown, it should be displayed in braces

Guidelines

guage name should be spelled and capitalized exactly as it appears in the document defining the language
le, use"OCL, not ocl.

rnative
string is
text
might be

e bodies

ibility of

y impose
h that the
()

For

a>0
{OCL} i > j and self.size > i
average hours worked per week

9.8.3 ValueSpecification

A value specification is the specification of a (possibly empty) set of instances, including both objects and data values.
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Description

ValueSpecification is an abstract metaclass used to identify a value or values in a model. It may reference an instance or
it may be an expression denoting an instance or instances when evaluated.

Generalizations

“Element (as specialized)” on page 77

Attriputes

No aglditional attributes

Associations

*  dxpression: Expression[0..1]
If this value specification is an operand, the owning expression. Subsets Element. owner.

Constraints

No aglditional constraints

Additional Operations

Thes¢ operations are introduced here. They are expected to be redefined in subclasses. Conforming implementatjons may
be able to compute values for more expressions that are specified by the constraints that involve these operatioi)s.

[1]

The query isComputable() determines whether a value specification can be computed in a model. This operation ¢annot be
fully defined in OCL. A conforming implementation@s expected to deliver true for this operation for all value
specifications that it can compute, and to compute-all of those for which the operation is true. A conforming
implementation is expected to be able to compute'the value of all literals.

alueSpecification::isComputable(): Boolean;

isComputable = false
[2] The query integerValue() gives a single Integer value when one can be computed.
'alueSpecification::integerValué()):*[Integer];

integerValue = Set{}

P

[3] The query realValue() gives'a single Real value when one can be computed.
alueSpecification::realValue() : [Real];
realValue =/Set{}

[4] The query booleanValue() gives a single Boolean value when one can be computed.

P

alueSpegification::booleanValue() : [Boolean];
booleanValue = Set{}

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

ValueSpecification::stringValue() : [String];
stringValue = Set{}
[6] The query unlimitedValue() gives a single UnlimitedNatural value when one can be computed.
ValueSpecification::unlimitedValue() : [UnlimitedNatural];
unlimitedValue = Set{}
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[7] The query isNull() returns true when it can be computed that the value is null.

ValueSpecification::isNull() : Boolean;

isNull = false

Semantics

A value specification yields zero or more values. It is required that the type and number of values is suitable o

contgxt where the value specification is used.

Notation

No specific notation

9.9| Generalizations Package

The (reneralizations package of the Abstractions package provides mechanisms for §peeifying generalization rela

betwe¢en classifiers.

Super

Relationships | | TypedElements

Generalizations

Figure 9.21 - The Generalizations package

Infrastructurelibrary::Core::
A bstractions:TypedElements::Type

Classifier

Infrastructurelibrary::Core::Abstractions::

Relationships::DirectedRelationship

{subsets source, subsets owner} {subsets ownedElement?

+ =pecific

+ generalization —
3 Generalization

1

{subsets target}
+ general

*

1

r the

tionships

+ fgeneral

Figure 9.22 - The elements defined in the Generalizations package
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9.9.1 Classifier (as specialized)

Description

A classifier is a type and can own generalizations, thereby making it possible to define generalization relationships to
other classifiers.

Attriputes

No aglditional attributes

Gene¢ralizations

o| “Type” on page 88

“Classifier (as specialized)” on page 85

Associations

*  deneralization: Generalization[*]
Specifies the Generalization relationships for this Classifier. These Generalizations navigate to more generdl
classifiers in the generalization hierarchy. Subsets Element::ownédElement.

* /|general : Classifier[*]
Specifies the general Classifiers for this Classifier. This is‘derived.

Constraints
[1] The general classifiers are the classifiers referenced.by the generalization relationships.
deneral = self.parents()

Additional Operations

[11 The query parents() gives all of the immediate ancestors of a generalized Classifier.
Classifier::parents(): Set(Classifier);

parents = generalization.general

[2] The query conformsTo() gives-true for a classifier that defines a type that conforms to another. This is used, for pxample,
in the specification of sighature conformance for operations.
Classifier::conformsTo(other: Classifier): Boolean;
conformsTo-5\(self=other) or (self.allParents()->includes(other))

Sempntics

A Classifietmiay participate in generalization relationships with other Classifiers. An instance of a specific Clagsifier is
also gnr(indirect) instance of the general Classifier. The specific semantics of how generalization affects each concrete

bt £ £ . A1 £ datfs 4 T £, laat 1. lala (1 £ B | f‘ d
su }’ L UL TIASSITIVI VALILS. 73 U TdSS IV ULLTITIVS da 1y PpL. 1 yPU CULLTUTIHAIIVO ULLWLLLL gUHLVTI AIIZAUIL U 1dS5 111V 15 UL me SO

that a Classifier conforms to itself and to all of its ancestors in the generalization hierarchy.

Notation

No additional notation
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Examples

See Generalization

9.9.2 Generalization

A geLeralization is a taxonomic relationship between a more general classifier and a more specific classifier(Ez
instampce of the specific classifier is also an instance of the general classifier. Thus, the specific classifier indireq
features of the more general classifier.

Desg¢ription

A generalization relates a specific classifier to a more general classifier, and is owned by the'specific classifier.

Generalizations

“DirectedRelationship” on page 81

Attriputes

No aglditional attributes

Assaociations

*  general: Classifier [1]
References the general classifier in the Generalization r¢lationship. Subsets DirectedRelationship: :target.

»  gpecific: Classifier [1]
References the specializing classifier in the Generalization relationship. Subsets DirectedRelationship::sou
Element: :owner.

Constraints

No aglditional constraints

Sempantics

Wheie a generalization relates_a specific classifier to a general classifier, each instance of the specific classifier §

instapce of the general ¢lassifier. Therefore, features specified for instances of the general classifier are implicifly

specified for instanceg of-the specific classifier. Any constraint applying to instances of the general classifier als
to indtances of the specific classifier.

A Gdneralization is shown as a line with a hollow triangle as an arrowhead between the symbols representing t

:2012(E)

ch
tly has

ce and

s also an

b applies

IS

involyed-classifiers. The arrowhead points to the symbol representing the general classifier. This notation is refel

red to as

the “separate target style.” See the example sub clause below.

Presentation Options

Multiple Generalization relationships that reference the same general classifier can be connected together in the
target style.” See the example sub clause below.
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Examples
Shape Separate target style
Pojygon Ellipse Spline
Shared target style
Shape
Palygon Ellipse Spline
Figu

9.23 - Examples of generalizations between classes

9.1

Instances Package
The

Expressions

StructuralFeatures

Instances

Figune 9.24 - The Instances package

stances package in the Abstractions package provides for modeling instances of classifiers.
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ValueSpecification NamedElement Element
{subsets owner} {subsets OwnedElement} {subsets owner} 1stibsets ownedElemgnt,ordered}
+owninginstance + slot Slot + owningSlot +value | ValueSpecification
InstanceSpecification >——
InsfanceValue P *
P - 0.1
+ instance 1

+definingFeature | StructurdlFeature

* 1

{SUbsets ownedElement}

+specification
{subsets owner} ValueSpecification
+owninglnstanceSpec
>
0..1 0.1

+classifier] Classifier

* *

Figune 9.25 - The elements defined in the Instances package
9.10.1 InstanceSpecification
An igstance specification is a model element that represents an instance in a modeled system.

Desg¢ription

An igstance specification specifies existence of an entity in a modeled system and completely or partially descrjbes the
entity—Fhe-deserintion—includes:

TGOS TP o oTaa oS

« Classification of the entity by one or more classifiers of which the entity is an instance. If the only classifier specified is
abstract, then the instance specification only partially describes the entity.

« The kind of instance, based on its classifier or classifiers. For example, an instance specification whose classifier is a
class describes an object of that class, while an instance specification whose classifier is an association describes a link
of that association.
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» Specification of values of structural features of the entity. Not all structural features of all classifiers of the instance

specification need be represented by slots, in which case the instance specification is a partial description.

Specification of how to compute, derive, or construct the instance (optional).

InstanceSpecification is a concrete class.

Genlralizations

.

Attri
No a

Associations

M g

Constraints

[1] The defining feature of each slot is a structural feature (directly or inherited) of a classifier of the instance speci
glot->forAll(s |
classifier->exists(c | c.allFeatures()=>includes(s.definingFeature))
)
[2] One structural feature (including-the same feature inherited from multiple classifiers) is the defining feature of at
slot in an instance specification.
dlassifier->forAll(c |
(c.allFeatures()*>forAll(f | slot->select(s | s.definingFeature = f)->size() <= 1)
)
Sempntics
An injstancespecification may specify the existence of an entity in a modeled system. An instance specification
providéaan illustration or example of a possible entity in a modeled system. An instance specification describes t

“NamedElement” on page 73

butes

ditional attributes

lassifier : Classifier [0..*]
The classifier or classifiers of the represented instance. If multiple classificrSiare specified, the instance is
classified by all of them.

ot : Slot [*]
A slot giving the value or values of a structural feature of the inStance. An instance specification can have g
slot per structural feature of its classifiers, including inherited\features. It is not necessary to model a slot fo
structural feature, in which case the instance specification‘is-a partial description. Subsets Element.::owned

pecification : ValueSpecification [0..1]
A specification of how to compute, derive, or consttuct the instance. Subsets Element.:ownedElement.

ne
r each
Llement.

fication.

most one

may
he entity.

These details can be incomplete. The purpose ol an instance specitication is t0 SHOw what is 01 interest about an entity in
the modeled system. The entity conforms to the specification of each classifier of the instance specification, and has
features with values indicated by each slot of the instance specification. Having no slot in an instance specification for
some feature does not mean that the represented entity does not have the feature, but merely that the feature is not of
interest in the model.

An instance specification can represent an entity at a point in time (a snapshot). Changes to the entity can be modeled
using multiple instance specifications, one for each snapshot.
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It is important to keep in mind that InstanceSpecification is a model element and should not be confused with the dynamic
element that it is modeling. Therefore, one should not expect the dynamic semantics of InstanceSpecification model
elements in a model repository to conform to the semantics of the dynamic elements that they represent.

When used to provide an illustration or example of an entity in a modeled system, an InstanceSpecification class does not
depict a precise run-time structure. Instead, it describes information about such structures. No conclusions can be drawn

abou
syste
requi

actual entity would have a concrete classification.

Notation

An ir
an uf
show]

Nam
abser]

The s

If an
equal
an en

shapg.

the implementation detail of run-time structure. When used to specify the existence of an entity in a mod
m, an instance specification represents part of that system. Instance specifications can be modeled ineompl
ed structural features can be omitted, and classifiers of an instance specification can be abstract, ¢vient tho

stance specification is depicted using the same notation as its classifier, but in placg-of the classifier name
derlined concatenation of the instance name, a colon (‘:’), and the classifier nam¢ or-hames. The conventi
ing multiple classifiers is to separate their names by commas.

bs are optional for UML 2 classifiers and instance specifications. The absence-0f a name in a diagram may 1
ce in the underlying model.

tandard notation for an anonymous instance specification of an unamed classifier is an underlined colon

instance specification has a value specification as its specification, the value specification is shown either
sign (“=") following the name, or without an equal sign below the name. If the instance specification is sho
closing shape (such as a rectangle) that contains the namé; the value specification is shown within the enc

streetName: String
"S. Crown Ct."

Figune 9.26 - Specification of an instance of String

Slots
textu

(=)

are shown using simitar-riotation to that of the corresponding structural features. Where a feature would b
hlly in a compartment,a slot for that feature can be shown textually as a feature name followed by an equ
and a value specification. Other properties of the feature, such as its type, optionally can be shown.

myAddress: Address

eled
etely,
hoh an

appears
bn for

eflect its

' :V)'

after an
wn using
losing

e shown
] sign

st

streetNumber : Integer = 381

R L ="C . a1
UNCTIC = O, UTUWIT UL,

Figure 9.27 - Slots with values

© ISO/IEC 2012 - All rights reserved

57


https://standardsiso.com/api/?name=9fb5d32ec49feca889cb6d6650f768cc

ISO/IEC 19505-1:2012(E)

An instance specification whose classifier is an association represents a link and is shown using the same notation as for
an association, but the solid path or paths connect instance specifications rather than classifiers. It is not necessary to
show an underlined name where it is clear from its connection to instance specifications that it represents a link and not
an association. End names can adorn the ends. Navigation arrows can be shown, but if shown, they must agree with the
navigation of the association ends.

Don : Person father son Josh : Person

Figure 9.28 - Instance specifications representing two objects connected by a link

Presentation Options

A slot value for an attribute can be shown using a notation similar to that for a link. A\§elid path runs from the|owning
instampce specification to the target instance specification representing the slot valug, and the name of the attribufe adorns
the tqrget end of the path. Navigability, if shown, must be only in the direction.0f the target.

9.10.2 InstanceValue
An irjstance value is a value specification that identifies an instance:

Desgription

An instance value specifies the value modeled by an instance specification.

Gengralizations

“ValueSpecification” on page 49

Attriputes

No aglditional attributes

Assaociations

* ipstance: InstanceSpecification [1]
The instance that.is the specified value.

Constraints

No adlditiondl;constraints

Sempntics

The instance specification is the specified value.

Notation

An instance value can appear using textual or graphical notation. When textual, as can appear for the value of an attribute
slot, the name of the instance is shown. When graphical, a reference value is shown by connecting to the instance. See
“InstanceSpecification.”
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A slot specifies that an entity modeled by an instance specification has a value or values for a specific structural feature.

Description

A slg

struc

Geng¢ralizations

Attri
No a

“Element (as specialized)” on page 77

butes

ditional attributes

Associations

*  (definingFeature : StructuralFeature [1]

+ dwninglnstance : InstanceSpecification [1]

The instance specification that owns this slot. Subsets Elemeént.owner.

e alue : ValueSpecification [*]

association. Subsets Element.ownedElement.

Constraints

No a

ditional constraints

Sempntics

A slo
the ir

the d

bfining feature of the slot (in type, multiplicity, etc.).

Notation

13

See

[nstanceSpeeification”

t is owned by an instance specification. It specifies the value or values for its defining feature, which nius
ural feature of a classifier of the instance specification owning the slot.

The structural feature that specifies the values that may be held by-the slot.

The value or values corresponding to the defining feature for the owning instance specification. This is an

t relates an instance specificdtion, a structural feature, and a value or values. It represents that an entity mg
stance specification has a structural feature with the specified value or values. The values in a slot must co

be a

rdered

deled by
nform to
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9.11 Literals Package

The Literals package in the Abstractions package specifies metaclasses for specifying literal values.

Figure 9.29 - The Literals package

Expressions

Literals

ValueSpecification
(from Expressions)

|

| LiteralSpecification |

LiteralNull

LiteralBoolean

LiteralInteger

LiteralReal

LiteralString

LiteralUnlimitedNatural

value : Boolean = false

value : Integer = 0

value : Real

value : String [0..1]

value : UnlimitedNatural = 0

Figune 9.30 - The elements defined in.the Literals package

9.11.1 LiteralBoolean

A litgral Boolean is a speeification of a Boolean value.

Desgription

A litgral Boolean)contains a Boolean-valued attribute.

GenTralizations

15 wbvs 1Q o e 2 A
LllClalOPCblllbatlUll UlI pasc U

Attributes

*  value: Boolean
The specified Boolean value. Redefines ValueSpecification: :value.
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Associations

No additional associations

Constraints

No a

ditional constraints

ISO/IEC 19505-1:2012(E)

Additional Operations

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

LiteralBoolean::isComputable(): Boolean;

isComputable = true

[2] The query booleanValue() gives the value.

LiteralBoolean::booleanValue() : [Boolean];

booleanValue = value

Sempantics

A LiferalBoolean specifies a constant Boolean value.

Notation

A Lif

9.11.2 Literalinteger

A lit¢ral integer is a specification of an integer value.

Desg¢ription

A litgral integer contains an Integer-valuéd attribute.

Generalizations

Attri

“LiteralSpecification”-0n page 64

pbutes

*  alue: Integer

Ass

ciations

eralBoolean is shown as either the word ‘true’ or the wofd ‘false,” corresponding to its value.

The specified Integer value. Redefines ValueSpecification: :value

No additional associations

Constraints

No additional constraints

Additional Operations

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

©1S0
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Literallnteger::isComputable(): Boolean;
isComputable = true
[2] The query integerValue() gives the value.
Literallnteger::integerValue() : [Integer];
integerValue = value

Seantics

A Liferallnteger specifies a constant Integer value.

Notation

A Liferallnteger is typically shown as a sequence of digits.
9.11.3 LiteralNull
A litgral null specifies the lack of a value.

Desgription

A litgral null is used to represent null (i.e., the absence of a value).

Geng¢ralizations

0

“LiteralSpecification” on page 64

Attriputes

No aglditional attributes

Associations

No additional associations

Constraints

No aglditional constraints

Additional Operations
[1] Tjhe query isComputable() is redefined to be true.
iteralNull:sisComputable(): Boolean;
isComputable = true
[2] Thequery isNull() returns true.

LiteralNull::isNull() : Boolean;
isNull = true

Semantics

LiteralNull is intended to be used to explicitly model the lack of a value.
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Notation

Notation for LiteralNull varies depending on where it is used. It often appears as the word ‘null.” Other notations are
described for specific uses.

9.11.4 LiteralReal

A litgral real is a specification of a real value.

Desg¢ription

A lit¢ral real contains a Real-valued attribute.

Gen¢ralizations

“LiteralSpecification” on page 64

Attriputes

*  value: Real
The specified Real value. Redefines ValueSpecification: :value

Associations

No aglditional associations

Constraints

No aglditional constraints

Additional Operations

[1] The query isComputable() is redefined(tojbe true.
LiteralReal::isComputable(): Boolean;
isComputable = true

[2] The query realValue() gives the value.
LiteralString::realValue();[Real];

realValue = value

Sempantics

A LiferalRealspgcifies a constant Real value.

Notation

A LiteralReal is shown in the decimal notation or scientific notation. Decimal notation consists of an optional sign
character (+/-) followed by zero or more digits followed optionally by a dot (.) followed by one or more digits. Scientific
notation consists of decimal notation followed by either the letter “e” or “E” and an exponent consisting of an optional
sign 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 following BNF rules:

<natural-literal> ::= ('0'..'"9")+
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<decimal-literal> ::= ['+' | '-' ] <natural-literal>
| ['+'|'-' ] [<natural-literal>] '.' <natural-literal>

<real-literal> ::= <decimal-literal> [ ('e' | 'E') ['*' | -' ] <natural-literal> ]

9.11.5 LiteralSpecification
A litgral specification identifies a literal constant being modeled.

Desgription

A litgral specification is an abstract specialization of ValueSpecification that identifies a literal'constant being modeled.

Geng¢ralizations

| “ValueSpecification” on page 49

Attriputes

No aglditional attributes

Associations

No aglditional associations

Constraints

No aglditional constraints

Sempntics

w1

No aglditional semantics. Subclasses of LiteralSpecification are defined to specify literal values of different typd

Notation

No specific notation
9.11.6 LiteralString
A litgral string is ‘@rspecification of a string value.

Desgription

A litgralstring contains a String-valued attribute.

Generalizations

« “LiteralSpecification” on page 64

Attributes

»  value: String
The specified String value. Redefines ValueSpecification: :value.
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Associations

No additional associations

Constraints

No additional constraints

Additional Operations

[1] The query isComputable() is redefined to be true.
LiteralString::isComputable(): Boolean;
isComputable = true

[2] The query stringValue() gives the value.
LiteralString::stringValue() : [String];
stringValue = value

Sempantics

A LiferalString specifies a constant String value.

Notation

A LiferalString is shown as a sequence of characters within double/quotes. The character set used is unspecified.
9.11.7 LiteralUnlimitedNatural

A litgral unlimited natural is a specification of an unlimited natural number.

Desg¢ription

A lit¢ral unlimited natural contains an UnlimitedNatural-valued attribute.

Generalizations

“LiteralSpecification” on, page 64

Attriputes

*  value: UnlimitedNatural
The specified UnlimitedNatural value. Redefines ValueSpecification: :value

Assaociations

No aglditional associations

Constraints

No additional constraints
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Additional Operations
[1] The query isComputable() is redefined to be true.
LiteralUnlimitedNatural::isComputable(): Boolean;
isComputable = true

[2] The guery unlimitedValue() gives the value

LiteralUnlimitedNatural::unlimitedValue() : [UnlimitedNaturall;
unlimitedValue = value

Sempntics

A LiteralUnlimitedNatural specifies a constant UnlimitedNatural value.

Notation

A LiferalUnlimitedNatural is shown either as a sequence of digits or as an asterisk (X);,where the asterisk denofes
unlinjited (and not infinity).

9.12 Multiplicities Package

The Multiplicities subpackage of the Abstractions package defines the'metamodel classes used to support the speg¢ification
of myltiplicities for typed elements (such as association ends and atttibutes), and for specifying whether multivalued
elem¢nts are ordered or unique.

Elements
Multiplicities

Figure 9.31 - The Multiplicities package
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Element
(from Elements)

/\

Multiplic ityElement

jOrdered : Boolean = false
Unique : Boolean = true

Igwer : Integer = 1[0..1]

upper : UnlimitedNatural = 1[0..1]

Figune 9.32 - The elements defined in the Multiplicities package

9.12.1 MultiplicityElement

A myltiplicity is a definition of an inclusive interval of non-negative infegers beginning with a lower bound and ending
with p (possibly infinite) upper bound. A multiplicity element embeds¢this information to specify the allowable
cardipalities for an instantiation of this element.

Desgription

A MiltiplicityElement is an abstract metaclass which ineludes optional attributes for defining the bounds of a mu]tiplicity.
A MultiplicityElement also includes specifications of'whether the values in an instantiation of this element must be
uniqye or ordered.

Generalizations

J “Element” on page 46

Attriputes

* ipOrdered: Boolean
For a multivaluedumultiplicity, this attribute specifies whether the values in an instantiation of this element pre
sequentially ordered (Default is false).

