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Example 1 - UML Profile for Software Development Processes
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Preface

The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing, and
documenting the artifacts of a software-intensive system. The UML offers a standard way to write a system's blueprints,
including conceptual things such as business processes and system functions as well as concrete things such as
programming language statements, database schemas, and reusable software components.

The UML represents the culmination of best practices In practical object-oriented modeling. The UML 19
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Forewo

ISO/IEC 19501:2005(E)

rd

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (SO
member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which atechnical committee has been established has the right
to be represented on that committee. International organizations, governmental and non-governmental, in liaison with

I SO, also take part in the work. SO collaborates closely with the International Electrotechnical Commission (IEC) on all

matters of

Internation

technical ¢
approval by

Attention i9
shall not b

ISO/IEC 19

Software and System Engineering in collaboration with the Object Management Group (OMG), following
and procesging as a Publicly Available Specification (PAS) of the OM& \Unified Modeling Language (UM

Version 1.4

While not |
Processing

10746, the Reference Model of Open Distributed Processing (RM-ODP).

Apart from

1.4.2 (OMG reference formal/04-07-02).

ectrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

of technical committeesis to prepare International Standards. Draft | nternationa\Standards
mmittees are circulated to the member bodies for voting. Publication as an Intexnational Stan
at least 75 % of the member bodies casting a vote.

adopted by the
Hard requires

drawn to the possibility that some of the elements of this document may, be the subject of patent rights. SO

held responsible for identifying any or all such patent rights.
501 was prepared by Technical Committee | SO/IEC/TC JTC1,dnformation technology, Subco

2.

mited to this context, the UML standard is closely related to work on the standardization of O
ODP), the coordinating framework for which.i§’provided by ITU-T Recommendations X.901

this Foreword, the text of this Internatiotia Standard isidentical with that for the OMG specifi

mmittee SC 7,
the submission
) specification

pen Distributed
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Introdu

ction

The Unified Modeling Language (UML) is a general-purpose modeling language with a semantic specification, a
graphical notation, an interchange format, and a repository query interface. It is designed for use in object-oriented
software applications, including those based on technol ogies recommended by the Object Management Group (OMG). As
such, it serves a variety of purposes including, but not limited to, the following:

*« amg
« abag
* arey

As an inter

interchange;

o betw
*  betw
*  betw

The existen
environmer]

While not |
Processing

The rapid d
ITU-T Rec
provides su

can be integrated.

RM-ODP H
systems. TH
of cases, th
identical (¢

lans Tor communicating requirements and design 1ntent,
i s for implementation (including automated code generation),
erse engineering and documentation facility.

national standard, the various components of UML provide a common foundationfor model al

een software development toals,
een software developers, and
een repositories and other object management facilities.

ce of such a standard facilitates the communication betvireen standardized UML environments
ts.

mited to this context, the UML standard is closely related to work on the standardization of O
ODP).

rowth of distributed processing has leadtoa need for a coordinating framework for this stand
bmmendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Process
ch a framework. It defines an architecture within which support of distribution, interoperability

art 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for desc
e scopes and objectives,of the RM-ODP Part 2 and the UML, while related, are not the same
e RM-ODP Part 2 andithe UML specification use the same term for concepts which are relate
g., interface). Nevertheless, a specification using the Part 2 modeling concepts can be express

with appro

RM-ODP Hart 3 (ISONEC 10746-3) specifies a generic architecture of open distributed systems, expressq
foundationdl concepts and framework defined in Part 2. Given the relation between UML as a modeling lar
2 of the RMl ODP’standard, it is easy to show that UML is suitable as a notation for the individual viewp

specificati

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

o

hd metadata

and other

ben Distributed

ardization and
ng (RM-ODP)
and portability

ing distributed
d, in a number
0 but not

ed using UML

d using the
)guage and Part
0i nt

s\défined by the RM-ODP.

Structure of this standard

Chapters 1-3: Scope, Nor mative References, and General Information.

Chapter 4: UML Semantics - Specifies semantics for structural and behavioral object models. Structural models (also
known as static models) emphasize the structure of objects in a system, including their classes, interfaces, attributes and

relations.

XX
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Chapter 5: UML Notation Guide - Describes the notation for the visual representation of the Unified Modeling Language
(UML). This notation document contains brief summaries of the semantics of UML constructs, but the UML Semantics
chapter must be consulted for full details.

Chapter 6: UML Example Profiles - Contains these examples: Example 1: UML Profile for Software Development
Processes and Example 2 - UML Profile for Business Modeling.

Chapter 7. UML Model Interchange UML modeI |nterchange|s based on the Metaobject Facility (MOF) 1.3

Chapter 8:
aformal language used to express constraints.

Annex A:

Annex B:

Object Constraint Language Specification -

UML Standard Elements

Standard Legal Information

erchange

Introduces and defines the Object Constraint Language (OCL),
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INTERNATIONAL STANDARD

ISO/IEC 19501:2005(E)

1

This standgrd specifies the Unified Modeling Language (UML) with the objective of providing system.are
on object apalysis and design with one consistent language for specifying, visualizing, constructing,cand d
artifacts of

This standard represents the convergence of best practices in the object-technology industry. (ML isthe p
to the objeqt modeling languages of three previously |eading object-oriented methods (Beoeh, OMT, and
UML is theg
problems that these methods did not fully address.

One of the primary goals of UML is to advance the state of the industry by enabling object visual model
interoperab
semantics gnd notation is required. UML meets the following requirements:

2

The follow
constitute grovisions of this taternational Standard. At the time of publication, the editions indicated werg

» Formal definition of acommon object analysis and design (QA&D) metamodel to represent the semary
modgls, which include static models, behavioral models, usage models, and architectural models.

IDL

A hyman-readable notation for representing OA&D models. This document defines the UML notation
grappic syntax for consistently expressing the UML’s rich semantics. Notation is an essential part of O
and

Information Technology - Open Distributed Processing -
Unified Modeling Language (UML) Version 1.4.2

Scope

software systems, as well as for business modeling.

union of these modeling languages and more, since it includes additional(éxpressiveness to h

lity. However, in order to enable meaningful exchange of model information between tools, a

he UML.

Nlormative references

ng Recommendations and International Standards contain provisions which, through reference

hitects working
bcumenting the

foper successor
OOSE). The
hndle modeling

ng tool
jreement on

tics of OA&D

specifications for mechanisms for model interchange between OA& D tools. This document inclugles a set of IDL
interfaces that support dynamic construction and traversal of a user model.

an elegant
A& D modeling

in this text,
e valid.

All Recominendations‘and Standards are subject to revision, and parties to agreements based on this Intefnational

Standard are encouraged to investigate the possibility of applying the most recent edition of the Recomm
Standards |
Telecommunication Standardization Bureau of the ITU maintains a list of currently valid ITU-T Recomm

2.1

stedbelow. Members of IEC and SO maintain registers of currently valid International Stand

endations and
ards. The
endations.

Identical Recommendations | International Standards

I SO/IEC 15474-1:2002(E): Information technology - CDIF framework - Part 1. Overview

© ISO/IEC 2005 - All rights reserved

ITU-T Recommendation X.902 (1995) | |SO/IEC 10746-2:1995, OpenDistributed Processing - Reference Model:
Foundations

ITU-T Recommendation X.903 (1995) | | SO/IEC 10746-3:1995, OpenDistributed Processing - Reference Model:
Architecture
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encodings

I SO/IEC 15474-2:2002(E): Information technology - CDIF framework - Part 2: Modelling and extensibility
ISO/IEC 15475-1:2002(E): Information technology - CDIF transfer format - Part 1: General rules for syntaxes and

I SO/IEC 15475-2:2002(E): Information technology - CDIF transfer format - Part 2: Syntax SYNTAX.1
I SO/IEC 15475-3:2002(E): Information technology - CDIF transfer format - Part 3: Encoding ENCODING.1

3

31 D

EC 15476-1:2002(E): Information technology - CDTF semantic metamodel - Part 1. Foundation
| EC 15476-2:2002(E): Information technology - CDIF semantic metamodel - Part 2: Comnioh

| EC 15476-3 (under development): Information technology - CDIF semantic metamodéh-‘Part 3:
| EC 15476-4 (under development): Information technology - CDIF semantic metamodel - Part 4:

| EC 15476-5 (under development): Information technology - CDIF semantic.metamodel - Part 5:
els

| EC 15476-6 (under development): Information technology - CDIF semantic metamodel - Part 5:
els

beneral Information

escription

The Unifiefl Modeling Language (UML) is a language for specifying, visualizing, constructing, and docu

artifacts of
collection d

software systems, as well as for business modeling and other non-software systems. The UML
f the best engineering practices that-have proven successful in the modeling of large and com

The Unifieg] Modeling Language (UML):is-a language for specifying, constructing, visualizing, and docu

artifacts of

First and fol
common, al

Second, thg

a software-intensive system.

remost, the Unified Modeling Language fuses the concepts of Booch, OMT, and OOSE. The re
nd widely usable modeling language for users of these and other methods.

Unified Modeling Language pushes the envelope of what can be done with existing methods.

the UML alithors targeted the modeling of concurrent, distributed systems to assure the UML adequately

domains.

Third, the |

Unified Modeling Language focuses on a standard modeling language, not a standard process.

UML must'e

Data Definition
Data Models

Data Flow

State/Event

menting the
represents a
blex systems.

menting the

sult isasingle,

As an example,
pddresses these

Although the

Liacl i +ha '3 +of HE H that L ff ' HE P~ i 2l
VO QUMITTU TIT LT CUTTICAL UT A PJTULTCOS, TU To UL TAPCTTTUTTUT Al UNTTer TN UTYAnm2Aalvurio daita i

blem domains

require different processes. (For example, the development process for shrink-wrapped software is an interesting one, but
building shrink-wrapped software is vastly different from building hard-real-time avionics systems upon which lives
depend.) Therefore, the efforts concentrated first on a common metamodel (which unifies semantics) and second on a
common notation (which provides a human rendering of these semantics). The UML authors promote a development
process that is use-case driven, architecture centric, and iterative and incremental.

The UML specifies a modeling language that incorporates the object-oriented community’s consensus on core modeling
concepts. It allows deviations to be expressed in terms of its extension mechanisms. The Unified Modeling Language
provides the following:

© ISO/IEC 2005 -

All rights reserved


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

3.2

3.2.1

The UML,
the necessy
specifying,
move towal

d code. For example, complex branches and joins are better expressed in a textual programm
The UML dloes have a tight mapping to a family of object languages so that you can get the best of both
pols

3.2.2

Standardizi
dependent
metamodel

The UML glocuments do include some tips to tool vendors on implementation choices, but do not address
needed. Fg
models, or

3.2.3

ISO/IEC 19501:2005(E)

Semantics and notation to address awide variety of contemporary modeling issuesin adirect and economical fashion.

Semantics to address certain expected future modeling issues, specifically related to component technol ogy, distrib-

uted

computing, frameworks, and executability.

Extensibility mechanisms so individual projects can extend the metamodel for their application at low cost. We don’t
want users to directly change the UML metamodel.

Extensibility mechanisms so that future modeling approaches could be grown on top of the UML.

Senf
Sen

g

P

T

P

antics to facilitate model interchange among a variety of tools.

antics to specify the interface to repositories for the sharing and storage of model artifacts.

utside the Scope of the UML
fogramming Languages

A visual modeling language, is not intended to be a visual programming language, in the sensg
['y visual and semantic support to replace programming languages. The UML is a language fo

g a language is necessarily the foundatiof;for tools and process. Tools and their interoperabil
bn a solid semantic and notation definition, such as the UML provides. The UML defines a se

I example, they don’'t addresSs;topics like diagram coloring, user navigation, animation, storage/
pther features.

OCESS

e of having all
visualizing,

constructing, and documenting the artifacts of a software-intensive system, but it does draw the line as you

ing language.
worlds.

ity are very
Mmantic

not a tool interface, storage, or run-time model, although these should be fairly close to one another.

everything
mplementation

Many organizations widl2use the UML as a common language for its project artifacts, but will use the same UML diagram

types in thd

context of Jdifferent processes. The UML is intentionally process independent, and defining a standard
process was nota goal of the UML or OMG's RFP.

The UML authers do recognize the importance of process. The presence of a well defined and well mangged process is
often a key discriminator between hyper productive projects and unsuccessful ones. The reliance upon heroic
programming is not a sustainable business practice. A process

provides guidance as to the order of ateam’s activities,

specifies what artifacts should be devel oped,

directs the tasks of individual developers and the team as awhole, and

offers criteriafor monitoring and measuring a project’s products and activities.
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Processes by their very nature must be tailored to the organization, culture, and problem domain at hand. What works in
one context (shrink-wrapped software development, for example) would be a disaster in another (hard-real-time, human-
rated systems, for example). The selection of a particular process will vary greatly, depending on such things as problem
domain, implementation technology, and skills of the team.

Booch, OMT, OOSE, and many other methods have well defined processes, and the UML can support most methods.
There has been some convergence on development process practices, but there is not yet consensus for standardization.
What will likely result is general agreement on best practices and potentially the embracing of a process framework,
within whigh individual processes can be instantiated. Although the UML does not mandate a process, its.developers have
recognized [the value of a use-case driven, architecture-centric, iterative, and incremental process, sower¢ careful to
enable (but{not require) this with the UML.

3.3  PFrimary Artifacts of the UML

What are the primary artifacts of the UML? This can be answered from two different perspectives: the UML definition
itself and hpw it is used to produce project artifacts.

3.3.1 UML-defining Artifacts

To aid the Yinderstanding of the artifacts that constitute the Unified Madeling Language itself, this documient consists of
chapters describing UML Semantics, UML Notation Guide, and UML/ Standard Profiles.

3.3.2 Development Project Artifacts

The choice|of what models and diagrams one creates has-a profound influence upon how a problem is attacked and how
a corresponding solution is shaped. Abstraction, thefocus on relevant details while ignoring others, is a key to learning
and communicating. Because of this:

» Every complex system is best approached through a small set of nearly independent views of amodel.|No single view
is sufficient.

» Every model may be expressed at different levels of fidelity.
» Thelbest models are connected to reality.

In terms of the views of amodel, the UML defines the following graphical diagrams:
» usefase diagram

» classdiagram

« behavial diagrams:

statechart diagram

activity diagram

interaction diagrams:
* sequence diagram
« collaboration diagram

implementation diagrams:
e component diagram

4 © ISO/IEC 2005 - All rights reserved


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC

« deployment diagram

19501:2005(E)

Although other names are sometimes given to these diagrams, this list constitutes the canonical diagram names.

These diagrams provide multiple perspectives of the system under analysis or development. The underlying model
integrates these perspectives so that a self-consistent system can be analyzed and built. These diagrams, along with
supporting documentation, are the primary artifacts that a modeler sees, although the UML and supporting tools will
provide for a number of derivative views. These diagrams are further described in the UML Notation Guide (Chapter 5

of this speg
A frequentl

diagrams
diagrams

34 M

This section describes several factors motivating the UML and includes why modeling is essential. It highl

trends in th

341 W
Developing
having a bl
architectura
entirety. A
additional f
modeling |

M

* Not

Gui

In the face
widely accq
component

3.4.2

OII;I elements — fundamental modeling concepts and semantics

rfrcatrom):

d collaboration diagrams accomplish much of what people want from DFDs, andcthen some.
e also useful for modeling workflow.

otivation to Define the UML

e software industry and describes the issues caused by divergence.of modeling approaches.
hy We Model

amodel for an industrial-strength software system prior to its construction or renovation is aj
Lieprint for large building. Good models are essential for communication among project teams
| soundness. We build models of complex systéms because we cannot comprehend any such
5 the complexity of systems increase, so does'the importance of good modeling techniques. T
actors of a project’s success, but having@srigorous modeling language standard is one essenti
guage must include:

ption — visual rendering of (model elements
Helines — idioms of usage within the trade

Df increasingly camplex systems, visualization and modeling become essential. The UML isaw
boted response.to.that need. It is the visual modeling language of choice for building object-0
based systéms.

dustry Trends in Software

y asked question has been: Why doesn't UML support data-flow diagrams? Simply put/data-f
diagram t)%es that were not included in the UML do not fit as cleanly into a consistent object-oriented par

low and other
bdigm. Activity
Activity

jghts a few key

5 essential as
and to assure
system in its
ere are many
factor. A

ell defined and
riented and

As the str

egiC Vdlue Ol Soltware Increases 1or mary compdanies, the madstry Tooks 1or technnrques to aut

mate the

production of software. We look for techniques to improve quality and reduce cost and time-to-market. These techniques
include component technology, visual programming, patterns, and frameworks. We also seek techniques to manage the
complexity of systems as they increase in scope and scale. In particular, we recognize the need to solve recurring
architectural problems, such as physical distribution, concurrency, replication, security, load balancing, and fault
tolerance. Development for the worldwide web makes some things simpler, but exacerbates these architectural problems.

Complexity will vary by application domain and process phase. One of the key motivations in the minds of the UML
developers was to create a set of semantics and notation that adequately addresses all scales of architectural complexity,
across all domains.
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3.4.3 Prior to Industry Convergence

Prior to the UML, there was no clear leading modeling language. Users had to choose from among many similar
modeling languages with minor differences in overall expressive power. Most of the modeling languages shared a set of
commonly accepted concepts that are expressed slightly differently in various languages. This lack of agreement
discouraged new users from entering the object technology market and from doing object modeling, without greatly
expanding the power of modeling. Users longed for the industry to adopt one, or a very few, broadly supported modeling
languages s .

Some vendors were discouraged from entering the object modeling area because of the need to suppert many similar, but
slightly difflerent, modeling languages. In particular, the supply of add-on tools has been depressed béecausg small vendors
cannot affofd to support many different formats from many different front-end modeling toolslt is'important to the entire
object indugtry to encourage broadly based tools and vendors, as well as niche products thai-gater to the peeds of

specialized|groups.

The perpetdial cost of using and supporting many modeling languages motivated many-companies producing or using
object techmology to endorse and support the development of the UML.

While the ML does not guarantee project success, it does improve many things. For example, it significgntly lowers the
perpetual cost of training and retooling when changing between projects oryorganizations. It provides the ppportunity for
new integration between tools, processes, and domains. But most impartantly, it enables developers to fgcus on

delivering business value and gives them a paradigm to accompligh this.

3.5 Goals of the UML

The primary design goals of the UML are as follows:
« Proyide users with a ready-to-use, expressivevisual modeling language to develop and exchange meaningful models.
» Furmish extensibility and specialization mechanisms to extend the core concepts.
« Support specifications that are independent of particular programming languages and devel opment processes.
» Proyide aformal basis for understanding the modeling language.
» Encpurage the growth.ef.the object tools market.
« Support higher-level, development concepts such as components, collaborations, frameworks and pattérns.
 Inteprate best practices.

These goal$ are'discussed in detail below.

Provide users with aready-to-use, expressive visual modeling language to develop and exchange
meaningful models

It is important that the Object Analysis and Design (OA& D) standard supports a modeling language that can be used “out
of the box” to do normal general-purpose modeling tasks. If the standard merely provides a meta-meta-description that
reguires tailoring to a particular set of modeling concepts, then it will not achieve the purpose of allowing users to
exchange models without losing information or without imposing excessive work to map their models to a very abstract
form. The UML consolidates a set of core modeling concepts that are generally accepted across many current methods
and modeling tools. These concepts are needed in many or most large applications, although not every concept is needed
in every part of every application. Specifying a meta-meta-level format for the concepts is not sufficient for model users,
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because the concepts must be made concrete for real modeling to occur. If the concepts in different application areas were
substantially different, then such an approach might work, but the core concepts needed by most application areas are
similar and should be supported directly by the standard without the need for another layer.

Furnish extensibility and specialization mechanisms to extend the core concepts

OMG expects that the UML will be tailored as new needs are discovered and for specific domains. At the same time, we
do not want to force the common core concepts to be redefined or re-implemented for each tailored area. Therefore, we

believe thaf the extension mechanisms should support deviations from the common case, rather than bein

implement
need to be
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either dime|
of low-levd
definitions
format of t
approach f
expresses W
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[he core modeling concepts themselves. The core concepts should not be changed more thann
bble to

d models using core concepts without using extension mechanisms for most normal ,applications,
new concepts and notations for issues not covered by the core,
DSe among variant interpretations of existing concepts, when there is no clear consensus, and

ialize the concepts, notations, and constraints for particular application domains.
pecifications that are independent of particular programming languages and devel

hust and can support all reasonable programming languages. It also must and can support vario
f building models. The UML can support multiple programming languages and development n
fficulty.

formal basis for understanding the modeling language

brs will use formality to help understand<he language, it must be both precise and approachah
hsion damages its usefulness. The formalisms must not require excessive levels of indirection
mathematical notations distant from the modeling domain, such as set-theoretic notation, or
that are equivalent to programming an implementation. The UML provides a formal definitiorn
e model using a metamodél expressed in UML class diagrams. This is a popular and widely 3
r specifying the format,of -a model and directly leads to the implementation of interchange fo
ell-formedness constraints in precise natural language plus Object Constraint Language expre
he operational meaning of most constructs in precise natura language. The fully formal appro

specify languages such as'Algol-68 was not approachable enough for most practical usage.

Encourag

e the growth of the object tools market

By enablin
vendors sti

i

vendors to support a standard modeling language used by most users and toals, the industry
can add value in their tool implementations, enabling interoperability is essential. Interopera

h required to
bcessary. Users

opment

s methods and
ethods without

le; alack of

br layering, use
bperational

of the static
iccepted formal
mats. UML
ssions. UML
beh taken to

benefits. While
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that models can be exchanged among users and tools without loss of information. This can only occur if the tools agree
on the format and meaning of all of the relevant concepts. Using a higher meta-level is no solution unless the mapping to
the user-level concepts is included in the standard.

Support higher-level development concepts such as components, collaborations, frameworks, and

patterns

Clearly defined semantics of these concepts is essential to reap the full benefit of object-orientation and reuse. Defining
these within the holistic context of a modeling language is a unique contribution of the UML.
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Integrate best practices

A key motivation behind the development of the UML has been to integrate the best practices in the industry,
encompassing widely varying views based on levels of abstraction, domains, architectures, life cycle stages,
implementation technologies, etc. The UML is indeed such an integration of best practices.

3.5.1

Comparing UML to Other Modeling Languages

It should bg¢ made clear that the Unified Modeling Language is not a radical departure from Booch, OM
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Existing ug
previously

stereotypes
when the p
352 F
Thegoalsd

didn’t work
existing sol

]

bgitimate successor to all three. This means that if you are a Booch, OMT, or OOSE user_today
and tools will be preserved, because the Unified Modeling Language is a natural evolutionary
blly easy to adopt for users of many other methods, but their authors must decide for.themsel\
UML concepts and notation underneath their methods.

Modeling Language is more expressive yet cleaner and more uniform than Beoch, OMT, OC
his means that there is value in moving to the Unified Modeling Language,-because it will all
s they could not have done before. Users of most other methods and.medeling languages will
he UML, since it removes the unnecessary differences in notation and-terminology that obscure
of most of these approaches.

t to other visual modeling languages, including entity-relationship modeling, BPR flow charts
Liages, the UML should provide improved expressiveness.and holistic integrity.

sting methods will experience slight changes in notation, but this should not take much releay
fication of the underlying semantics. If the unification goals have been achieved, UML will
h beginning new projects, especialy as the availability of tools, books, and training becomes

| modeling tools support existing notations,\such as Booch, OMT, OOSE, or others, as views 0
N these tools add support for UML (as.some already have) users will enjoy the benefit of swi

brs of any object method can expect a fairly quick learning curve to achieve the same expressi
new. One can quickly learn‘and use the basics productively. More advanced techniques, such
and properties, will require-some study since they enable very expressive and precise models
oblem at hand requires:them.

batures of the\UML
f the unification efforts were to keep it simple, to cast away elements of existing Booch, OMT,

in practice, to add elements from other methods that were more effective, and to invent new
Liti on.was not available. Because the UML authors were in effect designing alanguage (albeit a

or OOSE, but
, your training,
step. The UML
es whether to

SE, and other
DW projects to
gain value by
the underlying

, and state-

ning and will
e an obvious
videspread.

f an underlying
ching their

\veness as they
as the use of
needed only

and OOSE that
only when an
graphical one),

they had to

strike a proper balance between minimalism (everything is text and boxes) and over-engineer

ng (having an

icon for every conceivable modeling element). To that end, they were very careful about adding new things, because they
didn't want to make the UML unnecessarily complex. Along the way, however, some things were found that were
advantageous to add because they have proven useful in practice in other modeling.

There are several new concepts that are included in UML, including

extensibility mechanisms (stereotypes, tagged values, and constraints),
threads and processes,

distribution and concurrency (e.g., for modeling ActiveX/DCOM and CORBA),
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patterns/collaborations,

activity diagrams (for business process modeling),

refinement (to handle relationshi ps between levels of abstraction),
interfaces and components, and

aconstraint language.

bse ideas were present in various individual methods and theories but UML brings them toget

semantics and notation.

S an evolution from Booch, OMT, OOSE, other object-oriented methods, and many-other sour
rces incorporated many different elements from many authors, including non*Q® influences.
A melding of graphical syntax from various sources, with a number of symibels removed (becs
superfluous, or little used) and with a few new symbols added. The ideas in the UML come fr
of ideas developed by many different people in the object-oriented field. The UML developer
5e ideas; rather, their role was to select and integrate the best ideasfrom object modeling and co
he actual genealogy of the notation and underlying detailed semantics is complicated, so it is
Vide context, not to represent precise history.

agrams are similar in appearance to those in OOSE.

Ams are a melding of OMT, Booch, class diagrams of most other object methods. Stereotypes

bs are concepts added in UML that did not previously exist in the major modeling languages.

hich share much of the same underlying semantics, are similar to the work flow diagrams devd
uding many pre-object sources,

agrams were found in a variety of object methods under a variety of names (interaction, mesg

Faction graph), and asxumber of other sources.

bns are now firsticlass modeling entities, and often form the basis of patterns.

ut they arenow component-centered, rather than module-centered and are far better interconn

are 'one of the extension mechanisms and extend the semantics of the metamodel. User-defing

associated

ner into a

nole. In addition to these major changes, there are many other localized improvements over-the Booch, OMT,

ces. These

"he UML

use they were

pm the

5 did not invent
mputer-science
discussed here

and their

bnstraints, and

ctivity graph
loped by many

bage trace, and

and date to pre-object days. Collaboration diagrams were adapted from Booch (object diagram), Fusion

nd process
bcted.

bd icons can be

vith-given stereotypes for tailoring the UML to specific processes.

Object Constraint Language is used by UML to specify the semantics and is provided as a language for expressions

during modeling. OCL is an expression language having its root in the Syntropy method and has been influenced by
expression languages in other methods like Catalysis. The informal navigation from OMT has the same intent, where
OCL isformalized and more extensive.

Each of these concepts has further predecessors and many other influences. We realize that any brief list of influences is
incompl ete and we recognize that the UML is the product of along history of ideas in the computer science and software
engineering area.
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3.6 UML - Past, Present, and Future

The UML was developed by Rational Software and its partners. Many companies are incorporating the UML as a
standard into their development process and products, which cover disciplines such as business modeling, requirements
management, analysis & design, programming, and testing.

3.6.1 UMLO0.8-0.91

Precursoris to UML

| dentifiabl g object-oriented modeling languages began to appear between mid-1970 and the late 19805 as|various
methodol ogists experimented with different approaches to object-oriented analysis and design. Several other techniques
influenced these languages, including Entity-Relationship modeling, the Specification & Deseription Lan?uage (SDL,
circa 1976,[CCITT), and other techniques. The number of identified modeling languages.increased from lless than 10 to
more than %0 during the period between 1989-1994. Many users of object methods had trouble finding cgmplete
satisfaction|in any one modeling language, fueling the “method wars.” By the mid-X990s, new iterations of these methods
began to agpear, most notably Booch’' 93, the continued evolution of OMT, and/Fusion. These methods bggan to
incorporateleach other’s techniques, and a few clearly prominent methods emerged, including the OOSE,[OMT-2, and
Booch’' 93 methods. Each of these was a complete method, and was recognized as having certain strengthg. In simple
terms, OOSE was a use-case oriented approach that provided excellent support business engineering and fequirements
analysis. OMT-2 was especially expressive for analysis and data-inténsive information systems. Booch' 93 was
particularly| expressive during design and construction phases of projects and popular for engineering-intgnsive
applications.

Booch, RUmbaugh, and Jacobson Join Forces

The development of UML began in October of 1994;when Grady Booch and Jim Rumbaugh of Rational Software
Corporation began their work on unifying the Booch and OMT (Object Modeling Technique) methods. Gjven that the
Booch and OMT methods were already indepefdently growing together and were collectively recognized| as leading

obj ect-ori}ed methods worldwide, Boochrand Rumbaugh joined forces to forge a complete unification of their work. A

draft version 0.8 of the Unified Method,asit was then called, was released in October of 1995. In the Fa|l of 1995, |var
Jacobson afd his Objectory company jeined Rational and this unification effort, merging in the OOSE (Qbject-Oriented
Software Engineering) method. The Objectory name is now used within Rational primarily to describe its YML-compliant
process, the Rational Unified Process.

As the primary authors of the Booch, OMT, and OOSE methods, Grady Booch, Jim Rumbaugh, and Ivar [Jacobson were
motivated tp create a uhified modeling language for three reasons. First, these methods were already evdlving toward
each other iindependently. 1t made sense to continue that evolution together rather than apart, eliminating the potential for
any unnecessary-and gratuitous differences that would further confuse users. Second, by unifying the sermantics and
notation, thigy<eauld bring some stability to the object-oriented marketplace, allowing projects to settle or] one mature
modeling | arguage-ane-tettirgtool-buHdersfoeds-on-detverrgrrere-tseful-features—Fhird-they-expected that their
collaboration would yield improvements in al three earlier methods, helping them to capture lessons learned and to
address problems that none of their methods previously handled well.

As they began their unification, they established four goals to focus their efforts:
1. Enable the modeling of systems (and not just software) using object-oriented concepts
2. Edablish an explicit coupling to conceptual as well as executable artifacts

3. Addresstheissues of scale inherent in complex, mission-critical systems
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4. Create amodeling language usable by both humans and machines

Devising a notation for use in object-oriented analysis and design is not unlike designing a programming language. There
are tradeoffs. First, one must bound the problem: Should the notation encompass requirement specification? (Yes,
partially.) Should the notation extend to the level of a visual programming language? (No.) Second, one must strike a
balance between expressiveness and simplicity: Too simple a notation will limit the breadth of problems that can be
solved; too complex a notation will overwhelm the mortal developer. In the case of unifying existing methods, one must
also be sensitive to the installed base: Make too many changes, and you will confuse existing users. Resist advancing the
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of Booch, Rumbaugh, and Jacobson resulted in the release of the UML 0.9 and 0.9, doCumer

d this feedback, but it was clear that additional focused attention was still reguired.
ML Partners

6, it became clear that several organizations saw UML as strategiC:totheir business. A Reque
d by the Object Management Group (OMG) provided the catalyist for these organizations to joi
L joint RFP response. Rational established the UML Partners cohsortium with several organiza

ipment Corp., HP, i-LogiX, IntelliCorp, IBM, ICON Cemputing, MCI Systemhouse, Microsoft
ftware, T1, and Unisys. This collaboration produced:UML, a modeling language that was wel
powerful, and generally applicable.

1997 IBM & ObjecTime; Platinum Technology; Ptech; Taskon & Reich Technologies; and Sof
eparate RFP responses to the OMG.  These companies joined the UML partners to contribute

partners produced the revised UML 131 response. The focus of the UML 1.1 release was to i
e UML 1.0 semantics and to incorporate contributions from the new partners.

ent is based on the UML 1.1 release and is the result of a collaborative team effort. The UM
[ as a team to define UML\,_While each partner came in with their own perspective and areas
enefited from each of them and from the diversity of their experiences. The UML Partners co
Xpert perspectives, including, but not limited to, the following: OMG and RM-ODP technolog
frameworks, distribution, and metamodel.

ML - Present and Future

5.Non-proprietary and open to all. It addresses the needs of user and scientific communities, as

strives to make

ts in June and

1996. During 1996, the UML authors invited and received feedback from the general commuity. They

st for Proposal
n forces around
tions willing to

bources to work toward a strong UML definition. Thosecentributing most to the UML definition included:

, Oracle,
defined,
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heir ideas, and
mprove the
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of interest, the
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Y perspectives,
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established by

experience

rtrtheondertymgmethods omwiich it s based:

Many methodol ogists, organizations, and tool vendors have committed to use it. Since the UML builds upon similar
semantics and notation from Booch, OMT, OOSE, and other leading methods and has incorporated input from the UML
partners and feedback from the general public, widespread adoption of the UML should be straightforward.

There are two aspects of "unified" that the UML achieves: Firgt, it effectively ends many of the differences, often
inconsequential, between the modeling languages of previous methods. Secondly, and perhaps more importantly, it
unifies the perspectives among many different kinds of systems (business versus software), development phases
(requirements analysis, design, and implementation), and internal concepts.
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Standardization of the UML

Many organizations have already endorsed the UML as their organization’s standard, since it is based on the modeling
languages of leading object methods. The UML is ready for widespread use. This document is suitable as the primary
source for authors writing books and training materials, as well as developers implementing visual modeling tools.
Additional collateral, such as articles, training courses, examples, and books, will soon make the UML very approachable
for a wide audience.

The Unifi
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RTF) to accept comments from the general public and to make revisions to the-specifications
Cies, ambiguities, and minor omissions that could be handled without a mgjor change in scope
cification. The members of the RTF were drawn from the original proposers with a few additi
sued several preliminary reports with the final report containing UM1.3 scheduled for the sef

Lld be considered a minor upgrade to the original specification:More substantive changes and
Fes the full OMG specification and adoption process.

zation

grow significantly over time. These organizations will continue to encourage the use of the Un

ns, and authors to adopt the UML.

pasure of the UML’s success is its use on successful projects and the increasing demand for su
ing, and mentoring.

L Evolution

nany |eading-edge techniques, but expect additional techniques to influence future versions of t
bchniques can be defined using UML as a base. The UML can be extended without redefining

n its current/form, is expected to be the basis for many tools, including those for visual modeli

The UML ha

L997 Slnce then the OMG has assumed responsi b|||ty for the further devel opment of the UML

on of the UML 1.1 specification by the OMG membership in November 1997, the @M G charfered a revision
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Component-based development isan approach Worth ment|0n|ng Itis synerglstlc with tradltlonal object-oriented
technigues. While reuse based on components is becoming increasingly widespread, this does not mean that component-
based techniques will replace object-oriented techniques. There are only subtle differences between the semantics of
components and classes.
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4 UML Semantics

Part 1 - Background
4.1 Introduction
4.1.1 Pyrpose and Scope

The primary
metamodel
modeling. H

Although tH

Consequently, it is structured and written to increase readability. The structure of the document, like the langu

previous co
combines n

This sectior]

emphasize the structure of objectsin a system, including their classes, interfaces, attributes and relations. Beh

(also know
collaboratid
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summary o

412 Af
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metamodel
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Classinthe
further in S

TheUML n
isthat it em
metamodel

vendors ma|
performanc
implementd

audience for this detailed description consists of the OMG, other standards organi zations, tealbu

e document is meant for advanced readers, it is also meant to be easily understood y’its intended

ncepts to refine and extend the semantics. In addition, the document is written-in a ‘ semi-formal’
btural and formal 1anguages in a complementary manner.

specifies semantics for structural and behavioral object models. Structural models (also known &9

as dynamic models) emphasize the behavior of objectsin asystem, including their methods, intef
ns, and state histories.

provides complete semantics for all modeling notations described in the UML Notation Guide (d
port for awide range of diagram techniques: class diagram, object diagram, use case diagram,

the semantics sections that are relevant to each.diagram technique.

proach

emphasi zes language architecture ard formal rigor. The architecture of the UML is based on afg
Structure, which consists of thefollowing layers: user objects, model, metamodel, and meta-metar]
primarily concerned with thelmetamodel layer, which is an instance of the meta-metamodel layer
metamodel is an instance of MetaClass in the meta-metamodel. The metamodel architecture of U
bction 4.2, “Language-Architecture,” on page 14.

hetamodel isalogieal model and not a physical (or implementation) model. The advantage of alog
phasi zes declarative semantics, and suppresses implementation details. Implementations that use t
must conforim to its semantics, and must be able to import and export full aswell as partial model s

ilders,

brs, methodologists, and expert modelers. The authors assume familiarity with metamodeling-and advanced object
eaders looking for an introduction to the UML or object modeling should consider another source.

audience.
lage, builds on
ityle that

b static models)
avioral models
actions,

hapter 5). This

saluence diagram,

cludes a

ur-layer

nodel. This

L For example,
ML is discussed

ical metamodel
he logical
However, tool

y construetthe logical metamodel in various ways, so they can tune their implementations for rel

fion..Consequently, the metamodel is accompanied with implementation notes for tool builders.

ility and

b, The disadvantage of alogical model isthat it lacks the imperative semantics required for accurge and efficient

f

UML isalso structured within the metamodel layer. The language is decomposed into several logical packages: Foundation,
Behaviora Elements, and Model Management. These packages in turn are decomposed into subpackages. For example, the
Foundation package consists of the Core, Extension Mechanisms, and Data Types subpackages. The structure of the language
is fully described in Section 4.2, “Language Architecture,” on page 14.

The metamodel is described in a semi-formal manner using these views:

© ISO/IEC 20

05 - All rights reserved
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e Abstract syntax

o Well-

formedness rules

Semantics

The abstract syntax is provided as amodel described in asubset of UML, consisting of aUML class diagram and a supporting
natural language description. (In thisway the UML bootstraps itself in amanner similar to how a compiler is used to compile
itself.) The well-formedness rules are provided using aformal language (Object Constraint L anguage) and natural language

(English). i
depending g

described irf

In summary
We recogni

our experience suggests that this combination strikes a reasonable balance between expressiveness and readal]

4

g

42 L

421 Fd

The UML n
infrastructu
with this ap

Itre

It fy
mets

The general

met

met

mod
L]

usel|

The functio

Ta

Anguage Architecture

netamodel is defined as one of the layers of afour-layer metanjodeling architecture. This architect

broach:
fines semantic constructs by recursively applying.them to successive metalayers.

It prjovides an architectural basis for defining future-UML metamodel extensions.

imodeling architecture, in particular the OMG Meta-Object Facility (MOF).

b-metamodel

pmodel

nally, the semantics are described primarily in natural language, but may include some additional
n the part of the model being described. The adaptation of formal techniques to specify the langug
Section 4.3, “Language Formalism,” on page 17.

the UML metamodel is described in a combination of graphic notation, natural langtiage, and for
ethat there are theoretical limitsto what one can express about ametamodel usingthe’'metamodel

ur-Layer Metamodel Architecture

e for defining the precise semantics required by complexhodels. There are several other advantal

rnishes an architectural basis for aligning.the UML metamodel with other standards based on afo

y accepted framework for metamodeling is based on an architecture with four layers:

el
objects

ns of theseTayers are summarized in the following table.

blel/- Four Layer Metamodeling Architecture

notation,
ge isfully

mal language.
tself. However,
ility.

Ire is a proven
hes associated

Lir-layer

Layer

Description Example

meta-metamodel

The infrastructure for a metamodeling
architecture. Defines the language for
specifying metamodels.

MetaClass, MetaAttribute, MetaOperation

14
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Table 1 - Four Layer Metamodeling Architecture

Layer Description Example
metamodel An instance of a meta-metamodel. Definesthe | Class, Attribute, Operation, Component
language for specifying a model.
model An instance of a metamodel. Defines a StockShare, askPrice, sellLimitOrder,
language to describe an information domain. StockQuoteServer
user objects (user data) | An instance of a model. Defines a specific <Acme_SW_Share 98789>, 654.56,
information domain. sell_limit_order, <Stock_Quote( Svr |32123>
The meta-rmjetamodeling layer forms the foundation for the metamodeling architecture. The primaryrresponsibility of thislayer
isto define the language for specifying a metamodel. A meta-metamodel defines amodel at a higher level of gbstraction than
ametamoda!, and is typically more compact than the metamodel that it describes. A meta-metamodel can define multiple
metamodel g, and there can be multiple meta-metamodel s associated with each metamodel

constructs,

iesand

hisis not a strict rule. Each layer needs to maintain its own design integrity. Examples of meta-mgtaobjects in the

Whileit i:lenerally desirable that related metamodel s and meta-metamodels share cenimon design philosoph

meta-met

A metamod
for specifyi
whenthey d
Component

A model is
information
StockQuote

User object:

odeling layer are: MetaClass, MetaAttribute, and MetaOperation.

el is an instance of a meta-metamodel. The primary responsihility)of the metamodel layer is to define alanguage

ng models. Metamodels are typically more elaborate than the fneta-metamodel s that describe then
efine dynamic semantics. Examples of metaobjectsin the metamodeling layer are: Class, Attribute

BN instance of ametamodel. The primary responsibility of the model layer isto define alanguaget

domain. Examples of objects in the modeling:layer are: StockShare, askPrice, sellLimitOrder, andl
Server.
5 (auk.a. user data) are an instance of amodel. The primary responsibility of the user objects layer

specific information domain. Examples of objeetsin the user objects layer are: <Acme_Software_Share 9879

sell_limit_d
4.2.1.1 Af

Both the UN
metamodel
UML metar]

rather than

Conseguent
UML metar]

rder, and <Stock_Quote Svr_32123>.

chitectural Alignment with the MO F Meta-Metamodel

/Il and the MOF arebased on afour-layer metamodel architecture, where the MOF meta-metamo
for the UML metamodel. Since the MOF and UML have different scopes and differ in their abstra
nodel tendsto be more of alogical model than the MOF meta-metamode!), they are related by loog

strict metamodeling.! As aresult, the UML metamodel is an instance of the MOF meta-metamodd.

, especialy
Operation, and

hat describes an

sto describe a
0>, 654.56,

del is the meta-
Ction levels (the
e metamodeling

y, thereisnot a strict isomorphic instance-of mapping between all the MOF meta-metamodel e efnents and the

nodel. elements. In spite of this, since the two models were designed to be interoperable, the UML

metamodel

Core package

phdithe MOF meta-metamodel are structurally quite similar.

4.2.2 Package Structure

The complexity of the UML metamodel is managed by organizing it into logical packages. These packages group metaclasses

1.
element

of aM, level model isan instance of exactly one element of M,,,1 level model.

© ISO/IEC 2005 - All rights reserved
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that show strong cohesion with each other and loose coupling with metaclasses in other packages. The metamodel is
decomposed into the top-level packages shown in Figure 1.

Behavioral Model
Elements Management
N /
\
N\ /’
\\ y
A\H b
Foundation

Figure 1 - Top-Level Packages

The Foundgtion and Behavioral Elements packages are further decomposed as shown in Figure 2 and Figure 3.

Core Extension
<~ - = Mechanisms
I V1 U I 7>

N /
AN /
¢ 2 %/

Data Types

Figure 2 - Foundation Packages
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[ 1

Activity Graphs

v
Collabprations Use Cases State Machines
- | P
O Vv /
/4
Common
Behavior

Figure 3 - Behavioral Elements Packages

The functiops and contents of these packages are described in‘Section 4.8, “Behavioral Elements Package,” o page 85.

4.3 Language Formalism

This section contains a description of the techniques used to describe UML. The specification adapts formal techniques to
improve précision while maintaining readability:~The technique describes the UML metamodel in three viewqusing both text
and graphid presentations. The benefits of-adapting formal techniques include:

« the orrectness of the descriptionsimproved,

e ambiguities and inconsistencies are reduced,

¢ the grchitecture of the.metamodel is validated by a complementary technique, and
 the eadability-of.the description is increased.

It isimportant to-note that the current description is not acompletely formal specification of the language becpuse to do so

would have|added significant complexity without clear benefit. In addition, the state of the practice in formal specifications
does not y address some of the more difficult |thl lage issuesthat LML introduces,

The structure of the language is nevertheless given a precise specification, which is required for tool interoperability. The
dynamic semantics are described using natural language, although in a precise way so they can easily be understood.
Currently, the dynamic semantics are not considered essential for the development of tools; however, thiswill probably change
in the future.

4.3.1 Levels of Formalism

A common technique for specification of languagesis to first define the syntax of the language and then to describe its static
and dynamic semantics. The syntax defines what constructs exist in the language and how the constructs are built up in terms

© ISO/IEC 2005 - All rights reserved 17
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of other constructs. Sometimes, especially if thelanguage has a graphic syntax, it isimportant to define the syntax in anotation
independent way, that is, to define the abstract syntax of the language. The concrete syntax is then defined by mapping the

notation ont

o0 the abstract syntax. The syntax is described in the Abstract Syntax sections.

The static semantics of alanguage define how an instance of a construct should be connected to other instances to be
meaningful, and the dynamic semantics define the meaning of awell formed construct. The meaning of a description written
in the language is defined only if the description iswell formed, that is, if it fulfills the rules defined in the static semantics.

The static seman

heading Sen
The specifig
language to
information
practical sin

In constructing the UML metamodel different techniques have been used to specify language constructs, usin

capabilities
being vari
of the vari
variantsist
Association
association.

4.3.2 Paq

This sectior
subsections,

4.3.2.1 Al

The abstrac
relationship
relationship
description
general pres

metaclass specifying the constructin UML. For each metaclass, its attributes are enumerated together with a sh

Furthermorg

4.3.2.2 W

The static s
an instance

t
ZLt construct to be significantly different from the base metaclass. Angther more “lightweight” wayj

CS. SOITIE CA O SelTldl SO EXPIalTIE SECU O O

Fation uses a combination of languages - a subset of UML, an object constraint language, andprec
describe the abstract syntax and semantics of the full UML. The description is self-contained; no

are needed to read the document?. Although thisis a metacircular descri ption3, understanding thi
ce only asmall subset of UML constructs are needed to describe its semantics.

of UML. The main language constructs are reified into metaclasses in the metamodel. Other const
s of other ones, are defined as stereotypes of metaclassesin the metamodel: This mechanism allov

D use metaattributes. As an example, the aggregation construct is specified by an attribute of the
F-nd, which is used to indicate if an association is an ordinary,aggregate, a composite aggregate, o

kage Specification Structure

stract Syntax

syntax is presented in a UML classdiagram showing the metaclasses defining the constructs and
5. The diagram also presents somée-of the well-formedness rules, mainly the multiplicity requirem
5, and whether or not the ingtances of a particular sub-construct must be ordered. Finaly, ashort i
n natural language describing each construct is supplied. The first paragraph of each of these desq
lentation of the construetithat sets the context, while the following paragraphs give the informal de

b, the opposite rolé-names of associations connected to the metaclass are also listed in the same wa

b|[-Formedfnéss Rules

bmantics.of UML metaclasses, except for multiplicity and ordering constraints, are defined as a set
pf themetaclass. (Note that a metaclassis not required to have any invariants.) These invariants h

tics are found in sections headed Well-Formedness Rules. The dynamic semantics are describ:

ed under the
completeness.

se natural
bther sources of

5 document is

some of the
ucts, in essence
sthe semantics
of defining
etaclass
- a.common

provides information for each package in the UML metamodel. Each package has one or more of| the following

their
ts of the

I?ormal

riptionsisa
finition of the
ort explanation.

.

of invariants of
hve to be

satisfied for

the construct ta he meani ngﬁ L _Therules thus sneci fy constraints.over attributes and association
bt

defined in the

metamodel. Each invariant is defined by an OCL expression together with an informal explanation of the expression. In many
cases, additional operations on the metaclasses are needed for the OCL expressions. These are then defined in a separate
subsection after the well-formedness rules for the construct, using the same approach as the abstract syntax: an informal

explanation

2.

followed by the OCL expression defining the operation.

not essential to understand the UML semantics.

3. Inorder

18

to understand the description of the UML semantics, you must understand some UML semantics.
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The statement ‘No extrawell-formedness rules’ means that all current static semantics are expressed in the superclasses
together with the multiplicity and type information expressed in the diagrams.

4.3.2.3 Semantics

The meanings of the constructs are defined using natural language. The constructs are grouped into logical chunks that are
defined together. Since only concrete metaclasses have atrue meaning in the language, only these are described in this section.

4.3.2.4 St

ardard-Elements
lements

Stereotypeslof the metaclasses defined previously in the section are listed, with an informal definition innattu
Well-formefiness rules, if any, for the stereotypes are also defined in the same manner as in the Well-Farmedn

subsection.

Other kindgof standard elements (constraints and tagged-values) are listed, and are defined inthe Sandard E

appendix.

4.3.2.5 Notes

This subsection may contain rationales for metamodeling decisions, pragmatics fer, the use of the constructs, 3

writteninn

btural language.

4.3.3 Us¢ of a Constraint Language

The specifig¢ation uses the Object Constraint Language (OCL ), asdefined in Chapter 6, “Object Constraint L3
Soecification” for expressing well-formedness rules.

The followi

o Sdf

clarity.

hg conventions are used to promote readability:

- which can be omitted as a reference to the metaclass defining the context of the invariant, has i

¢ Inexpressions where a collection is itérated, an iterator is used for clarity, even when formally unnecq
of the iterator is usually omitted, but:included when it adds to understanding.

e Theg'collect’ operationisleft implicit wherethisis practical.

4.3.4 Use¢ of Natural Language

We strovert
includes ph
assumed, al

The followi

b be precisein'our use of natural language, in this case English. For example, the description of U
ases suchras* X provides the ability to...” and “X isaY.” In each of these cases, the usua Englis}
Fhoughra-deeply formal description would demand a specification of the semantics of even these s

ng'general rules apply:

al language.
bss Rules

ements

Ind examples all

nguage

een kept for

ssary. The type

ML semantics
hmeaning is
mple phrases.

¢ When referring to an instance of some metaclass, we often omit the word “instance.” For example, instead of saying “a
Classinstance” or “an Association instance,” we just say “a Class’ or “an Association.” By prefixing it withan “a’ or
“an,” assume that we mean “an instance of.” Inthe same way, by saying something like “ Elements’ we mean “a set (or
the set) of instances of the metaclass Element.”

¢ Every time aword coinciding with the name of some construct in UML is used, that construct is referenced.

e Termsincluding one of the prefixes sub, super, or meta are written as one word (for example, metamodel, subclass).

© ISO/IEC 2005 - All rights reserved
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4.3.5 Naming Conventions and Typography

In the description of UML, the following conventions have been used:

Part 2 -

4.4 Fou

The Foundation package is the language infrastructuréthat specifies the static structure of models. The Found

When referring to constructsin UML, not their representation in the metamodel, normal text is used.

Metaclass names that consist of appended nounsg/adjectives, initial embedded capitals are used (for example,
‘ModelElement,” ‘ Structural Feature’).

N
‘El

Initi

Bodlean metaattribute names always start with ‘is’ (for example, ‘isAbstract’).

Enumeration types always end with “Kind” (for example, ‘ AggregationKind’ )¢

es of metaassociations/association classes are written in the same manner as metaclasses (for example,

entReference’).

embedded capital is used for names that consist of appended nouns/adjectives (for example, ‘ oywnedElement,’
‘alContents’).

Whille referring to metaclasses, metaassociations, metaattributes, etc. in the.text, the exact names as they appear in the

modg! are always used.

Names of stereotypes are delimited by guillemets and begin with4owercase for those languages that d
between uppercase and lowercase characters (for example, «type»).

Foundation

ndation Package

stinguish

btion packageis

decomposeql into the following subpackages: Core, Extension Mechanisms, and Data Types. Figure 4 illustrates the

Foundation
architecturd

backbone for attaching additi onal*language constructs, such as metaclasses, metaassociations, and

Packages. The Core package specifiesthe basic concepts required for an elementary metamodel ahd defines an

metaattributes.

The Extensifon M echanisms package specifies how model elements are customized and extended with new sefnantics. The

Data Types

package defines basic data structures for the language.

| |

Core Extension
Mechanisms

Data Types

Figure 4 - Foundation Packages
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e

45.1 Overview

The Core package is the most fundamental of the subpackages that compose the UML Foundation package. It definesthe basic
abstract and concrete metamodel constructs needed for the development of object models. Abstract constructs are not
instantiable and are commonly used to reify key constructs, share structure, and organize the UML metamodel. Concrete
onstructs are instantiable and reflect the modeling constructs used by object modelers (cf. metamodelers).

metamodel

Abstract co
specified in

The Core package specifies the core constructs required for a basic metamodel and defines an architectaral bg

(“ skeleton”
the Core pa
underlying

packages, the Core is extended by adding metaclasses to the backbone using generalizations and associations.

The followi

4.5.2 Ab

The abstrac
the model g
define relati
various king
comments.

hstructs defined in the Core include Model Element, Generalizabl eElement, and Classifier. Concrel
the Core include Class, Attribute, Operation, and Association.

for attaching additional language constructs such as metacl asses, metaassociations, and metaattri
Ckage contains sufficient semantics to define the remainder of UML, it is not the UMY meta-metal
hase for the Foundation package, which in turn serves as the infrastructure for-the'rest of language

hg sections describe the abstract syntax, well-formedness rules, and semantics of the Core packag

Stract Syntax

| syntax for the Core package is expressed in graphic notation in the following figures. Figure 5 or
ements that form the structural backbone of the metamodel. Figure 6 on page 23 shows the model

is of classifiers. Figure 9 on page 26 shows auxiliaryelements for template parameters, presentatid

e constructs

ickbone

butes. Although
model. It isthe
In other

11%

page 22 shows
elements that

onships. Figure 7 on page 24 shows the model elementsithat define dependencies. Figure 8 on page 25 showsthe

n elements, and

© ISO/IEC 2005 - All rights reserved

21


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

Element

?

ModelElement

+ constrainedElement

name : Name fordered}
ElgmentOwnership +ownedElement
visibilify : VisibilityKind ] )
isSpegification : Boolean + copstraint
+namespace
0.1
Feature NameSpace GeneralizableElement Parameter Constraint
owne[Scope : ScopeKind ?SROOtf Boolean defaultValue : Expression body : BpoleanExpression
visibillty : VisibilityKind isLeaf : Boolean kind : ParameterDirectionKind
7'y isAbstract : Boolean
+eature
+ow(;1e1r +typedParameter + parameter
N Classifier Urype
{ordered}
1 +type
StrugturalFeature BehavioralFeature
* +typedFeatdre 0.1 {ordered)

mUltlpllClty UltlpllClty IsQuery : Boolean
changeability : ChangeableKind
targetScope|: ScopeKind
ordering : OnderingKind

|

Attribute Operation 1
initialValue~Expression

Method

concurrency : CallConcurrencyKind
isRoot : Boolean + specification
isLeaf : Boolean

isAbstract : Boolean
specification : String

body : ProcedureExpression

Figure 5 - Core Package - Backbone
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+source
ModelElement
name : Name
target *
Relationship
+sourcefflow +targetFlow *
- +generalization  +child
Flow Generalization 9 GeneralizableElement
discriminator: Name IsRoot: Boolean
IsLeaf : Baolean
+ specialization rparenq IsAbstract : Boolean
+powertypeRange *
+ powertype 0.1
Classifier —
B AssociationEnd {ordeyed}
*participant + association .
isNavigable : Boolean 2,
ordering : OrderingKind Associatio
aggregation ; AggregationKind S 0
+ spegification +specifiedEnd | targetScope: ScopeKind
multiplicity : Multiplicity
changeability : ChangeableKind A
T visibility : VisibilityKind + corfection
Class Attribute +associationEnd
) +qualifier
IsActive : Boolean InitialValue : Expression
0.1
A {ordered}
AssociationClass

Figure 6 - Core Package - Relationships
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Relationship
+supplier +supplierDependenc

ModelElement P i d Dependency
name | Name L *
1.* *
+client +clientDependency

Binding Usage
Abstraction b emmi sson
mapping : Map pingExpre sson
Figure 7 - Core Package - Dependencies
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Classifier

+deploymentLocation
Clags Interface Node

Component J timplementationtLocatign

Artifact

IsActive : Bpolean

+implementation|

ProgrammingLanguageDataType

Expression : TypeExpression

Figure 8 - Core Package - Classifiers

+deployedComponent
+container
ElementResidence [ |
visibility : VisibilityKind
+resident
DataType ModelElement
Name : Name
I I A —
. - + enumeration + literal EnumerationLiteral
Primitive Enumeration
*
1 1.
{ordered}
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TemplateParameter

{ordered}

Element

+ templateParameter

| 0.1

+ defaultElement

0.1 J ModelElement
+template name: Name + subject +preseniation  presentafionElement
TemplateArgument smodelElement
1
+argument {1cl)lr*uere d) +annotatedElement
1 +hinding
Binding Comment
body : String

Figure 9 - Core Package - Auxiliary Elements

4.5.2.1 Abstraction

An abstraction is a Dependency relationship-that relates two elements or sets of elements that represent the safne concept at
different leyels of abstraction or from different viewpoints.

In the metanodel, an Abstraction.is-a Dependency in which there is a mapping between the supplier and the cl{ent. Depending
on the specific stereotype of Abstraction, the mapping may be formal or informal, and it may be unidirectional |or bidirectional.

If an Abstraction element<as more than one client element, the supplier element maps into the set of client elgmentsasa
group. For éxample, an‘analysis-level class might be split into several design-level classes. The situation is sinilar if thereis

more than gne supplier-€lement.

The UML dandard stereotyped classes of Abstraction are Derivation, Realization, Refinement, and Trace. (These are the

names for t
Attributes
mapping A MappingExpression that states the abstraction relationship between the supplier and the client. In some
cases, such as Derivation, it is usualy formal and unidirectional; in other cases, such as Trace, it is usually
informal and bidirectional. The mapping attribute is optional and may be omitted if the precise relationship
between the elements is not specified.
26 © ISO/IEC 2005 - All rights reserved
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«derive»

(Name for the stereotyped class is Derivation.) Specifies a derivation relationship among model elements that
are usualy, but not necessarily, of the same type. A derived dependency specifies that the client may be
computed from the supplier. The mapping specifies the computation. The client may be implemented for

design reasons, such as efficiency, even though it is logically redundant.

«realize»

(Name for the stereotyped class is Realization.) Specifies a redlization relationship between a

specification

TTIOdEeEment or eremants (thesupptierand-amodeerement or erements that mptement it{the client). The

implementation model element is required to support all of the operations or received signals
specification model element declares. The implementation model element must make @rinher,

that the
t its own

declarations of the operations and signal receptions. The mapping specifies the relationship bgtween the two.

The mapping may or may not be computable. Realization can be used to model (stepwise refin
optimizations, transformations, templates, model synthesis, framework compasition, etc.

ement,

«refine»

(Name for the stereotyped class is Refinement.) Specifies refinement relationship between mg

del elements at

different semantic levels, such as analysis and design. The mapping speeifies the relationship etween the two

elements or sets of elements. The mapping may or may not be computable, and it may be uni
bidirectional. Refinement can be used to model transformations\from analysis to design and o
changes.

Hirectional or
ther such

«trace»

(Name for the stereotyped class is Trace.) Specifies atrace'relationship between model eleme)
model elements that represent the same concept in different models. Traces are mainly used f

nts or sets of
br tracking

requirements and changes across models. Since model changes can occur in both directions, the directionality

of the dependency can often be ignored. The mapping specifies the relationship between the t
rarely computable and is usually informal.

o, but it is

4.5.2.2 Antifact

An Artifact|represents a physical piece of informationdhat is used or produced by a software development prg
of Artifacts|include models, sourcefiles, scripts, andtbinary executable files. An Artifact may constitute the im
a deployable component.

In the metanodel, an Artifact is a Classifierwith an optional aggregation association to one or more Compon
Classifier, Artifacts may have Features that represent properties of the Artifact (for example, a“read-only” at

“check in” gperation).

It should bg noted that sometimes-Artifacts may need to be linked to Classifiers directly, without introducing
For instance, in the contextof .code generation, the resulting Artifacts (source code files) are never deployed g
In that case| a «derive» Bependency can be used between the Classifier(s) and the generated Artifact.

The standarfd stereotypes of Artifact are «file», the subclasses of «file» («executable», «source», «library», an
and «tablex»| TheSe stereotypes can be further subclassed into implementation and platform specific stereotypd
«jarFile» for Jaya archives).

cess. Examples
plementation of

ts. Asa
ribute or a

h ‘ Component.’
s Components.

H «document»),
s (for example,

Associations

implementationLocation

The deployable Component(s) that are implemented by this Artifact.

Stereotypes

«document»

Denotes a generic file that is not a «source» file or «executable». Subclass of «filex».

«executable»

Denotes a program file that can be executed on a computer system. Subclass of «file».

© ISO/IEC 2005 - All rights

reserved
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«file» Denotes a physical file in the context of the system developed.
«library» Denotes a static or dynamic library file. Subclass of «file».
«source» Denotes a source file that can be compiled into an executable file. Subclass of «file».
«table» Denotes a database table.
4.5.2.3 Assesctation

An associat|on defines a semantic relationship between classifiers. The instances of an association are a-set)of
instances of|the classifiers. Each tuple value may appear at most once.

In the met

odel, an Association is a declaration of a semantic relationship between Classifiers, ‘such as Clas
Association| has at |east two AssociationEnds. Each end is connected to a Classifier - the samé Classifier may

tuplesrelating

bes. An
be connected to

more than dne AssociationEnd in the same Association. The Association represents a set of connections amor)g instances of
the Classifi¢rs. Aninstance of an Association isaLink, whichisatuple of Instances drawn.from the corresponding Classifiers.
Attributes|

name The name of the Association that in combination withvits'associated Classifiers must be unique within the

enclosing namespace (usually a Package).

Associatipns

is only-conceptual.

connection An Association consists of at least tw@“AssociationEnds, each of which represents a connectign of the
association to a Classifier. Each AssaciationEnd specifies a set of properties that must be fulfifled for the
relationship to be valid. The bulK0f the structure of an Association is defined by its AssociatipnEnds. The
classifiers belonging to the assaciation are related to the AssociationEnds by the participant rdename
association.
Stereotypps
«implicit» The «implicit» stereotype is applied to an association, specifying that the association is not manifest, but rather

Standard Constraints

Xxor

The {xor} constraint is applied to a set of associations, specifying that over that set, exactly on
each associated instance. Xor is an exclusive or (not inclusive or) constraint.

P is manifest for

Tagged Values

persistence Persistence denotes the permanence of the state of the association, marking it as transitory (its state is
destroyed when the instance is destroyed) or persistent (its state is not destroyed when the instance is
destroyed).
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Inherited Features

Association is a Generalizabl eElement. The following elements are inherited by a child Association.
connection The child must have the same number of ends as the parent. Each participant class must be a descendant of
the participant class in the same position in the parent. If the Association is an AssociationClass, its class
properties (attributes, operations, etc.) are inherited. Various other properties are subject to change in the
child. This specification is likely to be further clarified in UML 2.0.
Non-Inherited Features
isRoot Not inheritable by their very nature, but they define the generalization structure,
isLeaf
isAbstract
name Each model element has a unique name.
4.5.2.4 AgsociationClass
An associat|on classis an association that is also a class. It not only connectsia set of classifiers but also defings a set of
features thal belong to the relationship itself and not any of the classifiers:.
Inherited Features
AssociationClass inherits features as specified in both Class and A'ssociation.
In the metanodel, an AssociationClass is a declaration of aSemantic relationship between Classifiers, which has a set of
features of ifts own. AssociationClassis a subclass of both Association and Class (that is, each AssociationClgssis both an
Association and a Class); therefore, an AssociationClass has both AssociationEnds and Features.
4.5.2.5 AgsociationEnd
An associat|on end is an endpoint of an assaeiation, which connects the association to a classifier. Each associption end is part
of one assogiation. The association-ends.of each association are ordered.
In the metanodel, an AssociationEnd'is part of an Association and specifies the connection of an Association fo a Classifier. It
has a name gnd defines a set of-properties of the connection (for example, which Classifier the Instances must gonform to, their

multiplicity

In the foll oy

and if they may beteached from another Instance via this connection).

Ving descriptions when referring to an association end for a binary association, the sourceend isth

b other end. The

target end i$ the onewhose properties are being discussed.
Attributed
aggregation When placed on one end (the “target” end), specifies whether the class on the target end is an aggregation with

respect to the class on the other end (the “source”end). Only one end can be an aggregation.

Possihilities are:
none - The target class is not an aggregate.

aggregation value of none. The part may be contained in other aggregates.

composite.

aggregate - The target class is an aggregate; therefore, the source class is a part and must have the

composite - The target class is a composite; therefore, the source class is a part and must have the
aggregation value of none. The part is strongly owned by the composite and may not be part of any other
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changeability

When placed on one end (the “target” end), specifies whether an instance of the Association may be modified
by an instance of the class on the other end (the “source” end). In other words, the attribute controls the access

by operations on the class on the opposite end.

Possibilities are:
¢ changeable - No restrictions on modification.

* frozen - No links may be added by operations on the source class after the creation of the source object.

Operations on the target class may add links (provided they are not similarly restricted).

* addOnly - Links may be added at any time by operations on the source object, but onece
may not be removed by operations on the source class. Operations on the target class may
links (provided they are not similarly restricted).

created a link
add or remove

ordering

When placed on a target end, specifies whether the set of links from the source instance to the
is ordered. The ordering must be determined and maintained by Operations thaf_add links. It r
additiona information not inherent in the objects or links themselves.

Possibilities are:

e unordered - The links form a set with no inherent ordering.

* ordered - A set of ordered links can be scanned in order.

* Other possibilities (such as sorted) may be defined later by declaring additional keyword
defined stereotypes, this would be a private extension_supported by particular editing too)

target instance
Epresents

5. As with user-
S.

isNavigabl g

When placed on atarget end, specifies whether tratiersal from a source instance to its associat
instances is possible. Specification of each direction across the Association is independent. A

ed target
value of true

means that the association can be navigated by, the source class and the target rolename can b¢ used in

navigation expressions.

multiplicity

When placed on atarget end, specifies.the number of target instances that may be associated
source instance across the given Association.

vith a single

name

(Inherited from Model Element)*The rolename of the end. When placed on atarget end, provid
traversing from a source instance across the association to the target instance or set of target il

les a name for
nstances. It

represents a pseudo-attribute of the source classifier; that is, it may be used in the same way as gn Attribute and

must be unique withrespect to Attributes and other pseudo-attributes of the source Classifier.

targetScop¢

Specifies whether the target value is an instance or a classifier.

Possibjlities are:

¢ ipstance. An instance value is part of each link. This is the default.

o “classifier. A classifier itself is part of each link. Normally this would be fixed at modeling
not be stored separately at run time.

time and need

visibility

Specifies the visibility of the association end from the viewpoint of the classifier on the other

end.

Possihilities are:

e public - Other classifiers may navigate the association and use the rolename in expressions, similar to the

use of a public attribute.

¢ protected - Descendants of the source classifier may navigate the association and use the
expressions, similar to the use of a protected attribute.

e private - Only the source classifier may navigate the association and use the rolename in
similar to the use of a private attribute.

rolename in

expressions,

¢ package - Classifiers in the same package (or a nested subpackage, to any level) as the association

declaration may navigate the association and use the rolename in expressions.
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qualifier

An optional list of qualifier Attributes for the end. If the list is empty, then the Association is

not qualified.

specification

Designates zero or more Classifiers that specify the Operations that may be applied to an Instance accessed by

the AssociationEnd across the Association. These determine the minimum interface that must

be realized by

the actua Classifier attached to the end to support the intent of the Association. May be an Interface or another

Classifier. These classifiers do not indicate the classes of the participants in alink, merely the

Ty e appied-wham traversmg a Hink:

operations that

participant]

Designates the Classifier participating in the Association at the given end. A link of the-Associlation contains a

reference to an instance of the class (including a descendant of the given class or a classthat
interface) in the given position in the link.

edlizes a given

(unnamed ¢omposite
end)

Designates the Association that owns the AssociationEnd.

Stereotypep
«associ ati op» Specifies a real association (default and redundant, but may beincluded for emphasis).
«global» Specifies that the target is a global value that is knowf.to-al elements rather than an actual asgsociation.
«local» Specifies that the relationship represents a local ¥ariable within a procedure rather than an acfual association.
«parameterp> Specifies that the relationship represents a procedure parameter rather than an actual associatipn.
«self» Specifies that the relationship represents.&teference to the object that owns an operation or agtion rather than
an actual association.

4.5.2.6 Attribute

An attributg is a named slot within a classifien that describes a range of values that instances of the classifier

In the meta;lnodel , an Attribute is a named,piece of the declared state of a Classifier, particularly the range of
the Classifier may hold.

Instances o

Attributes

hay hold.
alues that

initialValug

AnExpression specifying the value of the attribute upon initialization. It is meant to be evalu
the object isinitialized. (Note that an explicit constructor may supersede an initial value.)

bted at the time

Associatipns

associationEnd

Designates the optional AssociationEnd that owns a qualifier attribute. Note that an attribute may be part of an
AssociationEnd (in which case it is a qualifier) or part of a Classifier (by inheritance from Feature, in which

case it is afeature) but not both. If the value is empty, the attribute is not a qualifier attribute.

4.5.2.7 BehavioralFeature

A behavioral feature refersto adynamic feature of a model element, such as an operation or method.

In the metamodel, a Behavioral Feature specifies abehavioral aspect of a Classifier. All different kinds of behavioral aspects of
a Classifier, such as Operation and Method, are subclasses of Behavioral Feature. Behavioral Feature is an abstract metaclass.
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Attributes
isQuery Specifies whether an execution of the Feature leaves the state of the system unchanged. True indicates that the
state is unchanged; false indicates that side-effects may occur.
name (Inherited from Model Element) The name of the Feature. The entire signature of the Feature (name and
parameter list) must be unique within its containing Classifier.
Associatipns
parameter An ordered list of Parameters for the Operation. To call the Operation, the caller must supply fa list of values
compatible with the types of the Parameters.
Stereotypps
«create» Specifies that the designated feature creates an instance of the classifier to which the feature i attached. May
be promoted to the Classifier containing the feature.
«destroy» Specifies that the designated feature destroys an instance of<the classifier to which the feature ifs attached. May
be promoted to the classifier containing the feature.
4.5.2.8 Bihding
A binding i$ a relationship between a template (as supplier) andia-model element generated from the template|(as client). It
includes alist of arguments that match the template parameters. The template is aform that is cloned and modified by
substitution|to yield an implicit model fragment that behaves asif it were adirect part of the model. A Binding must have one
supplier and one client; unlike a general Dependency, the 'supplier and client may not be sets.
In the metamodel, a Binding is a Dependency where'the supplier is the template and the client is the instantiation of the
template that performs the substitution of parameters of atemplate. A Binding has alist of arguments that replace the
parameters of the supplier to yield the client: Fhe client is fully specified by the binding of the supplier’s parameters and does
not add any|information of its own. An @ement may participate as a supplier in multiple Binding relationshipg to different
clients. An @lement may participatein only one Binding relationship as a client.
Associatipns
argument An-ordered list of arguments. Each argument is a TemplateArgument element. The model elerpent attached to
the TemplateArgument by the model Element association replaces the corresponding supplier parameter in the
supplier definition, and the result represents the definition of the client as if it had been defingd directly.
45.2.9 Clhss

A classisadescription of a set of objectsthat share the same attributes, operations, methods, relationships, and semantics. A
class may use a set of interfaces to specify collections of operationsit providesto its environment.

In the metamodel, a Class describes a set of Objects sharing a collection of Features, including Operations, Attributes and
Methods, that are common to the set of Objects. Furthermore, a Class may realize zero or more Interfaces; this means that its
full descriptor (see Section 4.5.4.4, “Inheritance,” on page 67 for the definition) must contain every Operation from every
realized Interface (it may contain additional operations aswell).

A Class defines the data structure of Objects, although some Classes may be abstract; that is, no Objects can be created
directly from them. Each Object instantiated from a Class contains its own set of values corresponding to the
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Structural Features declared in the full descriptor. Objects do not contain values corresponding to Behavioral Features or class-
scope Attributes; al Objects of a Class share the definitions of the Behavioral Features from the Class, and they all have access

to the single value stored for each class-scope attribute.

Attributes

isActive

Specifies whether an Object of the Class maintains its own thread of control. If true, then an Object has its own

|led an active

thread-ef-control-ane-Fans-conedrrenti-with-other-eetive-Obects—Saeh-arelassts-Hfermaty—¢
class. If false, then Operations run in the address space and under the control of the active. Obj
the caller. Such aclassis informally called a passive class.

bct that controls

Stereotyp

«auxiliary»

Specifies a class that supports another more central or fundamental class,typically by implems
logic or control flow. The class that the auxiliary supports may be defined explicitly using a H
implicitly by a dependency relationship. Auxiliary classes are typically  used together with Fo
are particularly useful for specifying the secondary business logic or control flow of compong
design. See also: «focus».

nting secondary
ocus class or
tus classes, and
nts during

«focus»

Specifies a class that defines the core logic or control flow/for one or more auxiliary classest

nat support it.

Support classes may be defined explicitly using Auxiliary classes or implicitly by dependency
Focus classes are typically used together with oné)or“more Auxiliary classes, and are particul

relationships.
ly useful for

specifying the core business logic or control flow of components during design. See also: «auiliary».

«implemen

fati on»

Specifies the implementation of a class in-some programming language (for example, C++, Snlal Italk, Java) in

which an instance may not have morethan one class. Thisisin contrast to Class, for which al
have multiple classes at one time and may gain or lose classes over time, and an object (a chi
may dynamically have multiple elasses.

An Implementation classisSaid to realize a Type if it provides all of the operations defined fq
the same behavior as specified for the Type's operations. An Implementation Class may realiz
different Types. Notethat the physical attributes and associations of the Implementation class d
the same as those of any Type it realizes and that the Implementation Class may provide meth
operations in terms of its physical attributes and associations. See also: «type».

N instance may
d of instance)

r the Type with
e a number of

D not have to be
ods for its

«type»

Specifies a)Jdomain of objects together with the operations applicable to the objects, without d
physical implementation of those objects. A type may not contain any methods, maintain its g
control, or be nested. However, it may have attributes and associations. The associations of a7
solely for the purpose of specifying the behavior of the type's operations and do not represent
implementation of state data.

efining the

wn thread of
ype are defined
the

Although an object may have at most one Implementation Class, it may conform to multiple giifferent Types.
See also: «implementationy.

Inherited Features

ClassisaGeneralizableElement. The following elements are inherited by a child classifier, in addition to those specified under
its parent, Classifier.

isActive The child may be active when the parent is passive, but not vice versa. In most cases, they are the same.
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4.5.2.10 Classifier

A classifier is an element that describes behavioral and structural features; it comesin several specific forms, including class,
datatype, interface, component, artifact, and others that are defined in other metamodel packages.

In the metamodel, a Classifier declares a collection of Features, such as Attributes, Methods, and Operations. It has a name,
which is unique in the Namespace enclosing the Classifier. Classifier is an abstract metaclass.

Classifier isachild of GeneralizableElement and Namespace. As a GeneralizableElement, it may inherit Features and

participation in Associations (in addition to things inherited as a Model Element). It also inherits ownership.of

Collaboratipns, etc.

StateM achines,

As aNamegpace, a Classifier may declare other Classifiers nested in its scope. Nested Classifiers may be accessed by other
Classifiers gnly if the nested Classifiers have adequate visibility. There are no data value or stateCansequences of nested
Classifiers (fi.e., it is not an aggregation or composition).

Associatipns

feature An ordered list of Features, like Attribute, Operation, Method; owned by the Classifier.

association Denotes the AssociationEnd of an Association in which the'Classifier participates at the given|end. Thisis the
inverse of the participant association from AssociationEnd. A link of the association contains a reference to an
instance of the class in the given position.

powertypefRange Designates zero or more Generalizations for which the Classifier is a powertype. If the carding)ity is zero, then
the Classifier is not a powertype. If the car@iinality is greater than zero, then the Classifier is alpowertype over
the set of Generalizations designated by the association, and the child elements of the Generalizations are the
instances of the Classifier as a powertype. A Classifier that is a powertype can be marked with the «powertype»
stereotype.

specifiedErnd Indicates an AssociationEnd ferwhich the given Classifier specifies operations that may be applied to instances
obtained by traversing the@ssociation from the other end. (This relationship does not define the structure of the
association, merely opetiations that may be applied on traversing it.)

Stereotypps

«metaclassp Specifiesithat the instances of the classifier are classes.

«powertype» Specifies that the classifier is a metaclass whose instances are siblings marked by the same digcriminator. For
example, the metaclass TreeSpecies might be a power type for the subclasses of Tree that repfesent different
species, such as AppleTree, BananaTree, and CherryTree.

«process» Specifies a classifier that represents a heavy-weight flow of control.

«thread» Spc\,lflco [ \J:mflu tha TEPresents Gf:U\lV uf Contt u: T

«utility» Specifies a classifier that has no instances, but rather denotes a named collection of non-member attributes and
operations, al of which are class-scoped.

Tagged Values

persistence Persistence denotes the permanence of the state of the classifier, marking it as transitory (its state is destroyed
when the instance is destroyed) or persistent (its state is not destroyed when the instance is destroyed).
semantics Semantics is the specification of the meaning of the classifier.
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Classifier is a GeneralizableElement. The following elements are inherited by a child classifier.

Note that inheritance makes the inherited elements part of the (virtual) full descriptor of the classifier, but it does not change its
actual data structure. See the explanation for the meaning of each kind of inheritance.

associationEnd

The child class inherits participation in all associations of its parent, subject to all the same

properties.

constraint

Constraints on the parent apply to the child.

feature

Attributes of the parent are part of the full descriptor of the child and may not be declared
overridden.