* ipUnique : Bool€an
For a miultivalued multiplicity, this attributes specifies whether the values in an instantiation of this element
are unique (Default is true).

+ lpwer Integer [0..1]
Specifies the lower bound of the multiplicity interval (Default is one)

* upper : UnlimitedNatural [0..1]
Specifies the upper bound of the multiplicity interval (Default is one).

Associations

No additional associations
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Constraints

These constraint must handle situations where the upper bound may be specified by an expression not computable in the
model. In this package such situations cannot arise but they can in subclasses.

[1] The lower bound must be a non-negative integer literal.

[2] The upper bound must be greater than or equal to the lower bound.
(bpperBound()->notEmpty() and lowerBound()->notEmpty()) implies upperBound() >= lowerBound()

Additional Operations
[1] The query isMultivalued() checks whether this multiplicity has an upper bound greater than ene€.
ultiplicityElement::isMultivalued() : Boolean;
re: upperBound()->notEmpty()
isMultivalued = (upperBound() > 1)
[2] The query includesCardinality() checks whether the specified cardinality is valid-for this multiplicity.
ultiplicityElement::includesCardinality(C : Integer) : Boolean;
re: upperBound()->notEmpty() and lowerBound()->notEmpty()
includesCardinality = (lowerBound() <= C) and (upperBound() >= C)
The query includesMultiplicity() checks whether this multiplicitynincludes all the cardinalities allowed by the specified
rhultiplicity.
NultiplicityElement::includesMultiplicity(M : MultiplicityElement) : Boolean;
H

re: self.upperBound()->notEmpty() and self.lowerBound()->notEmpty()
and M.upperBound()->notEmpty() and M.lowerBound()->notEmpty()

cludesMultiplicity = (self.lowerBound() <= M.lowerBound()) and (self.upperBound() >= M.upperBound())
[4] The query lowerBound() returns the lower bound of the multiplicity as an integer.
ultiplicityElement::lowerBound() : [Integer);
IpwerBound = if lower->notEmpty() then-lower else 1 endif
[5] The query upperBound() returns the'upper bound of the multiplicity for a bounded multiplicity as an unlimited fatural.
ultiplicityElement::upperBound()’: [UnlimitedNatural];
pperBound = if upper->notEmpty() then upper else 1 endif

Sempntics

A mltiplicity defin€s.a’set of integers that define valid cardinalities. Specifically, cardinality C is valid for multiplicity M
if M.|ncludesCardinality(C).

A myltiplicity.is specified as an interval of integers starting with the lower bound and ending with the (possibly|infinite)
uppet botind.

If a MultiplicityEIement specilies a multivalued multiplicity, then an instantiation ol this element has a set of values. The
multiplicity is a constraint on the number of values that may validly occur in that set.

If the MultiplicityElement is specified as ordered (i.e., isOrdered is true), then the set 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 set of
values. If a MultiplicityElement is not multivalued, then the value for isOrdered has no semantic effect.

If the MultiplicityElement is specified as unordered (i.e., isOrdered is false), then no assumptions can be made about the
order of the values in an instantiation of this element.
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If the MultiplicityElement is specified as unique (i.e., isUnique is true), then the set of values in an instantiation of this

element must be unique. If a MultiplicityElement is not multivalued, then the value for isUnique has no semant

ic effect.

The lower and upper bounds for the multiplicity of a MultiplicityElement may be specified by value specifications, such
as (side-effect free, constant) expressions. A MultiplicityElement can define a [0..0] multiplicity. This restricts cardinality
to be 0; that is, it forces the collection to be empty. This is useful in the context of generalizations - to constrain the

cardinalities of a more general classifier. It applies to (but is not limited to) redefining properties existing in mor
classifiers.

Notation

b general

The gpecific notation for a MultiplicityElement is defined by the concrete subclasses. In generalg the notation will include

a multiplicity specification, which is shown as a text string containing the bounds of the intetval; and a notatior
showjing the optional ordering and uniqueness specifications.

The fultiplicity bounds are typically shown in the format:
<lower-bound>"..” <upper-bound>

for

wherg <lower-bound> is a non-negative integer and <upper-bound> is an unlimited natural number. The asterigk (*) is

used fas part of a multiplicity specification to represent the unlimited (or infinite) upper bound.

If thg Multiplicity is associated with an element whose notation is a text string (such as an attribute, etc.), the my

Itiplicity

string will be placed within square brackets ([]) as part of that textstring. Figure 9.33 shows two multiplicity sfrings as

part ¢f attribute specifications within a class symbol.

If thd Multiplicity is associated with an element that appears;as a symbol (such as an association end), the mult
string is displayed without square brackets and may be placed near the symbol for the element. Figure 9.34 sho
multiplicity strings as part of the specification of two\association ends.

The dpecific notation for the ordering and uniquenéss specifications may vary depending on the specific subclas
MultfplicityElement. A general notation is to_Use a property string containing ordered or unordered to define the
and ynique or nonunique to define the uniqueness.

Presentation Options

If thg lower bound is equal to the upper bound, then an alternate notation is to use the string containing just the
bounfl. For example, “1” is.semantically equivalent to “1..1.”

A myltiplicity with zerd-as'the lower bound and an unspecified upper bound may use the alternative notation c
a single asterisk “*”~instead of “0..*”.

The following BNF defines the syntax for a multiplicity string, including support for the presentation options 1i
above¢.
<multiplicity> ::= <multiplicity-range>

[ [ {* <order-designator> [*,’ <uniqueness-designator>] ‘}’] |

plicity
Ws two

s of
brdering,

upper

ntaining

sted

[ | <uniqueness-designator> [, <order-designator> | /" [ |
<multiplicity-range> ::= [ <lower> ‘.’ ] <upper>
<lower> ::= <integer> | <value-specification>
<upper> ::= *’| <value-specification>
<order-designator> ::= ‘ordered’ | ‘unordered’
<uniqueness-designator> ::= ‘unique’ | ‘nonunique’

© ISO/IEC 2012 - All rights reserved

69


https://standardsiso.com/api/?name=9fb5d32ec49feca889cb6d6650f768cc

ISO/IEC 19505-1:2012(E)

Examples

Customer

N B

1 Lol o ; 0

purgt if

b
ResSe-TTiorfeereatniguer

acgount: Account [0..5] {unique}

Figure 9.33 - Multiplicity within a textual specification

purchase

Plurchase

Figure 9.34 - Multiplicity as an adornment to a symbol

Ratipnale

MultiplicityElement represents a design trade-off to improye“some technology mappings (such as XMI).

, {ordered,
unique}

Customer

account

{unique} 0.5

9.13 MultiplicityExpressions Package

Account

The MultiplicityExpressions subpackage of.thie)Abstractions package extends the multiplicity capabilities to support the
use off value expressions for the bounds.

Expressions

Figurle 9.35'- The MultiplicityExpressions package

4\;‘

MultiplicityExpressions

Multipliciies

7
)
/
/
/
/

70

© ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=9fb5d32ec49feca889cb6d6650f768cc

ISO/IEC 19505-1

MultiplicityElement Element
(from Multiplicities) (from Ownerships)
A A +owningUp per upperValue
\ \ {subsets owner} {subsets ownedElement ~
MultiplicityElement Value Specification
0..1 0.1 :
/lower : Integer[0..1] ) (from Expressiorns)
/upper : UnlimitedNatural0..1] | +towningLower lowerValue
{subsets owner} {subsets ownedElement}
0.1 0..1

Figure 9.36 - The elements defined in the MultiplicityExpressions package

9.1

3.1 MultiplicityElement (specialized)

Desg¢ription

Mult

Generalizations

“MultiplicityElement” on page 67

“Element (as specialized)” on page 77

Attriputes

/[lower : Integer [0..1]
Specifies the lower bound of the multiplieity interval, if it is expressed as an integer. This is a redefinition g
corresponding property from Multipligities.

/Jupper : UnlimitedNatural [0..1]
Specifies the upper bound of'the multiplicity interval, if it is expressed as an unlimited natural. This is a red
of the corresponding property from Multiplicities.

Associations

IpwerValue: ValueSpeeification [0..1]
The specifieation of the lower bound for this multiplicity. Subsets Element::ownedElement

ypperValue:rValueSpecification [0..1]
Thesspecification of the upper bound for this multiplicity. Subsets Element.:ownedElement

Conftraints

:2012(E)

plicityElement is specialized to support the use of value specifications to define each bound of the multiplicity.

f the

efinition

If a ValueSpecification is used for the lower or upper bound, then evaluating that specification must not have side effects.

Cannot be expressed in OCL.

If a ValueSpecification is used for the lower or upper bound, then that specification must be a constant expression.

Cannot be expressed in OCL.

The derived lower attribute must equal the lowerBound.
lower = lowerBound()
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[4] The derived upper attribute must equal the upperBound.
upper = upperBound()

Additional Operations
[1] The query lowerBound() returns the lower bound of the multiplicity as an integer.
TultiplicityEIement::IowerBound() : [Integer];
IpwerBound =
if lowerValue->isEmpty() then
1
else
lowerValue.integerValue()
endif
[2] The query upperBound() returns the upper bound of the multiplicity as an unlimited natural.
NultiplicityElement::upperBound() : [UnlimitedNatural];
ypperBound =
if upperValue->isEmpty() then
1
else
upperValue.unlimitedValue()
endif

Sempntics
The lower and upper bounds for the multiplicity of a MultiplicityElement may be specified by value specificatigns, such
as (side-effect free, constant) expressions.

Notation
The fotation for Multiplicities::MultiplicityElement (see page 67) is extended to support value specifications fof the
boungls.

The following BNF defines the syntax for a multiplicity string, including support for the presentation options.

<multiplicity> ==<multiplicity-range>
[l {* <order-designator> [, <uniqueness-designator>] }’ ] |
[ { " <uniqueness-designator> [*,” <order-designator>] }’] ]
<multiplicity-range> ::= [ <lower> ‘..” ] <upper>
<lower> ::= <integer> | <value-specification>
<upper> ::= *’| <value-specification>
<order-designator> ::= ‘ordered’ | ‘unordered’

PUEPE DSTRPEe Y docic ot e Sapparonia’ | Cn ogaaad g
WG CHESS—aESTSIETOT o G EC—T—1ORUIGHc
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9.14 Namespaces Package

The Namespaces subpackage of the Abstractions package specifies the concepts used for defining model elements that
have names, and the containment and identification of these named elements within namespaces.

Ownerships

Namespaces

Figune 9.37 - The Namespaces package

Element

NamedElement

name - Stang [0.1]
fquaiifiediiame  String [Oy 1]

{readOnly, union, subsets

owrfedElernent, subsets mermber}
+ fownedMember | * freadOnly, unidh

+ fraember

%

freadCnly, union,

subsets ownert
+ fnamespace (0 1

+

Namespace

Figune 9.38 =The elements defined in the Namespaces package

9.14.1 NamedElement

A named element is an element in a model that may have a name.

Description

A named element represents elements that may have a name. The name is used for identification of the named element
within the namespace in which it is defined. A named element also has a qualified name that allows it to be
unambiguously identified within a hierarchy of nested namespaces. NamedElement is an abstract metaclass.

73
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Generalizations

+ “Element (as specialized)” on page 77

Attributes

Assaociations

Constraints

(1]

(2]

Additional Operations
The query allNamespaces() gives the.séquence of namespaces in which the NamedElement is nested, working qutwards.

[1]

[2]

74

name- String [0 11
S L T

The name of the NamedElement.

/|qualifiedName: String [0..1]
A name which allows the NamedElement to be identified within a hierarchy of nested Namespaces..It is coh

NamedElement itself. This is a derived attribute.

/[namespace: Namespace [0..1]
Specifies the namespace that owns the NamedElement. Subsets Element::ownex This is a derived union.

If there is no name, or one of the containing namespaces has no name, thére is no qualified name.
(pelf.name->isEmpty() or self.allNamespaces()->select(ns | ns.name=>isEmpty())->notEmpty())
implies self.qualifiedName->isEmpty()

rames of the containing namespaces.

(elf.name->notEmpty() and self.allNamespaces()->select(ns | ns.name->isEmpty())->isEmpty()) implies

self.qualifiedName = self.allNamespaces()->iterate( ns : Namespace; result: String = self.name |
ns.name->union(self.separator())->union(result))

NamedElement::allNamespaces():=Sequence(Namespace);
dlINamespaces =

if self.namespace->isEmpty()

then Sequence{}

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

ifferent names.

amedElement::isDistinguishableFrom(n:NamedElement, ns: Namespace): Boolean;
isDistinguishable =

if self.oclIsKindOf(n.oclType) or n.ocllsKindOf(self.oclType)

then ns.getNamesOfMember(self)->intersection(ns.getNamesOfMember(n))->isEmpty()
else true

endif

1

By default;two named elements are distinguishable if (a) they have unrelated types or (b) they have related typg
d

N

structed

from the names of the containing namespaces starting at the root of the hierarchy and ending Wwith the namd of the

When there is a name, and all of the containing namespaces have a name, the qualified name is constructed from the

he query isBistinguishableFrom() determines whether two NamedElements may logically co-exist within a Namespace.

s but
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[3] The query separator() gives the string that is used to separate names when constructing a qualified name.

NamedElement::separator(): String;
separator = 7’

Semantics

The fjame attribute is used for identification of the named element within namespaces where its name is accessi
that the attribute has a multiplicity of [ 0..1 ], which provides for the possibility of the absence of a name~(whid
diffefent from the empty name).

9.14.2 Namespace
A namespace is an element in a model that contains a set of named elements that can be identified by name.

Desg¢ription

A namespace is a named element that can own other named elements. Each named élement may be owned by at

ble. Note

h is

most one

namgspace. A namespace provides a means for identifying named elements by\name. Named elements can be idlentified

by ngme in a namespace either by being directly owned by the namespace or by being introduced into the namg
other|means (e.g., importing or inheriting). Namespace is an abstract nietaclass.

Generalizations

Attriputes

No aglditional attributes

Assaociations

Constraints

[1] All the members of a Namespace are distinguishable within it.

Additienal-Operations

¢ “Namespace” on page 75

/lmember: NamedElement [*]
A collection of NamedElements.identifiable within the Namespace, either by being owned or by being intr
importing or inheritance. This'is a derived union.

/JownedMember: NamedElement [*]
A collection of NamedElements owned by the Namespace. Subsets Element::ownedElement and
Namespace::member. This is a derived union.

membpersAreDistinguishable()

space by

duced by

[1] The query getNamesOfMember() gives a set of all of the names that a member would have in a Namespace. In general a
member can have multiple names in a Namespace if it is imported more than once with different aliases. Those semantics
are specified by overriding the getNamesOfMember operation. The specification here simply returns a set containing a

single name, or the empty set if no name.
Namespace::getNamesOfMember(element: NamedElement): Set(String);
getNamesOfMember =

if member->includes(element) then Set{}->including(element.name) else Set{} endif

© ISO/IEC 2012 - All rights reserved
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[2] The Boolean query membersAreDistinguishable() determines whether all of the namespace’s members are
distinguishable within it.

Namespace::membersAreDistinguishable() : Boolean;
membersAreDistinguishable =
self.member->forAll( memb |

self.member->excluding(memb)->forAll(other |
memb.isDistinguishableFrom(other, self)))

Sem‘Entics

A namespace provides a container for named elements. It provides a means for resolving compeSite names, such as
name|l ::name2::name3. The member association identifies all named elements in a namespace_called N that can|be
referjed to by a composite name of the form N::<x>. Note that this is different from all of-the'names that can be referred
to unfualified within N, because that set also includes all unhidden members of enclosing-namespaces.

Namg¢d elements may appear within a namespace according to rules that specify h¢w)one named element is
distinguishable from another. The default rule is that two elements are distinguishable if they have unrelated types, or
relatgqd types but different names. This rule may be overridden for particular eases, such as operations that are
distirlguished by their signature.

Notation

No adlditional notation. Concrete subclasses will define their own\specific notation.

9.1 Ownerships Package

The Qwnerships subpackage of the Abstractions package extends the basic element to support ownership of other
elem¢nts.

Elements
A
|
/
/

/

Ownerships

Figure 9.39\<The Ownerships package
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Element
(from Elements)

/ownedElement
* {union}

Element

/lowner

g
0..1{union}

Figune 9.40 - The elements defined in the Ownerships package
9.18.1 Element (as specialized)

An element is a constituent of a model. As such, it has the capability,ef.owning other elements.

Desg¢ription
Elempnt has a derived composition association to itself to support the general capability for elements to own ot

eleme¢nts.

Generalizations

f “Element” on page 46

Attriputes

No aglditional attributes

Associations
*  /lownedElement: Element| *]
The Elements.owned by this element. This is a derived union.

e /lowner: Element{0..1]
The Elemeént that owns this element. This is a derived union.

ner

Constraints
(1] f[

n€lement may not directly or indirectly own itself.

not self.allOwnedElements()->includes(self)
[2] Elements that must be owned must have an owner.
self.mustBeOwned() implies owner->notEmpty()
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Additional Operations
[1] The query allOwnedElements() gives all of the direct and indirect owned elements of an element.
Element::allOwnedElements(): Set(Element);
allOwnedElements = ownedElement->union(ownedElement->collect(e | e.allOwnedElements()))
[2] The guery mustBeOwned() indicates whether elements of this type must have an owner. Subclasses of Element that do not
require an owner must override this operation.
Blement::mustBeOwned() : Boolean;
mustBeOwned = true

Sempntics

Subclasses of Element will provide semantics appropriate to the concept they represent.

The derived ownedElement association is subsetted (directly or indirectly) by all compdsed association ends in the
metamodel. Thus ownedElement provides a convenient way to access all the elements‘that are directly owned by an
Elemgnt.

Notation

Ther¢ is no general notation for an Element. The specific subclasses of\Element define their own notation.

9.16 Redefinitions Package

The Redefinitions package in the Abstractions package specifies the general capability of redefining model elements in
the cpntext of a generalization hierarchy.

Redefinitions

Figure 9.41 - The Redefinitions package
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Infrastructurel ibrary::Core::
Abstractions::Namespaces::

MNaomedElomoant

freadOnly, union}
+ fredefinedElement

RedefinableE lement

*

* freadCnly, union}

+ fredefinitionContext infrastructurel ibrary::
* - Core::Abstractions:
Super::Classifier

Figune 9.42 - The elements defined in the Redefinitions package
9.16.1 RedefinableElement

A redefinable element is an element that, when defined in thefcontext of a classifier, can be redefined more specifically or
diffefently in the context of another classifier that specializes (directly or indirectly) the context classifier.

Desg¢ription

A redefinable element is a named element that.¢can be redefined in the context of a generalization. RedefinableElement is
an abstract metaclass.

Generalizations

“NamedElement” on page-73

Attriputes

No aglditional attributes

Assaociations

*  /|redefinedElement: RedefinableElement[*]
The redefinable element that is being redefined by this element. This is a derived union.

*  /lredefinitionContext: Classifier[*]
References the contexts that this element may be redefined from. This is a derived union.

Constraints

[1] At least one of the redefinition contexts of the redefining element must be a specialization of at least one of the
redefinition contexts for each redefined element.

self.redefinedElement->forAll(e | self.isRedefinitionContextValid(e))
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[2] A redefining element must be consistent with each redefined element.
self.redefinedElement->forAll(re | re.isConsistentWith(self))

Additional Operations

[1] The query isConsistentWith() specifies, for any two RedefinableElements in a context in which redefinition is possible,
whether redetinition would be logically consistent. By detault, this 1s talse; this operation must be overridden.idr
ubclasses of RedefinableElement to define the consistency conditions.

re: redefinee.isRedefinitionContextValid(self)

S
RedefinableElement::isConsistentWith(redefinee: RedefinableElement): Boolean;
H
isConsistentWith = false

The query isRedefinitionContextValid() specifies whether the redefinition contexts of this Ré¢definableElement gre

froperly related to the redefinition contexts of the specified RedefinableElement to allow. this element to redefinje the

dther. By default at least one of the redefinition contexts of this element must be a speeialization of at least one pf the

rgdefinition contexts of the specified element.

RedefinableElement::isRedefinitionContexValid(redefinable: RedefinableElement).\Boolean;

isRedefinitionContextValid =
redefinitionContext->exists(c | c.allparents()->

includes (redefined.redefinitionContext))

Sempntics

A ReflefinableElement represents the general ability to be redéfined in the context of a generalization relationship. The
detailed semantics of redefinition varies for each specialization of RedefinableElement.

A redefinable element is a specification concerning iristahces of a classifier that is one of the element’s redefinifion
contexts. For a classifier that specializes that more general classifier (directly or indirectly), another element can|redefine
the element from the general classifier in order toraugment, constrain, or override the specification as it applies|more
specifically to instances of the specializing elassifier.

A redefining element must be consistent with the element it redefines, but it can add specific constraints or oth¢r details
that gqre particular to instances of the.specializing redefinition context that do not contradict invariant constraint in the
genefal context.

A redefinable element may be te€defined multiple times. Furthermore, one redefining element may redefine mulfiple
inher|ted redefinable elements.

Sempntic Variation-Points

Ther¢ are various)degrees of compatibility between the redefined element and the redefining element, such as name
compjatibilitys(the redefining element has the same name as the redefined element), structural compatibility (the| client
visible properties of the redefined element are also properties of the redefining element), or behavioral compatibility (the
redefjning element is substitutable for the redefined element). Any kind of compatibility involves a constraint opn
redefinitions. The particular constraint chosen is a semantic variation point.

Notation

No general notation. See the subclasses of RedefinableElement for the specific notation used.
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9.17 Relationships Package

The Relationships subpackage of the Abstractions package adds support for directed relationships.

[

Ownerships

Relationships

Figune 9.43 - The Relationships package

Infrastructurel ibrary::
Core::Abstractions::
Ownerships:Element

T

Infrastricturel ibrary::

freadOnly, union}

Relationship + IrelatecElement CoreiAbstractions::
" (wnerships::Element
* %
1. !
freadOnly, union,
subzets relatedElement
+ fzaurce

DYirectedRelationship

* 1.7

Tread@mlky, union,

subzets relatedElerment}t
+ ftarget

1.7

Figure 9.44 - The elements.defined in the Relationships package
9.17.1 DirectedRelationship

A directed relatienship represents a relationship between a collection of source model elements and a collection|of target
moddl elements.

Description
A directed relationship references one or more source elements and one or more target elements. DirectedRelationship is
an abstract metaclass.

Generalizations

+ “Relationship” on page 82
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Attributes

No additional attributes

Associations

» /source: Element [1..*]
Specifies the sources of the DirectedRelationship. Subsets Relationship::relatedElement. This is a derived ynion.

» /[target: Element [1..¥]
Specifies the targets of the DirectedRelationship. Subsets Relationship::relatedElement. This is.a dérived
union.

Constraints

No aglditional constraints

Sempntics

DiredtedRelationship has no specific semantics. The various subclasses of DirectédRelationship will add semantics
apprdpriate to the concept they represent.

Notation

Ther¢ is no general notation for a DirectedRelationship. The specific subclasses of DirectedRelationship will define their
own fotation. In most cases the notation is a variation on a ling drawn from the source(s) to the target(s).

9.17.2 Relationship

Relatjonship is an abstract concept that specifiesssome kind of relationship between elements.

Desgription

A relptionship references one or more,related elements. Relationship is an abstract metaclass.

Gene¢ralizations

“Element (as specialized)” on page 77

Attriputes

No aglditional attributes.

Assdciations

* /|relatedElement: Element [1..%]

(AN 1+ +h 1 topalotad oz tha P alot: ool Thaic darizzad 1aas o
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Constraints

No additional constraints
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Semantics

Relationship has no specific semantics. The various subclasses of Relationship will add semantics appropriate to the
concept they represent.

Notation

Ther¢ is no general notation for a Relationship. The specific subclasses of Relationship will define their ownmofation. In
most|cases the notation is a variation on a line drawn between the related elements.

9.18 StructuralFeatures Package

The $tructuralFeatures package of the Abstractions package specifies an abstract generalization of structural feqtures of
classffiers.

TypedElements Classifiers
J

StructuralFeatures

Figune 9.45 - The StructuralFeatures package

I'ypedElement Feature
(fom TypedElements) (from Classifiers)
StructufalfFeature

Figune 9.46 - The'elements defined in the StructuralFeatures package

9.18.14-StructuralFeature

A structural feature is a typed feature of a classifier that specifies the structure of instances of the classifier.

Description

A structural feature is a typed feature of a classifier that specifies the structure of instances of the classifier. Structural
feature is an abstract metaclass.
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Generalizations

« “TypedElement” on page 89

» “Feature” on page 38

Attri
No a

putes

ditional attributes

Associations

No a

Iditional associations

Constraints

No a

Sem

A str]

type.

Notation

No a

9.1!

The §

class

Figune 9.47 - The)Super package

84

fiers.

pntics

ditional constraints

iditional notation

) Super Package

Classifiers

7
A
]
/
j
/

/
/
/

Super

hctural feature specifies that instances of the featuring classifier have,a slot whose value or values are of a ppecified

uper package of the Abstractions package provides mechanisms for specifying generalization relationships|between
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Infrastructurel ibrary::
Core::Abstractions::
Namespaces::Namespace
N
{readOnly, subsets member}:
Classifier + fAinheritediember Infrastructurelibrary::
isfbstract | Boolean * * Core::Abstractions::
- | NHIIIES}MCES.’.’
genera NamedElement
Figure 9.48 - The elements defined in the Super package
9.19.1 Classifier (as specialized)
Desg¢ription
A clgssifier can specify a generalization hierarchy by referencing its general classifiers.
Gengralizations
of “Classifier” on page 37
Attriputes
*  ipAbstract: Boolean
If true, the Classifier doesmot'provide a complete declaration and can typically not be instantiated. An abstfact
classifier is intended to be used by other classifiers (e.g., as the target of general metarelationships or generplization
relationships). Default yalue is false.
Associations
*  general: Classifier[*]
Specifies, the more general classifiers in the generalization hierarchy for this Classifier.
* /linheritedMember: NamedElement[*]
Specifies all elements inherited by this classifier from the general classifiers. Subsets Namespace::member) This is
derived.
Constraints
[1] Generalization hierarchies must be directed and acyclical. A classifier cannot be both a transitively general and
transitively specific classifier of the same classifier.
not self.allParents()->includes(self)
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[2] A classifier may only specialize classifiers of a valid type.

self.parents()->forAll(c | self.maySpecialize Type(c))

[3] The inheritedMember association is derived by inheriting the inheritable members of the parents.

self.inheritedMember = self.inherit( self.parents()->collect(p | p.inheritableMembers(self))->asSet() )

Additional Operations

[1] The query parents() gives all of the immediate ancestors of a generalized Classifier.
Classifier::parents(): Set(Classifier);
Harents = general
[2] The query allParents() gives all of the direct and indirect ancestors of a generalized Classifier.
Classifier::allParents(): Set(Classifier);
dliParents = self.parents()->union(self.parents()->collect(p | p.allParents()))
[3] The query inheritableMembers() gives all of the members of a classifier that may be inherited in one of its desc¢ndants,
subject to whatever visibility restrictions apply.
(lassifier::inheritableMembers(c: Classifier): Set(NamedElement);
pre: c.allParents()->includes(self)
inheritableMembers = member->select(m | c.hasVisibilityOf(m))
[4] The query hasVisibilityOf() determines whether a named element.isWisible in the classifier. It is only called wh¢n the
argument is something owned by a parent.
Classifier::hasVisibilityOf(n: NamedElement) : Boolean;
gre: self.allParents()->collect(c | c.member)->includes(n)
hasVisibilityOf = (n.visibility <> #private)
[5] The query inherit() defines how to inherit a set of elements. Here the operation is defined to inherit them all. It is|intended
tp be redefined in circumstances where inheritance is affected by redefinition.
Classifier::inherit(inhs: Set(NamedElement)):;Set(NamedElement);
inherit = inhs
[6] The query maySpecializeType() deterrhines whether this classifier may have a generalization relationship to clagsifiers of
the specified type. By default aClassifier may specialize classifiers of the same or a more general type. It is intenided to be
rpdefined by classifiers that haye different specialization constraints.
Classifier::maySpecializeType(c : Classifier) : Boolean;
maySpecializeType =self.ocllsKindOf(c.oclType)
Sempntics
The dpecific semantics of how generalization affects each concrete subtype of Classifier varies.
An instance/of a specific Classifier is also an (indirect) instance of each of the general Classifiers. Therefore, fatures
specifiédyfor instances ‘of the general classifier are implicitly specified for instances of the specific classifier. Ay
constr“fﬁ_ﬁl—Fm—l_l—’l’_l_l‘—l—_l—f*m—f—l—f—llam applying 1o InStances of the gencral classiticr also appiics to IMStances of the SPecitic classitier,
Notation

The name of an abstract Classifier is shown in italics.

Generalization is shown as a line with an hollow triangle as an arrowhead between the symbols representing the involved
classifiers. The arrowhead points to the symbol representing the general classifier. This notation is referred to as “separate
target style.” See the example sub clause below.
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Presentation Options

Multiple Classifiers that have the same general classifier can be shown together in the “shared target style.” See the
example sub clause below.

An abstract Classifier can be shown using the keyword {abstract} after or below the name of the Classifier.

Examples
Shape Separate target style
Holygon Ellipse Spline
Shared target style
Shape
Rolygon Ellipse Spline

Figune 9.49 - Example class generalization hiefarchy

9.20 TypedElements Package

The TypedElements subpackage of the Abstractions package defines typed elements and their types.

Namespaces

TypedElements

Figure 9.50 - The TypedElements package
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infrastructurel ibrary::Core::
Abstractions::Namespaces::
NG TTTed e ffre il

f

TypedElement +type Type
s

Figure 9.51 - The elements defined in the TypedElements package
9.20.1 Type
A type constrains the values represented by a typed element.

Desgription

A typje serves as a constraint on the range of values represented by a typed element. Type is an abstract metaclgss.

Gene¢ralizations

“NamedElement” on page 73

Attriputes

No aglditional attributes

Assqgciations

No aglditional associations

Constraints

No aglditional ‘Censtraints

Additional'Operations

[1] The query conformsTo() gives true for a type that conforms to another. By default, two types do not conform to each other.
This query is intended to be redefined for specific conformance situations.

conformsTo(other: Type): Boolean;
conformsTo = false

Semantics

A type represents a set of values. A typed element that has this type is constrained to represent values within this set.
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Notation

No general notation

9.20.2 TypedElement

A typed element has a type.

Desgription

A typed element is an element that has a type that serves as a constraint on the range of values the €l¢ment can represent.
Typefl element is an abstract metaclass.

Geng¢ralizations

o+ “NamedElement” on page 73

Attriputes

No aflditional attributes

Associations

o type: Type [0..1]
The type of the TypedElement.

Constraints

No aglditional constraints.

Sempantics

Valugs represented by the element are constiained to be instances of the type. A typed element with no associated type
may fepresent values of any type.

Notation

No ggneral notation

9.21 \Visibilities Package

The YVisibility-subpackage of the Abstractions package provides basic constructs from which visibility semanticf can be
constructed:
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Namespaces

Z
7
/

/
/

///
Visibilities

Figure 9.52 - The Visibilities package

NamedElement «enumeration»
+ vibibility : VisibilityKind [0..1] VisibilityKind
public

private
protected
package

Figure 9.53 - The elements defined in the Visibilities package
9.21.1 NamedElement (as specialized)

Desgription

Namg¢dElement has a visibility attribute.

Attriputes

* isibility: VisibilityKind [0..1]
Determines where the NamedElement appears within different Namespaces within the overall model, and ifs
accessibility.

Geng¢ralizations

| “NamedElenient” on page 73

Associations

No aglditional associations

Constraints
[1] If a NamedElement is not owned by a Namespace, it does not have a visibility.

namespace->isEmpty() implies visibility->isEmpty()
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The visibility attribute provides the means to constrain the usage of a named element either in namespaces or in access to
the element. It is intended for use in conjunction with import, generalization, and access mechanisms.

9.21.2 VisibilityKind

Visib|

Geng¢ralizations

Desg¢ription

Visib|

Sem
Visib|
Gene
Visib

In cifcumstances where/a named element ends up with multiple visibilities, for example by being imported multig

publi
publi

Not

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

None

ilityKind is an enumeration of the following literal values:
public

private

protected

package

|pntics

ilityKind is intended for use in the specification of visibility in conjunction with, for example, the Imports|
ralizations, Packages, and Classifiers packages. Detailed semantics are specified with those mechanisms. I
ility package is used without those packages, thes¢-literals will have different meanings, or no meanings.
A public element is visible to all elements that’can access the contents of the namespace that owns it.

A private element is only visible inside.the namespace that owns it.

A protected element is visible to elements that have a generalization relationship to the namespace that owns

A package element is owned by.asnamespace that is not a package, and is visible to elements that are in the s
package as its owning namespace. Only named elements that are not owned by packages can be marked as h:

enclosing package (given/'that other owning elements have proper visibility). Outside the nearest enclosing pal
element marked as having package visibility is not visible.

C visibility overrides private visibility, i.e., if an element is imported twice into the same namespace, once
C import-and once using private import, it will be public.

ion

[ the

it.
hme
1ving

package visibility. Any element marked as having package visibility is visible to all elements within the neatest

ckage, an

le times,
using

The following visual presentation options are available for representing VisibilityKind enumeration literal values:

“y

17313

“#”

T3k

public
private
protected
package

© ISO/IEC 2012 - All rights reserved

91


https://standardsiso.com/api/?name=9fb5d32ec49feca889cb6d6650f768cc

ISO/IEC 19505-1:2012(E)

92

© ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=9fb5d32ec49feca889cb6d6650f768cc

ISO/IEC 19505-1:2012(E)

10 Core::Basic

10.1 General

The I‘asic package of InfrastructureLibrary::Core provides a minimal class-based modeling language on top of which

more|complex languages can be built. It is intended for reuse by the Essential layer of the Meta-Object Facility| (MOF).
The fetaclasses in Basic are specified using four diagrams: Types, Classes, DataTypes, and Packages. Basic cap be

view¢d as an instance of itself. More complex versions of the Basic constructs are defined in Constructs, which| is
intenfled for reuse by the Complete layer of MOF as well as the UML Superstructure.

Figuge 10.1 illustrates the relationships between the Core packages and how they contribute to-the€ origin and evqlution of
package Basic. Package Basic imports model elements from package PrimitiveTypes. Basic also contains metadjlasses
derivpd from shared metaclasses defined in packages contained in Abstractions. These §hared metaclasses are in¢luded in

Basiq by copy.

]
Constructs

1

«import»
PrimitiveTypes
Abstractions | ---------------f--- >
«import»
Basic [------------------oooo- ---2>
«import»
Constructs |----------------—--- >

Figull;e 10.1 - The Core package is owned by the InfrastructureLibrary
package and contains several subpackages
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10.2 Types Diagram

The Types diagram defines abstract metaclasses that deal with naming and typing of elements.

Efement -
0.1

+ annotatedElement

*

+ *+ownedComment | *

NamedElenent Comment
name  String sedttributes body @ String...
vpedEiemont +type Type
* 0.1

Figure 10.2 - The classes defined in the Types diagram

10.2.1 Comment

Desgription

Basiq::Comment reuses the definitientof Comment from Abstractions::Comments.
Geng¢ralizations

| “Element” on page 95

Attriputes

*  Hody: String [0..1]
Specifies a string that is the comment.

Assaociations

» annotatedElement: Element[*]
Redefines the corresponding property in Abstractions.

Constraints

No additional constraints
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Semantics

No additional semantics

Notation

No additional notation

10.3.2 Element

An element is a constituent of a model.

Desg¢ription

Element is an abstract metaclass with no superclass. It is used as the common superclass.for all metaclasses in the
infragtructure library.

Generalizations

¢ None

Attriputes

No aglditional attributes

Assaciations

No additional associations

Constraints

No aglditional constraints

Sempantics

Subclasses of Element provide semantics appropriate to the concept they represent.

Notation

Therg is no general notation for an Element. The specific subclasses of Element define their own notation.

10.32.3 NamedElement

Desg¢ription

A named’element represents elements with names.

Generalizations

« “Element” on page 95

Attributes

* name: String [0..1]
The name of the element.
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Semantics

Elements with names are instances of NamedElement. The name for a named element is optional. If specified, then any valid
string, including the empty string, may be used.

Notation

As a1 abstract class, Basic::NamedElement has no notation.

10.2.4 Type

Desgription

A typje is a named element that is used as the type for a typed element.

Gene¢ralizations

“NamedElement” on page 95

Attriputes

No aglditional attributes

Sempntics

Typelis the abstract class that represents the general notion of-theé type of a typed element and constrains the set pf values
that the typed element may refer to.

Notation

As ay) abstract class, Basic::Type has no notation.

10.2.5 TypedElement

Desgription
A tyrjed element is a kind of named element that represents elements with types.
Geng¢ralizations

| “NamedElenient” on page 95

Attriputes

*  typeIype [0..1]
The type of the element.

Semantics

Elements with types are instances of TypedElement. A typed element may optionally have no type. The type of a typed
element constrains the set of values that the typed element may refer to.

Notation

As an abstract class, Basic::TypedElement has no notation.
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The Classes diagram defines the constructs for class-based modeling.

TypedElement
A\

Element

MultiplicityElement

+ isOrdered : Boolean = false

+ isUnique : Boolean = true

+ lower : Integer [0..1] = 1

+ upper : UnlimitedNatural [0..1] =¢t

Figure 10.3 - The classes defined inithe Classes diagram
10.3.1 Class

Desg¢ription

A class is a type that-has objects as its instances.

Geng¢ralizations

o “Type” on page 96

AN Property + opposite
{ordered} + isReadOnly : Boolean = false
Class _ + default : String [0..1] 0.1
+ idhbstract - Boolean = fal + ownedAttribute | + isComposite : Boolean = false
D R = + isDerived : Boolean = false 0..1
0.1 * +isID : Boolean = false
+ superClass | TypedElement | | Multiplicityklement |
* TypedElement | | MultiplicityElement | {ordered)
- {ordered} + ownedParameter
+ ownedOperation Operation @ 01 . Parameter
* ) isedExcepti
0.1 * + raisedException
B . >|| Type

Attributes

e isAbstract : Boolean
True when a class is abstract. The default value is false.

* ownedAttribute : Property [*]

The attributes owned by a class. These do not include the inherited attributes. Attributes are represented by instances

of Property.
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* ownedOperation : Operation [*]
The operations owned by a class. These do not include the inherited operations.

* superClass : Class[*]
The immediate superclasses of a class, from which the class inherits.

Sempntics

Classes have attributes and operations and participate in inheritance hierarchies. Multiple inheritance is allewed! The
instafces of a class are objects. When a class is abstract it cannot have any direct instances. Any direct instancq of a
conciete (i.e., non-abstract) class is also an indirect instance of its class’s superclasses. An object has a slot for egch of its
class{s direct and inherited attributes. An object permits the invocation of operations defined in,ifs\elass and its|class’s
superclasses. The context of such an invocation is the invoked object.

A class cannot access private features of another class, or protected features on another ¢lass that is not its supdrtype.
When creating and deleting associations, at least one end must allow access to the class.

Notation

The fotation for Basic::Class is the same as that for Constructs::Class with the omission of those aspects of the[notation
that dannot be represented by the Basic model.

10.3.2 MultiplicityElement

Desgription

Basid: :MultiplicityElement reuses the definition from Abstractions:: MultiplicityElement.

Geng¢ralizations

“Element” on page 95

Desgription

Consfructs::Relationship reuses th¢ definition of Relationship from Abstractions::Relationships. It adds a specialfzation to
Conslructs::Element.

Generalizations

“Element” on-page 95

Attriputes

No aglditienal-attributes

Associations

No additional associations

Constraints

No additional constraints
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Semantics

No additional semantics

Notation

No additional notation
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10.3.3 Operation

Desg¢ription

An operation is owned by a class and may be invoked in the context of objects that are instances\of that class. It i
elem¢nt and a multiplicity element.

Generalizations

“TypedElement” on page 96

“TypedElement” on page 96 - MultiplicityElement.

Attriputes

dlass : Class [0..1]
The class that owns the operation.

gwnedParameter : Parameter [*] {ordered, composite }
The parameters to the operation.

rpisedException : Type [*]
The exceptions that are declared as possible.during an invocation of the operation.

Sempantics

An operation belongs to a class. It is pessible to invoke an operation on any object that is directly or indirectly an|
of th¢ class. Within such an invocation the execution context includes this object and the values of the paramet

type

bf the operation, if any, is the'type of the result returned by the operation, and the multiplicity is the multij

the r¢sult. An operation can beyassociated with a set of types that represent possible exceptions that the operati

raise.

that

10.

NotTion
The notation for-Basic::Class is the same as that for Constructs::Class with the omission of those aspects of the

dannot be-represented by the Basic model.

s a typed

instance
brs. The
blicity of
n may

notation

3.4 Parameter

Description

A parameter is a typed element that represents a parameter of an operation.

Attributes

operation: Operation [0..1]
The operation that owns the parameter.

© ISO/IEC 2012 - All rights reserved

99


https://standardsiso.com/api/?name=9fb5d32ec49feca889cb6d6650f768cc

ISO/IEC 19505-1:2012(E)

Sem

antics

When an operation is invoked, an argument may be passed to it for each parameter. Each parameter has a type and a
multiplicity. Every Basic::Parameter is associated with an operation, although subclasses of Parameter elsewhere in the
UML model do not have to be associated with an operation, hence the 0..1 multiplicity.

Notj&ion
The jotation for Basic::Parameter is the same as that for Constructs::Parameter with the omission of thos¢ aspeq

notat

10.3

Desq
A pr

Gene¢ralizations

Attri

M g

on that cannot be represented by the Basic model.
.5 Property

ription

perty is a typed element that represents an attribute of a class.

“TypedElement” on page 96

“TypedElement” on page 96 - MultiplicityElement.

butes

lass : Class [0..1]
The class that owns the property, and of which the property is an attribute.

efault : String [0..1]
A string that is evaluated to give a default value for the attribute when an object of the owning class is instaj

sComposite : Boolean

attribute. The default value is false:

tDerived : Boolean
If isDerived is true, the yalue of the attribute is derived from information elsewhere. The default value is fa

tReadOnly : Boolean
If isReadOnly is trtied the attribute may not be written to after initialization. The default value is false.

pposite : Property [0..1]
Two attributes attr]l and attr2 of two objects ol and 02 (which may be the same object) may be paired with ¢
so that/©lattr] refers to 02 if and only if 02.attr2 refers to ol. In such a case attr] is the opposite of attr2 an
the epposite of attrl.

L1D \Boolean

True indicates this property can be used to uniquely identifv an instance of the containing Class. Default val

ts of the

ntiated.

If isComposite is true, the object centaining the attribute is a container for the object or value contained in the

ach other
d attr2 is

e is false

Semantics

A property represents an attribute of a class. A property has a type and a multiplicity. When a property is paired with an
opposite they represent two mutually constrained attributes. The semantics of two properties that are mutual opposites are
the same as for bidirectionally navigable associations in Constructs, with the exception that the association has no explicit

links

100

as instances, and has no name.
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A property may be marked as being (part of) the identifier (if any) for classes of which it is a member. The interpretation
of this is left open 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 superclasses) then it is the combination of the (property,
value) tuples that will logically provide the uniqueness for any instance. Hence there is no need for any specification of
order and it is possible for some (but not all) of the property values to be empty. If the property is multivalued then all

values—are—tietuded-

Notation

Whei a Basic::Property has no opposite, its notation is the same for Constructs::Property when used as an attripute with
the omission of those aspects of the notation that cannot be represented by the Basic model. Normally if the typge of the
propdrty is a data type, the attribute is shown within the attribute compartment of the class boxyand if the type [of the

propgrty is a class, it is shown using the association-like arrow notation.