Operations of the parent are part of the full descriptor of the child but may. oe overridden;

may change its hierarchy location (isRoot, isLeaf, isAbstract) but may notchange its speci
parameter structure. The concurrency level may be loosened (e.g., from guarded to concurr
overriding operation may link to a different Method. An overriding-gperation can have isQ
the parent had a false value, but not vice versa (in other words,.ence a side-effect, aways g

Methods of the parent are part of the full descriptor of the:child but may be overridden. An
method can set the isQuery status, change its hierarchy sttucture, but may not change its parg
It may link to a different operation that overrides the operation of the parent method.

hgain or

redeclaration
ication or

ent). An
lery=true when
side-effect).

overriding
Imeter structure.

generalizat|on
specialization

These are implicitly inherited, in the sense thatthey define ancestors and descendants, but ot explicitly

inherited, asthey are the arcs in the generalization graph. They establish the generalization
a directed graph, into which the child classifier fits.

ructure itself as

ownedElement

The namespace of the parent is available to the child, except for private access.

Non-Inherited Features
The followihg elements are not inherited by a child classifier:

isRoot By their very nature, these are not inherited.

isLeaf

isAbstract

name Each classifier has its own unique name.

parameter Template structure is not inherited. Each classifier must declare its own template structure, |f any. A non-

template can be child of atemplate and vice versa.

powertypefRange A powertype corresponds to a particular node in the generalization hierarchy, so it is not inperited.

4.5.2.11 Comment

A comment is an annotation attached to a model element or a set of model elements. It has no semantic force but may contain
information useful to the modeler.

Attributes

body

A string that is the comment.
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Associations

annotatedElem

A ModelElement or set of Model Elements described by the Comment.

Stereotypes

«requirement»

Specifies a desired feature, property, or behavior of an element as part of a system.

«responsibi

Specifies a contract or an obligation of an element in its relationship to other elements.

lity»

45212 (

A componé|

A compong|

interfacesrg
more artifag

Component
models (for
not be alloc|

In the metamodel, a Component is achild of Classifier. It does nothave its own Features, but instead acts as 3

other Classi
Thevisibilit
Component
more Artifa

Associati

Nt represents a modular, deployable, and replaceable part of a system that encapsulatesimplement
exposes a sgt of interfaces.

Nt istypically specified by one or more classifiers that reside on the component! A subset of these
explicitly defines the component’s external interfaces. A component conforms to the'intérfaces that it exposes

omponent

Poresent services provided by elements that reside on the component. A'\component may be implen
ts, such as binary, executable, or script files. A component may be deployed on a node.

5 may be specified in both design models (for example, using/static structure diagrams) and in imy

pted to nodes, nor do they need to have any associated implementation artifacts.

fiers that have Features. A Component is specifie’by the Interfaces it exposes and the Classifiers
y attribute of the ElementResi dence association-defines whether aresident element is visible outsi

an external Interface of a Component hasyisibility value ‘ public.” A Component may be implem
Cts, and may be deployed on a Node.

DNS

ition and

classifiers

| where the
ented by one or

|lementation

example, using implementation diagrams). When they are§pecified as part of a design model conjponents need

container for
hat reside onit.
dethe

ented by one or

deploymenfLocation

The set of Nodes the Component is residing on.

resident

Association elass ElementResidence - The set of model elements that specify the component.
attribute shiows the external visibility of the element outside the component: an externa Interf
Corhponent has visibility = ‘public’ for its ElementResidence association.

The visibility
bce of a

implementa

The set of Artifacts that implement the Component. For a Component, these Artifacts are gen
«executable».

tion

brally

Inherited

-eatires

The following elements are inherited by a child Component, in addition to those specified under Classifier.

(none)

Non-Inher

ited Features

deploymentLocation

The set of locations may differ. Often it is more restrictive on the child.

resident

elements.

The set of resident elements may differ. Often it is more restrictive on the child and contains additional
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implementation The set of Artifacts that implement the child Component will usually differ.

4.5.2.13 Constraint
A constraint is a semantic condition or restriction expressed in text.

In the metamodel, a Constraint is a BooleanExpression on an associated M odel Element(s), which must be true for the model to
be well formed. This restriction can be stated in natural language, or in different kinds of languages with awell defined
semantics. Certain Constraints are predefined in the UML, others may be user defined. Note that a Constraint|is an assertion,
not an execfitable mechanism. It indicates arestriction that must be enforced by correct design of a system:

Attributes

body A BooleanExpression that must be true when evaluated for an instance of asystem to be well|formed.

Associatipns

constrainedlElement A ModelElement or list of ModelElements affected by the\Constraint. If the constrained el¢ment is a
Stereotype, then the constraint applies to al Model Elefments that use the stereotype.

Stereotypps

«invariant» Specifies a constraint that must be attached to a set of classifiers or relationships. It indicates that the
conditions of the constraint must holdwover time (for the time period of concern in the particujar containing
element) for the classifiers or relationships and their instances.

«postcondition» Specifies a constraint that must \be attached to an operation, and denotes that the conditions off the constraint
must hold &fter the invocatien of the operation.

«preconditijon» Specifies a constraint that must be attached to an operation, and denotes that the conditions off the constraint
must hold for theinvecation of the operation.

«statel nvarjant» Specifies a constraint that must be attached to a state vertex in a state machine that has a clasgifier for a
context. Fhestereotype indicates that the constraint holds for instances of the classifier when @n instanceisin
that state:

4.5.2.14 QataType

A datatypelis atypewhose values have no identity; that is, they are pure values. Data types include primitivelbuilt-in types
(such as intgger and'string) as well as definable enumeration types (such as the predefined enumeration type hoolean whose
literals are f|alse and true).

In the metamodel, a DataType defines a special kind of Classifier in which Operations are all pure functions; that is, they can
return DataValues but they cannot change DataVal ues, because they have no identity. For example, an “add” operation on a
number with another number as an argument yields a third number as a result; the target and argument are unchanged.

Inherited Features
DataType inherits features as specified in Classifier.

© ISO/IEC 2005 - All rights reserved 37



https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

4.5.2.15 Dependency

A term of convenience for a Relationship other than Association, Generalization, Flow, or metarelationship (such as the

relationship

between a Classifier and one of its Instances).

A dependency states that the implementation or functioning of one or more elements requires the presence of one or more
other elements.

In the metamodel, a Dependency is a directed relationship from aclient (or clients) to a supplier (or suppliers) stating that the

client is degendent on the supplier; that is, the client element requires the presence and knowledge of the supplier element.
The kinds of Dependency are Abstraction, Binding, Permission, and Usage. Various stereotypes of thoseelenients are
predefined.
Associatipns
client The element that is affected by the supplier element. In some cases (Such’as a Trace Abstractipn) the direction
is unimportant and serves only to distinguish the two elements.
supplier Inverse of client. Designates the element that is unaffected by.a-change. In atwo-way relationshjp (such as some
Refinement Abstractions) this would be the more genera élement. In an undirected situation, such as a Trace
Abstraction, the choice of client and supplier may be irrelevant.
4.5.2.16 Blement
An element|is an atomic constituent of a model.
Inthe meta:Lnodel, an Element is the top metaclass in the metaclass hierarchy. It has two subclasses: Model Elgment and
PresentationElement. Element is an abstract metaclass.
Tagged Vglues
documentation Documentation is a:cémment, description, or explanation of the element to which it is attached.
4.5.2.17 BlementOwnership
Element ownership defines the visibility of a Model Element contained in a Namespace.
In the metamodel, ElementOwnership reifies the relationship between Model Element and Namespace denoting the ownership
of aModelElement by aNamespace and its visibility outside the Namespace. See Section 4.5.2.27, “Model Element,” on
page 44.
Attributes|
isSpecification Specifies whether the ownedElement is part of the specification for the containing namespace (in cases where
specification is distinguished from the realization). Otherwise the ownedElement is part of the realization. In
cases in which the distinction is not made, the value is false by defaullt.
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visibility

Specifies whether the Model Element can be seen and referenced by other Model Elements.

Possibilities include:

* public - Any outside ModelElement can see the Model Element.

* protected - Any descendant of the Model Element can see the Model Element.

e private - Only the ModelElement itself, or elements nested within it can see the Model Element.

* package - ModelElements declared in the same package (or a nested subpackage, to any level) as the
given Model Element can see the M odel Element.

Note that use of an element in another Package may also be subject to access or import.of'jtS|Package as
described in Model Management; see Permission.

4.5.2.18 HlementResidence

Association class between Component and Model Element that defines the set of Model Elements that specify p Component.
See Compopent::resident in Section 4.5.2.12, “Component,” on page 36. Shows that the component supports the element. The
visihility at{ribute of ElementResidence defines the visibility of aresident element ouitside the component: an|external

Interface of{a Component has visibility = ‘public’ for its ElementResi dence assaciation.

Attributes

visibility

Specifies whether a ModelElement that resides inia Component is visible externally. Possible Values for
ElementResidence visibility are:

e public - Any resident Model Element-with public visibility is part of the Component’s extg¢rnal Interface
and can be used by other elements,\if they have permission to access or import the Comppnent.

e private - The ModelElement is:internal to the Component and cannot be used by external [elements.

* protected - The ModelElement-is only visible to Descendant Components.

Note: the visibility values ‘package’ does not apply to Element Residence visibility. The Comgonent and its
residents have ElementOwnership associations with visibility values to the Package that contaips them.

4.5.2.19 Hnumeration

In the metanodel, Enumeration(defines a kind of DataType whose range isalist of predefined values, called gnumeration

literals.

Enumeratioh literal s caribe copied, stored as values, and passed as arguments. They are ordered within their gnumeration
datatype. Ah enumeration literal can be compared for an exact match or to arange within its enumeration datatype. Thereisno

other algebia defined’on them (e.g., they cannot be added or subtracted).

The run-timeinstances of a Primitive datatype are Values. Each such value corresponds to exactly one EnumarationLiteral

defined as part of the Enumeration type itself.

An Enumeration may have operations, but they must be pure functions (thisis the rule for all DataType elements).

Associations

literal

An ordered set of EnumerationLiteral elements, each specifying a possible value of an instance of the
enumeration element.
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4.5.2.20 EnumerationLiteral

An EnumerationLiteral defines an element of the run-time extension of an Enumeration data type. It has no relevant
substructure, that is, it is atomic. The enumeration literals of a particular Enumeration datatype are ordered.

It has a name (inherited from Model Element) that can be used to identify it within its enumeration datatype.

Note that an EnumerationL.iteral isaModel Element and may appear in (M 1) models to define the structure of an Enumeration.
In arun-time (MQ) system, enumeration literals are DataValues in many-to-one correspondence to EnumerationLiterals that

they represd

The run-tim

Int. (Thisis asubtle but necessary distinction between M1 and MO entities.)

e values corresponding to enumeration literals can be compared for equality and for relative order

ng or inclusion

in arange of enumeration literals.
Associatipns
enumeratign The enumeration classifier of which this enumeration literal is an instarice.
4.5.2.21 Heature
A feature igla property, like operation or attribute, which is encapsulated within a Classifier.

In the metamodel, a Feature declares a behavioral or structural charactéristic of an Instance of a Classifier or ¢f the Classifier

itself. Feature is an abstract metaclass.
Attributes|
name (Inherited from Model Element) Thé hame used to identify the Feature within the Classifier or nstance. It must
be unique across inheritance of ‘names from ancestors including names of outgoing AssociationEnd. See more
specific rules for the exact details.
Attributes, discriminators, and opposite association ends must have unique names in the set of |nherited names.
There may be multiple declarations of the same operation. Multiple operations may have the same name but
different signatures; see the rules for precise details.
owner Scopg Specifieswhether Feature appears in each Instance of the Classifier or whether thereis just a single instance of
the Feature’for the entire Classifier.
Possibilities are:
¢, instance - Each Instance of the Classifier holds its own value for the Feature.
* classifier - There is just one value of the Feature for the entire Classifier.
visibility Specifies whether the Feature can be used by other Classifiers. Visibilities of nested Classifiersjcombine so that
the mast redtrictive \/idhility isthe result
Possibilities include:
e public - Any outside Classifier with visibility to the Classifier can use the Feature.
» protected - Any descendent of the Classifier can use the Feature.
e private - Only the Classifier itself can use the Feature.
* package - Any Classifier declared in the same package (or a nested subpackage, to any level) as the
owner of the Feature can use the Feature.
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owner

The Classifier declaring the Feature. Note that an Attribute may be owned by a Classifier (in which caseitisa
feature) or an AssociationEnd (in which case it is a qualifier) but not both.

45222 F

low

A flow isarelationship between two versions of an object or between an object and a copy of it.

Inthe metallnodel , aFlow isachild of Relationship. A Flow is a directed relationship from a source or sources to atarget or

targets.
Predefined gtereotypes of Flow are «become» and «copy». Become relates one version of an object te another|with a different
value, state] or location. Copy relates an object to another object that starts as a copy of it.
Stereotypps
«become» Specifies a Flow relationship, source and target of which represent the same instance at different pointsin time,
but each with potentially different values, state instance, and\roles. A Become flow relationship from A to B
means that instance A becomes B with possibly new values, state instance, and roles at a different moment in
time/space.
«copy» Specifies a Flow relationship, the source and target of which are different instances, but each with the same
values, state instance, and roles (but a distinctidentity). A Copy flow relationship from A to Blmeansthat B is
an exact copy of A. Future changes in A af€'not necessarily reflected in B.
45.2.23 GeneralizableElement
A generalizpble element is amodel element that may. participate in a generalization relationship.
In the metarnodel, a Generalizabl eElement can bé.ageneralization of other GeneralizableElements; that is, al features defined
inand all Mjodel Elements contained in the ancestors are al so present in the GeneralizableElement. GeneralizaljleElement isan
abstract mefaclass.
Attributed
isAbstract Specifies whether the GeneralizableElement may not have a direct instance. True indicates that an instance of
the:Generalizabl eElement must be an instance of a child of the GeneralizableElement. False indicates that there
may be an instance of the GeneralizableElement that is not an instance of a child. An abstract]
GeneralizableElement is not instantiable since it does not contain all necessary information. That is, it may not
have a direct instance. It may have an indirect instance, and a model at a higher level of abstrpction may
include instances of an abstract type, with the understanding that in a fully expanded concretd snapshot, such
thstanees-weud-have-conerete-types-that-are-descendants-of-the-abstract-types:
isLeaf Specifies whether the GeneralizableElement is a GeneralizableElement with no descendants. True indicates
that it may not have descendants, false indicates that it may have descendants (whether or not it actually has
any descendents at the moment).
isRoot Specifies whether the GeneralizableElement is a root GeneralizableElement with no ancestors. True indicates
that it may not have ancestors, false indicates that it may have ancestors (whether or not it actually has any
ancestors at the moment).
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Associations

generalization Designates a Generalization whose parent GeneralizableElement is the immediate ancestor of the current
GeneralizableElement.
specialization Designates a Generalization whose child GeneralizableElement is the immediate descendant of the current
Generalizabl eElement.
Inherited Features
The following elements are inherited by a child GenerizableElement.
constraint All constraints on the parent apply to the child.
Non-Inherfited Features
isRoot Not inheritable by their very nature, but they define the generalization structure. IsRoot may e true only if
isLeaf there are no parents. IsLeaf may be true only if there are no.children.
isAbstract
name Each model element has a unique name.
4.5.2.24 Generalization
A generalizftion is a taxonomic relationship between amore general element and a more specific element. The more specific
element isfllly consistent with the more general element (it.has all of its properties, members, and relationshijps) and may
contain add(tional information.

In the metamodel, a Generalization is a directed inhéritance relationship, uniting a GeneralizableElement with

Generalizal
Generalizal
consequenc

Attributes

leElement in a hierarchy. Generalization is a subtyping relationship; that is, an Instance of the mol
leElement may be substituted by an Instance of the more specific GeneralizableElement. See Inhg
bs of Generalization relationships.

amore general
e genera
ritance for the

discriminat

or Designates the partition to which the Generalization link belongs. All of the Generalization li
given parent GeneralizableElement are divided into disjoint sets (that is, partitions) by their d
fames. Each partition (a set of links sharing a discriminator name) represents an orthogonal d
specialization of the parent GeneralizableElement. The discriminator need not be unique. Thej

hks that share a
scriminator
mension of
empty string is

also considered as a partition name; therefore all Generalization links have a discriminator. If

Linke ara Caonarali zahl ol annan hat cho athanaran na-an-nctanca.q B\ hama
TS arC-otHCr T oiore

the parent. Otherwise an indirect instance of the parent must be a (direct or indirect) instance
element from each of the partitions.

Generalization links that have the same parent all have the same name, then the children in the

the set of
Generalization
legal instance of
of at least one

Associations

child Designates a GeneralizableElement that is the specialized version of the parent GeneralizableElement.
parent Designates a GeneralizableElement that is the generalized version of the child GeneralizableElement.
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powertype

Designates a Classifier that serves as a powertype for the child element along the dimension of generalization
expressed by the Generalization. The child element is therefore an instance of the powertype element.

Stereotypes

«implementation»

Specifies that the child inherits the implementation of the parent (its attributes, operations, and methods) but

does not make public the supplier’s interfaces nor guarantee to support them, thereby violating

substitutability.

This s private inheritance and is usually used only for programming implementation purposes.

Standard Constraints

complete

Specifies a constraint applied to a set of generalizations with the same discriminator and the
indicating that any instance of the parent must be an instance of at least dne-child within the|

same parent,
set of

generdizations. If a parent has a single discriminator, the set of its child,generalizations being complete
implies that the parent is abstract. The connotation of declaring a set.of generalizations compIJ:te isthat all of

the children with the given discriminator have been declared andithat additional ones are not|
other words, the set of generalizations is closed), and designs’may assume with some confid

expected (in
ce that the set

of children isfixed. If anew child is nevertheless added in the future, existing models may ke adversely

affected and may require modification.

disjoint

Specifies a constraint applied to a set of generalizations, indicating that instance of the parent may be an
instance of no more than one of the given children within the set of generalizations. This is the default

semantics of generalization.

incompl ete

Specifies a constraint applied to a set of.generalizations with the same discriminator, indicati

hg that an

instance of the parent need not be arvinstance of a child within the set (but there is no guarartee that such an

instance will actually exist). Being-incomplete implies that the parent is concrete. The conno

[ation of

declaring a set of generdizations/incomplete is that all of the children with the given discrinfinator have not

necessarily been declared and'that additional ones might be added; therefore, users should not
of children being fixed.

count on the set

overlapping

Specifies a constraint-applied to a set of generalizations, indicating that an instance of one chi
simultaneously an.instance of another child in the set (but there is no guarantee that such an
actually exist).

ild may be
nstance will

4.5.2.25 Ipterface
Aninterfacg is a named.set.of operations that characterize the behavior of an element.

In the metanodel, an'lnterface contains a set of Operations that together define a service offered by a Classifi
Interface. Al Classifier may offer several services, which meansthat it may realize several Interfaces, and seve
may realizejthesame Interface.

br realizing the
ral Classifiers

Interfaces are GeneralizableElements.

Interfaces may not have Attributes, Associations, or Methods. An Interface may participate in an Association provided the
Interface cannot see the Association; that is, a Classifier (other than an Interface) may have an Association to an Interface that
is navigable from the Classifier but not from the Interface.

Inherited Features

Interface inherits features as specified in Classifier.
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4.5.2.26 Method

A method is the implementation of an operation. It specifies the algorithm or procedure that effects the results of an operation.

In the metamodel, a Method is a declaration of a named piece of behavior in a Classifier and realizes one (directly) or a set
(indirectly) of Operations of the Classifier.

There may be at most one method for a particular classifier (as owner of the method) and operation (as specification of the

method) pairing.
Attributes|

body The implementation of the Method as a ProcedureExpression.
Associatipns

specificatign Designates an Operation that the Method implements. The Operationmust be owned by the (lassifier that

owns the Method or be inherited by it. The signatures of the Operation and Method must matg¢h.

4.5.2.27 ModelElement
A model elément is an element that is an abstraction drawn from the system being modeled. Contrast with vigw element,
which is anjelement whose purpose is to provide a presentation of information for human comprehension.
In the metamodel, a Model Element is anamed entity in a Model. 1t is the base for all modeling metaclasses infthe UML (even
though it ishot displayed explicitly as such on diagrams for-ElémentOwnership, ElementResidence, Elementlfmport,
TemplatePgrameter, TemplateArgument, and Argument) .AH other modeling metaclasses are either direct or indirect
subclasses gf ModelElement.

Each ModelElement can be regarded as atemplate, A template has a set of templateParameters that denotes w

of aModelElement are the template parameters."A ModelElement is atemplate when thereis at |east one template parameter.
If it isnot aftemplate, a M odel Element cannob have template parameters. However, such embedded parameters are not usually
complete arjd need not satisfy well-formedness rules. It is the arguments supplied when the template is instantiated that must
be well formed.
Partially ingtantiated templates &re allowed. This is the case when there are arguments provided for some, but|not all
templateParameters. A partially/instantiated template is still atemplate, sinceit still has parameters.
Attributes|

name An identifier for the ModelElement within its containing Namespace.
Associations

asArgument Indicates zero or more TemplateArgument for which the model element is an argument in atemplate

binding.

clientDependency

Inverse of client. Designates a set of Dependency in which the ModelElement is a client.

constraint

A set of Constraints affecting the element.

implementat

ionLocation The component that an implemented model element resides in.
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Designates the Namespace that contains the ModelElement. Every Model Element except a root
element must belong to exactly one Namespace or el se be a composite part of another M odel Element
(which is akind of virtual namespace). The pathname of Namespace or Model Element names
starting from the root package provides a unique designation for every ModelElement. The
association attribute visibility specifies the visibility of the element outside its namespace (see
Section 4.5.2.17, “ElementOwnership,” on page 38).

namespace

presentation A set of PresentationElements that present a view of the Model Element.

supplier Dependency Inverse of supplier. Designates a set of Dependency in which the Model Elementfis\a supplier.

templatePdrameter
parameter is a dummy ModelElement designated as a placeholder for a real. ModelHBlement to be
substituted during a binding of the template (see Section 4.5.2.8, “Bindihg,” on pagé 32). The real
model element must be of the same kind (or a descendant kind) as the’dummy Model Element. The
properties of the dummy ModelElement are ignored, except the name of the dummy|element is used
as the name of the template parameter. The association class\TemplateParameter may be associated
with a default Model Element of the same kind as the dummy’Model Element. In the case of a
Binding that does not supply an argument correspondingyto the parameter, the valud of the default
ModelElement is used. If a Binding lacks an argument and there is no default Moddl Element, the
congtruct is invalid.
Note that the template parameter element lacks.structure. For example, a parameteg that is a Class
lacks Features; they are found in the actual‘argument.

(association class TemplateParameter) A composite aggregation ordered list\of parqweters. Each

Note that if ja Model Element has at least one templateParameter, then it is atemplate; otherwise, it is an ordingry element.

Tagged Values

derived A true value indicatés that the model element can be completely derived from other model

elements and is therefore logically redundant. In an analysis model, the element may be included
to define a useftil-name or concept. In a design model, the usual intent is that the plement should
exist in the implementation to avoid the need for recomputation.

Inherited Features

Model Element is not a GeneralizableElement but some of its descendants are. The following elements are inherited by
children of glements that are GeneralizableElements.

constraint The child is subject to all constraints of the parent.

presentatioh The child is, by default, presented the same as the parent, but the presentation may pe overridden.

stereotype If amodel element is classified by a stereotype, then its children are also classified by the stereotype.
THey ey usethetags defired o thestereotype-and-theyaresubject toconstramtsimposed by the
stereotype.

taggedValue If atag is defined to apply to a model element (for example, because it is classified by a stereotype
defining the tag), then the tag applies to children of the model element.

Non-Inherited Features

clientDependency

supplierDependency

A generd inheritance rule is not possible
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deploymentL ocation The set of locations may differ. Often it is more restrictive on the child.
implementationL ocation The child may be implemented differently from the parent.

name Each model element has its own name. Names are not inherited.
namespace The child and the parent may be in different namespaces.
templateParameter A parent and child may have different template structure.

4.5.2.28 Namespace

A namespage is a part of amodel that contains a set of Model Elements each of whose names designates a unigue element
within the namespace.

In the metamodel, a Namespace is a Model Element that can own other M odel Elements, likelASsociations and [Classifiers. The
name of eagh owned M odel Element must be unique within the Namespace. Moreover, each contained Model lElement is
owned by al most one Namespace. The concrete subclasses of Namespace have additional constraints on whi¢h kind of
elements may be contained. Namespace is an abstract metaclass.

Note that eXplicit parts of amodel element, such as the features of a Classifier, are not modeled as owned elementsin a
namespace.|A namespace is used for unstructured contents such as the contents of a package or a class declargd inside the
scope of angther class.

Associatipns

ownedElement association class ElementOwnership.= A set of ModelElements owned by the Namespaced. Its visibility
attribute states whether the element is visible outside the namespace.

4.5.2.29 Node

A node is ajrun-time physical object that represents a computational resource, generally having at least a menjory and often
processing ¢apability as well, and upon which components may be deployed.

In the metamodel, a Node is a subclass of Classifier. It is associated with a set of Components that are deployéd on the Node.

Associatipns

deployedCopmponent The set of Components deployed on the Node.

Inherited Featares
The following.&léments are inherited by a child Node, in addition to those specified under Classifier.

(none)

Non-Inherited Features

resident The set of resident elements may differ. Often it is more restrictive on the child.

4.5.2.30 Operation

An operation isa service that can be requested from an object to effect behavior. An operation has a signature, which describes
the actual parametersthat are possible (including possible return values).
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In the metamodel, an Operation is a Behavioral Feature that can be applied to the Instances of the Classifier that contains the

Operation.
Attributes
concurrency Specifies the semantics of concurrent calls to the same passive instance; that is, an Instance originating from a

Classifier with isActive=false. Active instances control access to their own Operations so this property is

LSl mlly (:\Ifhm |gh not reﬂvl| nredin LINI ) sat-to. oonl| 1antial Passibilitias. inr\lndn:

* sequential - Callers must coordinate so that only one call to an Instance (on any seguential Operation)
may be outstanding at once. If simultaneous calls occur, then the semantics and integrity| of the system
cannot be guaranteed.

e guarded - Multiple calls from concurrent threads may occur simultaneausly to one Instance (on any
guarded Operation), but only one is allowed to commence. The others are blocked until the performance
of the first Operation is complete. It is the responsibility of the system designer to ensurd that deadlocks
do not occur due to simultaneous blocks. Guarded Operationsmust perform correctly (of block
themselves) in the case of a simultaneous sequential Operation'or guarded semantics carjnot be claimed.

e concurrent - Multiple calls from concurrent threads may occur simultaneously to one Ingtance (on any
concurrent Operation). All of them may proceed coneurrently with correct semantics. Cqncurrent
Operations must perform correctly in the case of\a simultaneous sequential or guarded Qperation or
concurrent semantics cannot be claimed.

isAbstract If true, then the operation does not have an implementation, and one must be supplied by a dg¢scendant. If
false, the operation must have an implementation in the class or inherited from an ancestor.
isLeaf If true, then the implementation of the'eperation may not be overriden by a descendant class. If false, then the
implementation of the operation may be overridden by a descendant class (but it need not be pverridden).
isRoot If true, then the class must not inherit a declaration of the same operation. If false, then the clgss may (but
need not) inherit a declaration of the same operation. (But the declaration must match in any cgse; a class may
not modify an inherited‘operation declaration.)
Tagged Values
semantics Semanticsis the specification of the meaning of the operation.
4.5.2.31 Rarameter
A parametef is an upbound variable that can be changed, passed, or returned. A parameter may include a namg, type, and
direction of|communication. Parameters are used in the specification of operations, messages and events, templates, etc.

Al D vy H Al L ok £ 4 4 o Lt ok o £ o okt q
|nthemeta|||uuu, ararametertSatecraratron-oranargument to- e Passeato;or rettriea ||U|||,a||upum|U||,aS|gna|, etc.

Attributes

defaultValue

An Expression whose evaluation yields a value to be used when no argument is supplied for t

he Parameter.
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kind Specifies what kind of a Parameter is required. Possibilities are:
* in- Aninput Parameter (may not be modified).
e out - An output Parameter (may be modified to communicate information to the caller).
* inout - An input Parameter that may be modified.
e return -A return value of acall.
name (Inherited from Model Element) The name of the Parameter, which must be unique within its containing
Parameter 1<
Associatipns
type Designates a Classifier to which an argument value must conform.
4.5.2.32 Hermission
Permission |s akind of dependency. It grants amodel element permission to access-elementsin another namegpace.

In the metaodel, Permission in a Dependency between a client M odel Element.and a supplier ModelElement, The client

receives pef
The predefi

In the case
namespace
the client ng

mission to reference the supplier’s contents. The supplier must he;a Namespace.
ned stereotypes of Permission are access, import, and friend.

f the access and import stereotypes, the client is granted permission to reference elementsin the s
vith public visibility. In the case of the import stereatype, the public namesin the supplier namesp
imespace. An element may also access any protegted contents of an ancestor namespace. An elem

upplier
hee are added to
bnt may also

access any ¢ontents (public, protected, private, or package).of its own namespace or a containing namespace.
In the case ¢f the friend stereotype, the client is granted’permission to reference elementsin the supplier namespace, regardless
of visibility
Stereotypps
«access» Access is a stereotyped permission dependency between two namespaces, denoting that the pyblic contents of
the target-namespace are accessible to the namespace of the source package.
«friend» Friend\is'a stereotyped permission dependency whose source is a model element, such as an gperation, class,
orspackage, and whose target is a model element in a different package, such as an operation, dass or package.
A-friend relationship grants the source access to the target regardliess of the declared visibility] It extends the
visibility of the supplier so that the client can see into the supplier.
«import» Import is a stereotyped permission dependency between two namespaces, dencting that the pyblic contents of
the target package are added to the namespace of the source package.

4.5.2.33 PresentationElement

A presentati

on element is atextual or graphical presentation of one or more model elements.

In the metamodel, a PresentationElement is an Element that presents a set of Model Elements to a reader. It is the base for all
metaclasses used for presentation. All other metaclasses with this purpose are either direct or indirect subclasses of
PresentationElement. PresentationElement is an abstract metaclass. The subclasses of this class are proper to a graphic editor

tool and are

48

not specified here. It isastub for their future definition.

© ISO/IEC 2005 -

All rights reserved



https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

4.5.2.34 Primitive

A Primitive defines a predefined DataType, without any relevant UML substructure; that is, it has no UML parts. A primitive
datatype may have an algebra and operations defined outside of UML (for example, mathematically). Primitive datatypes used
in UML itself include Integer, Unlimitedinteger, and String.

The run-time instances of a Primitive datatype are DataValues. The values are in many-to-one correspondence to mathematical
elements defined outside of UML (for example, the various integers).

4.5.2.35 HrogrammingLanguageDataType

A data typelis a type whose values have no identity (i.e., they are pure values). A programming language dataltype is a data
type specifigd according to the semantics of a particular programming language, using constructs available injthat language.
There are ajwide variety of programming languages and many of them include type constructs not.included ag UML
classifiers. |n some cases, it isimportant to represent those constructs such that their exact formyin the prograrpming language
is available] The ProgrammingL anguageData type captures such programming language types in alanguage-glependent
fashion. They are represented by the name of the language and a string characterizing them, subject to interprétation by the
particular language. Because they are dependent on particular languages, they are nat, portable among languages (except by
agreement among the languages) and they do not map into other UML classifiers. Fheir semanticsis thereforg opaque within
UML exceqt by specia interpretation by a profile intended for the particular langtage.

Note that many or most programming language types can be directly represented using other UML classifiers| and such
representatipn makes available deeper semantic analysis.

A ProgramrmingL anguageDataType may omit its name. Two ProgramminglL anguageDataType elements witholit names are not
considered equivalent.

Attributes

expression An expression for the ProgrammingLanguageDataType expressed in its particular programming language.

Inherited Features

ProgrammimngL anguageDataType is meant to define language-dependent constructs for which inheritance properties are
undefined in UML.

4.5.2.36 Relationship
Arel ation:[:p is a connection among model elements.
In the metaodel, Relationship is aterm of convenience without any specific semantics. It is abstract.

Children of |Relationship are Association, Dependency, Flow, and Generalization.

4.5.2.37 StructuralFeature
A structural feature refers to a static feature of amodel element, such as an attribute.

In the metamodel, a Structural Feature declares a structural aspect of an Instance of a Classifier, such as an Attribute. For
example, it specifies the multiplicity and changeability of the Structural Feature. Structural Feature is an abstract metaclass.
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Attributes
changeability Whether the value may be modified after the object is created.
Possibilities are:
¢ changeable - No restrictions on modification.
* frozen - The value may not be altered after the object is instantiated and its values initialized. No
additional values may be added to a set.
e addOnly - Meaningful only if the multiplicity is not fixed to a single value. Additional yalues may be
added to the set of values, but once created a value may not be removed or altered.
multiplicity The possible number of data values for the feature that may be held by an instance. -The cardipality of the set
of values is an implicit part of the feature. In the common case in which the multiplicity is 1.{1, then the
feature is a scalar; that is, it holds exactly one value.
ordering Specifies whether the set of instances is ordered. The ordering must be-determined and maintgined by
Operations that add values to the feature. This property is only relevant-if the multiplicity is dreater than one.
Possihilities are:
¢ unordered - The instances form a set with no inherent ordering.
e ordered - A set of ordered instances can be scanned i order.
* Other possihilities (such as sorted) may be defined.later by declaring additional keywords. As with user-
defined stereotypes, this would be a private extension supported by particular editing toqls.
targetScop¢ Specifies whether the targets are ordinary Instances or are Classifiers.
Possihilities are:
* instance - Each value contains a reference to an Instance of the target Classifier. This is fhe setting for a
normal Attribute.
» classifier - Each value contains a reference to the target Classifier itself. This representsfa way to store
meta-information.

Associatipns

type

Designates the.classifier whose instances are values of the feature. Must be a Class, Interface,
The actual type may be a descendant of the declared type or (for an Interface) a Class that reali

type.

or DataType.
res the declared

Tagged Vglues

persistence

Persistence denotes the permanence of the state of the feature, marking it as transitory (its stal
when the instance is destroyed) or persistent (its state is not destroyed when the instance is dd

e is destroyed
stroyed).

4.5.2.38 TemplateArgument

Reifies the relationship between a Binding and one of its arguments (a M odel Element).

Associations

binding

The Binding that owns the template argument.

model Element

The actual argument for the subject Binding.
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4.5.2.39 TemplateParameter

Defines the relationship between atemplate (a Model Element) and its parameter (a Model Element). A Model Element with at
least one templateParameter association is atemplate (by definition).

In the metamodel, TemplateParameter reifies the relationship between a Model Element that is atemplate and a M odel Element
that is a dummy placehol der for atemplate argument. See association templateParameter in Section 4.5.2.27,
“ModelElement,” on page 44 for details.

Associatipns

defaul tElerpent An optional default value ModelElement. In case of a Binding of the template ModelElement]in the reified
TemplateParameter class association, the defaultElement is used as the argument of the bound element if no
argument is supplied for the corresponding template parameter. If no argument-is supplied anfl there is no
default value, the model isill formed.

4.5.2.40 Usage

A usage is g relationship in which one element requires another element (or set,6felements) for its full implementation or
operation. Tlhe relationship isnot a mere historical artifact, but an ongoing neéd; therefore, two elementsrelatefd by usage must

beinthe ij:e model.

In the metanodel, a Usage is a Dependency in which the client requiresthe presence of the supplier. How thelclient uses the
supplier, such as a class calling an operation of another class, a method having an argument of another class, and a method
from a clas$ instantiating another class, is defined in the description of the particular Usage stereotype.

Various stereotypes of Usage are predefined, but the set isi@pen-ended and may be added to.

Stereotypps

«call» Call is a stereotyped usage dependency whose source is an operation and whose target is an dperation. The
relationship may alsa'be subsumed to the class containing an operation, with the meaning thaj there exists an
operation in the ¢lass to which the dependency applies. A call dependency specifies that the spource operation
or an operation’in the source class invokes the target operation or an operation in the target clss. A call
dependency:may connect a source operation to any target operation that is within scope inclugling, but not
limited-te, operations of the enclosing classifier and operations of other visible classifiers.

«create» Create'is a stereotyped usage dependency denoting that the client classifier creates instances qf the supplier
classifier.

«instanti atg» A stereotyped usage dependency among classifiers indicating that operations on the client crepte instances of
the supplier.

< et <l l 2l k. H H <l k. + H 1 1
«%nd» SenecHs-a-ster Cutypw TS CUCPCROCHCY vwToSE~SOurceTSarT UpPCtt atror-antHwhose-tat yct TSCCSI nal, S)anfylng

that the source sends the target signal.

4.5.3 Well-Formedness Rules
The following well-formedness rules apply to the Core package.

4.5.3.1 Association

[1] The AssociationEnds must have a unique name within the Association.

self.all Connections->forAll( rl, r2 | rl.name = r2.nane inplies rl =7r2)
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[2] At most one AssociationEnd may be an aggregation or composition.

sel f.al | Connecti ons->sel ect (aggregati on <#none)->size <=1

[3] If an Association has three or more AssociationEnds, then no AssociationEnd
may be an aggregation or composition.

sel f. al | Connecti ons->size >=3 inplies
sel f.al |l Connections->foral | (aggregati on = #none)

[4] The coTnected Classifiers of the AssociationEnds should be included in the Namespace of the Association, or be
Classiffers with public visibility in other Namespaces to which the Namespace of the Association hasagcess”
Permissions.

sel f.all Connections->forAll(r | self.nanespace. all Contents->i ncludes (. partic|pant) ) or

sel f. gl | Connections->forAll (r | self.nanmespace. al | Contents->excludes (r.partic| pant)

implies
se| f. namespace. cl i ent Dependency- >exi sts (d |

d. ocl I sTypeOf (Perm ssi on) and

d. stereotype. nane = 'access' and

d. suppl i er. ocl AsType( Namespace) . ownedEl ement<>sel ect (e

e. el enent Omership.visibility =
#publ i c) - >i ncl udes (. participant) or

d. suppl i er.ocl AsType(General i zabl eElerment).
al | Parents. ocl AsType( Nanespace) . ownedEl enment - >sel ect (e |
e. el enent Omership.visibility =
#publ i ¢)->i ncl udes (r.participant) or
d. suppl i er. ocl AsType( Package). al | | nport edEl enent s->sel ect (e
e. elementlnport.visibility =

#public) ->includes (r.participant) ) )

Additiona) operations
[1] The operation allConnections results in the set of all AssociationEnds of the Association.
al | Co:[nect iQns): Set (Associ ati onEnd);

al | Copnections = sel f.connection

[1] The names of the AssociationEnds and the Structural Features do not overlap.
sel f.al |l Connections->forAl ( ar |
sel f.all Features->forAl I ( f |
f.ocllsKindOF (Structural Feature) inplies ar.nane <> f.nane ))
[2] An AssociationClass cannot be defined between itself and something else.

sel f.al |l Connections->forAll (ar | ar.participant <> self)
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Additional operations

[1] The operation allConnections results in the set of all AssociationEnds of the AssociationClass, including all
connections defined by its parent (transitive closure).

al | Connections : Set(Associati onEnd);
al | Connections = sel f.connecti on->uni on(sel f. parent->sel ect

(s | s.ocllsKindO(Association))->collect (a : Association |

a. pl | Connecti ons)) - >asSet
4.5.3.3 AgsociationEnd

[1] The Clgssifier of an AssociationEnd cannot be an Interface or a DataType if the association is mavigable away from
that endgl.

(sel f]participant.ocllsKindX (Interface) or
sel f. participant.ocl|sKingd (DataType)) inplies
se| f. associ ati on. connecti on->sel ect
(ae | ae <> self)->forAll (ae | ae.isNavigable = #false)

[2] An Instance may not belong by composition to more than one composite nstance.

sel f. aggregation = #conposite inplies self.multipkieity. upperbound =1

Additional operations

[1] The opgration upperbound returns the maximum upperbeund value across al potential ranges of amultigicity.
upper Iound( ) : Unlimtedlnteger;

upper hound =
se| f.range->exi sts(r : MiltiplicttyRange | r.upper = result) and
se| f.range->foral | (r : MiltiplicityRange | r.upper <= result)

4.5.3.4 Attribute
No extrawel|-formedness rul es.
4.5.3.5 BehavioralFeature

[1] All Parpmeters shoul@:have a unique name.
sel f.paranmetér3>forAll (pl, p2 | pl.name = p2.nanme inplies pl = p2)

[2] Thetype of the Parameters should be included in the Namespace of the Classifier.

self.pataneter->forAll( p |

sel f. owner. nanespace. al | Cont ent s->i ncl udes (p.type) )

Additional operations

[1] The operation hasSameSignature checks if the argument has the same signature as the instance itself.
hasSaneSi gnature ( b : Behavioral Feature ) : Bool ean;
hasSaneSi gnature (b) =

(sel f.name = b.nane) and
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(sel f.paraneter->size = b. paraneter->size) and
Sequence{ 1..(self.paranmeter->size) }->forAll( index : Integer |
b. paranet er - >at (i ndex) .type =
sel f. paranet er->at (i ndex).type and
b. paranet er - >at (i ndex) . kind =

sel f . par anet er - >at (i ndex) . ki nd

)

[2] The opgration matchesSignature checksif the argument has a signature that would clash with thé signature of the
instance itself (and therefore must be unique). Mismatchesin kind or any differences in return parameters do not
cause g mismatch:

mat chesSi gnature ( b : Behavioral Feature ) : Bool ean;

mat chesSi gnature (b) =

(sel f /name = b.nane) and

(sel f |paraneter->size = b. paraneter->size) and

Sequence{ 1..(self.paraneter->size) }->forAl( index ~Integer |
b. paranet er - >at (i ndex).type =

sel f. paranet er->at (i ndex).type or

(b| paranet er - >at (i ndex).kind = return and

sel f. paranet er->at (i ndex) . ki nd =, return)

)
4.5.3.6 Biphding

[1] The clignt Model Element must conform-to the type of the supplier ModelElement in a Binding.

self.¢lient.ocllsKindO(self.supplier)

[2] Each

gument Model Element of the supplier must have the same type (or a descendant of the type) of th
nding supplier parameter Model Element in a Binding.

1)

let range : Set(Rnteger) = [1..self.argunments->size()] in

suppl ier,>t enpl at ePar anet er - >at (i ndex) . ocl Type

[3] The number of arguments must equal the number of parameters

sel f.argunent s->si ze() = self.supplier.tenpl ateParaneter->size()
[4] A Binding has one client and one supplier.
(self.client->size = 1) and (self.supplier->size = 1)

[5] A ModelElement may participate in at most one Binding as aclient.
Bi ndi ng. al | | nst ances->for Al |

[bl, b2 | (bl <> b2) inplies (bl.client <> b2.client)]
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4.5.3.7 Class

[1] If aClassisconcrete, all the Operations of the Class should have arealizing Method in the full
not self.isAbstract inplies self.allQOperations->forAl (op |

sel f.al | Met hods- >exi sts (m | m specification->includes(op)))
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descriptor.

[2] A Classcan only contain Classes, Associations, Generalizations, UseCases, Constraints, Dependencies,

Collaberations, n:\f:ﬂ'\/pm, andInterfacesas a I\Inma:r\:\rn

sel f.all Contents->forAll->(c |
c.ocl || sKi ndOf (Cl ass ) or
c. ocl || skKi ndOFf (Associ ation ) or
c.ocl |IsKi ndOFf (General i zation) or
c. ocl [ sKi ndOF (UseCase ) or
c. ocl | sKi ndOf (Constrai nt ) or
c. ocl | sKi ndOf ( Dependency ) or
c.ocl | sKi ndOf (Col | aboration ) or
c.ocl || skKi ndOFf (Dat aType ) or

c.ocl ||skindOf (I nterface )
4.5.3.8 Clpssifier

[1] No BehavioralFeature of the same kind may match the-same signature in a Classifier.
sel f.feature->forAll (f, g |
(
(
(f} ocl I sKi ndOf (Oper ation) and g.ocl | skindOf (Operation)) or
(f} ocl I sKi ndOf ( Met hod ) and g. ocl | sKi ndOf ( Met hod )) or
(f} ocl I ski ndOf (Reeeption) and g.ocl | skKi ndOf (Reception))
) and
f. ocl AsType( Behavi or al Feat ure) . mat chesSi gnat ur e( g)
)
impli¢s /= q)

[2] No Attributes may have the same name within a Classifier.
sel f.feature->select ( a | a.ocllsKindO (Attribute) )->forAl ( p, q |
p.nane = gq.nane inplies p = q)

[3] No opposite AssociationEnds may have the same name within a Classifier.

sel f. al | Opposi t eAssoci ati onEnds->forAll ( p, g | p.name = gq.nane inplies p =q )

[4] The name of an Attribute may not be the same as the name of an opposite AssociationEnd or a
contained in the Classifier.
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sel f.feature->select ( a | a.ocllIsKindOf (Attribute) )->forAl ( a |
not sel f.all OppositeAssoci ati onEnds->uni on (self.all Contents)->collect ( q |

g. nanme )->i ncludes (a.nane) )

[5] The name of an opposite AssociationEnd may not be the same as the name of an Attribute or a M odel Element
contained in the Classifier.

sel f. opposi t eAssoci ati onEnds->forAll ( o |

not self.allAttributes->union (self.allContents)->collect ( q |

g. harme )->i ncludes (o0.nane) )

[6] For eagh Operation in an specification realized by the Classifier, the Classifier must have a matching Opdration.
sel f.gpecification.all Operations->forAl (interQ |

sel f. &l | Operations->exists( op | op.hasMatchingSignature (intefOp) ) )

[7] All of the generalizationsin the range of a powertype have the same discriminator:

sel f. powertypeRange->for Al |
(91, ¢2 | gl.discrimnator = g2.discrimnmnator)

[8] Discri rIi nator names must be distinct from attribute names and oppasite AssociationEnd names.

self.ql 1 Discrimnators->intersection (self.allAt\{ri butes. nanme->uni on
(sel f|al | OppositeAssoci ati onEnds. nane) ) - >i sEnpty

Additiona) operations
[1] The opgration allFeatures resultsin a Set containing.all Features of the Classifier itself and all its inheritefl Features.
al | Fegqtures : Set(Feature);
al | FeIt ures = sel f.feature->union(

sel f. parent. ochNASType(d assifier). al | Features)

[2] The operation allOperations resultsin a Set containing all Operations of the Classifier itself and al itsinherited
Operations.

al | Opgrations : Set\(@peration);

al | Opgrations =)self.all Features->select(f | f.ocllsKindO(Operation))
[3] The operation allMethods resultsin a Set containing al Methods of the Classifier itself and all itsinherited Methods.

al | Mefhods—: set ( Met hod) ;

A S . 1 1 1 <l
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[4] The operation all Attributes results in a Set containing all Attributes of the Classifier itself and all itsinherited
Attributes.

al | Attributes : set(Attribute);
all Attributes = self.all Features->select(f | f.ocllsKindO (Attribute))
[5] The operation associations resultsin a Set containing all Associations of the Classifier itself.

associ ations : set(Association);

associ ati ons = sel f.associ ati on. associ ati on->asSet
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The operation all Associations results in a Set containing all Associations of the Classifier itself and al itsinherited
Associations.

al | Associ ations : set(Association);
al | Associ ations = sel f.associ ations->uni on (

sel f. parent.ocl AsType(C assifier).all Associ ati ons)

The operation oppositeAssociationEnds resultsin a set of all AssociationEnds that are opposite to the Classifier.

opposilt eAssoci ati onEnds : Set (Associ ati onkEnd);

opposilt eAssoci ati onEnds =

sel f. associ ations->select ( a | a.connection->select ( ae
ae|l participant = self ).size = 1 )->collect ( a

a. connection->
select ( ae | ae.participant <> self ) )->union (

sel f. associ ations->select ( a | a.connection->select ( a€
ae|l participant = self ).size > 1 )->collect ( a

a. connection) )

The opgration allOppositeAssociationEnds results in a set of all /A ssociationEnds, including the inherited|ones, that
are opposite to the Classifier.
al | Opposi t eAssoci ati onEnds : Set (Associ atliconEnd) ;
al | OpI

osi teAssoci ati onEnds = sel f. oppositeAssoci ati onEnds->uni on (

sel f. parent. al | Opposi t eAssoci ati onEnds )
The operation specification yields the set of Elassifiers that the current Classifier realizes.
speci fi cation: Set(d assifier)

speci fli cation = sel f.clientBependency->

sel ect(d |
d. pcl | sKi ndOF (Abstrnact i on)
anp d.stereotypé. pane = "realization"

angd d. supplierxocl|sKindO(d assifier))
.supplli er. ocl AsType(d assifier)

[10] The operation-allContents returns a Set containing all Model Elements contained in the Classifier togethgr with the

conten:[s inherited from its parents.

al | Comtents - Set (Mdel Fl enent )

al | Contents = sel f.contents->union(
sel f.parent. al |l Contents->select(e |
e. el enent Omnership.visibility = #public or

e. el enent Omnership.visibility = #protected))

[11] The operation allDiscriminators resultsin a Set containing al Discriminators of the Generalizations from which the

Classifier is descended itself and all itsinherited Features.

al I Discrinmnators : Set(Nane);
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al I Discrimnators = self.generalization.discrim nator->union(

sel f. parent. ocl AsType(Cl assifier).all D scrininators)
4.5.3.9 Comment
No extrawell-formedness rules.

4.5.3.10 Component

[1] A Component may only contain other Components in its namespace.

self.all Contents-forAll( c | c.ocllsKindO(Conmponent))

[2] A Component does not have any Features.

sel f.fleature->i sEnmpty

[3] A Component may only have as residents DataTypes, Interfaces, Classes, Associations, Dependencies, Cpnstraints,
Signalg, DataValues, and Objects.

sel f. &l | ResidentEl enents->forAll( re |
re.ocl | sKi ndOf (Dat aType) or
re.ocl I skKindO (I nterface) or
re.ocl I skKindOf (Cl ass) or
re.ocl | skKi ndOf (Associ ati on) or
re. ocl | skKi ndOf ( Dependency) .«ar
re. ocl I ski ndCf (Const rai nt)s or
re.ocl I skKi ndOf ( Si gnal ).\ or
re.ocl | sKi ndOf ( Dat aVal ue) or
re.ocl | skindOf (Qoj ect) )

Additiona) operations

[1] The opgration all ResidentElements resultsin a Set containing all Model Elements resident in a Componernt or one of
its ancestors.

al | Regi dent El eqents : set (Model El enent)

al | Regi dent Ehefrents = sel f. resi dent ->uni on(

sel f. Tarent .ocl AsType( Conponent ). al | Resi dent El enent s->sel ect( re |

1 0 il H HIl - ek ol
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re. el enent Resi dence.visibility = #protected))
4.5.3.11 Constraint

[1] A Constraint cannot be applied to itself.

not sel f.constrai nedEl enent - >i ncl udes (self)
45.3.12 DataType
[1] A DataType can only contain Operations, which all must be queries.
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self.all Features->forAll (f |
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f.ocl|sKindO (Operation) and f.ocl AsType(Operation).isQery)

A DataType cannot contain any other M odel Elements.
sel f. al | Contents->i sEnpty

4.5.3.13 Dependency

No extrawell-formedness rules.

4.5.3.14 Hlement

No extrawell-formedness rules.

4.5.3.15 HlementOwnership

No additiona well-formedness rules.

4.5.3.16 HlementResidence

No additiona well-formedness rules.

4.5.3.17 Hnumeration

No additiona well-formedness rules.

4.5.3.18 HnumerationLiteral

No additiona well-formedness rules.

4.5.3.19 Heature

No extrawel|-formedness rules.

4.5.3.20 GeneralizableElement

(1

(2]

(3]

[4]

(5]

A root fannot have any Genefalizations.

sel f.i[sRoot inplies self.generalization->i senpty

No Ge

sel f.parent->forAll (s | not s.islLeaf)

Circular inheritance is not allowed.

eralizableElement can have a parent Generalization to an element that is aleaf.

not s aremnts=>Tnetudestset )

The parent must be included in the Namespace of the GeneralizableElement.

sel f.generalization->forAl (g |

sel f. nanespace. al | Cont ent s->i ncl udes(g. parent) )

A GeneralizableElement may only be a child of GeneralizableElement of the same kind.

sel f.generalization.parent->forAl(p | self.ocllsKindO(p))
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Additional Operations
[1] The operation parent returns a Set containing all direct parents.
parent : Set(Generalizabl eEl ement);

parent = self.generalization. parent

[2] The operation allParents returns a Set containing all the Generalizable Elements inherited by this
GeneralizableElement (the transitive closure), excluding the GeneralizableElement itself.

al | Pafjents : Set(Generalizabl eEl ement) ;

al | Pailents = sel f. parent->uni on(sel f. parent. all Parents)
4.5.3.21 Generalization
No extrawell-formedness rules.
4.5.3.22 ImplementationClass (stereotype of Class)

[1] All dirgct instances of an implementation class must not have any other Classifiers that are implementatign classes.
sel f.ijnstance.forall (i | i.classifier.forall(c |

c.stereotype. nare = "inplenentati onC.ass" inplies ¢ = self))

[2] A parent of animplementation class must be an implementation'€lass.

sel f. parent->for Al | (stereotype. name="i npl eneqtati ond ass")
4.5.3.23 Ipterface

[1] AnIntdrface can only contain Operations.
sel f.al | Features->forAl | (f |

f.ocllsKindO(Cperation) or f.ocllsKi ndO(Reception))

[2] AnIntdrface cannot contain any Medél Elements.

sel f. @l | Cont ent s- >i SEnpi\y

[3] All Fegturesdefined in af Interface are public.

self.all Features=>forAll ( f | f.visibility = #public )
4.5.3.24 Method

[1] If the realized Operation is a query, then so is the Method.

sel f.specification->isQuery inplies self.isQery
[2] The signature of the Method should be the same as the signature of the realized Operation.
sel f. hasSameSi gnature (self. specification)
[3] Thevishility of the Method should be the same as for the realized Operation.
self.visibility = self.specification.visibility
[4] Therealized Operation must be a feature (possibly inherited) of the same Classifier as the Method.

sel f.owner. al | Qperations->i ncl udes(sel f.specification)
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[5] If therealized Operation has been overridden one or more timesin the ancestors of the owner of the Method, then the
Method must realize the latest overriding (that is, all other Operations with the same signature must be owned by
ancestors of the owner of the realized Operation).

sel f. specification.owner.all Operations->includesAll (
(sel f.owner. al | Operations->sel ect (op |
sel f. hasSaneSi gnature(op)))

[6] There may be at most one method for a given classifier (as owner of the method) and operation (as specification of
the method) pair.

sel f. owner. al | Met hods- >sel ect (operati on = self.operation)->size =1

4.5.3.25 NodelElement

That part offthe model owned by atemplate is not subject to all well-formednessrules. A tenmiplateis not diregtly usablein a
well formed model. The results of binding atemplate are subject to well-formedness rules.

(not ¢xpressed in OCL)

Additional operations
[1] The opgration supplier resultsin a Set containing all direct suppliers of the Model Element.
suppl ijer : Set(Model El enent);

suppl ijer = sel f.clientDependency. supplier

[2] Theopgration alSuppliersresultsin a Set containing all the Model Elements that are suppliers of this Model Element,
includipg the suppliers of these Model Elements. Thisi§ the transitive closure.

al | SquI iers : Set(Model El enent);

al | Suppliers = sel f.supplier->union(sel f.supplier.allSuppliers)

[3] Theopgration “model” results in the set«of Models to which the Model Element belongs.
nodel |: Set (Model);

nodel |= sel f. nanmespace-xuni on(sel f. nanmespace. al | Surr oundi ngNanespaces)
->sel ect( ns|
ns. ocl | sKi nd&X (Model))

[4] A ModgE Elementis@template when it has parameters.

i sTenmpl.at'e = (sel f.tenpl at ePar anet er - >not Enpt y)

i sTe:ll at e 5—Bool ean;

[5] A ModelElement isan instantiated template when it is related to atemplate by a Binding relationship.

islnstantiated : Bool ean;

islnstantiated = self.clientDependency->sel ect (
ocl | ski ndOF ( Bi ndi ng) ) - >not Enpty

[6] The templateArguments are the arguments of an instantiated template, which substitute for template parameters.

templ at eArgunents : Set (Model El enent) ;
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tenpl at eArgunents = sel f. cl i ent Dependency- >

sel ect (ocl | sKi ndOF ( Bi ndi ng) ) . ocl AsType( Bi ndi ng) . ar gunment
4.5.3.26 Namespace

[1] If acontained element that is not an Association or Generalization has a name, then the name must be unique in the
Namespace.

I Cont Bt
Ot TS

sel f. 3

( not |nel.ocl I skKindOf (Association) and not ne2.ocl|sKindO (Association) and
nefl. nane <> ‘'’ and ne2.name <> ‘’ and nmel.name = nme2.name
) i nmplfi es
mefl = ne2 )
[2] All Associations must have a unique combination of name and associated Classifiersin the Namespace.

self.all Contents -> sel ect(ocl|sKi ndOf (Association))->

forAll (al, a2 |
al. nane = a2.nanme and
al.connection. participant = a2.connection. parti ¢i pant
inmplies al = a2)

Additiona) operations

[1] The opgration contents resultsin a Set containing all M odel Elements contained by the Namespace.
cont e:[ts : Set (Model El ement)

contents = sel f. ownedEl enrent -> uni en{sel f. namespace, contents)

[2] The opgration allContents resultsin a Set containing all M odel Elements contained by the Namespace.
al | Co:[t ents : Set (Model El enent)s

al |l Contents = self.contents

[3] The opgration allVisibleElements results in a Set containing all Model Elements visible outside of the Narespace.
al | Vi §i bl eEl enents (© ;Set ( Model El enrent)
al | Vi §i bl eEl enents*= self.all Contents -> select(e |

e. el enent Omership.visibility = #public)

[4] The opgration all SurroundingNamespaces results in a Set containing all surrounding Namespaces.

al | Surlroundi ngNanespaces : Set (Nanespace)

al | Surroundi ngNanespaces =

sel f. namespace- >uni on( sel f. namespace. al | Surr oundi ngNanespaces)

4.5.3.27 Node

No extra well-formedness rules.

4.5.3.28 Operation

No additional well-formedness rules.
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4.5.3.29 Parameter

No additional well-formedness rules.

4.5.3.30 PresentationElement

No extrawell-formedness rul es.

4.5.3.31 Primitive

No additioral well-formedness rules.
4.5.3.32 StructuralFeature
[1] The copnected type should be included in the owner’s Namespace.
sel f. opwner. nanespace. al | Cont ent s- >i ncl udes(sel f. type)

[2] Thetype of a StructuralFeature must be a Class, DataType, or Interface.

sel f.ype. ocl I sKi ndOf (O ass) or
sel f.ype. ocl | sKi ndCf (Dat aType) or
sel f.ype. ocl I sKi ndOF (I nterface)

4.5.3.33 Trace

A trace is ap Abstraction with the «trace» stereotype. These are theiadditional constraints due to the stereotyp

1%

[1] Theclignt ModelElements of a Trace must all be from theissame Model.

self.¢lient->forAll (el, e2 | el.nodel = e2.nodel)

[2] Thesupplier Model Elements of a Trace must al be from the same Model.

sel f.supplier->forAll (el, e2 | elr-hodel = e2.nodel)

[3] Theclignt and supplier Model Elementsmust be from two different Models.

sel f. ¢l ient.nodel <> sel f suppl i er. nodel

[4] Theclignt and supplier ModélElements must all be from models of the same system.

sel f. ¢l i ent.nodelintersection(self.supplier.nodel) <> Set{}
4.5.3.34 Type (stereotype of Class)

[1] A Typgmaynot have any Methods.

not se¢l v eat ure->exi sts(ocl | ski ndOf (Met hod))

[2] The parent of atype must be atype.

sel f.parent->forAl | (stereotype. name = "type")

45.3.35 Usage

No extrawell-formedness rul es.

4.5.4 Detailed Semantics

This section provides a description of the dynamic semantics of the elementsin the Core. It is structured based on the major
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constructs in the core, such asinterface, class, and association.

4.5.4.1 Association

An association declares a connection (link) between instances of the associated classifiers (e.g., classes). It consists of at least
two association ends, each specifying a connected classifier and a set of properties that must be fulfilled for the relationship to
be valid. The multiplicity property of an association end specifies how many instances of the classifier at a given end (the one

bearing the multi pI|C|ty value) may be assouated with asmgle instance of the classifier at the other end. A multiplicity isa

range of no
instance pl4g
An associat
instance.

It may state]

nodg

the

new

These const
classifier, o

ying that rolein the connection (|sNaV| gable), for instance, |f the mstance isdi rectly reachablevia
on-end also specifies whether or not an instance playing that role in a connection may be réplaceg

that

onstraints exist (changeable),

ink cannot be modified once it has been initialized (frozen), or

links of the association may be added but not removed or altered (addOnly).

Faints do not affect the modifiability of the objects themselves that are attached to the links. Moret
(achild of) the classifier itself. The ordering attribute of association-end states that if the instanc

singlei

by operations that add or modify links. Note that sorting is a perfarmance optimization and is not an example

nj
ordered

In UML, Af

aggregate. §
more precis

aggregate n

An associat

ce at the other end have an ordering that must be preserved,.the order of insertion of new links m

ciation, because the ordering information in a sort dees not add any information.

isoci ations can be of three different kinds: 1) ordinary association, 2) composite aggregate, and 3)
bi nce the aggregate construct can have several different meanings depending on the application arg
> meaning to two of these constructs; that (S, association and composite aggregate and leaves the S
ore loosely defined in between.

whole elem
binary asso

bnt is designated, and the other association-end of the associati on represents the parts of the aggreq
iations may be aggregations._Composite aggregation is a strong form of aggregation, which requi

instance be |ncluded in at most one composite at atime and that the composite object has sole responsibility fof

of its parts. [This means that the gomposite object is responsible for the creation and destruction of the parts. In
terms, it is riesponsible for their memory allocation. If acomposite object is destroyed, it must destroy all of it
remove a part and give it to'another composite object, which then assumes responsibility for it. If the multipli
to composite is zero-to-<0ne; the composite may remove the part, and the part may assume responsibility for its
may not live apart from)a composite.

A consequence of these rulesisthat a composite implies propagation semantics; that is, some of the dynamic

el towards the

the association.
by another

pver, the
relatedto a

st be specified

of alogically

shareable
a, UML givesa
hareable

on may represent an aggregation; that is, awhole/part relationship. In this case, the association-endl attached to the

hation. Only

Fes that a part
the disposition
mplementation
5 parts. It may
City from a part
elf, otherwise it

bemantics of the

whole is prgpagated to its parts. For example, if the whole is copied or destroyed, then so are the parts as well

(because a part

may belong to at most one composite).

A classifier on the composite end of an association may have parts that are classifiers and associations. At the

instance level,

an instance of a part element is considered “part of” the instance of a composite element. If an association is part of a
composite and it connects two classes that are also part of the same composite, then alink of the association will connect

objects that are part of the same composite object of which thelink is part.

A shareable aggregation denotes weak ownership; that is, the part may be included in several aggregates and i

tsowner may

also change over time. However, the semantics of a shareable aggregation does not imply deletion of the parts when an

aggregate referencing it is deleted. Both kinds of aggregations define a transitive, antisymmetric rel ationship;
instances form a directed, non-cyclic graph. Composition instances form a strict tree (or rather aforest).
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A qualifier declares a partition of the set of associated instances with respect to an instance at the qualified end (the qualified
instance is at the end to which the qualifier is attached). A qualifier instance comprises one value for each qualifier attribute.
Given aqualified object and aqualifier instance, the number of objects at the other end of the association is constrained by the
declared multiplicity. In the common case in which the multiplicity is 0..1, the qualifier value is unique with respect to the
qualified object, and designates at most one associated object. In the general case of multiplicity 0..*, the set of associated
instances is partitioned into subsets, each selected by a given qualifier instance. In the case of multiplicity 1 or 0..1, the
qualifier has both semantic and implementation consegquences. In the case of multiplicity 0..*, it has no real semantic
conseguences but suggests an implementation that facilitates easy access of sets of associated instances linked by a given
qualifier value.

Note that the multiplicity of aqualifier is given assuming that the qualifier value is supplied. The “raw.\multiplicity without
the qualifief is assumed to be 0..*. Thisis not fully general but it is amost always adequate, as a situation in which the raw
multiplicity|is 1 would best be modeled without a qualifier.

Note also that a qualified multiplicity whose lower bound is zero indicates that a given qualifier value may bg absent, while a
lower boundl of 1 indicates that any possible qualifier value must be present. The latter iSreasonable only for qualifiers with a
finite number of values (such as enumerated values or integer ranges) that represent fulldables indexed by some finite range of
values.

4.5.4.2 AssociationClass

An associat{on may be refined to have its own set of features; that is, features that do not belong to any of thelconnected
classifiers hut rather to the association itself. Such an association is galted an association class. It will be bothjan association,
connecting p set of classifiers and a class, and as such have features and be included in other associations. The semantics of
such an assciation is a combination of the semantics of an ordinary association and of a class.

The AssocigtionClass construct can be expressed in afew.different ways in the metamodel (for example, as ajsubclass of
Class, as a subclass of Association, or as a subclass of Classifier). Since an AssociationClassis a construct be{ng both an
association [having a set of association-ends) and a class (declaring a set of features), the most accurate way of expressingitis
as a subclass of both Association and Class. In thisway, AssociationClass will have all the properties of the ofher two
constructs. Moreover, if new kinds of associati ons‘containing features (e.g., AssociationDataType) areto beingluded in UML,
these are easily added as subclasses of Assoeiation and the other Classifier.

ild, subtype, and subclass are synonyms and mean that an instance of a classifier being a subtypg of another
always be used wheretan instance of the latter classifier is expected. The neutral terms parent ang child, with the
sures ancestor and.descendant, are the preferred terms in this document.

Theterms
classifier
transitive cl

SS

of aclassisto declare a collection of methods, operations, and attributes that fully describe the sructure and
behavior of jobjects.-AH objects instantiated from a class will have attribute values matching the attributes of the full class
descriptor gnd stipport the operations found in the full class descriptor. Some classes may not be directly instantiated. These
classes are $aidto be abstract and exist only for other classesto inherit and reuse the features declared by them{ No object may
be adirect instance of an abstract class, although an object may be an indirect instance of one through a subclass that is non-
abstract.

When aclassisinstantiated to create a new object, anew instance is created, which isinitialized containing an attribute vaue
for each attribute found in the full class descriptor. The object is also initialized with a connection to the list of methodsin the
full class descriptor.

NOTE: An actual implementation behaves asif there were afull class descriptor, but many clever optimizations are possible
in practice.
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Finally, the identity of the new object is returned to the creator. Theidentity of every instance in awell formed system is
unique and automatic.

A class can have generalizations to other classes. This means that the full class descriptor of a classis derived by inheritance
from its own segment declaration and those of its ancestors. Generalization between classes implies substitutability; that is, an
instance of a class may be used whenever an instance of a superclassis expected. If the classis specified asaroot, it cannot be

asubclass of other classes. Similarly, if it is specified as aleaf, no other class can be a subclass of the class.

Each attribt

te declared in a classhasavisihility and atype The visihility definesif the attribite is publicly

ailable to any

class, if itid

(package), q
be an instan

There are tv]

itm

that

An attributd
should be, &

froz

For each op|
(see above)
several diffd
itisapplical
its applicati
realized by
operation
inherited fr
theclassor
descriptiong
operation n
method mus
attribute of
still be true
(this can on

none -

addOnly - new values may be added to a set but not removed or altered.

only available inside the class and its subclasses (protected), if it can be used within the contaifii]
rif it can only be used inside the class (private). The targetScope of the attribute declares whether
ce (of achild) of that type or if it should be (achild of) the type itself.

o0 alternatives for the ownerScope of an attribute:
py state that each object created by the class (or by its subclasses) has its own valuég of the attribut
the value is owned by the classitself.

also declares how many attribute values should be connected to each ewner (multiplicity), what t
Ind if these attribute values may be changed to:

no constraint exists,

N - the value cannot be replaced or added to once it hasbeen initialized, or

bration, the operation name, the types of the parameters, and the return type(s) are specified, aswel
An operation may also include a specification of the effects of its invocation. The specification ¢
rent way's (for example, with pre- and pastzconditions, pseudo-code, or just plain text). Each oper
bl e to the instances, the class, or to the class itself (ownerScope). Furthermore, the operation states
bn will modify the state of the object{isQuery). The operation also states whether or not the operd
A different method in a subclass (isPolymorphic). A method realizing an operation has the same si
d a body implementing thespecification of the operation. Methods in descendants override and re
m ancestors (see Section 4.54.4, “Inheritance,” on page 67). Each method implements an operati
nherited from an ancestor. The same operation may be declared more than once in afull class desy
must all match, except that the generalization properties (isRoot, sAbstract, isLeaf) may vary,
ay strengthen query/properties (the child may be a query even though the parent is not). The speci
it match the specification of its matching operation, as defined above for operations. Furthermore,
bn operatienistrue, then it must also be truein any realizing method. However, if itisfalseintheg
n the method if the method does not actually modify the state to carry out the behavior required b
y beltrue if the operation does not inherently modify state). The visibility of a method must match

0 package
its value should

e, Or

heinitial values

asitsvisibility
bn be donein
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whether or not
kion may be
jnature as the
bplace methods
bn declared in
Criptor, but their

arld achild

fication of the
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peration, it may
y the operation
its operation.

Classes may

connected; that is, that links exist between the objects, according to the requirements of the associations. See Association on
the next page. Associations are inherited by subclasses.

A class may realize a set of interfaces. This means that each operation found in the full descriptor for any realized interface
must be present in the full class descriptor with the same specification (see Section 4.5.4.4, “Inheritance,” on page 67). The
relationship between interface and class is not necessarily one-to-one; a class may offer several interfaces and one interface
may be offered by more than one class. The same operation may be defined in multiple interfaces that a class supports; if their
specifications are identical then thereis no conflict; otherwise, the model isill formed. Moreover, a class may contain

additional o

66

perations besides those found in its interfaces.
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A class acts as the namespace for various kinds of contained elements defined within its scope including classes, interfaces,
and associations (note that thisis purely a scoping construction and does not imply anything about aggregation), the contained
classifiers can be used as ordinary classifiersin the container class. If aclassinherits another class, the contents of the ancestor
areavailabletoits descendantsif the visibility of an element ispublic or protected; however, if the visibility is private, then the
element is not visible and therefore not available in the descendant.

4.5.4.4 Inheritance

To understgd
descriptor i$ the full description needed to describe an Obj ect or other instance (see Section 4. 5 4 5, “Instantiation,” on

page 67). Itjcontains a description of all of the attributes, associations, and operations that the object contains.In a pre-object-
oriented language, the full descriptor of adata structure was declared directly inits entirety. In an object-oriented language, the
description pf an object is built out of incremental segments that are combined using inheritance toyproduce ajfull descriptor
for an objeqt. The segments are the modeling elements that are actually declared in a model. They include el ements such as
class and other generalizable elements. Each generalizable element contains alist of features'and other relationships that it
adds to what it inherits from its ancestors. The mechanism of inheritance defines how full.descriptors are produced from a set
of segmentg connected by generalization. The full descriptors are implicit, but they défine the structure of actdial instances.

Each kind df generalizable element has a set of inheritable features. For any model) element, these include corstraints. For
classifiers, ﬂhese include features (attributes, operations, signal receptions, andmethods) and participation in agsociations. The
ancestors ofl a generalizable element are its parents (if any) together with.all‘ef their ancestors (with duplicateg removed). For
aNamespage (such as a Package or a Class with nested declarations), the public or protected contents of the Namespace are
available to|descendants of the Namespace.

If ageneraliizable element has no parent, thenitsfull descriptor isthe same asits segment descriptor. If agenerTI izable element
has one or more parents, then its full descriptor contains the union of the features from its own segment descriptor and the
segment descriptors of all of its ancestors. For a classifier, o attribute, operation, or signal with the same sigrjature may be
declared in more than one of the segments (in other words, they may not be redefined). A method may be decjared in more
than one segment. A method declared in any segment.supersedes and replaces a method with the same signature declared in
any ancestoy. If two or more methods neverthel ess remain, then they conflict and the model isill formed. Thelconstraints on
the full desgriptor are the union of the constraints on the segment itself and all of its ancestors. If any of them @re inconsistent,
then the model isill formed.

Inany full escri ptor for aclassifier, each method must haveacorresponding operation. In aconcrete classifier each operation
risexplained

comprises
escriptor isthe
en any classin

. egt class of the
object. S|m|IarIy each link has a direct association and each val ue has adirect datatype Each of these msIances issaidtobea
direct instance of the classifier from which itsfull descriptor was derived. An instanceisan indirect instance of the classifier or
any of its ancestors.

The data content of an object comprises one value for each attribute inits full class descriptor (and nothing more). The value
must be consistent with the type of the attribute. The data content of alink comprises atuple containing alist of instances, one
that is an indirect instance of each participant classifier in the full association descriptor. The instances and links must obey
any constraints on the full descriptors of which they are instances (including both explicit constraints and built-in constraints
such as multiplicity).
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The state of asystem isavalid system instance if every instancein it isadirect instance of some element in the system model

and if all of the constraintsimposed by the model are satisfied by the instances.

The behavioral parts of UML describe the valid sequences of valid system instances that may occur as aresult
and internal behavioral effects.

4.5.4.6 Interface

of both externa

provide awp to partltlon and characterlze groups of operatlons An mterface isonly acollectlon of operat|on<
cannot be directly instantiated. | nstantiable classifiers, such as class or use case, may use interfaces for specifyi
services offered by their instances. Several classifiers may realize the same interface. All of them musticontai
operations matching those contained in the interface. The specification of an operation contains the signature
(i.e., its nanpe, the types of the parameters, and the return type). An interface does not imply anyrinternal strug

realizing clgssifier. For example, it does not define which algorithm to use for realizing an opéeration. An oper
however, intlude a specification of the effects of its invocation. The specification can be@daone in several diffel

with pre andl post-conditions, pseudo-code, or just plain text).

Each operation declaresif it applies to the instances of the classifier declaring it,erto the classifier itself (for ¢
constructor pn a class (ownerScope)). Furthermore, the operation states whether.or not its application will moj
the instance (isQuery). The operation al so states whether or not all the classesimust have the same realization

(isPolymorphic).

Aninterfacq
must provid
interfaceis
can be achi

b can be a child of other interfaces denoted by generalizations. This means that a classifier offering
e not only the operations declared in the interface butalso those declared in the ancestors of thein
specified as aroot, it cannot be a child of other interfaces. Similarly, if it is specified asaleaf, no
d of the interface.

4.5.4.7 Operation

Operation i$ a conceptual construct, while Methad,is the implementation construct. Their common features, S
signature, afe expressed in the Behavioral Featureé metaclass, and the specific semantics of the Operation. The
constructs are defined in the corresponding.subclasses of Behavioral Feature.

4.5.4.8 PresentationElement

The respong
this context
elements. T

ibility of presentation element isto provide atextual and graphical projection of acollection of mog
projection meansthat the presentation element represents a human readable notation for the corre
he notation forUML can be found in Chapter 3 of this document.
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mode! editi
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lesign issues for

IeT
4.5.4.9 Template

A template is a parameterized model element that cannot be used directly in amodel. Instead, it may be used to generate other
model elements using the Binding relationship; those generated model elements can be used in normal relationships with other

elements.

A template represents the parameterization of amodel element, such as a class or an operation, although conceptually any
model element may be used (but not all may be useful). The template element is attached by composite aggregation to an

ordered list of parameter elements. Each parameter element has a name that represents a parameter name within the template
element. Any use of the name within the scope of the template element represents an unbound parameter that isto be replaced
by an actual value in a Binding of the template. For example, a parameter may represent the type of an attribute of a class (for
aclasstemplate). The corresponding attribute would have an association to the template parameter as its type.
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Note that the scope of the template includes all of the elements recursively owned by it through composite aggregation. For
example, a parameterized class template owns its attributes, operations, and so on. Neither the parameterized elements nor its
contents may be used directly in amodel without binding.

A template element has the templateParameter association to alist of Model Elements that serve asits parameters. To avoid
introducing metamodel (M2) elementsin an ordinary (M1) model, the model contains a representative of each parameter
element, rather than the type of the parameter element. For example, a frequent kind of parameter is a class. Instead of
including the metaclass Class in the (M 1) ordinary model a dummy cl ass must be declared Whose name isthe name of the

parameter. T

no features
templateis
constraints
constraints.

Note also th
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such as attributes and operations), because the features are part of an actual element that is suppli
bound. Because atemplate parameter isonly adummy that |acks internal structure, it may violate
bf elements of its kind; the actual elements supplied during binding must satisfy ordinary ‘well-for

at when the template is bound, the bound element does not show the explicit structure of an elemd
semantics and well-formedness rules must be evaluated as if the actual substitytions of actual elef
had been made; but the expansions are not explicitly shown in a canonicalmodel asthey are regar

blement is therefore effectively isolated from the directly-usabl e part of the model and isindirectly
fances through Binding associations to bound el ements. The bound ‘elements may be used in ordin
e the model element underlying the template could be used.

fliscellaneous

brent way's (e.g., using natural language or a constraiht language).

5 that if the source is somehow modified, theidependents probably must be modified. The reason f
can be specified in several different ways{(e.g., using natural language or an algorithm) but is oft

Binding dependency can be established only between elements in the same model, since the semal
bpendent on the semantics of another model. If aconnection isto be established between el ements
race or Refinement should b€ used. Refinement can connect elements in different or same models

ne supplier element of a'dependency changes, the client element is potentially invalidated. After su
Lld be performed followed by possible changes to the derived client element. Such a check should
action can be taken to change the derived element to validate it again. The semantics of this valida
e scope of UML

isaspecia kind of classifier, similar to a class, but whose instances are primitive values (not objdg
b integers:and strings are usually treated as primitive values. A primitive value does not have anid

~d when the
el|-formedness
edness

nt of itskind; it
ments for
ded as derived.

connected to its
ary modelsin

is aBoolean expression over one or several elementsthat must always be true. A constraint can pe specified in

cy specifiesthat the semantics of a set of model-elements requires the presence of another set of nodel elements.

br the
en implicit.

htics of amodel
in different

ch invalidation,
be performed
fion and change

cts). For
lentity, so two

ofthe-same value cannot be differentiated. Usually, it is used for specification of the type of an

enumeration type is a user-definabl e type comprising a finite number of values.

ribute. An

4.6 Extension Mechanisms

4.6.1 Overview

The Extension Mechanisms package is the subpackage that specifies how specific UML model elements are customized and
extended with new semantics by using stereotypes, constraints, tag definitions, and tagged values. A coherent set of such

extensions,

defined for specific purposes, constitutes a UML profile (see Section 4.14, “Model Management,”

on page 161).