When a property has an opposite, the pair of attributes are shown using the same notatieiy as’ for a Constructs::Asyociation
with fwo navigable ends, with the omission of those aspects of the notation that cannot be represented by the Badic model.

10.4 DataTypes Diagram

The DataTypes diagram defines the metaclasses that define data types.

Type
DataType
NamedElement
PrimitiveType Enumeratioh enumeration ownedLiteral| EnumerationLiteral

0.1 {ordered} »

Figune 10.4 - The classes defined in the DataTypes diagram
10.4.1 DataType

Desg¢ription

DataType is an abstract class that acts as a common superclass for different kinds of data types.

Generalizations

« “Type” on page 96

Attributes
No additional attributes
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Semantics

DataType is the abstract class that represents the general notion of being a data type (i.e., a type whose instances are
identified only by their value).

Notation

As a1} abstract class, Basic::DataType has no notation.
10.4.2 Enumeration

Desgription

An epumeration defines a set of literals that can be used as its values.

Geng¢ralizations

0

“DataType” on page 101

Attriputes

» gwnedLiteral: EnumerationLiteral [*] {ordered, composite} — The otdered collection of literals for the enumeration.

Sem[mtics

An efuumeration defines a finite ordered set of values, such as.{fed, green, blue}.

The yalues denoted by typed elements whose type is an €humeration must be taken from this set.

Notation

The notation for Basic::Enumeration is the sam€-as that for Constructs:: Enumeration with the omission of thos¢ aspects
of th¢ notation that cannot be represented/by-the Basic model.

10.4.3 EnumerationLiteral

Desgription

An epumeration literal is.'a value of an enumeration.

Geng¢ralizations

| “NamedEleément” on page 95

Attriputes

. R OVL SN v RS PR o o W I |
CUITOTTIIOTatIoUTT., ITarnoTratrort \/..IJ

The enumeration that this literal belongs to.

Semantics

See Enumeration
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Notation

See Enumeration

10.4.4 PrimitiveType

Desg¢ription

A primitive type is a data type implemented by the underlying infrastructure and made available for modeling.
Geng¢ralizations

| “DataType” on page 101

Attriputes

No aglditional attributes

Sempantics

Prim{tive types used in the Basic model itself are Integer, Boolean, String,and UnlimitedNatural. Their specific semantics
is gien by the tooling context, or in extensions of the metamodel (e.gs\OCL).

Notation

The gotation for a primitive type is implementation-dependent.Notation for the primitive types used in the UM|L
metamodel is given in the “PrimitiveTypes Package” on pag¢ 203.

10.p Packages Diagram

The Packages diagram defines the Basic constructs related to Packages and their contents.

NamedElement

Package Apackage ownedType Type
01 *

nestingPackage

0..1

nestedPackage

Figure 10.5 - The classes defined in the Packages diagram
10.5.1 Package

Description

A package is a container for types and other packages.
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Generalizations

+ “NamedElement” on page 95

Attributes

. rpcfpr‘pq(‘]{qnp - Package [*]
(=] oo L 1

The set of contained packages.

» 1estingPackage : Package [0..1]
The containing package.

*  dwnedType : Type [*]
The set of contained types.

*  URI: String [0..1] {id}

Provides an identifier for the package that can be used for many purposes. A URL s the universally 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.

Sempntics

Packages provide a way of grouping types and packages together, which can be useful for understanding and managing a
moddl. A package cannot contain itself. The URI can be specified to provide a unique identifier for a Package.

Notaftion

Contginment of packages and types in packages uses the same notation as for Constructs::Packages with the omission of
those| aspects of the notation that cannot be represented’by the Basic model.

10.5.2 Type
Note [~ (additional properties - see “Type” on page 96).

Desgription

A typle can be contained in a package.

Geng¢ralizations

“NamedElement” on page 95

Attriputes

* package”Package [0..1]
The containing package.

Semantics

No additional semantics

Notation

Containment of types in packages uses the same notation as for Constructs::Packages with the omission of those aspects
of the notation that cannot be represented by the Basic model.
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11 Core::Constructs

11.1 General

This plause describes the Constructs package of InfrastructureLibrary::Core. The Constructs package is intended to be
reused by the Meta-Object Facility.

]
Constructs
1
] «import» PrimitiveTypes
Abstractions |— ------------------- >
«import»
Basic [~ >
| «import»
Constructs |—------------- e >

Figune 11.1 -The Core package is owned by the
InfragtructureLibrary package, and contains several subpackages

The Constructs package is specified by a number of diagrams each of which is described in a separate sub clauge below.

The donstructs package is dependent on several other packages, notably Basic and various packages from Abstragtions, as
depidted in Figure 11.2.
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Figure 11.2 - The Constructs package depends on-several other packages

Figure 11.2 illustrates the relationships between the Core packages and how they contribute to the origin and evdlution of
packgge Constructs. Package Constructs: iniports model elements from package PrimitiveTypes. Constructs also|contains
meta¢lasses from Basic and shared metaclasses defined in packages contained in Abstractions. These shared metaclasses
are ifjcluded in Constructs by copy._Figure 11.2 uses PackageMerge to illustrate the packages that contribute to the
definjtion of Constructs and how7he InfrastructureLibrary metamodel does not actually include these package merges as
Consfructs is a complete metamodel that already includes all the metaclasses in the referenced packages. This allows
Consfructs to be understood and used without requiring the use of PackageMerge.

11.2 Root'Diagram

The Root diagram in the Constructs package specifies the Element, Relationship, DirectedRelationship, and Conment
constructs:
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Comment

0.1

freadonly, uniont

*

body - String [0..1]

+ fowyrecElement

*

+ Jovyner
0.1

{readOnly, union}

Refationship

freadOnly, unionk
+ IrelstedElement

[NrectedRefationsiip

1.

freadCnly, union,
subsets relatedElerment}

+ fsource

E]
Ireadorly, union,
subsets relatedf[ﬂ?arpg%rpt}

1.

Flamant

+ annaotatedElement

Comment

%

Figure 11.3 - The Root diagram of the Constructs‘package

11.2

Des¢

Eription

Gene¢ralizations

Attriputes

« b

ody: Stridg

Assaciations

.1 Comment

“Element” on page-108

Specifies a string that is the comment.

*

body @ String [0..1]

« annotatedElement: Element[*]
Redefines the corresponding property in Abstractions.

Constraints

No additional constraints
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Semantics

No additional semantics

Notation

No additional notation

11.3.2 DirectedRelationship

Desgription

Consfructs::DirectedRelationship reuses the definition of DirectedRelationship from Abstractions=3Relationships.|It adds a
speciplization to Constructs.:Relationship.

Gengralizations

0

“Relationship” on page 109

Attriputes

No aglditional attributes

Associations

*  /pource: Element[1..*]
Redefines the corresponding property in Abstractions. Subsets Relationship::relatedElement. This is a ddrived
union.

* /farget: Element[1..*]
Redefines the corresponding property in Abstractions. Subsets Relationship::relatedElement. This is a ddrived
union.
Constraints

No aglditional constraints

Sempntics

No adlditional semantics

Notation

No aglditional ‘notation

11.2|.3 Element

Description

Constructs::Element reuses the definition of Element from Abstractions::Comments.

Generalizations

« None
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Attributes

No additional attributes

Associations

/

ownedComment: Comment[*]

Redefines the corresponding property in Abstractions. Subsets Element::ownedElement.

bwnedElement: Element[*]
Redefines the corresponding property in Abstractions. This is a derived union.

bwner: Element[0..1]
Redefines the corresponding property in Abstractions. This is a derived union.

Constraints
No a

Sem
No a

ditional constraints

antics

ditional semantics

Notation
No a

ditional notation

11.2.4 Relationship

Desg¢ription

Cons
Cons

ructs::Relationship reuses the definition of Relationship from Abstractions::Relationships. It adds a special
tructs::Element.

Generalizations

Attri
No a

“Element” on page 108

pbutes

ditional attributes

Associations

/

FelatedEBlement: Element[1..%]
Redetines the corresponding property in Abstractions. This is a derived union.

Constraints

No additional constraints

Semantics

No additional semantics
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Notation

No additional notation

11.3 Expressions Diagram

The Expressions diagram in the Constructs package specifies the ValueSpecification, Expression, and OpaquéExpression
constructs.

‘ PackageableElsmant \ ‘ TypodE lemant |

L [

{subsols ownedElamant. ordarod)

+ operand

‘ ValueSpecification

i

OpagueExpression Expression 0.1
| + body : String [7] [nonunigue, orderad)
| * lamguage : String [*] {omared) + BXPreEsson

{subgiis owner)

Figure 11.4 - The Expressions diagram of the Constructs package
11.3.1 Expression

Desgription

Consfructs::Expression reuses the definition of Expression from Abstractions::Expressions. It adds a specializat{on to
Consfructs::ValueSpecification.

Geng¢ralizations

“ValueSpecificatiefi?” on page 111

Attriputes

No aglditional-attributes

Asscrciations

No additional associations

Constraints

No additional constraints

Semantics

No additional semantics
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tion

No additional notation

11.3.2 OpaqueExpression

Des¢

Cons
speci]

Geng¢ralizations

Attriputes

No a

Associations

No a

Constraints

No a

Sempantics

No a

Notation

No a

11.3

Des¢

Cons
speci]

Eription
ructs::OpaqueExpression reuses the definition of OpaqueExpression from Abstractions::Expressions. It ad
hlization to Constructs::ValueSpecification.

“PackageableElement” on page 151
“TypedElement” on page 137

ditional attributes

ditional associations

ditional constraints

ditional semantics

lditional notation
.3 ValueSpecification
Eription

ructs:: ValueSpecification reuses the definition of ValueSpecification from Abstractions::Expressions. It ad
hlizationte Constructs:: TypedElement.

GenTraIizations

ds a

s a

Attri

“Relationship™ on page 109

butes

No additional attributes

Associations

No additional associations
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Constraints

No additional constraints

Semantics

No a

ditional semantics

Notation

No a

iditional notation

11.4 Classes Diagram

The (
to thg

Classifier and Operation constructs.

lasses diagram of the Constructs package specifies the Association, Class, and Property constructs and addy features

112
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Relationship

cl

{subsets featuringClassifier,
subsets redefinitionContext}

+ classifier

{readOnly, union, subsets
feature, subsets
redefinableElement}

+ /attribute

ISO/IEC 19505-1:2012(E)

StructuralFeature

JAN

0.1

*

Property

isRaadOnhs: I = false.

{subsets redefinedElement}

+ redefinedProperty

Association

{subsets memberNamespace}

+ isperived : Boolean = false

+ association

{ordered, subsets member}

+ memberEnd

0..1

{subsets association,
subsets featuringClassifier,
subsets namespace}

+ owningAssociation

2.%

{ordered, subsets memberEnd, subsets
feature, subsets ownedMember}

+ ownedEnd

>
0..1

{subsets owningAssociation}

+ association

*

{subsets ownedEnd}

+ navigableOwnedEnd

0..1
{subsets relationship}

+ association

*

{readOnly, subsets relatedElement}

+ /endType

Classifier

*

{subsets classifier, subsets namespace}

+ class

Class

>|| Type

1.

+ default : String [0..1]
+ isComposite : Boolean = false

+ isDerived : Boolean = false

+ isDerivedUnion : Boolean = false
+ isID : Boolean = false

*

*

+ property,

{subsets redefinableflement}

+ subsettedProperty

*

*

+ /opposite

0..1

0..1

{ordered, subsets-attribute, subsets ownedMember}

+ ownedAttribute

t

+ i)

hbstract : Boolean = false 0..1

{subsets featuringClassifier,
subsets redefinitionContext,
subsets namespace}

+ class
.

*

Property

{ordered, subsets feature,
subsets redefinableElement,
subsets ownedMember}

+ ownedOperation

Operation

0..1

*

{redefines general}
+ superClass

*

*

+/Class
{subsets’classifier}

Figune 11.5 - The Classes’diagram of the Constructs package

11.4.1 Association

ralled a
of the

An agsoeiation describes a set of tuples whose values refer to typed instances. An instance of an association is
link. 4 ink is a tuple with one value for each end of the association, where each value is an instance of the typq
end.

Description

An association specifies a semantic relationship that can occur between typed instances. It has at least two ends
represented by properties, each of which is connected to the type of the end. More than one end of an association may
have the same type.
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An end property of an association that is owned by an end class or that is a navigable owned end of the association
indicates that the association is navigable from the opposite ends, otherwise the association is not navigable from the
opposite ends.

Generalizations

Attriputes

Assaociations

Constraints

(1]

(2]

[3]

[4]

(3]

114

¢| “Classifier” on page 132

.

“Relationship” on page 109

isDerived : Boolean
Specifies whether the association is derived from other model elements such as other asso¢iations or constr|
The default value is false.

hemberEnd : Property [2..*]
Each end represents participation of instances of the classifier connected, to the end in links of the associatig
an ordered association. Subsets Namespace::member.

gdwnedEnd : Property [*]
The ends that are owned by the association itself. This is an dtdered association. Subsets Association.:mem
Classifier: :feature, and Namespace::ownedMember.

~

endType: Type [1..¥]
References the classifiers that are used as types of the ends of the association.

—

avigableOwnedEnd : Property [*]
The navigable ends that are owned by thesassociation itself. Subsets Association.ownedEnd.

An association specializing another association has the same number of ends as the other association.

parents()->select(ocllsKindOf(Association)).oclAs Type(Association)->
forAll(p | p.memberEnd->size() = self. memberEnd->size())

When an association specializes another association, every end of the specific association corresponds to an end
deneral association, and“the specific end reaches the same type or a subtype of the more general end.

Sequence{1..self.memberEnd->size()}->
forAll(i/ self.general->select(oclIsKindOf(Association)).oclAs Type(Association)->
forAll(ga |self.memberEnd->at(i).type.conformsTo(ga.memberEnd->at(i).type)))

gndType.isdérived from the types of the member ends.
delf.endType = self. memberEnd->collect(e | e.type)

hints.

n. This is

berEnd,

of the

nly)binary associations can be aggregations

self.memberEnd->exists(isComposite) implies self.memberEnd->size() = 2

Association ends of associations with more than two ends must be owned by the association.
if memberEnd->size() > 2

then ownedEnd->includesAll(memberEnd)
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Semantics

An association declares that there can be links between instances of the associated types. A link is a tuple with o
for each end of the association, where each value is an instance of the type of the end.

ne value

When one or more ends of the association have isUnique=false, it is possible to have several links associating the same

set o RStaeeS—H—SsHei—a—€ea5e; HeS—€8 —a—aaa o8 Sas

values.

For ah association with N ends, choose any N-1 ends and associate specific instances with those ends. Then the dollection
of links of the association that refer to these specific instances will identify a collection of instance§-at the other fend. The

tting represents the familiar set-theoretic concept. It is applicable to the collections,represented by associat]
the association itself. It means that the subsetting association end is a collection\that is either equal to the o

bset has fewer members.) Subsetting is a relationship in the domain of extensional semantics.

Speclalization is in contrast to Subsetting a relationship in the domain ofdntensional semantics, which is to say

lection

on ends,
ollection
and that

it

characterized the criteria whereby membership in the collection is defified, not by the membership. One classifier may

speciplize another by adding or redefining features; a set cannot specialize another set. A naive but popular and

useful

view |has it that as the classifier becomes more specialized, the extent of the collection(s) of classified objects nafrows. In

the cqse of associations, subsetting ends, according to this view, correlates positively with specializing the asso
This iew falls down because it ignores the case of classifiers which, for whatever reason, denote the empty set
new ¢riteria for membership does not narrow the extent if'the classifier already has a null denotation.

Redefinition is a relationship between features of classifiers within a specialization hierarchy. Redefinition may
to chpange the definition of a feature, and thereby“introduce a specialized classifier in place of the original featu
classffier, but this usage is incidental. The difference in domain (that redefinition applies to features) differentia
redefjnition from specialization.

The dombination of constraints [1,2].above with the semantics of property subsetting and redefinition specified i
11.4.p in constraints [3,4,5] imply(that any association end that subsets or redefines another association end for
assodiation of the subsetting or redefining association end to be a specialization of the association of the subset
redeflned association end respectively.

For n-ary associations,.the lower multiplicity of an end is typically 0. A lower multiplicity for an end of an n-a
assodiation of 1 (or;more) implies that one link (or more) must exist for every possible combination of values for
ends.

An agsociation“may represent a composite aggregation (i.e., a whole/part relationship). Only binary associationg
aggrdgations. Composite aggregation is a strong form of aggregation that requires a part instance be included in
one domposite at a time. If a composite is deleted, all of its parts are normally deleted with it. Note that a part ca

iation.
Adding

be used
Fing
tes

h section
es the
ed or

M
the other

can be
at most
n (where

allowed) be removed from a composite before the composite is deleted, and thus not be deleted as part of the composite.

Compositions may be linked in a directed acyclic graph with transitive deletion characteristics; that is, deleting

an

element in one part of the graph will also result in the deletion of all elements of the subgraph below that element.

Composition is represented by the isComposite attribute on the part end of the association being set to true.
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Navigability means instances participating in links at runtime (instances of an association) can be accessed efficiently
from instances participating in links at the other ends of the association. The precise mechanism by which such 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 might not be efficient. Note that tools operating on UML models are not prevented from navigating
associations from non-navigable ends.

Seantic Variation Points

The ¢rder and way in which part instances in a composite are created is not defined.

The lpgical relationship between the derivation of an association and the derivation of its ends is not“defined.

Notation

Any gssociation may be drawn as a diamond (larger than a terminator on a line) with a solid line for each association end
conngcting the diamond to the classifier that is the end’s type. An association with more‘than two ends can only be drawn
this way.

A birjary assocation is normally drawn as a solid line connecting two classifiéts, ‘or a solid line connecting a sirjgle
classifier to itself (the two ends are distinct). A line may consist of one oy mere connected segments. The indiv]dual
segments of the line itself have no semantic significance, but they may be\graphically meaningful to a tool in drggging or
resizing an association symbol.

An agsociation symbol may be adorned as follows:

| The association’s name can be shown as a name string ngar the association symbol, but not near enough to an fend to be
confused with the end’s name.

| A slash appearing in front of the name of an assoeiation, or in place of the name if no name is shown, marks the
association as being derived.

| 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. A property-string is a comma-delimited list of property expressions enclosed in curly braces.
A property expression is, in the simplest case, a name such as ‘redefines’ or ‘subsets.’

| On a binary association drawn‘as a solid line, a solid triangular arrowhead next to or in place of the name of the
association and pointing-along the line in the direction of one end indicates that end to be the last in the order|of the
ends of the association.The arrow indicates that the association is to be read as associating the end away fror the
direction of the artfow with the end to which the arrow is pointing (see Figure 11.6). This notation is for docurpentation
purposes only and has no general semantic interpretation. It is used to capture some application-specific detafl of the
relationship_bétween the associated classifiers.

| Generalizations between associations can be shown using a generalization arrow between the association synpbols.

An agsociation end is the connection between the line depicting an association and the icon (often a box) depicfing the
conngcted classifier. A name string may be placed near the end of the line to show the name of the association pnd. The
name is optional and suppressible.

Various other notations can be placed near the end of the line as follows:
« A multiplicity.

» The BNF for property strings on association ends is:

<property-string> ::= {' <end-property> [',' <end-property> ]* '}’
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<end-property> ::=

(

'subsets' <property-name> | 'redefines' <end-name>
)

where <property-name> and <end-name> are names of user-provided properties and association ends found in the
model context.

If an association end is navigable, attribute-properties defined for attributes are legal as end-properties.in thd property
string for that association end.

Note [that by default an association end represents a set.

A stitk arrowhead on the end of an association indicates the end is navigable. A small x onjthe end of an assocfiation
indictes the end is not navigable. A visibility symbol can be added as an adornment on aiavigable end to show the end’s
visibility as an attribute of the featuring classifier.

If thq association end is derived, this may be shown by putting a slash in front of-the/name, or in place of the ngme if no
namg is shown.

The gotation for an attribute can be applied to a navigable end name as sp&eified in the Notation sub clause of “Kroperty”
on pdge 126.

A composite aggregation is shown using the same notation as a binary association, but with a solid, filled diamond at the

aggrdgate end.

Presfentation Options

Wher two lines cross, the crossing may optionally be shown with a small semicircular jog to indicate that the lins do not
interdect (as in electrical circuit diagrams).

Variogus options may be chosen for showing.navigation arrows on a diagram. In practice, it is often convenient to[suppress
some| of the arrows and crosses and just show exceptional situations:

| Show all arrows and xs. Navigation and its absence are made completely explicit.

| Suppress all arrows and x§. No inference can be drawn about navigation. This is similar to any situation in which
information is suppres§ed from a view.

| Suppress arrows forassociations with navigability in both directions, and show arrows only for associations yith one-
way navigability.)In this case, the two-way navigability cannot be distinguished from situations where there if no
navigationat'all; however, the latter case occurs rarely in practice.

If there are two.of more aggregations to the same aggregate, they may be drawn as a tree by merging the aggregafion ends
into g4 single’segment. Any adornments on that single segment apply to all of the aggregation ends.

Style Guidetines

Lines may be drawn using various styles, including orthogonal segments, oblique segments, and curved segments. The
choice of a particular set of line styles is a user choice.

Generalizations between associations are best drawn using a different color or line width than what is used for the
associations.
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Examples

Figure 11.6 shows a binary association from Player to Year named PlayedInYear. The solid triangle indicates the order of
reading: Player PlayedInYear Year. The figure further shows a ternary association between Team, Year, and Player with
ends named team, season, and goalie respectively.

* 4 PlayedinYear

Year

season

Team Player

team goalie

Figure 11.6 - Binary and ternary associations

The following example shows association ends with various adornments.

a b
A B
0.1 {ordered}
d
C D
1 0..1

{subsets b}

Figune 11.7 - Association ends with.various adornments

The following adornments are shoywh on the four association ends in Figure 11.7.
| Names a, b, and d omthree of the ends.

| Multiplicities Q<1 on a, * on b, 1 on the unnamed end, and 0..1 on d.

| Specification.of ordering on b.

¢| Subsetting on d. For an instance of class C, the collection d is a subset of the collection b. This is equivalent to[the OCL
constraint:

context C inv: h->includesAll(d)
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The following examples show notation for navigable ends.

a b
A B
1.4 2.5
c d
C D
1.4 2.5
e f
E F
1.4 2.5
g h
G H
1.4 2.5
[ j
| J
1.4 2.5

Figure 11.8 - Examples of navigable ends

In Figure 11.8:

| The top pair AB shows a binary association with two navigable ends.

| The second pair CD shows a binary associatiod with two non-navigable ends.

| The third pair EF shows a binary association with unspecified navigability.

| The fourth pair GH shows a binary association with one end navigable and the other non-navigable.
| The fifth pair IJ shows a binary association with one end navigable and the other having unspecified navigability.

Figuge 11.9 shows that the attribute notation can be used for an association end owned by a class, because an aspociation
end dwned by a class is alsejan attribute. This notation may be used in conjunction with the line-arrow notation| to make
it perffectly clear that the-attribute is also an association end.

b: B[4

Figure 11.9 - Example of attribute notation for navigable end owned by an end class
Figure 11.10 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, Al::bl. So for an instance of the class Al, bl is a subset of
b, and b is derived from bl.
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/b {union}
a
A B
0.1 0.
JZAN JZAN
a b1
Al B1
0..1 0.

{subsets b}

Figure 11.10 - Example of a derived union

Figur

e 11.11 shows the black diamond notation for composite aggregation.

Blider

Header Panel

Figure 11.11 - Composite aggregation is depicted(as a black diamond

11.4.2 Class

A cla

Cons

Desd

Class
of Pr

ss describes a set of objects that.share the same specifications of features, constraints, and semantics.
ructs::Class merges the definition of Basic::Class with Constructs::Classifier.

ription

is a kind of classifier whose features are attributes and operations. Attributes of a class are represented by
bperty that are'owaied by the class. Some of these attributes may represent the navigable ends of binary ass

Geng¢ralizations

“@lassifier” on page 132.

nstances
bciations.

Attri

butes

*  isAbstract : Boolean

120

This redefines the corresponding attributes in Basic::Class and Abstractions. : Classifier.
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Associations

+  ownedAttribute : Property [*]
The attributes (i.e., the properties) owned by the class. This is an ordered association. Subsets Classifier: :attribute
and Namespace::ownedMember.

+  ownedOperation : Operation [*]
The operations owned by the class. This is an ordered association. Subsets Classifier:.feature and
Namespace::ownedMember.

*  duperClass : Class [*]
This gives the superclasses of a class. It redefines Classifier::general.

Constraints

No aglditional constraints

Additional Operations

[1] The inherit operation is overridden to exclude redefined properties.

Class::inherit(inhs: Set(NamedElement)) : Set(NamedElement);

inherit = inhs->excluding(inh |
ownedMember->select(ocllsKindOf(RedefinableElement))->selégt(redefinedElement->includes(inh)))

Sempantics

The purpose of a class is to specify a classification of objeets.and to specify the features that characterize the s{ructure
and Hehavior of those objects.

Obje¢ts of a class must contain values for each attribute that is a member of that class, in accordance with the
chardcteristics of the attribute, for example its type-and multiplicity.

Whei an object is instantiated in a class, for¢very attribute of the class that has a specified default, if an initial|value of
the aftribute is not specified explicitly for'the instantiation, then the default value specification is evaluated to sgt the
initia] value of the attribute for the object.

Operfitions of a class can be inyoked on an object, given a particular set of substitutions for the parameters of the
operdtion. An operation invocation may cause changes to the values of the attributes of that object. It may also [return a
valug as a result, where a.result type for the operation has been defined. Operation invocations may also cause clianges in
valud to the attributes of-other objects that can be navigated to, directly or indirectly, from the object on which the
operdtion is invoked; to/its output parameters, to objects navigable from its parameters, or to other objects in the[scope of
the operation’s execnition. Operation invocations may also cause the creation and deletion of objects.

not be
lass.

Presentation Options

A class is often shown with three compartments. The middle compartment holds a list of attributes while the bottom
compartment holds a list of operations.

Attributes or operations may be presented grouped by visibility. A visibility keyword or symbol can then be given once
for multiple features with the same visibility.
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Additional compartments may be supplied to show other details, such as constraints, or to divide features.

Style Guidelines

.

Center class name in boldface.

L b B 41 il Vi YN WA | detl 1 . . '

\/dpllallLC UIC TITSU ITUICT UL UIAsSS 1IAallIcs \11 UIU Cliaracicl ST DUPPUI w Uppclbdbc).
Left justify attributes and operations in plain face.

Begin attribute and operation names with a lowercase letter.

Put the class name in italics if the class is abstract.

class.
Examples

Window Window
+ size: Area = (100, 100)
# visibility: Boolean = true
+ defaultSize: Rectangle
- xWin: XWindow

Window display()

siZe: Area hide()

vigibility: Boolean

- attachX(xWin: XWindow)

dig
hig

play()
e()

Figure 11.12 -Class notation: details suppressed, analysis-level details, implementation-level details

Show full attributes and operations when needed and suppress them in other contexts or when merely referring to a

122
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Window

public
size: Area = (100, 100)

d T
prdtected
visibility: Boolean = true

priyate

[Vin: XWindow

public

display()

de()

priyate

tachX(xWin: XWindow)

X

=

[V]

Figune 11.13 - Class notation: attributes and operations grouped according to visibility

11.4.3 Classifier

Note |- (additional properties - see “Classifier” on page 132).

Desg¢ription

Consfructs::Classifier is defined in the Classifiers diagram. ‘A*Classifier is a Type. The Classes diagram adds th
assodiation between Classifier and Property that represents the attributes of the classifier.

™

Gengralizations
J “Type” on page 136

¢ “Namespace” on page 150

Attriputes

No adlditional attributes

Associations

*  gttribute: Propetty-[*]
Refers to'all of the Properties that are direct (i.e., not inherited or imported) attributes of the classifier. Subgets
Classifier: :feature and is a derived union.

Constraints

No additional constraints

Semantics

All instances of a classifier have values corresponding to the classifier’s attributes.

Semantic Variation Points

The precise lifecycle semantics of aggregation is a semantic variation point.
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Notation

An attribute can be shown as a text string. The format of this string is specified in the Notation sub clause of “Property”

onp

All redefinitions should be made explicit with the use of a {redefines <x>} property string. Matching features in

subc

prevdnts inheritance of a redefined element into the redefinition context thereby making the name of the redefin
elem¢nt available for reuse, either for the redefining element, or for some other.

Presientation Options

The

The
The

age 126.

..... Lha an—ascinlia adafin OR—FAR a o +odo an—that waad oot Lo oo PEETY a atation D do

individual properties of an attribute can be shown in columns rather than as a contintious string.

ove ambiguity, if necessary.

nition

type, visibility, default, multiplicity, property string may be suppressed from being displayed;yeven if there afe values
in th¢ model.

dttribute compartment is often suppressed, especially when a data type does net contain attributes. The opefation
compartment may be suppressed. A separator line is not drawn for a missing compartment. If a compartment is
suppIssed, no inference can be drawn about the presence or absence of elements in it. Compartment names carl
to re

be used

Additional compartments may be supplied to show other predefined of, user-defined model properties (for example, to
show| business rules, responsibilities, variations, events handled,ex¢eptions raised, and so on). Most compartments are

simply lists of strings, although more complicated formats are also possible. Appearance of each compartment §
prefefably be implicit based on its contents. Compartment ndmes may be used, if needed.

A data-type symbol with a stereotype icon may be “collapsed” to show just the stereotype icon, with the name of

type

Style Guidelines

Attributenames typically begin with a lowercase letter. Multiword names are often formed by concatenating thd

and

124

pither inside the rectangle or below the icon. Other contents of the data type are suppressed.

| Center the name of the data type in boldface.

| Center keyword (including steteotype names) in plain face within guillemets above data-type name.

with an uppercase character).
o| Left justify attribGtes'and operations in plain face.
| Begin attribute-and operation names with a lowercase letter.

| Show full attributes and operations when needed and suppress them in other contexts or references.

ysing lowercase for all letters, except for upcasing the first letter of each word but the first.

hould

the data

¢| For those languages that distinguish between uppercase and lowercase characters, capitalize names (i.e., begip them

words
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ClassA

name: String

shape: Rectangle

+ dize: Integer [0..1]

/ afea: Integer {readOnly}
height: Integer= 5

width: Integer

ClassB

height =7
/ wjdth

id {redefines name}
shape: Square

Figure 11.14 - Examples of attributes

The gttributes in Figure 11.14 are explained below.

of ClassA:
o| ClassA:
of ClassA:
of ClassA:
of ClassA::
o ClassA::
of ClassB::
o| ClassB::

| ClassB::
the ClassA‘\default of 5.

| ClassB:

:name is an attribute with type String.
:shape is an attribute with type Rectanglé.
:size is a public attribute with type Integer with multiplicity 0..1.

:area is a derived attribute withtype Integer. It is marked as read-only.

height is an attribute of type Integer with a default initial value of 5.

width is an attribute of type Integer.

id is an attributé\that redefines ClassA::name.

shape is an attribute that redefines ClassA::shape. It has type Square, a specialization of Rectangle.

height.is’an attribute that redefines ClassA::height. It has a default of 7 for ClassB instances which o

‘width is a derived attribute that redefines ClassA::width, which is not derived.

:2012(E)

verrides
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An attribute may also be shown using association notation, with no adornments at the tail of the arrow as shown in Figure
11.15.

Figure 11.15 - Association-like notation for attribute

11.4.4 Operation

Note [- (additional properties - see “Operation” on page 156).
Desgription
Consfructs::Operation is defined in the Operations diagram. The Classes diagram adds the association between (}

and (lass that represents the ownership of the operation by a class.

Geng¢ralizations

.

Attri
No a

Assdciations
* dlass: Class [0..1]

Constraints

No a

Sem
An o

11.4.5 Property

size

VVITTOOW RATEd

“BehavioralFeature” on page 154

butes

ditional attributes

Redefines the corresponding association in Basic. Subsets RedefinableElement: :redefinitionContext,
NamedElement: :namespace and. Feature: :featuringClassifier.

ditional constraints

pntics

peration maybe owned by and in the namespace of a class that provides the context for its possible redefir

peration

hition.

A property is a structural feature of a classifier that characterizes instances of the classifier. Constructs::Property merges
the definition of Basic::Property with Constructs::StructuralFeature.

A property related by ownedAttribute to a classifier (other than an association) represents an attribute and might also
represent an association end. It relates an instance of the class to a value or set of values of the type of the attribute.

A property related by memberEnd or its specializations to an association represents an end of the association. The type of
the property is the type of the end of the association.

126
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Description

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 an attribute of a classifier, the value or values are related to the instance of the classifier by being held in
slots of the instance. When a property is an association end, the value or values are related to the instance or instances at
the other end(s) of the association (see semantics of Association).

Propgrty is indirectly a subclass of Constructs::TypedElement. The range of valid values represented by the proILerty can
be cantrolled by setting the property’s type.

Generalizations

| “StructuralFeature” on page 135

Attriputes

* igDerivedUnion : Boolean
Specifies whether the property is derived as the union of all of the propertigs'that are constrained to subset it. The
default value is false.

* ipReadOnly : Boolean
This redefines the corresponding attribute in Basic.:Property andAbstractions.::StructuralFeature. The defhult value
is false.

* i§ID : Boolean
True indicates this property can be used to uniquely identify an instance of the containing Class. Default valpe is false

Assaociations

e gssociation: Association [0..1]
References the association of which this préperty is a member, if any.

* gwningAssociation: Association [0..1]
References the owning associatior of this property, if any. Subsets Property:.:association,
NamedElement: :namespace, and Feature: :featuringClassifier.

*  1edefinedProperty : Property [*%]
References the propertics that are redefined by this property. Subsets RedefinableElement: :redefinedElemen

~

*  dubsettedProperty : Property [*]
References the properties of which this property is constrained to be a subset.

*  /lopposite : Property [0..1]
In the casewhere the property is one navigable end of a binary association with both ends navigable, this glves the
otherénd.

* (dlass¢ €lass [0..1]
References the Class that owns the Property. Subsets NamedElement: :namespace, Feature::featuringClasslfier

Constraints

[1] Ifthis property is owned by a class, associated with a binary association, and the other end of the association is also owned
by a class, then opposite gives the other end.

opposite =
if owningAssociation->isEmpty() and association.memberEnd->size() = 2 then
let otherEnd = (association.memberEnd - self)->any() in
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if otherEnd.owningAssociation->isEmpty() then otherEnd else Set{} endif

else Set {}
endif
[2] A multiplicity of a composite aggregation must not have an upper bound greater than 1.
isComposite implies (upperBound()->isEmpty() or upperBound() <= 1)
[3] Subsetting may only occur when the context of the subsetting property conforms to the context of the subsetted
qubsettedProperty->notEmpty() implies
(subsettingContext()->notEmpty() and subsettingContext()->forAll (sc |
subsettedProperty->forAll(sp |
sp.subsettingContext()->exists(c | sc.conformsTo(c)))))
[4] A redefined property must be inherited from a more general classifier containing the redefining property.
if (redefinedProperty->notEmpty()) then
(redefinitionContext->notEmpty() and
redefinedProperty->forAll(rp|
((redefinitionContext->collect(fc|
fc.allParents()))->asSet())->
collect(c| c.allFeatures())->asSet()->
includes(rp))
[S] A subsetting property may strengthen the type of the subsettéd property, and its upper bound may be less.
qubsettedProperty->forAll(sp |
type.conformsTo(sp.type) and
((upperBound()->notEmpty() and sp.upperBound()->notEmpty()) implies
upperBound()<=sp.upperBound() ))
[6] A derived union is derived.
isDerivedUnion implies isDerived
[7] A derived union is read only
isDerivedUnion implies isReadOnly
[8] The value of isComposité,is'true only if aggregation is composite.
isComposite = (self.aggregation = #composite)
[9] A Property cannot.be subset by a Property with the same name
if (self.subsettedProperty->notEmpty()) then
self.subsettedProperty->forAll(sp | sp.name <> self.name)
Add

128

[property.

iohal'Operations

redefinition would be logically consistent. A redefining property is consistent with a redefined property if the ty

tether

pe of 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.

Property::isConsistentWith(redefinee : RedefinableElement) : Boolean

pre: redefinee.isRedefinitionContextValid(self)
isConsistentWith = redefinee.ocllsKindOf(Property) and
let prop : Property = redefinee.oclAsType(Property) in
(prop.type.conformsTo(self.type) and
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((prop.lowerBound()->notEmpty() and self.lowerBound()->notEmpty()) implies
prop.lowerBound() >= self.lowerBound()) and
((prop.upperBound()->notEmpty() and self.upperBound()->notEmpty()) implies

prop.lowerBound() <= self.lowerBound()) and
and (self.isComposite implies prop.isComposite))

[2] The query subsettingContext() gives the context for subsetting a property. It consists, in the case of an attribute, of the

(4]

Sempantics

dorresponding classifier, and in the case of an association end, all of the classifiers at the other ends.
Rroperty::subsettingContext() : Set(Type)

qubsettingContext =

if association->notEmpty()

then association.endType-type

else if classifier->notEmpty() then Set{classifier} else Set{} endif

endif

The query isNavigable indicates whether it is possible to navigate across the property:
Rroperty::isNavigable() : Boolean

IENavigable = not classifier->isEmpty() or
association.owningAssociation.navigableOwnedEnd->includes(self)

The query isAttribute() is true if the Property is defined as an attribute-efisome classifier

gontext Property::isAttribute(p : Property) : Boolean
post: result = Classifier.allinstances->exists(c| c.attribute->includes(p))

When a property is owned by a classifier other than an association via ownedAttribute, then it represents an attfibute of
the class or data type. When related to an association wi@’memberEnd or one of its specializations, it represents gn end of
the agsociation. In either case, when instantiated a property represents a value or collection of values associated with an
instafce of one (or in the case of a ternary or higher-order association, more than one) type. This set of types is dalled the
contgxt for the property; in the case of an attfibute the context is the owning classifier, and in the case of an as§ociation
end the context is the set of types at the othet end or ends of the association.
The yalue or collection of values instantiated for a property in an instance of its context conforms to the properfy’s type.
Propgrty inherits from MultiplicitpElement and thus allows multiplicity bounds to be specified. These bounds c¢nstrain
the size of the collection. Typically and by default the maximum bound is 1.
Propgrty also inherits thesisUnique and isOrdered meta-attributes. When isUnique is true (the default) the colle¢tion of
valugs may not containnduplicates. When isOrdered is true (false being the default) the collection of values is ordered. In
comYination these twoallow the type of a property to represent a collection in the following way:
Tablg 11.1 - Collection types for properties

isOrdered isUnique Collection type

falsc true St

true true OrderedSet

false false Bag

true false Sequence
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If there is a default specified for a property, this 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 specific

value

. The evaluated default then becomes the initial value (or values) of the property.

If a property is derived, then its value or values can be computed from other information. Actions involving a derived
property behave the same as for a nonderived property. Derived properties are often specified to be read-only (i.e., clients
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NotI}ion
The following general'notation for properties is defined. Note that some specializations of Property may also hg

priate changes to the model in order for all the constraints to be met, in particular the derivation constrain
bd property. The derivation for a derived property may be specified by a constraint.

ame and visibility of a property are not required to match those of any property it redefines.

ived property can redefine one that is not derived. An implementation must ensure that the-constraints imj
privation are maintained if the property is updated.

roperty has a specified default, and the property redefines another property withzalspecified default, then t
Ining property’s default is used in place of the more general default from the fedefined property.

avigable property is marked as readOnly, then it cannot be updated onceiit has been assigned an initial va

perty may be marked as a subset of another, as long as every element in the context of the subsetting proj
rms to the corresponding element in the context of the subsettedproperty. In this case, the collection associ
tance of the subsetting property must be included in (or the same as) the collection associated with the
sponding instance of the subsetted property.

perty may be marked as being a derived union. This means that the collection of values denoted by the pr
context is derived by being the strict union of all ofithe values denoted, in the same context, by propertie
bset it. If the property has a multiplicity upper bauad of 1, then this means that the values of all the subsets
r the same.

perty may be marked as being (part of) the-identifier (if any) for classes of which it is a member. The inter|
s is left open but this could be mapped to implementations such as primary keys for relational database tab
utes in XML. If multiple properties are marked (possibly in superclasses) then it is the combination of the (

tuples that will logically provide*the uniqueness for any instance. Hence there is no need for any specifig
and it is possible for some~(but not all) of the property values to be empty. If the property is multivalued,
s are included.

onal notational forms. These are covered in the appropriate Notation sub clauses of those classes.

<property> ::= [<visibility>] [ /'] <name> [*:" <prop-type>] [ ‘[ <multiplicity> ‘]’] [ =" <default>]

t directly change values). But where a derived property is changeable, an implementation is expected to njake

t for the

plied by

he

uc.

erty
ited with

bperty in
defined
must be

pretation
es or ID
property,
ation of
then all

[ { " <prop-modifier > [*,” <prop-modifier >]* }’]

where:
« <visibility> is the visibility of the property (See “VisibilityKind” on page 91).
<visibility> ::= "+ -*
« ‘/’ signifies that the property is derived.
» <name> is the name of the property.
130
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« <prop-type> is the name of the Classifier that is the type of the property.

All r
inher
avail

11.4

The
Rede
corre

:2012(E)

<multiplicity> is the multiplicity of the property. If this term is omitted, it implies a multiplicity of 1 (exactly one). (See

“MultiplicityElement” on page 134.)

<default> is an expression that evaluates to the default value or values of the property.

<prop-modifier > indicates a modifier that applies to the property.

<prop-modifier> ::= ‘readOnly’ | ‘union’| ‘subsets‘ <property-name> |
‘redefines’ <property-name> | ‘ordered’ | ‘unique’| ‘id’ | <prop-constraint>
where:

* readOnly means that the property is read only.

* yunion means that the property is a derived union of its subsets.
name>.

name>.
* ordered means that the property is ordered.
* unique means that there are no duplicates in a multi-valaed property.
* id means that the property is part of the identifier for the class.

» <prop-constraint> is an expression that specifies a constraint that applies to the property.

bdefinitions shall be made explicit with the use of a {redefines <x>} property string. Redefinition prevents

ble for reuse, either for the redefining-element, or for some other.

b Classifiers Diagram

[lassifiers diagram of the Constructs package specifies the concepts Classifier, TypedElement, Multiplicity|
finableElement, Featuré, and StructuralFeature. In each case these concepts are extended and redefined fro|
sponding definitionssif-Basic and Abstractions.

tance of a redefined element into the redefinition context thereby making the name of the redefined elemdnt

* subsets <property-name> means that the property is a proper subset of the'property identified by <propgrty-

* redefines <property-name> means that the property redefines an/inherited property identified by <propdrty-

Element,
m their
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Namespace Type NamedElamant
i iy &
{read Only, union)
frend Only, union]
+ FedelngGClement
Classifler + fredefinition Context RadafinableElamss it j‘
+ WFinalSpedalization | Boolean =
Fa
+ ganeral
ZI Elamant
e Faafure
+ featuringClassifier  + feature o MultipliofyElement
{sibsats membaer} {read Only, union) [readOnly, union, + !ﬂ'ﬁm‘j Boolean
: subsets member] €isirique : Bodlean
+ finherkedMamber  fofwer | Integar
+ Uppar | Unlimiedhatural
NamedElemant =2 Fa)
T TypedElamant
TypedElemant *pe | Type StructuralFeature

Figure 11.16 - The Classifiers diagram of the Constructs package
11.8.1 Classifier

Desgription

Consjructs::Classifier merges the definitions of Classifier from Basic and Abstractions. It adds specializations ffom
Consfructs::Namespace and Constructs::Type and the capability to specify that a classifier cannot be specializegl by
genefalization.