The UML provides arich set of modeling concepts and notations that have been carefully designed to meet the needs of
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typical software modeling projects. However, users may sometimes require additional features beyond those defined in the
UML standard. These needs are met in UML by its built-in extension mechanisms that enable new kinds of modeling el ements
to be added to the model er’s repertoire as well asto attach free-form information to modeling elements. The principal
extension mechanism is the concept of Stereotype. It provides away of defining virtual subclasses of UML metaclasses with
new metaattributes and additional semantics.

A fundamental constraint on all extensions defined using the profile extension mechanism is that extensions must be strictly
additive to the standard UML semantrcs ThIS means that such extensr ons must not confllct Wlth or contradict the standard

Qo

arbitrary
for process-
language an
used to defi

Stereotypes
new stereot
will only ap
modeler. A

A profileis
extending th
whichitd

A stereotyp
anew graph

and constralnts in addition to the attributes, associations, and superclasses that the element has in the standard
augment the classification mechanism based enthe built in UML metamodel class hierarchy; therefore, names of

Stereotypes
new stereot

Tag definiti
model elem
elements. T
model elem
generation i

Constraints
observed by
using OCL

enforcing th

antic extensr on. They allow the modeler to add new modeling elementsto UML for use in creatii]
Specific or implementation language-specific domains (for example, supporting code generation f
d infrastructure). It should be noted that stereotypes and tags are used in the definition ef UML its
he standard model elements that are not considered complex enough to be defined directly as UM

pe «persistent» could be defined that can be attached to classes. Many usersiwill not define new 4
ply them during modeling; for example, the stereotype “ «persistent»” canbe attached to the class’
fool could use this as an indicator that a database table definition needsto 'be generated.

A stereotyped package that contains model elements that have been customized for a specific domal

ends and the metamodel subset that it extends.

bisamodel element that defines additional values (based'on tag definitions), additional constraints
ical representation. All model elementsthat are branded by one or more particular stereotypes recg

pes must not clash with the names of predefined UML metamodel elements or standard elementg

bns specify new kinds of properties that.imay be attached to model elements. The actual properties
bnts are specified using Tagged Val ues) These may either be simple datatype values or references
b definitions can be compared to metaattribute definitions while tagged values correspond to vall
Eents. They may be used to represent properties such as management information (author, due date
hformation (optimizationL evel, containerClass).

can also be attached t8:any model element to refine its semantics. Constraints attached to a stereo|
all model elements'branded by that stereotype. If the rules are specified formally in a profile (for

em when applying the profile.

Although it
explicitly a
support the
mechanism:

is outsidethe scope and intent of the UML specification, it is also possible to extend the UML mq

are themselves metaclasses in UML. Consequently, the user of aUML tool can define stereotypes;

do not support
g UML models
Dr a certain

elf. They are

| metaclasses.

for example, a
itereotypes, but
Invoice” by the

n or purpose by

e metamodel using stereotypes, tagged definitions, and constraints. A profile may specify model libraries on

, and optionally
vethese values
UML.

of individual

0 other model
es attached to
status), code

ype must be
example, by

or the expression of constraints), then a modeling tool may be able to interpret the rules and aid the modeler in

tamodel by

iding new metaclasses and other meta constructs. This capability depends on the use of tools and flepositories that

extension

OMG MetaOb]ect FaC|I|ty (MOF) Proflla aresomeﬂm% referred to asthe Ilghtwerght bunt -in

OOV

=cification. Thisis

because there are restrictions on how UML profiles can extend the UML metamodel . Theserestrictions are intended to ensure
that any extensions defined by a UML profile are purely additive. Such restrictions do not apply in the MOF context where, in
principle, any metamodel can be defined. (Consequently, every profile definition could also be expressed as an MOF

metamodel,

but not all MOF metamodels based on UML can be expressed as proper UML profiles.)

From a pragmatic viewpoint, when modeling tools are used to specify lightweight extensions, they should fully support UML
extension mechanisms (including a default graphical notation for extended elements) and the XM that they produce must be
compatible with the predefined XMI for UML DTDs. (Note that thisis expected to be less readabl e than a dedicated X M|

format based on an MOF metamodel.)
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When defining profiles modelers should be careful to base their extensions on the most semantically similar constructsin the
UML metamodel. Failure to observe this can easily result in semantically incorrect or semantically redundant language
extensions. When capturing the extended semantics of adomain in the definition of aprofile (with the purpose of enabling tool
support for the domain), modelers should also be careful not to focus exclusively on defining stereotypes. In most cases a
combination of stereotypes and predefined standard model elementswill be most effective. Examples of standard or common
model elementsin aprofile definition are standard classes that the user is intended to reuse or subclass, or a set of standard
Templates that the user may apply.

Severa profiterefaredStandard Stereotypes and tags are defimed T the vode vanagement package and chapter, including
«profile», «modelLibrary», «appliedProfile», and { applicableSubset} .

The following sections describe the abstract syntax, well-formedness rules, and semantics of the Extension Mechanisms
package.

4.6.2 Abs$tract Syntax

The abstract syntax for the Extension Mechanisms package is expressed in graphic netation in Figure 10.

+extendedElement | ModélElement +eferenceValue
(from Core)
*
*
+constrainedElerent
{ordefed} ) * 1
Al
I ‘ * | +taggedvalue  * || +referenceTag
Constraint
GeneralizableElement * (from Corle) Teggedvalle
from @ dataValue : String [
‘ *
port +stereotypeConstraint
* | +Hypedvalue
0.1 ‘
+stergotype Stereotype N
icon : Geonetry: i
. e M +corstrainedStereotype TagDefintion
baseC . +definedTag  |tagType : Name
P multiplicity : Muttiplicity
0.1 i

Figure 10 - Extension Mechanisms

4.6.2.1 Constraint (as extended)

The constraint concept allows new semantics to be specified linguistically for amodel element. The specification iswritten as
an expression in a designated constraint language.

The language can be specially designed for writing constraints (such as OCL), a programming language, mathematical
notation, or natural language. If constraints are to be enforced by a model editor tool, then the tool must understand the syntax
and semantics of the constraint language. Because the choice of language is arbitrary, constraints are an extension mechanism.
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In the metamodel a constraint directly attached to amodel element describes semantic restrictions that this model element
must obey. Constraints attached to a Stereotype apply to each model element that bears that stereotype. Note that, for the case
of constraints attached to stereotype definitions, the scope of the constraint isthe UML metamodel and not the model in which
it isdefined. This allows the definition of well-formedness rules for stereotypes in the same manner as the well-formedness
rules of other metamodel elements.

Attributes
body A boolean expression defining the constraint. Expressions are written as strings in a designdted |anguage.
For the model to be well formed, the expression must always yield a true value when €valu for instances
of the constrained elements at any time when the system is stable; that is, not during.the execution of an
atomic operation.
When a congtraint is attached to a stereotype, the lexical scope of that censtraint is the UML metamodel
rather than the M1 model in which the constraint is defined. This means that there is no negd to explicitly
import the UML metamodel.
Associatipns
constrainegElement An ordered list of elements subject to the constraint
constrainegSereotype A stereotype to which the constraint applies. This‘Constraint will automatically apply to all model elements
branded by that stereotype.
Any one Cdnstraint must have one or more constrainedEl ement links, or one constrainedStereotype link, but not both.

4.6.2.2 M¢delElement (as extended)

Any model

element may have arbitrary tagged values and constraints (subject to these making sense). A modél element may
also have ome or more stereotypes. In the latter tase, the base class of the stereotype must match the metaclass

of that model

element (such as Class, Association, Dependency) or one of its subclasses. The presence of a stereotype may impose implicit
constraints pn the modeling element and may require the presence of specific tagged values.
Associatipns
constraint A'constraint that must be satisfied by the model element. A model element may have a set of ponstraints. The
constraint is to be evaluated when the system is stable; that is, not in the middle of an atomjc operation.
stereotype Designates the stereotypes that further qualify the UML metaclass (the base class or one of ifs subclasses) of
the modeling element. The stereotype does not conflict with or contradict the standard semantics of the
metaclass to which it applies, but may specify additional constraints and tag definitions. All|constraints and
tagdefmtions ormrarstereotypeappty tothemodeetfements that arebranded by thestereotype. The stereotype
acts as a virtual metaclass describing the model element.
taggedvalue An arbitrary property attached to the model element based on an associated tag definition. The interpretation
of the tagged value is outside the scope of the UML metamodel.

4.6.2.3 Stereotype

The stereotype concept provides away of branding (classifying) model elements so that they behave in some respects asiif
they were instances of new virtual metamodel constructs. These model elements have the same structure (attributes,
associations, operations) as similar non-stereotyped model elements of the same kind. The stereotype may specify additional
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constraints and tag definitions that apply to model elements. In addition, a stereotype may be used to indicate a difference in

meaning or usage between two model elements with identical structure.

In the metamodel the Stereotype metaclassis a subclass of GeneralizableElement. Tag definitions and constraints attached to a

stereotype apply to all model elements branded by that stereotype. A stereotype may also specify a geometrical
for presenting elements with the stereotype.

icon to be used

If a stereotype isa subclass of another stereotype, then it inherits all of the constraints and tagged values from its stereotype
supertype and it must apply to the same kind of base class A stereatype keepstrack of the hase classto which it may be
applied. Stereotypes are typically grouped in a Profile package.
Attributegd
baseClass Specifies the names of one or more UML modeling elements to which thestereotype applie$, such as Class,
Association, Refinement, Constraint. This is the name of a metaclass; that is, a class from the UML
metamodel itself rather than a user model class.
icon The geometrical description for an icon to be used to present/an image of a model element|branded by the
sterectype.
Associatipns
extendedElement Designates the model elements affected by the‘stereotype. Each one must be a model elemégnt of the kind

specified by the baseClass attribute.

definedTag Specifies a set of tag definitions, each.of’ which specifies tagged values that amodel elemen
stereotype can have.

branded by the

defined in the scope of the full UML metamodel.

stereotypeConstraint Designates constraints that apply to al model elements branded by this stereotype. These cpnstraints are

4.6.2.4 TdgDefinition

A tag definition specifies the tagged values that can be attached to a kind of model element. Among other thir
definitions ¢an be used to define thevirtual meta attributes of the stereotype to which they are attached. Somg
attributes

s, tag
of these meta

be references to ather metamodel elements and, in effect, can be used to specify new one-way neta references.

However, thislatter feature should be used with discretion since it can easily be misused to define new semantis that are more

than just refinement of the.original UML metamodel.

Tag definitipns should be defined in conjunction with a stereotype since that allows them to be used in amore

disciplined

manner (stefeotypésare constrained by the semantics of their base class). However, primarily for reasons of compatibility with

models defiped onthe basis of UML 1.3, it is still possible to have tag definitions that are not associated with fany stereotype.
Attributes
multiplicity Specifies the number of data values that tagged values based on this tag must have, or, the number of

model elements that can be associated to the related tagged values.
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tagType In the general case, where the tag type is a data type, this specifies the range of values of the tagged
values associated with the tag definition.

In the specia case, where the tag type refers to a metaclass that is not a datatype, the tag value
references model elements that are instances of the metaclass.

Associations

typedValue The tagged values that conform to this tag definition.

owner The stereotype to which this tag definition belongs.

4.6.2.5 TaggedValue

A tagged value allows information to be attached to any model element in conformance with its tag definition. Although a
tagged valug, being an instance of akind of Model Element, automatically inherits the name attribute, the nar:.:Pthat isactually

used in the tagged valueis the name of the associated tag definition. The interpretationof tagged valuesisinterftionally beyond
the scope off UML semantics. It must be determined by user or tool conventions that may be specified in a profiile in which the
tagged valug is defined. It is expected that various model analysis tools will define tag definitions to supply irfformation
needed for their operations beyond the basis semantics of UML. Such infermation could include code generatjon options,
model management information, or user-specified semantics.

Any tagged|value must have one or more reference value links or.gne'or more data values, but not both.

Attributes

dataValue Specifies the set of valuesithat are part of the tagged value. The type of this value mustjconform to the
type specified in the tagType attribute of the associated tag definition. The number of vgues that can be
specified is defined ly)the multiplicity attribute of the associated tag definition.

Associatipns

type Specifies the tag definition which defines the name, meaning, and type of the tagged value.

referenceValue Specifies the model elements that this tagged value references. These elements are model-level instances
of the metaclass or stereotype specified by the tagType attribute of the corresponding tad definition. The
number of references is defined by the multiplicity attribute of the associated tag definition.

4.6.3 Well-Formedness Rules

The followingwiell-formedness rules apply to the Extension Mechanisms package

4.6.3.1 Constraint

[1] A Constraint attached to a stereotype must not conflict with constraints on any inherited stereotype, or associated
with the base class.

-- cannot be specified with OCL, |level M2 not accessible

[2] A constraint attached to a stereotyped model element (either directly or through another stereotype) must not conflict
with any constraints on the associated stereotype, nor with the class (the base class) of the model element.

-- cannot be specified with OCL, |level M2 not accessible
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[3] A constraint attached to a stereotype will apply to all model elements branded by that stereotype and must not conflict
with any constraints on the attached branding stereotype, nor with the class (the base class) of the model element.

-- cannot be specified with OCL, |level M2 not accessible

4.6.3.2 ModelElement

[1] Tagsassociated with amodel element (directly viaa property list or indirectly via a stereotype) must not clash with

(2]

(3]

4.6.3.3 Stereotype

(1

(2]

(3]

[4]

(5]

Additiona) Operations

[1]

any meta attributes associated with the model element.

-- camnot be specified with OCL, level M2 not accessible

A model element must have at most one tagged value with a given tag name.

sel f.aggedVal ue->forAl | (t1, t2 : TaggedVal ue |

tl.type.namre = t2. type.nane inplies tL =)t2)
A stereptype cannot extend itself.

sel f. $t er eot ype- >excl udes(sel f)

Stereotype names must not clash with any base class names.
Steregtype.alllnstances->forAl |l (st | st.baseC ass <> sel f. nane)
The base class name must be provided.

Set {s$el f.based ass}->not Enpty

Tag nanes attached to a stereotype must not clashmiith M2 meta-attribute namespace of the appropriate K
element, nor with tag definition names of any _inkerited stereotype.

-- camnot be specified with OCL*}level M2 not accessible

The basge class of a stereotype must béthe same or a subclass of the base class of parent stereotypes.
-- camnot be specified with " OCL, |level M2 not accessible

All sterfeotype definitions must-be contained either directly or transitively in a profile package.

findPfofile(sel f)s>not Enpty

Thefind praofile.operation returns either the single-element set containing profile packagein which themo
is definedor,an empty set if the element is not contained in any profile.

ase class

Hel element

findProfile (me : Mddel Elenent) : Set (Package)
i f (nme.nanespace->not Enpty) then
i f (nme.nanespace. ocl | sKi ndOf (Package) and
nme. nanespace. st er eot ype- >not Enpty) and
me. namespace. st er eot ype- >exi sts(s|s.name = profile) then
result = me.nanespace

else -- go up to the next |evel of nanmespace
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result = findProfil e (me.nanmespace)
el se

result = ne.namespace -- return enpty set
4.6.3.4 TagDefinition

[1] Thetype associated with atag definition is either the name of a UML metaclass, including elements of the DataType
package-eran-thstance-of-the-Datayp o }

-- canpnot be specified with OCL, |level M2 not accessible

[2] All tag definitions must be contained either directly or transitively in a profile package.
findPpofil e(sel f)->not Enpty

4.6.3.5 TaggedValue

[1] Thedatavalue of atagged valueis exclusive to the “referenceValue’ association.

if (self.referenceVal ue->size > 0)
then (sel f. dataVal ue->size = 0)
el pe (sel f.dataVal ue->size > 0)
endi f

[2] Thedatavalue of atagged value must conform to the data type specified by the “tagType” attribute of the tag
definitipn.

-- cannot be specified with OCL (requirescan OCL function that converts a string nane into
a corifespondi ng netatype)

[3] The mqdel elements associated with atagged valie by the “referenceValue” association must be instances of the
metaclass specified by the “tagType” attribute of the tag definition.

-- cannot be specified with OCh~(requires an OCL function that converts a string name into
a corifespondi ng netatype)

4.6.4 Defailed Semantics

The variouq extension mechanisms defined in this chapter represent extensions to the modeling language UM that affect the
structure and semantics of models produced by the user.

Within amadel, any user-level model element may have a set of links to stereotypes, and a set of tagged valugs conformant to
existing tag|definitions. The constraints defined for the stereotype specify restrictions on the instantiation of t:E model. An

instance of a user-lével model element must satisfy all of the constraints on its model el ement for the model to e well formed.
Evaluation pf\Constraints is to be performed when the relevant portion of the system is“stable,” that is, after the completion of
any internal operations when it Iswaiting for external events. In general, constraints are written in any language that can
adequately specify the desired constraints, such as OCL, C++, or natural language. The interpretation of the constraints must
be specified by the constraint language.

A stereotype refersto abase class, which isaclassin the UML metamodel (not a user-level modeling element) such as Class,
Association, Refinement, etc. A stereotype may be a subclass of one or more existing stereotypes. In that case, it inheritstheir
constraints and tag definitions and may add additional ones of its own. In principle, a stereotype inherits the base class value of
its parent, if one exists (thisis expressed as a constraint on these values). The modeler may refine thisto any subclass of that
base class. For instance, if a stereotype swith abase classb is defined, then a stereotype t that has s asits superclass has either
b or any subclass of b asits base class value. If a stereotype has multiple superclasses, then all of these superclasses must be
derived from a single common superclass. In that case, the base class of the subclassis equivalent to the most specific parent
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stereotype, or asubclass of that. For instance, if a stereotype s has supertypest and u with base classes “ Classifier” and “ Class’
respectively, then the base class of sis*“Class’ or any subclass of “Class’ in UML.

If amodel element is branded by an attached stereotype, then the UML base class of the model element must be the base class
specified by the stereotype or one of the subclasses of that base class. Any constraints on the stereotype are implicitly attached
to the model element. Any tag definitions belonging to the stereotype will serve as specifications for tagged values associated
to the model element. If the stereotype is a subclass of one or more stereotypes, then any constraints or tag definitions from
those stereotypes also apply to the model element (because they are inherited by this stereotype). If there are any conflicts

among the
with generg

4.6.5 No

Backward @
while addin|
carefully cg
they may st
definitions

UML 1.4
based on

;:%
Sring should still work correctly, since Sring continues to be a standardhUML datatype.

OHipte constramts andtag aefinitions (mheritedor directty Specified); thermthemoda 7St formm
specialization hierarchies.

es

ompatibility of profileswith UML 1.3 has been addressed by maintaining the basic UML 1.3 extg
p new features that can be optionally exploited. There are two areas where backward compatibility
nsidered. First, although it is generally recommended that tags should be defined in the context of
[l be defined independently as was the case with UML 1.3. Second, althoughit is generally recom
thould be typed, they may still be defined with type declared Sring; that s, they are effectively no

mpliant tools are expected to make use of the ability to type tagsiand to provide conversion utilit
lier versions of UML. It isimportant to note, however, that older-models that contain tags declarg

|, asisthe case

nsion features
has been

a stereotype,

mended that tag

t typed.

esfor models
d to be of type

The following are some typical examples of stereotypes and tag definitions:
A stereotype of Class with an associated tag definition
Stereotype] Base Class Parent Tags Constraints | Description
persistent Class N/A storageMode none Classes of this stereotype pare persistent
and may be stored in a varlety of different
modes.
Tag Stereotype Type Multiplicity Description
storageMdde persistent StorageProfile::StorageEnum * identifies the storage magde
(an enumeration:
{table, file, object})
A stereotyperof-Class with an associated tag definition
Stereotype Base Class Parent Tags Constraints | Description
persistent Class N/A isPersistent none Classes of this stereotype may be
persistent, depending on the value of the
“isPersistent” tag.
Tag Stereotype Type Multiplicity Description
isPersistent | persistent UML::Datatypes::Boolean | 1 Indicates whether the class is persistent or not.
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A stereotype of Class with an associated tag definition

Stereotype Base Class Parent Tags Constraints Description
persistent Class N/A primaryKeyClass | none Classes of this stereotype have a
reference to indicate the primary
key specification.
Tag Stereotype Type Multiplicity Description
primaryKepyClass persistent reference to 1 Identifies the M1 class that serves as
UML::Foundation::Class the primary key.

A stereotype of Class with an associated tag definition

Stereotype| Base Class Stereotype Parent | Tags Constraints Description
workflow ActionState N/A resources none action states of this stereptype
represent workflow actions
A tag defimed independently of a stereotype
Tag Stereotype Type Multiplicity Description
debugMode N/A DebugProfile::DebugDemain 1 Used to set the desired debug mode

(an enumeration with-three possible
choices: {on, off, trace})

for a model post-proc

PSSOr.

A tag defimed independently of a steréotype

Tag

Stereotype

Type Multiplicity

Description

aliasNamgs

N/A

UML::Datatypes::String *

Reuses the standard String datatype
level.

at the M1

4.7 Datp Types

4.7.1 Overview

The Data Types package is the subpackage that specifies the different data types that are used to define UML. This section has
asimpler structure than the other packages, since it is assumed that the semantics of these basic concepts are well known.

4.7.2 Abstract Syntax

The abstract syntax for the Data Types package is expressed in graphic notation in Figure 11 on page 79 and Figure 12 on

page 79.
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Integer <<enumeration>> <<enumeration>> Expression

Aggregationkind OrderingKind language : Name

body : String
Unlimitedinteger <<enumeration>> <<enumeration>> Geonetry
Boolean ParameterDirectionkind
sfng ZZenumeratonss ZETOITET O TocationReterence
CallConcurrencyKind PseudostateKind
<<enumeration>> <<enumeration=> Mapping
Crargeatiekind Scopekind body : String
<<enumeratian> I wange Multpidty Renge
VisibilityKind iplicity lower : Intege|
upper : Unlim|tedinteger
1 1x
Nanre
Figure 11 { Data Types Package - Main
Bxpression
language : Name
body : String
ActionExpression BooleanExpression MappingExpression ProcedureExpression TypeEkpression
ArglistsExpression IlterationExpression ObjectSetExpression TimeExpression

Figure 12 - Data Types Package - Expressions

In the metamodel, the data types are used for declaring the types of the class attributes. They appear as stringsin the diagrams
and not with a separate ‘ datatype’ icon. In thisway, the sizes of the diagrams are reduced. However, each occurrence of a
particular name of a data type denotes the same data type.

Note that these data types are the data types used for defining UML and not the data types to be used by a user of UML. The
latter data types will be instances of the DataType metaclass defined in the metamodel .
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4.7.2.1 ActionExpression
An expression whose evaluation resultsin the performance of an action.
4.7.2.2 AggregationKind

An enumeration that denotes what kind of aggregation an Association is. When placed on atarget end, specifiesthe
relationship of the target end to the source end. AggregationKind defines an enumeration whose values are:

none The end is not an aggregate.

aggregate The end is an aggregate; therefore, the other end is a part and must have the aggregation value of none. The
part may be contained in other aggregates.

composite The end is a composite; therefore, the other end is a part and must have the'aggregation vale of none. The
part is strongly owned by the composite and may not be part of any_.other composite.

4.7.2.3 ArglListsExpression

In the metamodel, ArgListsExpression defines a statement that will result in a Sef-of object listswhen it is evguated.
4.7.2.4 Bqolean

In the metamodel, Boolean defines an enumeration that denotes alogicial condition. Its enumeration literals afe:

true The Boolean condition is satisfied.

fase The Boolean condition is not satisfied.

4.7.2.5 BqoleanExpression
In the metamodel, BooleanExpression defines-a statement that will evaluate to an instance of Boolean when it is evaluated.
4.7.2.6 CallConcurrencyKind

An enumeration that denotes the-semantics of multiple concurrent calls to the same passive instance; that is, g Instance
originating from a Classifier with-isActive=false. It is an enumeration with the values:

sequential Callers must coordinate so that only one call to an Instance (on any sequential Operation) may be outstanding
at once. If simultaneous calls occur, then the semantics and integrity of the system cannot bg guaranteed.

guarded Multiple calls from concurrent threads may occur simultaneously to one Instance (on any guarded Operation),

but only one is allowed to commence. The others are blocked until the performance of the ?i’lst Operdtion is
complete. It is the responsibility of the system designer to ensure that deadlocks do not occur due to
simultaneous blocks. Guarded Operations must perform correctly (or block themselves) in the case of a
simultaneous sequential Operation or guarded semantics cannot be claimed.

concurrent Multiple calls from concurrent threads may occur simultaneously to one Instance (on any concurrent
Operation). All of them may proceed concurrently with correct semantics. Concurrent Operations must
perform correctly in the case of a simultaneous sequential or guarded Operation or concurrent semantics
cannot be claimed.
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4.7.2.7 ChangeableKind

In the metamodel, ChangeableKind defines an enumeration that denotes how an Attributelink or LinkEnd may be modified.

Itsvalues are:
changeable No restrictions on modification.
frozen The value may not be changed from the source end after the creation and initiaization of the source object.
Operations on the other end may change a valUe.
addOnly If the multiplicity is not fixed, values may be added at any time from the source object;but pnce created a
value may not be removed from the source end. Operations on the other end may change a alue.

4.7.2.8 EXpression

In the metamodel, an Expression defines a statement that will evaluate to a (possibly empty) set of instances w

hen executed in

a context. An Expression does not modify the environment in which it is evaluated. Afi@xpression contains af expression

string and the name of an interpretation language with which to evaluate the string:

Attributed
language Names the language in which the expression body:is represented. The interpretation of the expression
depends on the language. If the language name i's omitted, no interpretation for the expressign can be
assumed by UML.
body The text of the expression expressed.in.the given language.

Predefined |anguage names include the following:

OCL The Object Constraint L anguage (see the chapter “ Object Constraint Language Specification
document).

in this

informationtrather than formal specification.

(The empty string) This represents a natural-language statement. As such, it is obviously intended for human

In general, & language name should be spelled and capitalized exactly as it appearsin the document defining th
example, use COBOL, not-Cobol; use Ada, not ADA; use PostScript, not Postscript. In other words, spell it ¢

4.7.2.9 Geometry.

e language. For
brrectly.

fereotypes. The
pn of amodel

editing tool, with the understanding that they will likely be tool-specific. Thistypeis therefore not actually defined in the

metamodel but is used only as the type of attributes.

4.7.2.10 Integer

In the metamodel, Integer is a classifier element that is an instance of Primitive, representing the predefined type of integers.

An instance of Integer an element in the (infinite) set of integers(...-2,-1, 0, 1, 2...).
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4.7.2.11 lterationExpression

In the metamodel, IterationExpression defines a string that will evaluate to an iteration control construct in the interpretation
language.

4.7.2.12 LocationReference

Designates a position within a behavior sequence for the insertion of an extension use case. May be aline or range of linesin
code, or astate ar set of statesin a state machine _or some ather meansin a different kind of specification

4.7.2.13 Mapping

In the metaodel, a Mapping is an expression that is used for mapping Model Elements. For exchange purposes, it should be
represented|as a String.

Attributes

body A string describing the mapping. The format of the mapping isTurrently unspecified in UML.

4.7.2.14 MappingExpression
An expressipn that evaluates to a mapping.
4.7.2.15 Multiplicity

In the metamodel, a Multiplicity defines a non-empty set of nen-negative integers. A set that only contains zefo ({0}) is not
considered avalid Multiplicity. Every Multiplicity has at 1€ast one corresponding String representation.

4.7.2.16 MultiplicityRange

In the metaodel, a MultiplicityRange defines.atange of integers. The upper bound of the range cannot be below the lower
bound. The|lower bound must be a non-negative integer. The upper bound must be a non-negative integer or the specia value
unlimited, which indicates there is no uppér:bound on the range.

4.7.2.17 Name
In the metamodel, a Name definesia token that is used for naming ModelElements. A name is represented as ¢ String.
4.7.2.18 QbjectSetExpression

In the metaodel, ObjectSetExpression defines a statement that will evaluate to a set of instances when it is gval uated.
ObjectSetExpressions are commonly used to designate the target instances in an Action. The expression may pe the reserved
word “al” whenused as the target of a SendAction. It evaluatesto all the instances that can receive the signal, as determined
by the undetlying runtime system

4.7.2.19 OrderingKind

Defines an enumeration that specifies how the elements of a set are arranged. Used in conjunction with elements that have a
multiplicity in cases when the multiplicity valueis greater than one. The ordering must be determined and maintained by
operations that modify the set. The intent isthat the set of enumeration literals be open for new valuesto be added by tools for
purposes of design, code generation, etc. For example, a value of sorted might be used for a design specification.
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Values are:
unordered The elements of the set have no inherent ordering.
ordered The elements of the set have a sequentia ordering.

Other possihilities (such as sorted) may be defined later by declaring additional keywords. As
defined stereotypes, this would be a private extension supported by particular editing tools.

with user-

4.7.2.20 RarameterDirectionKind

In the metamodel, ParameterDirectionKind defines an enumeration that denotes if a Parameter is used for sup
argument and/or for returning a value. The enumeration values are:

plying an

in An input Parameter (may not be modified).

out An output Parameter (may be modified to communicate informationte’the caller).
inout An input Parameter that may be modified.

return A return value of acall.

4.7.2.21 HrocedureExpression

In the metafnodel, ProcedureExpression defines a statement that will result in a change to the values of its enjironment when
itis evaluated.
4.7.2.22 HseudostateKind
In the metamnodel, PseudostateKind defines an enumeration that discriminates the kind of Pseudostate. See Section 4.12.2.7,
“PseudoState,” on page 132 for details. The entimeration values are;
choice Splits an incoming transition into severa disjoint outgoing transitions. Each outgoing transitign has a guard
condition that is evaluated after prior actions on the incoming path have been completed. At legst one outgoing
transition_must be enabled or the model isill formed.
deepHistory Whenlreached as the target of a transition, restores the full state configuration that was activeljust before the
enclosing composite state was last exited.
fork Splits an incoming transition into several concurrent outgoing transitions. All of the transitions fire together.
initial The default target of a transition to the enclosing composite state.
join Merges transitions from concurrent regions into a single outgoing transition. All the transitions fire together.
junction Chains together transitions into a single run-to-completion path. May have multiple input and/or output
transitions. Each complete path involving ajunction is logically independent and only one such path fires at
one time. May be used to construct branches and merges.
shallowHistory When reached as the target of a transition, restores the state within the enclosing composite state that was
active just before the enclosing state was last exited. Does not restore any substates of the last active state.
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4.7.2.23 ScopeKind

In the metamodel, ScopeKind defines an enumeration that denotes whether a feature belongs to individual instances or an
entire classifier. Itsvalues are:

instance The feature pertains to Instances of a Classifier. For example, it is a distinct Attribute in each Instance or an
Operation that works on an Instance.
classifier The Tealure pertains to an entire Classitier. For example, 11 1s an Attribute shared by the enure|Classifier or an
Operation that works on the Classifier, such as a creation operation.
4.7.2.24 String

In the metaodel, String is a classifier element that is an instance of Primitive. An instance of String defines & piece of text.

4.7.2.25 T

In the metar

of time expiessionsis not specified here and is subject to implementation considerations.

4.7.2.26 T

imeExpression

nodel, TimeExpression defines a statement that will define the time of eecurrence of an event. The specific format

ypeExpression

In the metamodel, TypeExpression is the encoding of a programming-language type in the interpretation langdiage. 1t is used

within aPrd

4.7.2.27 U

In the metar
the non-neg

4.7.2.28 U

grammingL anguageDataType.
nlimitedinteger

nodel, Unlimitedinteger isaclassifier element that is an instance of Primitive. It defines a datatype whose rangeis
ftive integers augmented by the special value “unlimited.” It is used for the upper bound of multi ilicitieﬁ

ninterpreted

In the metamodel, an Uninterpreted is a blob,the meaning of which is domain-specific and therefore not defined in UML.

4.7.2.29 \

isibilityKind

In the metamodel, VisibilityKind defines an enumeration that denotes how the element to which it refersis seen outside the

enclosing name space. Itsvalues are;

public Other elements may see and use the target element.

protected Descendants of the source element may see and use the target element.

private Only the source element may see and use the target element.

package Elements declared in the same package as the target element may see and use the target element.
This Behavioral Elements package is the language superstructure that specifies the dynamic behavior or models. The

Behaviora Elements package is decomposed into the following subpackages: Common Behavior, Collaborations, Use Cases,

State Machi

84

nes, and Activity Graphs.
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Part 3 - Behavioral Elements

4.8 Behavioral Elements Package

This Behavioral Elements package is the language superstructure that specifies the dynamic behavior or models. The
Behavioral Elements package is decomposed into the following subpackages: Common Behavior, Collaborations, Use Cases,
State Machines, and Activity Graphs.

Common Bghavior specifies the core concepts required for behavioral elements. The Collaborations package ppecifies a
behavioral ¢ontext for using model elements to accomplish a particular task. The Use Case package specifies pehavior using
actors and Use cases. The State M achines package defines behavior using finite-state transition systems:The Activity Graphs
package deflines a special case of a state machine that is used to model processes.

]

Ac tivity Graphs

\/
Collgborations Use Cases State Machines
\ /
N Vv e
&\ L
Common
Behavior

Figure 13 {Behavioral Elemeénts Package

4.9 CommonBehavior

4.9.1 Ovenruew

The Common Behavior package is the most fundamental of the subpackages that compose the Behavioral Elements package.
It specifies the core concepts required for dynamic elements and provides the infrastructure to support Collaborations, State
Machines, and Use Cases.

The following sections describe the abstract syntax, well-formedness rules, and semantics of the Common Behavior package.

4.9.2 Abstract Syntax

The abstract syntax for the Common Behavior package is expressed in graphic notation in the following figures. Figure 14
shows the model elements that define Signals and Receptions.
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Classifier
(from Core)

BehavioralFeature

(from Core)

Reception

Figure 14 -

Figure 150
SendAction

+signal Signal |*raisedSignal  +context
1 * *
Exception
0..*
+reception

Common Behavior - Signals

specification : String
isRoot: Boolean
isLeaf:Boolean
isAbstract: Boolean

N page 87 illustrates the model- elements that specify various actions, such as CreateAction, CallAgtion, and

86
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ModelElement Argument
(from Core) value : Expression
* +actualArgument
{ordered}
{oTaeETed) Ot
. +acti .
AgtionSeguence action Action

recurrence : fterationExpression
0..1 0. target : ObjectSetExpression
isAsynchronous : Boolean
script : ActionExpression

CreateAction CallAction SendAction UninterpretedAction
*
0.* *
ReturnAction TerminateAction DegtroyAction
1 +nstantation .
1| +operaiion 1 +signal
Classifier Operation Signal
(fromCore) (from Core)

Figure 15 {Common Behavior - Actions

Figure 16 oh page 88 shows the model élements that define Instances and Links.
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ModelElement
(from Core)

Action
AttributeLink :
: . Stimulus 1
fAttanute +attribute recurrence : ItprationExpression
(from Core) - I target : ObjectSetExpression
1 +dispatchAction isasynchronoyjs : Boolean
script : ActionfExpression
+slot 0.*
{ordered}
1 +value [Fargument | ireceiver | 1 +sender 1
- Instance
Clasdifier +classifier
(from Core)
1“*
0.* ~
0.1 + resident
+ownedInstance + owner
| o1
DataValug SubsystemInstance Componentinstance | + resident Nodelnstance Object
0.1
Figure 16 |/ Common Behavior - lnstances
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ModelElement

(from Core)
AttributeLink
{ordered} *| -+qualifierValue
o4y
Stimulus * 0.1 Link LinkEnd ]
- +connection +HinkEnd
+communicationLink N
* 1 {ordered} 2.*
+ownedLink *
*
- *associationEnd 1
1 | +association
Instance I+owner Association ﬂ AssociationEnd
(from Core)
0.1 (from Core) 2.
. 1 {ordered} 4+
1
+Hnstance
Object
LinkObject

Figure 17 {Common Behavior - Links

The following metacl asses are-cantained in the Common Behavior package.

4.9.2.1 Agtion

An action i a specification of an executable statement that forms an abstraction of a computational procedurdthat resultsin a
change in the state of the model, and can be realized by sending a message to an object or modifying alink orlavalue of an
attribute.

In the metamodel, an Action may be part of an ActionSequence and may contain a specification of atarget aswell asa
specification of the actual arguments; that is, alist of Arguments containing expressions for determining the actual Instancesto
be used when the Action is performed (or executed).

The target metaattribute is of type ObjectSetExpression which, when executed, resolves into zero or more specific Instances
that are the intended target of the Action, like areceiver of adispatched Signal. The recurrence metaattribute specifies how the
target set isiterated when the action is executed. It is not defined within UML if the actionis applied sequentially or in parallel
to the target instances.

Action is an abstract metaclass.
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Attributes
isAsynchronous Indicates if a dispatched Stimulus is asynchronous or not.
recurrence An Expression stating how many times the Action should be performed.
script An ActionExpression describing the effects of the Action.
target An ObjectSetExpression that determines the target of the Action.

Associatipns

actual Argufment A sequence of Expressions that determines the actual arguments needed wihen evaluating the Action.

4.9.2.2 AdtionSequence
An action spquence is a collection of actions.

In the metaodel, an ActionSequence is an Action that is an aggregation of atherActions. It describes the befhavior of the
owning Statle or Transition.

Associatipns

action A sequence of Actions performed sequentialy as an atomic unit.

4.9.2.3 Argument
An argum:lrtI is an expression describing how to determine the actual values passed in a dispatched request.

In the metamodel, an Argument is a composite part of an Action and contains a metaattribute value of type Expression. It
states how the actual argument is determined when the owning Action is executed.

Attributes

value An Expression determining the actual Instance when evaluated.

4.9.2.4 AttributeLink

An attribute link iSsahamed slot in an instance, which holds the value of an attribute.

Inthe metarlnodel , AttributeLink is a piece of the state of an Instance and holds the value of an Attribute.

Associations

value The Instance that is the value of the AttributeLink.

attribute The Attribute from which the Attributelink originates.

4.9.2.5 CallAction

A call actionis an action resulting in an invocation of an operation on an instance. A call action can be synchronous or
asynchronous, indicating whether the operation is invoked synchronously or asynchronoudly.
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In the metamodel, the CallAction is an Action. The designated Instance or set of Instancesis specified via the target
expression, and the actual arguments are designated via the argument association inherited from Action. The Operation to be
invoked is specified by the associated Operation.

Attributes

isAsynchronous

(inherited from Action) Indicates if a dispatched operation is asynchronous or not.

* False - indicates that the caller waits for the completion of the execution of the‘op
¢ True - Indicates that the caller does not wait for the completion of the execuytion of
but continues immediately.

bration.
the operation

Associatipns

operation

The operation that will be invoked when the Action is executed,

4.9.2.6 Cogmponentinstance
A componeft instance is an instance of a component that resides on a node iAstance. A component instance

In the metanodel, a Componentlnstance is an Instance that originates fram a Component. It may be associ atef
Instances, ahd may reside on a Nodel nstance.

Associatipns

ay have a state.
0 with a set of

resident

A collection of Instances that-exist inside the ComponentInstance.

4.9.2.7 CneateAction

A create acfion is an action resulting in the creation of an instance of some classifier.

In the metamodel, the CreateAction isan Action. The Classifier to be instantiated is designated by the instanti3
of the CreateAction. A CreateAction has no target instance.

Associatipns

ition association

instantiatign

The Classifier of which an Instance will be created of when the CreateAction is perforn

hed.

4.9.2.8 DataValue

A data val uedis:an-Hastancewith-no I{‘Imflf\][

In the metamodel, DataValue is a child of Instance that cannot change its state; that is, all Operations that are applicable to it
are pure functions or queries. DataValues are typically used as attribute val ues.

4.9.2.9 DestroyAction

A destroy action is an action that resultsin the destruction of an object specified in the action.

In the metamodel, a DestroyAction is an Action. The designated object is specified by the target association of the Action.
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4.9.2.10 Exception

An exception isasignal raised by behavioral features typically in case of execution faults. In the metamodel, Exception is
derived from Signal. An Exception is associated with the Behavioral Features that raise it.

Associations

context (Inherited from Signal) The set of BehavioralFeatures that raise the exception

4.9.2.11 Ipstance

The instance construct defines an entity to which a set of operations can be applied and which has alstate that stores the effects
of the operations.

Inthe metarnodel, Instanceis connected to at least one Classifier that declaresits structure and\behavior. It has aset of attribute
values and ifs connected to a set of Links, both sets matching the definitions of its Classifiers. The two setsimplement the
current state of the Instance. An Instance may also own other Instances or Links. Instaficeé is an abstract metaglass.

Associatipns

slot The set of AttributeLinks that holds the attribute valués of the Instance.
linkEnd The set of LinkEnds of the connected Links that are attached to the Instance.
classifier The set of Classifiers that declare the structure of the Instance.
ownedlnstgnce The set of Instances that are owned by the Instance.

ownedLink| The set of Links that are owned By the Instance.

owner Specifies the Instance that owns the Instance.

Standard Constraints

destroyed Destroyed is.aconstraint applied to an instance, specifying that the instance is destroyed during the execution.

new New i§ ayconstraint applied to an instance, specifying that the instance is created during the e>fecution.

transient Fransient is a constraint applied to an instance, specifying that the instance is created and destljoyed during the
execution.

Tagged V3lues

persistent Persistence denotes the permanence of the state of the instance, marking it as transitory (its state is destroyed
when the instance is destroyed) or persistent (its state is not destroyed when the instance is destroyed).

4.9.2.12 Link

The link construct is a connection between instances.

Inthe metamodel, Link isan instance of an Association. It has a set of LinkEnds that matches the set of AssociationEnds of the
Association. A Link defines a connection between Instances.
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association The Association that is the declaration of the link.

connection The tuple of LinkEnds that congtitute the Link.

owner Specifies the Instance that owns the Link.
Standard Constrainis

destroyed Destroyed is a constraint applied to a link, specifying that the link is destroyed during)the exgcution.

new New is a constraint applied to a link, specifying that the link is created during,theyexecution.

transient Transient is a constraint applied to alink, specifying that the link is createdrand destroyed durifg the execution.
4.9.2.13 linkEnd
A link end is an end point of alink. In the metamodel LinkEnd isthe part of aLink-that connectsto an Instance. It corresponds

to an AssocjationEnd of the Link’s Association.
Associatipns
associatior|End The AssociationEnd that is the declaration of the LinkEnd.
instance The Instance connected to the LinkEnd-
qualifierVajue The Attributelinks that hold the values of the Qualifier associated with the corresponding AssociationEnd.
Standard Constraints
association| Association is a constraint applied to a link-end, specifying that the corresponding instance is|visible via
association.
global Global is.aweonstraint applied to a link-end, specifying that the corresponding instance is visiljle because it is
in a glebal scope relative to the link.
local Lecakis a constraint applied to link-end, specifying that the corresponding instance is visible qecause it isin a
loeal scope relative to the link.
parameter Parameter is a constraint applied to a link-end, specifying that the corresponding instance is visible because it
is a parameter relative to the link.
self SeH-s-a-constraipt-appHed-to-aHnrk—ena-specHhgthat-the-correspending-Hastanee-tsisible-because it is the
dispatcher of a request.

4.9.2.14 LinkObject

A link object isalink with its own set of attribute values and to which a set of operations may be applied.

In the metamodel, LinkObject is a connection between a set of Instances, where the connection itself may have a set of
attribute values and to which a set of Operations may be applied. It isachild of both Object and Link.
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4.9.2.15 Nodelnstance
A node instance is an instance of anode. A collection of component instances may reside on the node instance.
In the metamodel, Nodel nstance is an Instance that originates from a Node. Each Componentl nstance that resides on a

Nodel nstance must be an instance of a Component that resides on the corresponding Node.

Associations

resident A collection of Componentlnstances that reside on the Nodel nstances.

4.9.2.16 Qbject

An object ig an instance that originates from aclass.

In the metarnodel, Object is asubclass of Instance and it originates from at least one Class: The set of Classes may be modified
dynamically, which means that the set of features of the Object may change during itsdifetime.

4.9.2.17 Reception

A reception|is a declaration stating that a classifier is prepared to react to thefeceipt of asignal. The receptior] designates a
signal and specifies the expected behavioral response. A reception is a summary of expected behavior. The defails of handling
asignal are(specified by a state machine.

In the metarnodel, Reception isachild of Behavioral Feature and declares that the Classifier containing the feature reacts to the
signal designated by the reception feature. The isPolymorphic attribute specifies whether the behavior is polynjorphic or not; a
true value indicates that the behavior is not always the same-and may be affected by state or subclassing. The specification

indicates the expected response to the Signal.

Attributes|
isAbstract If true, then the reception does not have an implementation, and one must be supplied by a desgendant. If false,
the reception must have an implementation in the classifier or inherited from an ancestor.
isLeaf If true, then the implementation of the reception may not be overridden by a descendant classif(er. If false, then
the implementation of the reception may be overridden by a descendant classifier (but it need|not be
overridden).
isRoot H, true, then the classifier must not inherit a declaration of the same reception. If false, then the classifier may
(but need not) inherit a declaration of the same reception. (But the declaration must match in pny case; a
classifier may not modify an inherited declaration of a reception.)
specificatign A description of the effects of the classifier receiving a Signal, stated by a String.
Associations
signal The Signal that the Classifier is prepared to handle.

4.9.2.18 ReturnAction
A return action is an action that resultsin returning avalue to acaller.

In the metamodel, ReturnAction is an Action that causes values to be passed back to the activator. The values are represented
by the argumentsinherited from Action. A ReturnAction has no explicit target.
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4.9.2.19 SendAction

A send action isan action that resultsin the (asynchronous) sending of asignal. The signal can be directed to a set of receivers
via an objectSetExpression, or sent implicitly to an unspecified set of receivers, defined by some external mechanism. For
example, if the signal is an exception, the receiver is determined by the underlying runtime system mechanisms.

In the metamodel, SendAction isan Action. It is associated with the Signal to be raised, and its actual arguments are specified
by the argument association, inherited from Action.

Associatipns

signal The signal that will be invoked when the Action is executed.

4.9.2.20 Signal

A signal is @ specification of an asynchronous stimulus communicated between instances. The receiving instance handles the
signal by a gtate machine. Signal is a generalizable element and is defined independently’of the classes handling the signal. A
reception isla declaration that a class handles asignal, but the actual handling is specified by a state machine.

In the metaodel, Signal isachild to Classifier, with the parameters expressed.asAttributes. A Signal is alwayp asynchronous.
A Signal ispssociated with the Behavioral Features that raiseit.

Associatipns

context The set of Behavioral Features that raise the signal.

reception A set of Receptions that indicates Classes prepared to handle the signal.

4.9.2.21 Stimulus

A stimulus feifies a communication between.two’instances.

In the metanodel, Stimulus is acommunication; that is, a Signal sent to an Instance, or an invocation of an Operation. It can
also be areguest to create an Instance; or to destroy an Instance. It has a sender, areceiver, and may have a sef of actual
arguments, gl being Instances.

Associatipns

argument The sequence of Instances being the arguments of the Stimulus.
communicgtionLiink The Link that is used for communication.

dispatchActien Fhe-Action-that-cadsed-the-Stmuhds-te-be-dispatehed-when-H-was-executes:
receiver The Instance that receives the Stimulus.

sender The Instance that sends the Stimulus.

4.9.2.22 Subsystemlinstance

A subsystem instance is an instance of a subsystem. It is the runtime representation of a subsystem, hence it can be connected
to links corresponding to associations of the subsystem. Its task is to handle incoming communication by re-directing stimuli
to the appropriate receiver inside the subsystem. In the metamodel Subsysteminstance is a subclass of Instance.
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4.9.2.23 TerminateAction
A terminate action results in self-destruction of an object.

In the metamodel, TerminateActionis achild of Action. The target of a TerminateAction isimplicitly the Instance executing
the action, so there is no explicit target.

4.9.2.24 UninterpretedAction

An uninter;lreted action represents an action that is not explicitly reified in the UML.

Taken to thg extreme, any action isacall or raise on someinstance, like in Smalltalk. However, in mor€ pract{cal terms,
uninterpreted actions can be used to model |anguage-specific actions that are neither call actions nor send actipns, and are not
easily categprized under the other types of actions.

4.9.3 Well-Formedness Rules

The followihg well-formedness rules apply to the Common Behavior package.
4.9.3.1 Adtion

No extrawell-formedness rules.

4.9.3.2 AdtionSequence

No extrawell-formedness rules.

4.9.3.3 Angument

No extrawell-formedness rules.

4.9.3.4 AttributeLink

[1] Thetype of the Instance must match thetype of the Attribute.

sel f.yal ue. cl assi fier->union (
se| f.val ue.classifier.allParents)->includes (
sel f.attribut e~type)

4.9.3.5 CallAction

[1] The number of arguments must be the same as the number of parametersin the Operation.

sel f. gct ualsArgunent - >si ze = sel f. operati on. paranet er - >si ze

4.9.3.6 Cgmponentinstance

[1] A Componentlnstance originates from exactly one Component.
self.classifier->size =1
and
sel f.classifier.ocllskKindO (Conponent)

[2] A Componentlnstance may only own Componentl nstances.

self.contents->forAll (c | c.ocllsKindO (Conponentlnstance))
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4.9.3.7 CreateAction

[1] A CreateAction does not have atarget expression.

sel f.target->i sEnpty
4.9.3.8 DestroyAction

[1] A DestroyAction should not have arguments.

sel f Jactual Argunent->size = 0
4.9.3.9 Dqtavalue

[1] A DataValue originates from exactly one Classifier, which is a DataType.
(self]classifier->size = 1)
and
sel f. ¢l assifier.ocl|sKindOf (Dat aType)
[2] A DataValue has no Attributelinks.
sel f. ¢l ot->i sEnpty
[3] A Datalalue may not contain any Instances.

sel f. ¢ontents->i sEnpty

4.9.3.10 Hxception

No extra wII-formedn&ss rules.

4.9.3.11 Ipstance

[1] The AttributeLinks match the declarations in the Classifiers.
self.glot->forAll ( al |
se|f.classifier->exists ( c |
c.all Attributes/>i ncludes ( al.attribute ) ) )
[2] TheLimks match thedeclarationsin the Classifiers.
sel f.allLinks->forAll (| |
se|f.classifier->exists ( ¢ |

c.al | Associ ations->includes ( |.association ) ) )

[3] |If two Operations have the same signature they nmust be the sane.
self.classifier->forAll ( cl, c2 |
cl.all Operations->forAll ( opl |
c2.all Operations->forAll ( op2 |
opl. hasSaneSi gnature (op2) inplies opl =op2 ) ) )
[3] There are no name conflicts between the Attributel inks and opposite LinkEnds.

self.slot->forAll( al |
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not sel f.all QppositelLi nkEnds->exists( le | le.name = al.nane ) )
and
sel f.al | Opposi teLi nkEnds->forAll( le

not self.slot->exists( al | le.name = al.nanme ) )

[4] For each Association in which an Instance isinvolved, the number of opposite LinkEnds must match the multiplicity
of the AssociationEnd.

sel f. ¢l assifier.all OppositeAssoci ati onEnds->forAll ( ae
aefmultiplicity.multiplicityRange->exists ( nr
sel f. sel ect edLi nkEnds (ae)->size >= nr.|lower and
(nr.upper = ‘unlimted or
(nr.upper <> ‘unlinted and
sel f.sel ect edLi nkEnds (ae)->size <=

nT. upper.ocl AsType (Integer) ) ) ) )

[5] The ndmber of associated AttributeLinks must match the multiplicity of<the Attribute.
self.¢lassifier.allAttributes->forAll ( a
a.fultiplicity.multiplicityRange->exists ( .nt
sel f.sel ectedAttributelLinks (a)->sizek>= nr.|ower and
(nmr.upper = ‘unlimted or
(nr.upper <> ‘unlinted and
sel f. sel ect edLi nkEnds-(a) - >si ze <=

nT . upper . ocl AsType “CInteger) ) ) ) )

Additiona) operations
[1] The operation allLinks results inaset containing all Links of the Instance itself.
aIILiIKS . set (Link).;

al | Li pks = sel f.J%kEnd. |ink

[2] The operation allOppositeLinkEnds results in a set containing all LinkEnds of Links connected to the Insfance with
another| LinkEnd:

al | OpposivteLi nkEnds : set (Li nkEnd);

al | OpposiTeli nkKEnds = selT. all L1 nkS. connect 1 on- >sel ect (le |
| e.instance <> self)

[3] The operation selectedLinkEnds resultsin a set containing all opposite LinkEnds corresponding to agiven
AssociationEnd.

sel ect edLi nkEnds (ae : Associ ationEnd) : set(LinkEnd);

sel ect edLi nkEnds (ae) = self.all OppositelLi nkEnds->select (le |
| e. associ ati onEnd = ae)

[4] The operation selectedAttributelinks resultsin a set containing all Attributelinks corresponding to a given Attribute.
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sel ectedAttri butelLinks (ae : Attribute) : set(Attributelink);

sel ectedAttri butelLinks (a) = self.slot->select (s

S.

attribute = a)

[5] The operation contents resultsin a Set containing all M odel Elements contained by the Instance.
contents: Set(Model El emrent);

contents = sel f.ownedl nstance->uni on(sel f. ownedLi nk)

4.9.3.12 Llink

[1] Theset

Sequemce {1..self.connection->size}->forAl (

se

se

[2] Thered

sel f. g

Se

4.9.3.13 |

[1] Thetyq

sel f.i
se

4.9.3.14 |

[1] Oneof

sel f.

f.connection->at (i).associationEnd =

f.associ ati on.connection->at (i) )

ssoci ation. link->forAl (1

juence {1..sel f.connection->si ze}->forAl
sel f.connection->at (i).instance =

| . connection->at (i).instance )

implies self =1)

inkEnd

nst ance. cl assi fi er->uni on (
sel f. associ ati onEnd .t ype)

inkObject

the Classifiers must bé the same as the Association.

| assifier->i\hcl udes(sel f.associ ati on)

[2] The Association‘must be akind of AssociationClass.

sel f. associati on. ocl | sKi ndOf (Associ ati ond ass)

4.9.3.15 N

Lol &
UuciIirsSiarctT

of LinkEnds must match the set of AssociationEnds of the Association.

re not two Links of the same Association that connects the same set of/Thstances in the same way.

e of the Instance must match the type of\the AssociationEnd.

f.instance. classifier.allParents)->includes (

(i

[1] A Nodelnstance must have only one Classifier asits origin, and it must be a Node.

self.classifier->forAll ( c | c.ocllsKindO(Node))

and

self.classifier->size = 1

[2] Each Componentinstance that resides on a Nodel nstance must be an instance of a Component that resides on the
corresponding Node.

self.r

esident->forAll (n

© ISO/IEC 2005 - All rights reserved

99


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

sel f.cl assifier.resident->includes(n.classifier))

[3] A Nodelnstance may not contain any Instances.

sel f.contents->i sEnpty
4.9.3.16 Object

[1] Each of the Classifiers must be akind of Class or ClassifierlnState.

self.¢lassifier->forAll ( ¢ | c.ocllsKindO(d ass) or

(clocllskKindOf (Cl assifierlnState) and

O

ocl AsType(C assifierlnState).type.ocl|sKindOf(C ass)))
[2] An Object may only own Objects, DataValues, Links, UseCasel nstances, Collaborationlnstances, and Stipnuli.
sel f.gontents->forAl I (c |

c. pcl I skKi ndOFf (oj ect) or

c. pcl I ski ndOf ( Dat avVal ue) or

c. pcl I ski ndOf (Li nk) or

c. pcl I ski ndOf (UseCasel nst ance) or

c. pcl I skKi ndOFf (Col | abor ati onl nst ance) or

c.pcl I skKindOf (Stimuli))
4.9.3.17 Reception

[1] A Recgption cannot be a query.
not self.isQuery

4.9.3.18 ReturnAction

[1] A ReturnAction is always asynchronous.

sel f.i[sAsynchr onous
4.9.3.19 YendAction

[1] Thendmber of arguments isthe same as the number of parameters of the Signal.

sel f. gct ualsAngurent - >si ze = sel f.signal .al | Attri butes->size

[2] A Signalisaways asynchronous.

sel f.i sAsynchronous

4.9.3.20 Signal

[1] A Signa may not contain any Model Elements.

sel f.contents->i sEnpty

4.9.3.21 Stimulus

[1] The number of arguments must match the number of Arguments of the Action.
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sel f. di spat chActi on. act ual Argunent - >si ze = sel f. argunent - >si ze

[2] The Action must be a SendAction, a CallAction, a CreateAction, or a DestroyAction.
sel f. di spat chAction. ocl | sKi ndOf (SendAction) or
sel f. di spat chAction. ocl | sKi ndOf (Cal | Action) or
sel f. di spat chActi on. ocl | sKi ndOf (Creat eAction) or

sel f . di-spat-chActi-onR—ocltskKindF—( DestrovActi-on)
. 1 AN p4 7

4.9.3.22 YJubsystemlInstance

[1] A Subgysteminstance may only own Objects, DataValues, Links, UseCasel nstances, Collaborationl nstanges,
Subsystemlnstances, and Stimuli.

sel f.¢ontents->forAll ( c |
c. pcl I sKi ndOf (oj ect) or
c. pcl | sKi ndOf ( Dat aVal ue) or
c. pcl I sKi ndOFf (Li nk) or
c. pcl I ski ndOF (UseCasel nst ance) or
c. pcl I sKi ndOFf (Col | abor ati onl nst ance) or
c. pcl | sKi ndOF (Subsyst enl nst ance) or
c.pcl I sKindOF (Stinmulus) )

[2] A Subgystemlnstance originates from a Subsystem.
sel f. ¢l assifier.ocll|sKi ndO (Subsyst e

4.9.3.23 TerminateAction

[1] A TermjinateAction has no arguments,

sel f. actual Argunents->size = 0
4.9.3.24 UninterpretedAction
No extra well-formedness rules.
4.9.4 Delailed Semantics

This section provides a description of the semantics of the elementsin the Common Behavior package.

4.9.4.1 Object and DataValue

An object is an instance that originates from aclass, it is structured and behaves according to its class. All objects originating
from the same class are structured in the same way, athough each of them has its own set of attribute links. Each attribute link
references an instance, usually a datavalue. The number of attribute links with the same name fulfills the multiplicity of the
corresponding attribute in the class. The set may be modified according to the specification in the corresponding attribute; for
example, each referenced instance must originate from (a specialization of) the type of the attribute, and attribute links may be
added or removed according to the changeable property of the attribute.

An object may have multiple classes; that is, it may originate from several classes. In this case, the object will have all the
features declared in all of these classes, both the structural and the behavioral ones. Moreover, the set of classes; that is, the set
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of features that the object conforms to may vary over time. New classes may be added to the object and old ones may be
detached. This means that the features of the new classes are dynamically added to the object, and the features declared in a

classthat is removed from the object are dynamically removed from the object. No name clashes between attr

ibutes links and

opposite link ends are allowed, and each operation that is applicable to the object should have a unique signature.

Another kind of instanceis data value, which is an instance with no identity. Moreover, a data value cannot change its state; al

operations that are applicable to adata value are queries and do not cause any side effects. Since it is nhot possi

bleto

differentiate between two data values that appear to be the same, it becom&c more of a phl losophical |ssue whether there are

severd datd
cannot cha

An instancg may contain other instances as a result of a (namespace) containment between their classifiers. N
imply that gn instance contained in another instance has access to all names that are accessible togits'contai ner

Subsystem [nstances are further discussed in Section 4.14, “Model Management,” on page 161

4.9.4.2 Lipk

onnection between instances. Each link is an instance of an association; that is, alink connects ing
ons of) the associated classifiers. In the context of an instance, an apposite end defines the set of i
D the instance via links of the same association and each instancels attached to its link via alink-¢

Alinkisad
(specializati
connected t

adatavaue

bmespace rules
instance.

stances of
nstances
nd originating

he association-end. However, to be able to use a particular opposite end, the corresponding link
st be navigable. An instance may use its opposite ends to access the associated instances. Aninst
e with the instances of its opposite ends and use references to them as arguments or reply valuesii
ions.

from the san
instance my
communical
communical

A link objegt isaspecia kind of link, which at the same time{s also an object. Since an object may change its
also true forf alink object. However, one of the classes must-always be an association class.

4.9.4.3 Signal, Exception and Stimulus

ce can

en%attached tothe

classesthisis

e former is used

Several kingls of requests exist between instances;for example, sending asignal and invoking an operation. Th
to trigger afeaction in the receiver in an asynchronous way and without areply, while the latter applies an ope
instance, which can be either done synchronously or asynchronously and may require areply from the receivg
Other kindgof requests are used for example to create a new instance or to delete an already existing instance

instance communi cates with anothet\instance a stimulus is passed between the two instances. Each stimulus h
areceiver instance,.and possibly a sequence of arguments according to the specifying signal or o

instance ang

A signal ma : _ ’ A
facilitated by declarl ng arecept|on by the cIassmer An except|on isaspecial k|nd of signal, typ|caIIy used to

ationto an
to the sender.
When an
as a sender
peration. The

t signal. Thisis
signal fault

situations. The sender of the exception aborts execution and execution resumes with the receiver of the exception, which may
be the sender itself. Unlike other signals, the receiver of an exception is determined implicitly by the interaction sequence

during execution; it is not explicitly specified as the target of the send action.

The reception of a stimulus originating from a call action by an instance causes the invocation of an operation
The receiver executes the method that is found in the full descriptor of the class that corresponds to the operat
reception of a stimulus originating from a signal by an instance may cause a transition and subsequent effects

on thereceiver.
ion. The
as specified by

the state machine for the classifier of the recipient. Thisform of behavior is described in the State Machines package. Note that
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the invoked behavior is described by methods and state machine transitions. Operations and receptions merely declare that a
classifier accepts a given operation invocation or signal but they do not specify the implementation.

4.9.4.4 Action

An action is aspecification of a computable statement. Each kind of action is defined as a subclass of action. The following
kinds of actions are defined:

» sendactionisan actioninwhich a sfimulusis created that causes a signal event for the receiver(s)

e cd

pction isan action in which astimulusiis created that causes an operation to be invoked on thé recgiver.

e creale actionis an action in which an instance is created based on the definitions of the specified’set of| classifiers.
e termynate action is an action in which an instance causes itself to cease to exist.
 destiloy action is an action in which an instance causes another instance to cease te-exist.
 retunn action is an action that returns avalue to a caler.

e uninferpreted action is an action that has no interpretationin UML.

Each action|specifies the target of the action and the arguments of the action.The target of an action isan object set expression,
which resolyesinto zero or more instances when the action is executed;-far example, the receiver of a stimulus or the instance
to be destroyed. The action also specifies if it should iterate over thesetof target instances (recurrence). Note| however, that
UML does not define if the action is applied to the target instances'sequentially or in parallel. The recurrence can aso (in the
degenerated case) be used for specification of a condition, whicdkinmust be fulfilled if the action isto be applied to the target;
otherwise, the request is neglected.

The arguménts of the action resolve into a sequence of ifstances when the action is executed. These instancegare the actual
arguments af (for example, the stimulus being dispatched by the action); that is, the instances passed with asignal or the
instances u%i in an operation invacation. The argument sequence may be dependent on the recurrence; that i, the arguments
may vary de¢pendent on the actual target.

An action ig aways executed within the context of an instance, so the target set expression and the argument ¢xpressions are
evaluated within an instance.

4.10 Collaborations

4.10.1 Oyerview

The Collabgrations package is a subpackage of the Behavioral Elements package. The package uses constructss defined in the
Foundation|package and the Common Behavior packages.

The Collabgrations package provides the means to define Collaborations and CollaborationlnstanceSets. Thejmain constructs

used in a Collaboration include ClassifierRole, AssociationRole, Interaction, and Message while Instance, Stimulus, and Link
are used in a Collaborationl nstanceSet.

The description of cooperating Instances involves two aspects: 1) the structural description of the participants, and 2) the
description of their communication patterns. The structure of the participants that play the rolesin the performance of a
specific task and their relationshipsis called a Collaboration. The communication pattern performed by Instances playing the
roles to accomplish thetask is called an Interaction. The behavior isimplemented by ensembles of Instances that exchange
Stimuli within an overall Interaction. To understand the mechanisms used in a design, it isimportant to see only those
Instances and their Interactions that are involved in accomplishing a purpose or arelated set of purposes, projected from the
larger system of which they are part of.
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A Collaboration includes a set of ClassifierRoles and AssociationRoles that define the participants needed for
purposes. Instances conforming to the ClassifierRoles play the roles defined by the ClassifierRoles, while Lin

agiven set of
ks between the

Instances conform to A ssociationRoles of the Collaboration. ClassifierRoles and AssociationRoles define a usage of Instances

and Links, and the Classifiers and Associations declare all required properties of these Instances and Links.

An Interaction is defined in the context of a Collaboration. It specifies the communication patterns between the rolesin the
Collaboration. More precisely, it contains a set of partially ordered Messages, each specifying one communication; for
example, what Signal to be sent or what Operation to be invoked, aswell as the roles to be played by the sender and the

receiver, r

eCtvely
A Collabo% onlnstanceSet references a collection of Instances that jointly perform the task specified hy-the
Collaborati pnl nstanceSet’s Collaboration. These Instances play the roles defined by the ClassifierRoles of the
that is, the Ihstances have al the properties stated by (the Instances conform to) the ClassifierRoles, The Stim
the Instancgs when performing the task are participating in the Interactionl nstanceSet of the Collaborationin
Stimuli conform to the Messages in one of the Interactions of the Collaboration. Since an Instance can partici
Collaborati pnl nstanceSets at the same time, all its communications are not necessarily referenced by only one
Interactionl hstanceSet. They can be interleaved.

A paramete
in the Calla
parameters
Collaborati
Whereas m
are free starf

A Collabora
another Col

Collaborati
OOram rold
and for defi

A Collabord
of the Clasgfier; that is, what roles Instances play to perform the behavior specified by the Operation or the U
Collaboratipn that describes a Classifier, like a UseCase, references Classifiers and Associations in general, W
Collaboratipn describing an Operation includes the arguments and the local variables of the Operation, as wel
Association attached to the Classifier owning the Operation. The Interactions defined within the Collaboratid
communication pattern between the Instances when they perform the behavior specified in the Operation or tk
Collaboratipn may alsobeattached to a Classifier to define the static structure of it; that is, the roles played by
the Parameters, etc.

ized Collaboration represents a design construct that can be used repeatedly in different designs.
boration, including the Classifiers and Relationships, can be parameters of the generic Collaborati
bre bound to particular Model Elements in each instantiation of generic Collaboration. Such a paral
n can capture the structure of a design pattern (note that a désign pattern involves more than strug
st Collaborations can be anonymous because they are attached to a named M odel Element, Collab
ding design constructs that must have names.

aboration that has a finer granularity.

models, and collaborations as defined in'Catalysis. They are also used for setting up the context g
hing the mapping between the specification part and the realization part of a Subsystem.

Collaboration;

li sent between
anceSet. These
bate in severd

The participants

bn. The
meterized

tural aspects).
oration patterns

ition may be expressed at different levels of granularity. A coarse-grained Collaboration may be reflined to produce

ns can be used for expressing several different things, like how use cases are realized, actor strucfures of ROOM,

f Interactions

ition may be attached to an Operation or a Classifier, like a UseCase, to describe the realization of §he Operation or

seCase. A

hile a
asordinary

n specify the

e UseCase. A
the Attributes,

me Classifier or
ipn, eachtimein

particular usage. Th@e properties congtitute a subset of all the properties of that Classifier or Association.

re needed in the

A Collaboration is a GeneralizableElement. Thisimplies that a Collaboration may specify atask that is a specialization of

another Collaboration’'s task.

The following sections describe the abstract syntax, well-formedness rules, and semantics of the Collaborations package.

4.10.2 Abstract Syntax

The abstract syntax for the Collaborations package is expressed in graphic notation in Figure 18 through Figure 20.

104 © ISO/IEC 2005

- All rights reserved


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

Collaboration

4 ‘ ’_
- +constrainingElement 1
Action
(from CommonBehavi6r)
ModelElement
(from Core)
+action 1
+availableContents
+lownedElement
+predepessor
Message
Associafion <€ AssociationRole o i 9
(from Cre) +communicationConnection
0.1 Multiplicity : Multiplicity
b 0.1 + succgssor
7 + base * + activator
1 1
Attributé
(from_core)
{ordered} +availableQualifier
2+ +/connection */connection 2.% & tsender | 1 1| +receiver
+type I
AssoclationEnd AssociationEndRole ClassifierRole
(from Core) < ; - - 1
CollaborationMultiplicity : Multiplicity
0.1 multiplicity : Multiplicity
+base
Featyre 1
(from Cpre) L 3 -
+availableFeature —
(f(r:(l?nsii,ftl)?;) < + ownedElefnent
+base
1“*

Figure 18 - Collaborations - Roles
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GereralizableBlement Namespace
(from Core) (fromCare)
— Operation
Cotanoraion N T (fom Core)
* ‘ 0.1
' por}
* * ‘ 0.1 Clasgifier
- (fromCag)
+usedCollaboration +representedClassifier
1
+context
ModelHement
(fromCae)
*
Interaction +interaction Hressage Message

1

Figure 19 - Collaborations - Interactions
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+constraining +participatingLink Link
ModelElement Element (from Common Behavior)
(from Core)
+conforming
T Link
) |j I . +Interaction - o
Stimulys +participating Interaction Instance +eontext Collaborafion +participating Instance
(from) Stimulus InstanceSet InstanceSet Instance (from Common
CommonBefavior, ;
) L 1 1A Behavior)
{eonformingStimulus +conformingInstance
playedRole 0.1 | +interaction 0.1 +collaboration \_J+ playedRole
Message + message Interaction + interaction +context Collaboration +gwnedElement ClassifierRole
< I
1% 1 1 1 1.* | multiplicity : Multiplicity
1
+ownedElement
—% + playedRole
AssaeiationRole

Multiplicity : Multiplicity

Figure 20 { Collaborations - Instances

4.10.2.1 AssociationEndRole
An associat|on-end role specifies an endpoint of an association as used in a collaboration.

In the metanodel, an AssociationEndRole is part of an AssociationRole and specifies the connection of an AsgociationRole to
aClassifierRole. It isrelated o the AssociationEnd, declaring the corresponding part in an Association.

Attributes

collaboratipnivultiplicity The number of LinkEnds playing this role in a Collaboration.

Associations

availableQualifier The subset of Qualifiers that are used in the Collaboration.

base The AssociationEnd which the AssociationEndRole is a projection of.

4.10.2.2 AssociationRole
An association role is a specific usage of an association needed in a collaboration.

In the metamodel, an AssociationRole specifies arestricted view of an Association used in a Collaboration. An
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AssociationRole is a composition of a set of AssociationEndRoles corresponding to the AssociationEnds of its base
Association.

Attributes

multiplicity The number of Links playing this role in a Collaboration.

Associatipns

base The Association which the AssociationRole is a view of.

conformingLink The collection of Links that conforms to the AssociationRole.

4.10.2.3 ClassifierRole

A classifierfroleis a specific role played by a participant in a collaboration. It specifiesarestricted view of aclpssifier, defined
by what is required in the collaboration.

In the metamodel, a ClassifierRole specifies one participant of a Collaboration; that is, arole Instances conform to. A
ClassifierRole defines a set of Features, which is asubset of those availablein the base Classifiers, as well as p subset of

M odel Elements contained in the base Classifiers, that are used in the role{The ClassifierRole may be connected to a set of
AssociationRoles via AssociationEndRoles. As ClassifierRole is a kind of Classifier, a Generalization relationjship may be
defined between two ClassifierRoles. The child role is a specialization of the parent; that is, the Features and the contents of
the child in¢ludes the Features and contents of the parent.

Attributes

multiplicity The number of Instances playing this role in a Collaboration.

Associatipns

availableCpntents The subset of Model Elements contained in the base Classifier, which is used in the Collgboration.
availableF¢ature Thesubset of Features of the base Classifier, which is used in the Collaboration.

base The Classifiers, which the ClassifierRole is a view of.

conformingl nstance The collection of Instances that conforms to the ClassifierRole.

4.10.2.4 Gollaberation

A collaboration descrihes oW an Operalion OF a classiTier, 1TKE a USE Case, 15 realized Dy a ot Of clasaitiers and associations
used in a specific way. The collaboration defines a set of roles to be played by instances and links, aswell as a set of
interactions that define the communication between the instances when they play theroles.

In the metamodel, a Collaboration contains a set of ClassifierRoles and AssociationRoles, which represent the Classifiers and
Associations that take part in the realization of the associated Classifier or Operation. The Collaboration may also contain a set
of Interactions that are used for describing the behavior performed by Instances conforming to the participating
ClassifierRoles.

A Collaboration specifies aview (restriction, slice, projection) of amodel of Classifiers. The projection describes the required
rel ationships between Instances that conform to the participating ClassifierRoles, as well as the required subsets of the
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Features and contained Model Elements of these Classifiers. Several Collaborations may describe different projections of the
same set of Classifiers. Hence, a Classifier can be a base for several ClassifierRoles.

A Collaboration may also reference a set of Model Elements, usually Classifiers and Generalizations, needed for expressing
structural requirements, such as Generalizations required between the Classifiers themselves to fulfill the intent of the

Collaboration.

A Caollaboration is a GeneralizableElement, which implies that one Collaboration may specify atask that is a specialization of

the task of anather Collaharation

Associatipns

constrainirgElement

The ModelElements that add extra constraints, like Generalization and,Constraint, on {he
ModelElements participating in the Collaboration.

interaction

The set of Interactions that are defined within the Collaboration.

ownedElenent

(Inherited from Namespace) The set of roles defined by the €dllaboration. These are ClassifierRoles
and AssociationRoles.

representeqClassifier

The Classifier the Collaboration is a realization of *(Used if the Collaboration represerfts a Classifier.)

representedOperation

The Operation the Collaboration is arealization of. (Used if the Collaboration represents an Operation.)

usedCollaboration

Collaborations that are used when defining the source Collaboration.

4.10.2.5 QollaborationinstanceSet

A collaborg

fion instance set references a set of instancesthat jointly collaborate in performing the particular task specified by

the collaborfation of the collaboration instance. The instances in the collaboration instance set play the roles défined in the

collaboratidn.

In the metamodel, a Collaborationl nstanceSet references a set of Instances and Links that play the roles defingd by the

ClassifierRoles and AssociationRoles of theé.Collaborati onl nstanceSet’s Collaboration.

A CollaborgtionlnstanceSet contains an nteracti onlnstanceSet, which references the set of Stimuli that are inferchanged

between the I nstances of the CollaborationlnstanceSet and corresponds to the Messages of an Interaction in the
Collaborationl nstanceSet’s Collaboration.

Associatipns

constrainirgEl ement

The Model Elements that add extra constraints, like Generalization and Constraint, on the
M odel Elements participating in the Collaboration.

collabor atiom

The Coltaborarton, Whith dectares the Tores thal The INSances thal partcipae e
CollahorationlnstanceSet play.

interactionlnstanceSet

The InteractionlnstanceSet that references the Stimuli passed between the Instances when performing
the task of the CollaborationlnstanceSet’s Collaboration.

participatingl nstance

The set of Instances that participate in the Collaborationl nstanceSet.

participatingLink

The set of Links that participate in the Collaborationl nstanceSet.
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4.10.2.6 Interaction

An interaction specifies the communication between instances performing a specific task. Each interaction is defined in the
context of a collaboration. In the metamodel, an Interaction contains a set of Messages specifying the communication between
a set of Instances conforming to the ClassifierRoles of the owning Collaboration.

Associations

context The Collaboration that defines the context of the Interaction.

message The Messages that specify the communication in the Interaction.

4.10.2.7 InteractioninstanceSet

An interactipn instance set is the set of stimuli that participate in a collaboration instance set."li the metamodgl, an
I nteractionl hstanceSet references a collection of Stimuli that conform to the M essages of\the I nteractionlnstarjceSet’s
Interaction.

Associatipns

context The Collaborationl nstanceSet that defines the context of the Interactionl nstanceSet.

participating-Simulus The Stimuli that participate in the performance of the CollaborationlnstanceSet.

interaction The Interaction that defines the interaction pattern that the stimuli conforms to.

4.10.2.8 Message
A message flefines a particular communication betwéen instances that is specified in an interaction.

In the metamodel, a M essage defines one specifickind of communication in an Interaction. A communication{can be raising a
Signal, invdking an Operation, creating or.destroying an Instance. The M essage specifies not only the kind of gcommunication,
but also the|roles of the sender and the receiver, the dispatching Action, and the role played by the communication Link.

Furthermore, the Message defines therelative sequencing of Messages within the Interaction.

Associatipns

action The Action that causes a Stimulus to be sent according to the Message.

D

activator The Message that invokes the behavior causing the dispatching of the current Messag

communi cgtionConnection The AssociationRole played by the Links used in the communications specified by the Message.

conformingSimulus The collection of Stimuli that conforms to the Message.

interaction The Interaction of which the Message is a part.

receiver The role of the Instance that receives the communication and reacts to it.

predecessor The set of Messages whose completion enables the execution of the current Message. All of them must

be completed before execution begins.

sender The role of the Instance that invokes the communication and possibly receives a response.
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4.10.3 Well-Formedness Rules
The following well-formedness rules apply to the Collaborations package.
4.10.3.1 AssociationEndRole

[1] Thetype of the ClassifierRole must conform to the type of the base AssociationEnd.

sel f.type. base = sel f. base.type

or
sel f.ype. base. al | Par ent s->i ncl udes (sel f. base.type)

[2] Thetype must be akind of ClassifierRole.
sel f.gype.ocl I sKindOF (d assifierRol e)

[3] Thequglifiers used in the AssociationEndRole must be a subset of those in the base'AssociationEnd.
sel f. base.qualifier->includesAl|l (self.availableQualifier)

[4] InaCdlaboration an Association may only be used for traversal if it is alowed by the base Association.
sel f.ilsNavi gabl e i nplies self.base.isNavigable

[5] An AsdociationEndRoleis not arole of another AssociationEndRole.

not s¢lf. base.ocl|sKindOf (Associati onEndRol e)
4.10.3.2 AssociationRole

[1] The AssociationEndRoles must conform to the AssieiationEnds of the base Association.
Sequemnce{ 1..(self.connection->sizejh}->forAl (index |
se| f. connecti on->at (i ndex) . base =
se| f . base. connecti on- >at.(i\ndex) )
[2] The englpoints must be akind of AssociationEndRoles.
sel f. ¢onnection->forAlY( r | r.ocllsKindO (AssociationEndRole) )
[3] An AsdociationEnd is not-arole of another AssociationEnd.

not s¢lf. base.oCl'l sKi ndOf (Associ ati onEnd)

4.10.3.3 (lassifierRole

[1] The AgsociationRoles connected to the ClassifierRole must match a subset of the Associations connected|to the base
Classifiers.

sel f.al | Associ ations->forAll ( ar |
sel f. base. al | Associ ati ons->exists ( a | ar.base = a ) )
[2] The Features and contents of the ClassifierRole must be subsets of those of the base Classifiers.
sel f. base. al | Feat ures->i ncl udesAl | (self.all Avail abl eFeat ures)
and

sel f. base. al | Cont ent s->i ncl udesAl | (sel f.all Avail abl eCont ents)
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[3] A ClassifierRole does not have any Features of its own.

sel f. al | Feat ures->i senpty

[4] A ClassifierRoleisnot arole of another ClassifierRole.

not sel f.base.ocl|sKindO (C assifierRole)

Additional operations

[1] The operation all AvailableFeatures resultsin the set of all Features contained in the ClassifierRole togéther with
those cpntained in the parents.

al | Avai | abl eFeatures : Set(Feature);
al | Avai | abl eFeatures = sel f. avail abl eFeat ur e- >uni on

(sel f.parent. all Avai | abl eFeat ur es)

[2] The operation all AvailableContents results in the set of all Model Elements contained in the ClassifierRol g together
with thpse contained in the parents.

al | Avai | abl eContents : Set(Mdel El enent);
al | Avai | abl eContents = sel f. avail abl eCont ent s->uni on

(sgl f.parent. all Avai | abl eCont ent s)

4.10.3.4 dollaboration
[1] All Classifiersand Associations of the ClassifierRoles and’/AssociationRoles in the Collaboration must befincluded in

the nanpespace owning the Collaboration.

sel fe.lrII | Contents->forAll ( e |
(el ocl I skKindO (CdassifierRole) inplies
sel f. nanespace. al | Cont ehts- >i ncl udes (

e. ocl AsType(d as6i f'i er Rol €) . base) )
anfl
(e} ocl I ski ndOF (Assioci ati onRole) inplies
sel f. namespace. al | Cont ent s- >i ncl udes (

e. 0el¥AsType( Associ ati onRol ). base) ))

[2] All the|constraining M odel Elements must be included in the namespace owning the Collaboration.

sel f. ¢onst'rai ni ngEl enent->forAll ( ce |

sel f. nanespace. al | Cont ent s->i ncl udes (ce) )

[3] If aClassifierRole or an AssociationRole does not have a name, then it should be the only one with a particular base.
self.all Contents->forAll ( p |
(p.oclIskKind (CassifierRole) inplies
p.name = '' inplies
self.all Contents->forAll ( q |
g.ocl I skKindOf (Cl assifierRole) inplies
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(p. ocl AsType(d assifierRol e). base =
g. ocl AsType(d assifierRol e).base inmplies
p=a ))
and
(p.oclIskKindOX (AssociationRole) inplies

p.nane = '' inplies

self.all Contents->forAll ( q |
g. ocl I sKi ndO¥ (Associ ati onRole) inplies
(p. ocl AsType(Associ ati onRol ). base =
g. ocl AsType(Associ ati onRol e). base inplies
p=a ))
)

[4] A Collg@boration may only contain ClassifierRoles and AssociationRoles, the'Generalizations and the Constraints
between them, and Actions used in the Collaboration’s Interactions.

sel f.all Contents->forAll ( p |
.pcl I skKindOF (C assifierRole) or
.pcl 1 skKi ndOF (Associ ati onRol e) or

p
p
p. pcl I sKi ndOf (Generalization) or
p. pcl I sKi ndOF (Action) or

p

.pcl I sKindOf (Constraint) )

[5] An Action contained in a Collaboration must-be connected to a Message; that is, be the dispatching Actign of the
Message, in an Interaction of the Collabaration.

sel f.all Contents->forAll (\p |
p. pcl I sKi ndOF (Acti«Qnt) inplies
se|lf.interactiop=>exists ( i : Interaction |

i . messages-\>éxi sts ( m: Message | maction =p ) ) )

[6] A role\vith the samename as one of therolesin aparent of the Collaboration must be a child (a specialization) of that
role.

sel f.¢antents->forAll ( c |

sel f.parent.all Contents->forall ( p |

c.name = p.nane inplies c.allParents->include (p) ))

Additional operations

[1] The operation allContents results in the set of all M odel Elements contained in the Collaboration together with those
contained in the parents except those that have been specialized.

al | Contents : Set(Model El emrent) ;

al | Contents = sel f.contents->union (
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sel f.parent.all Contents->reject ( e |

sel f. cont ents. nanme->i ncl ude (e.nane) ))
4.10.3.5 CollaborationinstanceSet

[1] The Interaction of the CollaborationlnstanceSet’s | nteractionl nstanceSet must be defined within the
Collaborationl nstanceSet’s Collaboration.

Ll bax i Bl it L H i
sel f . geHaberatt+en—+rRteracteon—tne

se|f.interactionlnstanceSet.interaction)
4.10.3.6 Interaction

[1] All Sighals being sent must be included in the namespace owning the Collaboration in which'the Interactjon is
defined.

sel f.qessage->forAll ( m|
m pction. ocl | sKi ndOf (SendAction) inmplies
sel f. context. namespace. al | Cont ent s->i ncl udes (

m acti on- >ocl AsType (SendAction).signal) )

4.10.3.7 InteractioninstanceSet

No extrawel|-formedness rules.
4.10.3.8 Message

[1] The sender and the receiver must participate in the Collaboration, which defines the context of the Interagtion.
sel f.i[nteraction. cont ext. ownedEl enent - >i ncl udes (sel f.sender)
and
sel f.i[nt eracti on. cont ext. o®whedEl ement - >i ncl udes (sel f.receiver)

[2] The predecessors and the activator must be contained in the same Interaction.
sel f. predecessor->ferAll ( p | p.interaction = self.interaction )
and

sel f.activator<SforAll ( a | a.interaction = self.interaction )

[3] The predecessars must have the same activator as the Message.

sel f. glN\Predecessors->forAll ( p | p.activator = self.activator )

[4] A Message cannot be the predecessor of itself.

not sel f.all Predecessors->includes (self)

[5] The communicationLink of the Message must be an AssociationRole in the context of the Message's Interaction.
sel f.interaction. context.ownedEl ement - >i ncl udes (

sel f. communi cati onConnect i on)

[6] The sender and the receiver roles must be connected by the AssociationRole, which acts as the communication
connection.
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sel f. conmmuni cat i onConnecti on->size > 0 inplies

sel f. comuni cat i onConnecti on. connecti on->exi sts (ar

ar.type = sel f.sender)

and

sel f. comuni cati onConnecti on. connecti on->exi sts (ar

ar. type sel f.receiver)

Additional
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bration allPredecessors results in the set of all Messages that precede the current one.

bdecessors : Set (Message);

pdecessors sel f. predecessor - >uni on

el f . predecessor. al | Predecessors)

btailed Semantics

provides a description of the semantics of the elementsin the Callaborations package. It is divide
pn and I nteraction. The description of behavior involves two-aspects: 1) the structural description
and 2) the description of their communication patterns. Thestructure of Instances playing rolesi
hships is described by a collaboration. The communication pattern performed by Instances playin
a specific purposeis specified by an interaction.

ollaboration

implemented by ensembles of instances that exchange stimuli to accomplish atask. To understand
5ign, it isimportant to see only those instances and their interactions that are involved in accomplis
of tasks, projected from the larger system of which they are parts of, and might be used for other p
C construct is called a collabor ation:

tion defines an ensembl e of ‘parti cipants that are needed for a given set of purposes. The participar

the links as associatien rol es. Classifier roles and association rol es define a usage of instances and
hd associations specify all required properties of these instances and links. This means that the str

ensemble o

Reasoning d@bout the behavior of an ensemble of instances can therefore be done in the context of the collabor|
in the contekt of theinstances.

A collaboration can be used for specification of how an operation or aclassifier, like a use case, isrealized by
classifiers gndl.associations. Together, the classifiers and their associations participating in the collaboration

interlinked instances conforms to the roles in a collaboration as they collaborate to achieve a give

i into two parts:
bf the

abehavior and
j therolesto

the mechanisms
thing the task or
urposes aswell.

ts define roles

bs and links play when interacting with each other. Therolesto be played by the instances are modéled as classifier

links, whilethe
icture of an

b task.

ption aswell as

an ensembl e of
eet the

requirements of the realized operation or classifier. The collaboration defines a context in which the behavior of the realized
element can be specified.

A collaboration specifies what properties instances must have to be able to take part in the collaboration; that is, arolein the
collaboration specifies the required set of features a conforming instance must have. Furthermore, the collaboration also states
what associations must exist between the participants, as well aswhat classifiers a participant, like a subsystem, must contain.
Neither all features nor all contents of the participating classifiers and not all associations between these classifiers are always
required in aparticular collaboration. Because of this, a collaboration is defined in terms of classifier roles. A classifier roleis
adescription of the features required in a particular collaboration; that is, a classifier role can be seen as a projection of a
classifier, which is called the base of the classifier role. (In fact, since an instance can originate from multiple classifiers at the
same time (multiple classification), a classifier role can have several base classifiers.) However, instances of different
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classifiers can play the role defined by the classifier role, aslong as they have all the required properties. Several classifier
roles may have the same base classifier, even in the same collaboration, but their features and contained elements may be

different subsets of the features and contained elements of the classifier. These classifier roles specify different
(possibly different) instances of the same classifier.

roles played by

A collaboration may be attached to an operation or a classifier, like a use case, to describe the context in which their behavior

occurs, that is, what roles instances play to perform the behavior specified by the operation or the use case. A

collaboration

used in this way describes the realization of the operation or the classifier. A collaboration that describes for example a use

SqeESSILE e acottaboratiom oesCriDimg arm Oper ati O ITIC UUES

case, refere 0 a5S0CT Ao
parameters and the local variables of the operation, as well as ordinary associations attached to the classifier.g
operation. Tlhe interactions defined within the collaboration (see below) specify the communication pattesn be
instances when they perform the behavior specified in the operation or the use case. A collaboration.may also
class to defijne its static structure; that is, how its attributes, parameters etc. cooperate with each.other.

ganerar, W

In a collaboyation, the association roles define what associations are needed between the classifiersin this cor
association fole represents the usage of an association in the collaboration, and it is defined,between the classi
represent the associated classifiers. The represented association is called the base assatiation of the associatio
association foles specify a particular usage of an association in a specific collaboration, all constraints express
association pnds are not necessarily required to be fulfilled in the specified usage-The multiplicity of the asso
be reduced |n the collaboration; that is, the upper and the lower bounds of the‘association end roles may bein
of the corregponding end of the base association, as it might be that only asubset of the associated instances
collaboratign instance set. Similarly, an association may be traversed in spme, but perhaps not all, of the allow
the specificicollaboration; that is, the value of the isNavigable property of an association end role may be fal
value of that property of the base association end istrue. (However;, the opposite is not true; that is, an associg
used for trayersal in adirection that is not allowed according to the isNavigable properties of the association &
changeability and ordering of an association end may be strengthened in an association end role; that is, in ap
theend is uged in amore restricted way than is defined by the association. Furthermore, if an association has

qualifiers (ee the Core), some of them may be used.jiva specific collaboration. An association end role may t
asubset of fhe qualifiers defined by the corresponding association end of the base association.

A collaboration instance set references a collection of instances that play the roles defined in the collaboratior
collaboratign. An instance participating inacollaboration instance set plays a specific role; that is, conformst
role, in the ¢ollaboration. The number of ihstances that should play one specific role in a collaboration is spec
classifier role’s multiplicity. Different instances may play the same role but in different collaboration instance

only the

wning the
tween the

be attached to a

text. Each
fier rolesthat
nrole. Asthe
led by the
Ciation end may
5 de the bounds
articipate in the
ed directionsin
b even if the
fion may not be
nds.) The
articular usage
collection of
erefore include

instance set’s
0 aclassifier
fied by the
sets. Sinceall

these instantes play the same rale; they must all conform to the classifier role specifying the role. Thus, they gre normally

instances of| one of the base classifier of the classifier role, or one of their descendants. The only requirement
instances isjthat they must 6ffer operations according to the classifier role, aswell as support attribute links cg
the attributegs specified by-the classifier role, and links corresponding to the association roles connected to the
They may, therefore, belinstances of any classifier meeting this requirement. The instances may, of course, hav
links than requiredhy the classifier role, which for example would be the case if they originate from a classifi
of abase classifier, Moreover, aconforming instance may also support more attribute links than required if it

bn conforming
rresponding to
classifier role.
e more attribute
er being achild
Driginates from

multiple clasd iple classification). Finally, one instance may play di alesin di

sets of the same collaboration. In fact, the instance may play multiple roles in the same collaboration instance

ation instance
Set.

Collaborations (but not collaboration instance sets) may have generalization relationships to other collaborations. This means
that one collaboration can specify a specialization of another collaboration’s task. Thisimpliesthat all the roles of the parent
collaboration are also available in the child collaboration; the child collaboration may, of course, also contain new roles. The
former roles may possibly be specialized with new features; that is, the role defined in the parent is replaced in the child by a
role with the same name as the parent role. The role in the child must reference the same collection of features and the same
collection of contained elements as the role in the parent, and may al so reference some additional features and additional
contained elements. In thisway it is possible to specialize a collaboration both by adding new roles and by replacing existing
roles with specializations of them. The specialized role, that is, arole with a generalization relationship to the replaced role,
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may both reference new features and replace (override) features of its parent. Note that the base classifiers of the specialized
roles are not necessarily specializations of the base classifiers of the parent’sroles; it is enough that they contain all the

required features.

How the instances referenced by a collaboration instance set should interact to jointly perform the behavior of

the classifier

realized by the collaboration is specified with a set of interactions (see below). The collaboration thus specifies the context in
which these interactions are performed. If the collaboration represents an operation, the context includes things like
parameters, attributes, and classifiers contained in the classifier owning the operation. The interactions then specify how the

Co

Stal SO = hehavior specified by theopa

arguments, Thute values, oopa dale to P10
collaboratign is a specialization of another collaboration, all communications specified by the parent collabor
included in the child, as the child collaboration includes all the roles of the parent. However, new messages m
into these s¢quences of communication, since the child may include specializations of the parent’s roles’as we
The child may of course also include completely new interactions that do not exist in the parent.

cdl

Two or mor collaborations may be composed to form a new collaboration. For example, wherrrefining a sup

gtion. If the
ition are also
ay be inserted
|| as new roles.

prordinate use

caseinto a get of subordinate use cases, the collaborations specifying each of the subordifnate use cases may bg composed into

one collabofation, which will be a (simple) refinement of the superordinate collaboratien: The composition is
observing that at least one instance must participate in both sets of collaborating instances. Thisinstance hastg
classifier rolein each collaboration. In the composite collaboration these two classifier roles are merged into a
will contain all features included in either of the two original classifier roles. The new classifier role will, of ¢
fulfill the rgquirements of both of the previous collaborations, so the instance participating in both of the two
collaborating instances will conform to the new classifier role.

A parametefized collaboration represents a design construct that can be used repeatedly in different designs. T
in the collakoration, including the classifiers and relationships, éan'be parameters of the generic collaboration.
are bound to particular model elements in each instantiation.of generic collaboration. Such a parameterized cqg
capture the ptructure of a design pattern (note that a design\pattern involves more than structural aspects). Wh
collaboratigns can be anonymous because they are attached to anamed model element, collaboration patterns g
design congructs that must have names.

A collaboragion may be a specification of atemplate. There will not be any instances of such a collaboration t
can be used|for generating ordinary collaborations, which may be instantiated. Collaboration templates may h
that act likeg placeholders in the template: Usually, these parameters would be used as base classifiers and assg
other kinds pf model elements can also be defined as parametersin the collaboration, like operation or signal .
collaboratign generated from the template these parameters are refined by other model elements that make thg
instantiable|

Moreover, a collaboration.may also contain a set of constraining model elements, like constraints and general
together with some extraclassifiers. These constraining model elements do not participate in the collaboration
are used forlexpressing.the extra constraints on the participating elements in the collaboration that cannot be g
participating roles themselves. For example, in a collaboration template it might be required that the base clas
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set of model elements may therefore be included in the collaboration.
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4.10.4.2 Interaction

cipatHag-astances. An extra

An interaction is defined in the context of a collaboration. It specifies the communication patterns between its roles. More

precisely, it contains a set of partially ordered messages, each specifying one communication, such aswhat sig
what operation to be invoked, as well as the roles to be played by the sender and the receiver, respectively.
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The purpose of an interaction is to specify the communication between an ensemble of interacting instances performing a
specific task. An interaction is defined within a collaboration; that is, the collaboration defines the context in which the
interaction takes place. The instances performing the communication specified by the interaction areincluded in a
collaboration instance set; that is, they conform to the classifier roles of the collaboration instance set’s collaboration.

An interaction specifies the sending of a set of stimuli. These are partially ordered based on which execution thread they
belong to. Within each thread the stimuli are sent in asequential order while stimuli of different threads may be sent in parallel

or in an arbi

trary order.
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pn instance set references the collection of stimuli that constitute the actual communication betweq

These instances are the collection of instances that participate in the collaboration instance-set o\
nstance set. Hence, the interaction instance set includes those stimuli that the instances communid
the task of the collaboration instance set. The stimuli of an interaction instance set match\the mesq
nstance set’s interaction.

s a specification of acommunication. It specifies the roles of the sender and the receiver instances
iation role specifies the communication link. The message is connected to ah action, which specifi
xecuted, causes the communication specified by the message to take placerIf the actionisacall g
ignal to be sent or the operation to be invoked in the communicationis-stated by the action. The &
argument expressions that, when executed, will determine the actual-arguments being transmitteg
ion. Moreover, any conditions or iterations of the communication are al so specified by the action.

the communication will not raise asignal or invoke an gperation, but cause a new instance to be g
ting instance to be destroyed. In the case of a create agtion, the receiver specified by the message

played by the instance, which is created when the action is perfermed.

The stimuli

being sent when an action is executed conforms to a message, implying that the sender and receiv,

the stimuli @re in conformance with the sender and the receiver roles specified by the message. Furthermore, t
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the stimulus is the same as the action attached to the message. If the action connected to the mess
Stroy action, the receiver role of the message specifies the role to be played by the instance, or was
fpectively.

ion specifies the activator and.predecessors of each message. The activator is the message that iny
at in turn invokes the currentmessage. Every message except the initial messages of an interactig
he predecessors are the set of messages that must be completed before the current message may be
ein aprocedure of ¢ourse has no predecessors. If a message has more than one predecessor, it rep
Vo threads of control. Tf a message has more than one successor (the inverse of predecessor), it ind
multiple threads. Thus, the predecessor’s relationship imposes a partial ordering on the messages
vhereas the@ctivator relationship imposes atree on the activation of operations. Messages may be
subject.to the sequential constraints imposed by the predecessors and activator relationship.
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In UML, the term Pattern is a synonym for a collaboration template that describes the structure of a design pattern. This
definition is not as powerful asthe termis used in other contexts. In general, design patterns involve many non-structural
aspects, such as heuristics for their use and lists of advantages and disadvantages. Such aspects are not modeled by UML and

may be repr
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4.11 Use Cases

4.11.1 Overview

The Use Cases package is a subpackage of the Behavioral Elements package. It specifies the concepts used for definition of
the functionality of an entity like a system. The package uses constructs defined in the Foundation package of UML aswell as
in the Common Behavior package.

The e emen|
without spe
instances of]
defined by ¢
cases of the)
Collaborati

is, aModel

in the use-c

The followi

4.11.2 Al

The abstrac]

packag p y

Cifying itsinternal structure. The key elements in this package are UseCase and Actor. Instances
actorsinteract when the services of the entity are used. How a use case isrealized in termsof coo
lassesinside the entity, can be specified with a Collaboration. A use case of an entity may be refin
elements contained in the entity. How these subordinate use cases interact can also be expressed i
bn. The specification of the functionality of the system itself is usually expressed in‘a separate use-
stereotyped «useCaseM odel» (see Section 6.7, “ Stereotypes and Notation,” onpage 327). The use
bse model are equivalent to those of the top-level package.

hg sections describe the abstract syntax, well-formedness rules, and semantics of the Use Cases pa

pstract Syntax

syntax for the Use Cases package is expressed in graphicqiotation in Figure 21.
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ckage.

© ISO/IEC 2005 - All rights reserved

119


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

Classifier .
" +classifier Instance
(from Core) (from Common Behavior)
1"* *
HseCaseinstance VodetEterment
(from Core)
Actor UseCase i i T -
| | +extensionPoint ExfensionP oint
1 , |location.;. LocationReference
+addition | 1 1| +base +extension | 1 1| +base +extensionPoint
1.*
{ordered}
* * | +include +extend | *
*
Include Extend

condition : BooleanExpression

!

Relationship
(from Core)

Figure 21 | Use Cases

The followihg metaclasses are.contained in the Use Cases package.
4.11.2.1 Actor

An actor defines-a€oherent set of roles that users of an entity can play when interacting with the entity. An agtor may be
considered {o play-a separate role with regard to each use case with which it communicates.

In the metamodel, Actor is a subclass of Classifier. An Actor has a Name and may communicate with a set of UseCases, and,
at realization level, with Classifiers taking part in the realization of these UseCases. An Actor may also have a set of
Interfaces, each describing how other elements may communicate with the Actor.

An Actor may have generalization relationships to other Actors. This means that the child Actor will be able to play the same
roles as the parent Actor, that is, communicate with the same set of UseCases, as the parent Actor.

4.11.2.2 Extend

An extend relationship defines that instances of a use case may be augmented with some additional behavior defined in an
extending use case.
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In the metamodel, an Extend relationship is a directed relationship implying that a UseCasel nstance of the base UseCase may
be augmented with the structure and behavior defined in the extending UseCase. The relationship consists of a condition,
which must be fulfilled if the extension is to take place, and a sequence of references to extension points in the base UseCase
where the additional behavior fragments are to be inserted.

Attributes

condition A cz\plcaa;uu apcuifyillu the-conditrorrthat-must-be-folfitedf-theextensomtstofake place

Associatipns

base The UseCase to be extended.

extension The UseCase specifying the extending behavior.

extensionPpint A sequence of extension-points in the base UseCase speCifying where the addition are to be
inserted.

4.11.2.3 HxtensionPoint
An extensign point references one or a collection of locations in a use case where the use case may be extend

In the metaodel, an ExtensionPoint has a name and one or a collection of descriptions of locations in the behavior of the
owning use|case, where a piece of behavior may be inserted into.thie'owning use case.

Attributes

location A reference to one location or a collection of locations where an extension to the hehavior of the
use case may beinserted.

4.11.2.4 Include

An include felationship defines that,a use case contains the behavior defined in another use case. In the metampdel, an Include
relationshipis a directed relationship between two UseCases implying that the behavior in the addition UseCdseisinserted
into the behpvior of the base UseCase. The base UseCase may only depend on the result of performing the behavior defined in
the addition UseCase, but not'en the structure; that is, on the existence of specific attributes and operations, of the addition
UseCase.

4.11.2.5 Associations

addition The UseCase specifying the additional behavior.

base The UseCase that is to include the addition.

4.11.2.6 UseCase

The use case construct is used to define the behavior of a system or other semantic entity without revealing the entity’sinternal
structure. Each use case specifies a sequence of actions, including variants, that the entity can perform, interacting with actors
of the entity.
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In the metamodel, UseCase is a subclass of Classifier, specifying the sequences of actions performed by an instance of the
UseCase. The actions include changes of the state and communications with the environment of the UseCase. The sequences
can be described using many different techniques, like Operation and Methods, ActivityGraphs, and StateMachines.

There may be Associations between UseCases and the Actors of the UseCases. Such an Association states that an instance of
the UseCase and a user playing one of the roles of the Actor communicate. UseCases may be related to other UseCases by
Extend, Include, and Generalization relationships. An Include relationship means that a UseCase includes the behavior
described in another UseCase, while an Extend relationship implies that a UseCase may extend the behavior described in
another UsdqCase, Tuted by arcConuiition. Generaization betweaT USeCases means that the chitd s amore specific form of the
parent. The|child inherits all Features and Associations of the parent, and may add new Features and A ssociat|ons.

The realizatjon of a UseCase may be specified by a set of Collaborations; that is, the Collaborations define how Instancesin
the system ijnteract to perform the sequences of the UseCase.

Associatipns

extend A collection of Extend relationships to UseCases that_ the\UseCase extends.
extensionPpint Defines a collection of ExtensionPoints where the'dseCase may be extended.
include A collection of Include relationships to UseCases that the UseCase includes.

4.11.2.7 UseCaselnstance
A use case instance is the performance of a sequence of actions.specified in ause case.

In the metamodel, UseCaselnstance is a subclass of InstaneexEach method performed by a UseCasel nstance is performed as
an atomic tansaction; that is, it is not interrupted by any other UseCasel nstance.

An explicitly described UseCasel nstance is called ascenario.
4.11.3 WEll-Formedness Rules
The following well-formedness rules apply*to the Use Cases package.

4.11.3.1 Actor

[1] Actorsan only have Assogiations to UseCases, Subsystems, and Classes and these Associations are binary.
sel f. associ atioens->forAll(a |
a. fonnecthon- >si ze = 2 and

a. pl Coninect i ons->exi sts(r | r.type.ocl|sKindOf (Actor)) and

a L hrConnections->exists(r |
N \ 1

r.type. ocl | ski ndf (UseCase) or
r.type. ocl | sKi ndC¥ ( Subsystem or
r.type.ocl|sKindOf(d ass)))

[2] Actors cannot contain any Classifiers.

sel f.contents->i sEnpty
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4.11.3.2 Extend

[1] The referenced ExtensionPoints must be included in set of ExtensionPoint in the target UseCase.

sel f. base. al | Ext ensi onPoi nts -> includesA | (self.extensionPoint)
4.11.3.3 ExtensionPoint

[1] The name must not be the empty string.

not self.name =

4.11.3.4 Include

No extrawel|-formedness rules.
4.11.3.5 UseCase

[1] UseCages can only have binary Associations.

sel f. associations->forAll (a | a.connection->size = 2)

[2] UseCages cannot have Associations to UseCases specifying the same entity.
sel f. associations->forAll (a |
a. pl | Connections->forAll (s, o
(s.type. specificationPat h->i seEnpty and
0.type. specificationPat h- > sEnpty.\)
or
(not s.type. specificationPath:>i ncl udesAl | (
o.type. speci ficati onPath) and
not o.type.specificationPat h->i ncl udesAl | (
s.type. speci fi cationPat h))
))
[3] A UseCase cannot contain-any Classifiers.

sel f. ¢ont ent s-2iLsEnpt y

[4] The ngmes ofthe ExtensionPoints must be unique within the UseCase.

sel f. al {Ext'ensi onPoints -> forAll (x, vy |

X.Name = y.nane 1nplies x =y )

Additional operations

[1] The operation specificationPath resultsin a set containing all surrounding Namespaces that are not instances of
Package.

speci ficationPath : Set(Nanmespace)
speci ficationPath = self.all Surroundi ngNanespaces->sel ect(n |

n. ocl I sKi ndOf (Subsystenm) or n.ocl|sKindOf (d ass))
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[2] The operation allExtensionPoints resultsin a set containing all ExtensionPoints of the UseCase.
al | Ext ensi onPoi nts : Set ( Ext ensi onPoi nt)
al | Ext ensi onPoi nts = sel f. al | Supertypes. extensi onPoint -> union (

sel f. ext ensi onPoi nt)

4.11.3.6 UseCaselnstance

[1] The Classifier of a UseCasel nstance must be a UseCase.
self.¢lassifier->forAll ( ¢ | c.ocllskKindX (UseCase) )

[2] A Usefaselnstance may not contain any Instances.

sel f. gontent s->i SEnpty
4.11.4 De¢tailed Semantics

This section provides a description of the semantics of the elementsin the Use Cases package, and its rel ationghip to other
elementsinfthe Behavioral Elements package.

4.11.4.1 Actor

Asfci ation Namespace ) Interface
Assoc|ationEnd . 1 Actorn Generalization

Figure 22 | Actor lllustration

Actors modgl parties outside an entity, such as a system, a subsystem, or aclass that interact with the entity. Egch actor defines
acoherent st of roles users of thé entity can play when interacting with the entity. Every time a specific user interacts with the
entity, it is playing one suchrole. Aninstance of an actor is a specific user interacting with the entity. Any insfance that
conforms td an actor cafivact as an instance of the actor. If the entity is a system, the actors represent both humjan users and
other systems. Some of the actors of alower level subsystem or a class may coincide with actors of the systemy, while others
appear inside the'system. The roles defined by the latter kind of actors are played by instances of classifiersin other packages
or subsysterns;inthe latter case the classifier may belong to either the specification part or the realization parf of the
subsystem.

Since an actor is outside the entity, itsinternal structure is not defined but only its external view as seen from the entity. Actor
instances communicate with the entity by sending and receiving message instances to and from use case instances and, at
realization level, to and from objects. Thisis expressed by associations between the actor and the use case or the class.
Furthermore, interfaces can be connected to an actor, defining how other elements may interact with the actor.

Two or more actors may have commonalities; that is, communicate with the same set of use cases in the same way. The
commonality is expressed with generalizations to another (possibly abstract) actor, which models the common role(s). An
instance of a child can always be used where an instance of the parent is expected.
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4.11.4.2 UseCase

Attribute | = Namespace . Interface
Operation : ? - Include
UseCase :
UseCgsel nstance - \* Extend
* [
Association @—— AssociationEnd * | ExtensionPoint

Figure 23
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ving text, the term entity is used when referring to a system, a subsystem, or a class and the terms
denote a subsystem or aclass.

b of a use caseisto define a piece of behavior of an entityswithout revealing the internal structure o
ied in thisway may be a system or any model element:that contains behavior, like a subsystem or

which isinitiated by a user, is a complete sequence. Thisimplies that after its performance the er]
h a state in which the sequence can be initiated again. A use case describes the interactions betw
well as the responses performed by the.entity, as these responses are perceived from the outside
D includes possible variants of this sequence (for example, alternative sequences, exceptional beha
C.). The complete set of use cases specifies all different ways to use the entity; that is, al behavior
y its use cases. These use cases can-be grouped into packages for convenience.

N of the functionality offered by an (already realized) entity. Moreover, the use cases also indirectl

of use cases.dways are external to the specified entity, they are represented by actors of the entity
tity is a systém or a subsystem at the topmost level, the users of its use cases are modeled by the g
se actars.of alower level subsystem or aclassthat areinternal to the system are often not explicit
use Cases relate directly to model elements conforming to these implicit actors; that is, whose inst]

model element

f the entity. The
aclass, ina

bystem. Each use case specifies a service the entity provides to its users; that is, a specific way of yising the entity.

tity will in

the users and
f the entity. A
wvior, error
of the entity is

matic point of view, use casescan be used both for specification of the (external) requirements on an entity and for

y state the
to perform its

Thus, if the
ictors of the

y defined.
ances play the

beactors in interaction with the use cases. These model elements are contained in other packages g

r subsystems,

where in the SUbSystem case they may be contained 1n the Specification part or the realization part. T he distinction between
actor and conforming element like this is often neglected; thus, they are both referred to by the term actor.

There may be associations between use cases and actors, meaning that the instances of the use case and the actor communicate
with each other. One actor may communicate with several use cases of an entity; that is, the actor may request several services
of the entity, and one use case communicates with one or several actors when providing its service. Note that two use cases
specifying the same entity cannot communicate with each other since each of them individually describes a complete usage of
the entity. Moreover, use cases always use signals when communicating with actors outside the system, while they may use
other communication semantics when communicating with elements inside the system.
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The interaction between actors and use cases can be defined with interfaces. An interface of ause case defines a subset of the
entire interaction defined in the use case. Different interfaces offered by the same use case need not be disjoint.

A use case can be described in plain text, using operations and methods together with attributes, in activity graphs, by a state
machine, or by other behavior description techniques, such as preconditions and postconditions. The interaction between a use

case and its actors can also be presented in collaboration diagrams for specification of the interactions between the entity

containing t
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instance performs a sequence of actions as specified by the use case, like communicating with act
pnly the initiating one. The actor instances may send new message instances to the use-case-instar
fontinues until the instance has responded to all input and does not expect any more input, when it

e.

Vhere subsystems are used to model the system’s containment hierarchy, the system can be specifig
as use cases can be used to specify subsystems and classes. A use case specifying one model elen
a set of smaller use cases, each specifying a service of amodel element-contained in the first one.

ne first one. The functionality specified by each superordinate use caseis completely traceable to i
ote, though, that the structure of the container element is not revéaled by the use cases, since they
offered by the element. The subordinate use cases of a specific superordinate use case cooperate)

use case may appear in several collaborations; that isplay arole in the performances of several s
th such collaboration, other roles specify the coopefation with this specific subordinate use case. T

N actor of a superordinate use case appears as an.actor of at least one of the subordinate use cases. H

re al so actors of the superordinate use case:

ment of subordinate use cases is thé.model element containing the model elements specified by th
b bottom-up perspective, an interaction between subordinate use cases results in a superordinate us
he container element.

classes are mapped onte_operations of the classes, since a service of a classin essenceisthe inva
f the class. Some usecases may consist of the application of only one operation, while others may|
Lisually in awell-defined sequence. One operation may be needed in several of the services of the
pear in several Use cases of the class.

on of ausecase depends on the kind of model element it specifies. For example, since the use cag
means:ef Operations of the class, they are realized by the corresponding methods, while the use ¢

Dr instances, not
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ends. Each
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te one. Their cooperation is specified by collaborations and may be presented in collaboration diagfams. A specific

perordinate use
heserolesare

lyed by the actors of that subordinate use case. Some of these actors may be the actors of the supefordinate use

urthermore, the

asuperordinate use case are traceable to the'interfaces of those subordinate use cases that commyinicate with
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involve a set of
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re realized by the elements contained in the subsystem. Since a subsystem does not have any beha

al services

pffered by a subsystem must be a composition of services offered by elements contained in the sulpsystem (i.e.,

eventually by classes). These elementswill collaborate and jointly perform the behavior of the specified use case. One or a set
of collaborations describes how the realization of a use case is made. Hence, collaborations are used for specification of both
the refinement and the realization of a use case in terms of subordinate use cases.

The usage of use cases a all levelsimply not only a uniform way of specification of functionality at all levels, but also a

powerful technique for tracing requirements at the system package level down to operations of the classes. The propagation of
the effect of modifying asingle operation at the classlevel all the way up to the behavior of the system package is managed in
the same way.

Commonalities between use cases can be expressed in three different ways: with generalization, include, and extend
relationships. A generalization relationship between use cases implies that the child use case contains all the attributes,
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seguences of behavior, and extension points defined in the parent use case, and participates in all relationships of the parent
use case. The child use case may also define new behavior sequences, as well as add additional behavior into and specialize

existing behavior of the inherited ones. One use case may have several parent use cases and one use case may
several other use cases.

An include relationship between two use cases means that the behavior defined in the target use case isinclud
location in the sequence of behavior performed by an instance of the base use case. When a use-case instance

be aparent to

ed at one
reaches the

location Wherethe behavior of an another use case istobei ncI uded, it performs all the behavior d@cn bed by theincluded use

case and thef

5 through the
stance can

An extend
One use ca
be depend

ationship defines that a use case may be augmented with some additionalbehavior defined in
de may extend several use cases and one use case may be extended by severa use cases. The base
t of the addition of the extending use case. The extend relationship.centains a condition and references a sequence
of extension pointsin the target use case. The condition must be satisfied if the extension isto take place, and fhe referencesto
the extensidn points define the locations in the base use case where the additions are to be made. Once an instance of ause case

is to perform some behavior referenced by an extension point of its use case, and the extension point is the fir
extends rel gtionship’s sequence of referencesto extension points, theé:gondition of the relationship is evaluated,
is fulfilled, the sequence obeyed by the use-case instance is extended to include the sequence of the extending
different palts of the extending use case are inserted at the locatiens defined by the sequence of extension poi

relationship -- one part at each referenced extension point.Nate that the condition is only evaluated once: at t
referenced gxtension point, and if it isfulfilled all of the extending use caseisinserted in the original sequenc
point may define one location or a set of locations in the behavior defined by the use case. However, if an ext
references g sequence of extension points, only the'first one may define a set of locations. All other ones must
one location each. Which of the locations of thefirst extension point to use is determined by where the exteng
Thisis not possible for the other ones. In other-words, once the extension has been triggered, all locations wh
different p%It of the extending use case must be uniquely defined. Hence, all extension points, except for the f
referenced lpy an extend relationship must define single locations. The description of the location references b
point can beé made in several different ways, like textual description of wherein the behavior the addition shoy
or post condlitions, or using the ame of a state in a state machine.
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Note that the three kinds ofrelati onships described above can only exist between use cases specifying the same entity. The

reason for thisis that theuse cases of one entity specify the behavior of that entity alone; that is, al use-casei
performed gntirely within that entity. If a use case would have ageneralization, include, or extend relationship
another entitty, the resulting use-case instances would involve both entities, resulting in a contradiction. Howel
generalizatipn; mcI ude, and extend reI ationships can be defi ned from use cases specifyi ng one entlty to use Cé

nstances are

to ause case of
Ver,

ses of another

oneif thefitg
However, the contents of the second entity must be at least protected, so they become available inside the chil

the first entity.
d entity.

Asafirst step when devel oping a system, the dynamic requirements of the system as awhole can be expressed with use cases.

The entity being specified isthen the whole system, and the result is a separate model called a use-case model,

that is, amodel

with the stereotype «useCaseModel». Next, the realization of the requirements is expressed with amodel containing a system
package, probably a package hierarchy, and at the bottom a set of classes. If the system package, that is, a package with the

stereotype «topLevel Package» is a subsystem, its abstract behavior is naturally the same as that of the system.

Thus, if use

cases are used for the specification part of the system package, these use cases are equival ent to those in the use-case model of

the system; that is, they express the same behavior but possibly dightly differently structured. In other words,

al services

specified by the use cases of a system package, and only those, define the services offered by the system. Furthermore, if
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several models are used for modeling the redlization of a system (for example, an analysis model and a design model), the set
of use cases of all system packages and the use cases of the use-case model must be equivalent.

4.11.5 Notes

A pragmatic rule of use when defining use casesis that each use case should yield some kind of observable result of value to

(at least) on

e of its actors. This ensures that the use cases are complete specifications and not just fragments.

412 St

4121 O

The State M
for modelin|
Foundation
subpackage]

The state m
concepts sif
differences
page 151.

State machi
model the b

In addition,
aresimply 4

The followi
Activity grg
4.12.2 Al

The abstrac]
of state mad
trigger statg

The specifig

hte Machines

erview

achine package is a subpackage of the Behavioral Elements package. It specifies aset\of concepts
j discrete behavior through finite state-transition systems. These concepts are based’ on concepts d
package as well as concepts defined in the Common Behavior package. This@nables integration v
5 in Behaviora Elements.

bchine formalism described in this section is an object-based variant ef\Harel statecharts. It incorp

Felative to classical Harel statecharts are described on Section 4.12:5.4, “ Comparison to classical 3

nes can be used to specify behavior of various elements that are being modeled. For example, they

the state machine formalism provides the semantic foundation for activity graphs. This means thal
L special form of state machines.

ng sections describe the abstract syntax, well-formedness rules, and semantics of the State Machir]
phs are described in Section 4.13, “Activity Graphs,” on page 152.

hstract Syntax

syntax for state machines is expressed graphically in Figure 24 on page 129, which covers all the
hine graphs such as'states and transitions. Figure 25 on page 130 describes the abstract syntax of ¢
machine behavior:

ations of theeencepts defined in these two diagrams are listed in alphabetical order following the

hat can be used
efined in the
ith the other

orates several

hilar to those defined in ROOM charts, avariant of statechart defined\ini the ROOM modeling langliage. The major

tatecharts,” on

can be used to

ehavior of individual entities (such as, class instances).or to define the interactions (such as, collalporations)
between entjities.

activity graphs

es package.

basic concepts
bvents that can

figures.
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ModelElement
(from CORE)

+ context o1 A

+ behavior
StateMachine Guard
1
expression : BooleanExpression
+submachine
0.1 0.1 0.1 +guard
- 1
+ transitions ®
+source + outgoing "
+subvertex StateVertex Transition
0.5 1 >
+arget +incoming
1
/ HinternalTransition 0.1
1 +1op 04 0.1 + effect
0.1 0.1 ;
SynchState State f Aétlon
+entry (from Common
bound : Unlimitedinteger 0.1 Behavior)
0.1 + exit
Pspudostate SubState 01
.
kind : PspudostateKind referenceState : Name 0.1 -+doActivity
0.3| +trigger
0.*
+ deferrableEvent
Even
0.*
+ containey CompositeState SimpleState FinalState
SubmachineState

Figure 24 - State Machines - Main
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ModelElement
(fromCore)
L

{ordered}
Parameter +parameter Event
(from Core)

* 0.1

SignalEvent CallEwent TimeEvent ChangeEvent

curence *

+occurrence

when : TimeExpression

changeExpression : BooleanExpression

+signal 1 +operation 1
Signal Operation
(from Core),

(from Common Behavior)

Figure 25 -

4.12.2.1

State Machines - Events

allEvent

A call eventl represents the-reception of arequest to synchronously invoke a specific operation. (Note that a call event instance
isdistinct from the call action that caused it.) The expected result is the execution of a sequence of actions, whjch characterize
behavior at a particular state.

the operati

Two special| cases of CallEvent are the object creation event and the object destruction event.

Associations

operation

Designates the operation whose invocation raised the call event.

130
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Stereotypes

«create»

kind of trigger that may be applied to an initial transition).

Create is a stereotyped call event denoting that the instance receiving that event has just been created. For
state machines, it triggers the initial transition at the topmost level of the state machine (and is the only

«destroy»

Destroy is a stereotyped call event denoting that the instance receiving the event is being

destroyed.

4.12.2.2

A change e\

of one or more attributes or associations. A change event israised implicitly and is not the result of someexpli

action.

The change
conceptuall
that is genef

Attributes

hangeEvent

ent models an event that occurs when an explicit boolean expression becomes true as aresulltof a

event should not be confused with aguard. A guard is only evaluated at the time anevent is dispa
Y, the bool ean expression associated with a change event is eval uated continugusly until it becomes
ated remains until it is consumed even if the boolean expression changes tofal'se after that.

ichange in value
Cit change event

tched whereas,

true. The event

changeExp|

Fession The boolean expression that specifies the change event.

4.12.2.3 @

A composit
and the con

Any state
not contain

CompositeS

Associati

ompositeState

b state is a state that contains other state vertices (stetes, pseudostates, etc.). The association betwes
ained vertices is a composition association. Henee; a state vertex can be apart of at most one com

closed within a composite state is called asubstate of that composite state. It is called adirect sul
by any other state; otherwise, it is referred to as atransitively nested substate.

tate is achild of State.

DNS

N the composite

posite state.

state when it is

subvertex

Theset'of state vertices that are owned by this composite state.

Attributes

isConcurreg

state is decomposed directly into two or more orthogonal conjunctive components called
associated with concurrent execution). If this attribute is false, then there are no direct g

toio dl g+,
COMPONESTTT tC COUMpPUSTCT

A boolean value that specifies the decomposition semantics. If this attribute is true, them the composite

regions (usually
rthogonal

isRegion

is true, then this composite state is a direct substate of a concurrent state.

A derived boolean value that indicates whether a CompositeState is a substate of a concurrent state. If it

4.12.2.4 Event

An event is a specification of atype of observable occurrence. The occurrence that generates an event instance is assumed to
take place at an instant in time with no duration.

© ISO/IEC 2005 - All rights reserved

131



https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

Strictly speaking, the term “event” is used to refer to the type and not to an instance of the type. However, on occasion, where
the meaning is clear from the context, the term is also used to refer to an event instance.

Event is achild of Model Element.

Associations

parameter

The list of parameters defined by the event.

4.12.2.5 H

A specia ki1|
means that

A final state
Find State i

4.12.2.6 g

A guardisd
when an evq
itisdisable

Guards sholild be pure expressions without side effects. Guard expressions with side effects areill formed.

Guard isad

Attributes

inalState

nd of state signifying that the enclosing composite state is completed. If the enclosing state’is the
he entire state machine has completed.

cannot have any outgoing transitions.

5 achild of State.

uard

L bool ean expression that is attached to atransition as afine-grained control over itsfiring. The gu
bt instance is dispatched by the state machine. If the guard istrue at that time, the transition is ena
.

hild of Model Element.

op state, then it

ord is evaluated
bled, otherwise,

expression

The boolean expression that specifies the guard.

4.12.2.7 H

A pseudostd
typically, to
entering af
set of concy

The followi

e Ani
com

seudoState

te i s an abstraction that encompasses different types of transient verticesin the state machine graph
connect multiple transitions into more complex state transitions paths. For example, by combinin
brk pseudostate with,a’set of transitions exiting the fork pseudostate, we get a compound transitior
rrent target states.

hg pseudostate kinds are defined:

niti alpseudostate represents a default vertex that is the source for a single transition to the default
hoSite State. There can be at most oneinitial vertex in a composite state.

. They are used,
) atransition
that leadsto a

state of a

« deepHistory is used as a shorthand notation that represents the most recent active configuration of the composite state
that directly contains this pseudostate; that is, the state configuration that was active when the composite state was | ast
exited. A composite state can have at most one deep history vertex. A transition may originate from the history
connector to the default deep history state. Thistransition is taken in case the composite state had never been active

befo
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shallowHistory is a shorthand notation that represents the most recent active substate of its containing state (but not the
substates of that substate). A composite state can have at most one shallow history vertex. A transition coming into the
shallow history vertex is equivalent to atransition coming into the most recent active substate of a state. A transition

may
com

join

originate from the history connector to the initial shallow history state. This transition is taken in case the
posite state had never been active before.

vertices serve to merge severa transitions emanating from source verticesin different orthogonal regions. The

transitions entering ajoin vertex cannot have guards.

fork
The

junc

vertices serve to split an incoming transition into two or more transitions terminating on orthogong target vertices.
segments outgoing from a fork vertex must not have guards.

ion vertices are semantic-free vertices that are used to chain together multiple transitions, They ane used to

congtruct compound transition paths between states. For example, ajunction can be used-to‘converge fultiple

inco|
Con

Ining transitions into a single outgoing transition representing a shared transition.path (this is knoywn as a merge).
Versely, they can be used to split an incoming transition into multiple outgoing transition segments with different

guard conditions. This realizes a static conditional branch. (In the latter case, 0utgoing transitions whase guard

cong
trans

are dlistinct from dynamic conditional branches that are realized by choice vertices (described below).

choi
reali
deci
com
evd
trang
bran

itions evaluate to false are disabled. A predefined guard denoted “ el se*-may be defined for at mogt one outgoing
ition. Thistransition isenabled if all the guardslabeling the other transitions are false.) Static condjtional branches

Ce vertices which, when reached, result in the dynamic evaluation of the guards of its outgoing tr
zes a dynamic conditional branch. It allows splitting of transitions into multiple outgoing paths such that the

5ion on which path to take may be afunction of the results of prior actions performed in the same fun-to-

pletion step. If more than one of the guards evaluatésto true, an arbitrary oneis selected. If none gf the guards
Liates to true, then the model is considered ill formed. (To avoid this, it is recommended to define ¢dne outgoing
Kition with the predefined “else” guard for every.choice vertex.) Choice vertices should be distinguighed from static
ch points that are based on junction points (described above).

s achild of StateVertex.

kind

Determines the precise type of the PseudoState and can be one of initial, deepHistory, ghallowHistory,
joinsfork, junction, or choice.

4.12.2.8 §

A signal ev
with the act

SignalEven

ignalEvent

PNt represents the reception of a particular (asynchronous) signal. A signal event instance should not be confused
on, suchras send action, that generated it.

isachild of Event.

Associations

signal

The specific signa that is associated with this event.

4.12.2.9 SimpleState

A SimpleState is a state that does not have substates. It is a child of State.
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4.12.2.10

State

A state is an abstract metaclass that models a situation during which some (usually implicit) invariant condition holds. The
invariant may represent a static situation such as an object waiting for some external event to occur. However, it can also

model dynamic conditions such as the process of performing some activity; that is, the model element under consideration
enters the state when the activity commences and leaves it as soon as the activity is completed.

State is a child of StateVertex.

Associatipns
deferrableffvent A list of eventsthat are candidates to be retained by the state machine if they trigger.ho trangitions out of the
state (not consumed).
entry An optional action that is executed whenever this state is entered regardless’of the transition taken to reach
the state. If defined, entry actions are always executed to completion prior to any internal gctivity or
transitions performed within the state.
exit An optional action that is executed whenever this state is exited.regardless of which transitign was taken out
of the state. If defined, exit actions are always executed, to.cempletion only after all interng activities and
transition actions have completed execution.
doActivity An optiona activity that is executed while beingdnithe state. The execution starts when this|state is entered,
and stops either by itself, or when the state iséxited, whichever comes first.
internal Trgnsition A set of transitions that, if triggered, oceur, without exiting or entering this state. Thus, they do not cause a
state change. This means that the entry;or ‘exit condition of the State will not be invoked. These transitions
can be taken even if the state machine'is in one or more regions nested within this state.
4.12.2.11 [StateMachine

A state mag

dispatching
various €l er

StateMachi
that a state
containmen
common ca§

Associati

hine is a specification that describesall possible behaviors of some dynamic model element. Behg
asatraversil of agraph of state nodes interconnected by one or more joined transition arcs that are triggered
of series of event instances. During this traversal, the state machine executes a series of actions as
hents of the state machine.

e has a composition+elationship to State, which represents the top-level state, and a set of transiti
achine ownsits transitions and its top state. All remaining states are transitively owned through
hierarchy rooted in the top state. The association to Model Element provides the context of the st

5e of the context relation is where a state machine is used to specify the lifecycle of a classifier.

DNS

vior is modeled
by the
soci ated with

bns. This means
he state
e machine. A

context

ATTassocration to-themodeerement whose betavior s specifred by this state machime: AT

10del element

may have more than one state machine (although one is sufficient for most purposes). Each state machine is

optionally owned by one model e ement.

top

Designates the top-level state that is the root of the state containment hierarchy. There is exactly one state in

every state machine that is the top state.

transition

The set of transitions owned by the state machine. Note that internal transitions are owned by their

containing states and not by the state machine.
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StateVertex

A StateVertex is an abstraction of anode in a statechart graph. In general, it can be the source or destination of any number of

transitions.

StateVertex is achild of Model Element.

Associations

outgoing Specifies the transitions departing from the vertex

incoming Specifies the transitions entering the vertex.

container The composite state that contains this state vertex.
4.12.2.13 [StubState
A stub statg can appear within a submachine state and represents an actual subvertex contained within the reférenced state
machine. It can serve as a source or destination of transitions that connect a state vertex.4n the containing statd machine with a
subvertex in the referenced state machine.
StubState igachild of State.
Associatipns

referenceSpte Designates the referenced state as a pathname.(a name formed by the concatenation of the mame of a state

and the successive names of all states that.contain it, up to the top state).

4.12.2.14 [SubmachineState
A submachiine stateis a syntactical convenience thatfacilitates reuse and modularity. It is a shorthand that impljes amacro-like
expansion Ry another state machine and is semantically equivalent to a composite state. The state machine that isinserted is
called the réferenced state machine while the state machine that contains the submachine state is called the coptaining state
machine. The same state machine may beréferenced more than once in the context of a single containing stateé machine. In
effect, a supmachine state represents a “call” to a state machine “subroutine” with one or more entry and exit points.
The entry and exit points are specified by stub states.

SubmachingState is a child of(State.

Associati

DNS

submachin:

O

The state machine that is to be substituted in place of the submachine state.

4.12.2.15

SynchState

A synch stateis a vertex used for synchronizing the concurrent regions of a state machine. It is different from a state in the
sensethat it is not mapped to aboolean value (active, not active), but an integer. A synch state is used in conjunction with forks
and joinsto insure that one region leaves a particular state or states before another region can enter a particular state or states.

SynchState

isachild of StateVertex.
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Attributes

bound A positive integer or the value “unlimited” specifying the maximal count of the SynchState. The count isthe
difference between the number of times the incoming and outgoing transitions of the synch state are fired.

4.12.2.16 TimeEvent

A TimeEvent models the expiration of a specific deadline. Note that the time of occurrence of atime event instance; that is, the
expiration df the deadline is the same as the time of its reception. However, it isimportant to note that there be avariable
delay betwden the time of reception and the time of dispatching (for example, due to queueing delays).

The expresgion specifying the deadline may be relative or absolute. If the time expression is relative and no explicit starting
timeis defiped, then it is relative to the time of entry into the source state of the transition triggered by the event. In the latter
case, the tinmie event instance is generated only if the state machine is still in that state when thedeadline expirgs.

Attributes

when Specifies the corresponding time deadline.

4.12.2.17 [Transition

A transitionis a directed relationship between a source state vertex andhatarget state vertex. It may be part of |p compound
transition, which takes the state machine from one state configuration'to another, representing the complete rgsponse of the
state machiipe to a particular event instance.

Transition is a child of Model Element.

Associatipns

trigger Specifies the event that fires the transition. There can be at most one trigger per transition.

guard A boolean predicate that provides a fine-grained control over the firing of the transition. It must be true for
the transition tobe fired. It is evaluated at the time the event is dispatched. There can be at most one guard
per transition.

effect Specifies an optional action to be performed when the transition fires.

source Designates the originating state vertex (state or pseudostate) of the transition.

target Designates the target state vertex that is reached when the transition is taken.

4.12.3 Well-=FormednessRules

The following well-formedness rules apply to the State Machines package.
4.12.3.1 CompositeState

[1] A composite state can have at most one initial vertex.
sel f.subvertex->select (v | v.ocllsKindO(Pseudostate))->

select(p : Pseudostate | p.kind = #initial)->size <=1

[2] A composite state can have at most one deep history vertex.
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sel f.subvertex->select (v | v.ocllsKindO(Pseudostate))->

select(p : Pseudostate | p.kind = #deepHi story)->size <=1

[3] A composite state can have at most one shallow history vertex.
sel f.subvertex->select(v | v.ocllsKindOf (Pseudostate))->

select(p : Pseudostate | p.kind = #shall owH story)->size <=1

[4] There havetobeatteasttwocompositesubstatesarconcurrentcomposite state:
(sel f]isConcurrent) inplies

(sel f.subvertex->sel ect
(v | v.ocllsKindO(ConpositeState))->size >= 2)

[5] A conclrrent state can only have composite states as substates.

(sel f]isConcurrent) inplies
se| f.subvertex->forAll (s | (s.ocllsKindO (ConpositeState)

[6] The sulpstates of a composite state are part of only that composite state.
sel f. subvertex->forAll (s | (s.container->size = 1) and\(s.container = self))
4.12.3.2 HinalState
[1] A final|state cannot have any outgoing transitions.
sel f. out goi ng->size = 0
4.12.3.3 Guard

[1] A guardl should not have side effects.

sel f.{ransition->stat eMachi ne- >net’Enpty inmplies
popt: (self.transition.stateMachi ne->context =
se| f.transition. stat eMachitne- >cont ext @r e)

4.12.3.4 HBseudoState

[1] Aninit|al vertex can haveat-most one outgoing transition and no incoming transitions.
(sel f]kind = #initiral ) inmplies
((pel f.out goi ng->si ze <= 1) and (sel f.incom ng->i sEnpty))

[2] History vertices can have at most one outgoing transition.

((selflki'nd = #deepHistory) or (self.kind = #shallowHi story)) inplies

(sel f.outgoi ng->size <= 1)
[3] A joinvertex must have at least two incoming transitions and exactly one outgoing transition.
(self.kind = #oin) inplies

((sel f.outgoing->size = 1) and (self.incom ng->size >= 2))
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[4] All transitionsincoming ajoin vertex must originate in different regions of a concurrent state.

(self.kind = #oin
and not ocl | sKindOf (sel f. stat eMachi ne, ActivityG aph))
implies
sel f.incomng->forAll (t1, t2 | tl<>t2 inplies
(sel f.stateMachi ne. LCA(t1. source, t2.source).
cont ai ner. i sConcurrent)

[5] A fork f7ertex must have a Ieast two outgoing transitions and exactly one incoming transition.
(self|kind = #fork) inplies
((pelf.incom ng->size = 1) and (self.outgoing->size >= 2))
[6] All tranjsitions outgoing afork vertex must target states in different regions of a concurrent'state.

(sel f|kind = #fork
anfl not ocl I sKindOf (sel f.stateMachi ne, ActivityG aph)) inplies
se|f.outgoing->forAll (tl1l, t2 | ti1<>t2 inplies

(sel f.stateMachine. LCA(t1.target, t2.target).
cont ai ner. i sConcurrent)

[7] A junction vertex must have at least one incoming and one outgoing transition.
(sel f|kind = # unction) inplies
((pel f.incom ng->size >= 1) and (sel f.outgoing->size >= 1))
[8] A choige vertex must have at least one incoming and oneutgoing transition.
(sel f|kind = #choice) inplies
((pel f.incom ng->size >= 1) and_('sel f. out goi ng->si ze >= 1))

4.12.3.5 StateMachine

[1] A StatgMachine is aggregated within either a classifier or a behavioral feature.
sel f. ¢ontext. not Enpty inplies
(sgl f.context. ocll sKi ndC (Behavi or al Feature) or

sel f.context.ocl|sKindOf (Cl assifier))

[2] A top gateisawaysacomposite.
sel f. qop. o€l F'sTypef (Conposi t eSt at e)

[3] A top gateeannot be directly contained in any other state.

sel f.top. container->i senpty
[4] Thetop state cannot be the source of atransition.
(sel f.top. outgoing->i seEnpty)

[5] If aStateMachine describes a behaviora feature, it contains no triggers of type CallEvent, apart from the trigger on
theinitial transition (see OCL for Transition [8]).

sel f. context.ocl | sKi ndOf (Behavi oral Feature) inplies

sel f.transitions->reject(
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sour ce. ocl | sKi ndOf ( Pseudost at e) and

sour ce. ocl AsType(Pseudostate). kind= #initial).trigger->i seEnpty

Additional Operations
[1] The operation LCA(s1,s2) returnsthe state that isthe least common ancestor of states s1 and s2.
context StateMachine::LCA (sl : State, s2 : State)

CompositeState
14

resuly = if ancestor (sl1, s2) then
sl
elpe if ancestor (s2, sl) then
s2
5e (LCA (sl.container, s2.container))

e

[2] The query ancestor(sl, s2) checks whether s2 is an ancestor state of state s1.
cont ext StateMachine::ancestor (sl1 : State, s2 : State) : Bool\€an

resuly =if (s2 = sl1) then

true

5e i f (sl.container->i senpty) then
true

e i f (s2.container->i senpty) then
fal se

5e (ancestor (sl1, s2.container)

e

e

e
4.12.3.6 YynchState

[1] The value of the bound attribute must be a positiveinteger, or unlimited.

(sel fJbound > 0) or (self.bound =_unlimted)

[2] All incpming transitions to a SynchStatémust come from the same region and al outgoing transitions frgm a
SynchState must go to the same region:

4.12.3.7 SubmachineState

[1] Only stub states allowed as substates of a submachine state.
sel f. subvertex->faorAll (s | s.ocllsTypeO(StubState))

[2] Submaghine statés are never concurrent.

sel f.ilsConciurrent = fal se

4.12.3.8 Trahsition

[1] A fork segment should not have guards or triggers.

(sel f.source. ocl | ski ndOf ( Pseudost at e)
and not ocl | sKindOf (sel f.stateMachine, ActivityGraph)) inplies

((sel f.source. ocl AsType(Pseudostate). kind = #fork) inplies
((sel f.guard->i senpty) and (self.trigger->i senpty)))
[2] A join segment should not have guards or triggers.

sel f.target. ocl | skKi ndOf (Pseudostate) inplies
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((self.target.ocl AsType(Pseudostate).kind = #join) inplies

((self.guard->i senpty) and (self.trigger->i senpty)))

[3] A fork segment should alwaystarget a state.

(self.

st at eMachi ne- >not Enpt y

and not ocl | sKindOf (sel f.stateMachine, ActivityGaph)) inmplies

sel f.source. ocl | sKi ndOFf (Pseudostate) inplies

((

[4] Ajoin:
(sel f.

an

sel f.

((

[5] Transit
sel f. 9

im

[6] Aninit
sel f. 9

(s

4.12.4 Df
This sectior

el f. sour ce. ocl AsType(Pseudostate). kind = #fork) inmplies
(self.target.ocllsKindO(State)))

begment should always originate from a state.

st at eMachi ne- >not Enpt y
0 not ocl|sKindO(self.stateMachine, ActivityGaph)) inplies

arget.ocl | sKi ndOf (Pseudostate) inplies
el f. target. ocl AsType(Pseudostate). kind = #j oin) inmphkies
(sel f.source.oclIsKindOr(State)))

ons outgoing pseudostates may not have atrigger.

our ce. ocl | sKi ndOf ( Pseudost at e)
bl i es (self.trigger->iskEnpty))

our ce. ocl | sKi ndOf ( Pseudost ate) i nplhies
bl f . source. ocl AsType(Pseudostate)y+kind = #initial) inplies
(sel f.source. contai ner = self\\stateMachine.top) inmplies
((sel f.trigger->i senpty)y or
(self.trigger.steregtype. nane = 'create'))

ptailed Semantics

describes the executidnsemantics of state machines. For convenience, the semantics are describe

operations gf a hypothetical machine that implements a state machine specification. Thisis for reference purp

Individual r
In the gener
* ane

* an e\

Palizations are freeto choose any form that achieves the same semantics.
Al case, thetkey components of this hypothetical machine are:

rent quietie that holds incoming event instances until they are dispatched.

al transition at the topmost level either has no trigger or it has atrigger with the stereotype "create.

1 in terms of the
pses only.

entdi spatcher mechanism that selects and de-queues event instances from the event queue for prgcessing.

e anevent processor that processes dispatched event instances according to the general semantics of UML state machines
and the specific form of the state machine in question. Because of that, this component is simply referred to asthe

“ Stm

e machine” in the following text.

Although theintent is to define the semantics of state machines very precisely, there are a number of semantic variation points
to allow for different semantic interpretations that might be required in different domains of application. These are clearly
identified in the text.

The basic semantics of events, states, transitions are discussed first in separate subsections under the appropriate headings. The
operation of the state machine as awhole are then described in the state machine subsection.
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4.12.4.1 Event

Event instances are generated as aresult of some action either within the system or in the environment surrounding the system.
An event isthen conveyed to one or more targets. The means by which event instances are transported to their destination
depend on the type of action, the target, the properties of the communication medium, and numerous other factors. In some
cases, thisis practically instantaneous and completely reliable whilein othersit may involve variable transmission delays, loss
of events, reordering, or duplication. No specific assumptions are made in this regard. This provides full flexibility for
modeling different types of communication facilities.

An event isfreceived when it is placed on the event queue of its target. An event is dispatched when it is deunaued from the

event queuq and delivered to the state machine for processing. At this point, it isreferred to as the current-event. Finally, it is
consumed when event processing is completed. A consumed event is no longer available for processing. No assumptions are
made about|the time interval s between event reception, event dispatching, and consumption. Thisteaves oper{the possibility
of different jsemantic models such as zero-time semantics.

Any paramgter values associated with the current event are available to all actions directly caused by that event (transition
actions, entry actions, etc.).

Event generjalization may be defined explicitly by asignal taxonomy in the case of Signal events, or implicitly defined by event
expressiong asin time events.

4.12.4.2 State

Active states

A state can pe active or inactive during execution. A state becomes active when it is entered as aresult of somg transition, and
becomesingctiveif it is exited as aresult of atransition. A state can be exited and entered as a result of the sgme transition
(e.g., sdlf transition).

State entry and exit

Whenever g state is entered, it executes its entry.action before any other action is executed. Conversely, whengver astateis
exited, it executes its exit action as the final¢st€p prior to leaving the state.

If defined, the activity associated with astate is forked as a concurrent activity at the instant when the entry agtion of the state
is completefl. Upon exit, the activity.is terminated before the exit action is executed.

Activity in[ state (do-activity)

The activity| represents the'execution of a sequence of actions, that occurs while the state machineisin the corrgsponding state.
The activity starts executing upon entering the state, following the entry action. If the activity completes whilg the state is still
active, it railses a completion event. In cases where there is an outgoing completion transition (see below) the gtate will be

exited. If the state is exited as aresult of the firing of an outgoing transition before the completion of the activity, the activity is
aborted prigr'to.its completion.

Deferred events

A state may specify a set of event types that may be deferred in that state. An event instance that does not trigger any
transitionsin the current state, will not be dispatched if its type matches one of the typesin the deferred event set of that state.
Instead, it remainsin the event queue while another non-deferred message is dispatched instead. This situation persists until a
state is reached where either the event is no longer deferred or where the event triggers a transition.
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4.12.4.3 CompositeState

Active state configurations

When dealing with composite and concurrent states, the simple term “ current state” can be quite confusing. In a hierarchical
state machine more than one state can be active at once. If the state machineisin asimple state that is contained in a composite
state, then all the composite states that either directly or transitively contain the simple state are also active. Furthermore, since

some of the composite states in this hierarchy may be concurrent, the current active “ state” is actually represented by atree of
states starti g wi ESTgEtop Stae ar the Toot dowmto maividua Smpte stass a S ] h astatetree as
a state confijguration.

Except during transition execution, the following invariants always apply to state configurations:

If aq

« If th¢ composite stateis active and concurrent, all of its substates (regions) are active.

Entering g
Upon enteri

Defg
com
(Ad
statg

Expl
codd
trang

Shal
mos|
first
thet
hand
defal

level

Entering g

Whenever 4
default or e

Degp history entry: The tule here is the same as for shallow history except that the ruleis applied recul

omposite state is active and not concurrent, exactly one of its substates is active.

non-concurrent composite state
hg a composite state, the following cases are differentiated:

ult entry: Graphically, thisisindicated by an incoming transitionthat terminates on the outside ed
hosite state. In this case, the default transition istaken. If ther&isaguard on the transition it must b
sabled initial transition is an ill-defined execution state and.its handling is not defined.) The entryj
is executed before the action associated with the initiaktransition.

cit entry: If the transition goes to a substate of the.composite state, then that substate becomes act
is executed after the execution of the entry caode'of the composite state. This rule applies recursiv
hition terminates on a transitively nested substate.

ow history entry: If the transition terminates on a shallow history pseudostate, the active substate

recently active substate prior to thisentry, unless the most recently active substateis the final stat
entry into this state. In the latter two cases, the default history state is entered. Thisisthe substate
Fansition originating from thethistory pseudostate. (If no such transition is specified, the situation
ling is not defined.) If the active substate determined by history is a composite state, then it procey
LIt entry.

sin the active state configuration below this one.

concurtent composite state
concurrent composite state is entered, each one of its concurrent substates (regions) is also enterg

ge of the
e enabled (true).
action of the

veand itsentry
gly if the

becomes the
porif thisisthe
that istarget of
sillegal and its
bds with its

sively to all

d, either by
ered using

default entry—tfthetransitiomexptititty enters ore or more Tegions (T case of a fork); these Tegions are entere

plicitly. If the transition terminates on the edge of the composite state, then all the regions are ent

the others by default.

Exiting no

n-concurrent state

d explicitly and

When exiting from a composite state, the active substate is exited recursively. This means that the exit actions are executed in
sequence starting with the innermost active state in the current state configuration.

Exiting a concurrent state

When exiting from a concurrent state, each of its regionsis exited. After that, the exit actions of the regions are executed.
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Deferred events

An event that is deferred in a composite state is automatically deferred in al directly or transitively nested substates.

4.12.4.4 FinalState

When the final stateis active, its containing composite state is completed, which means that it satisfies the completion
condition. If the containing state is the top state, the entire state machine terminates, implying the termination of the entity
associated with the state machine. If the state machine specifies the behavior of aclassifier, it impliesthe “termination” of that

instance.

4.12.4.5 SJubmachineState

A submachilne state is a convenience that does not introduce any additional dynamic semantics. Itdssemantical
a compositg state and may have entry and exit actions, internal transitions, and activities.

4.12.4.6 Transitions

High-level transitions

Transitions priginating from the boundary of composite states are called high:level or group transitions. If trig
result in exiting of all the substates of the composite state executing their exit)actions starting with the innerm
active state configuration. Note that in terms of execution semantics, ahigh-level transition does not add spec

semantics, but rather reflects the semantics of exiting a composite state:

Compoun
A compoun

(d transitions
H transition is a derived semantic concept, represents a“ semantically complete” path made of one

transitions griginating from a set of states (as opposed ta'pseudo-state) and targeting a set of states. The transi

semantics d

escribed below refer to compound transitions.

In general, @ compound transition is an acyclical @nbroken chain of transitions joined viajoin, junction, choici

pseudostate]

singleton).

two states i

Thetail of g

regions that|

5 that define path from a set of source states (possibly a singleton) to a set of destination states, (p
-or self-transitions, the same state acts as both the source and the destination set. A (simple) transi
b therefore a special common.case of a compound transition.

L. compound transitionmay have multiple transitions originating from a set of mutually orthogonal
arejoined by ajoin‘paint.

The head off a compound transition may have multiple transitions originating from afork pseudostate targeted

mutually or

hogonal concufrent regions.

In acompolind transition, multiple outgoing transitions may emanate from a common junction point. In that ¢
the outgoing transitions whose guard istrue is taken. If multiple transitions have guards that are true, atransiti

is chosen.
the compou

ly equivalent to

gered, they
pst states in the
alized

or more

lion execution

b, or fork
ssibly a
ion connecting

concurrent

to a set of

pse, only one of

he.algorithm for selecting such atransition is not specified. Note that in this case, the guards are

on from this set
adluated before

nd transition is taken.

In a compound transition where multiple outgoing transitions emanate from a common choice point, the outgoing transition
whose guard is true at the time the choice point is reached, will be taken. If multiple transitions have guards that are true, one
transition from this set is chosen. The algorithm for selecting this transition is not specified. If no guards are true after the
choice point has been reached, the model isill formed.

Internal tr

ansitions

An internal transition executes without exiting or re-entering the state in which it is defined. Thisistrue even if the state

machineisi

n anested state within this state.
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Completion transitions and completion events

A completion transition is atransition without an explicit trigger, although it may have a guard defined. When all transition
and entry actions and activitiesin the currently active state are completed, a completion event instance is generated. This event
isthe implicit trigger for a completion transition. The completion event is dispatched before any other queued events and has
no associated parameters. For instance, a completion transition emanating from a concurrent composite state will be taken
automatically as soon as al the concurrent regions have reached their final state.

If multiple completion transitions are defined for a state, then they should have mutually exclusive guard conditions.

Enabled (¢compound) transitions
A transitionjis enabled if and only if:

< All ¢f its source states are in the active state configuration.

e Thefrigger of thetransition is satisfied by the current event. An event instance satisfies atrigger if it matches the event
spegfied by thetrigger. In case of signal events, since signals are generalized concepts, asignal event gatisfiesasignal
evert associated with the same signal or a generalization of thereof.

e If thgre exists at least one full path from the source state configuration te_@ither the target state configuration or to a
dynamic choice point in which all guard conditions are true (transitionswithout guards are treated as if {their guards are
alwaystrue).

Since more(than one transition may be enabled by the same event instance, being enabled is a necessary but npt sufficient
condition fgr the firing of atransition.

Guards
In asimple transition with a guard, the guard is evaluateghbefore the transition is triggered.

In compoun(d transitions involving multiple guards;-all guards are evaluated before a transition is triggered, unless there are
choice points along one or more of the paths. The.order in which the guards are evaluated is not defined.

If there are £hoice points in a compound trahsition, only guards that precede the choice point are evaluated acgording to the
above rule. Guards downstream of a chaice point are eval uated if and when the choice point is reached (using the same rule as
above). In gther words, for guard eval uation, a choice point has the same effect as a state.

Guards sholild not include expréssions causing side effects. Models that violate this are considered ill formed

Transition execution-sequence

Every transition, exceptifor internal transitions, causes exiting of a source state, and entering of the target statg¢. These two
states, which may-betcomposite, are designated as the main source and the main target of atransition.

The least cqmirien ancestor (LCA) state of atransition isthe lowest composite state that contains all the expligit source states
and explicit Target states of the compound transifion. Tn case of junciion segments, only the states relaied to the dynamically
selected path are considered explicit targets (bypassed branches are not considered).

If the LCA isnot a concurrent state, the main source is adirect substate of the least common ancestor that contains the explicit
source states, and the main target is a substate of the least common ancestor that contains the explicit target states. In cases
where the LCA is a concurrent state, the main source and main target are the concurrent state itself. Thereason isthat if a
concurrent region is exited, it forces exit of the entire concurrent state.

Examples:

1. Thecommon simple case: A transition t between two simple states s1 and s2, in acomposite state s.
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Here the least common ancestor of t is s, the main source is s1, and the main target is s2.

2. A more esoteric case: An unstructured transition from one region to another.

/
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o

C

Figure 26 -
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Once atran
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4.12.4.7 §

Event pro

Unstructured transition among regions

re the least common ancestor of tis s, the main source is s, and the main target is s, since s ig
te as specified above.

Sition is enabled and is selected to fire, the following steps‘are carried out in order:
main source state is properly exited.

bns are executed in sequence following their lineaforder along the segments of the transition: The
e source state, the earlier it is executed.

hoice point is encountered, the guards following that choice point are evaluated dynamically and
ds are true is selected. Entry and exit actions are executed for states entered and exited by the tran
Ce point.

main target state is properly entered.

tateMachine

Cessing - run-to-completion step

Events are dlispatched and processed by the state machine, one at atime. The order of dequeuing is not defing

the possibil

The semant
Run-to-con

ty of modeling different priority-based schemes.

a concurrent

tl oser the action

A path whose
sition into the

d, leaving open

cs of ‘event processing is based on the run-to-completion assumption, interpreted as run-to-compl g

fion processing.

pl&tion processing means that an event can only be dequeued and dispatched if the processing of tlhe previous

current ever

P T [P |
1o TuiTy CUIMTIPICLTU.

Run-to-completion may be implemented in various ways. For active classes it may be realized by an event-loop running in its
own concurrent thread, and that reads events from a queue. For passive classesit may be implemented as a monitor.

The processing of a single event by a state machine is known as a run-to-completion step. Before commencing on a run-to-
completion step, a state machine isin a stable state configuration with all actions (but not necessarily activities) completed.
The same conditions apply after the run-to-completion step is completed. Thus, an event will never be processed while the
state machine isin some intermediate and inconsistent situation. The run-to-completion step is the passage between two state
configurations of the state machine.
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The run-to-compl etion assumption simplifies the transition function of the state machine, since concurrency conflicts are
avoided during the processing of event, alowing the state machine to safely compl ete its run-to-compl etion step.

When an event instance is dispatched, it may result in one or more transitions being enabled for firing. If no transition is
enabled and the event is not in the deferred event list of the current state configuration, the event is discarded and the run-to-
completion step is completed.

In the presence of concurrent states itispossibleto fire multl ple transitions as aresult of the same event — asmany asone

transition i
state machi
selection al(

Each orthog
region can f
transition, t

During atrg
completed U

Aneventin
object withi
machine thd

Run-to-co|

Itispossibl
orthogonal

constraint tg
semanticsd
machine an

In case of &
notion of ru
by athread

e selects a subset and fires them. Which of the enabled transitions actually fireis determl ned by {
jorithm described below. The order in which selected transitions fire is not defined.

onal region in the active state configuration that is not decomposed into concurrent regions; that is| “

re at most one transition as a result of the current event. When all orthogonal regions:have finishe
he current event instance is fully consumed, and the run-to-completion step is completed.

Insition, a number of actions may be executed. If these actions are synchronous, then the transition
ntil the invoked objects complete their own run-to-completion steps.

Stance can arrive at a state machine that is blocked in the middle of arun-to-completion step from

I the same thread, in acircular fashion. This event instance can be treated by orthogonal compons

t are not frozen along transitions at that time.

mpletion and concurrency

b to define state machine semantics by allowing thegrunsto-completion steps to be applied concurrs
egions of a composite state, rather than to the whele state machine. Thiswould allow the event sg

be relaxed. However, such semantics are quite'stibtle and difficult to implement. Therefore, the g
Bfined in this document are based on the premise that a single run-to-completion step appliesto th
i includes the concurrent steps taken by gofcurrent regions in the active state configuration.