Gene¢ralizations
o] “Type” on page 136

| “Namespdace” on page 150

Attriputes

» isFinalSpecialization: Boolean
if true, the Classifier cannot be specialized by generalization. Note that this property is preserved through package
merge operations; that is, the capability to specialize a Classifier (i.e., isFinalSpecialization =false) must be preserved
in the resulting Classifier of a package merge operation where a Classifier with isFinalSpecialization =false is merged
with a matching Classifier with isFinalSpecialization =true: the resulting Classifier will have isFinalSpecialization
=false. Default is false.
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Associations

»  /feature : Feature [*]

Redefines the corresponding association in Abstractions. Subsets Namespace::member and is a derived union.
Note that there may be members of the Classifier that are of the type Feature but are not included in this

association (e.g., inherited features).

ConLtraints
[1] The parents of a classifier must be non-final.
delf.parents()->forAll(not isFinalSpecialization)

Sempntics

No aglditional semantics

Notation
As d¢fined in Abstractions

11.5.2 Feature

Desg¢ription

Consfructs::Feature reuses the definition of Feature from Abstractions. It adds a specialization from
Conslructs::RedefinableElement.

Generalizations

J “RedefinableElement” on page 134

Attriputes

No aglditional attributes

Associations

»  /featuringClassifier : Classifier [1..¥]

Redefines the corresponding association in Abstractions. This is a derived union.

Constraints

No aglditional censtraints

Sempantics

No aglditional semantics

Notation
As defined in Abstractions
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11.5.3 MultiplicityElement

Description

Constructs::MultiplicityElement reuses the definition of MultiplicityElement from Abstractions. It adds a specialization

from Constructs::Element.

Genlralizations

“Element” on page 108

Attriputes

No aglditional attributes

Assogciations

No aglditional associations

Constraints

No aglditional constraints

Sempntics

No aglditional semantics

Notation
As d¢fined in Abstractions

11.5.4 RedefinableElement

Desgription

Consfructs::RedefinableElement/feuses the definition of RedefineableElement from Abstractions. It adds a speci
from|Constructs::NamedElement and the capability for indicating whether it is possible to further redefine a
RedefinableElement.

Geng¢ralizations

“NamedElement” on page 149

Attriputes
» i$L€af: Boolean

alization

134

Indicates whether it is possible to further redefine a RedefinableElement. If the value is true, then it is not possible to
further redefine the RedefinableElement. Note that this property is preserved through package merge operations; that
is, the capability to redefine a RedefinableElement (i.e., isLeaf=false) must be preserved in the resulting
RedefinableElement of a package merge operation where a RedefinableElement with isLeaf=false is merged with a
matching RedefinableElement with isLeaf=true: the resulting RedefinableElement will have isLeaf=false. Default
value is false.
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Associations

* /redefinedElement: RedefinableElement[*]
This derived union is redefined from Abstractions.

*  /redefinitionContext: Classifier[*]
This derived union is redefined from Abstractions.

Constraints

[1] At least one of the redefinition contexts of the redefining element must be a specialization of at least one-of'the reglefinition

ontexts for each redefined element.
elf.redefinedElement->forAll(e | self.isRedefinitionContextValid(e))

[2] A redefining element must be consistent with each redefined element.

[3] gelf.redefinedElement->forAli(re | re.isConsistentWith(self))A redefinable element can onlyjredefine non-leaf redpfinable

lements
elf.redefinedElement->forAll(not isLeaf)

Additional Operations

[17 The query isConsistentWith() specifies, for any two RedefinableElements in a context in which redefinition is possible,

hether redefinition would be logically consistent. By default, this4s false; this operation must be overridden fq
ubclasses of RedefinableElement to define the consistency conditions.

edefinableElement::isConsistentWith(redefinee: RedefinableElement): Boolean;
re: redefinee.isRedefinitionContextValid(self)

e T o S = N7 NP

bsult = false

(2]

edefinition contexts of the specified element.
edefinableElement::isRedefinitionContextValid(redefined: RedefinableElement): Boolean;
bsult = self.redefinitionContext->exists(c | c.allParents()->includes(redefined.redefinitionContext))

Sempantics

No aglditional semantics

Notation
As d¢fined in Abstractions

11.8.5 StructuralFeature

T

The query isRedefinitionContextValid() specifies whether the redefinition contexts of this RedefinableElement are

properly related to the redefinition contexts of the specified RedefinableElement to allow this element to redefine the
dther. By default at least one of the redefinition contexts of this element must be a specialization of at least one pf the
1
A
M

Description

Constructs::StructuralFeature reuses the definition of StructuralFeature from Abstractions. It adds specializations from

Constructs::Feature, Constructs:: TypedElement, and Constructs::MultiplicityElement.

By specializing MultiplicityElement, it supports a multiplicity that specifies valid cardinalities for the set of values

associated with an instantiation of the structural feature.
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Generalizations
+ “Feature” on page 133
» “TypedElement” on page 137

. “Mn]tipli(‘i‘er]ement” on page 134

Attriputes

No aglditional attributes

Assogciations

No aglditional associations

Constraints

No aglditional constraints

Sempntics

No aglditional semantics

Notation
As d¢fined in Abstractions

11.8.6 Type

Desgription

Consjructs:: Type merges the definitions of*Type from Basic and Abstractions. It adds a specialization from
Conslructs.::NamedElement.

Geng¢ralizations

0

“NamedElement” on page 149

“PackageableElement” on page 151

Attriputes

No aglditional ‘attributes

Asscrciations

No additional associations

Constraints

No additional constraints

Semantics

No additional semantics
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tion

As defined in Abstractions

11.5.7 TypedElement

:2012(E)

Des¢

Cons
from

Geng¢ralizations

Attriputes

LA

Associations

No a

Constraints

No a

Sempntics

No a

Notation

As d

11.

The

construct.

Eription
ructs:: TypedElement merges the definitions of TypedElement from Basic and Abstractions. It adds.-a.speci
Constructs::NamedElement.

“NamedElement” on page 149

ype: Classifier [1]
Redefines the corresponding attributes in both Basic and Abstractions.

ditional associations

ditional constraints

lditional semantics

fined in Abstractions

5 Constraints Diagram

onstraints diagram.of the Constructs package specifies the Constraint construct and adds features to the Na

hlization

mespace
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PackageableElement

iy
[ewdaradl
- .
Namespace Constraint + constrainedElement EI
B B
+ contesxt + owhnedRule
sibsets namespace subsets ownedMermber
- L pacel | ! Tsubsets ownerd  {subsets ownedBlement)
* - i ific:ati
0.1 ¢+ owningConstraint  * SRRCTCAN T vasmeSpacification
0.1 4

Figure 11.17 - The Constraints diagram of the Constructs package
11.6.1 Constraint

Desgription

Consfructs::Constraint reuses the definition of Constraint from Abstractions::Constraints. It adds a specializatidn to
PackqigeableElement.

Geng¢ralizations

.

“PackageableElement” on page 151

Attriputes

No aglditional attributes

Assdgciations
e gonstrainedElement: Element
Redefines the correspondingproperty in Abstractions.

* gontext: Namespace [0..1]
Specifies the Namespagé that is the context for evaluating this constraint. Subsets NamedElement: :namespace.

»  gpecification: ValueSpecification
Redefines the corresponding property in Abstractions. Subsets Element.ownedElement.

Constraints

No aglditional constraints

Sem

No additional semantics

Notation

No additional notation
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11.6.2 Namespace

Note — (additional properties - see “Namespace” on page 150).

Description

Cons

Namg¢space and Constraint that represents the ownership of the constraint by a namespace.

Generalizations

Attriputes

No a

Assaociations

M q

Con
No a

Sempantics

No a

11.]

The 1
Prim

definjng primitive data types (such-ds Integer and String) and user-defined enumeration data types. The data tyy

typic

ructs::Namespace is defined in the Namespaces diagram. The Constraints diagram shows the associatiof 4

“NamedElement” on page 149
ditional attributes
wnedRule : Constraint [*]

Redefines the corresponding property in Abstractions. Subsets Naméspace::ownedMember.

straints

ditional constraints

ditional semantics

f DataTypes Diagram

DataTypes diagram of the Constructs package specifies the DataType, Enumeration, EnumerationLiteral, ar
tiveType constructs, and adds-features to the Property and Operation constructs. These constructs are used|

hlly used for declaring the, types of the class attributes.
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Classifier

4

DataType

datatype ownedAttribute Property

0..1 {subsets namespace, {ordered  «

subsets featuringClassifier, subsets attribute,
subsets classifier} subsets ownedMember}

datatype ownedOperation Operation

0..1 -
{subsets redefinitionContext, {ordered
subsets namespace, subsets feature,
subsets featuringClassifier} Subsets ownedMember}

Name dElement

i

PrimitiveType Enumeration enumeration ownedLiteral | \\EnumerationLiteral

>

0..1 *

{subsets namespace} {subsets.ownedMember,
ordered}

Figure 11.18 - The classes defined in the DataTypes diagram
11.7.1 DataType

Desgription

A dafa type is a type whose instances are identified only by their value. A DataType may contain attributes to support the
moddling of structured data types-

A typjical use of data types would be to represent programming language primitive types or CORBA basic typeg. For
example, integer and stting types are often treated as data types.

Geng¢ralizations

0

“Classifier” on page 132

Attriputes
No additional attributes

Associations

* ownedAttribute: Property[*]
The Attributes owned by the DataType. This is an ordered collection. Subsets Classifier::attribute and
Namespace::ownedMember.
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+ ownedOperation: Operation[*]

The Operations owned by the DataType. This is an ordered collection. Subsets Classifier:feature and
Namespace::ownedMember.

Constraints

No a

lditional constraints

Additional Operations

[ 1
i
i

'he inherit operation is overriden to exclude redefined properties

ataType::inherit(inhs: Set(NamedElement)): Set(NamedElement);
hherit=inhs->excluding(inh | ownedMember->
select(ocllsKindOf(RedefinableElement))->select(redefinedElement->includes(inh)))

Sempantics

A da
ident

All ¢
instaj
struc
of th:

a type is a special kind of classifier, similar to a class. It differs from a class’in that instances of a data tyj
fied only by their value.

bpies of an instance of a data type and any instances of that data type with the same value are considered to
ices. Instances of a data type that have attributes (i.e., is a strucfured data type) are considered to be equal
ure is the same and the values of the corresponding attributesare equal. If a data type has attributes, then
it data type will contain attribute values matching the attributes.

Sempntic Variation Points

Any
point|

Festrictions on the capabilities of data types, such’as constraining the types of their attributes, is a semantic

Notation

A da
show

Exarn

a type is shown using the classifier symbol with keyword «dataType» or when it is referenced by e.g., an
h as a string containing the name\of the data type.

hples

«dataType» size: Integer
Integer

Figunl

:2012(E)

€ arc

be equal
if the
nstances

ariation

httribute,

e“11.19 - Notation of data type: to the left is an icon denoting a

data type and to the right is a reference to a data type that is used in an attribute.

11.7.2 Enumeration

An enumeration is a data type whose values are enumerated in the model as enumeration literals.
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Description

Constructs::Enumeration reuses the definition of Enumeration from Basic. It adds a specialization to
Constructs::DataType.

Enumeration is a kind of data type, whose instances may be any of a number of predefined enumeration literals.

It is ]|>ossib1e to extend the set of applicable enumeration literals in other packages or profiles.

Geng¢ralizations

“DataType” on page 140.

Attriputes

No aglditional attributes

Associations

*  dwnedLiteral: EnumerationLiteral[ *]
The ordered set of literals for this Enumeration. Subsets Namespace: {ownedMember.

Constraints

No aglditional constraints

Sempntics

The qun-time instances of an Enumeration are data values® Each such value corresponds to exactly one
EnunperationLiteral.

NotTon

An efiumeration may be shown using the (classifier notation (a rectangle) with the keyword «enumeration». The|name of
the epumeration is placed in the upper compartment. A compartment listing the attributes for the enumeration i§ placed
below the name compartment. A compartment listing the operations for the enumeration is placed below the attribute
complartment. A list of enumeration-literals may be placed, one to a line, in the bottom compartment. The attributes and
operdtions compartments may be suppressed, and typically are suppressed if they would be empty.
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Examples

“isibility kind

public

:2012(E)

P
p
P

Iwate
otected
bckage

Figure 11.20 - Example of an enumeration

11.7

Ane

Desq

Cons
Cons

Generalizations

Attriputes

No a

Assaociations

® [

Constraints

No a

Sempantics

An E

An E|
name

.3 EnumerationLiteral
humeration literal is a user-defined data value for an enumeration.
Eription

ructs::EnumerationLiteral reuses the definition of Enumeration from“Basic. It adds a specialization to
ructs::NamedElement.

“NamedElement” on page 149

ditional attributes

numeration: Enumeration[0..1]
The Enumeration that this EnumerationLiteral is a member of. Subsets NamedElement::namespace.

ditional constraints

numerationDiteral defines an element of the run-time extension of an enumeration data type.

humerationLiteral has a name that can be used to identify it within its enumeration datatype. The enumerati
is-scoped within and must be unique within its enumeration. Enumeration literal names are not global and

bn literal
must be

quali

1ed 1or general use.

The run-time values corresponding to enumeration literals can be compared for equality.

Notation

An EnumerationLiteral is typically shown as a name, one to a line, in the compartment of the enumeration notation (see
“Enumeration”).
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Examples

See “Enumeration”

11.7.4 Operation

Note

- (additional properties - see “Operation” on page 156)

Desgription

Cons
Oper

ructs::Operation is defined in the Operations diagram. The DataTypes diagram shows the association betw
htion and DataType that represents the ownership of the operation by a data type.

Generalizations

Attri
No a

“BehavioralFeature” on page 154

butes

iditional attributes

Assaociations

*  datatype : DataType [0..1]

The DataType that owns this Operation. Subsets NamedElement: :namespace, Feature::featuringClassifier,
RedefinableElement: :redefinitionContext.

Constraints

No a

Sem
An o

ditional constraints

RAntics

beration may be owned by and in.the namespace of a datatype that provides the context for its possible red

11.71.5 PrimitiveType

A primitive type defines-a\predefined data type, without any relevant substructure (i.e., it has no parts in the co
UML). A primitive datatype may have an algebra and operations defined outside of UML, for example, mathen

Desgription

Cons
Cons

ructszPrimitiveType reuses the definition of PrimitiveType from Basic. It adds a specialization to
ructs. *DataType.

cen

and

efinition.

htext of
natically.

The instances of primitive type used in UML itself include Boolean, Integer, UnlimitedNatural, and String (see Clause 12,
“Core::PrimitiveTypes”).

Generalizations

144

“DataType” on page 140
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Attributes

No additional attributes

Associations

No additional associations

Constraints

No aglditional constraints

Sempantics

The fqun-time instances of a primitive type are data values. The values are in many-to-one correspondence to matljematical
elem¢nts defined outside of UML (for example, the various integers).

Instapces of primitive types do not have identity. If two instances have the same r¢ptesentation, then they are
indis{inguishable.

Notation

A primitive type has the keyword «primitive» above or before the nafne of the primitive type.

Instapces of the predefined primitive types (see Clause 12, “CorgxPrimitiveTypes”) may be denoted with the same
notatjon as provided for references to such instances (see the subtypes of “ValueSpecification™).

Examples

See (lause 12, “Core::PrimitiveTypes” for examples
11.7.6 Property
Note |- (additional properties - see “Property” on page 126)

Desg¢ription

Consfructs::Property is defined/in the Classes diagram. The DataTypes diagram shows the association between Property
and DataType that represents the ownership of the property by a data type.

Generalizations

“StructuralFeature” on page 135

Attriputes

No additional attributes

Associations

+ datatype : DataType [0..1]
The DataType that owns this Property. Subsets NamedElement: :namespace, Feature: featuringClassifier, and
Property::classifier.
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Constraints

No additional constraints

Semantics

A property may he owned by and in the namespace of a datatupe
t t t

11.8 Namespaces Diagram

or indlividual members of packages.

DirectedRelationship

Packagélmport

+

isibility : VisibilityKind = publie

The Namespaces diagram of the Constructs package specifies Namespace and related constructs. It;specifies how named
elem¢nts are defined as members of namespaces, and also specifies the general capability for any-namespace to ijnport all
/\
«enumeration»
NamedElement VisibilityKind
+name : String [0..1] public
+ visibility : VisibilityKind [0..1] private
+ /qualifiedName : String [0..1] {readOnly} protected
package
{readOnly, union, subsets {readOnly, union, subsets
owner, subsets ownedElement, subsets
{subsets memberNamespace}
memberNamespace} member}
* + namespace + /namespace + JownedMember
PackageableEl it I N et 01 " NamedElemdnt
+ /importedMember: * N
{readOnly, subsets member}
+ memberNamespace + /member
{readOnly, union}
{subsets | DirectedRelatiqnship |
{subsets source, {subsets source, directedRelationship
subsets owner} subsets owner} subsets ownedEIemént} Zr
x + importingNamespace
+ importingNamespace  + elementimport Elementimpprt
* packagelmport 1 P — — -
N {subsets directedRelationship, 1 * * V|§|b|I|ty ',V'S'b'"tyK nd = public
+ alias : String [0..1]

4 packagelmport

{supsets
dirdctedRelationsHip}

subsets ownedElement}

1

+

mportedPackage
{subsets target}

Package
+ URI : String [0..1]

+ elementimport
{subsets directedRelationship}

1

PackageableElement

|
I+ importedElement

Figure 11.21 - The Namespaces diagram of the Constructs package

11.8.1 Elementimport

{stibsets-target)

An element import identifies an element in another package, and allows the element to be referenced using its name

without a qualifier.

146
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Description

:2012(E)

An element import is defined as a directed relationship between an importing namespace and a packageable element. The
name of the packageable element or its alias is to be added to the namespace of the importing namespace. It is also
possible to control whether the imported element can be further imported.

Genéralizations

Attri

V

“DirectedRelationship” on page 108

butes

isibility: VisibilityKind
Specifies the visibility of the imported PackageableElement within the importing Package) The default visi
the same as that of the imported element. If the imported element does not have a visibility, it is possible to
visibility to the element import; default value is public.

qlias: String [0..1]
Specifies the name that should be added to the namespace of the importing-Package in lieu of the name of the

imported PackagableElement. The aliased name must not clash with any‘other member name in the importi
Package. By default, no alias is used.

Associations

i

mportedElement: PackageableElement [1]
Specifies the PackageableElement whose name is to be @dded to a Namespace. Subsets DirectedRelationsh

mportingNamespace: Namespace [1]
Specifies the Namespace that imports a PackageableElement from another Package. Subsets
DirectedRelationship: :source and Element.:owner.

Con

(1]

(2]

traints

he visibility of an ElementImport is either public or private.

elf.visibility = #public or self.visibility = #private

n importedElement has either public visibility or no visibility at all.
elf.importedElement.visibility:-notEmpty() implies self.importedElement.visibility = #public

tional Operations
'he query getNarhe() returns the name under which the imported PackageableElement will be known in the imj
amespace.
lementimport::getName(): String;
etName =
if'self.alias->notEmpty() then

bility is

add

ng

p.:target.

orting

apalf alinc
SCraimas

else
self.importedElement.name
endif
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Semantics

An element import adds the name of a packageable element from a package to the importing namespace. It works by
reference, which means that it is not possible to add features to the element import itself, but it is possible to modify the
referenced element in the namespace from which it was imported. An element import is used to selectively import
individual elements without relying on a package import.

In cape of a nameclash with an outer name (an element that is defined in an enclosing namespace is available uping its
unquilified name in enclosed namespaces) in the importing namespace, the outer name is hidden by an element import,
and the unqualified name refers to the imported element. The outer name can be accessed using its qualified name.

If mgre than one element with the same name would be imported to a namespace as a consequenge.of element ithports or
packgge imports, the elements are not added to the importing namespace and the names of thesé elements must|be

qualified in order to be used in that namespace. If the name of an imported element is the same as the name of ar] element
owneld by the importing namespace, that element is not added to the importing namespaée and the name of that{element
must [be qualified in order to be used. If the name of an imported element is the same\a@s/the name of an element owned
by thp importing namespace, the name of the imported element must be qualified_in order to be used and is not [added to
the ifhporting namespace.

An ithported element can be further imported by other namespaces using either element or package imports.

The yisibility of the ElementImport may be either the same or more r€stricted than that of the imported element.

Notation

An element import is shown using a dashed arrow with an open arrowhead from the importing namespace to the jmported
elem¢nt. The keyword «import» is shown near the dashedarrow if the visibility is public, otherwise the keyword access»
is shgwn to indicate private visibility.

If an [element import has an alias, this is used in lied of the name of the imported element. The aliased name may be
showh after or below the keyword «import».

Presentation Options
If thq imported element is a package,\the keyword may optionally be preceded by element (i.e., «element import»).

As ai} alternative to the dashed, arfow, it is possible to show an element import by having a text that uniquely identifies
the ithported element withifi-curly brackets either below or after the name of the namespace. The textual syntax|is then:

13

element import ~<qualifiedName> ‘} | {element access ‘ <qualifiedName> ‘}’

Optidnally, the aliased name may be shown as well:

3

elementimport * <qualifiedName> ‘as’ <alias> ‘} | ‘{element access ° <qualifiedName> ‘as’ <alias> ‘}’

Examples

The element import that is shown in Figure 11.22 allows elements in the package Program to refer to the type Time in
Types without qualification. However, they still need to refer explicitly to Types::Integer, since this element is not
imported. Type String can be used in the Program package but cannot be further imported from Program to other
packages.
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Types
«datatype»
7 String
«access» -~ /
«datatype»
Integer
|
Program «dz:_t:’altype»

«import» Ime

Figune 11.22 - Example of element import

In Figure 11.23, the element import is combined with aliasing, meaning thathe type Types::Real will be referr¢d to as
Doulle in the package Shapes.