Ltive objects, where each object hasitsiown thread of execution, it is very important to clearly dist
n to completion from the conceptof thread pre-emption. Namely, run-to-completion event handlir
hat, in principle, can be pre-empted and its execution suspended in favor of another thread execut|

processing mode. (Thisis determined bythe scheduling policy of the underlying thread environment — no ass

made about
point of pre

Conflictin

It was alrea
such transiti

state, triggef

this policy.) When the suspended thread is assigned processor time again, it resumes its event prod
emption, and eventyally completesits event processing.

p transitions

ly noted thatit is possible for more than one transition to be enabled within a state machine. If tha
ons may-be in conflict with each other. For example, consider the case of two transitions originatin

> enabled, the
he transition

bottom-level”
d executing the

step is not

some other
nts of the state

ently to the
rialization
lynamic

b entire state

nguish the

g is performed
ng on the same
umptions are
ng from the

t happens, then
j from the same

edby.the same event, but with different guards. If that event occurs and both guard conditions ar

true, then only

one transitignwill fire. In other words, in case of conflicting transitions, only one of them will firein asi ngIeTrun-to-

completion step.

Two transitions are said to conflict if they both exit the same state, or, more precisely, that the intersection of the set of states
they exit is non-empty. Only transitions that occur in mutually orthogonal regions may be fired simultaneously. This constraint
guarantees that the new active state configuration resulting from executing the set of transitionsis well formed.

Aninternal transition in a state conflicts only with transitions that cause an exit from that state.

Firing priorities
In situations where there are conflicting transitions, the selection of which transitions will fireis based in part on an implicit
priority. These priorities resolve some transition conflicts, but not all of them. The priorities of conflicting transitions are based
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on their relative position in the state hierarchy. By definition, atransition originating from a substate has higher priority than a

conflicting transition originating from any of its containing states.

The priority of atransition is defined based on its source state. The priority of joined transitionsis based on th
transition with the most transitively nested source state.

In general, if t1 isatransition whose source state is s1, and t2 has source s2, then:

e If slisadirect or transitively nested substate of s2, then t1 has higher priority than t2.

« If slland s2 are not in the same state configuration, then there is no priority difference between t1and
Transitior selection algorithm
The set of tansitions that will fireisamaximal set of transitions that satisfies the following conditions:
¢ All transitionsin the set are enabled.
e Thefe are no conflicting transitions within the set.
¢ Thefeisno transition outside the set that has higher priority than atransitionin the set (that is, enabled
highest priorities are in the set while conflicting transitions with lowef:priorities are | eft out).

This can be
configuratiq

easily implemented by a greedy selection algorithm, with astraightforward traversal of the active
n. Statesin the active state configuration are traversed stasting with the innermost nested simple s
working oufwards toward the top state. For each state at a given level; all originating transitions are evaluated
they are engbled. This traversal guarantees that the priority principle is not violated. The only non-trivial issue
transition c@nflicts across orthogonal states on all levels. Thisis resolved by terminating the search in each or
once atrangition inside any one of its componentsis fired:

4.12.4.8 Yynch States

e priority of the

transitions with

state

fates and

to determine if
isresolving
hogonal state

Synch state!
incoming tr
another, the
by the least

5 provide a means of synchronizingsthe execution of two concurrent regions. Specifically, asynch
bnsitions from afork (or forks) inene region, the source region, and outgoing transitionsto ajoin

common ancestor of the two-regions being synchronized. The synchronized regions do not need t

target region. These forks andjoins are called synchronization forks and joins. The synch state itg

state decomposition, but they must have a common ancestor state.

When the spurce region reaches:a’synchronization fork, the target states of that fork become active, including
Activation ¢f the synch state iSan indication that the source region has completed some activity. This region ¢
performing jits remainingactivitiesin parallel. When the target region reaches the corresponding synchronizat
prevented ffom contiquing unless al the states leading into the synchronization join are active, including the 4

A synch state may have multiple incoming and outgoing transitions, used for multiple synchronization points
Alternatively,itmay have smgle incoming and outgoi ng transitions where the incoming transmon |sf|red mu
before the otTgoing

state has

(or joins) in

el f is contained
b be siblingsin

the synch state.
an continue
onjoin, itis
bynch states.

in each region.
tiple times

of times their incoming and outg0| ng transitions are fired. When an incoming transition is fired, the count isincremented by
one, unlessits value is equal to the value defined in the bound attribute. In that case, the count is not incremented. When an
outgoing transition is fired, the count is decremented by one. An outgoing transition may fire only if the count is greater than

zero, which prevents the count from becoming negative. The count is automatically set to zero when its contai
exited.

ner stateis

The bound attribute is for limiting the number of times outgoing transitions fire from a synch state. For a state to realize the
equivalent of abinary semaphore, the bound should be set to one. In this case multiple incoming transitions may fire before the

outgoing transition does, whereupon the outgoing transition can only fire once.
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4.12.4.9 StubStates

Stub states are pseudostates signifying either entry points to or exit points from a submachine. Since a submachineis
encapsulated and represented as a submachine state, multi-level (“deep”) transitions may logically connect statesin separate
state machines. Thisisfacilitated by stub state, representing real states in areferenced machine to or form transitionsin the
referencing machine are incoming/outgoing. Stub states are therefore only defined within a submachine state, and are the only
potential subvertices of a submachine state.

4.12.5 N¢tes

4.12.5.1 Hrotocol State Machines

One applicdtion area of state machinesisin specifying object protocols, also known as object lifeétycles. A ‘grotocol state
machine’ far a class defines the order; that is, sequence in which the operations of that Class ean-be invoked. The behavior of
each of thede operations is defined by an associated method, rather than through action expressions on transitipns.

A transitionfin a protocol state machine has asitstrigger a call event that references anopération of the class, fand an empty
action sequence. Such atransition indicates that if the call event occurs when an object of the classis in the soprce state of the
transition and the guard on the transition is true, then the method associated withi:the operation of the call event will be
executed (iffone exists), and the object will enter the target state. Semantically; the invocation of the method dpes not lead to a
new call event being raised.

If acall event arrives when the state machine is not in an appropriate state to handle the event, the event is disgarded, conform
the general RTC semantics. Strictly speaking, from the caller’s point of view this means that the call is compléted. If instead
the semanti¢s are required that the caller should ‘hang’ (potentialy infinitely) if the receiver’s state machine i not able to
process the rall event immediately, then the event must be deferred explicitly. This can be done for all call eveptsin a protocol
state machiipe by deferring them at a superstate level.

In any practical application, a protocol state machine ig,;made up exclusively of ‘protocol’ transitions, and thefentry and exit
actions of itk states are empty; that is, no action speeifications exist other than for the methods. However, formally it is not

prohibited tp mix this kind of transition with transitions with explicit actions (as it does not seem worth the effort to prohibit
this, and there may be some applications that'might benefit from ‘mixing’).

withdraw(amount)
[amqgunt <= balance+overdraft]

\J

deposit (amount)

Figure 27 - Example of a Protocol State Machine for a Class ‘Account’.

4.12.5.2 Example: Modeling Class Behavior

In the software that isimplemented as aresult of a state modeling design, the state machine may or may not be actually visible
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in the (generated or hand-crafted) code. The state machine will not be visible if there is some kind of run-time system that
supports state machine behavior. In the more general case, however, the software code will contain specific statements that
implement the state machine behavior.

A C++ exampleis shown below:

cl ass bankAccount {
private:
int bal ance;
publi
vo| d deposit (anount) {
if (balance > 0)
bal ance = bal ance + anount; // no change
el se
bal ance = bal ance + ampunt - 1; // transaction fee

voi d W thdrawal (amount) {
if (bal ance>0)
bal ance = bal ance - anpunt;
}
}

In the abovég example, the class has an abstract state manifested by the balance attribute, controlling the behavior of the class.
Thisis modeled by the state machinein Figure 28.

else/balance -= amount

elselbalance

H+=amount={/ baJance—: amount

deposit/balance
+=amount

[amount>-bd ance]/
baancet=amount-1

Figure 28 { State Machine for Modeling Class Behavior

4.12.5.3 Hxample: State machine refinement

NOTE: The following discussion provides some potentially useful heuristics on how state machines can be refined. These
techniques are all based on practical experience. However, readers are reminded that this topic is till the subject of research,
and that it is likely that other approaches may be defined either now or in the future.

Since state machines describe behaviors of generalizable elements, primarily classes, state machine refinement is used to
capture the relationships between the corresponding state machines. State machines use refinement in three different
mappings, specified by the mapping attribute of the refinement meta-class. The mappings are refinement, substitution, and
deletion.
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To illustrate state machine refinement, consider the following example where one state machine attached to a class denoted

‘Supplier,’ i

srefined by another state machine attached to a class denoted as ‘ Client.’

Supplier (refined) Client (refined)

-

I - N

N

Sa Sa (new)
o
- Sa2 deleted
Sa2
- Sa4 added
Sal - Sal refined _
into composite
Sa3

/

Figure 29 -

In the exam
(Sal(new)).
substate Saj
clarity, weh
purposes an

It isimportd
machine ref
inheritance

We provide
mechanism

Subtyping
The refinent

applying ev
and therela

State Machine Refinement Example

ple above, the client state (Sa(new)) in the subclass,substitutes the simple substate (Sal) by a com

This new composite substate has a component substate (Sall). Furthermore, the new version of S
P and also adds a new substate Sad. Substate'Sa3 is inherited and is therefore common to both vers
ave used agray shading to identify components that have been inherited from the original. (Thisi
d is not intended as a notational recommendation.)

Nt to note that state machine refinement as defined here does not specify or favor any specific pol

posite substate
bal deletes the
ions of Sa. For
5 for illustration

cy of state

nement. Instead, it simply provides a flexible mechanism that allows subtyping, (behavioral compatibility),

implementation reuse), or. general refinement policies.

abrief discussion of-potentially useful policiesthat can be implemented with the state machine re

ent policy-for subtyping is based on the rational e that the subtype preserves the pre/post condition

inement

rel ationships of

bnts/Operations on the type, as specified by the state machine. The pre/post conditions are realized
ionships are realized by the transitions. Preserving pre/post conditions guarantee the substitutabili

by the states,
ty principle.

States and transitions are only added, not deleted. Refinement is interpreted as follows:

« A refined state has the same outgoing transitions, but may add others, and a different set of incoming transitions. It may
have a bigger set of substates, and it may change its concurrency property from false to true.

« A refined transition may go to anew target state which is a substate of the state specified in the base class. This comes
to guarantee the post condition specified by the base class.

« A refined guard has the same guard condition, but may add disjunctions. This guarantees that pre-conditions are
weakened rather than strengthened.
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« A refined action sequence contains the same actions (in the same sequence), but may have additional actions. The
added actions should not hinder the invariant represented by the target state of the transition.

Strict Inhe

ritance

The rational e behind this policy isto encourage reuse of implementation rather than preserving behavior. Since most
implementation environments utilize strict inheritance; that is, features can be replaced or added, but not deleted, the
inheritance policy follows thisline by disabling refinements that may lead to non-strict inheritance once the state machine is

implement
Statesand t

e Are

outgoing transitions. It may have more substates, and may change its concurrency attribute.

e Are
e Are

e Are

General R

In this most]
without con
element and

e Are
e« Are
e Are

e Are
addi

The refinement of the composite state'in the example above is an illustration of general refinement.

It should bg
the type cor]
overridden

41254 ¢

The major ¢

straints; that is, there are no formal requirements on the properties and relationships of the refined

ansitions can be added. Refinement is interpreted as follows:

ined state has some of the same incoming transitions (i.e., drop some, add some) but aigreater or bigger set of

ined transition may go to a new target state but should have the same source.

the refining element:

ined state may have different outgoing and incoming transitions (i.e., drop all, add some).
ined transition may leave from a different source and go to a new target state.

ined guard may have a different guardcondition.

ined action sequence need not cefntain the same actions (or it may change their sequence), and mg
fiona actions.

noted that if atype has'multiple supertype relationships in the structural model, then the default s

ined guard may have a different guard condition.

ined action sequence contains some of the same actions (in the same-sequence), and may have aditional actions.
efinement

general case, states and transitions can be added and deletéd\(i.e., ‘null’ refinements). Refinement

isinterpreted
state machine

y have

ate machine for

sists of all the state machines of its supertypes as orthogonal state machine regions. This may be gxplicitly

hrough refinement if required.

omparison to classical statecharts

ifference between classical (Harel) statecharts and object state machines results from the external

context of the

state machi

herObject state machines, such as ROOM charts, primarily come to represent behavior of atype. G

lassical

statechart specify behaviors of processes. The following list of differences result from the above rationale:

¢ Events carry parameters, rather than being primitive signals.

o Cal

events (operation triggers) are supported to model behaviors of types.

« BEvent conjunction is not supported, and the semanticsis given in respect to asingle event dispatch, to better match the
type context as opposed to a general system context.

e Classical statecharts have an elaborated set of predefined actions, conditions, and events that are not mandated by
object state machines, such as entered(s), exited(s), true(condition), tr!(c) (make true), fs!(c).
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Operations are not broadcast but can be directed to an object-set.

that deal with activities are not supported, as well as the relationships between states and activities.

simple transitions, guards, and labelsis allowed.

Object state machine supports the notion of synchronous communication between state machines.

The notion of activities (processes) does not exist in object state machines. Therefore all predefined actions and events

Transition compositions are constrained for practical reasons. In classical statecharts any composition of pseudostates,

Acti
Clas]
Clas

hns on transitions are executed in their given order.
Sical statecharts do not support dynamic choice points.

Sical statecharts are based on the zero-time assumption, meaning transitions take zefo-time to exed

systém execution is based on synchronous steps where each step produces new eventsthat will be procg

step
mod
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413.1 O
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In object-oriented state machines, these assumptions are relaxed and replaced with these of softw
Fl, based on threads of execution and that execution of actions may take time,

tivity Graphs
erview

Graphs package defines an extended view of the State Machine package. State machines and act
Ally state transition systems, and share many metamodel el ements. This section describes the conc
Ckage that are specific to activity graphs. It should benoted that the activity graphs extension hasf
hould be understood in the context of the State ivtachine package, including its dependencies on th

the Common Behavior package.

praph is a specia case of a state machine'that is used to model processes involving one or morecl
Uis is on the sequence and conditions far the actions that are taken, rather than on which classifiers
5t of the states in such agraph areaction states that represent atomic actions; that is, states that inv
r their completion. Transitionsihto action states are triggered by events, which can be the

Dl etion of a previous action state (compl etion events),
ability of an object inacertain state,

rrence of asignal,-or

action ofsame condition.

asmallset of additional subtypes to the basic state machine concepts, the well-formedness of acti
ormally, and subsequently mapped to the dynamic semantics of state machines. In addition, the ag

ute. The whole
bssed at the next
are execution
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e Foundation
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4.13.2 Abstract Syntax

The abstract syntax for activity graphsis expressed in graphic notation in Figure 30 on page 153.
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StateMachine + behavior +context ModelElement
(from State Machines) (from Core)
0.1
4 4
0.1 + contents
ActivityGraph + partition Partition
4
1 O“*
+top 1
State 1.%
(from State Machines)
+inState

A

CompositeState SimpleState
(from StateMachines)
IsConcurrent : Boolean
+type
A T P Classifigfr
(from Core)
1
SubmachineState ActionState ObjectFlowState / 1| +type
(from State Machines)
IsDynamic : Boplean IsSynch : Boolean
dynamicArguments : ArgListsExpression
A dynamicMultiplicity : Multiplicity + state
A + parameter 0.*

SubactivityState CallState Parameter ClassifierinState

(from Core)

IsDynamic | Boolean
DynamicArguments : ArgListsExpression
dynamicMutiplicity : Multiplicity

Figure 30 -"AcTivity Grapns

4.13.2.1 ActionState
An action state represents the execution of an atomic action, typically the invocation of an operation.

An action state is a simple state with an entry action whose only exit transition istriggered by the implicit event of completing
the execution of the entry action. The state therefore corresponds to the execution of the entry action itself and the outgoing
transition is activated as soon as the action has completed its execution.

An ActionState may perform more than one action as part of its entry action. An action state may not have an exit action, do
activity, or internal transitions.
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Attributes

dynamicArguments

execution. This attribute is ignored if the isDynamic attribute is false.

An ArgListsExpression that determines at runtime the number of parallel executions of the actions
of the state. The value must be a set of lists of objects, each list serving as arguments for one

dynamicMultiplicity A Multiplicity limiting the number of parallel executions of the actions of state. This attribute is
ignored if the isDynamic attribute is false.
isDynamic A boolean value specifying whether the state's actions might be executed concurrently. It isused in
conjunction with the dynamicArguments attribute.
Associatipns
entry (Inherited from State) Specifies the invoked actions.
4.13.2.2 ActivityGraph
An activity graph is a special case of a state machine that defines a computational process in terms of the control-flow and
object-flow[among its constituent actions. It does not extend the semantics of state’'machinesin amajor way byt it does define
shorthand fgrms that are convenient for modeling control-flow and object-flow"in computational and organizational processes.

The primary purpose of activity graphsisto describe the states of an atiyity or process involving one or more

Activity gr

if an outgoing transition is not explicitly triggered by an event, therit isimplicitly triggered by the completion
actions. A subactivity state represents a nested activity that has some duration and internally consists of a set

hs can be attached to packages, classifiers (including useases), and behavioral features. Asin an

b classifiers.
/ state machine,
bf the contained
bf actions or

more subactivities. That is, a subactivity state is a“hierarchical action” with an embedded activity subgraph that ultimately

resolvesto i
Junctions, f

Activity grg

organization responsible for their performance.

ndividual actions.
Drks, joins, and synchs may be included to- model decisions and concurrent activity.

phs include the concept of Partitions:to organize states according to various criteria, such astherg

al -world

Activity grgphing can be applied to organizational modeling for business process engineering and workflow mpodeling. In this
context, events often originate from'‘inside the system, such asthe finishing of atask, but also from outside the|system, such as
acustomer ¢all. Activity graphsCan-al so be applied to system modeling to specify the dynamics of operations dand system level
processes When a full interaction model is not needed.
Associatipns

partition A set of Partitions each of which contains some of the model elements of the model.

4.13.2.3 CallState

A call state is an action state that has exactly one call action asits entry action. It is useful in object flow modeling to reduce
notational ambiguity over which action is taking input or providing output.

4.13.2.4 ClassifierInState

A classifier-in-state characterizes instances of a given classifier that are in aparticular state or states. In an activity graph, it
may be used to specify input and/or output to an action through an object flow state.
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ClassifierInState is a child of Classifier and may be used in static structural models and collaborations. For example, it can be
used to show associations that are only relevant when objects of aclassarein agiven state.

Associations

type

Designates a classifier for the ClassifierlnState to characterize the instances of.

inSate

Designates a state that characterizes instances of the classifier of the ClassifierlnState. The state must be

avalid state of the corresponding classifier. This may have multiple states when referrinb to an object in
orthogonal states.

4.13.2.5 QbjectFlowState

An object flow state defines an object flow between actionsin an activity graph. Aninstance abaparticular clgssifier, possibly

in a particullar state, is available when an object flow state is occupied.

The generatjion of an object by an action in an action state may be modeled by an object flow state that is triggered by the
completion|of the action state. The use of the object in a subsequent action state mayybe modeled by connecting the output
transition of the object flow state as an input transition to the action state. Generally each action places the object in adifferent

state that isimodeled as a distinct object flow state.

Attributeg

isSynch

A boolean value indicating whether an.object flow state is used as a synch state.

Associatipns

type Designates a classifier that specifies the classifier of the object. It may be a classifier-in{state to specify
the state and classifiérof the object.
parameter Designates parameters that provide the object as output or take it as input.
Stereotypps

«signal flovy»

Signalflow is a stereotype of ObjectFlowState with a Signal as its type.

4.13.2.6 Rartition

A partition |s amechanism for dividing the states of an activity graph into groups. Partitions often correspond tp organizational

unitsin a by
should be ni

actions for various pur

Associations

contents

Specifies the states that belong to the partition. They need not constitute a nested region.
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4.13.2.7 SubactivityState

A subactivity state represents the execution of a non-atomic sequence of steps that has some duration; that is, internally it
consists of aset of actions and possibly waiting for events. That is, a subactivity stateisa“hierarchical action,” where an
associated subactivity graph is executed.

A subactivity state is a submachine state that executes a nested activity graph. When an input transition to the subactivity state
istriggered, execution begins with the nested activity graph. The outgoing transitions of a subactivity state are enabled when
thefina stateof-the nested :\r‘ﬁ\/ihj/ gr:\ph isreached; that is when it anpld‘m itsexecution,orwhen the frig‘ er events occur

on the trangjtions.

The semant|cs of a subactivity state are equivalent to the model obtained by statically substituting thegontents of the nested
graph as a gomposite state replacing the subactivity state.

Attributes

dynami cArguments An ArgListsExpression that determines the number of parallel exéecutions of the submachipes of the state.
The value must be a set of lists of objects, each list serving asarguments for one executioh. This attribute
isignored if the isDynamic attribute is false.

dynamicMultiplicity A Multiplicity limiting the number of parallel executions of the actions of state. This attr|bute is ignored
if the isDynamic attribute is false.

isDynamic A boolean value specifying whether the state’s subactivity might be executed concurrentlly. It is used in
conjunction with the dynamicArguments:attribute.

Associatipns

submaching (Inherited from SubmachineState) This designates an activity graph that is conceptually nested within the
subactivity state. The subactivity state is conceptually equivalent to a composite state whse contents are
the states of the nestedactivity graph. The nested activity graph must have an initial state pnd a final state.

4.13.2.8 Transition

Transition is inherited from state maehines.

Tagged Vglues

usage Usage applies only to transitions leading into or out of an object flow state. It has a valug of uses or
modifies. A value of uses indicates that the action of the state at the other end of the trarjsition from the
object flow state uses but does not modify the object represented by the object flow statg. A value of
modifies indicates that the action of the state at the other end of the transition from the opject flow state
modres and-may use theobject Tepresented-bythe object frowstate:

4.13.3 Well-Formedness Rules

4.13.3.1 ActivityGraph

[1] An ActivityGraph specifies the dynamics of
(i) aPackage, or

(ii) aClassifier (including UseCase), or
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(iii) aBehavioral Feature.
(sel f.context.ocl|sTypeO (Package) xor
sel f. context.ocl|sKindO (Cl assifier) xor

sel f. context. ocl | skKi ndOf (Behavi or al Feat ure))

4.13.3.2 ActionState

[1] An actipn state has a non-empty entry action.

self.entry->size > 0
[2] An actipn state does not have an internal transition, exit action, or a do activity.
self.internal Transition->size = 0 and self.exit->size = 0 and sel fcdoActivity-psize =0
[3] Transitions originating from an action state have no trigger event.
sel f. outgoing->forAll (t | t.trigger->size = 0)
4.13.3.3 (allstate

[1] Theenfry action of acall stateisasingle call action.

self.entry->size = 1 and self.entry. ocl|sKi ndOf (,Cal)l Acti on)
4.13.3.4 (lassifierInState

[1] Classiflers-in-state have no namespace contents.

self.all Contents->size = 0
4.13.3.5 (QbjectFlowState

[1] Parameters of an object flow state must have atype and direction compatible with classifier or classifier-in-state of
the object flow state.

let offstype : Cassifier =

(

sel f.type. | sKindOf (O assifierlnState)
then sel f.type.type el se self.type);
sel f. paranet er£>for Al | (paraneter |

paf amet erntype = of stype

or| (paraneter.kind = #in

and _of ctavna ol ]l Conay o nac nel udaclt v nal))
oo ooty gttt ey P —HeToaeo T

or ((paraneter.kind = #out or paraneter.kind = #return)
and type. al | Supertypes->i ncl udes(of stype))

or (paraneter. kind = #i nout
and ( of stype. al | Supertypes->i ncl udes(type)
or type. al | Supertypes->i ncl udes(of stype))))

[2] Downstream states have entry actions that accept input conforming to the type of the classifier or classifier-in-state.
The entry actions use the input parameters of the object flow state. Valid downstream states are calcul ated by
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traversing outgoing transitions transitively, skipping pseudo states, and entering and exiting subactivity states,
looking for regular states. If the object flow state has no parameters, then the target of downstream actions must
conform to the type of the classifier or classifier-in-state.

sel f.al | Next Leaf States.size > 0 and

sel f.al |l Next Leaf States->forAll (s | self.islnputAction(s.entry))

[3] Upstream states have entry act|ons that provide output or return values conformi ng tothe type of the classifier or
classifig
are calqulated by traversu ng incoming transnttonstransutlvel Y, sk| pping pseudo states, enteri ng and exiting|subactivity
states, llooking for regular states.

sel f.all Previ ousLeaf States. size > 0 and
se|f.all Previ ousLeaf States->forAll (s |

sel f.isQutputAction(s.entry))

Additiona) operations

[1] Theopgrational | Next Leaf St at es resultsin the set of states immediately-downstream of the object flojv state that
have the next actions that will be executed.

[2] Theopgrational | Previ ousLeaf St at es resultsin the set of statesimmediately upstream of the object flow state
that haye the next actions that were last executed.

[3] Theopgrationi sl nput Acti on takes an action as input ahd.resultsin a boolean telling whether the actign has an
input pgrameter compatible with the object flow state.

[4] Theoperationi sCQut put Acti on takes an action as\input and results in a boolean telling whether the actjon has an
output parameter compatible with the object flowistate.

4.13.3.6 HseudoState

[1] Inactility graphs, transitionsincoming.to (and outgoing from) join and fork pseudostates have as sources (targets)
any stal: vertex. That is, joins and farks are syntactically not restricted to be used in combination with composite
states, @sisthe case in state maghines.

sel f. gt ateMachi ne. achlLsTypeOf (ActivityG aph) inplies
((pelf.kind ="%j-0in or self.kind = #fork) inplies
(sel f.ji-n€om ng->forAl I (t | t.source.ocllsKindOf(State) or
source. ocl | sTypeOf (PseudoState)) and

(‘sel f.outgoing->forAll(t | t.source.ocllsKindO(State) or

sour ce. ocl | sTypeOf (PseudoState)))))

[2] All of the paths leaving afork must eventually merge in a subseguent join in the model. Furthermore, multiple layers
of forks and joins must be well nested, with the exception of forks and joins leading to or from synch state. Therefore
the concurrency structure of an activity graph isin fact equally restrictive as that of an ordinary state machine, even
though the composite states need not be explicit.

4.13.3.7 SubactivityState

[1] A subactivity state is a submachine state that islinked to an activity graph.
sel f. submachi ne. ocl | ski ndOf (Acti vit yGraph)
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4.13.4 Detailed Semantics

4.13.4.1 ActivityGraph

The dynamic semantics of activity graphs can be expressed in terms of state machines. This means that the process structure of
activitiesformally must be equivalent to orthogonal regions (in composite states). That is, transitions crossing between parallel
paths (or threads) are not allowed, except for transitions used with synch states. As such, an activity specification that contains

‘unconstrained parallelism’ asisused in general activity graphsis considered ‘incomplete’ in terms of UML.

All eventst
by the gene

4.13.4.2 A

As soon as
finished exd

TheisDyna
depending

nat are not relevant in a state must be deferred so they are consumed when they become rel evanty T
al deferral mechanism of state machines.

ctionState

he incoming transition of an ActionState istriggered, its entry action starts executing. Once the
bcuting, the action is considered complete. When the action is complete, then the outgoing transiti

Mic attribute of an action state determines whether multiple invocations of\State might be executed
n runtime information. This means that the normal activities of an action state, namely its actions

hisisfacilitated

try action has
N is enabled.

concurrently,
may execute

multiple timesin parallel. If isDynamic is true, then the dynamicArguments attribiute is evaluated at the time the state is
entered. The size of the resulting set determines the number of parallel executiens of the state. Each element o

whichisu

denoting th
EXression ¢
EXression ¢
behavior is

Dynamic st
necessary, g

4.134.3 (
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state; that i
requiresthe
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Unless therg
will fire as
object, resu

as arguments for an execution. These arguments can be reférred to within actions (for example,
ith object in alist). If theisDynamic attribute is fal se, dyfamicArgumentsisignored. If the dynal
bval uates to the empty set, then the state behaves as if it had no actions. It is an error if the dynami
bval uates to a set with fewer or more elements than thénumber allowed by the dynamicMultiplicit
not defined in this case.

btes may be nested. In this case, you can’t acecess the outer set of argumentsin the inner nesting. If
rguments can be passed explicitly from theouter to the inner dynamic state.

bjectFlowState

fon of an object flow state signifiesthat an instance of the associated classifier is available, perhap
, a state change has occurred asaresult of a previous operation. This may enable a subsequent act]
instance asinput. Aswithall statesin activity graphs, if the object flow state leadsinto ajoin pseu
state remains activatedhuntil the other predecessors of the join have completed.

b isan explicit ‘fork’) that creates orthogonal object states, only one of an object flow state’s outgo
etermined by«the guards of the transitions. The invocation of the action state may result in a state|
ting in a new object flow state.

thesetisalist,
by “object[i]”
MmicArguments
CArguments
y attribute. The

this should be

5in a specified

on state that
lostate, then the

ng transitions
change of the

ow statemay specify the parameter of an operation that provides the flowing object as output, and
that'takes the flowing object as input. The operations must be called in actions of states immedi
ing'the object flow state, respectively, although pseudostates, final states, synch states, and stub

he parameter of
ely preceding
ates may be

interposed between the object flow state and the acting state. For example, an object flow state may transition to a subactivity
state, which means at runtime the object is passed as input to the first state after the initial state of the subactivity graph. If no
parameter is specified to take the flowing object asinput, then it is used as an action target instead. Call actions are particularly
suited to be used in conjunction with this technique because they invoke exactly one operation.

Object flow states may be used as synch states, indicated by the isSynch attribute being set to true. In this case, outgoing
transitions can fire only if an object has arrived on the incoming transitions. Instead of a count, the state keeps alist of objects
that arrive on the incoming transitions. These objects are pulled from the list as outgoing transitions are fired. No outgoing
transitions can fire if the list is empty. All objectsin the list conform to the classifier and state specified by the object flow
state. The list is not bounded as the count may be in synch states.
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For applications requiring that actions or activities bring about an event as their result, use an object flow state with asignal as
aclassifier. This means the action or activity must return an instance of asignal. For multiple resulting events, transition the

action or act

41344 S

ivity to afork, and target the fork transitions at multiple object flow states.

ubactivity State

The isDynamic, dynamicArguments, and dynamicMultiplicity attributes of a subactivity state have a similar meaning to the
same attributes of action states. They provide for executing the submachine of the subactivity state multiple timesin parallel.

See semanticsof ActionState:

4.13.4.5 Transition

In activity draphs, transitions outgoing from forks may have guards. This means the region initiated by afork
not start, anfl therefore not be required to complete at the corresponding join. Forks and joins must be well-nes|

to use this feature (see rule #2 for PseudoState in Activity Graphs). The following mapping shows the state m
for such an pctivity graph.

1

| Activit
! M odel
i Thread
i

Figure 31 -

If aconditid

have their cpunts set to'infinity to prevent other regions from deadlocking.

4135 N

[guard] [~guard [guard]

____________

: H 1 1
i1 Conditional E Conditional E
bl Actvity Thread 1 state !

1 ! i

1 1 1 Model : Machine |
P Thread ' :

Fragment

Activ!ty diagram Equivalent state
notation machine notation

State machine meaning for an activity graph

nal region synchronizes with another region using a synch state,and the condition fails, then thesg

DieS

ransition might
ed in the model
bchine meaning

synch states

Object flow statesin activity graphs are a specialization of the general dataflow aspect of process models. Object-flow activity
graphs extend the semantics of standard dataflow relationshipsin three areas:

1. Theoperationsin action statesin activity graphs are operations of classifiers or types (e.g., ‘ Trade’ or ‘ OrderEntry-
Clerk’). They are not hierarchical ‘functions operating on a datafl ow.

2. The'contents of object flow states are typed. They are not unstructured data definitions as in data stores.

3. The state of the object flowing as input and output between operations may be defined explicitly. The event of the
availability of an object in aspecific state may form atrigger for the operation that requires the object asinput. Object
flow states are not necessarily stateless as are data stores.
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General Mechanisms

This section defines the mechanisms of general applicability to models. This version of UML contains one general
mechanisms package, Model Management. The Model Management package specifies how model elements are organized into
models, packages, subsystems, and UML profiles.

4.14 Model Management

4141 O

The Model
al serve as

Models are

A Subsystem represents a behavioral unit in the physical system. UML Profiles are packages dedicated to gro

extensions.

In this secti

erview

Management package is dependent on the Foundation package. It defines Model, Package, land Su
prouping units for other Model Elements.

Lsed to capture different views of a physical system. Packages are used within alModel to group N

b it is necessary to clearly distinguish between the physical system beingimodeled; that is, the subj

and the m

system wheh we want to indicate the former, and the term (top-level) subsystem when we want to indicate the
example of p physical system isacredit card service, which includes software, hardware, and wetware (peopl
model for this physical system might consist of atop-level subsystemycalled CreditCardService, which is dec

subsystems
correspond
correspond

The followi

4142 A

The abstrac]

el element that represent the physical system in the model. For thisteason, we consistently use th

for Authorization, Credit, and Billing. An analogy with the construction of houses would be that t
fo the physical system, while a blueprint would correspond to amodel, and an element used in a b
fo a model element.

g sections describe the abstract syntax, wellsformedness rules, and semantics of the Model Mana

pstract Syntax

syntax for the Model Management package is expressed in graphic notation in Figure 32.

bsystem, which

1 odel Elements.
up UML

ect of the model
e term physical
latter. An

£). The UML
bmposed into
he house would
ueprint would

jement package.
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+importedElement ModelElement +ownedElement
* (from Core)
*
ElementOwnership
— {rom Core)
Elementimport :
visibility: VisibilityKind Namespace .0"17 Gener?ﬁ%i)lemem
alias : Name ] (from Core)
isSpecification : Boolean ‘+namespace
/\
Classifier Package
(from Core) 4
Subsystem Model
isinstantiable : Boolean
Figure 32 | Model Management
4.14.2.1 Dependency (as extended)
Dependenciles have specific extensions for modeling UML profiles.
Stereotypep
«model Libfary» This dependency means that the supplier package is being used as a model library associatefl with a profile.
The client is a package that is stereotyped as a profile and the supplier is a non-profile package that contains
shared model elements, such as classes and data types.
«appliedProfile» This dependency is used to indicate which profiles are applicable to a package. Typically, the client is an

ordinary package or amodel (but could be any other kind of package), while the supplier is a profile
package. This means that the profile applies transitively to the model elements contained in the client
package, including the client package itself.

4.14.2.2 Elementimport

An element import defines the visibility and alias of a model element included in the namespace within a package, as a result
of the package importing another package.

In the metamodel, an Elementlmport reifies the relationship between a Package and an imported Model Element. It allows
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redefinition of the name and the visibility for the imported M odel Element; that is, the Model Element may be given another
name (an alias) and/or anew visibility to be used within the importing Package. The default is no alias (the original name will
be used) and private visibility relative to the importing Package.

Attributes
alias The alias defines alocal name of the imported Model Element, to be used within the Package.
isSpecification Specifies whether the ownedElement is part of the specification for the containing namespdce (in cases
where specification is distinguished from the realization). Otherwise the ownedElemettis/part of the
realization. In cases in which the distinction is not made, the value is false by default,
visibility An imported ModelElement is either public, protected, or private relative to the importing Package.
4.14.2.3 Model
A model capturesaview of aphysical system. It isan abstraction of the physical systef; with a certain purpose. This purpose

determines
the physi

In the met
describe the
typicaly A

Different M
defined by i
Typically di
stakeholder
isacomplel
view of the

Stereotyp

vhat is to be included in the model and what isirrelevant. Thus the modelcompletely describes th

c:lllnsystem that are relevant to the purpose of the model, at the appropriatetevel of detail.

odel, Model isasubclass of Package. It contains a containment hierarchy of Model Elements that
physical system. A Model also contains a set of Model Elemients that represents the environment

s purpose and abstraction level (for example, an analysis model, a design model, an implementati

ferent models are complementary and defined\from the perspectives (viewpoints) of different sys
5. For example, ause-case model may be defined from the viewpoint of abusiness analyst stakehol
e description of the physical system. When,Models are nested, the container Model represents the
physical system given by the different views defined by the contained Models.

Edels can be defined for the same physical system, where each model represents aview of the phy

ES

tors, together with their interrelationships, such as Dependencies, Generalizations, and Constraints.

0se aspects of

together
bf the system,

sical system

on model).

tem

ler. Each Model
comprehensive

«systemMd

del» A systemMode is a stereotyped model that contains a collection of models of the same phy
systemModel also contains all relationships and constraints between model elements contai

models.

sical system. A
hed in different

«metamodg! »

A\metamodel is a stereotyped model denoting that the model is an abstraction of another mg
amodel of amodel. Hence, if M2 is a model of the model M1, then M2 is a metamodel of
then that classes in M1 are instances of metaclasses in M2. The stereotype can be recursive
the case of a4-layer metamodel architecture.

del; that is, it is
M1. It follows
y applied, asin

41424 H

A packagei

ackaqge
~

sagrouping of model elements.

In the metamodel Package is a subclass of Namespace and GeneralizableElement. A Package contains Model Elements like

Packages, Classifiers, and Associations. A Package may also contain Constraints and Dependencies between Model Elements
of the Package.

Each ModelElement of a Package has avisibility relative to the Package stating if the ModelElement is available to

Model Elements in other Packages with a Permission («access» or «import») or Generalization relationship to the Package. An
«access» or «import» Permission from one Package to another allows public Model Elements in the target Package to be
referenced by Model Elementsin the source Package. They differ in that all public Model Elements in imported Packages are
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added to the Namespace within the importing Package, whereas the Namespace within an accessing Packageis not affected at
all. The Model Elements available in a Package are those in the contents of the Namespace within the Package, which consists
of owned and imported Model Elements, together with public Model Elements in accessed Packages.

Associations

importedElement

The namespace defined by a package is extended by model elements in other, imported packages.

Stereotyp

ES

«facade»

A facade is a stereotyped package that contains references to model elements owned by ang
is used to provide a ‘public view’ of some of the contents of a package. A facade does not
model elements of its own.

ther package. It
icontain any

«framewor

A framework is a stereotyped package that contains model elementsithét specify a reusable
al or part of a system. Frameworks typically include classes, pattefns, or templates. When
specialized for an application domain, they are sometimes reférred to as application framew

architecture for
frameworks are
orks.

«modelLib

ar y))

A model library is a stereotyped package that contains modél’ elements that are intended to
other packages. A model library differs from aprofile ifithat amodel library does not exteng
using stereotypes and tagged definitions. A model fibrary is analogous to a class library in

programming languages.

be reused by
the metamodel
some

«profile»

A profile is a stereotyped package that contains model elements that have been customized
domain or purpose using extension mechanisms, such as stereotypes, tagged definitions, an|
profile may also specify model librarieson which it depends and the metamodel subset that
latter is specified via an applicableSubset tag definition.)

for a specific
i constraints. A
it extends. (The

«Stub»

A stub is a stereotyped package’that represents only the public parts of another package.

«topLevel>

TopLevel is a stereotyped. package that denotes the highest level package in a containment
topLevel stereotype‘defines the outer limit for looking up names, as namespaces “see” outw4
subsystem is thextep-of a subsystem containment hierarchy; that is, it is the model element
the boundary of_the entire physical system being modeled.

hierarchy. The
Irds. A topLevel
that represents

Tag Definitions

{applicabldg

Subset}

Thi's tag definition, which only applies to profile packages, lists the metaelements that are |
associated profile. The value associated with this tag definition is a set of strings, where ex
represents the name of an applicable metaelement.

Note that the use of applicable subset does not necessarily exclude the use of any metaelem

sed by the
Ch string

ents, but clearly

identifies\which-ones are referenced-from-the associated prnfiln Eurther note that the. f::g définition app“es

only to the immediately associated profile. If a profile combines several other profiles using import or

generalizations, the applicable subset only applies to the immediately associated profile. Th
applicable subset tag definition means that the whole UML metamodel is applicable.

e absence of an

4.14.2.5 Subsystem

A subsystem is a grouping of model elements that represents a behavioral unit in aphysical system. A subsystem offers
interfaces and has operations. In addition, the model elements of a subsystem are partitioned into specification and realization
elements, where the former, together with the operations of the subsystem, are realized by the latter.

164
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In the metamodel, Subsystem is a subclass of both Package and Classifier. As such it may have a set of Features, which are
constrained to be Operations and Receptions, and Associations.

The contents of a Subsystem are divided into two subsets: specification elements and realization elements. The former subset
provides, together with the Operations of the Subsystem, a specification of the behavior contained in the Subsystem, while the
Model Elementsin the latter subset jointly provide arealization of the specification. Any kind of Model Element can be a
specification element or arealization element. The relationships between the specification elements and the realization
elements can be defined in different ways (for example, with Collaborations or «realize» dependencies).

Attributes

islnstantiatple States whether a Subsystem is instantiable or not. If false, the Subsystem represents a uniqye part of the
physical system; otherwise, there may be several system parts with the same-definition.

4.14.3 Well-Formedness Rules
The followihg well-formedness rules apply to the Model Management package.

4.14.3.1 Hlementimport

No extrawel|-formedness rules.

4.14.3.2 Model

No extrawell-formedness rules.

4.14.3.3 Hackage

[1] Noimported element (excluding Association) may-have the same name or alias as any element owned by the Package
or one of its supertypes.

sel f. al |l mportedEl enents->reject( re |
re.ocll 1 ski ndOf (Associ ation)” »=>forAl( re |
(re.elementlnport.alias <> "'’ inplies
not (self.all Contents - self.alllnportedEl enents)->
rej ect (We |
ve.ocl | skindOf (Association) )->exists ( ve |
ve.name = re.elenentlnport.alias))

anfd

(recelTenentInport.alras = '~ 1nplies
not (self.allContents - self.alllnportedEl enents)->
reject ( ve |
ve. ocl | sKindOf (Association) )->exists ( ve |
ve.nanme = re.nane) ) )
[2] Imported elements (excluding Association) may not have the same name or alias.

sel f.alllnmportedEl enents->reject( re |
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not re.ocl!sKindOf (Association) )->forAll( rl1, r2

[

(rl.elenentlnport.alias <> and
r2.elenmentlnport.alias <> '’ and
rl.elenentinport.alias = r2.elenentlnport.alias

implies rl =r2)

and

(rt. el ementlnport.alias ="'’ and
r2.elenmentlnport.alias ="'’ and
rl.name = r2.nane inplies rl =r2)

ang

(rfl.elenentlnport.alias <> "'’ and

[

r2.elenentlnmport.alias = implies

ril.elenentlnport.alias <> r2. nane))

[3] Noimported element (Association) may have the same name or alias combined with the same set of assofiated
Classiflers as any Association owned by the Package or one of its supertypes.

sel f. &l llnportedEl enents->select( re |
re. oclfl ski ndOf (Association) )->forAl( re |

[

(rep.elenentlnport.alias <> imlies
not (self.allContents - self.all\nportedEl enents)->
sel ect ( ve |
ve. ocl | sKi ndOF (Associ atli-on) ) - >exi st s(
ve : Association |
ve.nane = re.elenentlnport.alias
and
ve. connecti on->size = re.connection->size and
Sequence {1..re.connection->size}->forAl( i |
re.connection->at(i).participant =

ve. connection->at(i).participant ) ) )

anf

L]

(re.elenmentlnport.alias = i mplies
not (self.allContents - self.alllnportedEl enents)->
sel ect( ve |
not ve.ocl | sKi ndOf (Associ ation) )->exists( ve :
Associ ation |
ve.nanme = re.nane

and
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ve. connecti on->si ze = re.connection->size and
Sequence {1..re.connection->size}->forAl( i |
re.connection->at(i).participant =

ve. connection->at(i).participant ) ) ) )

[4] Imported elements (Association) may not have the same name or alias combined with the same set of associated
Classifiers.

sel f.alllnportedEl enents->select ( re
re.oclll sKindO (Association) )->forAll ( rl, r2 : Association
(rfL. connecti on->size = r2.connection->size and
Sepuence {1..r1l.connection->size}->forAl ( i
rl.connection->at (i).participant =
r2.connection->at (i).participant and
rl.elenentlinport.alias <> '’ and
r2.elenentlnmport.alias <> "'’ and
rl.elenmentlnport.alias = r2.elenentlnport. alias
implies rl1 =r2))
and
(rfL. connecti on->size = r2.connection->siize and
Sequence {1..r1.connection->size}>forAl (i
rl.connection->at (i).participant =
r2.connection->at (i).)patticipant and

1

and

]

rl.elenentlnport.alias

L]

r2.elenentlnport.al ifas = and
rl.name = r2. nane
implies rl 3r2))
anp
(rfL. conneCtyi'on->si ze = r2.connecti on->si ze and

Sepuencte~{1..r 1. connection->size}->forAl ( i

rl7connection->at (i).participant =

r2.connection->at (i).participant and
rl.elenentlnport.alias <> "'’ and

r2.elenentlnport.alias =

implies rl.elenentlnport.alias <> r2.nane)))

[5] A Package may only own or reference Packages, Classifiers, Associations, Generalizations, Dependencies,
Comments, Constraints, Collaborations, StateMachines, Stereotypes, and TaggedVal ues.
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sel f.contents->forAll ( c |
.ocl I skKi ndOF (Package) or

.ocl I skKindOf (Cl assifier) or
.ocl I sKi ndOf (Associ ation or
.ocl I skKi ndOf (Generali zation) or
.ocl I sKi ndOF ( Dependency) or
.ocl I skKi ndOFf (Conment) or

.ocl I skKi ndOF (Constraint) or

. oc| l-sKi nrlf\‘(f‘nl |l abhoration or
. ocl I[sKi ndOf (St at eMachi ne) or
. ocl I[ski ndOf (TaggedVal ue) or
.ocl I[ski ndOf (St ereotype))

OO0 0O0000O00OO0

Additiondl Operations
[1] The opgration contents resultsin a Set containing the M odel Elements owned by or imported by the Packdge.
cont e:[ts : Set (Model El enent)

contefts = sel f. ownedEl enent - >uni on(sel f. i nportedEl enent)

[2] The opgration allmportedElements resultsin a Set containing the M odel Elements imported by the Package or one of

its parents.
al I I mport edEl ements : Set (Mddel El ement)
al I I mportedEl ements = sel f.inportedEl enent - >uniron(

sel f. parent. ocl AsType(Package). al | I nport edEl ement s->select( re |
refelenentlnport.visibility = #publicuor

refelenmentinport.visibility = #protvected))

[3] The operation allContents resultsin a Set containing the M odel Elements owned by or
imported by the Package or one of its ancestors.

al | Cogptents : Set(Model El efrent) ;

al | Co:[t ents = sel f.contents->uni on(

se| f.parent. al | Contlent s- >sel ect(e |

e. el enent Ownérship.visibility = #public or

e. el enenvOanership.visibility = #protected))

4.14.3.4 Rrofile

[1] The baseclasses of all stereotypesin aprofile must be part of the applicable subset of this profile.

sel f. appl i cabl eSubset - >
i ncl udesAl | (sel f.stereotypes->col | ect(based ass))

[2] A profile package can only contain tag definitions, stereotypes, constraints and data types.

self.contents->forAll (e |
e.ocl I skKi ndOf (St ereotype) or
e. ocl I skKi ndOf (Constraint) or
e. ocl I skKi ndOf (TagDefinition) or
e.ocl I skKindOf (DataType))
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4.14.3.5 Subsystem

[1] For eac

h Operation in an Interface offered by a Subsystem, the Subsystem itself or at |east one contained

specification element must have a matching Operation.

sel f.specification.all Operations->forAll(interQp |

sel f.al | Operati ons->uni on

(self.allSpecificationEl enents->sel ect(specH |

[2] For ead
specifi
let al

f
sel f. 4

se

[3] TheFe

sel f.f

[4] A Subg
Signalg

sel f.
c.

C

. pcl I sKi ndOf (Reception)) in

. pcl I sKi hdOf (O ass) or
. pcl I(sKirndOf ( Dat aType) or

specEl . ocl I sKindOf (C assifier))->forAl (c|
c.al | Operations))->exists

( op | op.hasSaneSi gnature(interQ) ) )

h Reception in an Interface offered by a Subsystem, the Subsystem itself or at |east one contained
ation element must have a matching Reception.

| Receptions : set(Reception) = self.allFeatures->sel ect(\f |

pecification.all Receptions->forAll(interRec |
f.al | Recepti ons->uni on
(sel f.all SpecificationEl enents->sel ect (speckl |
specEl . ocl I sKi ndOfF (O assi fier))->ftarAl | (¢
c.al | Receptions))->exists

( rec | rec.hasSanmeSi ghature(interRec) ) )

ptures of a Subsystem may only be Operations or Receptions.
eature->forA I (f | fnocl | skKi ndOF (Operation) or
f.ocl|sKindOf (Reception))

ystem may only own or reference Packages, Classes, DataTypes, Interfaces, UseCases, Actors, SU
Associations, Generalizations, Dependencies, Constraints, Collaborations, StateMachines, and S

ontents->forAl )7 ( c |

bcl | ski ndOf(-Package) or

bsystems,
ereotypes.

. pcl¥sKi ndOFf (I nterface) or

c.ocl I skKi ndOf (UseCase) or
c.ocl I skKi ndOf (Actor) or
c. ocl I sKi ndOf (Subsystem or

c.ocl I sKindOf (Signal) or

c.ocl I sKi ndOf (Associ ation) or

c.ocl I skKi ndOFf (General i zation) or

c. ocl | skKi ndOf ( Dependency) or
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c.ocl I skKindOf (Constraint) or
c.ocl I skKi ndOf (Col | abor ation) or
c.ocl I ski ndOf (St at eMachi ne) or
c.ocl I skKindOf (Stereotype) )

Additional Operations

[1] The opération allSpecificationElements resultsin a Set containing the Model ETements specitying the behpvior of the
Subsystem.

al | Spgci ficationEl enents : Set(Mdel El enent)

al | SpgcificationEl enents = sel f.all Contents->sel ect(c | c.elenent Omershi p.isSgecification

)

[2] The opgration contents resultsin a Set containing the Model Elements owned by or itnported by the Subsystem.
cont e:[t s : Set(Mdel El enent)

contents = sel f. ownedEl enent - >uni on(sel f.inportedEl erent)
4.14.4 Semantics

4.14.4.1 Hackage

Generalization Package ModelElement

Figure 33 | Package illustration - shows\RPackage and its environment in the
metamodel by flattening the-nheritance hierarchy.

The purposg of the package construet is to provide a general grouping mechanism. A package cannot be instantiated, thusiit
has no runtime semantics. In fagtts only semanticsis to define a namespace for its contents. The package copstruct can be
used for ordanizing elements for any purpose; the criteriato use for grouping elements together into one package are not

defined within UML.

A package ¢wns a set'of ‘model elements, with the implication that if the package is removed from the model, [so are the
elements owned by-the package. Elements with names, such as classifiers, that are owned by the same package must have
unique namgs within the package, although elementsin different packages may have the same name.

There may be+elationshipsbebween-clerments-eontahecHthe-same-package-ana-between-ar-etermentr-enepackage and an
element in a surrounding package at any level. In other words, elements “see” all the way out through nested levels of
packages. (Note that a package with the stereotype «topL evel» defines the outer limit of this outward visibility.) Elementsin
peer packages, however, are encapsulated and are not a priori visible to each other. The same goes for elements in contained
packages, that is, packages do not see “inwards.” There are two ways of making elements in other packages available: by
importing/accessing these other packages, and by defining generalizations to them.

An import dependency (a Permission dependency with the stereotype «import») from one package to another means that the
first package imports all the elements with sufficient visibility in the second package. Imported elements are not owned by the
package; however, they may be used in associations, generalizations, attribute types, and other relationships owned by the
package. A package defines the visibility of its contained elements to be private, protected, or public. Private elements are not
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available at all outside the containing package. Protected elements are available only to packages with generalizations to the
package owning the elements, and public elements are available also to importing and accessing packages. Note that the
visibility mechanism does not restrict the availability of an element to peer elements in the same package.

When an element isimported by a package it extends the namespace of that package. It is possible to give an imported element
an aliasto avoid name conflicts with the names of the other elements in the namespace, including other imported elements.
The alias will then be the name of that element in the namespace; the element will not appear under both the alias and its
original name. An imported element is by default private to the importing package. It may, however, be given amore

permissive

A package
supplier paq
supplier.

The access
makes elem
package arg
accessing p

A package

by a packag
children the
namein the
package. Rd

A package
include reus
sometimes

4.14.4.2 H

A profile st
“Extension
Profiles can
definitions

In addition,
applicable f
interpretatiq

Relations
A profile pg

Sbitity Terative to the Tmportmg package; that 1S, the focat visibitity may be defimed as protected

vith an import dependency to another package imports all the public contents of the namespace’de
kage, including elements of packages imported by the supplier package that are given public visik

Hependency (a Permission dependency with the stereotype «access») is similar totheimport depet

included in the namespace of the client. They are simply referred to by theit full pathname whenr
bckage. Clearly, they are not visible to packages in turn accessing or importing this package.

an have generalizations to other packages. This means that the public’and protected elements ow
e are also available to its children, and can be used in the same way as any element owned or imp
mselves. Elements made available to another package by the{use of a generalization are referred t
child asthey are in the parent. Moreover, they have the safme visibility in the child as they havein
b ati onshi ps between the ancestor package and other mode! elements are also inherited by the child

tan be used to define a framework, specifying a reusable architecture for al or part of a system. Fr
babl e classes, patterns or templates. When frameworks are specialized for an application domain, t
eferred to as application frameworks.

rofile

breotype of Package contains one or'iore related extensions of standard UML semantics (refer to
M echanisms,” on page 69). These'are normally intended to customize UML for a particular domal
contain stereotypes, tag definitions, and constraints. They can also contain data types that are usg)
or informally declaring the types of the values that can be associated with tag definitions.

aprofile package can'specify arelated model library and identify a subset of the UML metamode]

nsthat capture demain-specific semantics and modeling patterns. They do not add any new fundari

nips between profiles
Ickage can have the usual relationships with other packages such as generalization, import, and acd

or public.

fined by the
ility in the

hdency in that it

ents in the supplier package available to the client package. However, in thisgase no elementsin the supplier

sferenced in the

hed or imported
brted by the

b by the same
the parent
package.

ameworks may
ey are

Section 4.6,
N or purpose.

d by tag

that is

pr the profile. In principle, profiles merely refine the standard semantics of UML by adding furthey| constraints and

nental concepts.

ess. These have

the usual se

Mantics. They are useful to profile designers who may want to import elements from one profilein

to another, or to

combine two or more profiles. However, care should be taken to combine these in a consistent way. For example, extensions
from different profiles may be incompatible and their respective constraints may contradict each other. In this revision of
UML, no forma mechanisms are defined to verify that a combination of two or more profilesis mutually consistent.

Profile generalization

Generalization of profilesis arelationship between a profile and a more general profile. The more specific profile must be

fully consistent with the more general profile; that is, it has al the same tag definitions, stereotypes, and constraints, and may
add further refinements, which must not contradict its parent. Note that the subset of UML defined as applicable by a profileis
not inherited by specializing profiles, whereas relationships to model libraries are.
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Access and import dependencies between profiles

Profiles can have access and import dependencies with the usual semantics. This alows elementsin one profile to access or
use elements in the related profiles. An applied profiles dependency will alow a client package to use all stereotypes and tag
definitions accessible by the supplier package. Asin all other types of packages, a profile can own other profiles with standard
semantics of ownership and accessibility.

Applying a profile to a package

A UML madel can be based on a number of different UML profiles. The applicable profiles are identified by
stereotyped|«appliedProfile» dependencies from the UML model package to the appropriate profile packages:
enables the UML model to access the stereotypes and tag definitions of these profiles.
4.14.4.3 Subsystem
Gengralization Subsystem H ModelElement
* *
BehavigralFeature A)systemlnstance Interface
Figure 34 { Subsystem illustration - shows Subsystem and-its environment in the

The purposy

metamodel by flattening the inheritance hierarchy.

e Of the subsystem construct is to provide a grouping mechanism for specifying a behavioral unit o

system. Apdrt from defining a namespace for its contents, a subsystem serves as a specification unit for the be

contained m

odel elements.

The contents of a subsystem are defined in the same way as for a package, thusit consists of owned elements

elements, Wi
specificatio
the subsystd
of realizatia
the realizati
hence owne

The specifid
and receptiq
revealing ar
cases and/o

ith unique names or aliases within the subsystem. The contents of a subsystem are divided into tw
n elements and 2) realization elements. The specification elements, together with the operations ar
M, are used for giving an abstract specification of the behavior offered by the realization elements
n elements model the+nterior of the behavioral unit of the physical system. Consequently, subsysted
bn part represent stibordinate subsystems; that is, subsystems at the level below in the containmen
d by the currentisubsystem.

ation of arsubsystem thus consists of the specification elements together with the subsystem’s feat
ns). It specifies the behavior performed jointly by instances of classifiersin the realization subset,
ything about the contents of this subset. The specification istypically made in terms of model elem

specially
his declaration

f aphysica
havior of its

and imported

D subsets: 1)

d receptions of

. The collection
Ims contained in
t hierarchy,

Ires (operations
without
lents such asuse

ips between

operations, although other kinds of model elements like classes, interfaces, constraints, relati oniflu
model elements, Staie machines may also be used. USE Cases are U 0 SpeciTy complete sequences performed by the
subsystem; that is, by instances of its contained classifiersinteracting with its surroundings. Operations are suitable to
represent simpler subsystem services that are used independently of each other; that is, not in any particular order.

A subsystem has no behavior of its own. All behavior defined in the specification of the subsystem is jointly offered by the
elementsin the realization subset of the contents. In general, since subsystems are classifiers, they can appear anywhere a
classifier is expected. It follows that, since the subsystem itself has no behavior of its own, the requirements posed on the
subsystem in the context where it occurs are fulfilled by the realization of the subsystem.

The correspondence between the specification and the realization of a subsystem can be specified in several ways, including
collaborations and «realize» dependencies. A collaboration specifies how instances of the realization elements cooperate to
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jointly perform the behavior specified by a use case, an operation, etc. in the subsystem specification; that is, how the higher
level of abstraction istransformed into the lower level of abstraction. A stimulus received by an instance of a use case (higher
level of abstraction) corresponds to an instance conforming to one of the classifier roles in the collaboration receiving that
stimulus (lower level of abstraction). This instance communicates with other instances conforming to other classifier rolesin
the collaboration, and together they perform the behavior specified by the use case. All stimuli that can be received and sent by
instances of the use cases are also received and sent by the conforming instances, although at alower level of abstraction.
Similarly, application of an operation of the subsystem actually means that a stimulus is sent to a contained instance that
performs a method.

There are ty
the proper r
an associati
subsystem i
directing th
subsystem.

specificatio
variation pd
Communica
these instan
achieved by
using the vi
specificatio
A subsyster]
of asubsyst
ancestor sulf
all elementd
elements, &

A subsyster]
the interfacq

0 ways of communicating with a subsystem, either by sending stimuli to the subsystem itself-t0.b
ECipient inside the subsystem, or by sending stimuli directly to the recipient inside the subsystem.
DN is defined with the subsystem itself to enable stimuli sending. (In the abstract syntaxthisis han
hstance being connected by links corresponding to this association, receiving stimuli Semt to the su
bm to instances within the subsystem instance. Hence the subsystem instance is the #runtime repres
Note that this subsystem instance still does not perform any of the behavior specified in the subsy:
n.) How stimuli sent to the subsystem are re-directed to internal instances is not'defined but left ag
int.

ting with a subsystem by sending stimuli directly to instances withinthe subsystem requires that
Ces are available within the sender’s namespace so that they can be connected by associations. Th

import or access permissions. I mporting and accessing subsystemsis done in the same way as wi
i bility property to define whether elements are public, protected, or private to the subsystem. Bot
N part and the realization part of a subsystem may includeimported elements.

N can have generalizations to other subsystems. This'means that the public and protected elements
em as well as operations and receptions are also.available to its heirs. Furthermore, relationships b
system and other model elements are inherited'by specializing subsystems. In aconcrete (non-ab
in the specification, including elements from*ancestors, are completely realized by cooperating r
b specified with, for example, a set of collaborations. This may not be true for abstract subsystems

e re-directed to

nthefirst case,

dled by asingle
bsystem, and re-
bentative” of the
stem

asemantic

s can be
h packages,
h the

Teclassifiersof

in the contents

etween an

ract) subsystem
ization

n may offer a set of interfaces. Thisimpliesthat for each operation defined in an interface, the suljsystem offering
P must have a matching operation, @ither as a feature of the subsystem itself or of a specification element. The

rel ationship between interface and subsystem is not necessarily one-to-one. Interfaces of a subsystem are usudlly contained in
the same ngmespace as the subsystem-itsalf, but may also be contained in the specification of the subsystem. In the latter case,
elements ugng these interfaces must have an import or access rel ationship with the subsystem to gain access {o the interfaces.
In cases when the physical system has several parts with the same definition, the subsystem is specified to be ipstantiable. The
parts are then instances of.this subsystem. Note, however, that al behavior specified for the subsystem is till [performed by
instances cqntained in the-subsystem instances, not by the subsystem instances themselves.
4.14.4.4 Model
ModelElement Model Package
*
Figure 35 - Model illustration - shows Model and its environment in the
metamodel by flattening the inheritance hierarchy.
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A model is adescription of aphysical system with a certain purpose, such asto describe logical or behavioral aspects of the
physical system to a certain category of readers. Examples of different kinds of models are ‘use case,’ ‘analysis,” ‘design,” and
‘implementation,” or ‘computational,” ‘engineering,” and ‘ organizational’ each representing one view of a physical system.

Thus, amodel is an abstraction of a physical system. It specifies the physical system from a certain vantage point (or
viewpoint); that is, for acertain category of stakeholders (for example, designers, users, or orderers of the system), and at a
certain level of abstraction, both given by the purpose of the model. A model is complete in the sense that it covers the whole
physical system, although onIy those aspects rel evant to |ts purpose; that is, within the g|ven Ievel of abstractlon and vantage
point, arerd SCITHE j ' oloverlapping; no

part of the

A model co
system. Thi
to have mor

hysical systemis captured more than once inamodel.

Nsists of a containment hierarchy where the top-most package or subsystem represents the boundar
5 package/subsystem may be given the stereotype «topL evel» to emphasize its role withih the mod
e than one containment hierarchy within amodel; that is, the model contains a set.of top-most pag

subsystems

The model

each being the root of a containment hierarchy. In this case there is no single package/subsystem t

ay also contain model elements describing relevant parts of the system’s erivironment. The envir,

the physi caIJ?system boundary.

typicaly m
subsystem 1
the model €

ierarchy. They may be collected in a separate package, or owned directly by the model. These mod
ements representing the physical system may be associated with(each other.

A model may be a specialization of another model viaa generalization.réelationship. Thisimpliesthat all publ

elementsin

the ancestor are also available in the specialized model under the same name and interrelated as i

of the physical
. Itispossible
ages/

at represents

pnment is

deled by actors and their interfaces. Asthese are external to the physical’ system, they reside outside the package/

el elementsand

¢ and protected
the ancestor.

A model may import or access another model. The semantics isthe same as for packages. However, some of §he actors of the

supplier moj
the physical
layer. Thec
actors.

The conten
together wi

There may
abstraction

del may beinternal to the client. Thisisthe case,for example, when the imported model represents
system than the client model represents. Then'some of the actors of the lower layer model repres:
bnformance requirement is that there must-he classifiersin the client whose instances may play th

of amodel isthe transitive closure'of its owned model elements, like packages, classifiers, and r
h inherited and imported elements:

be rel ationshi ps between model elementsin different models, such as refinement and trace. A trac

element in

Hependency with the stereotype «trace» indicates that the connected (sets of) model elements reprg

ne model. Thus traces are usually non-directional dependencies. Relationships between model ele

concept. TrIce is used for tracing nequirements between models, or tracing the impact on other models of ach
d

different m
of models. |

el s have no impact on the model elements’ meaning in their containing models because of the sg
Note, thoughythat even if inter-model relationships do not express any semanticsin relation to the

may have sémanticsin-relation to the reader or in deriving model elements as part of the overall development

Models may

be nested (for example, several models of the same physical system may be collected in a model
systemM odel»). The models contained in the «systemM odel» all describe the physical system fro|

alower layer of
Nt the upper
e roles of such

bl ati onships,

b that is, an
bsent the same
Bnge to a model
mentsin

I f-containment
models, they
process.

with the
m different

stereotype <

viewpoints, the viewpoints not necessarily digoint. The «systemModel» also contains al inter-model relationships. A
«systemM odel» constitutes a comprehensive specification of the physical system.

A large physical system may be composed by a set of subordinate physical systems together making up the large physical
system. In this case each subordinate physical system is described by its own set of models collected in a separate
«systemModel». Thisis an alternative to having each part of the physical system defined as a subsystem.

4.14.5 Notes

In UML, there are three different ways to model a group of elements contained in another element; by using a package, a
subsystem, or aclass. Some pragmatics on their use include:
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« Subsystems provide grouping suitable for top-down devel opment, since the requirements on the behavior of their
contents can be expressed before the realization of this behavior is defined. Furthermore, from a bottom-up
perspective, the specification of a subsystem may also be seen as a provider of “high level APIS’ of the subsystem.

¢ Classes are used when the container itself should have instances, so that it is possible to define composite objects.

As Subsystem and Model both are Packages in the metamodel, all three constructs can be combined arbitrarily to organize a
containment hierarchy. For example, a Subsystem may be defined using a set of Models, in which case these

Viodels are

contained in the Subsystem. Another exampleisa set of components defined by Subsystems, collected in‘aPatkage defining a
reuse library.
Itisatool igsue to decide how many of the imported elements must be explicitly referenced by the'importing package; that is,

how many

Elementimport links to actually implement. For example, if all elements have the default visibility|(private) and

their origingl namesin the importing package, the information can be retrieved directly from'the imported pagkage.

If atool dog
isSpecificat

defined, for|details.

Theissue of
for anon-in

metaclass |

Because thi

mstance, thus getting the desired characteristics.

5 is alogical model of the UML, distribution or sharing-of models between tools is not described.

It is expectgd that tools will manage presentation elements, ifparticular diagrams, that are attached to model

S Not support the separation of specification and realization elements for Subsystem, then the valye of the
on attribute for ElementOwnership should be false by default. See the Cere package, where ElemgntOwnershipis

how to represent the runtime presence of a Subsystem has beensolved by introducing Subsysterinstance, even
Stantiable Subsystem. An alternative, lessintuitive, solution.would be to have the metaclass Subsystem inherit the

bl ements.
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ML Notation Guide

Background

This guide describes the notation for the visual representation of the Unified Modeling Language (UML). This notation
document contains brief summaries of the semantics of UML constructs, but the UML Semantics chapter must be consulted
for full details.

5.1 Intr

This chaptef

model elem|
more than g

pduction

isarranged in parts according to semantic concepts subdivided by diagram types. Within €ach di

ne diagram. An attempt has been made to place each description where it is used the'most, but be

bnts that are found on that diagram and their representation are listed. Note that many.model eleme]

pgram type,
nts are usablein
pware that the

document ipvolvesimplicit cross-references and that el ements may be useful in places other than the section i which they are

described. H

e aware also that the document is nonlinear: there are forward references ifvit-1t is not intended t

document that can be read linearly, but a reference document organized by affinity,ef\Concept.

Each part of
constructs.
the chapter.

Sem
chayl

Nota

Pres
filtel
with

Dyn
excd
“ser
used
opti

thingis. Note that a teol s not supposed to pick just one of the presentation options and implement it. Td
5 the options-ofsel ecting among various presentation options, including some that are not describg

user
docy

this chapter is divided into sections, roughly corresponding to imporiant model elements and not

Within each section the following subsections may be found:

bntics: Brief summary of semantics. For afuller explanation’and discussion of fine points, see the
ter in this specification.

tion: Explains the notational representation of theésemantic concept (“forward mapping to notatio

bntation options. Describes various options inypresenting the model information, such as the abilit
information, alternate ways of showingthings, and suggestions for alternate ways of presenting i
n atool.

ben notation.” The ability to extend the notation can lead to unintelligible dialects, so we hope this
in intuitive ways. Thewatthors have not sought to eliminate all the ambiguity that some of these p|
bns may introduce,-because the presence of the underlying model in a dynamic tool servesto easil

ment.

. Stylg

of

guidélines: Include suggestions for the use of stylistic markers, such as fonts, naming conventior
mbols that are not epr|C|tIy part of the notat|on but that hel p to make dlagrams more readable Tl

Note that some of these constructs are used within other constructs;. do not be misled by the flatten

ami ¢ tools need the freedom to_present information in various ways and the authors do not want tg
ssively. In some sense, we are,defining the “canonical notation” that printed documents show, rath

b be ateaching

ational
ed structure of

ML Semantics

n”).

to suppress or
hformation

restrict this

er than the

freedom will be

resentation
disambiguate

ols should offer

bd in this

s, arrangement
hese are similar

consistent gmdel ines of your own choosi ng isrecommended in any case.

sample.

the use of some

Example: Shows samples of the notation. String and code examples are given in the following font: This is a string

Mapping: Shows the mapping of notation elements to metamodel elements (“reverse mapping from notation”). This

indicates how the notation would be represented as semantic information. Note that, in general, diagrams are
interpreted in a particular context in which semantic and graphic information is gathered simultaneously. The
assumption isthat diagrams are constructed by an editing tool that internalizes the model asthe diagramis constructed.
Some semantic constructs have no graphic notation and would be shown to a user within atool using aform or table.
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Part 2 - Diagram Elements

5.2 Graphs and Their Contents

Most UML diagrams and some complex symbols are graphs containing nodes connected by paths. The information is mostly
in the topology, not in the size or placement of the symbols (there are some exceptions, such as a sequence diagram with a
metric time axis). There are three kinds of visual relationships that are important:

su¢h aslists of strings or other symbols. Many of them are divided into compartments of similar or d

appear in some sequence on theend of the path and that qualify the meaning of the path symboal.

1.
2. col
3. vig
These visug
UML notati
(suchascu
and navigat
Thereareb
1. lc
Wi
2. 2
Pal
del
3. P4
alt
atty
4, 9

5.3 Drawing Paths

no
for
Sty
po!
grd

coInection (usualy of lines to 2-d shapes),

Iscal ly four kinds of graphical constructs that are used in UML n@tation:

tainment (of symbols by 2-d shapes with boundaries), and
ual attachment (one symbol being “near” another one on a diagram).
relationships map into connections of nodes in a graph, the parsed form of the notation.

n is intended to be drawn on 2-dimensional surfaces. Some shapes are 2-dimensional projections
es), but they are still rendered as icons on a 2-dimensional surface. In theiear future, true 3-dime
on may be possible on desktop machines; however, it is not currently. foractical.

ns- Aniconisadgraphical figure of afixed size and shape, ltdoes not expand to hold contents. 1G
hin area symbals, as terminators on paths or as standal one symbols that may or may not be conney

Symbols - Two-dimensional symbols have variable height and width and they can expand to hold

hs are connected to two-dimensional symbols:y. terminating the path on the boundary of the symk
eting a 2-d symbol affects its contents and any paths connected to it.

ths - Sequences of line segments whose-endpoints are attached. Conceptually a path is a single tog
hough its segments may be manipulated graphically. A segment may not exist apart from its path. H
bched to other graphic symbols at oth ends (no dangling lines). Paths may have terminators; that

ings - Present various kinds of informationin an “unparsed” form. UML assumes that each usage
ation has a syntax by which it can be parsed into underlying model information. For example, syn

ngs may exist:as'singular elements of symbols or compartments of symbols, aselementsin lists (i
ition in thelist conveys information), as labels attached to symbols or paths, or as stand-alone ele
im.

of 3-d shapes
nsional layout

pNS may appear
Cted to paths.

other things,
fferent kinds.
ol. Dragging or

jological entity,
Paths are always
is, icons that

bf astring inthe
taxes are given

attributes, operations, and transitions. These syntaxes are subject to extension by toolsasa pr@emtati on option.

which case the
ments on adia-

A path consists of a series of line segments whose endpoints coincide. The entire path is a single topological unit. Line
segments may be orthogonal lines, oblique lines, or curved lines. Certain common styles of drawing lines exist: al orthogonal
lines, or al straight lines, or curves only for bevels. The line style can be regarded as atool restriction on default line input.
When line segments cross, it may be difficult to know which visual piece goes with which other piece; therefore, a crossing
may optionally be shown with a small semicircular jog by one of the segments to indicate that the paths do not intersect or
connect (asin an electrical circuit diagram).

In some relationships (such as aggregation and generalization) several paths of the same kind may connect to a single symboal.
In some circumstances (described for the particular relationship) the line segments connected to the symbol can be combined
into a single line segment, so that the path from that symbol branchesinto several pathsin akind of tree. Thisis purely a
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graphical presentation option; conceptually the individual paths are distinct. This presentation option may not be used when

the modelin

5.4 Invi

g information on the segments to be combined is not identical.

sible Hyperlinks and the Role of Tools

A notation on a piece of paper contains no hidden information. A notation on a computer screen may contain additional
invisible hyperlinks that are not apparent in a static view, but that can be invoked dynamically to access some other piece of
information, either in agraphical view or in atextual table. Such dynamic links are as much a part of a dynamic notation asthe

visible infofmation, but this guide does not prescribe their form. We regard them as a tool responsibility. This|document

attempts to
show up po

tools, nor dp we want to stifle innovation in new forms of dynamic presentation. Eventually some.of.the dyna

may becom

5.5 Bag

5.5.1 Pre

Each appeal
example, or
them. Toolg
specify the

Not all mod
textual or tg
not assume
Thisdocum
underlying
information

5.6 Stri

A stringisd

may includ¢ non-Roman alphabetSiand characters.

5.6.1 Semantics

Diagram st
strings may

fefine a static notation for the UML, with the understanding that some useful and interesting‘info
prly or not at al in such aview. On the other hand, we do not know enough to specify thedbehaviol

b well enough established to standardize them, but we do not feel that we should doso-now.

kground Information

sentation Options

[ance of a symbol for a class on adiagram or on different diagrams may have its own presentation
e symbol for a class may show the attributes and operations and‘another symbol for the same clas
may provide style sheets attached either to individual sympols or to entire diagrams. The style sh
bresentation choices. (Style sheets would be applicable to/most kinds of symbols, not just classes.

eling information is presented most usefully in a graphical notation. Some information is best pre;
bular format. For example, much detailed programming information is best presented as text lists.
that all of the information in a model will be expressed as diagrams; some of it may only be availa
ent does not attempt to prescribe the format-@f such tables or of the formsthat are used to accessth
nformation is adequately described in theldML metamodel and the responsibility for presenting t

ng

L sequence of characters,in some suitable character set used to display information about the modef

ings nornially map underlying model strings that store or encode information about the model, alt
exist purely on the diagrams. UML assumes that the underlying character set is sufficient for repr

mation may
r of al dynamic
Mmic notations

choices. For
5 May SUppPress
pets would

bented in a

The UML does
ble as tables.
em, because the
bbular

isatool responsibility. It is assumedthat hidden links may exist from graphical itemsto tabular ifems.

. Character sets

hough some
bsenting

haracters in various human languages; in particular, the traditional 8-bit ASCII character setisin

multibyte ¢

assumed that the'tool and the computer manipulate and store strings correctly, including escape conventions

S\r)fficient. Itis

for special

characters, and this document will assume that arbitrary strings can be used without further fuss.

5.6.2 Notation

A string is displayed as atext string graphic. Normal printable characters should be displayed directly. The display of non-
printable characters is unspecified and platform-dependent. Depending on purpose, a string might be shown as asingle-line

entity or as

a paragraph with automatic line breaks.

Typeface and font size are graphic markers that are normally independent of the string itself. They may code for various model
properties, some of which are suggested in this document and some of which are |eft open for the tool or the user.
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5.6.3 Presentation Options

Tools may present long strings in various ways, such as truncation to a fixed size, automatic wrapping, or insertion of scroll
bars. It is assumed that there is away to obtain the full string dynamically.

5.6.4 Examples

BankAccount

integrate (f: Function, from: Real, to: Real)
{ duthor = “Joe Smith”, deadline = 31-March-1997, status = analysis }

Thee purpose of the shuffle operation is nominally to put the cards into a random configuration.
Hdwever, to more closely capture the behavior of physical decks, in which-blocks of carfls may stick
together during several riffles, the operation is actually simulated by cuatting the deck angl merging the
cafds with an imperfect merge.

5.6.5 Mapping

A graphic sfring maps into a string within a model element. The mapping - depends on context. In some circunjstances, the
visual string is parsed into multiple model elements. For example, an operation signature is parsed into its varjous fields.
Further details are given with each kind of symbol.

5.7 Name

5.7.1 Semantics

A nameis gstring that is used to identify a model elerment uniquely within some scope. A pathname is used t¢ find a model
element stafting from the root of the system (orfr@m some other point). A nameis a selector (qualifier) withim some scope—
the scope igimade clear in this document for-each element that can be named.

A pathname is a series of nameslinked together by adelimiter (such as‘::"). There are various kinds of pathnarpes described in
this document, each in its proper place and with its particular delimiter.

5.7.2 Notation

A nameis displayed as@text string graphic. Normally aname is displayed on a single line and will not contaijp nonprintable
characters. Tools and(lahguages may i mpose reasonabl e limits on the length of strings and the character set they use for names,
possibly mqre restrictive than those for arbitrary strings, such as comments.

5.7.3 Example

Names:;
BankAccount
integrate
controller
abstract

this_is_a_very long_name_with_underscores
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Pathname:
MathPak::Matrices::BandedMatrix
5.7.4 Mapping

Maps to the name of a model element. The mapping depends on context, as with String. Further details are given with the
particular element.

5.8 Label
A label isalstring that is attached to a graphic symbol.

5.8.1 Seinantics

A label is afterm for a particular use of astring on adiagram. It is purely a notational term.

5.8.2 Notation

A label isalstring that is attached graphically to another symbol on a diagram.\Visually the attachment normally is by
containment of the string (in a closed region) or by placing the string neaf thé symbol. Sometimes the string i$ placed in a
definite pogtion (such as below a symbol) but most of the time the statement is that the string must be “near” the symbol. A
tool maintafns an explicit internal graphic linking between alabel and a graphic symbol, so that the label drags with the
symbol, butfthe final appearance of the diagram is a matter of aesthetic judgment and should be made so that there isno
confusion apout which symbol alabel is attached to. Although the attachment may not be obvious from a visyal inspection of
adiagram, the attachment is clear and unambiguous at thegraphic level (and poses no ambiguity in the semarjtic mapping).

5.8.3 Prgsentation Options

A tool may pisually show the attachment of a label to another symbol using various aids (such asalinein a gijven color,
flashing of matched elements, etc.) as a convenience.

5.8.4 Example

Bank|Account

account

Figure 36 - Attachment by Containment and Attachment by Adjacency

5.9 Keywords

The number of easily-distinguishable visual symbolsislimited. The UML notation makes use of text keywordsin placesto
distinguish variations on a common theme, including metamodel subclasses of a base class, stereotypes of a metamodel base
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class, and groups of list elements. From the user’s perspective, the metamodel distinction between metamodel subclasses and
stereotypes is often unimportant, although it isimportant to tool builders and others who implement the metamodel.

The general

notation for the use of akeyword isto enclose it in guillemets («»):

«keywor d»

Certain predefined keywords are described in the text of this document. These must be treated as reserved wordsin the
notation. Others are available for usersto employ as stereotype names. The use of a stereotype name that matches a predefined

keyword is Il formed.

5.10 EXpression

5.10.1 S¢mantics

Various UML constructs require expressions, which are linguistic formulas that yield values when evaluated 3

Theseinclu
expressions
the UML 4

also be used.

UML avoid

He expressions for types, boolean values, and numbers. UML does not incltide an explicit linguisti
Rather, expressions are expressed as stringsin a particular language. The OCL constraint languag
mantic definition and may also be used at the user level; other languages (such as programming 13

5 specifying the syntax for constructing type expressions because they are so language-dependent.

t run-time.
c analyzer for
eisused within

nguages) may

It is assumed

that the nane of a class or simple data type will map into a simple Classifier reference, but the syntax of complicated

language-de
5.10.2 N

An expressi
and alingui
of the apprd
EXPression €
knownto a
its purpose

5.103 E

B
B

a

[

Il

)

pendent type expressions, such as C++ function pointers,'is the responsibility of the specification

ptation

pon is displayed as a string defined in a particular |language. The syntax of the string is the responsi
5tic analyzer for the language. The assumption is that the analyzer can evaluate strings at run-time
priate type, or can yield semantic structures to capture the meaning of the expression. For exampl
bval uates to a Classifier reference, andaboolean expression evaluatesto atrue or false value. Thel
modeling tool but is generally.implicit on the diagram, under the assumption that the form of the e
Clear.

amples

nkAccount
nkAccount=(*) (Person*, int)
ay [1:.20] of reference to range (-1.0..1.0) of Real

>\oand self.size > i ]

language.

bility of atool

toyield values
b, atype

bnguage itself is
pression makes

5.10.4 Mapping

An expressi

on string maps to an Expression element (possibly a particular subclass of Expression, such as

ObjectSetExpression or TimeExpression).

5.10.5 OCL Expressions

UML includes a definition of the OCL language, which is used to define constraints within the UML metamodel itself. The
OCL language may be supported by tools for user-written expressions as well. Other possible languages include various
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computer languages as well as plain text (which cannot be parsed by atool, of course, and is therefore only for human
information). The OCL language is defined in the “ Object Constraint L anguage Specification” chapter.

5.10.6 Selected OCL Notation

Syntax for some common navigational expressions are shown below. These forms can be chained together. The leftmost
element must be an expression for an object or a set of objects. The expressions are meant to work on sets of values when
applicable.

item*." selector The selector is the name of an attribute in the item or the name of| the target end
of alink attached to the item. The result is the value of the/attribute or the related
object(s). The result is avalue or a set of values depending on the multiplicities of
the item and the association.

item ‘.’ selector ‘[* qualifier-value ‘]’ The selector designates a qualified association that qualifies the item. The

qualifier-value is a value for the qualifier attribute. The result is the related object
selected by the qualifier. Note that this syntax is applicable to array indexing as a
form of qualification.

set *->' ‘sdect’ ‘(* boolean-expression ‘)’ The boolean-expression is written'in terms of objects within the sgt. The result is
the subset of objects in the set for which the boolean expression i$ true.

5.10.7 Examples
flight.pilot.training_hours > flight.plane.minimum*hours

company.employees—>select (title = “Manager” and self.reports—>size > 10)

5.11 Nqte

A noteisagraphical symbol containing textual information (possibly including embedded images). It is a notgtion for
rendering various kinds of textual informatién from the metamodel, such as constraints, comments, method boglies, and tagged
values.

5.11.1 Semantics
A noteisanotational item.dt shows textual information within some semantic element.

5.11.2 No¢tation

A note is shown'as’a rectangle with a*“bent corner” in the upper right corner. It contains arbitrary text. It appegrson a
particular diagram and may be attached to zero or more modeling elements by dashed lines.

5.11.3 Presentation Options

A note may have a stereotype.

A note with the keyword “constraint” or a more specific stereotype of constraint (such as the code body for a method)
designates a constraint that is part of the model and not just part of a diagram view. Such anote isthe view of amodel element
(the congtraint).
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5.11.4 Example

Also see Figure 59 on page 211 for a note symbol containing a constraint.

meeti

This model was built
by Alan Wright after

ng with the

missi

bn planning team.

Figure 37 -

5115 M

A note may/|
known to a
modeling el

* acofstraint,

e atag
* thel
* othe

It may also

5.12 Ty

A major putpose of modeling is to prepare generic descriptions that describe many specific items. Thisis ofte
e dichotomy. Many or most(ofythe modeling concepts in UML have this dual character, usually modeled by two

type-instang

paired modéling elements, one represents the generic descriptor and the other the individual items that it desc

of such pair

Note

Apping

represent the textual information in several possible metamodel constructs;Sit must be created in g
fool, and the tool must maintain the mapping. The string in the note m&ps to the body of the corres
ement. A note may represent:

ged value,
ody of amethod, or
string values within modeling elements.

epresent a comment attached directly to a diagram element.

pe-Instance Correspondence

5in UML include: Class:Object, Association-Link, UseCase-UseCaselnstance, M essage-Stimul

Although di
Therefore, i
apparent im
type-instand
name string

without bei Tg Querpowering even when an entire diagram contains instance elements.

184

agrams for type-like elements and instance-like elements are not exactly the same, they share mar
| i s conveni ent.to-choose notation for each type-instance pair of elements such that the correspond
mediately.-There are alimited number of waysto do this, each with advantages and disadvantages
e distinction is shown by employing the same geometrical symbol for each pair of elements and by
(including type name, if present) of an instance element. This visual distinction is generally easily

ontext that is
foonding

N known asthe

ibes. Examples

us, and so on.

y similarities.

enceisvisually

. In UML, the
underlining the
apparent
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pl: Point
Point x=3.14
x: Real y=2.718
y: Real
rotate (angle: Real)
scgle (factor: Real)
Point
x=1
y=1.414

Figure 38 { Classes and Objects

A tool isfreeto substitute adifferent graphic marker for instance elementsat the user’s option, such as color, fi
on.

Roles (in cqllaborations) are somewhat between types and instances: Like instances, they identify distinct ocg
single classifier. Like types, they describe a reusable element that can have many distinct instances. A roleis 3
use of aclassifier, but one that is still part of a general description (a collaboration) that can be used to create
A run-time pbject may correspond to zero or more classes and to zero or more roles. The notation for arole pe
of its base dassifiers. The notation for an instance permits specification of its classifiers, its roles, or both.

Aroleis ig:ﬂcated by a name, colon, and type, notyunderlined and part of a collaboration. Aninstance isindic
optional name, optional slash followed by listiof toles, colon, and list of types.

| patterns, or so

urrences of a

distinguishable
many instances.
rmitsindication

ated by an

o 4 - pl/lead: Point
e
~N
7 : x=3.14
: AN
/ lead:{Paoint . y=2718
// \
| |
/
\ tail: Point ' —
\ / p2/lead.tail:Point
/
N “ / x=1
~ - - y=1414
roles objects

Figure 39 - Roles and objects
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Part 3 - Model Management

5.13 Package

5.13.1 Semantics

A packageis agroup| ng of model elements Packag& themsel Ves may be nested W|th| n other packag&s A package may

contain subg

into packages.

i be organized

Note that packages own model elements and are the basis for configuration control, storage, and access contrdl. Each element
tly owned by a single package, so the package hierarchy isastrict tree. However, packages can reference other

odel ed by using one of the stereotypes «import» and «access» of Permission dependency, so the usage network is
agraph. Other kinds of dependencies between packages usually imply that one or more dependencies among

can be direqd
packages,

exists.

5.13.2 N

A packagei
rectangle. It

The contents of the package may be shown within the large rectangles€ontents may also be shown by branch

contained
end attach

e Ifth

with

e Ifth

the tpb.

A keyword
are notated

A list of properties may be placed inbraces after or below the package name. Example: { abstract} . See Sectior

Properties,”

Thevisibilif

symbol (‘+
Relationshi

Animport gr access'rel ationship between two packagesis drawn as a dashed arrow with open arrowhead, |

string «imp

ptation

isthe common folder icon.

he elements

s shown as alarge rectangle with a small rectangle (a“tab”) attached to the left side of the top of the large

ng linesto

ements, drawn outside of the package (see Figure 40 on page 187). A plus sign (+) within acirclelis drawn at the

to the container.

n the large rectangle.
¢ contents of the package are shown withinthe large rectangle, then the name of the package may |

5tring may be placed above the package name. The predefined stereotypes facade, framework, stu
vithin guillemets.

on page 197 for details'of property syntax.

for public, /< for private, ‘# for protected, ‘~' for package).

bs may_be drawn between package symbols to show relationships between some of the elementsi

Dr{»0r «access», respectively.

b contents of the package are not shown withinthélarge rectangle, then the name of the package may be placed

e placed within

b, and topLevel

5.17, “Element

y of a package element outside the package may be indicated by preceding the name of the elemet by a visibility

the packages.
bled with the

Elements from imported or accessed packages may be shown outside the package symbol. As (public) elementsin imported

packages ar

e added to the client namespace, they may alternatively be drawn inside the package symbol.

5.13.3 Presentation Options

A tool may

show visibility by a graphic marker, such as color or font.

A tool may also show visibility by selectively displaying those elements that meet a given visibility level; for example, al of
the public elements only.

186

© ISO/IEC 2005

- All rights reserved


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

A diagram showing a package with contents must not necessarily show all its contents; it may show a subset of the contained

elements according to some criterion.

The contents of a package may also be shown using tree notation. The namespace ownership rel ationships between the
package and its elements are marked with a circle with acrossin it a the owning end.

5.13.4 Style Guidelines

It is expectgdthatpackages withrtargecontents witt-beshownmas simptetcons withmames, rwhichrthecontents may be
dynamically accessed by “zooming” to adetailed view.
5.13.5 Example
Editor
1
[@mport> | Controller
|
| «import» |
| W |
| |
import ; [
[ 9MPO> | Diagram | coeess)
I I Elements I
1 ! i |
| ; «access» | :
1
1V ¥ 1V —
Dorain Graphics |~ _ _____|9mPo> | Windowing
Elements Core System
/] /]
MotifCore Motif
1
Microsoft
1 - o — e = = = — — — — - - -
Figure 40 - Packages and their access and import relationships.
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]
Editor
B
_\ —l
Diagram Domain
Controller Elements Elements
Figure 41 | Some of the contents of the Editor package shown in a tree structure.
5.13.6 Mapping
A package symbol maps into a Package element. The name on the package symbol is the name of the Packageg element. If

there is a stfing above the package name other than «model» or «subsystem, then it maps into a Package eler

correspondi

respectivelyl.

A relationsh
relationship

A symbol d
element eitl
which case

the current

package syn
Symbols co
to elements

5.14 S

5.14.1 Sqg

hg stereotype. If there is a string «model» or «subsystems) then it mapsinto a Model or Subsysten

ip icon drawn from the package symbol boundary;to ‘another package symbol maps into a corresp)
to the other package element.

rectly contained within the package symbol;'that is, not contained within another symbol mapsin
er owned or referenced by the package-element. The alias used for areferenced element is often i
t isdirectly visible from the diagramthat the element is not owned by the package. Only the refere
package. Alternatively, a symbol-shewn outside the package symbol, attached to one of the symbg
nbol, denotes a referenced medelelement.

nnected to the package symbol by branching lines with aplus sign at the end attached to the packa
in the package.

bsystem

bmantics

Whereas a |

package isa generlc mechanism for organizing model elements, a subsystem repr%nts abehavior

nent with the
h element,

pnding

to a model

s pathname, in
hceisowned by
swithin the

e symbol, map

Bl unit in the

partitioned into

specification and realization elements. The specification of the subsystem consists of operations on the subsystem together
with specification elements such as use cases, state machines.

Apart from defining a namespace, a subsystem serves as a specification unit for the behavior of its contained model elements.
A subsystem may or may not be instantiable.

5.14.2 Notation

A subsystem is notated basically in the same way as a package, with the addition of afork symbol placed in the upper right
corner of the large rectangle. The name of the subsystem (together with optional keyword, stereotype) is placed within the
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large rectangle. Optionally, especialy if contents of the subsystem are shown within the large rectangle, the subsystem name
and the fork are placed within the tab (the small rectangle).

An instantiable subsystem has the string «instantiable» above its name.

The large rectangle has three compartments, one for operations and one for each of the subsets specification elements and
realization elements. These are usually shown by dividing the rectangle by a vertical line, and then dividing the areato the left
of thisline into two compartments by a horizontal line. The operat|ons are shown in the upper left compartment the
specificatiop
compartments are labeled * Specification Elements’ and Reahzatlon Elements,’ respectively, to avoid potentlal ambiguity. The
operations gompartment is unlabeled. Thisisthe general pattern for subsystem notation, although there-are’many different
ways to cugomizeit in a particular diagram, see Section 5.14.3, “ Presentation Options,” on page 189'and Section 5.14.4,
“Example,”{on page 190.

n

Readlization Elements

Specificgtion Elements

Figure 42 { The general pattern for subsystem tiotation, with three compartments.

The mapping from the realization part to the specification part; that is, to operations and specification elementg, is drawn using
dashed arrovs with closed, hollow arrowkieads. For collaborations, the mapping may also be expressed textudly.

When a subsystem is shown together with other, peer elementsin adiagram, it is often shown without contents, in which case
there are ng compartments in the large rectangle. See Section 5.14.4, “Example,” on page 190.

5.14.3 Piesentation Qptions

The fork symbol may-bereplaced by the keyword «subsystem» placed above the name of the subsystem.
The compartments may be rearranged within the subsystem symbol.

One or morg of\the compartments may be collapsed or suppressed. In cases where more than one diagram is Yysed to show all
information about a particular subsystem, each diagram shows a subset of the subsystem’s features and/or contents. Hence,
compartments not relevant in a particular diagram are suppressed.

All contained elements in a subsystem may be shown together in one, non-labeled compartment; that is, no visual
differentiating between specification elements and realization elementsis done.

Tools may provide alternative ways to differentiate specification elements from realization elements, such as different colors,
using the keyword «specification» for specification elements, etc.
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As with packages, the contents of a subsystem may be shown using tree notation. Distinction between specification and
realization elements may then be done; for example, by having two separate, labeled branches, or by showing the category
separately for each element in the tree as suggested above.

5.14.4 Example

SS1

é____

Ss2 SS3

Figure 43 |/ An overview diagram showing subsystems with inteffaces and their dependencies.

«Intefface»

=] -

operation{(...) : Typel[~~+ — — 7 © h - A
|

- = I ]

b

Figure 44 -| All contained elements of a subsystem shown together without division into
compartments. Here, the subsystem offers operationl(...) although this is not
explicitly shown.

In Figure 44 no visual separation between specification and realization elements is made. The following three figures are
schematic examples where the specification/realization distinction is explicit. Together these figures constitute an example of
how the basic notation for subsystem can be used to show different “views’ of a subsystem in different diagrams, together
giving the whole picture of the subsystem.
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||
«l nterlf ace»

operationl(...) : Typel

Figure 45 { The specification part of a subsystem; compartment for realiZation part is
suppressed. Implicit from the diagram is that the operation4(...) is either an
operation of a specification element (UseCasel or UseCase2) or of the subsystem
itself. Furthermore, in cases where operations are uséd for the specification

but only contained specification elements, there is7no’operations compartment, and

vice versa.

’i

UPCIGt;UIIS(...) . T_y'JCS

Specification Elements

>

UseCasel

>

UseCase2

«Interfaces

operation4(...) : Type4

Realizalion Elements

P _ _
7 J—

Figure 46 { Thé realization part of a subsystem; compartments for specification part;
thatis, operations and specification elements are suppressed. Alternatively,
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’L|

Realization Elements

operation1(...) : Typel <3 | _ _, N

operation2(...) : Type2

~
representedoperatiorh
~- — Operation2

~ I . «Interface»

operatign3(...) : Type3

-4+ - - — — - operation4(.{)\ Type4d

Specifiqation Elements

o=

UsgCasel

/
e -0

UsgCase?2

Figure 47 | The mapping between specification part and realization part shown using

all three compartments, but only those realization elements with relevance to the
mapping are shown. The figure also shows examptes of different ways to express
the mapping.

ShoppingCart 4

Specification Elements |, Realization Elements
«Interface»
i i ShoppingCartH
ShoppingCartHome | «auxiliaryClass» | - ?pflr;gom P — <ailiayClass
: «call» . .
«chil» |7 create(...) HomeObject Shoppingeart | ShoppingCartimpl [ [| ShoppingCart
-7 | | findByPrimaryKey(...) ) .
L’ : «call»
ArtStoreClignt Alns” N
«nterface» «eas Context O
/
A ShoppingCart X ‘
«ch|;>\ HtemCount «auxiliaryClass» | «auxiliaryClass»
etltemCount(... y - . ;
= gbtlt\,...Cuu.".t(( ; ~ RemoteObject ContextObject
getTotal(...)
setTotal(...)

Figure 48 - A component modeled using a subsystem and classes stereotype
«focalClass» or «auxiliaryClass», respectively.
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5.14.5 Mapping

A subsystem symbol mapsinto a Subsystem with the given name. The mapping is analogous to that of package symbols, with
the following addition:

A symbol within acompartment of the large rectangle labeled * Specification Elements’ or ‘ Realization Elements’ is mapped to
a specification or realization element of the subsystem, respectively. An operation signature string within a non-labeled
compartment maps to an operation of the subsystem. Note that a compartment may coincide with the whole rectangle.

A symbol, t
subsystem.

A dashed aif
specificatio
5.15 M(

5.15.1 S¢

A model caj
example, to
model elem
elementsin

hat is not an operation signature string, within a non-labeled compartment maps to an element cor

row with closed, hollow arrowhead from a symbol denoting a realization element to a symbol den
h element or an operation maps to a «realize» relationship between the corresponding-elements.

pdel

bmantics

btures aview of aphysical system. Hence, it is an abstraction of the'physical system with acertain
describe behavioral aspects of the physical system to a certain category of stakeholders. A model

Ents needed to represent aphysical system completely according to the purpose of this particular m
amodel are organized into a package/subsystem hierarchly, where the top-most package/subsyster

boundary of the physical system.

Different m
«systemMo|

Relationshi
containmen
models.

Relationshi

5.15.2 N

A model is
Optionaly,

pdels of the same physical system show different aspects of the system. The pre-defined stereotyp
Hel» can be applied to amodel containing the entire set of models for a physical system.

DS between elements in different models have no semantic impact on the contents of the model s be
| of models. However, they are useful fer tracing refinements and for keeping track of requiremen

DS between models express refinement, import, etc.

ptation

hotated using the erdinary package symbol with asmall triangle in the upper right corner of the lal

model name in the tab.

Rel ationshi
the given ki
arrowhead,

DS between-models as well as relationships between elements in different models are shown using

prid the keyword «trace».

tained in the

oting a

purpose; for
contains all the
bdel. The model
n represents the

D

rause of the self-
s between

gerectangle.

pspecially if contents of the model is shown within the large rectangle, the triangle may be drawn t¢ the right of the

the notation for

hd of Tetationship. In particular, trace dependencies are notated with a dashed line, with an optiong open

5.15.3 Presentation Options

A model may be notated as a package, using the ordinary package symbol with the keyword «model» placed above the name
of the model.
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5.15.4 Example

[ 1 [ 1
YAN VAN . VAN
Use Case Analysis Design
M qutet Vot Meeel
Figure 49 -| Three views of a physical system, each represented by a model.

«system¥ odel » A

VAN
Anglysis Design
Miodel Model

A «systemModel» containing an analysissmodel and a design model.

:'ﬂ

L

D

‘ — ‘ —1 —1 —1 —1

ﬁ\ ﬁ\ ﬁ\ H1‘ ﬁ\ ﬁ\

Figure 51 - Two examples of containment hierarchies with models and subsystems shown
using branching lines. The left hierarchy is based on Model, whereas the right

Figure 50 -

=

one is based on Subsystem.

5.15.5 Mapping
A model symbol maps to a Model with the given name. The mapping is analogous to that of package symbols.
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General Extension Mechanisms

The elementsin this section are general purpose mechanismsthat may be applied to any modeling element. The semantics of a
particular use depends on a convention of the user or an interpretation by a particular constraint language or programming
language; therefore, they constitute an extensibility device for UML.

5.16 Constraint and Comment

5.16.1 Sémantics

A constrai
maintained

UML). Certiain kinds of constraints (such as an association “xor” constraint) are predefined in'UML, others m

defined. A
responsibili

A comment
comment c4

force. Cominents may be used for explaining the reasons for decisions, among other things.

5.16.2 N

A constrain

languages i which formal constraints may be written. One predefined language for writing constraintsis OCL

Constraint |
writtenin a
however).

For an elem
string in bra

For alist of
appear as a

element or the end of the list. A constraint attached to an individual list element does not supersede the generg

may augmej

For asinglg
preferably 1

is a semantic relationship among model elements that specifies conditions and propositions that
true; otherwise, the system described by the model isinvalid (with consequences that are outsid

ser-defined constraint is described in words in a given language, whose syntax and’interpretation
ly. A constraint represents semantic information attached to amodel elementi.not just to a view of

isatext string (including references to human-readabl e documents) attached directly to a model €
In attach arbitrary textual information to any model element of presumed-general importance but it

ptation

isshown asatext stringin braces ({ } ). There is aniexpectation that individual tools may provig

| anguage Specification chapter); otherwise, the edhstraint may be written in natural language. Eag
specific language, although the language is not'generally displayed on the diagram (the tool must

ent whose notation is atext string (sueh as an attribute, etc.), the constraint string may follow the
ces.

elements whose notation isalistof text strings (such as the attributes within a class), a constraint
element in thelist. The constraint applies to all succeeding elements of the list until another cong

nt or modify individual constraints within the constraint string.

ear the naméeof the symbol, if any.

For two gra
element to
within the

phical symbols (such as two classes or two associations), the constraint is shown as a dashed arroy
e other'element labeled by the constraint string (in braces). The direction of the arrow is relevant
nstraint. The client (tail of the arrow) is mapped to the first position and the supplier (head of the

must be

e the scope of
ay be user-
satool

it.

ement. A

has no semantic

ile one or more
(seethe Object
h congtraint is
keep track of it,

blement text

string may
fraint string list
congtraint, but

graphical symbel .(Such as a class or an association path), the constraint string may be placed neay the symbol,

v from one
information
arrow) is

mapped to t

ne secona paosition n the constraint.

For three or more graphical symbols, the constraint string is placed in a note symbol and attached to each of the symbols by a
dashed line. This notation may also be used for the other cases. For three or more paths of the same kind (such as
generalization paths or association paths), the constraint may be attached to a dashed line crossing all of the paths.

A comment is shown as atext string (not enclosed in braces) within a note icon. Syntax for including comments within other
elements (such as expressions or constraints) are not specified by UML but may be provided by atool as part of the expression
syntax for a particular language.
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5.16.3 Example

1 Member-of

Person ' {subset} Committee Represents
: an incorporated entity.

1 Chair-of [

vorker employee employer

Yl Person |O 0.1 company

0..1
bospk

|
I
L 4 — — — — — — — {Person.employer =

Person.boss.employer}

Figure 52 -/ Constraints and comment

5.16.4 Mapping

A constraint string is a string enclosed in braces ({'}).

The constrgnt string maps into the body expression in a Constraint element. The mapping depends on the language of the
expression, which is known to atool but generally not displayed on a diagram.

A constraint string following a list.entry maps into a Constraint attached to the element corresponding to the I|st entry.

A constraint string represented asa stand-alone list element mapsinto a separate Constraint attached to each succeeding model
element corfesponding to.stibsequent list entries (until superseded by another constraint or property string).

A constraint string placed near a graphical symbol must be attached to the symbol by a hidden link by atool gperating in
context. The tool must maintain the graphical linkage implicitly. The constraint string maps into a Constraint gttached to the
element corfesponding to the symbol.

1 Py ot badlt dackhadl ot ottt ) Lt ot | 3 2l
A Conaraln J.IIIIB CAALLACT TOU TU A UCGON TCU ANTuUvy III(]'JDIIII.U ACUNNIOUTATIU AT TOCU U UNIT VWU TITITICTITO L'UIICqJUI L\%} I‘]g to the

symbols connected by the arrow.

A string enclosed in braces in a note symbol mapsinto a Constraint attached to the elements corresponding to the symbols
connected to the note symbol by dashed lines.

A string (not enclosed in braces) in a note attached to the symbol for an element maps into a Comment attached to the
corresponding element.
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5.17 Element Properties

Many kinds of elements have detailed properties that do not have a visual notation. In addition, users can define new element

properties u

sing the tagged value mechanism.

A string may be used to display properties attached to a model element. This includes properties represented by attributesin
the metamodel as well as both predefined and user-defined tagged val ues.

5.17.1 S

Notethat w
and tagged
kinds of prd

A tagged v
well as sem
one or many
mechanism
provide bag
extend the |

"
Lriraritivo

b Use property in ageneral sense to mean any value attached to amodel element, including attribut
/alues. In this sense it can include indirectly reachable values that can be found starting at agiven
perties would have syntax within expressions (not specified by UML) but no explicit ML notati

bntic model elements). The keyword is called atag. Each tag represents a particular kind of prope
kinds of model elements. Both the tag and the value are encoded as strings: Tagged values are ar
of UML permitting arbitrary information to be attached to models. It is-expected that most model
c facilities for defining, displaying, and searching tagged values as strings but will not otherwise
UML semantics. It is expected, however, that back-end tools such<as'code generators, report writer,

will read tagiged values to guide their semanticsin flexible ways.

5.17.2 N

A property
specificatiol

A property

where namg
value. If thg
true you mg
require expl
not a string

Note that pr

ptation

either ametamodel attribute or atagged value) is displayed as a comma-delimited sequence of pr
nsall inside apair of braces ({ } ).

specification has the form
name = value

is the name of a property (metamodel attribute or arbitrary tag) and value is an arbitrary string th
type of the property is Bool eani.then the default valueistrueif the value is omitted. That is, to s
y include just the keyword. (To specify a value of false, you omit the name completely. Properties
icit values. The syntax far displaying the valueis atool responsibility in cases where the underlyin
or a number.

operty strings may-be used to display built-in attributes as well as tagged values.

Boolean properties frequently have the form isName, where name is the name of some condition that may be

these cases,
is the same

Tagged vall

ps { isAhstract = true} .

6s.6an sometimes refer to other model elements (see Section 4.6.2.5, “ TaggedValue,” on page 74).

bS, associ ations,
element. Some
DN,

lue is a keyword-value pair that may be attached to any kind of model element (including diagrany elements as

ty applicableto
extensibility
editors will

se them to

s, and the like

bperty

bt denotes its
jecify avalue of
bf other types

) model valueis

rueor false. In

the form*name” may usually appear by itself, without a value, to mean “isName = true”. For exaqnple, { abstract}

Inthat case, the

usual tagged value format is used except that the value is the name of the model element that is referenced. Alternatively, it
may be represented graphically using a «taggedValue» relationship, which uses the dependency notation. The direction of the
dependency arrow is towards the referenced element. These two cases areillustrated in Figure 53.
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«metaClass»

Class
A =
e N
7 N
«stereotype» // \\ «stereotype»
// \\
d N
d N
. N
«stereotype» «stereotype»
Manager Scheduler
{ «taggeflValue» jobScheduler

:Bcheduler [1] }

«metaClass»

Class
b A
e \\
// \\
«4tereotype» - ~_ «sStereotype»
- N
// \\\
// \\
4 . \\
jobSchedu ler
«stergotype» | [}]_ _______ > «stereotype»
Maphager «taggedValue» Scheduler

Figure 53 -

5.17.3 P
A tool may

appropriatel
nameinad

5.17.4 St

Itislegal tg

Alternative notations for tagged values as references

esentation Options

present property specifications on separate lines with or without the enclosing braces, provided th
y to distinguish thienfrom other information. For example, properties for a class might be listed |
stinctive typeface; such asitalics or a different font family.

yle Guidelines

use strings to specify properties that have graphical notations; however, such usage may be confu

by are marked
nder the class

sing and should

be used wit

) care

5.17.5 Example

{ author = “Joe Smith”, deadline = 31-March-1997, status = analysis }

{ abstract }

5.17.6 Mapping

Each term within a string maps to either a built-in attribute of amodel element or atagged value (predefined or user-defined).
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A tool must enforce the correspondence to built-in attributes.

5.18 St

ereotypes

5.18.1 Semantics

A stereotype is, in effect, a new class of metamodel element that is mtroduced a modellng time. It represents a subclass of an

sterectyper
metamodel

extensibility

5.18.2 N

The genera
abovethen
stereotype \
example, «f

NOTE: A
have a Char

The keyworld string is generally placed above or in front of the name of the model element being described. If

stereotypes
also be used
it, or anem

applicable tp the same element type.

To permit li

color) can be associated with a stereotype.The UML does not specify the form of the graphic specification, b
and stroked|formats exist (and their portability is a difficult problem). The icon can be used in one of two way

1 1t
m
n
2. T

abpve or below the icon. Other information contained by the base model element symbol is suppresse
forims,of icon specification and substitution are conceivable, but we leave these to the ingenuity of to

ppresents a usage distinction. A stereotyped element may have additional constraints on it fromith
Class. It may also have required tagged values that add information needed by elements withthe
expected that code generators and other toolswill treat stereotyped elements specially. Stereotypes represent one of the built-in

mechanisms of UML.
ptation
presentation of a stereotype isto use the symbol for the metamodel base element but to place a kg

vithin matched guillemets, which are the quotation mark symbols usedsin French and certain other
00»).

guillemet looks like a double angle-bracket, but it is a single character in most extended fonts. M
acter Map utility. Double angle-brackets may be used as'a substitute by the typographically challe

are defined for the same model element, they aréplaced vertically one below the other. The keyw
asan elementinalist, in which case it applies to subsequent list elements until another stereotyp
ty stereotype string («») nullifiesit. Notelthat a stereotype name should not be identical to a pred

ited graphical extension of thelUML notation as well, a graphic icon or a graphic marker (such

ay be used instead ofer in addition to, the stereotype keyword string as part of the symbol for the
t that the stereotype.is based on. For example, in aclassrectangleit is placed in the upper right @
e compartment, [n'this form, the normal contents of the item can be seen.

base
ereotype. It is

pyword string

bme of the element (if any). The keyword string (Section 5.9, “Keywords," ‘on page 181) is the naine of the

languages (for

lost computers

nged.

multiple

brd string may

b string replaces
efined keyword

s texture or
Ut many bitmap
S:

base model ele-
orner of the

entire basemodel element symbol may be *“ collapsed” into an icon containing the element name gr with the name

d. More general

| builders, with

the warning that excessive use of extensibility capabilities may lead to loss of portability among toolf.

If multiple stereotypes are defined, the graphical icons or markers are omitted.

UML avoidsthe use of graphic markers, such as color, that present challenges for certain persons (the color blind) and for
important kinds of equipment (such as printers, copiers, and fax machines). None of the UML symbolsrequire the use of such
graphic markers. Users may use graphic markers freely in their personal work for their own purposes (such as for highlighting
within atool) but should be aware of their limitations for interchange and be prepared to use the canonical forms when

necessary.

The classification hierarchy of the stereotypes themselves can be displayed on a class diagram, as described in Section 5.35,
“ Stereotype Declaration,” on page 219. This capability is not required by many modelers who must use existing stereotypes
but not define new kinds of stereotypes.
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5.18.3 Examples

Figure 54 illustrates various notational forms of the stereotype notation. Note that the top four shapes are alternatives of each
other. The next one shows how a dependency can be sterectyped and the bottom example illustrates a model element with
multiple stereotypes.

«controh» «control» Q
PenTracker PenTracker
location: Point location: Point
enalbjle (Mode) enable (Mode)
PénTracker O O
location: Point
enable (Mode) PenTracker
«call»
JobManager | — — _ _ _ _ _ Y Scheduler
«control»
«semaphore»
Lock
regQueue: Queue
Figure 54 {Varieties of Stereotype Notation
5.18.4 Mapping

The use of a stereotype keyword maps into the stereotype relationship between the Element corresponding to the symbol
containing the name and the Stereotype of the given name. The use of a stereotype icon within a symbol maps into the
stereotype relationship between the Element corresponding to the symbol containing the icon and the Stereotype represented
by the symbol. A tool must establish the connection when the symbol is created and there is no requirement that an icon
represent uniquely one stereotype. The use of a stereotypeicon, instead of a symbol, must be created in a context in which a
tool implies a corresponding model element and a Stereotype represented by the icon. The element and the stereotype have the
stereotype relationship.
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Part 5 - Static Structure Diagrams

Class diagrams show the static structure of the model, in particular, the things that exist (such as classes and types), their
internal structure, and their relationshipsto other things. Class diagrams do not show temporal information, although they may
contain reified occurrences of things that have or things that describe temporal behavior. An object diagram shows instances
compatible with a particular class diagram.

This section discusses classes and their variations, including templates and instantiated classes, and the rel ationships between
classes (asspciation and generalization) and the contents of classes (attributes and operations).

5.19 Clpss Diagram

A class diagram is a graph of Classifier elements connected by their various static relationships: Note that a“ ¢lass’ diagram
may also cgntain interfaces, packages, relationships, and even instances, such as objects and links. Perhaps a Ipetter name
would be “ gtatic structural diagram” but “ class diagram” is shorter and well established.

5.19.1 Sémantics

A classdiagramisagraphic view of the static structural model. The individual class diagrams do not represent divisionsin the
underlying model.

5.19.2 Notation

A class diagram is a collection of static declarative model elements, such as classes, interfaces, and their relat{onships,
connected gs a graph to each other and to their contents. Classdiagrams may be organized into packages eithar with their
underlying models or as separate packages that build upon:the underlying model packages.

5.19.3 Mppping

A class diagram does not necessarily match a single semantic entity. A package within the static structural mqdel may be
represented|by one or more class diagrams, T he division of the presentation into separate diagramsis for graphical
convenience and does not imply a partitioning of the model itself. The contents of a diagram map into elementsin the static
semantic mpdel. If adiagram is part of a package, then its contents map into el ements in the same package (in¢luding possible
references tp elements accessed orsimported from other packages).

5.20 Object Diagram

An object djagram is@agraph of instances, including objects and data values. A static object diagram is an insfance of aclass
diagram; it shows a-snapshot of the detailed state of a system at apoint in time. The use of object diagrams isffairly limited,
mainly to show examples of data structures.

Tools need K Fate-FormatFe Sl rarms-ea aH-ob agram with
objects and no classesis an “object diagram.” The phrase is useful, however, to characterize a particular usage achievable in
various ways.

5.21 Classifier

Classifier isthe metamodel superclass of Class, DataType, and Interface. All of these have similar syntax and are therefore all
notated using the rectangle symbol with keywords used as necessary. Because classes are most common in diagrams, a
rectangle without a keyword represents a class, and the other subclasses of Classifier are indicated with keywords. In the
sections that follow, the discussion will focus on Class, but most of the notation applies to the other element kinds as
semantically appropriate and as described later under their own sections.
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5.22 Class

A classis the descriptor for a set of objects with similar structure, behavior, and relationships. The model is concerned with
describing the intension of the class, that is, the rules that define it. The run-time execution provides its extension, that is, its
instances. UML provides notation for declaring classes and specifying their properties, as well as using classesin various
ways. Some modeling elements that are similar in form to classes (such as interfaces, signals, or utilities) are notated using
keywords on class symbals; some of these are separate metamodel classes and some are stereotypes of Class. Classes are
declared in class diagrams and used in most other diagrams. UML provides a graphical notation for declaring and using
classes, as Well as atextual notation for referencing classes within the descriptions of other model elements.

5.22.1 S¢mantics

A class repriesents a concept within the system being modeled. Classes have data structure and behavior and rélationships to
other elemefts.

The name of aclass has scope within the package in which it is declared and the name must be unique (among class names)
within its package.
5.22.2 Basic Notation

A classis dyawn as a solid-outline rectangle with three compartments separated by horizontal lines. The top name
compartment holds the class name and other general properties of the class'(including stereotype); the middle list compartment
holds alist pf attributes; the bottom list compartment holds alist of operations.

See Section[5.23, “Name Compartment,” on page 204 and Section'5.24, “List Compartment,” on page 204 fof more details.
5.22.2.1 References

By default g class shown within a package is assumed 0 be defined within that package. To show areference t¢ a class defined
in another package, use the syntax

Package-name::Class-name

as the namgstring in the name compartment. A full pathname can be specified by chaining together package names separated
by double cplons (::).

5.22.3 Presentation Optigns

Either or bath of the attribute and operation compartments may be suppressed. A separator lineis not drawn for a missing
compartment. If a compartment is suppressed, no inference can be drawn about the presence or absence of elgmentsin it.
Compartment names-ean be used to remove ambiguity, if necessary (Section 5.24, “List Compartment,” on pgge 204).

Additional ¢empartments may be supplied as atool extension to show other predefined or user-defined model| properties (for
exampl e, to'showbusmessrutes,responsibititres,vartatrons,eventshandted,exceptronsrarsed,and-soom—vtost
compartments are simply lists of strings. More complicated formats are possible, but UML does not specify such formats; they
are atool responsibility. Appearance of each compartment should preferably be implicit based on its contents. Compartment
names may be used, if needed.

Tools may provide other ways to show class references and to distinguish them from class declarations.

A class symbol with a stereotype icon may be “collapsed” to show just the stereotype icon, with the name of the class either
inside the class or below the icon. Other contents of the class are suppressed.
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¢ Center class name in boldface.

ISO/IEC 19501:2005(E)

« Center keyword (including stereotype names) in plain face within guillemets above class name.

 For those languages that distinguish between uppercase and lowercase characters, capitalize class names; that is, begin

class names with a capital letter.

o Left

* Begi

* Shoy\

As atool ex
database de

justify attributes and operationsin plain face.
n attribute and operation names with alowercase | etter.

v the names of abstract classes or the signatures of abstract operationsin italics.

Show full aftributes and operations when needed and suppress them in other contexts'orreferences.
5.22.5 Example
Window
. {abstract,
Vindow author=Joe,
status=tested}
+size:sArea = (100,100)
#visibility: Boolean = true
Window +default-size: Rectangle
#maximum-size: Rectangle
size: Area -xptr: XWindow*
vigjbility: Boolean )
+display ()
L +hide ()
ﬂz‘;gl?)y 0 +create ()
-attachXWindow(xwin: Xwindow?*)
Figure 55 Class Naotation: Details Qllpprnccnr’l’ Annl\llcic level I‘}atnilc’

tension, boldface may be used for marking special list elements; for example, to.designate candidgte keysin a
5ign. This might encode some design property modeled as atagged value, for-example.

Implementation-level Details

5.22.6 Mapping

A class symbol maps into a Class element within the package that owns the diagram. The name compartment contents map
into the class name and into properties of the class (built-in attributes or tagged values). The attribute compartment maps into
alist of Attributes of the Class. The operation compartment maps into alist of Operations of the Class.

The property string {location=name} maps into an implementati onL ocation association to a Component. The nameis the

name of the containing Component.
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5.23 Name Compartment

5.23.1 Notation

The name compartment displays the name of the class and other propertiesin up to three sections:

An optional stereotype keyword may be placed above the class name within guillemets, and/or a stereotype icon may be
placed in the upper right corner of the compartment. The stereotype name must not match a predefined keyword.

The name of the class appears next. If the classis abstract, this can be indicated by italicizing its name (forthgse languages
that supportlitalicization) or by placing the keyword abstract in a property list below or after the name;far-expmple, Invoice
{abstract} . Note that any explicit specification of generalization status takes precedence over the name/font.

A list of striings denoting properties (metamodel attributes or tagged values) may be placed in brages bel ow the class name.
Thelist may show class-level attributes for which thereisno UML notation and it may also shew tagged valugs. The presence
of akeyword for a Boolean type without a value implies the value true. For example, aleaf class shows the pioperty “{leaf}”.

The stereotype and property list are optional.

«controller» @

PenTracker

{ leaf, author="Mary Jones”}

Figure 56 -| Name Compartment

5.23.2 Mapping

The contents of the name compartment map'into the name, stereotype, and various properties of the Class repfesented by the
class symbdl.

5.24 List Compartment

5.24.1 Notation

A list compprtment:helds alist of strings, each of which is the encoded representation of a feature, such as an fattribute or
operation. Tlhestrings are presented one to aline with overflow to be handled in a tool-dependent manner. In addition to lists
of attributeq or. eperations, optional lists can show other kinds of predefined or user-defined values, such as regponsihilities,
rules, or modification histories. UML does not define these optional lists. The manipulation of user-defined listsis tool-
dependent.

Theitemsin thelist are ordered and the order may be modified by the user. The order of the elements is meaningful
information and must be accessible within tools (for example, it may be used by a code generator in generating alist of
declarations). The list elements may be presented in adifferent order to achieve some other purpose (for example, they may be
sorted in some way). Even if thelist is sorted, the items maintain their original order in the underlying model. The ordering
information is merely suppressed in the view.

Andlipsis(...) asthefina element of alist or the final element of adelimited section of alist indicates that additional
elementsin the model exist that meet the selection condition, but that are not shown in that list. Such elements may appear in a
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different view of thelist.

5.24.1.1 Group properties

A property string may be shown as an element of the list, in which case it appliesto all of the succeeding list elements until
another property string appears as alist element. Thisis equivalent to attaching the property string to each of the list elements
individually. The property string does not designate a model element. Examples of this usage include indicating a stereotype
and specifying visibility. Keyword strings may aso be used in asimilar way to qualify subsequent list elements.

5.24.1.2

A compartmient may display a name to indicate which kind of compartment it is. The nameis displayedin ad
centered at fhe top of the compartment. This capability isuseful if some compartments are omitted-orif-additio
compartments are added. For a Class, the predefined compartments are named attributes and operations. An

user-defin
does not req

5.24.2 Pr

A tool may
isbased on

e aph
* ordg
* orde

The elemen|
responsibili
be drawn al]
show that ir]

filtering, although a stand-alone diagram should have some indication of such filtering if it is to be understang

If acompar

compartment indicates that no elements meet the selection filter (if any).

Note that at

ompartment name

compartment might be requirements. The name compartment in a class must always be present
uire or permit a compartment name.

esentation Options

present the list elementsin a sorted order, in which case the inherent*ordering of the elementsis ng

pbetical order,
ring by stereotype (such as constructors, destructors, then ordinary methods),

ring by visibility (public, then package, then protécted, then private).

out the presence or absence of elementsthat do not meet the criterion. However, the ellipsis notatig

ment is suppressed, no inference can be drawn about the presence or absence of its elements. An

ributes may also be shown by composition (see Figure 78 on page 239).

j stinctive font
nal user-defined

example of a
therefore, it

t visible. A sort

some internal property and does not indicate additional model information. Example sort rules inqude:

s in the list may be filtered according to some selection rule. The specification of selection rulesis atool
ly. The absence of items from afiltered listiihdicates that no elements meet thefilter criterion, but po inference can

nisavailableto

visible elements exist. It isatool responsibility whether and how to indicate the presence of either local or global

able.
Pmpty
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5.24.3 Example

Rectangle

pl:Point
p2:Point

«constructor»
Rectangle(pl:Point, p2:Point)

«que
area

aspe(t (): Real

.«iJ'pddte»

move
scale

y))
): Real

(delta: Point)
(ratio: Real)

Figure 57 -

Stereotype Keyword Applied to Groups of List Elements

Reservation

guard
canc
chan

operations
Antee()

el ()

ge (newDate: Date)

bill n
matd

responsibilities

o-shows
th to aviailable rooms

exceptions

invalid credit card

Figure 58 - Compartments with Names

5.24.4 Mapping

The entriesin alist compartment map into alist of Model Elements, one for each list entry. The ordering of the Model Elements
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matches the list compartment entries (unlessthe list compartment is sorted in some way). In this case, no implication about the
ordering of the Elements can be made (the ordering can be seen by turning off sorting). However, alist entry string that isa
stereotype indication (within guillemets) or a property indication (within braces) does not map into a separate M odel Element.
Instead, the corresponding property applies to each subsequent Model Element until the appearance of a different stand-alone
stereotype or property indicator. The property specifications are conceptually duplicated for each list Element, although a tool
might maintain an internal mechanism to store or modify them together. The presence of an ellipsis (“...”) asalist entry
implies that the semantic model contains at least one Element with corresponding properties that is not visiblein the list

compartment.
5.25 Attribute
Strings in the attribute compartment are used to show attributesin classes. A similar syntax is used'to specify jqualifiers,
template pafameters, operation parameters, and so on (some of these omit certain terms).
5.25.1 Seémantics
Note that an attribute is semantically equivalent to a composition association; however; the intent and usage i$ normally
different.
The type of [an attribute is a Classifier.
5.25.2 Nptation
An attributg is shown as atext string that can be parsed into the various properties of an attribute model elemeént. The default
syntax is.
vigbility name : type-expression [ multiplicity.ordering ] = initial-value { property-string }
e Whaere visibility is one of:

» +public visibility

e # protected visibility

b - private visibility

> ~ .package visihility,

« The\isibility marker may-be suppressed. The absence of avisibility marker indicates that the visibility is not shown
(not|that it is undefined or public). A tool should assign visibilities to new attributes even if the visibility is not shown.
The|visibility marker is a shorthand for afull visibility property specification string.

« Visibility may.al'so be specified by keywords (public, protected, private, package). Thisform is used particularly when

itis

used'asian inline list element that applies to an entire block of attributes.

Add

rtional kinds of visibiTity might be defined for certain programming Tanguages, such as C++ implementation
visibility (actually all forms of non-public visibility are language-dependent). Such visibility must be specified by
property string or by a tool-specific convention.

« Where nameis an identifier string that represents the name of the attribute.

« Where[ multiplicity ordering] shows the multiplicity and the ordering of the attribute (Section 5.44, “Multiplicity,” on
page 233). The term may be omitted, in which case the multiplicity is 1..1 (exactly one).

« Theordering property is meaningful if the multiplicity upper bound is greater than one. It may be one of:

* (absent) — the values are unordered

© ISO/IEC 2005 - All rights reserved
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» unordered — the values are unordered

 ordered — the values are ordered

* Wheretype-expression is either

« if itisasimple word, the name of aclassifier, or

« alanguage-dependent string that maps into a ProgrammingL anguageDataType.

mitted if no properties are specified).

A class-scope attribute is shown by underlining the name and type expression string; otherwise, the attributeis

The notatiol
instance va

Thereisno
with the prd

In the absen
multiplicity

col
p

Note that a

o

ss-scope-attribute

N justification is that a class-scope attribute is an instance value in the:executing system, just asan
Lie, so both may be designated by underlining. An instance-scopedattribute is not underlined; that i

symbol for whether an attribute is changeabl e (the default is¢hangeable). A non-changeable attrib
perty “{frozen}”.

ce of amultiplicity indicator, an attribute holds exactly~1 value. Multiplicity may be indicated by
indicator in brackets after the classifier name, for example:

ors : Color [3]
nts : Point [2..* ordered]

multiplicity of 0..1 provides for the possibility of null values: the absence of avalue, as opposed t(

valuefroma]n
name : String [0..1]

A stereotyp
bracesfollo

5.25.3 Py

The type ex

Theinitia \
this distinct

b keyword in guillemets precedes the entire attribute string, including any visibility indicators. A
s the rest of the attribute string.

esentation @ptions

pression may"be suppressed (but it has a value in the model).

alue(may be suppressed, and it may be absent from the model. It isatool responsibility whether a
on

e property-string indicates property values that apply to the element. The property string is optional (the braces

instance-scope.

object isan
s the default.
ute is specified

blacing a

aparticular

he range. For exampl e, the following: declaration permits a distinction between the null value and the empty string:

roperty listin

nd how to show

A tool may show the visibility indication in a different way, such as by using a special icon or by sorting the elements by

group.

A tool may

show the individual fields of an attribute as columns rather than a continuous string.

If the type-expression string is hot aword, then it is assumed to be expressed in the syntax of a particular programming
language, such as C++ or Smalltalk. Thisform is assumed if the string is not aword. Specific tagged properties may be
included in the string. The programming language must be known from the general context of the diagram or atool supporting
it. In this case, the type-expression maps into a ProgrammingL anguageDataType whose expression attribute specifies the
language name and the string representation of the data type in that language.
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Particular attributes within alist may be suppressed (see Section 5.24, “List Compartment,” on page 204).

5.25.4 Style Guidelines

Attribute names typically begin with alowercase letter for those languages that distinguish between uppercase and lowercase
characters. Attribute names are in plain face.

5.25.5 Example

+sjze: Area = (100,100)
#v|sibility: Boolean = invisible
+default-size: Rectangle
#_r;Eaximum-size: Rectangle
-X

tr: XWindowPtr

5.25.6 Mppping

A string entfy within the attribute compartment maps into an Attribute within the'Class corresponding to the clpss symbol. The
properties df the attribute map in accord with the preceding descriptions. If the visibility is absent, then no conclusion can be
drawn about the Attribute visibilities unless afilter isin effect; for example, anly public attributes shown. Li kiwi se, if thetype
or initial value are omitted. The omission of an underline always indicates an instance-scope attribute. The onfiission of
multiplicity|denotes a multiplicity of 1.

Any properties specified in braces following the attribute string.map into properties on the Attribute. In additipn, any
properties specified on a previous stand-al one property specification entry apply to the current Attribute (and fo others).

5.26 Operation
Entriesin the operation compartment are strings that'show operations defined on classes and methods suppliefl by classes.
5.26.1 Seémantics

An operatign is a service that an instance of the class may be requested to perform. It hasaname and alist of arguments.

5.26.2 Notation

An operation is shown asatext string that can be parsed into the various properties of an operation model element. The default
syntax is.

sibility name ( parameter-list ) : return-type-expression { property-string }
> \\Vhere visibility is one of:

V

+ public visibility

# protected visibility

- privatevisibility

~ package visihility
The visibility marker may be suppressed. The absence of a visibility marker indicates that the visibility is not shown (not that
it is undefined or public). The visibility marker is a shorthand for afull visibility property specification string.

Visibility may also be specified by keywords (public, protected, private, package). Thisform is used particularly when it is
used as an inline list element that applies to an entire block of operations.

© ISO/IEC 2005 - All rights reserved 209


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

Additional kinds of visibility might be defined for certain programming languages, such as C++ implementation visibility
(actually al forms of nonpublic visibility are language-dependent). Such visibility must be specified by property string or by a
tool-specific convention.

Where name is an identifier string.

Where return-type-expression is a language-dependent specification of the implementation type or types of the value

returned by the operation. The colon and the return-type are omitted if the operation does not return avalue (asfor C++

VOi

\_A_lLict of evorecsione-mavbacaunplhedtandicatamultinla ratirn valiac
— - HOCOEXPHESSERSH BE-SHPPHEEtE-HarEae-HthHPre+eEtdr-vardes:

Whe

* Whsg
are

A class-sco
default and

An operatio
otherwise, t

The concurfency semantics of an operation are specified by a property string of the form “{ concurrency = nam

is one of the
string to ing
unspecified

The top-mo
If this class
“{ abstract}’
operation s

The actual {]

re parameter-list is a commarseparated list of formal parameters, each specified using the syntax:

kind name : type-expression = default-value
b where kind isin, out, or inout, with the default in if absent.
b where name is the name of aformal parameter.
b Where type-expression is the (language-dependent) specification of an implementation type.

» where default-value is an optional value expression for the parameter;expressed in and subject t
of the eventual target language.

mitted if no properties are specified).

he operation is shown by underlining the name and type expression string. An instance-scope ope
s not marked.

h that does not modify the system state (one that-has no side effects) is specified by the property *
he operation may alter the system state, although there is no guarantee that it will do so.

b names: sequential, guarded, concurrent. As a shorthand, one of the names may be used by itself
i cate the corresponding concurrency-value. In the absence of a specification, the concurrency sem
and must therefore be assumed to be sequential in the worst case.

5t appearance of an operation-signature declares the operation on the class (and inherited by all of i
does not implement the'eperation; that is, does not supply a method, then the operation may be m

or the operation signature may be italicized to indicate that it is abstract. A subordinate appearan
pnature without the {abstract} property indicates that the subordinate class implements amethod g

ext or algorithm of a method may be indicated in a note attached to the operation entry.

If the object

class accepts the(given signal. The syntax isidentical to that of an operation. The response of the object to the
signa is shiwn with a state machine. Among other uses, this notation can show the response of objects of acl

conditions

b the limitations

e property-string indicates property values that apply to the element. The property string is optional (the braces

ation isthe

[ query}”;

€}, where name
n a property
antics are

ts descendents).
brked as
ce of the
n the operation.

s of aclassaccept and respond to a given signal, an operation entry with the keyword «signal» indiicates that the

reception of the

ass to error

ceptions, which shouttbemodeed as Sgnats:

The specification of operation behavior is given as a note attached to the operation. The text of the specification should be
enclosed in bracesif it isaformal specification in some language (a semantic Constraint); otherwise, it should be plain text if
it isjust a natural-language description of the behavior (a Comment).

A stereotype keyword in guillemets precedes the entire operation string, including any visibility indicators. A property list in
braces follows the entire operation string.
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5.26.3 Presentation Options

The argument list and return type may be suppressed (together, not separately).

A tool may show the visibility indication in a different way, such as by using a special icon or by sorting the elements by
group.

The syntax of the operation signature string can be that of a particular programming language, such as C++ or Smalltalk.

Specific tagged properties may be included in the string

A method bpdy may be shown in a note attached to the operation entry within the compartment (Figure 59). The lineis drawn
to the strind within the compartment. This approach is useful mainly for showing small method bodies,

PoligeStation

alert (Alarm)

1 station

BurgflarAlarm

iIsTrigped: Boolean = false

AN
___________________ {if isTripped
report () then station.alert(self)}

Figure 59 {Note showing method body

5.26.4 Style Guidelines

Operation names typi cally begin with alowercase | etter for those languages that distinguish between uppercase and lowercase
characters. Dperationnames are in plain face. An abstract operation may be shown in italics.

5.26.5 Example

+display (): Location

+hide ()

+create ()
-attachXWindow(xwin:Xwindow?*)

Figure 60 - Operation List with a Variety of Operations

5.26.6 Mapping

A string entry within the operation compartment mapsinto an Operation or a Method within the Class corresponding to the
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class symbol. The properties of the operation map in accordance with the preceding descriptions. See the description of
Section 5.25, “Attribute,” on page 207 for additional details. Parameters without keywords map into Parameters with kind=in,
otherwise according to the keyword. Return value names map into Parameters with kind=return.

If the entry has the keyword «signal», then it maps into a Reception on the Class instead.

The topmost appearance of an operation specification in a class hierarchy maps into an Operation definition in the
corresponding Class or Interface Interfaces do not have methods. In aCIass each appearance of an operation entry mapsinto
the presence.af aM a y (including use
of conventipns such asitalics for abstract operatlons) If an abstract operation entry appears within a hierarchy in which the
same operation has already been defined in an ancestor, it has no effect but is not an error unless the declarations are

inconsi stent).

Note that the operation string entry does not specify the body of a method.

5.27 Nasted Class Declarations

5.27.1 S¢mantics

A class declared within another class belongs to the namespace of the other classand may only be used within it. This
construct isfprimarily used for implementation reasons and for information hiding.

5.27.2 Notation
A declaring|class and a class in its namespace may be connected by aline, with an “anchor” icon on the end connected to a

declaring clpss (Figure 61). An anchor iconis acrossinside dcircle. The contents of the package are declared within the class
and belong fo its namespace.

5.27.3 Mapping

If Class B ig attached to Class A by an “anchor” line with the “anchor” symbol on Class A, then Class B is dedared within the
Namespace|of Class A. That is, the relatienship between Class A and Class B is the namespace-ownedElement association.

DeclafingClass

NP

NestedClass

Figure 61 - Nested class declaration
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5.28 Type and Implementation Class

5.28.1 Semantics

Classes can be stereotyped as Types or Implementation Classes (although they can be left undifferentiated aswell). A Typeis
used to specify adomain of objects together with operations applicable to the objects without defining the physical
implementation of those objects. A Type may not include any methods, but it may provide behavioral specificationsfor its
operations. It may also have attributes and associations that are defined solely for the purpose of specifying the behavior of the
type's operations.

AnlImplem

implemented in traditional languages (C++, Smalltalk, etc.). An Implementation Classis said to realize a Fype
of the opergtions defined for the Type with the same behavior as specified for the Type's operations. An'lmpl el
may realizela number of different Types.

5.28.2 N

An undifferpntiated classis shown with no stereotype. A type is shown with the stereotype Y«type».” Animple
is shown wilth the stereotype “ «implementationClass».” A tool is also free to allow adefault setting for an ent

which case

might be useful for amodel that is close to the programming level.

The implenjentation of atype by aclassis modeled as the Realization relationship, shown as a dashed line wi
triangular afrowhead (a dashed “generalization arrow”). This symbol implies the realizing class provides at I€

e p=Y| (4 ") ! : 1l " " V7 gt forps ! ] N ! " ! r
CHLALTUNT UTass UTTTTICS LT PNy SILdl Udla SLTULLUTNE (TUN Al TUULES AU assULTALTUTES ) ANU TTIENTUUS Ul g

ptation

bl of the class symbols without explicit stereotype indications map into Classes with the default f

1 object as
if it providesall
mentation Class

mentation class
rediagram, in
ereotype. This

hasolid

pst all the
hSSOci ations).
es that they

operations ¢f the Type, with conforming behavior, but it does not imply‘inheritance of structure (attributes or
The generaljzation hierarchy of a set of classes frequently parallelsthe generalization hierarchy of a set of typ
realize, but thisis not mandatory, as long as each class providesithe operations of the typesthat it realizes.
5.28.3 Example
«type» «implementationClass»
Object HashTable
* elements E body
«type» =1 «implementationClass»
Set D — HashTableSet
addElement(Object)
removeElement(Object) addElement(Object)
testElement(Object):Boolean removeElement(Object)
testElement(Object):Boolean
setTableSize(Integer)

Figure 62 - Notation for Types and Implementation Classes
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5.28.4 Mapping

A class symbol with a stereotype (including “type” and “implementationClass’) maps into a Class with the col

rresponding

stereotype. A class symbol without a stereotype maps into a Class with the default stereotype for the diagram (if adefault has
been defined by the modeler or tool); otherwise, it maps into a Class with no stereotype. The realization arrow between two
symbols maps into an Abstraction relationship, with the «realize» stereotype, between the Classifiers corresponding to the two

symbols. Redlization is usually used between a class and an interface, but may also be used between any two classifiers to

show conformanceofbehavior:

5.29 Inferfaces

5.29.1 S¢mantics

Aninterfaceisaspecifier for the externally-visible operations of aclass, component, or other classifier (includ
without spetification of internal structure. Each interface often specifies only alimited/part of the behavior of
Interfaces dp not have implementation. They lack attributes, states, or associations; they“only have operations
may be the target of a one-way association, however, but it may not have an assoeiation that it can navigate.)
have generglization relationships. An interfaceisformally equivalent to an abstract class with no attributes an
and only ab,

5.29.2 Notation

isaClassifier and may be shown using the full rectangle symbol with compartments and the keyw

Stract operations, but Interface is apeer of Class within the UML(metamodel (both are Classifiers).

ng subsystems)
an actual class.
(Aninterface
nterfaces may
d no methods

prd «interface».

A list of op¢rations supported by the interface is placed in thetoperation compartment. The attribute compartnjent may be

omitted becpuse it is always empty.

Aninterfacé may also be displayed asasmall circle with the name of the interface placed below the symbol. T
attached by [a solid line to classifiers that support it=This indicates that the class provides all of the operations
type (and possibly more). The operations provided are not shown on the circle notation; use the full rectangle
the list of operations. A class that uses or reguiires the operations supplied by the interface may be attached to
dashed arrow pointing to the circle. The-dashed arrow implies that the class requires no more than the operati
the interfacg; the client classis not required to actually use all of the interface operations.

The Realizgtion relationship from.aclassifier to an interface that it supports is shown by a dashed line with a
“dashed generalization symbol”). Thisisthe same notation used to indicate realization of atype
implementgion class. In fat, this symbol can be used between any two classifier symbols, with the meaning
(the one at thetail of the arrow) supports at least all of the operations defined in the supplier (the one at the hes
but with no|necessity(to)support any of the data structure of the supplier (attributes and associations).

he circle may be
in the interface
symbol to show
the circleby a
bns specified in

solid triangular
by an

hat the client

d of the arrow),
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StoreHome Store
. 07 .
POSterminalHome -storeld: Integer
-POSlist: List
POSterminal ~-__ <<uses> +create()
e T +login(UserName, Passwd)
POpterminal T +find(Storeld)
T =0— +getPOStotals(POSid)
Store +updateStoreTotals(ld,Sales)
+get(Item)
Figure 63 { Shorthand Version of Interface Notation
StoreHome Store
. 07 .
POStermirjalHome -storeld: Integer
-POSlist: List
Oi
POSterminal +create()
o— S _<<use>3 <<interface>> +login(UserNamp, Passwd)
POSterminal N Store +find(Storeld)

& | +getPOStotals(ROSid)
+getPOStotals(POSid) +updateStoreTofals(ld,Sales)
+updateStoreTotals(ld,Sales) +get(ltem)
+get(ltem)

Figure 64 {Longhand Version ef\Interface Notation

5.29.4 Mppping

A class rectpngle symbol With stereotype «interface», or acircle on a class diagram, maps into an Interface elément with the
name given|by the symbol. The operation list of arectangle symbol mapsinto the list of Operation elements df the Interface.
A dashed g¢ eralization arrow from aclass symbol to an interface symbol or asolid line connecting aclass symbol and an
interface ci g Classifier and

Interface elements. A dependency arrow from a class symbol to an interface symbol maps into a Usage dependency between

the corresponding Classifier and Interface.

5.30 Parameterized Class (Template)

5.30.1 Semantics

A template is the descriptor for a class with one or more unbound formal parameters. It defines afamily of classes, each class
specified by binding the parametersto actual values. Typically, the parameters represent attribute types; however, they can also
represent integers, other types, or even operations. Attributes and operations within the template are defined in terms of the
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formal parameters so they too become bound when the template itself is bound to actual values.

A template is not a directly usable class because it has unbound parameters. Its parameters must be bound to actual valuesto
create a bound form that is a class. Only aclass can be a superclass or the target of an association (a one-way association from
the template to another classis permissible, however). A template may be a subclass of an ordinary class. Thisimplies that all
classes formed by binding it are subclasses of the given superclass.

Parameterization can be applied to other M odel Elements, such as Collaborations or even entire Packages. The description
given here far classes appliesto other kinds of modeling elements in the obvions way

ed rectangle is superimposed on the upper right-hand corner of the rectangle for the elass (or to the symbol for

ion types. The list must not be empty, although it might be suppressed in the presentation. The ngme, attributes,

and operatigns of the parameterized class appear as normal in the class rectangle; however, they may also incllide occurrences
of the formal parameters. Occurrences of theformal parameters can also occur inside ofa.context for the class|for example, to
show arelaled classidentified by one of the parameters.

5.30.3 Presentation Options

The paramger list may be comma-separated or it may be one per line.Parameters are restricted attributes, shqwn as strings
with the syntax:

nafme : type = default-value
¢ Where nameis an identifier for the parameter with,scope inside the template.

« Wheretypeisastring designating a Classifier for the parameter. If it isasimple word, it must be the name of a
Classifier. Otherwiseit is a programming-langtiage dependent string that maps into a ProgramminglL anguageDataType
accarding to the programming language{ifany) for the diagram context or specified in a support tool.

* Where default-value is a string designating an Expression for a default value that is used when the coresponding
argument is omitted in a Binding. The equal sign and expression may be omitted, in which case there ils no default
value and the argument must.be supplied in a Binding.

If the type name is omitted, the parameter typeis assumed to be Classifier. The value supplied for an argument in a Binding
must be thelname of a Classifier (including a class or a datatype). Other parameter types (such as Integer) myist be explicitly
shown. The|value suppliedifor an argument in a Binding must be an actual instance value of the given kind.

216 © ISO/IEC 2005 - All rights reserved


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

5.30.4 Example

| T k:Integer |
FArray “~------- -
K..k
T
V\
\ \«bind» (Address,24)
AN
FArtay<Point,3> AddressList

Figure 65 -

5.30.5 Mppping

The additiop of the template dashed box to a symbol catises the addition of the parameter namesin thelist as

within the Namespace of the M odel Element corresponding to the base symbol (or to the Namespace containif
M odel Element that is not itself a Namespace). Each of the parameter M odel Elements has the templ ateParamet
the base Mqdel Element.

5.31 Bqund Element

5.31.1 Se¢mantics

A template fannot be-used directly in an ordinary relationship such as generalization or association, because i
parameter that is notimeéaningful outside of a scope that declares the parameter. To be used, atemplate's pararn

bound to ac
scopeisitss

Template Notation with Use of Parameter as a Reference

fual values. The actual value for each parameter is an expression defined within the scope of use. I

M odel Elements

ga
br associ ation to

has afree
heters must be
the referencing
g the referenced

f\atempl ate, then the parameters of the referencing template can be used as actual valuesin bindin

template. T

their respective templates.

5.31.2 Notation

A bound element isindicated by atext syntax in the name string of an element, asfollows:

Template-name ‘<' value-list ‘>’

* Where value-list is a comma-delimited non-empty list of value expressions.
* Where Template-name is identical to the name of atemplate.

© ISO/IEC 2005 - All rights reserved
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For example, VArray<Point,3> designates a class described by the template Varray.

The number and type of values must match the number and type of the template parameters for the template of the given name.

The bound element name may be used anywhere that an element name of the parameterized kind could be used. For example,
abound class name could be used within a class symbol on a class diagram, as an attribute type, or as part of an operation

signature.

Note that a bound element is fully specified by its template; therefore, its content may not be extended. Declaration of new

attributes oif operations for classes is not permitted, for example, but a bound class could be subclassed and.th

extended in

The relation
the keyworg
name distin

5.31.3 St

The attribut

abound template.

5314 E

See Figure

5315 M

The use of the bound element syntax for the name of a symbol maps into a Binding dependency between the dlependent
PNt (such as Class) corresponding to the.bound element symbol and the provider Model Element (ggain, such as

ModelElem
Class) whos
element ori
modd isill

Binding dex
the corresp(
dependency

5.32 Ut

A utility is @ grotping of global variables and procedures in the form of aclass declaration. Thisis not afund

construct, b

the usual way.

ship between the bound element and its template aternatively may be shown by a Dependency re
«bind». The arguments are shown in parentheses after the keyword. In this case, thetbound form
ct from the template.

yle Guidelines

b and operation compartments are normally suppressed within a bound €lass, because they must no

ample

65 on page 216.

Apping

b subclass

ationship with
may be given a

t be modified in

e name matches the name part of the bound element without the arguments. If the name does not
f the number of argumentsin the bound element does not match the number of parametersin the te
formed. Each argument position inthe bound element maps into a TemplateArgument bearing a bi

endency and amodel Element link to the Model Element that isimplicitly substituted for the templ
nding position in the template definition. An explicitly drawn «bind» dependency symbol mays td
with arguments as.described above.

lity

atch atemplate
mplate, then the
nding link to the

bte parameter in
aBinding

bmental
s and

it ajprogramming convenience. The attributes and operations of the utility become global variablg

procedures.

AUttty TsTodetedss astereotype of aclassifier:

5.32.1 Semantics

The instance-scope attributes and operations of a utility are interpreted as global attributes and operations. It is inappropriate
for autility to declare class-scope attributes and operations because the instance-scope members are already interpreted as
being at class scope.

5.32.2 Notation

A utility is shown as the stereotype «utility» of Class. It may have both attributes and operations, all of which are treated as
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global attributes and operations.

5.32.3 Example

«utility»
datnFak

sin (Angle): Real
cos (Angle): Real
sqrt (Real): Real
randpm(): Real

Figure 66 { Notation for Utility

5.32.4 Mppping

Thisisnot & special symbol. It simply maps into a Class element with4he «utility» stereotype.
5.33 Mgtaclass

5.33.1 Sémantics

A metaclass is a class whose instances are classes.

5.33.2 Notation

A metaclass is shown as the stereotype gmetaclass» of Class.

5.33.3 Mppping

Thisisnot & special symbol. lt.simply maps into a Class element with the «metaclass» stereotype.
5.34 Enumeration

5.34.1 Seémantics

An Enumerafion 1sa user-defined daiatype whose Instances are a set of user-specified named enumeration literals. Theliterals
have arelative order but no algebrais defined on them.

5.34.2 Notation

An Enumeration is shown using the Classifier notation (a rectangle) with the keyword «enumeration». The name of the
Enumeration is placed in the upper compartment. An ordered list of enumeration literals may be placed, oneto aline, in the
middle compartment. Operations defined on the literals may be placed in the lower compartment. The lower and middle
compartments may be suppressed.
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5.34.3 Mapping

Maps into an Enumeration with the given list of enumeration literals.

5.35 Stereotype Declaration

5.35.1 Semantics

A Stereotype is a user-defined metaelement whose structure matches an existing UML metaelement (its“base ¢lass’). Because
it is user deflined, a stereotype declaration is an element that appears at the “model” layer of the UML four:layg metamodeling
hierarchy although it conceptually belongsin the layer above, the metamodel layer.

5.35.2 Notation

Because stereotypes span two different metamodeling layers, a special notation is required to clearly indicate fhe crossover
between thg two layers. Specificaly, it is necessary to show how amodel-level element/(the stereotype) relatgs to its
metaelement (its UML base class). Thisis denoted using a special stereotype of Dependency called «stereotype» as shown in
Figure 67 oh page 220.

The Stereotype itself is shown using the Classifier notation (arectangle) withthe keyword «stereotype» (Figure 67). The name
of the Stereptype is placed in the upper compartment. Constraints on el ements described by the stereotype may be placed in a
named compartment called Constraints. Required tags may be plaeced.in a named compartment called Tags). Individual

items (tags)|in the list of are defined according to the following format:

tajgDefinitionNane : String [nultiplicity]

where st r il ng can be either a string matching the name of-a data type representing the type of the values of fhe tag, or itisa
reference td a metaclass or a stereotype. In the latter case, the string has the form:

«netaclass» metaclassName
or
«stereotype» stereotypeName

where et @acl assNane isthe name of the referenced metaclass and is the name of the references stereotypg. The
multiplicity|element is optional ‘and conforms to standard rules for specifying multiplicities. In case of arangg specification, a
lower boungl of zero indicates'an optional tag.
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Ot TG Ut

Persistent

«stereotype»

SQLFi

Tags

TableNlame : String [0..1]
le : «<metaclass» Component

Constraints

{TableName should not be
longer than 8 characters}

Figure 67 -

In the example diagram in Figure 67, the stereotype Persistent is a stereotype of the UML metaelement Class. 1

Notational form for declaring a stereotype

[ableNameisan

optional tag whose type isamodel type called StringWhile SQLFileis areference to an instance of Compongnt in the model.
An icon car] be defined for the stereotype, but itsgraphical definition is outside the scope of UML and must be handled by an
editing tool
An alternative and usually more compatt way of specifying stereotypes and tags using tables as shown in Table 2 and Table 3,
respectively.
Table 2 - Tabular form for specifying stereotypes

Stereotype] Base Class Parent Tags Constraints Description

Architecturgl | Generalizable N/A N/A N/A A generic stereotype that is the parent

Element Element of all other stereotypes|used for

architectural modeling
Capsule Class Architectural isDynamic self.isActive = true Indicates a class that is used to model

Element

the structural compone

nts of an

architecture specification.
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Table 3 - Tabular form for specifying tags

Tag

Stereotype Type Multiplicity Description

isDynamic

Capsule UML::Datatypes::Boolean 1

Used to identify if the associated capsule class may
be created and destroyed dynamically.

Each row o1l the stereotype specification table in Table 2 defines one stereotype and each row in the tag speCif

Table 3 con

The column

The column

In the case
omitted.

In the exam|
stereotype A

ains onetag definition.

s of the stereotype specification table are defined as follows:

b Sereotype - the name of the stereotype.

b Base Class - the UML metamodel element that serves as the base for the stereotype.

b Parent - the direct parent of the stereotype being defined (NB: if one exists; atherwise the symbol

b Tags - alist of all tags of the tagged values that may be associated with this stereotype (or N/A i
defined).

p Constraints - alist of constraints associated with the stereotype.
b Description - an informal description with possible explanatory comments.

s of the tag specification table are defined as follows:

b Tag - the name of the tag.

b Sereotype - the name of the stereotype which'owns thistag, or “N/A” if it isa stand alone tag.
> Type - the name of the type of the values that can be associated with the tag.

b Multiplicity - the maximum number of-values that may be associated with one tag instance.

b Description - an informal descriptien with possible explanatory comments.

f both the stereotype specification table and the tag specification table, columns that are not appli

ple stereotype specification table of Figure , two related stereotypes are defined. The first row dec
rchitectural Element;-which is a stereotype of GeneralizableElement, while the second row declare

Capsule, which is a specialization of the Architectural Element stereotype, but which applies only to instances

is a subclasy

The equival
graphically

5 of GeneralizableElement in the metamodel.

ent declaration as the one table in Figure 67, less the constraints and the informal descriptions, is
n Figure 68.

cation tablein

“N/A” is used).
none are

cable may be

aresthe
S the stereotype
of Class, which

thown
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<<metaclass>> <<metaclass>> <<metaclass>>
GeneralizeableElement [ Classifier [ Class
%\ /4
<<stereotype>>\ <<stereotype>>/
<<stereotype>> <<stereotype>>
Arc hitecturalElement [ Capsule

Figure 68 -

5353 M

A classifier

into a Stereq
listed in the
defined tags
to the name|of the tag definition while the string following the colon maps to an instance of Name. If amultip

specificatio

5.36 Pgwertype

5.36.1 Sémantics

A Powertyge is a user-defined metagl @ment whose instances are classes in the model.

5.36.2 N

A Powertyge is shown using the Classifier notation (arectangle) with the stereotype keyword «powertype». Tl
i's placed inthe upper compartment. Because the elements are ordinary classes, attributes and oper

powertype are usualy not defined by the user.

Powertype

The instances©f the powertype may be indicated by placing a dashed line across the parent lines of the classes

Graphical equivalent of the stereotype declarations as shown_in Figure 67.
Apping

btype. The «stereotype» dependency maps to the baseClass attribute definition of the stereotype. Tl
Constraints compartment map to stereotype constraints and the items in the Tags compartmen
of the stereotype. Each item in the Tags list maps to a TagDefinition. The string before the colon

nisincluded in the item, it maps to the multiplicity attribute of the tag definition.

Dtation

9501:2005(E)

with a stereotype «metaclass» mapsinto a UML metael emient and a classifier with a stereotype «sfereotype» maps

he constraints
map to the
separator maps
licity

he name of the
ations on the

5 with the syntax

di

scri m nat or Nanme: powertypeNaneg,

where the powertype name on the line implicitly defines a powertype if oneis not explicitly defined.

5.36.3 Mapping

Maps into a Class with the «powertype» stereotype with the given classes as instances.
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5.37 Class Pathnames

5.37.1 Notation

Class symbols (rectangles) serve to define a class and its properties, such as relationships to other classes. A referenceto a
classin adifferent package is notated by using a pathname for the class, in the form:

package-name :: class-name

References fo classes also appear in text expressions, most notably in type specifications for attributes and valliabl es. Inthese
places areference to aclassis indicated by simply including the name of the classitself, including a possible package name,
subject to the syntax rules of the expression.

5.37.2 Example

Banking::CheckingAccount

Deposit

time: [DateTime::Time
amoynt: Currency::Cash

Figure 69 -| Pathnames for Classes in Other Packages

5.37.3 Mapping

A class synibol whose name string is a pathname represents a reference to the Class with the given name inside the package
with the givien name. The name is:assumed to be defined in the target package; otherwise, the model isill formed. A

Relationship from a symbol in the)current package; that is, the package containing the diagram and its mappedl elementsto a
symbol in ahother package is'part of the current package.

5.38 Adqgcessing‘or Importing a Package

5.38.1 S¢mantics

An element may reference an element contained in a different package. On the package level, the «access» dependency
indicates that the contents of the target package may be referenced by the client package or packages recursively embedded
within it. The target references must have visibility sufficient for the referents: public visibility for an unrelated package,
public or protected visibility for a descendant of the target package, or any visibility for a package nested inside the target
package (an access dependency is not required for the latter case). A package nested inside the package making the access gets
the same access.
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Note that an access dependency does not modify the namespace of the client or in any other way automatically create
references; it merely grants permission to establish references. Note also that atool could automatically create access
dependencies for usersif desired when references are created.

An import dependency grants access and also |oads the names with appropriate visibility in the target namespace into the
accessing package; that is, a pathname is not necessary to reference them. Such names are not automatically re-exported,
however; a name must be explicitly re-exported (and may be given a new name and visibility at the same time).