Tlypes
Shapes
«import»
«dz:%atyr:e» <o Double c
eal [NTTTtee-———illl - ircle
radius: Double

Figune 11.23 - Example of element import with aliasing
11.8.2 NamedElement

Desg¢ription

Consfructs::NamedElement reuses the definition of NamedElement from Abstractions:: Visibilitites. It adds specidlizations
from|Constructs::Eléement and Basic::NamedElement.

Gen¢ralizations

| “Element” on page 108

Attributes

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

Constraints

namespace: NamedElement [0..1]
The Namespace that owns this NamedElement. Redefines the corresponding property from
Abstractions::Namespaces::NamedElement.

No aglditional constraints

Sempntics

No aglditional semantics

Notation

No aglditional notation

11.8.3 Namespace

Desgription

Consfructs::Namespace reuses the definition of Abstractions::Constraints:: Namespace.

A naespace has the ability to import either individual members*or‘all members of a package, thereby making it
to refler to those named elements without qualification in the.importing namespace. In the case of conflicts, it is 1
to us¢ qualified names or aliases to disambiguate the refereneed elements.

Generalizations

“NamedElement” on page 149

Attriputes

No aglditional attributes

Assdciations

150

dlementImport: Elementhyiport [*]
References the ElementImports owned by the Namespace.Subsets Element::ownedElement.

~

mportedMember:PackageableElement [*]
References the PackageableElements that are members of this Namespace as a result of either Packagelmp
Elementimports. Subsets Namespace.:member.

/member: NamedElement [*]
Redefines the corresponding property of Abstractions::Namespaces::Namespace.

/ownedMember: NamedElement [*]
Redefines the corresponding property of Abstractions::Namespaces::Namespace.

packagelmport: Packagelmport [*]
References the Packagelmports owned by the Namespace. Subsets Element::ownedElement.

possible
ecessary

rts or
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Constraints
[1] The importedMember property is derived from the ElementImports and the PackageImports.

importedMember = self.elementimport.importedElement.asSet()->union(self.packagelmport.importedPackage->collect(p |
p.visibleMembers()))

Additiomatoperations
[17 The query getNamesOfMember() is overridden to take account of importing. It gives back the set of names/that|an

lement would have in an importing namespace, either because it is owned; or if not owned, then imported-indiyidually;
r if not individually, then from a package.

g
g
Namespace::getNamesOfMember(element: NamedElement): Set(String);
detNamesOfMember=
if self.ownedMember ->includes(element)
then Set{}->include(element.name)
else let elementimports: Elementimport = self.elementimport->select(ei | ei.importedElement = element) in
if elementimports->notEmpty()
then elementimports->collect(el | el.getName())
else
self.packagelmport->select(pi | pi.importedPackage.visibleMembers()->includes(element))->
collect(pi | pi.importedPackage.getNamesOfMember(element))
endif
endif
(2]

The query importMembers() defines which of a set of PackageableElements are actually imported into the namgspace.
This excludes hidden ones, i.e., those which have names that conflict with names of owned members, and also ¢xcludes
glements that would have the same name when imported.

Namespace::importMembers(imps: Set(PackageableElement)): Set(PackageableElement);

importMembers = self.excludeCollisions(imps)->select(imp | self.ownedMember->forAll(mem |
hem.imp.isDistinguishableFrom(mem, Self)))

—

The query excludeCollisions() excludes from a set of PackageableElements any that would not be distinguishablle from
dach other in this namespace.
N

lamespace::excludeCollisions(imps: Set(PackageableElements)): Set(PackageableElements);
gxcludeCollisions = imps-<reject(imp1 | imps.exists(imp2 | not imp1.isDistinguishableFrom(imp2, self)))
Sempantics

No aglditional semantics

Notation

No agldifional notation

11.8.4 PackageableElement
A packageable element indicates a named element that may be owned directly by a package.

Description

A packageable element indicates a named element that may be owned directly by a package.
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Generalizations

Attri
No a

“NamedElement” on page 149

butes

Jaite 1 4daasl 4+
HUILIUIIAT AtltITUULUS

Assdciations

No a

Constraints

No a

Sem
No a

Notation

No a

11.8.5 Packagelmport

A pa

namegpaces.

Desgription

A pa

namespace.

Geng¢ralizations

0

Attri

»  isibility: VisibilityKind

Iditional associations

ditional constraints

RAntics

Iditional semantics

Iditional notation

kage import is a relationship that allows the use of unqualified names to refer to package members from ¢ther

kage import is defined as a directed rélationship that identifies a package whose members are to be imported by a

“DirectedRelationship? on-page 108

butes

Specifies the visibility of the imported PackageableElements within the importing Namespace, i.e., whether imported
eleménts’'will in turn be visible to other packages that use that importingPackage as an importedPackage. If|the
Packagelmport is public, the imported elements will be visible outside the package, while if it is private they will
not. By default, the value of visibility is public.

Associations

+ importedPackage: Package [1]

Specifies the Package whose members are imported into a Namespace. Subsets DirectedRelationship::target.

* importingNamespace: Namespace [1]

152

Specifies the Namespace that imports the members from a Package. Subsets DirectedRelationship::source and
Element::owner.
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Constraints
[1] The visibility of a Packagelmport is either public or private.
self.visibility = #public or self.visibility = #private

Semantics

A pagkage import is a relationship between an importing namespace and a package, indicating that the importirlg
namespace adds the names of the members of the package to its own namespace. Conceptually, a package~impdrt is

equivalent to having an element import to each individual member of the imported namespace, unless there is aflready a
separptely-defined element import.

Notation

A pagkage import is shown using a dashed arrow with an open arrowhead from the importing package to the inpported
package. A keyword is shown near the dashed arrow to identify which kind of packagé import that is intended.|The
preddfined keywords are «import» for a public package import, and «access» for aprivate package import.

Presentation options

As ar) alternative to the dashed arrow, it is possible to show a package import by having a text that uniquely identifies the
impofted package within curly brackets either below or after the nameyof’the namespace. The textual syntax is then:

<

{‘import * <qualifiedName> ‘}’ | “{access ‘ <qualifiedName> }}

Examples

In Figure 11.24, a number of package imports are shown:\TFhe elements in Types are imported to ShoppingCart, fand then
furth¢r imported WebShop. However, the elements of(Auxiliary are only accessed from ShoppingCart, and canrlot be
refergnced using unqualified names from WebShop:

/C UXi“ary ‘$~~«3<3:ess» —l

~
SS

«import»

) SheppingCart [€-=-=---+ WebShop

I 1
P
-

Types é—’«’import»

Figune 11.24 - Examples of public and private package imports
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TypedElement MultiplicityElement
Feature Namespace
I I {subsets ownedMamber, Parameter
BehavioralFeature | {subsets namespace} ordered}
+ ownerFormalParam +ownedParameter default : String
> —>| direction : ParameterDirectionKind
0..1
+raisedException
Type
ParameterDirectignKind
in
inout
{subsets namespace} {redefines ownedParameter} ?z—;]tturn
Operation +operation +ownedParameten T~ porameter
L "
. 0..1
isQuery : Boolean
[isPOrdered : Boolean
/is{Jnique : Boolean
/lgwer : Integer +type
/upper : UnlimitedNatural Type
0..1
{redefines raisedException}
+ raisedException
{subsets context} {subsets ownedRule}
+preContext +precondition
o * Congstraint
{subsets context} {subsets ownedRule}
e +postContext +postcondition
0..1 *
{subsets context} {subsets ownedRule}
+bodyContext +bodyCondition
[
0..1 0..1
{subsets redefinedElement}
+redefinedOperation
Figure11.25 - The Operations diagram of the Constructs package

11.9.1 BehavioralFeature

Description

Constructs::BehavioralFeature reuses the definition of BehavioralFeature from Abstractions::BehavioralFeatures. 1t adds
specializations to Constructs::Namespace and Constructs::Feature.
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Generalizations
« “Feature” on page 133

+ “Namespace” on page 150

Attriputes

No aglditional attributes

Assaociations

*  dwnedParameter: Parameter|*]
Specifies the ordered set of formal parameters of this BehavioralFeature. Subsets Naniespace::ownedMelmber.

+ rpisedException: Type[*]
References the Types representing exceptions that may be raised during an invocation of this feature.

Constraints

No aglditional constraints

Additional Operations
[1] The query isDistinguishableFrom() determines whether two BehavioralFeatures may coexist in the same Namegpace. It
gpecifies that they have to have different signatures.
BehavioralFeature::isDistinguishableFrom(n: NamedElemént; ns: Namespace): Boolean;
isDistinguishableFrom =
if n.oclIsKindOf(BehavioralFeature)
then
if ns.getNamesOfMember(self)->intersection(ns.getNamesOfMember(n))->notEmpty()
then Set{}->include(self)->include(n)->isUnique( bf | bf.ownedParameter->collect(type))
else true
endif
else true
endif

Sem‘rntics
The list of owned parameters describes the order, type, and direction of arguments that can be given when the
BehajioralFeature(is invoked or which are returned when the BehavioralFeature terminates.

The ¢wnediparameters with direction in or inout define the type, and number, of arguments that must be provided when
invoKing the BehavioralFeature. An owned parameter with direction out, inout, or return defines the type of the grgument
that willshe returned from a successfil invocation A RehavioralFeature may raise an Pyr‘eptinn dnring its invodation.

Notation

No additional notation
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11.9.2 Operation

An operation is a behavioral feature of a classifier that specifies the name, type, parameters, and constraints for invoking
an associated behavior.

Desdription

Consfructs::Operation reuses the definition of Operation from Basic. It adds a specialization to
Constructs::BehavioralFeature.

The gpecification of an operation defines what service it provides, not how this is done, and can in¢lude a list of|pre- and
postcpnditions.

Geng¢ralizations

| “BehavioralFeature” on page 154

Attriputes

* /IsOrdered : Boolean
Redefines the corresponding property from Basic to derive this information from the return result for this (peration.

*  ifQuery : Boolean
Specifies whether an execution of the Operation leaves the state of the system unchanged (isQuery=true) ot whether
side effects may occur (isQuery=false). The default valug;is false.

* /IsUnique : Boolean
Redefines the corresponding property from Basicto derive this information from the return result for this (peration.

*  /lower : Integer[0..1]
Redefines the corresponding property from“Basic to derive this information from the return result for this (peration.

*  /ppper : UnlimitedNatural[0..1]
Redefines the corresponding property from Basic to derive this information from the return result for this (peration.

Associations

*  HodyCondition: Constraint[0.:1]
An optional Constraint on the result values of an invocation of this Operation. Subsets Namespace.ownedRule.

*  fostcondition: Constraint[*]
An optionalset'of Constraints specifying the state of the system when the Operation is completed. Subses
Namespdc¢e-ownedRule.

*  frecondition? Constraint[*]
Anoptional set of Constraints on the state of the system when the Operation is invoked. Subsets
Namespace.ownedRule.

+ raisedException: Type[*]
References the Types representing exceptions that may be raised during an invocation of this operation. Redefines
Basic::Operation.raisedException and BehavioralFeature.raisedException.

* redefinedOperation: Operation[*]
References the Operations that are redefined by this Operation. Subsets RedefinableElement.redefinedElement.

e /type: Type[0..1]
Redefines the corresponding property from Basic to derive this information from the return result for this Operation.
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Constraints

[17 An operation can have at most one return parameter (i.e., an owned parameter with the direction set to ‘return’).

(2]

(6]

(7]

Additional Operations

[1] The query isConsistentWith() specifies, for any two Operdtions in a context in which redefinition is possible, wi

ownedParameter->select(par | par.direction = #return)->size() <= 1

:2012(E)

If this operation has a return parameter, isOrdered equals the value of isOrdered for that parameter. Otherwise isOrdered is

false.

isOrdered = if returnResult()->notEmpty() then returnResult()->any().isOrdered else false endif

Iff this operation has a return parameter, isUnique equals the value of isUnique for that parameter. Otherwise is{
true.

ipUnique = if returnResult()->notEmpty() then returnResult()->any().isUnique else true endif
Iff this operation has a return parameter, lower equals the value of lower for that parameter. Othérwise lower is nd
Ipbwer = if returnResult()->notEmpty() then returnResult()->any().lower else Set{} endif

Iff this operation has a return parameter, upper equals the value of upper for that parameter~Otherwise upper is ng
Upper = if returnResult()->notEmpty() then returnResult()->any().upper else Set{} endif

Iff this operation has a return parameter, type equals the value of type for that parameter. Otherwise type is not d
type = if returnResult()->notEmpty() then returnResult()->any().type else Sgetf} endif

A bodyCondition can only be specified for a query operation.

RodyCondition->notEmpty() implies isQuery

redefinition would be logically consistent. A redefiningloperation is consistent with a redefined operation if it h:
same number of owned parameters, and the type of gach owned parameter conforms to the type of the correspot
redefined parameter.

A redefining operation is consistent with aredefined operation if it has the same number of formal parameters,
rjumber of return results, and the type of ¢ach formal parameter and return result conforms to the type of the
dorresponding redefined parameter or return result.
Qperation::isConsistentWith(redefinee: RedefinableElement): Boolean;
pre: redefinee.isRedefinitionContextValid(self)
result = (redefinee.ocllsKindOf(Operation) and
let op: Operation = redefinee.oclAsType(Operation) in
self.ownedParameter->size() = op.ownedParameter->size() and
Sequencé{1..self.ownedParameter->size()}->

forAll(i | op.ownedParameter->at(1).type.conformsTo(self.ownedParameter->at(1).type))

The query-returnResult() returns the set containing the return parameter of the Operation if one exists, otherwise,
gn empty set

nique is

t defined.

t defined.

tfined.

rether
hs the
nding

he same

it returns

(’nnrn{»inn--vnh.rnDAnu.I+I\ t Sat(Paramatar).
PO Cto T Court (ot arat Hoter);

returnResult = ownedParameter->select (par | par.direction = #return)

Semantics

An operation is invoked on an instance of the classifier for which the operation is a feature. A static operation is invoked
on the classifier owning the operation, hence it can be invoked without an instance.
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The preconditions for an operation define conditions that must be true when the operation is invoked. These preconditions
may be assumed by an implementation of this operation.

The postconditions for an operation define conditions that will be true when the invocation of the operation completes
successfully, assuming the preconditions were satisfied. These postconditions must be satisfied by any implementation of
the operation.

The BodyCondition for an operation constrains the return result. The bodyCondition differs from postconditions| in that
the bpdyCondition may be overridden when an operation is redefined, whereas postconditions can only bde.added during
redef]nition.

An operation may raise an exception during its invocation. When an exception is raised, it shouldnot’be assumed that the
postcpnditions or bodyCondition of the operation are satisfied.

An operation may be redefined in a specialization of the featured classifier. This redefinifion may specialize the|types of
the fqrmal parameters or return results, add new preconditions or postconditions, add nety/raised exceptions, or qtherwise
refing the specification of the operation.

Each|operation states whether or not its application will modify the state of thelinstance or any other element in the model
(isQuery).
Sempntic Variation Points

The Behavior of an invocation of an operation when a precondition)is not satisfied is a semantic variation point

When operations are redefined in a specialization, rules regatding invariance, covariance, or contravariance of types and
precgnditions determine whether the specialized classifieris substitutable for its more general parent. Such rulep
constjtute semantic variation points with respect to redéfinition of operations.

Notation

If shdwn in a diagram, an operation is shown'ds:a text string of the form:

[<visgbility>] <name> ‘(* [<parameter-list>] )’ [*:* [<return-type>] [ ‘[ <multiplicity> ‘]’]
[ <oper-property> [’ <eper-property>]* }’]]

wher¢:

| <visibility> is the visibility of the operation (See “VisibilityKind” on page 91.)
<visibility> ::= @A) -°

o| <name> is thename of the operation.

| <return<type> is the type of the return result parameter if the operation has one defined.
o| <multiplicity> is the multiplicity of the return type. (See “MultiplicityElement” on page 134).

o|_<oper-property> indicates the properties of the operation

<oper-property> ::= ‘redefines’ <oper-name> | ‘query’| ‘ordered’ | ‘unique’ | <oper-constraint>

where:
* redefines <oper-name> means that the operation redefines an inherited operation identified by <oper-name>.
* query means that the operation does not change the state of the system.

* ordered means that the values of the return parameter are ordered.
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* unique means that the values returned by the parameter have no duplicates.

» <oper-constraint> is a constraint that applies to the operation.

« <parameter-list> is a list of parameters of the operation in the following format:
<parameter-list> ::= <parameter> [, <parameter>]*

. .
- e XNIRSSLONL.
I T

[ [ <multiplicity>"]’] [ ‘=" <default>] [ {* <parm-property> [‘,” <parm-property>]* }’]

parameter> = I<direction>]1 <parameler-nanie
r L J Ir

where:

» <direction> ::= ‘in’ | ‘out’ | ‘inout’ (defaults to ‘in’ if omitted).

» <parameter-name> is the name of the parameter.

* <type-expression> is an expression that specifies the type of the parameter.

* <multiplicity> is the multiplicity of the parameter. (See “MultiplicityElement*-on page 67.)

* <default> is an expression that defines the value specification for the default value of the parameter.

» <parm-property> indicates additional property values that apply to-th©parameter.

Presientation Options

The pgarameter list can be suppressed. The return result of the operation €anvbe expressed as a return parameter, or ag the type
of thq operation. For example:

tpString(return : String)

meanf the same thing as
tpString() : String

Style Guidelines

An operation name typically begins with a lowercase letter.

Examples

display ()

-hide ()

+createWindow (lecation: Coordinates, container: Container [0..1]): Window

+toString (): Stfing
11.9.3 Parameter

A pafameter-is a specification of an argument used to pass information into or out of an invocation of a behavigral
featufe,

Description

Constructs::Parameter merges the definitions of Parameter from Basic and Abstractions::BehavioralFeatures. It adds
specializations to TypedElement and MultiplicityElement.

A parameter is a kind of typed element in order to allow the specification of an optional multiplicity on parameters. In
addition, it supports the specification of an optional default value.
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Generalizations
+ “TypedElement” on page 137

« “MultiplicityElement” on page 134

Attriputes

*  default: String [0..1]
Specifies a String that represents a value to be used when no argument is supplied for the Parametef.

»  direction: ParameterDirectionKind [1]
Indicates whether a parameter is being sent into or out of a behavioral element. The default yalde is in.

Associations

»  /pperation: Operation[0..1]
References the Operation for which this is a formal parameter. Subsets NamedElement: :namespace and redefines
Basic::Parameter::operation.

Constraints

No aglditional constraints

Sempntics

A pafameter specifies how arguments are passed into or out ef'dn invocation of a behavioral feature like an operafion. The
type ind multiplicity of a parameter restrict what values can'be passed, how many, and whether the values are ¢rdered.

If a default is specified for a parameter, then it is evaluated at invocation time and used as the argument for this parameter
if and only if no argument is supplied at invocatiofi)of the behavioral feature.

Notation

See (Pperation
11.9.4 ParameterDirectionKind

Parameter direction kind is aienumeration type that defines literals used to specify direction of parameters.

Geng¢ralizations

| nonc

Desgription

iteral valyes:

* in— Indicates that parameter values are passed into the behavioral element by the caller.

* inout — Indicates that parameter values are passed into a behavioral element by the caller and then back out to
the caller from the behavioral element.

* out — Indicates that parameter values are passed from a behavioral element out to the caller.

* return — Indicates that parameter values are passed as return values from a behavioral element back to the caller.
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11.10 Packages Diagram

The Packages diagram of the Constructs package specifies the Package and PackageMerge constructs.

[M

| PackageableElement I

{subsets namespace} {subsets ownedMember}
+ owningPackage + packagedElement
Package > >{ Pack bleEl - ||
+ URI : String [0..1] 0.1 *
{subsets owningPackage} {subsets packagedElement}
+ package + /ownedType
g Type
0..1 *
| DirectedRelationship |
{subsets source, {subsets directedRelationship,
subsets owner} subsets ownedElement}
+ receivingPackage + packageMerge PackageMerge
>
1 *
1 *
+ mergedPackage + packageMerge
{subsets target} {subsets directedRelationship}

{subsets packagedElement}

+ /nestedPackage

*

+ nestingPackage

{sybsets owningPackage}

Figune 11.26 - The Packages diagram of the Constructs package
11.10.1 Type
Note |- (additional properties ~sce “Type” on page 136).

Desg¢ription

Consfructs:: Type is~defined in the Classifiers diagram. The Packages diagram adds the association between Type and
Packfige that represents the ownership of the type by a package.

GenTralizations

« “NamedElement” on page 149

+ “PackageableElement” on page 151

Attributes

No additional attributes
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Associations

package: Package [0..1]

Specifies the owning package of this classifier, if any. Subsets Package::owningPackage.

Constraints
No a

Sempntics

No a

11.10.2 Package

A pa

Desgription

A pa
mem

packdges, or all the members of other packages.

In adflition a package can be merged with other packages.

Generalizations

Attri

Associations

162

/

| “Namespace” on page 150

WRI: String [0..1] {id}

gwnedMember: PackageableElement [*]

ditional constraints

iditional semantics

kage is used to group elements, and provides a namespace for the grouped elements.

kage is a namespace for its members, and may contain other packages(Only packageable elements can bd
bers of a package. By virtue of being a namespace, a package canimiport either individual members of oth|

“PackageableElement” on page 151

butes

Provides an identifier for theypackage that can be used for many purposes. A URI is the universally unique
identification of the package following the IETF URI specification, RFC 2396 http://www.ietf.org/rfc/rfc239
it must comply with those-Syntax rules.

hestedPackage;Package [*]
References.the owned members that are Packages. Subsets Package::ownedMember and redefines
Basic$Puackage: :nestedPackage.