5.38.2 N

The access

taton

Hependency is displayed as a dependency arrow from the referencing (client) package to thé target

(supplier)

package comtaining the target of the references. The arrow has the stereotype keyword «access». This dépendgncy indicates

that elemen
visibility cq
merely gran

Theimport

5.38.3 E

swithin the client package may legally reference elements within the supplier. The réferences my
nstraints specified by the supplier. Note that the dependency does not automatically.ereate any ref
ts permission for them to be established.

dependency has the same notation as the access dependency except it has.the stereotype keyword

ample

Custg

mers

anking::CheckingAccount

«access»

Bank

|
|
ing \L

CheckingAccount

St also satisfy
erences. It

<import».

Figure 70 -

Access Dependency Among Packages

5.38.4 Mapping

Thisisnot aspecial symboal. It maps into a Permission dependency with the stereotype «access» or «import» between the two

packages.
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5.39 Object

5.39.1 Semantics

An object represents a particular instance of aclass. It hasidentity and attribute values. A similar notation also represents a
role within a collaboration because roles have instance-like characteristics.

5.39.2 Natation

The object rl\otation is derived from the class notation by underlining instance-level elements, as explainedin the general
commentsih Section 5.12, “Type-Instance Correspondence,” on page 184.

An object shown as a rectangle with two compartments.
The top compartment shows the name of the object and its class, all underlined, using the syntax:
objectname : classname

The classname can include afull pathname of enclosing package, if necessary. The package names precede thé classname and
are separated by double colons. For example:

d

spl ay_w ndow. W ndowi ngSystem : G aphi cW,ndews: : W ndow

A stereotype for the class may be shown textually (in guillemets above the name string) or as an icon in the upper right corner.
The stereotype for an object must match the stereotype for its class:

To show myltiple classes that the object is an instance of, use acomma-separated list of classnames. These clagsnames must be
legal for myltiple classification; that is, only one implementation class permitted, but multiple types permitted.

To show the presence of an object in a particul ar state of*a class, use the syntax:
objectname : classname ‘[* statename list ]’
Thelist musgt be a comma-separated list of names of states that can legally occur concurrently.
The second|compartment shows the attributes for the object and their values as alist. Each value line has the gyntax:
attfibutename : type = value
The typeis redundant with the attribute declaration in the class and may be omitted.

Thevauei$ specified asaliteral value. UML does not specify the syntax for literal value expressions; howevéy, it is expected
that atool will specify Such a syntax using some programming language.

The flow refationship between two values of the same object over time can be shown by connecting two objegt symbols by a
include a
eation of one

object from another object value.

5.39.3 Presentation Options

The name of the object may be omitted. In this case, the colon should be kept with the class name. This represents an
anonymous object of the given class given identity by its relationships.

The class of the object may be suppressed (together with the colon).

The attribute value compartment as a whole may be suppressed.
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Attributes whose val ues are not of interest may be suppressed.

Attributes whose val ues change during a computation may show their valuesasalist of values held over time. In aninteractive
tool, they might even change dynamically. An alternate notation is to show the same object more than once with a «becomes»
relationship between them.

5.39.4 Style Guidelines

/ describe many
show examples

5.39.5 Variations

For alangugge such as Self in which operations can be attached to individual objects at run time, a third comgartment
containing gperations would be appropriate as a language-specific extension.

5.39.6 Example

triangle: Polygon triangle

center 3 (0,0)
vertices| = ((0,0),(4,0),(4,3))
borderJolor = black

fillColor|= white Polvgon
trianale: Polygon f
scheduler

Figure 71 {Objects

5.39.7 Mppping

In an object diagram, or within an ordinary class diagram, an object symbol maps into an Object of the Class {or Classes)
given by theclassname part of the name string. T he altripate St in the symbol maps into aset of AtributeLinks attached to the
Object, with values given by the value expressions in the attribute list in the symbol. If alist of statesin brackets follows the
class name, then this maps into a ClassifierlnState with the named Class as its type and the named States as the states. The
ClassfierlnState classifies the Object.

5.40 Composite Object

5.40.1 Semantics

A composite object represents a high-level object made of tightly-bound parts. Thisis an instance of a composite class, which
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implies the composition aggregation between the class and its parts. A composite object is similar to (but simpler and more
restricted than) a collaboration; however, it is defined completely by composition in a static model. See Section 5.48,
“Composition,” on page 237.

5.40.2 Notation

A composite object is shown as an object symbol. The name string of the composite object is placed in acompartment near the
top of the rectangle (as with any object). The lower compartment holds the parts of the composite object instead of alist of

attribute vallues. (However, even alist of attribute values may be regarded as the parts of a composite object, .30 thereis not a
great difference.) It is possible for some of the parts to be composite objects with further nesting.

5.40.3 Example

awindow : Window

horizontalBar:ScrollBar

erticalBar:ScrollBar

moves

surface:Pane
= moves

title: TitleBar

Figure 72 {Composite Objects

5.40.4 Mapping

A compositg object. symbol maps into an Object of the given Class with composition links to each of the Obj€dcts and Links
correspondihg ta.the class box symbols and to association path symbols directly contained within the boundary of the
composite ghject’'symbol (and not contained within another deeper boundary).

5.41 Association

Binary associations are shown as lines connecting two classifier symbols. The lines may have avariety of adornmentsto show
their properties. Ternary and higher-order associations are shown as diamonds connected to class symbols by lines.
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5.42 Binary Association

5.42.1 Semantics

A binary association is an association among exactly two classifiers (including the possibility of an association from a

classifier to

itself).

5.42.2 Naqtation

A binary
classifier, b
have no
connected

In abinary
instances fr

The end of
about an asy

ciation is drawn as a solid path connecting two classifier symbols (both ends may be connected
t the two ends are distinct). The path may consist of one or more connected segments. The indivi

uence of segmentsis called a path.

bm the same classifier or one instance to itself. The latter case may be forbidden by a constraint if

hn associ ation where it connects to a classifier is called an association gnd. Most of the interesting
bociation is attached to its ends.

lo the same
Hual segments

antic significance, but may be graphically meaningful to atool in dragging or resizing an association symbol. A

ciation, both ends may attach to the same classifier. The links of such an association may conngct two different

necessary.

information

The path may also have graphical adornments attached to the main part of the path itself. These adornments indlicate properties

of the entirg
atool respg
The followi

5.42.2.1 §

Designates

association. They may be dragged along a segment or acrosS$egments, but must remain attached
hsibility to determine how close association adornmentsmay’approach an end so that confusion d
hg kinds of adornments may be attached to a path.

ssociation name

he (optional) name of the association.

to the path. Itis
hes not occur.

It is shown gs a name string near the path (but not near-enough to an end to be confused with arolename). The mame string may

have an opt

name-direction arrow has no semantics significance, it is purely descriptive. The classifiersin the association

indicated by

NOTE: Thereisno need for a name direction property on the association model; the ordering of the classifi

association

A stereotyp
placed after|

5.42.2.2 o

onal small black solid triangle init._ The point of the triangle indicates the direction in which to rea

the name-direction arrow.

s the name direction.“This convention works even with n-ary associations.

b keyword within.guillemets may be placed above or in front of the association name. A property
or below the‘association name.

ssogiation class symbol

i the name. The
are ordered as

prs within the

5tring may be

Designates

br\associ ation that has class-like properties, such as attributes, operations, and other associations. T

hisis present if,

and only if, the association is an association class. It is shown as a class symbol attached to the association path by a dashed

line.

The association path and the association class symbol represent the same underlying model element, which has a single name.
The name may be placed on the path, in the class symbol, or on both (but they must be the same name).

Logically, the association class and the association are the same semantic entity; however, they are graphically distinct. The
association class symbol can be dragged away from the line, but the dashed line must remain attached to both the path and the
class symbol.

© ISO/IEC 2005 - All rights reserved

229


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

5.42.3 Presentation Options

When two paths cross, the crossing may optionally be shown with a small semicircular jog to indicate that the paths do not
intersect (asin electrical circuit diagrams).

5.42.4 Style Guidelines

Lines may be drawn using various styles, including orthogonal segments, oblique segments, and curved segments. The choice
of aparticullar set of line stylesisauser choice.

5.42.5 Options

5.42.5.1 Xor-association

An xor-congtraint indicates a situation in which only one of several potential associations.may be instantiatedfat one time for
any singleinstance. Thisis shown as a dashed line connecting two or more associations, al of which must haye a classifier in
common, wjth the constraint string “{xor}" labeling the dashed line. Any instance of ‘the'Classifier may only participate in one
of the assodations at one time. Each rolename must be different. (Thisis simply,apredefined use of the constfaint notation.)

5.42.6 Example

< Job 1
Company . ' y Person
employer | employee
|
Job boss
salary
0.1
worker |
<Manages
|
Acecount I{xor}

|
\ Corporation

Figure 73 - Association Notation
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5.42.7 Mapping

An association path connecting two class symbols maps to an Association between the corresponding Classifiers. If thereisan
arrow on the association name, then the Class corresponding to the tail of the arrow isthefirst class and the Classifier
corresponding to the head of the arrow is the second Classifier in the ordering of ends of the Association; otherwise, the
ordering of ends in the association is undetermined. The adornments on the path map into properties of the Association as
described above. The Association is owned by the package containing the diagram.

5.43 AS

5.43.1 S¢

An associat
the classifie
ends. An as

5.43.2 N

The path m
indicate prg
classifier sy
it. Thefolld

543.2.1 n

Specified by
incomplete
See Section

54322 0

If the multi|
thenitisun
The declarg
make provi

* unor

* orde
al K

An ordered

sociation End
bPmantics
on end issimply an end of an association where it connects to a classifier. It is part‘ofithe associafion, not part of

r. Each association has two or more ends. Most of the interesting details about an.association are 3
50Ci ation end is not a separable element, it isjust amechanical part of an assgciation.

ptation

by have graphical adornments at each end where the path connects to'the classifier symbol. These
perties of the association related to the classifier. The adornmentsare part of the association symbo
Imbol. The end adornments are either attached to the end of¢theline, or near the end of theline, ang
wing kinds of adornments may be attached to an association’end.

hultiplicity

atext syntax. Multiplicity may be suppressed.on a particular association or for an entire diagram
model the multiplicity may be unspecified inthe model itself. In this case, it must be suppressed i
5.44, “Multiplicity,” on page 233.

rdering

plicity is greater than one, thenthe set of related elements can be ordered or unordered. If no indic;
prdered (the elements form aset). Various kinds of ordering can be specified as a constraint on the
fion does not specify how, the ordering is established or maintained. Operations that insert new elg
Eion for specifying theirposition either implicitly (such as at the end) or explicitly. Possible values

dered - the elements form an unordered set. This isthe default and need not be shown explicitly.

ttached to its

pdornments
, hot part of the
must drag with

Inan
N the notation.

gtion is given,

BSSOCi ation end.

Iments must
include:

red - the elernents of the set have an ordering, but duplicates are till prohibited. This generic specifiication includes

nds of.ardering. This may be specified by the keyword syntax “{ ordered}.”

relati ohship may be implemented in various ways; however, thisis normally specified as alangua

pe-specified

code genera

itHon-property-to-select-a-particularHnplementation—An-Hmplementation-extension-might substitut

the data

structure to

hold the elements for the generic specification “ordered.”

At implementation level, sorting may also be specified. It does not add new semantic information, but it expresses a design

decision:

« sorted - the elements are sorted based on their internal values. The actual sorting rule is best specified as a separate
constraint.

5.43.2.3 q

ualifier

A quadlifier is optional, but not suppressible. See Section 5.45, “Qualifier,” on page 234.
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5.43.2.4 navigability

An arrow may be attached to the end of the path to indicate that navigation is supported toward the classifier attached to the
arrow. Arrows may be attached to zero, one, or two ends of the path. To be totally explicit, arrows may be shown whenever
navigation is supported in a given direction. In practice, it is often convenient to suppress some of the arrows and just show
exceptional situations. See Section 5.22.3, “Presentation Options,” on page 202 for details.

5.43.2.5 aggregation indicator

A hollow diLa\mond is attached to the end of the path to indicate aggregation. The diamond may not be attached to both ends of
aline, but if need not be present at all. The diamond is attached to the classthat is the aggregate. The aggregation is optional,
but not suppressible.

If the diamgnd isfilled, then it signifies the strong form of aggregation known as composition. See Section 5.48,
“Compositipn,” on page 237.

5.43.2.6 rplename

A name string near the end of the path. It indicates the role played by the class attached to the end of the path phear the
rolename. The rolename is optional, but not suppressible.

5.43.2.7 interface specifier
The name of a Classifier with the syntax:
classifiername, . . .

It indicates the behavior expected of an associated object by-the related instance. In other words, the interface|specifier
behavior required to enable the association. | n'this case, the actual classifier usually provides more functionality

than requirgd for the particular association (since it may-have other responsibilities).
The use of @ rolename and interface specifier are-equivalent to creating a small collaboration that includes jus} an association
and two rolgs, whose structure is defined by the rolename and attached classifier on the original association. Therefore, the

ciation and classifiers are a useof the collaboration. The original classifier must be compatible wjth the interface
ich can be an interface or atype, among other kinds of classifiers).

original
specifier (

If an interface specifier is omitted,.then the association may be used to obtain full access to the associated clags.
5.43.2.8 clhangeability

If the links @re changeable(Can be added, deleted, and moved), then no indicator is needed. The property {frogen} indicates
that no link$ may be added, deleted, or moved from an object (toward the end with the adornment) after the olpject is created
and initialized. Théproperty { addOnly} indicatesthat additional links may be added (presumably, the multipligity isvariable);
however, links'may not be modified or deleted.

5.43.2.9 visibility

Specified by avisibility indicator (‘+', ‘#', ‘-’ or explicit property name such as{public}) in front of the rolename. Specifies
the visibility of the association traversing in the direction toward the given rolename. See Section 5.25, “Attribute,” on
page 207 for details of visibility specification.

Other properties can be specified for association ends, but there is no graphical syntax for them. To specify such properties,
use the constraint syntax near the end of the association path (atext string in braces). Examples of other propertiesinclude
mutability.
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esentation Options

If there are two or more aggregations to the same aggregate, they may be drawn as a tree by merging the aggregation end into
asingle segment. Thisrequiresthat all of the adornments on the aggregation ends be consistent. Thisis purely a presentation
option, there are no additional semanticsto it.

Various options are possible for showing the navigation arrows on a diagram. These can vary from time to time by user request
or from diagram to diagram.

* Prespntation option 1: Show all arrows. The absence of an arrow indicates navigation is not supported.

e Prespntation option 2: Suppress all arrows. No inference can be drawn about navigation. Thisissimilar
in which information is suppressed from a view.

« Prespntation option 3: Suppress arrows for associations with navigability in both directions, show arro
assoriations with one-way navigability. In this case, the two-way navigability cannot be distinguished

to any situation

s only for
from no-way

navipation; however, the latter case is normally rare or nonexistent in practice. Fhislis yet another exaqple of a

situation in which some information is suppressed from a view.

5.43.4 Style Guidelines

If there are pnultiple adornments on a single association end, they are presented in the following order, reading
the path attgched to the classifier toward the bulk of the path:

e qua

« aggregation symbol
¢ navifjation arrow

Rolenames pnd multiplicity should be placed near the'end of the path so that they are not confused with a diffej
They may be placed on either side of the line. It iStempting to specify that they will always be placed on a gi

fier

from the end of

'ent association.
en side of the
Dut. A rolename
v (for example,

line (clockwise or counterclockwise), but thisis sometimes overridden by the need for clarity in acrowded lay
and a multiplicity may be placed on opposite’sides of the same association end, or they may be placed togethg
“* employeg”).
5.43.5 Example
+vertex
Contains» 31 _
Polydgon ~ &> Point
{ordered}
1
1 GraphicsBundle
-bundle| color
texture
density
Figure 74 - Various Adornments on Association Roles
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5.43.6 Mapping

The adornments on the end of an association path map into properties of the corresponding role of the Association. In general,
implications cannot be drawn from the absence of an adornment (it may simply be suppressed) but see the preceding
descriptions for details. The interface specifier mapsinto the “ specification” rolename in the AssociationEnd-Classifier
associ ation.

5.44 Multiplicity

5.44.1 S¢mantics

A multiplicity item specifies the range of allowable cardinalities that a set may assume. Multiplicity specifications may be
given for rojes within associations, parts within composites, repetitions, and other purposes. EsSentially amulfiplicity
specificatiop is a subset of the open set of nonnegative integers.

5.44.2 Notation

A multiplicity specification is shown as atext string comprising a comma-separated sequence of integer interyals, where an
interval represents a (possibly infinite) range of integers, in the format:

lower-bound .. upper-bound

where lowef-bound and upper-bound are literal integer values, specifying the closed (inclusive) range of integers from the
lower boundl to the upper bound. In addition, the star character (* \may be used for the upper bound, denotingfan unlimited
upper bound. In a parameterized context (such as atemplate), the'bounds could be expressions but they must eyaluateto literal
integer values for any actual use. Unbound expressions that(do not evaluate to literal integer values are not pefmitted.

If asingleimteger valueis specified, then the integer range contains the single integer value.

If the multiplicity specification comprisesasinglestar (*), then it denotes the unlimited nonnegative integer range, that is, it is
equivaent tp 0..* (zero or more).

A multiplicity of 0..0 is meaningless as it ould indicate that no instances can occur.

Expressiong in some specification language can be used for multiplicities, but they must resolve to fixed integer ranges within
the model; that is, no dynamic evaluation of expressions, essentially the same rule on literal values as most prpgramming
languages.

5.44.3 Style Guidelines

Preferably, |ntervals-should be monotonically increasing. For example, “1..3,7,10" is preferableto “7,10,1..3"

Two COI’]tiglilOUS intervals should be combined into asingle interval. For example, “0..1" is preferable to “0,1”

5.44.4 Example

0.1
1
0.*
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1.6

1..3,7..10,15,19.*

5.44.5 Mapping

A multiplicity string mapsinto a Multiplicity value with one or more MultiplicityRanges. Duplications or other nonstandard
presentation of the string itself have no effect on the mapping. Note that Multiplicity is avalue and not an object. It cannot

stand on its[own, but IS The value Of Some element property.

5.45 Qualifier

5.45.1 Semantics

A qualifier|is an attribute or list of attributes whose values serve to partition the set of-instances associate
instance acfoss an association. The qualifiers are attributes of the association.

5.45.2 Notation

A quadlifier |s shown as a small rectangle attached to the end of an associationpath between the final path seg

symbol of t
qualifier reg
the source g
the other en

The multipl
of a source

“0..]

o 41"
finit

o %M

The qualifie

attributes hgwve the same notation as classifier attributes, except that initial value expressions are not meaningf

Itispermisy

5.45.3 Pi

A qualifier

he classifier that it connectsto. The qualifier rectangle is part'ef the association path, not part of t
tangle drags with the path segments. The qualifier is attachied to the source end of the association|An instance of
lassifier, together with avalue of the qualifier, uniqueljrselect apartition in the set of target classifier instances on
d of the association; that is, every target falls into exactly one partition.

city attached to the target end denotes the possilile cardinalities of the set of target instances sel ecte
nstance and a qualifier value. Common valués include;

" (aunigue value may be selected, but every possible qualifier value does not necessarily select a

every possible qualifier value selectsa unique target instance; therefore, the domain of qualifier v
).
the qualifier valueis an index that partitions the target instances into subsets).

b attributes are drawnwithin the qualifier box. There may be one or more attributes shown one to

i ble (although'somewhat rare), to have aqualifier on each end of a single association.

esentation Options

ed with an

ent and the
classifier. The

d by the pairing

value).

Alues must be

aline. Qualifier
ul.

racter of the

may.not be suppressed (it provides essential detail whose omission would modify the inherent cha

relationship
A tool may

5.45.4 St

use alighter line for qualifier rectangles than for class rectangles to distinguish them clearly.

yle Guidelines

The qualifier rectangle should be smaller than the attached class rectangle, although thisis not always practical.

© ISO/IEC 20

05 - All rights reserved

235


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

5.45.5 Example

Bank Chessboard
account # rank:Rank
m file:File
oI i ?
1
Person
Square

Figure 75 -

5456 M

The presend
Association|

5.46 AS

5.46.1 Sqg

An associat
drawn as an

5.46.2 N

An associat
class symbg
may have th
dashed line,

5.46.3 Py

The class s
The associg

Qualified Associations

Apping

e of aqualifier box on an end of an association path maps into a list'of qualifier attributes on the g
Role. Each attribute entry string inside the qualifier box maps into an Attribute.

sociation Class

Pmantics

on classisan association that also has class properties (or a class that has association properties). H
association and aclass, it isreally just a sifigle model element.

ptation

on classis shown as a class symbol (rectangle€) attached by a dashed line to an association path. T|

| and the name string attached'to the association path are redundant and should be the same. The 3

esentation.Qptions

mbol may_be suppressed. It provides subordinate detail whose omission does not change the over
lion path may not be suppressed.

546.4 Stn]/la Guidelines

orresponding

ven thoughit is

he namein the
\ssoci ation path

e usual adornments on éither end. The class symbol may have the usual contents. There are no adprnments on the

l| relationship.

The attachment point should not be near enough to either end of the path that it appears to be attached to, the end of the path,

or to any of

the association end adornments.

Note that the association path and the association class are a single model element and have a single name. The name can be
shown on the path, the class symbol, or both. If an association class has only attributes, but no operations or other associations,
then the name may be displayed on the association path and omitted from the association class symbol to emphasize its
“association nature.” If it has operations and other associations, then the name may be omitted from the path and placed in the
class rectangle to emphasize its “class nature.” In neither case are the actual semantics different.
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5.46.5 Example

Company ' Person

0 1..0

employer | employee

Figure 76

5.46.6 M

An associat
Association
box, or both
specified pr

placed on ejther the association path or attached classbox apply to the AssociationClass itself; they must not

5.47 N-

5.47.1 S¢

Ann-ary ag
instance of
own notatid

Multiplicity
represents t

Ann-ary as

Job
boss
salary
0.1
worker|
<4Manages

Association Class

Bpping

on path connecting two class boxes connected by a dashed line to another class box mapsinto a g
Class element. The name of the AssociationClass element is taken from the association path, the 3
(they must be consistent if both are present). Thé&’Association properties map from the associatiol
pviously. The Class properties map from the class box, as specified previously. Any constraints or

ary Association

bmantics

ngle

ttached class
n path, as
properties
conflict.

50Ci ation is an association among three or more classifiers (asingle classifier may appear more than once). Each

he association is an(n-tupl e of values from the respective classifier. A binary association is a spec
n.

for n-ary asSociations may be specified, but is less obvious than binary multiplicity. The multipli
he potenti@ Number of instance tuples in the association when the other N-1 values are fixed.

50ciation may not contain the aggregation marker on any role.

a case with its

ity onarole

5.47.2 N

tation

An n-ary association is shown as alarge diamond (that is, large compared to aterminator on a path) with a path from the
diamond to each participant class. The name of the association (if any) is shown near the diamond. Role adornments may
appear on each path as with abinary association. Multiplicity may be indicated; however, qualifiers and aggregation are not

permitted.

An association class symbol may be attached to the diamond by a dashed line. Thisindicates an n-ary association that has

attributes, o

perations, and/or associations.
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5.47.3 Style Guidelines

Usually the lines are drawn from the points on the diamond or the midpoint of aside.

5.47.4 Example

This example shows the record of ateam in each season with a particular goalkeeper. It is assumed that the goal keeper might
be traded during the season and can appear with different teams.

Year
season| U
H [
Team Player
team goalkeeper
|
|
I
Record
goals for
goals against
wins
losses
ties
Figure 77 -| Ternary association that is also an association class.
5.47.5 Mapping
A diamond pttached.to some number of class symbols by solid lines maps into an N-ary Association whose Associ ationEnds
are attached totheCorresponding Classes. The ordering of the Classifiersin the Association isindeterminate from the diagram.
Ifac|a$b0 1 allacec 0 l‘.-llllll a.Clasnec l‘ al=a ars a ‘_l.ll.l- -M: | IQL e f|erpr0pert|$

for an N-ary AssociationClass.

5.48 Composition

5.48.1 Semantics
Composite aggregation is a strong form of aggregation, which requiresthat a part instance be included in at most one

composite at atime and that the composite object has sole responsibility for the disposition of its parts. The multiplicity of the
aggregate end may not exceed one (it is unshared). See Section 5.43, “Association End,” on page 230 for further details.
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The composite in acomposition “projects’ its identity onto the partsin the relationship. In other words, each part object in an
object model can be identified with aunique composite object. It keepsits own identity asits primary identity. The point isthat
it can also be identified as being part of a unique composite. Composition istransitive. If object A is part of object B that is
part of object C, then object A isaso part of object C. A part may be identified with several composite objects in this way,
each at adifferent level of detall.

The parts of a composition may include classes and associations (they may be formed into AssociationClasses if necessary).
The meaning of an assouaﬂon in acomposte object |sthat any tuple of Obj ects connected by asmgle link must all belong to
; \ ' jng to the part
end of a composition aggregat|on If an assouatlon and two classesit relates are all related as parts to the-same class as
composite, ailink that is an instance of the association isidentified with an object that is an instance of the)composite class; the
objects connected by the link are also identified with the composite object; and they must all be associated with the same
composite gbject.

5.48.2 Notation

Composition may be shown by a solid filled diamond as an association end adornmefit.*Alternately, UML provides a
graphicallyqnested form that is more convenient for showing composition in many.cases.

Instead of using binary association paths using the composition aggregation adornment, composition may be shown by
graphical nesting of the symbols of the elements for the parts within the symbol of the element for the whole.|A nested class-
like element may have a multiplicity within its composite element. Themultiplicity is shown in the upper right corner of the
symbol for the part. If the multiplicity mark is omitted, then the default multiplicity is many. This representsits multiplicity as
apart within the composite classifier. A nested element may have.arolename within the composition; the nane is shown in
front of its type in the syntax:

;iE‘xame classname
This represents its rolename within its composition association to the composite.

Alternately,|composition is shown by a solid-filléd diamond adornment on the end of an association path attaghed to the
element for|the whole. The multiplicity may*lde shown in the normal way.

Note that attributes are, in effect, compagsition rel ationships between a classifier and the classifiers of its attributes.

An associat|on drawn entirely withifa border of the composite is considered to be part of the composition. Any instanceson a
single link ¢f it must be from the same composite. An association drawn such that its path breaks the border df the composite
is not consiflered to be part of\the composition. Any instances on asingle link of it may be from the same or different

composites,

Note that the notation for composition resembles the notation for collaboration. A composition may be thougft of asa
collaboratign in which all of the participants are parts of a single composite object.

Note that nﬁed notation is not the correct way to show a class declared within another class. Such a declared classisnot a
structural part of the enclosing class but merely Nas SCope Within the namespace of the enclosing class, which acts like a
package toward the inner class. Such a namescope containment may be shown by placing a package symbol in the upper right
corner of the class symbol. A tool can allow a user to click on the package symbol to open the set of elements declared within

it. The “anchor notation” (acrossin acircle on the end of aline) may also be used on aline between two class boxes to show
that the class with the anchor icon declares the class on the other end of the line.

5.48.3 Design Guidelines

Note that a class symbol isacomposition of its attributes and operations. The class symbol may be thought of as an example of
the composition nesting notation (with some special layout properties). However, attribute notation subordinates the attributes
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strongly within the class; therefore, it should be used when the structure and identity of the attribute objects themselvesis
unimportant outside the class.

5.48.4 Example

Window

SCro

Ibar

S
ti

body: Panel

crollbar [2]: Slider
tle: Header

2

Window

title | 1

Slider

Header

body

Panel

Window

scrollbar:Slider

1

titteHeader

1
body:Panel

Figure 78 - Different Ways to Show Composition
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5.48.5 Mapping

A class box with an attribute compartment maps into a Class with Attributes. Although attributes may be sem
equivalent to composition on adeep level, the mapped model distinguishes the two forms.

antically

A solid diamond on an association path maps into the aggregation-compaosition property on the corresponding Association

Role.

A class box with contained class boxes maps into a set of composition associations; that is, one composition association

between thg Class corresponding to the outer class box and each of the Classes corresponding to the enclosed

lass boxes. The

multiplicity|of the composite end of each association is 1. The multiplicity of each constituent end is 1 i-not gpecified

explicitly; gtherwise, it is the value specified in the corner of the class box or specified on an associatiofpath
class box bgundary to an inner class box.

5.49 Link

5.49.1 Sémantics

A link isatuple (list) of object references. Most commonly, it isapair of object'references. It isan instance o
5.49.2 Notation

A binary link is shown as a path between two instances. In the case of alink from an instance to itself, it may
with asingle instance. See Section 5.41, “ Association,” on page 227 for details of paths.

A rolenamemay be shown at each end of the link. An associatton name may be shown near the path. If present
to indicate gn instance. Links do not have instance names, they take their identity from the instances that they

from the outer

an association.

involve aloop

it isunderlined
relate.

Multiplicity is not shown for links because they are instances. Other association adornments (aggregation, composition,

navigation) may be shown on the link ends.
A qualifier may be shown on alink. The value 6t the qualifier may be shown in its box.
5.49.2.1 Implementation stereotypes

A stereotypk may be attached to thelink end to indicate various kinds of implementation. The following stere
used:

Otypes may be

«associ ati op» association (default, unnecessary to specify except for emphasis)
«parameterp method parameter

«local» local variable of a method

«global» global varishle

«self» self link (the ability of an instance to send a message to itself)

5.49.2.2 N-ary link

An n-ary link is shown as a diamond with a path to each participating instance. The other adornments on the association, and

the adornments on the association ends, have the same possibilities as the binary link.
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5.49.3 Example

officer

Jill:Person

member

treasurer
. . member

downhillSkiClub:Club Joe:Person

president member

Chris:Person
officer

Figure 79 - Links

5.49.4 Mapping
Within an opject diagram, each link path maps to a Link between the Instances corresponding to the connectedl class boxes. If

anameis placed on the link path, then it is an instance of the given Association (and the rolenames must match or the diagram
isill formed).

5.50 Generalization

5.50.1 S¢mantics
Generalizat{on is the taxonomic relationship between a more general element (the parent) and a more specific|element (the

child) that i fully consistent with.the first element and that adds additional information. It is used for classes, jpackages, use
cases, and dther elements.

5.50.2 Notation

Generalizat|on,isshown as a solid-line path from the child (the more specific element, such as a subclass) to the parent (the
more general element, such as a superclass), with alarge hollow triangle at the end of the path where it meets the more general
element.

A generalization path may have atext label called a discriminator that is the name of a partition of the children of the parent.
The child is declared to be in the given partition. The absence of adiscriminator label indicates the “empty string”
discriminator which isavalid value (the “default” discriminator).

Generalization may be applied to associations as well asto classes. To notate generalization between associations, a
generalization arrow may be drawn from a child association path to a parent association path. This notation may be confusing
because lines connect other lines. An alternative notation isto represent each association as an association class and to draw
the generalization arrow between the rectangles for the association classes, as with other classifiers. This approach can be used
even if an association does not have any additional attributes, because a degenerate association classis alegal association.
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The existence of additional children in the model that are not shown on a particular diagram may be shown using an ellipsis
(...) inplace of achild.

NOTE: Thisdoes not indicate that additional children may be added in the future. It indicates that additional children exist
right now, but are not being seen. Thisis anotational convention that information has been suppressed, not a semantic state-
ment.

Predefined ¢ ' . indi i i i a-separated list of keywords
is placed in oraces either near the shared triangle (if several paths share asingletriangle) or near adotted linéthat crosses all of
the generalipation lines involved. The following keywords (among others) may be used (the following eenstraints are

predefined)

overlapping An element may have two or more children from the set as ancestors.cAn-instance may|be a direct or
indirect instance of two or more of the children.

disjoint No element may have two children in the set as ancestors. Nodinstance may be a direct|or indirect
instance of tow of the children.

complete All children have been specified (whether or not shown)..No additional children are expected.

incompl etef Some children have been specified, but the list isknewn to be incomplete. There are addjtional children
that are not yet in the model. This is a statement*about the model itself. Note that this ijs not the same
as the ellipsis, which states that additional children exist in the model but are not showr on the current
diagram.

The discrinjinator must be unique among the attributes andcassociation roles of the given parent. Multiple ocqurrences of the
same discriminator name are permitted and indicate that the children belong to the same partition.

The use of multiple classification or dynamic classification affects the dynamic execution semantics of the language, but is not
usually appgrent from a static model.

5.50.3 Piesentation Options

A group of generalization paths for a given parent may be shown as atree with a shared segment (including the triangle) to the
child, branching into multiple pathsto each child.

If atext labgl is placed on agenéralization triangle shared by several generalization pathsto children, the label|appliesto all of
the paths. 1) other words,«all 'of the children share the given properties.
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5.50.3.1 Example
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Figure 80 -
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Styles of Displaying,'Generalizations

Ellipse

Spline

Shared Target Style
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Genegralization with Shared Target Style.
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5.50.4 Mapping

Each generalization path between two element symbols maps into a Generalization between the corresponding
GeneralizableElements. A generalization tree with one arrowhead and many tails mapsinto a set of Generalizations, one
between each element corresponding to a symbol on atail and the single Generalizabl eElement corresponding to the symbol
onthe head. That is, atreeis semantically indistinguishable from a set of distinct arrows, it is purely a notational convenience.

Any property string attached to a generalization arrow appliesto the Generalization. A property string attached to the head line
segment on a generalization tree represents a (duplicated) property on each of the individual Generalizations.

The presence of an ellipsis (“...

© ISO/IEC 2005 - All rights reserved
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of the given parent that is not visible on the current diagram. Normally, thisindicator will be maintained automatically by an

editing toal.

5.51 Dependency

5.51.1 Semantics

A dependency indicates a semantic relationship between two model elements (or two sets of model elements) It relates the
model elements themselves and does not require a set of instances for its meaning. It indicates a situation injwinich a change to
the target elpment may require a change to the source element in the dependency.
5.51.2 Notation
A dependency is shown as a dashed arrow between two model elements. The model elementiatthe tail of the afrow (the client)
depends on the model element at the arrowhead (the supplier). The arrow may be labeledwith an optional stefeotype and an
optional individual name.
Itis possible to have a set of elements for the client or supplier. In this case, oneermore arrows with their taills on the clients
are connected to the tails of one or more arrows with their heads on the suppliers:-A small dot can be placed on the junction if
desired. A rjote on the dependency should be attached at the junction point.
The followihg kinds of Dependency are predefined and may be indicatedywith keywords. Note that some of these correspond
to actual mgtamodel classes and others to stereotypes of metamodel ‘elasses. All of these are shown as dashed farrows with
keywords in guillemets. The name column shows the name of theitmetamodel class or the informal name of the class with the
given keywprd stereotype.
Keyword Name Description
access Access The granting of permission for one package to reference the public elements owned by another
package (subject to appropriate visibility). Maps into a Permission with the stereotype access.
bind Binding A binding.of template parameters to actual values to create a non-parameterizei element. See
Section)5.31, “Bound Element,” on page 217 for more details. Maps into a Binding.
derive Derivation A“computable relationship between one element and another (one more than one|of each). Maps
into an Abstraction with the stereotype derivation.
import Import The granting of permission for one package to reference the public elements of janother
package, together with adding the names of the public elements of the supplier package to the
client package. Maps into a Permission with the stereotype import.
refine Refinement A historical or derivation connection between two elements with a mapping (nqt necessarily
complete) between them. A description of the mapping may be attached to the dependency in a
nata\/aciauc-ldnde aof raof it namant hava hoon nranacod and caon bha tndicatad Urther
Rete—arieuskires-ef+efHement-have-beenrprepesed-and-can-be-Hadi by
stereotyping. Maps into an Abstraction with the stereotype refinement.
trace Trace A historical connection between two elements that represents the same concept at different
levels of meaning. Maps into an Abstraction with the stereotype trace.
use Usage A situation in which one element requires the presence of another element for its correct
implementation or functioning. May be stereotyped further to indicate the exact nature of the
dependency, such as calling an operation of another class, granting permission for access,
instantiating an object of another class, etc. Maps into a Usage. If the keyword is one of the
stereotypes of Usage (call, create, instantiate, send), then it maps into a Usage with the given
stereotype.
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5.51.3 Presentation Options

NOTE: The connection between a note or constraint and the element it appliesto is shown by a dashed line without an
arrowhead. Thisis not a Dependency.

5.51.4 Example

ClasdA [ —— — — — = ClassB ClassD
«friend» N

~

~

. ~
/I\ «friend» >~ L

~ operationZ()

T

|

I «instantiate» |
| |
|

|

Jo __«cab_ | classc

. I
«refine» )
[ ClassC combines

Y Q) — — two logical classes

ClassD ClassE

Figure 83 { Various Dependercies Among Classes
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[
. Controller
|
: «access»; !
I
«access»: ] v !
| «access» | Diagram !
r—=-=-=- 1
| . Elements |
: : | : «access»
: ! «access» ! !
vy 1y V
Domain Graphics
Hlements Core
Figure 84 | Dependencies Among Packages
5.51.5 Mapping
A dashed arrow maps into the appropriate kind of Dependency (based on keywords) between the Elements cg

the symbol4
name of the

5.52 De

5.52.1 Sg

A derived €
pUrpoSes eV,

5522 N

A derived €|
rolename.

5.52.3 St

attached to the ends of the arrow. The stereotype and.the name (if any) attached to the arrow are th
Dependency.

rived Element

bmantics

ement is one that can be compuited from another one, but that is shown for clarity or that isinclud
en though it adds no semantie’information.

ptation

yle Guidelines

The details

rresponding to
b stereotype and

ed for design

ement is shown by placing aslash (/) in front of the name of the derived element, such as an attrilpute or a

Df comp! 1t ng-a derived element canbe Qpnr‘ifinrl h‘,’ a rinpnndmr\ll with the :tnrmfypn «derives 1

alyitis

convenient in the notation to suppress the dependency arrow and simply place a constraint string near the derived element,
although the arrow can be included when it is helpful.

5.53 InstanceOf

5.53.1 Semantics

Shows the connection between an instance and its classifier.
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5.53.2 Notation

Shown as adashed arrow with itstail on the instance and its head on the classifier. The arrow has the keyword «instanceOf>».

5.53.3 Mapping

Maps into an instance relationship from the instance to the classifier.

Part 6 {Use Case Diagrams

A use case fliagram shows the relationship among use cases within a system or other semantic entity andtheir actors.

5.54 Uge Case Diagram

5.54.1 Sémantics

Use case diggrams show actors and use cases together with their relationships. The Use cases represent functignality of a
system or alclassifier, like a subsystem or a class, as manifested to external interactors with the system or the ¢lassifier.

5.54.2 Notation

A use case fliagram is a graph of actors, a set of use cases, possibly Seme interfaces, and the relationships between these

elements. The relationships are associations between the actors anglthe use cases, generalizations between thg actors, and
generalizatipns, extends, and includes among the use cases. The'use cases may optionally be enclosed by areftangle that
represents the boundary of the containing system or classifier.
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5.54.3 Example

Telephone Catalog

/

/

Custonier

" Check O

(i e
Place Salesperson
order

[

e

Establish
credit

Shipping Clerk

Figure 85 -/ Use Case Diagram

5.54.4 Mapping

A set of usg case ellipses witheonnections to actor symbols maps to a set of UseCases and Actors correspond
case and acfor symbols,respectively. The optional rectangle maps onto either a Model with the stereotype «us
containing the set of WseCases and Actors, or to a Classifier, like Subsystem or Class, containing the set of Us
interface injthe diagram is mapped onto an Interface in the Model, and the connection between the interface al
use case icons jsmapped onto arealization Dependency (an Abstraction dependency being stereotyped «realiZ

A

Supervisor

ng to the use
eCaseM odel »
beCases. An
hd the actor or

e») between the

Classifiers. Each‘generalization arrow maps onto a Generaization in the model, and each line between an actr symbol and a

use case €llipse maps to an Association between the corresponding Classifiers. A dashed arrow with the keyword «include» or
«extend» maps to an Include or Extend relationship between UseCases.

Part 6 - Use Case Diagrams

5.55 Use Case

5.55.1 Semantics

A use caseisakind of classifier representing a coherent unit of functionality provided by a system, a subsystem, or aclass as
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manifested by sequences of messages exchanged among the system (subsystem, class) and one or more outside interactors
(called actors) together with actions performed by the system (subsystem, class).

An extension point is areference to one location within ause case at which action sequences from other use cases may be
inserted. Each extension point has a unique name within a use case, and adescription of the location within the behavior of the
use case.

5.55.2 Notation

A use case i[s shown as an ellipse containing the name of the use case. An optional stereotype keyword may’be placed above
the name arjd a list of properties included below the name. As a classifier, a use case may also have compartments displaying
attributes and operations.

Extension goints may be listed in a compartment of the use case with the heading extension paints. The descfiption of the
locations of|the extension point is given in a suitable form, usually as ordinary text, but can also be given in other forms, like
the name off a state in a state machine, or a precondition or a postcondition.

The behaviIIr of ause case can be described in severa different ways, depending on what is convenient: often plain text is
used, but state machines, and operations and methods are examples of other ways ef describing the behavior ¢f the use case.
Sequence diagrams can be used for describing the interaction between use cases.and their actors.

5.55.3 Piesentation Options

The name of the use case may be placed below the ellipse. The name'of an abstract use case may be shown injitalics.

The ellipse may contain or suppress compartments presenting the attributes, the operations, and the extension points of the use
case.

5.55.4 Style Guidelines

Use case names should follow capitalization forthose languages that distinguish between uppercase and | owetjcase characters
and punctuation guidelines used for Classifiérsin the model.

5.55.5 Mppping

A use case $ymbol maps to a UseCase with the given name. An extension point maps into an ExtensionPoint yithin the
UseCase.

5.56 Agtor

5.56.1 Séemantics

An actor defimesacoterent setof Totes that users of arentity car pray whermmteractimg wittrtheentity-Arractor may be
considered to play a separate role with regard to each use case with which it communicates.

5.56.2 Notation

The standard stereotypeicon for an actor isa*“stick man” figure with the name of the actor below the figure.

5.56.3 Presentation Options

An actor may also be shown as a class rectangl e with the keyword «actor», with the usual notation for all compartments. Other
icons which convey the kind of actor may also be used to denote an actor.
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5.56.4 Style Guidelines

Actor names should follow capitalization for those languages that distinguish between uppercase and lowercase characters and
punctuation guidelines used for types and classes in the model.

5.56.5 Mapping

An actor symbol maps to an Actor with the given name. The names of abstract actors may be shown in italics

5.57 Uge Case Relationships

5.57.1 S¢mantics

There are sgveral standard rel ationships among use cases or between actors and use cases.

« Assqciation — The participation of an actor in a use case; that is, instances of the actor and instances of|the use case
communicate with each other. Thisis the only relationship between actors and use cases.

e Extend — An extend relationship from use case A to use case B indicates that an instance of use case B|may be
augrnented (subject to specific conditions specified in the extension) by. the behavior specified by A. Tlhe behavior is
insefted at the location defined by the extension point in B, which'is referenced by the extend relationghip.

¢ Gengralization — A generalization from use case C to use case D'indicates that C is a specialization of D.
¢ Inclyde— An include relationship from use case E to usecase F indicates that an instance of the use case E will also

contpin the behavior as specified by F. The behavior isincluded at the location which defined in E.

5.57.2 Notation

An associat{on between an actor and a use case isshown as a solid line between the actor and the use case. It nay have end
adornments{such as multiplicity.

An extend rglationship between use cases'is-shown by a dashed arrow with an open arrow-head from the use ¢ase providing
the extensign to the base use case. The arrow is labeled with the keyword «extend». The condition of the relajonship is
optionally gresented close to the key~word.

An include felationship between use cases is shown by a dashed arrow with an open arrow-head from the basg use case to the
included usg case. The arrow. is labeled with the keyword «include».

A generalizgtion betweeh use cases is shown by a generalization arrow; that is, asolid line with a closed, hollpw arrow head
pointing at {he parent.use case.

The relationship between a use case and its external interaction sequences is usually defined by an invisible hyperlink to
sequence diegrams—Fherelationship-between-aUse-case-and-Hsrealization-may-be shown-as-dashed-arrow-with the keyword

«representedClassifiers to collaborations, but may also be defined asinvisible hyperlinks.
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Supply Order
Customer Data Product Arrange
Payment
N N
I\ |
: \ . /
«include» | «include» | / «include»
\ | /
\ /

Place Order

LY

Extension points «extend»

additional requests :
after creation of the order

~ the catalog

Salesperson

Figure 86 { Use Case Relationships

5.57.4 Mppping

< the salesperson asks for

Request
Catalog

A path between use case and/or actor symbols maps into the corresponding relationship between the corresponding Elements,

as described above.

5.58 Agtor Relationships

5.58.1 Sémantics

There is ong standard relationship among actors and one between actors and use cases.

« Assqciation —/Fhe participation of an actor in ause case; that is, instances of the actor and instances of{the use case
communicatewith each other. Thisis the only relationship between actors and use cases.

5.58.2 Notation

hmunicate with

An association between an actor and a use case is shown as a solid line between the actor and the use case.

A generalization between actorsis shown by a generalization arrow; that is, asolid line with aclosed, hollow arrow head. The

arrow head points at the more general actor.
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5.58.3 Example
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describe thd

Interaction
by an Interg
diagrams. A
for complex
relationship

Establish

1 - Credit

isor

Actor Relationships

Apping

btion between two actor symbols and an associatien between actor symbol and a use case symbol
hg relationship between the corresponding Elements, as described above.

Interaction Diagrams

ion patterns. The structure of lnstances playing roles in abehavior and their relationships is calleg
bn. The communi cation pattern performed by Instances playing the roles to accomplish a specific g
bn. The two aspects of behavior are often described together on a single diagram, but at timesit is
structural aspects séparately.

Hiagrams come in two forms based on the same underlying information, specified by a Collaborati
ction, but eaCh'form emphasizes a particular aspect of it. The two forms are sequence diagrams ar
sequence diagram shows the explicit sequence of communications and is better for real-time spe
scenafios. A collaboration diagram shows an Interaction organized around the roles in the Interag
5. It dees not show time as a separate dimension, so the sequence of communications and the cond

maps into the

ion of behavior involvestwo aspegts: 1) the structural description of the participants, and 2) the dgscription of the

a
urposeiscalled
useful to

pn and possibly
d collaboration
tifications and
tion and their
urrent threads

must be det

brmihed using sequence numbers.

5.59 Collaboration

5.59.1 Semantics

Behavior isimplemented by ensembles of Instances that exchange Stimuli within an overall interaction to accomplish atask.
To understand the mechanisms used in adesign, it isimportant to see only those Instances and their cooperation involved in
accomplishing a purpose or arelated set of purposes, projected from the larger system of which they are part of. Such a static

construct is
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called a Collaboration.
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A Collaboration includes an ensemble of ClassifierRoles and AssociationRoles that define the participants needed for a given
set of purposes. | nstances conforming to the ClassifierRoles play the roles defined by the ClassifierRol es, while Links between

the Instances conform to AssociationRoles of the Collaboration. ClassifierRoles and AssociationRoles define a usage of
Instances and Links, and the Classifiers and Associations declare all required properties of these Instances and Links.

An Interaction is defined in the context of a Collaboration. It specifies the communication patterns between the rolesin the
Collaboration. More precisely, it contains a set of partially ordered Messages, each specifying one communication; for
example, what Signal to be sent or what Operation to be invoked, as well as the roles to be played by the sender and the

receiver, res

A Collabor
Collaborati
that is, the |
ClassifierR
Interactionl
the Collabo|
communical

A Collaborgtion may be attached to an Operation or a Classifier, like a UseCaserto-describe the context in wh

behavior od
Collaborati
Classifier, |
includes the
the Operati
when they (i
or collabors
how attribu

A paramete]
in the Call4
parameters
Collaborati

Whereas most Collaborations can be anonymous because they are attached to a named M odel Element, Collab

are free star

A Collaboration may be expressed,at different levels of granularity. A coarse-grained Collaboration may be ref

another Col

5.60 Se

5.60.1 S¢

ectivey:

bti onl nstanceSet references an ensemble of Instances that jointly perform the task specifiedby-the
bl nstanceSet’s Collaboration. These Instances play the roles defined by the ClassifierRoles of the
hstances have all the properties declared by the ClassifierRoles (the Instances are said-to conform
bles). The Stimuli sent between the Instances when performing the task are participating in the
nstanceSet of the Collaborationl nstanceSet. These Stimuli conform to the Messages in one of the
ation. Since an Instance can participate in severa Collaborationl nstanceSetsatythe same time, all
ions are not necessarily referenced by only one Interactionl nstanceSet. Thiey, can be interleaved.

curs; that is, what roles Instances play to perform the behavior specified by the Operation or the U
bn is used for describing the realization of an Operation or a Classifier. A Collaboration which des

arguments and local variables of the Operation, as well asordinary Associations attached to the C
erform the behavior specified in the Operation or the UseCase. These patterns are presented in seq

tion diagrams. A Collaboration may also be attached to a Class to define the static structure of the
es, parameters, etc. cooperate with each other.

fized Collaboration represents a design construct that can be used repeatedly in different designs. ]
boration, including the Classifiers and Relationships, can be parameters of the generic Collaborati
bre bound to particular Model Elements in each instantiation of the generic Collaboration. Such af
bn can capture the structure of adesign pattern (note that a design pattern involves more than strug

ding design constructs that must have names.

aboration that has afiner granularity.

quenceDiagram

bmantics

Collaboration;
to the

nteractions of
its

ich their
seCase. A
cribes a

ke a UseCase, references Classifiers and Associations in genefal, while a Collaboration describing an Operation

assifier owning

Nn. The Interactions defined within the Collaboration specify the communication pattern between the Instances

uence diagrams
Class; that is,

I'he participants
pn. The
arameterized
tural aspects).
oration patterns

ined to produce

A sequenc
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oration, or an

I nteractionlnstanceSet, which is a set of Stimuli between Instances within a CollaborationlnstanceSet to effect a desired
operation or result.

5.60.2 Notation

A sequence diagram has two dimensions: 1) the vertical dimension represents time and 2) the horizontal dimension represents
different instances. Normally time proceeds down the page. (The dimensions may be reversed, if desired.) Usually only time
seguences are important, but in real-time applications the time axis could be an actual metric. Thereis no significance to the
horizontal ordering of the instances.
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The different kinds of arrows used in sequence diagrams are described in Section 5.63, “Message and Stimulus,” on page 262,
below. These are the same kinds as in collaboration diagrams; see Section 5.65, “ Collaboration Diagram,” on page 264.

Note that much of this notation is drawn directly from the Object Message Sequence Chart notation of Buschmann, Meunier,
Rohnert, Sommerlad, and Stal, which isitself derived with modifications from the M essage Sequence Chart notation.

5.60.3 Presentation Options

pCross the page;

however, th|sis not always possible and the orden ng does not convey mformatl on.

The axes can be interchanged, so that time proceeds horizontally to the right and different objects are‘shown 8s horizontal
lines.

Various labgls (such as timing constraints, descriptions of actions during an activation, and solon) can be shown either in the
margin or ngar the transitions or activations that they label.

Timing congtraints may be expressed using time expressions on message or stimuli nanies. The functions sendTime (the time
at which agimulusis sent by an instance) and receiveTime (the time at which a stimulus is received by an insiance) may be
applied to stimuli namesto yield atime. The set of time functions is open-ended;So that users can invent new|ones as needed
for special dituations or implementation distinctions (such as elapsedTime, exécutionSartTime, queuedTime, HandledTime,
etc.)

Constructiop marks of the kind found in blueprints can be used to indicate a time interval to which a constrairt may be
attached (see bottom right of Figure 88 on page 256). This notatiornis visually appealing but it is ambiguousiif the arrow is
horizontal, because the send time and the receive time cannot bedistinguished. In many cases the transmissiop time is
negligible, $0 the ambiguity is harmless, but atool must nevertheless map such a notation unambiguously to gn expression on
message or stimuli names (as shown in the examplesin the'left of the diagram) before the information is placed in the semantic
model. (A tpol may adopt defaults for this mapping.) Similarly, atool might permit the time function to be elifled and use the
stimulus najne to denote the time of stimulus sending or receipt within atiming expression (such as “b.receivéTime -
asendTimg < 1 sec.” in Figure 88), but again thiSjs only a surface notation that must be mapped to a proper fime expression
in the semantic model).
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5.60.4 Example

Simple sequence diagram with concurrent objects.

ISO/IEC 19501:2005(E)

caller exchange

receiver

a: lift receiver

{b.rece|veTime

- a.sendTime < 1 sec.}

{c.recejveTime

- b.s¢ndTime < 10 sec.}

Thg call is
routed through
the [network.

{d.receiveTime

- d.¢endTime < 5 sec.}

At this point
the parties
cap talk.

Figure 88 { Simple Sequence Diagram with Concurrent Objects (denoted by boxes
with thick borders).

b: dial tone

c: dial digit

W

ringing tone

phone rings

answer phone

stop tehe

stop ringing
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Figure 89 - Sequence Diagram with Focus of Control, Conditional, Recursion,
Creation, and Destruction.
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5.60.5 Mapping

This section summarizes the mapping for the sequence diagram and the elements within it, some of which are described in
subsequent sections.

Collaboration

L 2

*

ClasgifierRole AssociationRole | 0.1 Interaction

| L. L.

. | AssociationEndRole . Message o1 Action

Collaborationl nstanceSet

A

052
Instance Link nteractionl nstanceSet
1 1 1 T ‘
2. *
. LinkEnd .| Stimulus ==} Action

Figure 90 { A summary).of the UML constructs used in the section below.

5.60.5.1 Yequence diagram

A sequence|diagram maps into an Interaction and an underlying Collaboration or an I nteractionlnstanceSet and an underlying
CollaborationlnstanceSet depending on whether the diagram shows Tnstances or ClassifierRoles. An Tnteraction specifies a
seguence of communications; it contains a collection of partially ordered M essages, each specifying a communication between
asender role and areceiver role. A CollaborationlnstanceSet references a collection of Instances that conform to the
ClassifierRoles in the Collaboration owning the I nteraction. These Instances communicate by dispatching Stimuli that
conform to the Messages in the Interaction. The CollaborationlnstanceSet has an I nteractionl nstanceSet that references these
Stimuli. A sequence diagram presents either a collection of object symbols and arrows mapping to Instances and Stimuli, or a
collection of classifier-role symbols and arrows mapping to ClassifierRoles and M essages. The Instances and Stimuli conform
to the ClassifierRoles and M essages.

The sequence diagram presents either a Collaboration or a Collaborationl nstanceSet. In the former case, the classifier box with
its lifeline maps onto a ClassifierRole in the Collaboration, and the arrows map onto the Messages in one of the
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Collaboration’s Interactions. The name strings in the boxes map onto the names of the ClassifierRoles, while the classifier
names map onto the ClassifierRole’s base Classifiers. The AssociationRoles among the ClassifierRoles are not shown on the

sequence diagram. They must be obtained in the model from a complementary collaboration diagram or other

means.

If the sequence diagram presents a Collaborationl nstanceSet, each object box with its lifeline maps into an Instance, which
conformsto a ClassifierRole in the CollaborationlnstanceSet’s Collaboration. The name field mapsinto the name of the
Instance, the role nameinto the ClassifierRol€'s name, and the class field maps into the names of the Classifiers being the base
Classifiers of the ClassflerRoIe An arrow maps into a Stimulus connected to two Instances the sender and the receiver. The

Link used f(
Unlessthed
not attached
conforming

orrect Link can be determined from a complementary collaboration diagram or other means, thé S
to aLink (not acomplete model), or it is attached to an arbitrary Link or to adummy Link'betwe
to the AssociationRole implied by the two ClassifierRoles due to the lack of complete jnformation.

Thenameo
the Action
the actua I

the Operation to be invoked or Signal to be sent is mapped onto the name of the Operation or Sig
onnected to the Message. Different alternatives exist for showing the arguments'of-the Stimulus. |
stances being passed as arguments are shown, these are mapped onto the arglments of the Stimul
argument expressions are shown instead, these are mapped onto the Arguments of the Action connected to the
Action. Finglly, if the types of the arguments are shown together with the name of the\Operation or the Signal
mapped ontp the parameter types of the Operation or the Attribute types of the Signal, respectively. A timing
the level of
diagram mgpsinto a Constraint on the entire Interaction.

An arrow wiith the arrowhead pointing to an object symbol or role symbel within the frame of the diagram ma
Stimulus (Message) dispatched by a CreateAction. Theinterpretation isthat an Instanceis created by dispatchi
If the target|of the arrow is a classifier-role symbol, the Instancewill conform to the ClassifierRole. (Note, tha
does not negessarily show from which Classifier the Instance(@riginates; only that the newly created Instance
ClassifierRole.) After the creation of the Instance, it may imimediately start interacting with other Instances. T|
the creation/method (constructor, initializer) of the Instance dispatches these Stimuli. If an object termination
the target of| an arrow, the arrow maps into a Stimulus, which will cause the receiving Instance to be removed.
termination|symbol appears in the diagram withaut an incoming arrow, it maps into a TerminateAction.

The order of the arrows in the diagram maps onto pairs of associations between the Stimuli (Messages). A pre
relationshiplis established between Stimal{NM essages) corresponding to successive arrowsin the vertical seqy
concurrent grrows preceding an arrow; the corresponding Stimulus (Message) has a collection of predecessors.
Stimulus (M essage) has an activater association to the Stimulus (M essage) corresponding to the incoming arr
activation.

Procedural sequencediagram

On a proceq
Stimuli (M6
activation. T

ural sequence diagram (one with focus of control and calls), subseguent arrows on the same lifeli
ssages) obeying the predecessor association. An arrow to the head of afocus of control region estg
he arrow maps into aStlmqus (Message) W|th the dispatching Act|on bei ing aCaI [Action. The Sti

imulusis either
BN the Instances

associated by
references to
s, |f the
dispatching
these are

abel placed on

arrow endpoint maps into the name of the corresponding Message or Stimulus. A constraint placed on the

psinto a

ng the Stimulus.

it the diagram

conforms to the
hisimplies that

symbol (“X”) is
If the object

decessor
ence. In case of
Moreover, each
bw of the

he map into
blishes anested
mulus holds the

sender and ite

s the target

Operation to be invoked. The expressions that evaluate to the arguments of the Operation are the argument Expressions on the
CallAction connected to the Stimulus. In the case where the arrow maps onto a M essage the sender and the receiver are
specified by the sender and receiver ClassifierRoles of the Message. The sender and receiver Instances of a Stimulus conform
to these ClassifierRoles. Any condition or iteration expression attached to the arrow becomes recurrence values of the
dispatching Action. All arrows departing the nested activation map into Stimuli (Messages) with an activation Association to

the Stimulus (M essage) corresponding to the arrow at the head of the activation. A return arrow departing the
activation maps into a Stimulus (M essage) with:

end of the

¢ an activation Association to the Stimulus (Message) corresponding to the arrow at the head of the activation, and

» apredecessor association to the previous Stimulus (Message) within the same activation; that is, the last Stimulus
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(Message) being sent in the activation.

A return must be the final Stimulus (Message) within a predecessor chain. It is not the predecessor of any Stimulus (M essage).

5.61 Object Lifeline

5.61.1 Semantics

In a sequenge diagram an object liteline denotes an Instance playing a specitic role. Arrows between the liteli

communical
Instancein
it describes
Instances.

5.61.2 N

An Instance
particular ti
stops at the
head of the
Instance, is
is marked b
destruction
at the top of|
continue bel

Thelifeling]
conditional

5.61.3 Pr

In some cag
in one diagn
aseparated

in one of th¢ diagrams with a dahgling arrow leaving alifeline but not arriving at another lifeline, and in the ot

expressed W
which diagn
parts of the

b role is shown, but the relationships among the Instances are not shown. Therole is specified’by 3
the properties of an Instance playing the role and describes the relationships an Instance.in that ro

ion between the Instances playing those roles. Within a sequence diagram the existence and durat

Dtation

is shown as avertical dashed line called the “lifeline.” The lifeline represents the existence of the
me. If the Instanceis created or destroyed during the period of time shown on the diagram, then its
appropriate point; otherwise, it goes from the top to the bottom of the-diagram. An object symbol
ifeline. If the Instance is created during the diagram, then the arrow, which maps onto the Stimul us
drawn with its arrowhead on the object symbol. If the Instanceds destroyed during the diagram, the
y alarge“X,” either at the arrow mapping to the Stimulusithat causes the destruction or (in the cas
at the final return arrow from the destroyed Instance.-Antnstance that exists when the transactior
the diagram (above the first arrow), while an Instancethat exists when the transaction finishes hg
yond the final arrow.

branch in the communication. The lifelinesimay merge together at some subsequent point.

esentation Options

ES, it is necessary to link sequence diagrams to each other; for example, it might not be possible tg
lam, or a sub-sequence isincluded in several diagrams; hence, it is convenient to put the common
agram, which isreferenced from the other diagrams. In these cases, the cut between the diagrams g

ith a dangling arrew arriving at alifeline from nowhere. In both cases, it is recommended to attac
lam the sequence originates from or continuesin. This is purely notational. The different diagrams
underlying-nteraction.

hes denote

on of the
ClassifierRoleg;
e has to other

Instance at a
lifeline starts or
sdrawn at the
that createsthe
N itsdestruction
e of self-
startsis shown
sitslifeline

may split into two or more concurrent lifelines to show conditionality. Each separate track corresponds to a

put al lifelines
sub-sequence in
lan be expressed
her diagramitis
N a note stating
show different
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5.61.4 Example

See also Figure 89 on page 257.
) Diagram 2
Diagram 1
b3:€3 eb4.C4
obl:gd1 —
| |
|
bar(x) _| |
| [x<0] bar(x) ) |
_—
The flow The flow doit(w) l
continuesin originatesin
Diagram 2. Diagram 1.
é _____
|
- — - |
-~ — -

Figure 91 4| The flow shown in the sequence diagram to-the left continues in
the diagram to the right.

5.61.5 Mapping
See Section|5.60.5, “Mapping,” on page 258.
5.62 Agqtivation

5.62.1 S¢mantics

An activatign (focus of control)’shows the period during which an Instance is performing an Action either dir

ectly or through

a subordinate procedure.[t:represents both the duration of the performance of the Action in time and the contfjol relationship

between thq activation-and its callers (stack frame).

5.62.2 Notation

An activati omTSShowIT a5 a tat thimrectangife whose top 15 alfigned withTits mitration time and whose bottorT

aligned with its

completion time. The Action being performed may be labeled in text next to the activation symbol or in the left margin,
depending on style. Alternately, the incoming arrow may indicate the Action, in which case it may be omitted on the activation

itself. In procedural flow of control, the top of the activation symbol is at the tip of an incoming arrow (the one
action) and the base of the symbol is at the tail of areturn arrow.

that initiates the

In the case of concurrent Instances each with their own threads of control, an activation shows the duration when each Instance
is performing an Operation or transition in a state machine. Operations by other Instances are not relevant. If the distinction
between direct computation and indirect computation (by a nested procedure) is unimportant, the entire lifeline may be shown

as an activation.
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In the case of procedural code, an activation shows the duration during which a procedure is active in the Instance or a
subordinate procedure is active, possibly in some other Instances. In other words, all of the active nested procedure activations
may be seen at a given time. In the case of arecursive call to an Instance with an existing activation, the second activation
symbol isdrawn dightly to the right of the first one, so that they appear to “stack up” visually. (Recursive calls may be nested
to an arbitrary depth.)

5.62.3 Example

See Figure 88 on page 256 and Figure 89 on page 257.

5.62.4 Mppping

See Section|5.60.5, “Mapping,” on page 258.

5.63 Meg¢ssage and Stimulus

5.63.1 Sémantics

A Stimulusjs acommunication between two Instances that conveys information with the expectation that actipn will ensue. A
Stimulus willl cause an Operation to be invoked, raise a Signal, or cause an Instance to be created or destroyed.

A Message|s aspecification of Stimulus; that is, it specifies the roles{hat the sender and the receiver Instancgs must conform
to, aswell gsthe Action which will, when executed, dispatch a Stimulus that conforms to the Message.

5.63.2 Notation

In asequenge diagram a Stimulus aswell as aMessageisshown as a horizontal solid arrow from thelifeline off one Instance or
ClassifierRole to the lifeline of another Instance or ClassifierRole. In case of a Stimulus from an Instance to itself, the arrow

may start arjd finish on the samelifeline. The arrow is|abeled with the name of the Operation to be invoked or|the name of the
Signal. Its argument values or argument expressions may be presented, as well.

The arrow may also be labeled with a sequence number to show the sequence of the Stimulus (Message) in the overall
interaction. [However, sequence numbers-are often omitted in sequence diagrams, as the physical location of tie arrow shows
the relative sequences, but they are hecessary in collaboration diagrams. Sequence numbers are useful on both kinds of
diagrams far identifying concurfent threads of control. An arrow may also be labeled with a condition and/or |teration
expression.

5.63.3 Piesentationoptions

The followihg agrowhead variations may be used to show different kinds of communications.

Tilled solid arrowhead — >

Procedure call or other nested flow of control. The entire nested sequence is completed before the outer level sequence
resumes. The arrowhead may be used to denote ordinary procedure calls, but it may also be used to denote concurrently active
instances when one of them sends a Signal and waits for a nested sequence of behavior to complete before it continues.

stick arrowhead =
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Asynchronous communication; that is, no nesting of control. The sender dispatches the Stimulus and immediately continues
with the next step in the execution.!

dashed arrow with
stick arrowhead

Return from procedure call.

Variation:

In aprocedirral flow of control, the return arrow may be omitted (it isimplicit at the end of an activatian). It

every call h
nonprocedu

Variation:

Normally m
itisbrief cg

stimulus. This is the correct assumption within many computers. If the stimulus.requires some time to arrive,

something ¢
arrowhead i

Variation:

A branchis|
conditions g

Variation:

A connecteql set of arrows may be enclosed and marked as an iteration. For a generic sequence diagram, the ite

that the disy]
be specified
and others
together eag

Variation:
A lifeline m

Variation:
A distinctio
activation ig

Fal flow of control (including parallel processing and asynchronous messages) returiis should be s

essage arrows are drawn horizontally. This indicates the duration required to-send the stimulusis*
mpared to the granularity of the interaction and that nothing else can“happen” during the transmi

i se can occur (such as a stimulus in the opposite direction), thenithe arrow may be slanted downw
5 below the arrow tail.

Branching

shown by multiple arrows leaving asingle point, each’possibly labeled by a condition. Depending
re mutually exclusive, the construct may represent‘conditionality or concurrency.

Iteration

at the bottom of the iteration. {fhere is concurrency, then some arrowsin the diagram may be par
hay be single execution. It i§ desirable to arrange a diagram so that the arrowsin the iteration can

ily.

ay subsume an.entire set of objects on adiagram representing ahigh-level view.

h may-be made between a period during which an Instance has a live activation and a period in w

hs a paired return after any subordinate stimuli. The return value can be shown on theinitia arrow,

5 assumed that
For
nown explicitly.

gtomic;” that is,
5sion of the
Huring which
ard so that the

on whether the

bration indicates

atch of a set of stimuli can occur. mukiple times. For a procedure, the continuation condition for tie iteration may

of theiteration
be enclosed

ich the

aetyally computing. The former (during which it has control information on a stack but during which control

resides in something that it called) is shown with the ordinary double line. The latter (during which it is the top item on the
stack) may be distinguished by shading the region.

1.
notation
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has been removed because the semantic distinction between the two was subtle and confusing.
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5.63.4 Example
See Figure 89 on page 257.

5.63.5 Mapping

See Section 5.60.5, “Mapping,” on page 258.

5.64 Transition Times

5.64.1 Sémantics

A Message ay specify several different times; for example, asending time and areceiving timé~Fhese are foymal names that
may be used within Constraint expressions. The set of different kinds of timesis open-endegdsothat users can {nvent new ones
as needed for special situations, such as elapsedTime and startExecutionTime. These expressions may be used in Constraintsto
designate s;tecifi ¢ time congtraints valid for the Message.

5.64.2 Notation

A transitior|instance (such as a Stimulus or Message in a sequence diagram,‘acollaboration diagram, or a Trapsition in a state
machine) may be given aname. A timing constraint is formed as an expréssion based on the name of the trangition. For
example, if the name of a Stimulusis stim, its send-time is expressed by-stim.sendTime (), and its receive-tim¢ by
stim.receivgTime (). The timing constraint may be shown in the left:margin aligned with the arrow (on a sequence diagram) or
near the tail| of the arrow (on a collaboration diagram). Constraints’'may be specified by placing Boolean expressions, possibly
including time expressions, in braces on the sequence diagram.

5.64.3 Piesentation Options
When it is glear from the context, the name of a Message or the name of a Stimulus may itself be used to dengte the time at

which the tifansition started. In cases where the performance of the transition is not instantaneous, the time at yhich the
transition iqended may be indicated by the.same name with a prime sign appended to the name.

5.64.4 Example
See Figure 88 on page 256.

5.64.5 Mppping

See Section|5.60.5:“Mapping,” on page 258.

Part 8 L.Collaboration Diagrams

5.65 Collaboration Diagram

5.65.1 Semantics

A collaboration diagram presents either a Collaboration, which contains a set of roles to be played by Instances, aswell as
their required relationships given in a particular context, or it presents a CollaborationlnstanceSet with a collection of
Instances and their relationships. The diagram may also present an Interaction (Interactionl nstanceSet), which defines a set of
Messages (Stimuli) specifying the interaction between the Instances playing the roles within a Collaboration to achieve the
desired result.
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A Collaboration is used for describing the realization of an Operation or a Classifier. A Collaboration that describes a
Classifier, like a UseCase, references Classifiers and Associations in general, while a Collaboration describing an Operation
includes the arguments and local variables of the Operation, aswell as ordinary Associations attached to the Classifier owning
the Operation.

5.65.2 Notation

A collaboration diagram shows a graph of either Instances linked to each other, or ClassifierRoles and AssociationRales; it
may also in¢lude the communication stated by an Interaction or I nteractionl nstanceSet.

Because col
on thelines
Association
direction. Q

|aboration diagrams often are used to help design procedures, they typically show navigability usi
representing Links or AssociationRoles. (An arrowhead on a line between boxes indicates aLink
Role with one-way navigability. An arrow next to alineindicates Stimuli or Message flowing in t
bviously such an arrow cannot point backwards over a one-way line.)

Nng arrowheads
or
ne given

cedural flow of
ral sequence of
ested).

b used to show

The order o
control, the
interactions|

A collabord|
the context

the interaction is described with a sequence of humbers, usually starting with'number 1. For a prd
subsequent communication numbers are nested in accordance with call nesting. For a nonprocedu
among concurrent instances, all the sequence numbers are at the samedevel (that is, they are not 11

ion diagram without any interaction shows the context in which interactions can occur. It might b
or asingle Operation or even for all of the Operations of a Classor group of Classes.

A collectior
execution:

of standard constraints may be used to show whether an Ifistance or aLink is created or destroyefl during the

 Instgnces and Links created during the execution may bedesignated as { new}.

¢ Instgnces and Links destroyed during the executiornxmay be designated as { destroyed} .

 Instgnces and Links created during the execution and then destroyed may be designated as { transient} |

These changies in life state are derivable from thedetailed interaction among the Instances, they are provided @s notational

conveniences.

5.65.2.1 CQollaboration Instance

A collaboration diagram given at instance level shows a Collaborationl nstanceSet; that is, a collection of object boxes and

lines mappi
the Collabo
Stimuli cont
Classifier, i

hg to Instances and. Links, respectively. These instances conform to the ClassifierRoles and Assoc
ationl nstanceSet”s-Collaboration. The diagram may also include arrows attached to the lines that
municated over-the Links. The diagram shows the Instances relevant to the realization of an Oper

among the

ncluding Instances indirectly affected or accessed during the performance. The diagram also show

Ijnstancesyinicluding transient ones representing procedure arguments, local variables, and self link

attribute vallues arelusually not shown explicitly. If Stimuli must be sent to attribute values, the Attributes sho

using Asso

J

iations instead.

ationRoles of
correspond to
ption or

5the Links

5. Individual

Id be modeled

5.65.2.2 Collaboration

A collaboration diagram given at specification level shows a Collaboration; that is, the roles defined within a Collaboration.
Together, these roles form arealization of the attached Operation or Classifier of the Collaboration. The diagram contains a
collection of class boxes and lines corresponding to ClassifierRoles and AssociationRolesin the Collaboration. In this case the
arrows attached to the lines map onto Messages.
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5.65.3 Example

redisplay() —» window

:Controller

:Window

«parameter»window

¢ 1: displayPositions(window) ? 1.1.3.1 adl(self)

wire contents {new}
. . «local» line
1.1#*[i:=1f..n]: drawSegment(i ire: Wi i
¢ [ ] g ()C wire: Wire  [175 " eate10.r1) —» Vine {new}
«self ‘ 1 ‘ ‘ . ‘ 1.1.3: display(window) =
i- [
‘ 1.1.1a: r0 := position() ¢ 1.1.1b: rl:=position()

left: Bead right: Bead

Figure 92 { Collaboration Diagram at instance level, présenting Objects, Links,
and Stimuli referenced by a CollaborationlnstanceSet and its
InteractionlnstanceSet.

tutor 1 student *
/ Teacher : Person / Student : Person
faculty member * lecturer 1 participant *
. Facuilty : Course
fdculty 1 given course * taken course *

Figure 93 { ‘Coflaboration Diagram at specification level, presenting the ClassifierRoles and the
AsSsoclationRoles that belong to the Collaboration.
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‘ studentTeachers ()

tutor / Teacher : Person lecturer / Teacher : Person
‘1: namesOfTeachers() Tl.i.l: nameyd
1.1*[i:=1..n]: lecturer()
—>
[ Student : Person : Course

Figure 94 { Collaboration Diagram presenting a CollaborationinstanceSet in which
some of the Objects play the same role. The instancés conform to the
Collaboration shown in Figure 93.

5.65.4 Mapping

A collaboration diagram maps either to a Collaboration;possibly together with an Interaction, or to a Collaborgtionl nstanceSet
possibly together with its I nteractionl nstanceSet. Thémapping of each kind of icon is described in Section 5.9,
“Collaborat{on Roles,” on page 273. The mapping)of the stereotypesis explained in Section 5.49, “Link,” on page 240.

5.66 Pdttern Structure

5.66.1 S¢mantics

A Caollaboration can be used to specify the implementation of design constructs. For this purpose, it is necessary to specify its
context and|interactions. It.is.also possible to view a Collaboration as a single entity from the “outside.” For example, this
could be usgd to identifythe presence of design patterns within a system design. A pattern is a parameterized [Collaboration;
that is, a Cdllaboration template. In each use of the pattern, actual Classifiers are substituted for the parametersin the pattern
definition.

Note that patterns as defined in Design Patterns by Gamma, Helm, Johnson, and Vlissides include much morg than structural
descriptions. UML describes the structural aspects and some behavioral aspects of design patterns; however, UML notation
does not include other important aspects of patterns, such as usage trade-offs or examples. These must be expressed by other
means, such asin text or tables.

A Collaboration can be defined in terms of other, so-called subordinate, Collaborations. Each role in the former Collaboration,
the so-called superordinate Collaboration, is either anew role that is defined in the superordinate Collaboration or itisarole
defined in one or several of the subordinate Collaborations and reused in the definition of the superordinate Collaboration. In
the latter case, therole is often renamed so it better suits the purpose of the superordinate Collaboration. If so, the original
names of the roles are shown within curly brackets after the name used within the superordinate Collaboration (see Figure 95
on page 268).
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5.66.2 Notation

A use of a Collaboration is shown as a dashed €llipse containing the name of the Collaboration. A dashed lineis drawn from
the collaboration symbol to each of the symbols denoting Classifiers that participate in the Collaboration. Each lineis labeled
by the role of the participant. The roles correspond to the names of elements within the context for the Collaboration; such
names in the Collaboration are treated as parameters that are bound to specify elements on each occurrence of the pattern
within amodel. Therefore, a collaboration symbol can show the use of a design pattern together with the actual Classifiersand
Associations that occur in that particular use of the pattern.

GallQueue Subject SlidingBarlgan
Q - Observer g
~ - T T~ - —

. > ~
queup: List of Call , N reading: Real
sourge: Object \ Observer ) color Color
waitAlarm: Alarm N / rangeAnterval
capacity: Integer - -

- —

Observer.reading = length (Subject.quéue)
Observer.range = (0 .. Subject.capacity)

Figure 95 {Use of a Collaboration

AsaCollabpration is a GeneralizableElement, it may have Generalization relationships to other Collaborations. In thisway it
is possible to define one Collaboration to be a specializétion of another Collaboration. It is depicted by the ordinary
Generalizat|on arrow from the dashed ellipse representing the child Collaboration to the icon of the parent Cojlaboration. The
roles of thelchild Collaborations may be specializations of roles in the parent Collaboration. Thisis shown by|redefining the
role name of the parent collaboration in thechild collaboration.

Subjectey . — T T~ Observer
CallQueue | (7 N _ Observer .~ | slidingBarlcon
Subject P - o~ Manager
————— : N
ManagedQueue N Supervisor - Controller

Figure 96 - Specialization of a Collaboration. As the Subject role of the Supervisor
collaboration is a specialization (an extension) of the Subject role defined in
the Observer collaboration, the ManagedQueue class is used instead of the
CallQueue class as the base of the Subject role.