Specifies the members that are owned by this Package. Redefines Namespace::ownedMember.

ownedType: Type [*]

References the owned members that are Types. Subsets Package::ownedMember and redefines
Basic::Package::ownedType.

package: Package [0..1]

References the owning package of a package. Subsets NamedElement: :namespace and redefines
Basic::Package::nestingPackage.

owned

6.txt and
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+ packageMerge: Package [*]
References the PackageMerges that are owned by this Package. Subsets Element::ownedElement.

Constraints

[1] If an element that is owned by a package has visibility, it is public or private.

Telf.ownedEIements—>forAII(e | e.visibility->notEmpty() implies e.visibility = #public or e.visibility = #private)
Add

tional Operations

[1] The query mustBeOwned() indicates whether elements of this type must have an owner.
Rackage::mustBeOwned() : Boolean

hustBeOwned = false

[2] The query visibleMembers() defines which members of a Package can be accessed outside it.
ackage::visibleMembers() : Set(PackageableElement);

isibleMembers = member->select( m | self.makesVisible(m))

;
]
A
V
[3] The query makesVisible() defines whether a Package makes an element visible outside itself. Elements with no [visibility
and elements with public visibility are made visible.
Rackage::makesVisible(el: Namespaces::NamedElement) : Boolean;
pre: self. member->includes(el)
makesVisible =
-- the element is in the package
(ownedMember->includes(el)) or
-- it is imported individually with public visibility
(elementimport->
select(eilei.visibility = #public)->
collect(eilei.importedElement)-=includes(el)) or
-- it is imported through a package with public visibility
(packagelmport->
select(pi|pi.visibility = #public)->
collect(pi|
pi.importedPackage.member->includes(el))->notEmpty())

Sempntics
A pagkage is a namigspace and is also a packageable element that can be contained in other packages.
The glements that can be referred to using non-qualified names within a package are owned elements, imported ¢lements,

and glemengs.in enclosing (outer) namespaces. Owned and imported elements may each have a visibility that ddtermines
whetTer they are available outside the package.

A package owns its owned members, with the implication that if a package is removed from a model, so are the elements
owned by the package.

The public contents of a package are always accessible outside the package through the use of qualified names.

The URI can be specified to provide a unique identifier for a Package. Within UML there is no predetermined usage for
this, with the exception of profiles (see Using XMI to exchange Profiles in section 18.3.6). It may, for example, be used
by model management facilities for model identification. The URI should hence be unique and unchanged once assigned.
There is no requirement that the URI be dereferenceable (though this is of course permitted).
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Notation

A package is shown as a large rectangle with a small rectangle (a “tab”) attached to the left side of the top of the large
rectangle. The members of the package may be shown within the large rectangle. Members may also be shown by
branching lines to member elements, drawn outside the package. A plus sign (+) within a circle is drawn at the end
attached to the namespace (package).

¢| If the members of the package are not shown within the large rectangle, then the name of the package should.be placed
within the large rectangle.

¢| If the members of the package are shown within the large rectangle, then the name of the package should be placed
within the tab.

The visibility of a package element may be indicated by preceding the name of the element byayvisibility symbol (‘+’ for
publif and ‘-’ for private). Package elements with defined visibility may not have protected or package visibility.

The PRI for a Package may be indicated with the text {uri=<uri>} following the package name.

Presentation Options

A toql may show visibility by a graphic marker, such as color or font. A toolsmay also show visibility by selectively
displgying those elements that meet a given visibility level (e.g., only public elements). A diagram showing a package
with pontents must not necessarily show all its contents; it may show a subset of the contained elements accordjng to
some] criterion.

Elemgnts that become available for use in an importing package’through a package import or an element import thay have
a disfinct color or be dimmed to indicate that they cannot be“modified.

Examples

Ther¢ are three representations of the same package Types in Figure 11.27. The one on the left just shows the package
withdut revealing any of its members. The middle one shows some of the members within the borders of the paclage, and
the ope to the right shows some of the mémbers using the alternative membership notation.

Types
{uri=http://Www.abc.com/models/Types} Types
Types 69
Time
Shape Point

Figure 11.27 - Examples of a package with members
11.10.3 PackageMerge

A package merge defines how the contents of one package are extended by the contents of another package.
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Generalizations

+ “DirectedRelationship” on page 108

Description

A pag }\as\.« merge ts-adirected 1u1atiuua1uiy betweentwo yabl\asbo, thatindteatesthat-thecontentsof thetwo yabl\ast.m are to be
combjined. It is very similar to Generalization in the sense that the source element conceptually adds the characteristics of the
targe{ element to its own characteristics resulting in an element that combines the characteristics of both.

This fnechanism should be used when elements defined in different packages have the same name and are'intended {o
reprepent the same concept. Most often it is used to provide different definitions of a given concept foer'different purposes,
startipg from a common base definition. A given base concept is extended in increments, with each/increment defingd in a
separpte merged package. By selecting which increments to merge, it is possible to obtain a custem/definition of a cqncept for
a spegific end. Package merge is particularly useful in meta-modeling and is extensively used'in the definition of thg UML
metainodel.

Concpptually, a package merge can be viewed as an operation that takes the contents-ef two packages and produdes a new
packgge that combines the contents of the packages involved in the merge. Incteésms of model semantics, there is no
diffefence between a model with explicit package merges, and a model in which all the merges have been performed.

Attriputes

No aflditional attributes

Assaciations

+ rhergedPackage: Package [1]
References the Package that is to be merged with the receiving package of the PackageMerge. Subsets
DirectedRelationship: :target.

+ rpceivingPackage: Package [1]
References the Package that is beifigjextended with the contents of the merged package of the PackageMerge.
Subsets Element::owner and DirectedRelationship. :source.

Constraints

No aglditional constraints

Sempntics

A pagkage mergetbetween two packages implies a set of transformations, whereby the contents of the package {o be

mergpd are cofbined with the contents of the receiving package. In cases in which certain elements in the two packages
reprepent the same entity, their contents are (conceptually) merged into a single resulting element according to the formal
rules|of package merge specified below.

As with Generalizafion, a package merge between two packages in a model merely implies these transformations, but the
results are not themselves included in the model. Nevertheless, the receiving package and its contents are deemed to
represent the result of the merge, in the same way that a subclass of a class represents the aggregation of features of all of
its superclasses (and not merely the increment added by the class). Thus, within a model, any reference to a model
element contained in the receiving package implies a reference to the results of the merge rather than to the increment that
is physically contained in that package. This is illustrated by the example in Figure 11.28 in which package P1 and
package P2 both define different increments of the same class A (identified as P1::A and P2::A respectively). Package P2
merges the contents of package P1, which implies the merging of increment P1::A into increment P2::A. Package P3
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imports the contents of P2 so that it can define a subclass of A called SubA. In this case, element A in package P3 (P3::A)
represents the result of the merge of P1::A into P2::A and not just the increment P2::A. Note that, if another package were
to import P1, then a reference to A in the importing package would represent the increment P1::A rather than the A

resulting from merge.

P2 P3

«merge» «import»
A A S A F——— SubA

Figure 11.28 - lllustration of the meaning of package merge

To urjderstand the rules of package merge, it is necessary to clearly distinguish between three distinct entities: th
increment (e.g., P1::A in Figure 11.28 ), the receiving increment (e.g., P2::A), andthe result of the merge transfoy
The tpain difficulty comes from the fact that the receiving package and its contents represents both the operand
resulfs of the package merge, depending on the context in which they are €onsidered. For example, in Figure 11.
respeft to the package merge operation, P2 represents the increment that_is an operand for the merge. However,
respeft to the import operation, P2 represents the result of the merge. This dual interpretation of the same model
can be confusing, so it is useful to introduce the following terminology that aids understanding:

merged package - the first operand of the merge, that igy(the package that is to be merged into the receiving p
(this is the package that is the target of the merge arrow in the diagrams).

receiving package - the second operand of the merge, that is, the package that, conceptually, contains the resy
merge (and which is the source of the merge arrow in the diagrams). However, this term is used to refer to thg
and its contents before the merge transforthations have been performed.

resulting package - the package that{ conceptually, contains the results of the merge. In the model, this is, of ¢
same package as the receiving package, but this particular term is used to refer to the package and its contents
merge has been performed.

merged element - refers toramodel element that exists in the merged package.

receiving element - is@model element in the receiving package. If the element has a matching merged elemen
are combined to.produce the resulting element (see below). This term is used to refer to the element before th
has been performed (i.e., the increment itself rather than the result).

resulting’element - is a model element in the resulting package after the merge was performed. For receiving

e merged
mations.
and the
D8 , with
with
element

hckage

Its of the
package

urse, the
after the
[, the two

e merge

elements

that haye.a matching merged element, this is the same element as the receiving element, but in the state affer the merge

was petrformed. For merged elements that have no matching receiving element, this is the merged element. F
teeceiving elements that have no matching merged element, this is the same as the receiving element.

r

166

element type - refers to the type of any kind of TypedElement, such as the type of a Parameter or StructuralFeature.

element metatype - is the MOF type of a model element (e.g., Classifier, Association, Feature).
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This terminology is based on a conceptual view of package merge that is represented by the schematic diagram in
Figure 11.29 (NOTE: this is not a UML diagram). The owned elements of packages 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 package merge and is not reflected in the repository model, that is, the physical model itself is not
transformed in any way by the presence of package merges.

merged receiving
| package package
A A B
/[\ N 77
| N N /,/ /
|
I /
I package /
«nferge» : merge
| «becomes»
|
|
|
|
|
|

| resulting : . /
| package |j

B B!

Figure 11.29 - Conceptual view of the package merge semantics

The demantics of package merge are defined byra set of constraints and transformations. The constraints specify the

precdnditions for a valid package merge, while the transformations describe its semantic effects (i.e., postconditfions). If
any donstraints are violated, the package nierge is ill-formed and the resulting model that contains it is invalid. Different
metafypes have different semantics, butrthe general principle is always the same: a resulting element will not bef any less
capalle than it was prior to the merge. This means, for instance, that the resulting navigability, multiplicity, visibfility, etc.
of a feceiving model element will’not be reduced as a result of a package merge. One of the key consequences pf this is
that thodel elements in the resulting package are compatible extensions of the corresponding elements in the (ugmerged)
receiying package in the-same namespace. This capability is particularly useful in defining metamodel complianice levels
such [that each successive level is compatible with the previous level, including their corresponding XMI represpntations.

In this part of ISOAEC 19505, explicit merge transformations are only defined for certain general metatypes fourld mostly
in mgtamodels.(Packages, Classes, Associations, Properties, etc.), since the semantics of merging other kinds o
metafypes (e-g., state machines, interactions) are complex and domain specific. Elements of all other kinds of metatypes
are trjansformed accordmg to the default rule: they are 51mply deep copied into the resultlng package. (This rulg can be

General package merge rules

A merged element and a receiving element match if they satisfy the matching rules for their metatype.
CONSTRAINTS:

1. There can be no cycles in the «merge» dependency graph.
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2. A package cannot merge a package in which it is contained.

3. A package cannot merge a package that it contains.

4. A merged element whose metatype 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
unlcss that recelving element 1s an exact copy ol the merged clement (1.c., they are the same).

3. A package merge is valid if and only if all the constraints required to perform the merge are satisfied(

§. Matching typed elements (e.g., Properties, Parameters) must have conforming types. For types thatare classgs or data
types, a conforming type is either the same type or a common supertype. For all other cases,ednformance nfeans that
the types must be the same.

1. A receiving element cannot have explicit references to any merged element.

8. Any redefinitions associated with matching redefinable elements must not be conflicting.

TRANSFORMATIONS:

I. (The default rule) Merged or receiving elements for which there is no matching element are deep copied info the
resulting package.

2. The result of merging two elements with matching names andumetatypes that are exact copies of each other|is the
receiving element.

3. Matching elements are combined according to the trafisformation rules specific to their metatype and the refults
included in the resulting package.

4. All type references to typed elements that end-up in the resulting package are transformed into references tg the
corresponding resulting typed elements (i’e:;-hot to their respective increments).

3. For all matching elements: if both matching elements have private visibility, the resulting element will hav¢ private
visibility; otherwise, the resulting element will have public visibility.

g. For all matching classifier elements: if both matching elements are abstract, the resulting element is abstract;
otherwise, the resulting element is non-abstract.

7. For all matching classifier elements: if both matching elements are final specializations, the resulting elemgnt is a
final specializatioh;-otherwise, the resulting element is a non-final specialization.

8.  For all matching elements: if both matching elements are not derived, the resulting element is also not deriyed;
otherwise,the resulting element is derived.

9. Forall'matching multiplicity elements: the lower bound of the resulting multiplicity is the lesser of the lowg¢r bounds
of the multiplicities of the matching elements.

10— For att matching muitiplicity Ciements; the Uupper bound of e Tesulting multipticity 1S the greater ot the upper bounds
of the multiplicities of the matching elements.

11. Any stereotypes applied to a model element in either a merged or receiving element are also applied to the
corresponding resulting element.

12. For matching redefinable elements: different redefinitions of matching redefinable elements are combined
conjunctively.
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13. For matching redefinable elements: if both matching elements have isLeaf=true, the resulting element also has
isLeaf=true; otherwise, the resulting element has isLeaf=false.

Package rules

Elements that are a kind of Package match by name and metatype (e.g., profiles match with profiles and regular packages
with fegular packages).

CONSTRAINTS:
1. All classifiers in the merged package must have a non-empty qualified name and be distinguishable in the rherged
package.
3. All classifiers in the receiving package must have a non-empty qualified name and be distinguishable in the feceiving
package.
TRANSFORMATIONS:

1. A nested package from the merged package is transformed into a nested package with the same name in the|resulting
package, unless the receiving package already contains a matching nested package. In the latter case, the mprged
nested package is recursively merged with the matching receiving fiested package.

An element import owned by the receiving package is transformied into a corresponding element import in the
resulting package. Imported elements are not merged (unless'there is also a package merge to the package owning the
imported element or its alias).

NS}

Clasg and DataType rules
Elempnts that are kinds of Class or DataType match-by name and metatype.
TRANSFORMATIONS:

1. All properties from the merged classifier are merged with the receiving classifier to produce the resulting classifier
according to the property transformation rules specified below.

3. Nested classifiers are merged recursively according to the same rules.

Property rules

Elements that are kinds‘of Property match by name and metatype.

CONBSTRAINTS:

1. Thestatic (or non-static) characteristic of matching properties must be the same.

2. _/The uniqueness characteristic of matching properties must be the same.

3. Any constraints associated with matching properties must not be conflicting.
TRANSFORMATIONS:

1. For merged properties that do not have a matching receiving property, the resulting property is a newly created
property in the resulting classifier that is the same as the merged property.
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2. For merged properties that have a matching receiving property, the resulting property is a property with the same
name and characteristics except where these characteristics are different. Where these characteristics are different, the
resulting property characteristics are determined by application of the appropriate transformation rules.

3. For matching properties: if both properties are designated read-only, the resulting property is also designated read-
only; otherwise, the resulting property is designated as not read-only.

4. For matching properties: if both properties are unordered, then the resulting property is also unordered; othefwise, the
resulting property is ordered.

3. For matching properties: if neither property is designated as a subset of some derived union, then the resulting
property will not be designated as a subset; otherwise, the resulting property will be designdted-as a subset pf that
derived union.

§. For matching properties: different constraints of matching properties are combined Conjunctively.

7 For matching properties: if either the merged and/or receiving elements are nen:unique, the resulting elemejnt is non-
unique; otherwise, the resulting element is designated as unique.

8. The resulting property type is transformed to refer to the corresponding type in the resulting package.

Assaqciation rules
Elemgnts that are a kind of Association match by name and metatype.
CONBTRAINTS:

Il. These rules only apply to binary associations. (Theidefault rule is used for merging n-ary associations.)

2. The receiving association end must be a composite if the matching merged association end is a composite.

3. The receiving association end must be owned by the association if the matching merged association end is ¢gwned by
the association

TRANSFORMATIONS:

I. A merge of matching associations is accomplished by merging the Association classifiers (using the merge [rules for
classifiers) and merging their corresponding owned end properties according to the rules for properties and
association ends.

4. For matching/association ends: if neither association end is navigable, then the resulting association end is §lso not
navigable. dn-all other cases, the resulting association end is navigable.

Opefation rules

Elempnts that are a kind of Operation match by name, parameter order, and parameter types, not including any peturn
type.

CONSTRAINTS:

1. Operation parameters and types must conform to the same rules for type and multiplicity as were defined for
properties.

2. The receiving operation must be a query if the matching merged operation is a query.
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TRANSFORMATIONS:

1.

the 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

Enun
Elem|
CON|

TRA

Cons

CON

TRA

1.

1.

1.

the mafclilng merged and recerving operaflons, With paramefer franstormations perlormea accordlng fo the

transformations defined above.

heration rules

ents that are a kind of EnumerationLiteral match by owning enumeration and literal name,
STRAINTS:

Matching enumeration literals must be in the same order.

NSFORMATIONS:

Non-matching enumeration literals from the merged enumeration are coficatenated to the receiving enumer

traint Rules

STRAINTS:

Constraints must be mutually non-contradictory.
NSFORMATIONS:

The constraints of the merged model elements-are conjunctively added to the constraints of the matching re
model elements.

Notation

A Pa
to thg

tkageMerge is shown using a dashed line with an open arrowhead pointing from the receiving package (th
merged package (the target)-In addition, the keyword «merge» is shown near the dashed line.

Target §\\\\§<merge»

= Source

:2012(E)

For merged operations that do not have a matching receiving operation, the resulting operation is an operation with

merge of
property

htion.

ceiving

e source)

Figure 11.30 - Notation for package merge
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Examples

In Figure 11.31, packages P and Q are being merged by package R, while package S merges only package Q.

—P Q
A A Cc
7
/
/
/ «merge» /]
/
/
/
/
/
/
\\ 1
\ S / «merge»
«nperge» K
\

A

Figure 11.31 - Simple example of package merges

The transformed packages R and S are shown insFigure 11.32. The expressions in square brackets indicate whid
indivjdual increments were merged to produce-the final result, with the “@” character denoting the merge operd
that these expressions are not part of the standard notation, but are included here for explanatory purposes).

h
tor (note

R S
D
[S::D]
A | cC
[P:A@(Q:A@QR:A)] [Q:C]
C
Zﬁ [Q:C]
A
2 [Q:A@S::A]
= B
[P::B] [S::B]

Figure 11.32 - Simple example of transformed packages following the merges in Figure 11.31
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In Figure 11.33, additional package merges are introduced by having package T, which is empty prior to execution of the

merge operation, merge packages R and S defined previously.

§\\\
~

S

-
-

Figune 11.33 - Introducing additional package merges

«merge»

«merge»

In Figure 11.34, the transformed version of package T is depicted. In this packagesthe partial definitions of A, B, C, and
D haye all been brought together. Note that the types of the ends of the associations that were originally in the packages

Q andl S have all been updated to refer to the appropriate elements in package’T.

[(P:A@(Q:A@R::A))

@S:A]

B
[P::B@S::B]

[Q:€]

Figure 11.34 - The result of the additional package merges in Figure 11.33
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Core::Profiles

12.1 General

The |
for d
NET]
Meta]

Positioning profiles versus metamodels, MOF and UML

The 1
For ¢
the U
highd
instaj
stere
level
UML

constraints defined in the profile.

Prof

The |
stand
modg
more

supetstructure specifications have carried this\further, by defining it as a specific meta-modeling technique.

The f

1.

NS}

:2012(E)

) or domains (such as real-time or business process modeling). The profiles mechanism is consistent with
Object Facility (MOF).

nfrastructure specification is reused at several meta-levels in various OMG specifications that deal with m
xample, MOF uses it to provide the ability to model metamodels, whereas the UML superstructure uses it
ML model. This clause deals with use cases comparable to the MOF at the meta-meta-level, which is one
r than the UML metamodel specification. In order to allow this, the reference~metamodel must be defined
ice of UML that corresponds to its definition using MOF. Thus when definihg a UML profile, the profile
types are defined to extend the UML classes in the normative version of the UML metamodel merged at th

profile for arbitrary subsets of the UML at lower levels of complianice, which can be further restricted us

les History and design requirements

rofile mechanism has been specifically defined for.providing a lightweight extension mechanism to the U
ard. In UML 1.1, stereotypes and tagged values were used as string-based extensions that could be attached
| elements in a flexible way. In subsequent reyisions of UML, the notion of a Profile was defined in order t
structure and precision to the definition of Stereotypes and Tagged values. The UML 2 infrastructure and

ollowing requirements have driven the definition of profile semantics from inception:

A profile must provide mechanisms for specializing a reference metamodel (such as a set of UML package

constraints may typic¢ally define well-formedness rules that are more constraining (but consistent with) thos
specified by the reference metamodel.

It must be possible to interchange profiles between tools, together with models to which they have been apj
using thetIML XMI interchange mechanisms. A profile must therefore be defined as an interchangeable U
model\n addition to exchanging profiles together with models between tools, profile application should al
definable “by reference” (e.g., “import by name”); that is, a profile does not need to be interchanged if it is
present in the importing tool.

rofiles package contains mechanisms that allow metaclasses from existing metamodels to be extended tq a{pt them

fferent purposes. This includes the ability to tailor the UML metamodel for different platforms (such.as.JAEE or

e OMG

bdeling.
to model
level

as an

w1

e highest

of compliance, L3, defined in UML whose xmi serialization is listediin Annex C. This approach allows d¢fining a

ng

ML
to UML
provide

) in such

a way that the specialized $emantics do not contradict the semantics of the reference metamodel. That is, profile

(&

lied, by
ML

50 be
already

A profile must be able to reference domain-specific UML libraries where certain model elements are pre-defined.

t a model

4. It must be possible to specify which profiles are being applied to a given Package (or any specializations of that
concept). This is particularly useful during model interchange so that an importing environment can interpre
correctly.

5. It should be possible to define a UML extension that combines profiles and model libraries (including template

libraries) into a single logical unit. However, within such a unit, for definitional clarity and for ease of interchange
(e.g., ‘reference by name’), it should still be possible to keep the libraries and the profiles distinct from each other.
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