A dashed arrow with astick arrowhead is used to show that a Collaboration is arealization of an Operation or a Classifier. This
relationship can also be presented in textual form within the Collaboration symbol.
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Window
display (... [ oedivani N
- = = = — - RealizeDisplayOperation
~ -
- - 7 T = ~
(/ RealizeDispIayOperation\\
representedOper ation: )
aternative notation N Window:: display
Figure 97 { The relationship between a Collaboration and the element it isyrealizing

The usual ¢
underlined.
dashed lineq

In some cag

Figure 98 -

Itispossibl

L - Observer ~~
~
~
/Subject : CallQueue /Observer : SlidingBarlcon /\
~

can be shown as a dashed arrow with a stick arrowhead from the
Collaboration to the realized element, or in text.

bnvention is used to show a Collaborationl nstanceSet; that i's; it is shown as a dashed ellipse with
The Instances and the Links that participate in the Collaborationl nstanceSet are connected to the e
. The name of the role an instance is playing is showivclose to the line and the instance.

Es it is convenient to show the static structure ef\a Collaboration within the collaboration icon (the

The statie’structure of a Collaboration shown within the collaboration icon.

he name
i pse with

dashed ellipse).

dashed ellip

b to‘denote that a Collaboration is defined in terms of other Collaborations in two different ways, ?ther using
SES showing the Collaborations and theit relationsnips, or using ordinary collaboration diagrams. [ he former way

has the advantage that it explicitly shows the relationship between the Collaborations, while the latter shows the structure of

the new Col

270

|aboration.
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\ / /
N
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~ — —_— |
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Figure 99 { The ComponentFramework Collaboration uses two occurrences of

the Proxy Collaboration and\two occurrences of the Container Collaboration.
Note that each role in the.€Component Frameworkcorresponds to a role in two
of the used Collaboratians:

5.66.3 Mppping

A collaboraion usage symhol maps into a Collaboration. For each class symbol and lines attached by a dashef line to the
pattern occyrrence symbol;.the corresponding Classifier or Association is bound to the template parameter that is the base
association farget of the ClassifierRole or AssociationRole in the Collaboration template with the name equal to the name on
the dashed ljine.

A dashed arfew/with aclosed hollow arrowhead from a Collaboration symbol to a Classifier or to an Operatior]is mapped onto
the represer tedClassifrerandrontotheT epreser |Ludupc| atromrassocrationrof-theCottaboratior, |t:apu,tivc1' Y-

A collaboration usage symbol with its name underlined is mapped onto a CollaborationlnstanceSet. The object box symbols
and the lines attached to the ellipse by dashed lines are mapped onto Instances and Links, respectively.

5.67 Collaboration Contents

The contents of a Collaboration is a collection of roles specifying how Instances and Links cooperate within a given context
for aparticular purpose, such as performing an Operation or a Use case. A Collaboration is a fragment of alarger complete
model that isintended for a particular purpose.
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5.67.1 Semantics

A Collaboration diagram shows either a Collaboration or a Collaborationl nstanceSet. In the former case, the diagram shows
one or more roles together with their contents, relationships, and neighbor roles, plus additional relationships and Classes as
needed. When the diagram shows a Coll aborationl nstanceSet, it shows instances participating in the Collaborationl nstanceSet,
playing the roles defined in the Collaboration. To use a Collaboration, each role must be bound to an actual Classifier (or

collection of

Classifiers, if multiple classification is used) that (jointly) support the Features required by the role. The

additional elements express additional requirements that cannot be model ed with roles, such as Generalizations between roles.

5.67.2 No

A collaborafi
ClassifierRol
page 273).

tation

on diagram presents a graph of class boxes or object boxes together with connecting lines. Theselicons map onto
es and AssociationRoles, or Instance, and Links, respectively (see Section 5.69, “ Colaboration Roles,” on

However, ajcollaboration diagram may aso contain other elements, like different kindsof Classifiers, Generalizations, and

Constraints| to express additional information. These elements are shown using their.erdihary icons.

‘Window /Obseryer:SlidingBarlcon
reading: Real
colgr: Color ¢olor: Color
location: Area range: Interval
1
|
/Subject:CallQueue :
|

gugue: List of Call
source: Object  + — —= = -
waitAlarm: Alarm
caplacity: Integer

{Observer.reading = length (Subject.queue)
and
Observer.range = (0..Subject.capacity)}

Figure 100

- A collaboration diagram showing a Collaboration with a Constraint as a
constraining element of the Collaboration.
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1: print (info)

| Generator

—

: PrintDevice

printer 1

Figure 101

5.67.3 M

The mappirn
element, lik

: LaserPrinter : LinePrinter

- A collaboration diagram showing different roles, together with two
additional Generalization relationships as constraining elements.

Bpping

g of roles and instances are described in Section 5.69, “ Collaboration Roles,” on page 273. Any c
e a generalization arrow, is mapped onto its usual model element;’such as Generalization. These €

referenced

y the Collaboration as its constraining elements.

5.68 Interactions

A collaborgion of Instances interacts to accomplish a purpaese(such as performing an Operation) by exchang

These may

andtimeev
collection o}
the Collabo|

5.68.1 S¢

An Interact
within aCo
Interaction,

nclude both sending Signals and invocations of Operations, aswell as more implicit interaction thr
bnts. A specific pattern of communi cation @€xchanges to accomplish a specific purposeiscalled an

Fation is called an Interactionl nstanceSet.
bPmantics
on isabehavioral specification that comprises a sequence of communications exchanged among &

laboration to accomplish a specific purpose, such as the implementation of an Operation. To spec|
it isfirst necessary to specify a Collaboration; that is, to establish the roles that interact and their 1

Then, the ppssible interaction ‘sequences are specified. These can be specified in a single description containir

(brancheso
through the

conditionalksignals), or they can be specified by supplying multiple descriptions, each describing
possibleexecution paths.

One comm

bnstraining
ements a

ng Stimuli.
pugh conditions
nteraction. The

f Stimuli sent between the Instances that“participate in a CollaborationlnstanceSet when they perform the task of

set of Instances
fy an

el ationships.

g conditionals
b particular path

cause the communication to take place. The Action specifies what kind of communication that should take pl
sending a Signal or invoking an Operation, together with a sequence of expressions that determine the argumentsto be
supplied. The Action may also contain a recurrence expression stating a condition or an iteration of the performance of the

Action.

nigatien is specified with a Message; it specifies the sender and the receiver roles, aswell as the Action that will
i p Sp place, such as

When the Action is performed, a Stimulus is dispatched conforming to the Message. The Stimulus contains references to the
sender and the receiver Instances playing the sender role and the receiver role of the Message, as well as a sequence of

references to Instances being the result of evaluating the argument expressions of the dispatching Action. An
Interactionl nstanceSet is a collection of Stimuli that conform to the Messages of an Interaction; that is, the Stimuli are sent
between the I nstances participating in a Collaborationl nstanceSet when they perform the task defined by the Collaboration.
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5.68.2 Notation

Interactions are shown as sequence diagrams or as collaboration diagrams. Both diagram formats show the execution of
collaborations. However, sequence diagrams do not show the rel ationships between the Instances or the Attribute values of the
Instances; therefore, they do not fully show the context aspect of a Collaboration. Sequence diagrams do show the behavioral
aspect of Collaborations explicitly, including the time sequence of Stimuli and explicit representation of method activations.
Sequence diagrams are described in “Part 7 - Interaction Diagrams’ on page 253. Collaboration diagrams show the full context
of aninteraction, including the Instances and their rel ationships relevant to a particular interaction. The sequencing of the
Stimuli is dpne using sequence numbers, since distributing them along atime axis, like in Sequence diagrams| is not possible
in thiskind pf diagram. (In fact, in some casesit is convenient to use sequence numbers in combination withdtime axis.) The
contents of tollaboration diagrams are described in the following section.

5.68.3 Mapping

The mappir|g of roles and instances are described below, while the mapping of messagesand stimuli are desciiibed in
Section 5.72, “Message and Stimulus,” on page 277.

5.68.4 Example

See Section|5.65, “ Collaboration Diagram,” on page 264 for examples of I ntéractions and Interactionl nstancepets and their
Collaboratipns and CollaborationlnstanceSets, respectively.

5.69 Callaboration Roles

5.69.1 S¢mantics

A ClassifierRole defines arole to be played by an Instanee within a Collaboration. The role describes the kind|of Instance that
may play the role, such as required Operations and-Attributes, and describes its rel ationships to Instances playing other roles.
The relatiorshipsto other roles are defined by AsSociationRoles. These describe the required Links between the Instances; that
is, asubset of the existing Links.

5.69.2 Notation

A ClassifieRole is shown using-alass rectangle symbol. Normally, only the name compartment is shown, byt the attribute
and operatign compartments may a so be shown when needed. The name compartment contains the string:

‘I' ClagsifierRoleName'’ ClassifierName|[‘,” ClassifierName]*

The name of the Classifier (or Classifiersif multiple classification is used) can include afull pathname of enclpsing Packages,
if necessary] A teol:will normally permit shortened pathnames to be used when they are unambiguous. The P4ckage names
precede the|Classifier name and are separated by double colons. For example:

di spl ay_w ndow. W ndow ngSyst em : G aphi cW ndows: : W ndow

A stereotype may be shown textually (in guillemets above the name string) or as an icon in the upper right corner. A
ClassifierRole representing a set of Instances can include a multiplicity indicator (such as“*") in the upper right corner of the
class box.

An AssociationRole is shown with the usual association line. The name string of the AssociationRol e follows the same syntax
asfor the ClassifierRole. If the name is omitted, aline connected to ClassifierRole symbols denotes an AssociationRole. The
information attached to the ends of the AssociationRole; that is, to the AssociationEndRoles, are shown using the same
notation as for AssociationEnds.
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An Instance playing the role defined by a ClassifierRole is depicted by an object box, normally without an att
compartment. The name of the Instance is shown as a string:

ObjectName ‘/" ClassifierRoleName *:’ ClassifierName [, ClassifierName]*

That isit starts with the name of the Instance, followed by the complete name of the ClassifierRole, all underl

ribute

ined. If the

attribute compartment is shown, it contains the names of the Attributes required by an Instance playing the role. If some
Attributes are required to have certain values, thisis shown in the same way as in object diagrams; that is, the name of the

attribute followed by an equal sign and the relevant values

A Link is sfhown by aline between object boxes. Its name string follows the syntax of an Object playing aspécific role.

5.69.3 Piresentation options

The name of a ClassifierRole may be omitted. In this case, the colon is kept together with the(Classifier name
may be omifted only if there is only onerole to be played by Instances of the base Classifier in the Collaborat

The name of the Classifier may be omitted together with the colon.

Therole name
on.

At least ong of the Classifier name (together with the colon) or the ClassifierRole hame (together with the slagh) must be

present to denote a ClassifierRole. Otherwise, the rectangle denotes an ordinary Classifier or Instance depend
the name isfunderlined or not.

ng on whether

If theroleigto be played by an Instance originating from multiple Classifiers, the names of the Classifiers arg shownin a

comma separated list after the colon.

In an object box the Instance name, the role name and / or the classifier name may be omitted. However, the g
kept in front of the classifier name, and the slash should be képt in front of the role name. The notation used i

Instances inf general, with the possible addition of the name-of the ClassifierRole that the Instance conforms tg.

Note, the name of an Instance is always underlined, whereas the name of a Classifier (including ClassifierRol
underlined. [Furthermore, an un-named line between icons representing Instances is always a Link, and betwes
representing Classifiers (except ClassifierRales)\it is always an Association.

These tables summarize the different combinations of names:

olon should be
5 the same for

b) is hever
BN icons

Syntax Explanation

:C un-named Instance originating from the Classifier C

/R un-named Instance playing the role R

/IR:C un-named Instance originating from the Classifier C playing the role R
O/R an Instance named O playing the role R

0:C an Instance named O originating from the Classifier C

O/R:C an Instance named O originating from the Classifier C playing the role R
o an Instance named O

/IR arole named R

:C an un-named role with the base Classifier C

/IR:C arole named R with the base Classifier C
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5.69.4 Example

See figuresin Section 5.65, “ Collaboration Diagram,” on page 264.

5.69.5 Mapping

A classifier role rectangle maps onto one ClassifierRole. The role nameis the name of the ClassifierRole and the sequence of
classifier names are the names of the base Classifiers. An association role line maps onto an AssociationRol e attached to the

ClassifierRgles corresponding to the rectangles at the end points of the line.

An object
those nam
conforms td

A Collabors
the same as
represent ar
may have th

5.70 My

5.70.1 Sg

A multiobjdg
that addresg
corresponds

5.70.2 N

A multiobjg
stack of recf

selection Operation to find an individual-Object).

To perform
multiobject
(temporary)
an applicati
Linksarein
requires the

An Instancq

mbol maps onto an Instance whose name is the object part of the name string. The Classifiersof the Instance are

according to the sequence of names in the class part of the string (or children of these,Classifiers
the ClassifierRole, whose name is the role part of the string.

the names of the attributes of the Classifier. In this way, the connection between the roles and the
b established. (The base of the roles are not enough for uniquely identifyingthis mapping, since sg
e same type.)

iltiobject

bmantics

ICt represents a set of Instances on the “many” end of antAssociation. Thisis used to show Operati
the entire set, rather than asingle Instance in it. The'underlying static model is unaffected by this

to an Association with multiplicity “many” used\to access a set of associated Instances.
ptation
ct is shown as two rectangles in whi¢h'the top rectangle is shifted dlightly vertically and horizont3

angles. A message arrow to the multiobject symbol indicates a Stimulus to the set of Instances (fd

AN Operation on each Instance in a set of associated | nstances requires two Stimuli: 1) an iteration
to extract Linksto theindividual Instances and then 2) a Stimulus sent to each individual 1nstancs
Link. This may heetided on a diagram by combining the arrows into a single arrow that includes
bn to each individua Instance. The target rolename takes a“many” indicator (*) to show that man
hplied. Althgugh this may be written as a single Stimulus, in the underlying model (and in any actl
two layefs of structure (iteration to find Links, communication using each Link) mentioned previ

from the set is shown as anormal object symbol, but it may be attached to the multiobject symbg

. The Instance

tion can also be used for describing the internal structure of a Classifier. In such.case, the names gf the roles are

Attributes they
veral Attributes

pns and Signals
grouping. This

Ily to suggest a
r example, a

to the

using the

an iteration and
y individual

hal code) it
busly.

using a
cates a Stimulus

compositio

Liak to indicate that it is part of the set. A communication arrow to the simple object symbol indi

to an indivi

ual Instance.

Typically a selection Stimulus to a multiobject returns a reference to an individual Instance, to which the original sender then
sends a Stimulus.
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5.70.3 Example
, servers
client :Server
—>
. 2

1: aServer:=find(specs)

aServer «local»

Figure 102

5.70.4 Mppping

A multi-object symbol maps to a collection of Instances in which eaeh Ihstance conforms to the ClassifierRol

has the mul

stereotype i explained in Section 5.49, “Link,” on page 240.)

5.71 Ad

An active opject is one that owns a thread of contrel\and may initiate control activity. A passive object isone

—>
P: process(request)

:Server

- Multiobject

e and thisrole

iplicity “many” (or whatever is explicitly specified). lnother respects, it maps the same as an object symbol. (The

tive object

that holds data,

but does not initiate control. However, a passive'object may send Stimuli in the process of processing a requegt that it has
received. Inja collaboration diagram, a ClassifierRole that is an active class represents the active objects that gccur during
execution.

5.71.1 Sémantics

An active opject is an Instance that owns athread of control. Processes and tasks are traditional kinds of active objects.
5.71.2 Notation

A rolefor an activeobject is shown as arectangle with a heavy border. Frequently, active object roles are shown as composites
with embedded parts.

The property keyword {active} may also be used to indicate an active object.
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5.71.3 Example

«local» job
currentJob : TransferJob

job

+Factory Manager

:FactoryScheduler

| 1: start(job)
¢A2,BZ / 2: completed(job)

:FactoryJobMagr

Figure 103

5.71.4 M

An active o
Set.

) B2: completed T A2: completed

| 1/B1: start(job) y 1/ AL: start(job)

:Robot :0Oven

- Composite Active-Object

Apping

Dj ect symbol maps as an object symbol does, with the addition that the class of the object has the 3

\Ctive property

5.72 Message and Stimulus

5.72.1 Semantics

In a collaboration diagram a Stimulus is a communication between two Instances that conveys information with the
expectation that action will ensue. A Stimulus will cause an Operation to be invoked, raise a Signal, or an Instance to be
created or destroyed.

A Message is a specification of Stimulus. That is it specifies the roles that the sender and the receiver Instances should

conform to,

278

aswell asthe Action that will, when executed, dispatch a Stimulus that conforms to the M essage.
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5.72.2 Notation

Messages and Stimuli are shown as label ed arrows placed near an AssociationRole or aLink, respectively. The meaning isthat
the Link is used for transportation of the Stimulus to the target Instance. The arrow points along the line in the direction of the
receiving Instance.

5.72.2.1 Control flow type

Thf“ 1 HP=™ A [ dia-cl iff U P | £ HP=v=" i
e 0 OWI Iy ATUWTICAU vVAaiTalrurio 1Ty VG UoCU U SN TUVV UTTTTT T NITTUS U CUTTITT UG AL r'urio.

filled solid arrowhead —

Procedure dall or other nested flow of control. The entire nested sequence is completed before.the outer level sequence
resumes. The arrowhead may be used to denote ordinary procedure calls, but it may also be used to denote corfcurrently active
instances when one of them sends a Signal and waits for a nested sequence of behavior’to-complete before it gontinues.

stick arrowhead =~

Asynchronqus communication; that is, no nesting of control. The senderdispatches the Stimulus and immedigtely continues
with the next step in the execution.

dashed arrow with

stick arrowhead =

Return from a procedure call. The return arrow may,bé’suppressed asit isimplicit at the end of an activation.

other varigtions

Other kindgof control may be shown, suchias “balking” or “time-out;” however, these are treated as extensions to the UML
core.

A half stick|arrowhead can be usedito show asynchronous communication. This alternative isincluded for bagkwards
compatibility. UML 1.3 and previous versions, included both half stick arrowhead and stick arrowhead with afvery small (and
not well undlerstood) distinetion.

5.72.2.2 Arrow label

In the folloying the'term Message is used, but the text applies to Simulus, as well.

The label hastheé following syntax:

predecessor sequence-expression return-value := message-name argument-list

Thelabel indicates the Message being sent, its arguments and return values, and the sequencing of the Message within the
larger interaction, including call nesting, iteration, branching, concurrency, and synchronization.

5.72.2.3 Predecessor
The predecessor is a comma-separated list of sequence numbers followed by aslash (‘/'):

sequence-number ‘' .../
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The clauseis omitted if the list is empty.

Each sequence-number is a sequence-expression without any recurrence terms. It must match the sequence number of another
Message.

The meaning is that the Message is not enabled until al of the communications whose sequence numbers appear in the list
have occurred. Therefore, the list of predecessors represents a synchronization of threads.

Note that the Message corresponding to the numerically preceding sequence number isan implicit predecessor and need not be
explicitly ligted. All of the sequence numbers with the same prefix Torm a sequence. The numerical predecesspr isthe onein
which the filnal term isoneless. That is, number 3.1.4.5 is the predecessor of 3.1.4.6.

5.72.2.4 Yequence expression

The sequenge-expression is a dot-separated list of sequence-terms followed by acolon (*:').

sequence-term

Each term represents alevel of procedural nesting within the overall interaction. If all‘thé control is concurrert, then nesting
does not ocgur. Each sequence-term has the following syntax:

[ integer | name] [ recurrence ]

The integer [represents the sequential order of the Message within the next higher level of procedural calling. Messages that
differ in ong integer term are sequentially related at that level of nestingvExample: Message 3.1.4 follows Message 3.1.3
within activition 3.1. The name represents a concurrent thread of control. Messagesthat differ in the final namg are concurrent
at that level[of nesting. Example: Message 3.1a and Message 3:4b-are concurrent within activation 3.1. All threads of control
are equal within the nesting depth.

The recurrence represents conditional or iterative execution. This represents zero or more Messages that are executed
depending @n the conditions involved. The choices are:

“*' [ iteration-clause ‘] an iteration
‘['~eondition-clause ‘]’ a branch

An iteration represents a sequence of MesSsages at the given nesting depth. The iteration clause may be omittedl (in which case
the iteration| conditions are unspecified). The iteration-clause is meant to be expressed in pseudocode or an acfua
programming language, UM Ldoes not prescribe its format. An example would be: *[i := 1..n].

A condition represents a M&ssage whose execution is contingent on the truth of the condition clause. The conglition-clauseis
meant to belexpressed itypseudocode or an actual programming language; UML does not prescribe its format{ An example
would be: [x > y].

Note that a pranch.is notated the same as an iteration without a star. One might think of it as an iteration restrigted to asingle
occurrence.

The iteration notation assumes that the Messages in the iteration will be executed sequentially. There is aso the possibility of
executing them concurrently. The notation for thisisto follow the star by a double vertical line (for parallelism): *||.

Note that in a nested control structure, the recurrence is not repeated at inner levels. Each level of structure specifiesits own
iteration within the enclosing context.

5.72.2.5 Signature

A signatureis a string that indicates the name, the arguments, and the return value of an Operation or a Reception. The
signature of a Message is derived from (is the same as) the signature of the Operation attached to the Message's dispatching
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Action, or the Reception for the Signal attached to the action. These have the following properties.

Return-va

lue

Thisisalist of names that designates the values returned at the end of the communication within the subsequent execution of
the overall interaction. These identifiers can be used as arguments to subsequent Messages. If the Message does not return a
value, then the return value and the assignment operator are omitted.

Message-
Thisisthe

Argument

Thisisaco
thelistisern

Tame
ame of the Operation to be applied on the receiver, or the Signal that is sent to the receiver,

list
mma-separated list of arguments (actual parameters) enclosed in parentheses. Theparentheses can

programmi

npty. Each argument is either areference to an Instance, or an expression in pseudecode or an app
g language (UML does not prescribe). The expressions may use return values of previous messag

scope) and havigation expressions starting from the source Instance; that is, Attributes.of it and Links from it
reachable friom them.

5.72.3 Piesentation Options

Instead of tgxt expressions for arguments and return values, datatokensmay be shown near amessage label. A
circle labeled with the argument expression or return value name. It has asmall arrow on it that points along t
an argument) or opposite the Message (for areturn value). Tokensrepresent arguments and return val ues. The

syntax or t

ensis a presentation option.

The syntax pf Messages may instead be expressed in the syntax of a programming language, such as C++ or §

be used even if
opriate

es (in the same
and paths

tokenisasmall

he Message (for
choice of text

bmal [talk. All of

the expressifons on a single diagram should use the same'syntax, however.
A return flow may be explicitly shown with a dashed arrow.
5.72.4 Example
See Figure 92 on page 266 for examples within a diagram.
Samples of control message labél ‘syntax:
2: [display (x, ) simple Message
1.3.1: p:= find(specs) nested call with return value
4 [x < O]y~invert (x, color) conditional Message
A3 B4l C3 1* update () synchronization with other threads -iteration

5.72.5 Mapping

An arrow symbol maps either onto a Message or a Stimulus. If the arrow is attached to a line corresponding to an
AssociationRole, it maps onto a Message, with the ClassifierRoles corresponding to the end-points of the line as the sender
and the receiver roles. If the line corresponds to a Link, the arrow maps onto a Stimulus, with the Instances corresponding to
the end-points of the line as the sender and the receiver Instances. The line is the communication connection or the
communication link of the Message or the Stimulus, respectively.
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The control

flow type sets the corresponding properties:

« solid arrowhead: a synchronous operation invocation

« stick arrowhead: an asynchronous operation invocation

« dashed arrow with stick arrowhead: return from an synchronous operation invocation

The predecessor expr%sl on, together with the sequence expression, determ| nes the predecr and actlvat|0n (caller)

rel ationshipsofaiv

correspondi
immediate

g to the sequence numbers in the predecessor list aswell as the Message (Stimulus) corr%pondxr
preceding sequence number as the Message (Stimulus); that is, 1.2.2 isthe one preceding 1.2.3. Th

uli)
g to the
e caller isthe

ClassifierRole (Instance) receiving the Message (Stimulus) whose sequence number is truncated by,oneposition; that is, 1.2 is
the caller of| 1.2.3. The thread-of-control name maps onto a Classifier stereotyped thread; thet is, ‘an active clg

Thereturn E[f avalue maps into a Message from the called Instance to the caller with the dispatehing Action b

ReturnActi
procedure.

n. Its predecessor is the final Message within the procedure. Its activation isthe Message that cal

The recurrepce expression, the iteration clause, and the condition clause determipethe recurrence value in the
to the Messpge.

The operati

Message. Similarly for a Signal and SendAction. The arguments of the.sighature determine the arguments ass}

CadlAction

nd SendAcction, respectively.

BS.

eing a
ed the

A ction attached

bn name and the form of the signature determine the Operatiah attached to the Call Action associatied with the

bciated with the

In aprocedyral interaction, each arrow symbol also mapsinto a'second Message representing the return flow, yinlessthe return

flow is expl

citly shown. This Message has an activation Association to the original call Message. Its associat]

ReturnAction bearing the return values as arguments (if any).

5.73 Creation/Destruction Markers

5.73.1 S¢mantics

During the ¢xecution of an interaction some Instances and Links are created and some are destroyed. The creg

destruction

5.73.2 N

pf elements can be marked.

ptation

An Instancgor aLink thatis created during an interaction has the standard constraint new attached toit. An In

that isdestr

byed during.an interaction has the standard constraint destroyed attached. These constraints may be

element hagno name. Both constraints may be used together, but the standard constraint transient may be used

destroyed.

ed Actionisa

ition and

stance or aLink
used even if the
in place of new

5.73.3 Presentation options

Tools may use other graphic markersin addition to or in place of the keywords. For example, each kind of lifetime might be
shownin adifferent color. A tool may also use animation to show the creation and destruction of elements and the state of the
system at various times.

5.73.4 Example

See Figure 92 on page 266.
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5.73.5 Mapping

Creation or destruction indicators map either into CreateActions, DestroyActions, or TerminateActions in the corresponding
ClassifierRoles. The former two Actions dispatch the Stimuli that cause the changes. These status indicators are merely
summaries of the total actions.

Part 9 -

Statechart Diagrams

5.74 St

A statechart
Specifically
lifetime as 4

The semant
make them
implementg

5.74.1 S¢

Statechart d
event instar]
behavior of

5.74.2 N

A statechart
state machi
directed ard]

state machine has atop state that contains all the'ether elements of the entire state machine. The graphical rend

stateis opti
The associg

An exampld

atechart Diagram

diagram can be used to describe the behavior of instances of amodel element such as an‘object o
, it describes possible sequences of states and actions through which the element instanCes'can pra
h result of reacting to discrete events (for example, signals, operation invocations),

Dbj ect-oriented. His work was a major advance on the traditional flat state machines. Statechart nd
aspects of both Moore machines and Mealy machines, traditional state machine models.

bmantics

agrams represent the behavior of entities capable of dynami€behavior by specifying its response
ces. Typically, it is used for describing the behavior of class instances, but statecharts may also de
other entities such as use-cases, actors, subsystems, operations, or methods.

ptation

he graph are rendered by appropriate state’and pseudostate symbols, while transitions are generally
5 that inter-connect them. States may,al so contain subdiagrams by physical containment or tiling.

bnal.
fion between a state machine-and its context does not have a special notation.

statechart diagram fera'simple telephone object is depicted in Figure 104.

[ an interaction.
ceed during its

c¢s and notation described in this chapter are substantially those of David Hargl’s Statecharts with fnodifications to

tation also

to the receipt of
scribe the

diagram is agraph that represents a state machine. States and various other types of vertices (psedidostates) in the

rendered by
Note that every
ering of thistop
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Active ( Timeout )
do/ play messageJ
dial digit(n)
after (15 sec.) [incomplete]
N after(t5sec) T
( DialTone ) dial digit(n) -
Ldo/ play dial tone | laling

lift dial digit(n)[invalid] —
recejver ial digi
A dialdigit(n)[valld]
/get pial tone ( invalid / jeénnect
Edle Ldo/ play messageJ Connecting

. busy
Pinned Busy connected
callee do/ play busy
callee hangs up tone

caller answers
hangs up

/disconnect Ringing
-
Talking —
callee answers do/ play ringing
K /enable speech tone

Figure 104|- State Diagram

5.74.3 Mapping

A statecharf diagram mapsinto a StateMachine. That StateM achine may be owned by an instance of a model ¢lement capable
of dynamic pehavior, such as classifier or a behavioral feature, which provides the context for that state machine. Different
contexts may apply different semantic constraints on the state machine.

5.75 State

5.75.1 S¢mantics

A state is afondition during the life of an object or an interaction during which it satisfies some condition, pefforms some
action, or waitsfor-someevent—A—con IpUb;tC statetsarstatertt Yot; Hreontrastto ab;llllJ:C state; has aot qp: reat uecomposition.
(Composite states and their notation are described in more detail in Section 5.76, “ Composite States,” on page 285.)
Conceptually, an object remains in a state for an interval of time. However, the semantics allow for modeling “flow-through”
states that are instantaneous, as well as transitions that are not instantaneous.

A state may be used to model an ongoing activity. Such an activity is specified either by a nested state machine or by a
computational expression.

5.75.2 Notation

A state is shown as a rectangle with rounded corners (Figure 105 on page 285). Optionally, it may have an attached name tab.
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The nametab is arectangle, usually resting on the outside of the top side of a state and it contains the name of that state. It is
normally used to keep the name of a composite state that has concurrent regions, but may be used in other cases aswell (the
Process state in Figure 110 on page 291 illustrates the use of the name tab).

A state may be optionally subdivided into multiple compartments separated from each other by a horizontal line. They are as

follows:

* Name compartment - This compartment holds the (optional) name of the state as a string. States without names are

anonymous. and-are al distinct 1t isundesirable to show the same named state twice in the samedi agra
may|

e Inten

whil

Theaction |

action expr

expression |

A number d
following &

o entry
to th

exit

the s

do -

Statg
Ever|

incly
subr]

, as confusion

ensue. Name compartments should not be used if anametab is used and vice versa.

the element isin the state.

s empty, the backslash separator is optional.

e the reserved action labels and their meaning:

e state (entry action).

tate (exit action).

t being generated).

“Sulbmachine States,” on page 295,

Inall other

internal trar

means that the corresponding exit.and entry actions are not performed. The general format for the list item of

transition i

(S

Each event
guard condi
variable.

bnt-name ‘' (\«comma-separ ated-parameter-list )’ ‘[’ guard-condition']’ */’ action-expression

|tions are optional. If the event has parameters, they can be used in the action expression through t

nal transitions compartment - This compartment holds alist of internal actions or activities that ar|

abel identifies the circumstances under which the action specified by the action expression will bg
ion may use any attributes and links that are in the scope of the owning entity. For list items wh

f action labels are reserved for various special purposes and, therefore cannot be used as event ng

Thislabel identifies an action, specified by the corresponding action expression, that is performe

This label identifies an ongoing activity (“do activity”) that is performed as long as the modeled e
or until the computation specified by the actiorn expression is completed (the latter may result in @ completion

de - This label isused to identify a submachine invocation. The action expression contains the nal
hachine that isto be invoked. Submachine states and the corresponding notation are described in 9

Cases, the action label identifies the event that triggers the corresponding action expression. These 6
sitions and are semantically equivalent to self transitions except that the state is not exited or re-¢f

hame.may appear more than once per state if the guard conditions are different. The event parame

e performed

invoked. The
ere the action

mes. The

- Thislabel identifies an action, specified by the corresponding@ction expression, which is performed upon entry

upon exit from

ement isin the

me of the
bection 5.82,

vents are called
htered. This
AN internal

fers and the
he current event
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5.75.2.1 Example

/Ty

ping Password \

entry / set echo invisible
exit / set echo normal
character / handle character

help /

isplay help

Figure 105

5.75.3 M

A state sym

The name S
However,

A Iistitemeit:

item; that is
maps to the,
page 295.)

A listitem |

- State

Apping
bol maps into a State. See Section 5.76, “ Composite States,” on page 285 for further details on wh

ring in the symbol maps to the name of the state. Two symbols with tHe same name map into the
h state symbol with no name (or an empty name string) maps into.adistinct anonymous State.

the internal transition compartment maps into a corresponding‘Action associated with a state. A
an item with the “entry” label mapsto the “entry” role, an/exit” list item mapsto the “exit” role,
“doActivity” role. (The mapping of “include” itemsis discussed in Section 5.82, “ Submachine &t

vith an event name maps to a Transition associatedwith the “interna” role relative to the state. Th

expression maps into the ActionSequence and Guard for the. Transition. The event name and arguments map i

correspondi

5.76 Cd

5.76.1 Sg

A composit
substates. A
acomposite

A newly-crd
transitions |

Each region
theinitia pq

hg to the event name and arguments. The Event plays the role of atrigger to the Transition.

mposite States

bmantics

b state i s decomposed into two or more concurrent substates (called regions) or into mutually excl
given state may only-be'refined in one of these two ways. Naturally, any substate of a composite
state of either typé.

pated object takes'its topmost default transition, originating from the topmost initial pseudostate. A
D its outeymost final state is terminated.

of astate may haveinitial pseudostates and final states. A transition to the enclosing state represen
beudostate. A transition to afinal state represents the completion of activity in the enclosing region

ch kind of state.

fame state.

n “entry” list
and a“do” item
ptes,” on

e action
hto an Event

Isive digoint
ttate can also be

n object that

[s atransition to
Completion of

activity in
enclosing st

| concurrent reqionsrenresents completion of activitv hyv the enclosina state and tricaaers. acomplet
) (d g ) 5 99 g

ate. Completion of the top state of an object corresponds to its termination.

5.76.2 Notation

on event on the

An expansion of a state showsitsinternal state machine structure. In addition to the (optional) name and internal transition
compartments, the state may have an additional compartment that contains a region holding a nested diagram. For
convenience and appearance, the text compartments may be shrunk horizontally within the graphic region.

An expansion of astate into concurrent substates is shown by tiling the graphic region of the state using dashed linesto divide
it into regions. Each region is a concurrent substate. Each region may have an optional name and must contain a nested state
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diagram with digoint states. The text compartments of the entire state are separated from the concurrent substates by a solid
line. It is also possible to use a tab notation to place the name of aconcurrent state. The tab notation is more space efficient.

An expansion of a state into digoint substates is shown by showing a nested state diagram within the graphic region.

Aninitial pseudostate is shown as asmall solid filled circle. In atop-level state machine, the transition from an initial
pseudostate may be labeled with the event that creates the object; otherwise, it must be unlabeled. If it is unlabeled, it
represents any transition to the enclosing state. The initial transition may have an action.

A final state
the enclosin

displayed as$ an unlabeled transition), if such atransition is defined.

In some cages, it is convenient to hide the decomposition of a composite state. For example, the state' maching

g state and it triggers a transition on the enclosing state labeled by the implicit activity complétior]

is shown as acircle surrounding a small solid filled circle (abull’s eye). Tt represents the completion of activity in

event (usualy

inside a

composite state may be very large and may simply not fit in the graphical space available for thé diagram. In that case, the

composite state may be represented by a simple state graphic with a special “composite” icon, tisualy in thel

corner. Thig
decomposit

icon, consisting of two horizontally placed and connected states, is an optional) visual cue that the
on that is not shown in this particular statechart diagram (Figure 107). Instéad, the contents of the

bwer right-hand

state has a
composite state

are shown in a separate diagram. Note that the “hiding” here is purely amatter of graphical convenience and las no semantic

significance

5.76.3 E

in terms of access restrictions.

amples

/ Dig

ling

(" start N digitn) (* “Dpartial Dial ) [number.isvalid()]

®
\/

N

entry/ start dial tone entry/number.append(n) @
exit/ stop dial tone - /
. J
digit(n)

~

Figure 106

- Sequential Substates

(HiddenCompositew

entry/

start dial tone

exit/ stop dial tone

Figure 107

- Composite State with hidden decomposition indicator icon
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-

Taking Class \
Incomplete
lab
labh daone daone

----------------------------------
—_—

N

/T—\ project done
&= project O

fail

= | Failed

Figure 108

5.76.4 M

A state sym
linesinto re
Compositeq

- Concurrent Substates

Apping

bol maps into a State. If the symbol-has no subdiagramsin it, it mapsinto a SimpleState. If it istil
pions, then it maps into a CompositeState with the isConcurrent value true; otherwise, it mapsint

|sConcurr1;/al uefalse
Aninitial pgeudostate symbol-maps into a Pseudostate of kind initial. A final state symbol mapsto afinal stat

5.77 EV

5.77.1 Sqg

ents

emantics

Aneventisja

transition. Events may be of several kinds (not necmnly mutuaIIy excl usve)

od by dashed
Da

tate with the isConcurrent value false. A region maps into a CompositeState with the isRegion value true and the

igger a state

« A designated condition becoming true (described by a Boolean expression) resultsin a change event instance. The
event occurs whenever the value of the expression changes from false to true. Note that thisis different from a guard
condition. A guard condition is evaluated once whenever its event fires. If it isfalse, then the transition does not occur
and theevent islost.

e Thereceipt of an explicit signal from one object to another resultsin asignal event instance. It is denoted by the
signature of the event as atrigger on atransition.

« Thereceipt of acall for an operation implemented as a transition by an object represents a call event instance.
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¢ The passage of adesignated period of time after a designated event (often the entry of the current state) or the
occurrence of agiven date/timeisaTimeEvent.

The event declaration has scope within the package it appearsin and may be used in state diagrams for classes that have
visibility inside the package. An event is not local to asingle class.

5.77.2 Notation

A signal or patteventcarbedefmedusmgrtie-fotowmg-formet:
event-name ‘(Y comma-separ ated-parameter-list *)

A parametef has the format:
pafameter-name ‘' type-expression

A signal ca be declared using the «signal» keyword on a class symbol in a class diagram. The parameters arg specified as
attributes. A signal can be specified as a subclass of another signal. This indicates that‘an occurrence of the sybevent triggers
any transition that depends on the event or any of its ancestors.

An elapsedtime event can be specified with the keyword after followed by an expression that evaluates (at mpdeling time) to
an amount ¢f time, such as “after (5 seconds)” or after (10 seconds since exityfrom state A).” If no starting pqint is indicated,
then it isthg time since the entry to the current state. Other time events can be specified as conditions, such ajwhen (date =

Jan. 1, 200Q).

A condition| becoming true is shown with the keyword when fallowed by a Boolean expression. This may be fegarded as a
continuous test for the condition until it is true, although in practice it would only be checked on a change of yalues.

Signals can|be declared on a class diagram with the keyword «signal» on a rectangle symbol. These define signal names that
may be useql to trigger transitions. Their parameters are-shown in the attribute compartment. They have no opgrations. They
may appear|in ageneralization hierarchy.
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5.77.3 Example

«signal»
InputEvent
time
/N
«signal»
Userlnput
device
| |

«signal» «signal»

Mouse Keyboard

Button Character

location character

T i
«signabs «signal» «signal» «signal»
Down Up
| | |
«signal» «signal» «signal»
Space Alphanumeric Punctuation

Figure 109|- Signal Declaration
5.77.4 Mapping
A class box|with stereotype «signal» mapsinto a Signal. The name and parameters are given by the name string and the
attribute lisf of the hox.)Generalization arrows between signal class boxes map into Generalization relationships between the
Signal.
The usage df ‘an.event string expression in a context requiring an event maps into an implicit reference of the Event with the

given name. TTIS an error 1T varous USes of the same name (Including any explicit declarations) do not match.

5.78 Simple Transitions

5.78.1 Semantics

A simple transition is arelationship between two states indicating that an instance in the first state will enter the second gtate

and perform specific actions when a specified event occurs provided that certain specified conditions are satisfied. On such a
change of state, the transition is said to “fire.” Thetrigger for atransition is the occurrence of the event labeling the transition.
The event may have parameters, which are accessible by the actions specified on the transition as well asin the corresponding
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exit and entry actions associated with the source and target states respectively. Events are processed one at atime. If an event
does not trigger any transition, it isdiscarded. If it can trigger more than one transition within the same sequentia region; that
is, not in different concurrent regions, only one will fire. If these conflicting transitions are of the same priority, an arbitrary
oneis selected and triggered.

5.78.2 Notation

A transition is shown as a solid line originating from the source state and terminated by an arrow on the target state. It may be
labeled by atransition string that has the following general format:

event-signature ‘[’ guard-condition ‘] /" action-expression
The event-g/gnature describes an event with its arguments:
event-name ‘(' comma-separ ated-parameter-list ‘)’

The guard-¢ondition is a Boolean expression written in terms of parameters of the triggering event and attribytes and links of
the object that owns the state machine. The guard condition may also involve tests of\conCurrent states of the durrent machine,
or explicitly designated states of some reachable object (for example, “in Statel” or " not in State2”). State nanjes may be fully
qualified by the nested states that contain them, yielding pathnames of the form."Statel::State?::State3.” Thisjmay be used in
case same gate name occurs in different composite state regions of the overall\machine.

The action-gxpression is executed if and when the transition fires. It maybe written in terms of operations, attributes, and links
of the owning object and the parameters of the triggering event, or ahy other features visible in its scope. The{corresponding
action must|be executed entirely before any other actions are considered. This model of execution is referred lo asrun-to-
completion gemantics. The action expression may be an action Sefjuence comprising a number of distinct actigns including
actions that|explicitly generate events, such as sending signals-or invoking operations. The details of this expression are
dependent gn the action language chosen for the model.

5.78.2.1 Transition times

Names may| be placed on transitions to designate-the times at which they fire. See Section 5.64, “ Transition Times,” on
page 264.

5.78.3 Example

right-mouse-down (lecation) [location in window] / object := pick-object (location);
object.highlight ()

The event nhay be any-0f the standard event types. Selecting the type depends on the syntax of the name (for t{me events, for
example); however, 'Sighal Events and CallEvents are not distinguishable by syntax and must be discriminated by their
declaration gl sewhere.

5.78.4 Mapping

A transition string and the transition arrow that it label s together map into a Transition and its attachments. The arrow connects
two state symbols. The Transition has the corresponding States as its source (the state at the tail) and destination (the state at
the head) States in associations to the Transition.

The event name and parameters map into an Event element, which may be a SignalEvent, a CallEvent, a TimeExpression (if it
has the proper syntax), or a ChangeEvent (if it is expressed as a Boolean expression). The event is attached asa“trigger” role
in the association to the transition.

The guard condition maps into a Guard element attached to the Transition. Note that a guard condition is distinguished
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graphically from a change event specification by being enclosed in brackets. An action expression mapsinto an Action
attached as an “effect” role relative to the Transition.

5.79 Transitions to and from Concurrent States

A concurrent transition may have multiple source states and target states. It represents a synchronization and/or a splitting of
control into concurrent threads without concurrent substates.

5.79.1 S¢mantics

A concurrent transition is enabled when all the source states are occupied. After acompound transitionfires, al its destination
states are ogcupied.

5.79.2 Notation

A concurrent transition includes a short heavy bar (a synchronization bar, which can reforesent synchronization, forking, or

both). The har may have one or more arrows from states to the bar (these are the source states). The bar may have one or more
arrows fronj the bar to states (these are the destination states). A transition stringmay’be shown near the bar. Individual arrows
do not haveltheir own transition strings.

5.79.3 Example

Process

€D

Figure 110]- Concurrent Transitions

5.79.4 Mapping

A bar with multipletransition arrows leaving it mapsinto afork pseudostate. A bar with multiple transition arrows entering it
mapsinto ajjoin pseudostate. The transitions corresponding to the incoming and outgoing arrows attach to the pseudostate as if
it were areqularstate. If abar has multiple incoming and multiple outgoing arrows, then it maps into ajoin corjnected to afork
pseudostate by a single transition with no attachments.

5.80 Transitions to and from Composite States

5.80.1 Semantics
A transition drawn to the boundary of a composite state is equivalent to atransition to itsinitia point (or to acomplex

transition to theinitial point of each of its concurrent regions, if it is concurrent). The entry action is always performed when a
state is entered from outside.
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A transition from a composite state indicates a transition that appliesto each of the states within the state region (at any depth).
Itis“inherited” by the nested states. Inherited transitions can be masked by the presence of nested transitions with the same
trigger.

5.80.2 Notation

A transition drawn to a composite state boundary indicates a transition to the composite state. Thisis equivalent to atransition
to theinitial pseudostate within the composite state region. Theinitial pseudostate must be present. If the state is a concurrent

composite state, then the transition indicates a transition to the initial pseudostate of each of its concurrent suli

Transitionsmay be drawn directly to states within a composite state region at any nesting depth. All entryact
performed flor any states that are entered on any transition. On a transition within a concurrent composite state

states.

ons are
. transition

arrows fron the synchronization bar may be drawn to one or more concurrent states. Any other concurrent regions start with

their defaul

A transition
nested state
established.

Transitions
actionsare

transition afrows may be specified from one or more concurrent states to@Synchronization bar; therefore, speg

other region

A state regi
the state reg
It may have
entered. If 5
region. Any
the object r{

same level asthe history indicator. A region may-have both shallow and deep history indicators.

5.80.3 Pr

5.80.3.1 S

Nested statq
suppressed
may (but ng

boundary of the enclosing state. It indicates a transition connected to a suppressed internal state. Stubs are no

transitions

initial pseudostate.

drawn from a composite state boundary indicates a transition of the composite state. If such atrar

may be drawn directly from states within a composite state region at.any nesting depth to outside
performed for any statesthat are exited on any transition. On atransition from within a concurrent

s areirrelevant to triggering the transition.

bn may contain a history state indicator shown as asmall circle containing an ‘H.” The history ind
ion that directly containsit. A history indicator may have any number of incoming transitions fron
at most one outgoing unlabeled transition. Thisidentifies the default “ previous state” if the regior]
transition to the history indicator fires, it indicates that the object resumes the state it last had withi
necessary entry actions are performed. Thehistory indicator may also be ‘H*’ for deep history. TH
bsumes the state it last had at any depth'within the composite region, rather than being restricted tg

esentation Options

tubbed transitions

sition fires, any

5 are forcibly terminated and perform their exit actions, then the transitionactions occur and the ngw stateis

states. All exit
Composite state,
ific statesin the

cator appliesto
nh outside states.
has never been
n the composite
isindicates that
the state at the

S may be suppressed. Transitions to nested states are subsumed to the most specific visible enclos
State. Subsumed transitions that do not come from an unlabeled final state or go to an unlabeled i
ed not) be shown as coming from or going to stubs. A stub is shown as a small vertical line (bar)

p initial or from final states.

ng state of the

rawn inside the
used for

niti al pseudostate

Note that ey

ehts’should be shown on transitions leading into a state, either to the state boundary or to an inter

nal substate,

including atransition to a stubbed state. Normally events should not be shown on transitions leading from a stubbed state to an
external state. Think of atransition as belonging to its source state. If the source state is suppressed, then so are the details of

the transition. Note also that atransition from afinal state is summarized by an unlabeled transition from the composite state

contour (denoting the implicit event “action complete” for the corresponding state).

5.80.4 Example

See Figure 109 on page 289 and Figure 110 on page 291 for examples of composite transitions. The following are examples of
stubbed transitions and the history indicator.
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-~

C

Figure 111} Stubbed Transitions

/ \ interrupt

A kAl

resume

A2

- J

Figure 112 - History Indicator

5.80.5 Mapping

An arrow to any state boundary, nested or not, maps into a Transition between the corresponding States and similarly for
transitions directly to history states.

A history indicator maps into a Pseudostate of kind shallowHistory or deepHistory.
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A stubbed transition does not map into anything in the model. It is a notational elision that indicates the presence of transitions
to additional statesin the model that are not visiblein the diagram.

5.81 Factored Transition Paths

5.81.1 Semantics

By definitiq
be pseudost
context of g

Asapractid

elalals dCl AQ \/E) of_ SNce spme 0

btes—which are transient in nature—thereis aneed for describing chains of transitions that may.
single run-to-compl etion step. Such atransition is known as a compound transition.

bd

al measure, it is often useful to share segments of a compound transition. For example, two or mo|

compound fransitions may come together and continue via a common path, sharing its action, and-possibly ter

same target
paths.

Both of theq
factoringis
toany of ad
performed 4

Note that th
described irf
transitions 4

5.81.2 N

Two or mor|
point. This

state. In other cases, it may be useful to split atransition into separate mutually exclusive; that is,

al so useful for modeling dynamically adaptive behavior. An example ¢f this occurs when asingle)
et of possibletarget states, but where the final target state is only deterinined as the result of an acti
ifter the triggering of the compound transition.

e splitting and joining of paths due to factoring is differentfrom the splitting and joining of concu
re not concurrent.

ptation

e transitions emanating from different non-concurrent states or pseudostates can terminate on a co
bl lows their respective compound transitions to share the path that emanates from that junction po

hese vertices may

executed in the

re distinct
minating on the
non-concurrent

be examples of graphical factoring in which some transitions are shared restlt’in simplified diagrams. However,

event may |lead
fon (calculation)

Frent transitions

Section 5.79, “ Transitions to and from Concurrent StateS,” ‘©n page 291. The sources and targets gf these factored

mmon junction
nt. A junction

point is reptiesented by a small black circle. Alternatively, it may be represented by a diamond shape (see Section 5.87,

“Decisions,

Two or mor
are mutually
condition is
guards are €

Two or mor
case, the gu
guards may
is represent

' on page 301).

exclusive. Thisisequivalent to aset of individua transitions, one for each path through the tree,
the “and” of all of theseanditions along the path. Note that the semantics of static branchesis that
val uated before any'transition is taken.

P guarded transitions emanating from a common dynamic choice point are used to model dynamio

be afunction of some calculations performed in the actions of theincoming transition (s). A dynar
bd by a small white circle (reminiscent of asmall stateicon).

5813 E

amalac

b guarded transitions emanating from the same junction point represent a static branch point. Normally, the guards

whose guard
all the outgoing

choices. In this

prds of the dutgoing transitions are evaluated at the time the choice point has been reached. The v@lue of these

nic choice point

QIIIPIUO

In Figure 113 asingle junction point is used to merge and split transitions. Regardless of whether the junction point was
reached from state State0 or from state Statel, the outgoing paths are the same for both cases.

If the state machine in this example isin state Statel and b is less than 0 when event el occurs, the outgoing transition will be
taken only if one of the three downstream guardsistrue. Thus, if aisequal to 6 at that point, no transition will be triggered.
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State?

Figure 113
In the dynar
Statel istak

value for a
condition[€l

StateZ

Figure 114

State0 Statel

e2[b < 0] ellb <0]

[a>7]

)

- Junction points

State3 State4

hic choice point example in Figure 114, the decision on which branchto take is only made after the

This new value can then be used to determine the outgoingtransition to be taken. The use of the
se] is recommended to avoid run-time errors.

ellb < 0)/a :=f{m)

- Dynamic choice points

transition from

en and the choice point is reached. Note that the action associatéd'with that incoming transition computes a new

redefined

5.82 Submachine States

5.82.1 Semantics

A submachine state represents the invocation of a state machine defined el sewhere. It is similar to amacro call in the sense that
it represents a (graphical) shorthand that implies embedding of a complex specification within another specification. The
submachine must be contained in the same context as the invoking state machine.

In the general case, an invoked state machine can be entered at any of its substates or through its default (initial) pseudostate.
Similarly, it can be exited from any substate or as aresult of the invoked state machine reaching its final state or by an
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“inherited” or “group” transition that appliesto all substates in the submachine. The non-default entry and exits are specified
through special stub states.

5.82.2 Notation

The submachine state is depicted as anormal state with the appropriate “include” declaration within itsinternal transitions
compartment (see Section 5.75, “State,” on page 283). The expression following the include reserved word is the name of the
invoked submachine.

Optionally, the submachine state may contain one or more entry stub states and one or more exit stub states’Tjhe notation for
theseis simjlar to that used for stub ends of stubbed transitions, except that the ends are labeled. The label's represent the
names of the corresponding substates within the invoked submachine. A pathname may be used if the'suibstate s not defined at
the top levg of the invoked submachine. Naturally, this name must be a valid name of a state in.the invoked state machine.

If the submgchine is entered through its default pseudostate or if it is exited as aresult of the:completion of th¢ submachine, it
is not necespary to use the stub state notation for these cases. Similarly, a stub stateis not fequired if the exit ogcurs through an
explicit “group” transition that emanates from the boundary of the submachine state (ifaplying that it applies fo all the

substates of|the submachine).

Submaching states invoking the same submachine may occur multiple times in the'same state diagram with different entry and
exit configyrations and with different internal transitions and exit and entry astion specifications in each case.

5.82.3 Example

The followihg diagram shows a fragment from a statechart diagram'in which a submachine (the FailureSubmachine) is
invoked in @ particular way. The actual submachineis presumably defined elsewhere and is not shown in thisdiagram. Note
that the samje submachine could be invoked el sewhere in the same statechart diagram with different entry and|exit

configuratigns.
/ Handle Failure \
include / FailureSubmachine

N | -/
drrorl/ N /- error2/

subd subl::subl2
\ /
grror3/ subEnd
o—0
\ _\ j fixed1/
——

Figure 115 - Submachine State

In the above example, the transition triggered by event “errorl” will terminate on state “subl1” of the FailureSubmachine state
machine. Since the entry point does not contain a path name, this means that “subl” is defined at the top level of that
submachine. In contrast, the transition triggered by “error2” will terminate on the “sub12” substate of the “ sub1” substate (as
indicated by the path name), while the “error3” transition implies taking of the default transition of the FailureSubmachine.

Thetransition triggered by the event “fixed1” emanates from the “subEnd” substate of the submachine. Finaly, the transition
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emanating from the edge of the submachine state is taken as aresult of the completion event generated when the
FailureSubmachine reachesitsfinal state.

5.82.4 Mapping

A submachine state in a statechart diagram maps directly to a SubmachineState in the metamodel. The name following the
“include’ reserved action label represents the state machine indicated by the “submaching” attribute. Stub states map to the
Stub State concept in the metamodel. The label on the diagram corresponds to the pathname represented by the

“referenceate” attribute of the stub state.

5.83 SyInch States

5.83.1 S¢mantics

A synch stateisfor synchronizing concurrent regions of a state machine. It isused in conjdnction with forks and joinsto insure
that one regjon leaves a particular state or states before another region can enter a partieular state or states. The firing of
outgoing transitions from a synch state can be limited by specifying a bound on thedifference between the number of times
outgoing and incoming transitions have fired.

5.83.2 Notation

A synch stafeis shown as asmall circle with the upper bound inside it/ The bound is either a positive integer of an asterisk (**)
for unlimited. Synch states are drawn on the boundary between tworegions when possible.

5.83.3 Example
f Build House \
Build ( Put On) Install
l Frame | Roof | Walls
Instal_
&“O“’DO” _________________________________ ® 7

——[Inspect

1] lnctall 1]

lacta lacta
Electricity Electricity 9'9 Electricity
C Foundation In Frame Outside /

Figure 116 - Synch states

5.83.4 Mapping

A synch state circle maps into a SynchState, contained by the least common containing state of the regionsit is synchronizing.
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The number inside it maps onto the bound attribute of the synch state. A star (*") inside the synch state circle mapsto avalue
of Unlimited for the bound attribute.

Part 10

- Activity Diagrams

5.84 Activity Diagram

5.84.1 Sg

An activity
thetransitig

5.84.2 N

An activity

states and i which all (or at least most) of the transitions are triggered by compl etionof,the actions or subact

source state
to theimpld
opposed to

internally-g
events occy

EMTaITticS

praph isavariation of a state machine in which the states represent the performance of actionsor S
ns are triggered by the completion of the actions or subactivities. It represents a state machine of al

ptation

diagram is a specia case of a state diagram in which all (or at least most) of the states are action g

5. The entire activity diagram is attached (through the model) to a classifier, such asa use case, or
imentation of an operation. The purpose of this diagram is to focus en‘flows driven by internal pro
bxternal events). Use activity diagrams in situations where all or most of the events represent the g
bnerated actions (that is, procedural flow of contral). Use ordinary state diagramsin situations whey
.

ubactivities and
procedure itself.

Ir subactivity
vitiesin the

Lo a package, or
cessing (as
ompletion of

e asynchronous
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5.84.3 Example
Person::Prepare Beverage

PY [ Find \ [no coffee] [no cola]
\ Beverage /

[found coffeeg]

[found cola)

Put Coffee
in Filter Add Water Get
to Reservoir Cups

Put Filter
in Mjachine

Get cans
of cola

Turnon
Machine

/coffeePot.turnOn

light goes out

( Pour Coffeey

Figure 117 - Activity Diagram
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5.84.4 Mapping
An activity diagram mapsinto an ActivityGraph.
5.85 Action State

5.85.1 Semantics

An action gate is a shorthand for a state with an entry action and at least one outgoing transition involving the implicit event
of completing the entry action (there may be several such transitionsif they have guard conditions). Action stgtes should not
have interngl transitions, outgoing transitions based on explicit events, or exit actions, use normal statesfor this situation.
Transitions|eaving an action state should not include an event signature. Such transitions are impliCitly triggared by the
completionjof the action in the state. The transitions may include guard conditions and actions,‘Fkie normal uge of an action
state is to model a step in the execution of an algorithm (a procedure) or aworkflow process:

5.85.2 Notation

An action sfate is shown as a shape with straight top and bottom and with convexiarcs on the two sides. The agtion-expression
is placed injthe symbol. The action expression need not be unique within the diagram.

5.85.3 Piresentation options

The action may be described by natural language, pseudocode, or:programming language code. It may use only attributes and
links of thejowning object.

Note that agtion state notation may be used within ordinary state diagrams; however, they are more commonly used with
activity diagrams, which are special cases of state diagrams.

5.85.4 Example

<matrix.invert (toIerance:RealD

Figure 118|- Action States

5.85.5 Mppping

An action slaté.symbol maps into an ActionState with the action-expression mapped to the entry action of the|State. The State
is normally lareryeus:

5.86 Subactivity state

5.86.1 Semantics

A subactivity state invokes an activity graph. When a subactivity state is entered, the activity graph “nested” in it is executed
as any activity graph would be. The subactivity state is not exited until the final state of the nested graph is reached, or when
trigger events occur on transitions coming out of the subactivity state. Since states in activity graphs do not normally have
trigger events, subactivity states are normally exited when their nested graph isfinished. A single activity graph may be
invoked by many subactivity states.

© ISO/IEC 2005 - All rights reserved 301


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

ISO/IEC 19501:2005(E)

5.86.2 Notation

A subactivity stateis shown in the same way as an action state with the addition of aniconin the lower right corner depicting
anested activity diagram. The name of the subactivity is placed in the symbol. The subactivity need not be unique within the
diagram.

This notation is applicable to any UML construct that supports “nested” structure. The icon must suggest the type of nested
structure.

5.86.3 Example

Build Product Fill Order

o o™

Figure 119|- Subactivity States

5.86.4 Mapping

A subactivify state symbol mapsinto a SubactivityState. The name of the‘subactivity maps to a submachine lipk between the
Subactivity$tate and an ActivityGraph of that name. The SubactivityState is normally anonymous.

5.87 Dacisions

5.87.1 S¢mantics

A state diagram (and by derivation an activity diagram) expresses a decision when guard conditions are used {o indicate
different pogsible transitions that depend on Boelean conditions of the owning object. UML provides a shorthand for showing
decisions arjd merging their separate paths hack together. Each possible outcome should appear on one of the putgoing
transitions. A predefined guard denoted *else” may be defined for at most one outgoing transition. Thistransitjonis enabled if
all the guardis labeling the other transitions are false.

5.87.2 Notation

A decision ay be shown:hy-l'abeling multiple output transitions of an action with different guard conditions.

Theicon prpvided for adecision is the traditional diamond shape, with one incoming arrow and with two or more outgoing
arrows, each labeled-by a distinct guard condition with no event trigger.

The same idor¢an be used to merge decision branches back together, in which case it is called amerge. A megrge has two or
more iNCoMITIY aITowWS and Orne OutgoiTIg I TOW.

Note that a chain of decisions may be part of acomplex transition, but only the first segment in such a chain may contain an
event trigger label. All segments may have guard expressions. The transition coming from a merge may not have atrigger
label or guard expressions.
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5.87.3 Example

Calcul

total cost

ate [cost < $50] Charge

account

[cost = $50]

customer’s

Figure 120

5.87.4 Mppping

A decision
correspondi

5.88 Csg

5.88.1 S¢

A call state
notational g

5.88.2 N

A call state
symbol, alo

5.88.3 E

vert Drive
(Matrix) (Person)

Get
authorization

- Decision and merge

ymbol maps into a Pseudostate of kind junction. Each label on ancoutgoing arrow maps into a Gu

1| States

bmantics

is an action state that has exactly one call action asits entry action. It is useful in object flow mod
mbiguity over which action is taking inputcer providing output.

Dtation

is shown in the same way asan.action state, except that the name of the operation of the call actio
hg with the name of the classifier that hosts the operation in parentheses under it.

ample

ard on the

hg Transition leaving the Pseudostate. A merge symbol also mapsinto a Pseudostate of kind junctjon.

bling to reduce

nisputinthe

Matrix Person
Invert() Drive(to : Place)
Figure 121 - Call states and the operations they invoke
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5.88.4 Mapping

The top nam

e maps into the operation of the call action contained in the entry action of the call state. The name in parentheses

maps into the classifier hosting the operation.

5.89 Swimlanes

5.89.1 Semantics

Actions and

subactivitiep. They often correspond to organizational unitsin abusiness model.

5.89.2 Notation

subactivities may be organized into swimlanes. Swimlanes are used to organize responsibility.for|actions and

An activity diagram may be divided visually into “swimlanes,” each separated from neighboring swimlanes by vertical solid
lines on both sides. The relative ordering of the swimlanes has no semantic significance’ Each action is assigried to one

swimlane. T

ransitions may cross lanes. There is no significance to the routing of atransition path.
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5.89.3 Example

Customer Sales
®

Request service)

—

Stockroom

Pay \

Fill order
—/
! Deliver order )

Collect order

Figure 122[- Swimlanes in Activity Diagram

5.89.4 Mapping

A swimlane mapsinto a Partition of the States in the ActivityGraph. A state symbol in a swimlane causes the corresponding
State to belong to the corresponding Partition.

5.90 Action-Object Flow Relationships

5.90.1 Semantics

Actions operate by and on objects. These objects either have primary responsibility for initiating an action, or are used or
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determined by the action. Actions usually specify calls sent between the object owning the activity graph, which initiates
actions, and the objects that are the targets of the actions.

5.90.2 Notation

5.90.2.1 Object responsible for an action

In sequence diagrams, the object responsible for performing an action is shown by drawing alifeline and placing actions on
lifelines (seg Section 5.60, "Sequence Diagram,” on page 254). Activity diagrams do not show theTifeline, but each action
specifies wifich object performsits operation. These objects may also be related to the swimlane in someWway| The actions
within a swimlane can al be handled by the same object or by multiple objects.

5.90.2.2 Object flow

Objects thaf are input to or output from an action may be shown as object symbols. A dashetharrow is drawn from an action
state to an dutput object, and a dashed arrow is drawn from an input object to an action state. The same objectmay be (and
usualy is) the output of one action and the input of one or more subsequent actions.

The control flow (solid) arrows must be omitted when the object flow (dashed) arrows supply a redundant corjstraint. In other
words, whef a state produces an output that is input to a subsequent state, that object flow relationship implies a control
constraint.

5.90.2.3 Qbject in state

Frequently the same object is manipulated by a number of successive actions or subactivities. It is possible to $how one object
with arrowqto and from all of the relevant actions and subactivities, but for greater clarity, the object may be ¢isplayed
multiple times on a diagram. Each appearance denotes a different point during the object’s life. To distinguish|the various
appearances of the same object, the state of the object at€ach point may be placed in brackets and appended to|the name of the
object (for example, PurchaseOrder[approved]). Thi's notation may also be used in collaboration and sequence diagrams.
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5.90.3 Example

Customer Sales Stockroom
Request service
= ~
~
~
w| Order
[placed]

SO A Order

[entered]

@ \
Order :
- 1+ — Fill order

\;_Z

[delivered] [<
T
Collect order

Figure 123|- Actiens and Object Flow

5.90.4 Mapping

An object flow symbol maps into an ObjectFlowState whose incoming and outgoing Transitions correspond to the incoming
and outgoing arrows. The Transitions have no attachments. The classifier name and (optional) state name of the object flow
symbol map into a Class or a ClassifierInState corresponding to the name(s). Solid and dashed arrows both map to transitions.

5.91 Control Icons

Thefollowing icons provide explicit symbolsfor certain kinds of information that can be specified on transitions. Theseicons
are not necessary for constructing activity diagrams, but many users prefer the added impact that they provide.
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5.91.1 Notation

5.91.1.1 Signal receipt

The receipt of asignal may be shown as a concave pentagon that |ooks like arectangle with atriangular notch inits side (either
side). The signature of the signal is shown inside the symbol. An unlabeled transition arrow is drawn from the previous action
state to the pentagon and another unlabeled transition arrow is drawn from the pentagon to the next action state. A dashed
arrow may be drawn from an object symbol to the notch on the pentagon to show the sender of the signal; thisis optional.

5.91.1.2 dignal sending

The sending of asignal may be shown as a convex pentagon that looks like a rectangle with a triangul apoint/on one side
(either side)|. The signature of the signal is shown inside the symbol. An unlabeled transition arrow~is'drawn frpm the previous
action stateto the pentagon and another unlabeled transition arrow is drawn from the pentagon,toithe next action state. A
dashed arrojv may be drawn from the point on the pentagon to an object symbol to show the'receiver of the signal, thisis
optional.

Turn on
Machine

turr] — — == coffeePot

Oon
I
|
Brew]|coffee |
|
|

light gpes out % 2

( Pourl Coffee

Figure 124]- Symbols fer.Signal Receipt and Sending

5.91.1.3 Deferred.events

A frequent ityation is when an event that occurs must be “ deferred for Iater use while some other action or gubactivity is
underway. (Norma ternal transition
that handles the event and places itonan mternal queue until it is needed or until it is discarded. Each state specifies a set of
events that are deferred if they occur during the state and are not used to trigger atransition. If an event is not included in the
set of deferrable events for a state, and it does not trigger atransition, then it is discarded from the queue even if it has already
occurred. If atransition depends on an event, the transition fires immediately if the event is already on the internal queue. If
severa transitions are possible, the leading event in the queue takes precedence.

A deferrable event is shown by listing it within the state followed by a slash and the special operation defer. If the event
occurs, it is saved and it recurs when the object transitions to another state, where it may be deferred again. When the object
reaches a state in which the event is not deferred, it must be accepted or lost. The indication may be placed on a composite
state or its equival ents, submachine and subactivity states, in which case it remains deferrabl e throughout the composite state.
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A contained transition may still be triggered by a deferrable event, whereupon it is removed from the queue.

It is not necessary to defer events on action states, because these states are not interruptible for event processing. In this case,
both deferred and undeferred events that occur during the state are deferred until the state is completed. This means that the
timing of the transition will be the same regardless of the relative order of the event and the state completion, and regardl ess of
whether events are deferred.

TyrTromn
M#pchine j

turnOn

Brejv coffee
light gqes out / defer

Get Cups
light does out / defer

light goes out <

Pour Coffee )

Figure 125(- Deferred Event

5.91.2 Mppping

A signal regeipt’symbol mapsinto a state with no actions or internal transitions. Its specified event mapsto afrigger event on

i + T babhaioon-it ditha fall H otat
the OUthI I".g tHaRSHOR-BEtWeeR-HaRttRETOrrowWH I".g Starcr

A signal send symbol maps into a SendAction on the incoming transition between it and the previous state.

A deferred event attached to a state maps into a deferrableEvent association from the State to the Event.

5.92 Synch States

The SynchState notation may be omitted in Activity Diagrams when a SynchState has one incoming and one outgoing
transition, and an unlimited bound. The semantics and mapping are the same asif the synch state circles were included, as
defined for state machine notation.
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Build House
Put On Install
\_Roof ) Walls
|
ion =
Install Install Install
Electricity Electricity Electricity
In Foundation In Frame Outside

I nspect

N

Figure 126

5.93 Dy

5.93.1 Sg

The actions
number of d
lists, one ar

5.93.2 N

If the dynan
right corner,

5933 M

A multiplici
dynamicMU
attribute of

- Synchronizing parallel activities

namic Invocation

bmantics

of an action state or the activity graph of astbactivity state may be executed more than once cong
oncurrent invocations is determined at xuntime by a concurrency expression, which evaluates to a|
jument list for each invocation.

ptation

nic concurrency of an action or subactivity state is not always exactly one, its multiplicity is show
of the state; otherwise, nothing is shown.

Apping

ty string.in the upper right corner of an action or subactivity state maps to the same value in the
Itiplieity. attribute of the state. The presence of a multiplicity string also maps to a value of true fo
he'state. If no multiplicity is present, the value of the isDynamic attribute is false.

urrently. The
set of argument

n in the upper

the isDynamic

5.94 Conditional Forks

In Activity Diagrams, transitions outgoing from forks may have guards. This means the region initiated by afork transition
might not start, and therefore is not required to complete at the corresponding join. The usual notation and mapping for guards
may be used on the transition outgoing from a fork.

310

© ISO/IEC 2005 -

All rights reserved


https://iecnorm.com/api/?name=e59e74389f967c2dfbede1c978dc73db

Part 11

ISO/IEC 19501:2005(E)

- Implementation Diagrams

5.95 Component Diagram

Implementation diagrams show aspects of physical implementation, including the structure of components and the run-time
deployment system. They come in two forms: 1) component diagrams show the structure of components, including the
classifiers that specify them and the artifacts that implement them; and 2) deployment diagrams show the structure of the

nodes on w

ich the components are deployed These diagrams can also be applied in a broader way to biisiness modeling

wherethec
and resourc

5.95.1 S¢

A compone]

bmponents represent business procedures and artifacts, and the deployment nodes represent thelor
bs (human and otherwise) of the business.

bmantics

Nt diagram shows the dependencies among software components, including the classifiers that spe

Janization units

cify them (for

example, imiplementation classes) and the artifacts that implement them; such as, sourceCode files, binary codefiles,

executable f

A compone]
(possibly a

5.95.2 N

A compone]
to compong

iles, scripts.

ht diagram has only atype form, not an instance form. To show component instances, use a deploy
egenerate one without nodes).

Dtation

ht diagram is a graph of components connected by dependency relationships. Components may al
hts by physical containment representing composition rel ationships.

ment diagram

50 be connected

Classifiers that specify components can be connected to themby physical containment or by a «reside» relatignship, which is

an instance
connected t
between Ca

A diagram
programs, W
onin some

Although a
classifierst
provided by
among com

pf the metaassoci ation between Component and M odel Element. Likewise, artifacts that specify cor
b them by physical containment or by an «implement» relationship, which is an instance of the me
mponent and Artifact.

nponents can be
taassociation

ontai ning component types may-he Used to show static dependencies, such as compiler depend

vay. The kinds of dependencies are implementati on-specific and may be shown as stereotypes of t

component does not haveits own features (for example, attributes, operations), it acts as a contain
hat are defined with features. Components typically expose a set of interfaces, which represent the

ponents, usingidashed arrows from components to interfaces on other components.

lencies between
hich are shown as dashed arrows/(dependencies) from a client component to a supplier componen’[ that it depends

e dependencies.

er for other
services

the elements that reside on the component. The diagram may show these interfaces and calling dépendencies
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5.95.3 Example

ShoppingSessionHome
<<EJBSession>>
ShoppingSession ShoppingSession
T
|
|
i
I
1
} <<EJBEntity>>
| Catalog
|
1
|
I So— <<auxfliary>>
I E
! CatalogHome CatalogHome L CatalogPK
} - <«<focus>> |
|
| . Catalog
} Catalog T <<auxiliary>>
| Cataloglnfo
1
} Catalog
I o—|
! // <<file>>
| / CatalogJAR
|
|
| s
I
I
Y
ShoppingCartHome T /
ShoppingCart

<<EJBEntity>>
ShoppingCart

—o

Figure 127|- Component Diagram
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<<auxiliary>> <<focus>> <<auxiliary>>
CatalogInfo Catalog CatalogPK
rosidems i reside . reside>>

Figure 128

5.95.4 Mppping

A componeft diagram maps to a static model whose élements include Components. The physical containmen

by a Compq

Model Element. The physical containment of ancArtifact by a Component represents an «implement» relations

instance of

5.96 D+

5.96.1 Sémantics

Deploymen
objects that

Components that de-not exist as run-time entities (because they have been compiled away) do not appear on t

they should

For bus ness: maodalina-tharim-tima nraocecsina-alements-ineludaewworkeaers-and-oraanizational tnits _and tha
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<<ejbEntity>>
Catalog

<<implement>>/|

<<file>>
CatalogJAR

- Component Diagram Showing Relationships with*Classifiers and Artifacts

nent represents a «reside» relationship;"which is an instance of the metaassociation between Com

he metaassociation between Component and Artifact.

ployment Diagram

diagrams show:the configuration of run-time processing elements and the software components,
execute onthem. Software component instances represent run-time manifestations of software co

be shown on component diagrams.

of aClassifier
bonent and
hip, whichisan

processes, and
e units.
hese diagrams,

tware

components include procedures and documents used by the workers and organizational units.

5.96.2 Notation

A deployment diagram is a graph of nodes connected by communi cation associations. Nodes may contain component
instances. Thisindicates that the component runs or executes on the node. Components may contain instances of classifiers,
which indicates that the instance resides on the component. Components are connected to other components by dashed-arrow
dependencies (possibly through interfaces). This indicates that one component uses the services of another component. A
stereotype may be used to indicate the precise dependency, if needed.
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The deployment type diagram may also be used to show which components may reside on which nodes, by using dashed
arrows with the stereotype «deploy» from the component symbol to the node symbol or by graphically nesting the component
symbol within the node symbol.

Migration of component instances from node instance to node instance or objects from component instance to component
instance may be shown using the «become» stereotype of the dependency relationship. In this case the component instance or
object is resident on its node instance or component instance only part of the entire time.

Note that a processisjust a special kind of ohject (see Section 5 71 _“Active ohject ” on page 276)

5.96.3 Example

:Client

<fbrowser>>
:OperjSourceBrowser

~~._ |videoStoreServer:AppServer

S <<Container>>
VideoStoreApplication

<<Session>>

ShoppingSession AN

<<Focus>> X
ShoppingSession
<
\
N
N

<<Entity>>
ShoppingCart

<<Focus>>
ShoppingCart

<<Entity>>
Catalog

<<Focus>>
Catalog

:DBServef

<{database>> //’/
:V|deoStoreDB //

Figure 129

5.96.4 M

- Deployment Diagram

ApPING

A deployment diagram maps to a static model whose elements include Nodes. It is not particularly distinguished in the model.

5.97 Node

5.97.1 Semantics

A node is aphysical object that represents a processing resource, generally, having at least a memory and often processing
capability as well. Nodes include computing devices but aso human resources or mechanical processing resources. Nodes
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may be represented as types and as instances. Run time computational instances, both objects and component instances, may
reside on node instances.

5.97.2 Notation

A node is shown as afigure that looks like a 3-dimensional view of a cube. A node type has a type name:

node-type

A node instpnce has a name and a type name. The node may have an underlined name string in it or below it The name string
has the syntix:

name ‘:’ node-type

The name i the name of the individual node (if any). The node-type says what kind of anodeit\is! Either or both elements are
optional; if the node-type is omitted, then so is the colon.

Dashed arrqws with the keyword «deploy» show the capability of anode type to support a component type. Alternatively, this
may be shoyvn by nesting component symbols inside the node symbol.

Component|instances and objects may be contained within node instance symbols. This indicates that the itens reside on the
node instanges.

Nodes may [be connected by associations to other nodes. An associatiof hetween nodes indicates a communicgtion path
between thg nodes. The association may have a stereotype to indicatethe nature of the communication path (for example, the
kind of chapnel or network).

5.97.3 Example

This exampl e shows two nodes containing components; Where a «become» flow shows the backupBroker migrating from the
backupServer to the primaryServer while the other-eomponents remain in place.
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primaryServer:AppServer

<<database>>
/] :AccountsDB

=R
=]

primaryBroker
:BondBroker

\
\ <<become>>
\

backupServer:AppServer

:QuoteService

\
\

backupBroker
:BondBroker

<<database>>
:AccountsDB

Figure 130[- Node and Component Instances

5.97.4 Mapping

A node mags to a Node.

A «deploy»|
Component

arrow or thenesting of a component symbol within a node symbol maps into a residence metasso
and Nodé. The nesting of a component-instance symbol within a node-instance symbol mapsto a

metaassocigtion between the Componentl nstance and the Nodel nstance.

Ciation between
residence

5.98 Camponent

5.98.1 Semantics

A component represents a modular, deployable, and replaceable part of a system that encapsul ates implementation and
exposes a set of interfaces.

A component istypically specified by one or more classifiers that reside on the component. A subset of these classifiers
explicitly define the component’s externa interfaces. A component conforms to the interfaces that it exposes, where the
interfaces represent services provided by elements that reside on the component. A component may be implemented by one or

more artifacts, such as binary, executable, or script files. A component may be deployed on a node.
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A component is shown as a rectangle with two small rectangles protruding from its side. A component type has a type name:

co

mponent-type

A component instance has a name and a type. The name of the component and its type may be shown as an underlined string

either withi

n the component symbol or above or below it, with the syntax:

component-name ‘:’ component-type

Either or bdth elements are optional. If the component-type is omitted, then so is the colon.

Objectsth

Elementst
other comp

reside on a component instance are shown as nested inside the component instance symbol. By analogy, classes
that are imglemented by a component may be shown as nested within it; thisindicates residence-and not ownérship.

reside on a component are shown nested inside the component symbol. The visibility of aresid

visihility symbol to the name of the package). The meaning of the visibility depends'on'the nature of the com|

source-lang
time code c

access codein the component.

5.98.3 E

The exampl

ample

fe shows a component with interfaces and also a component that contains objects at run time.

bnt el ement to

nents may be shown using the same notation as for the visibility of the contents of a package (prapending a

bonent. For a

Liage component (such as program text), it would control the accessibility/of source-language consjructs. For arun-
bmponent (such as executable code), it would control the ability of code in other componentsto call or otherwise
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ShoppingSessionHome

<<Session>>
ShoppingSession

ShoppingSession
<<Entity>>
030303zak:Order
O g
OrderH o | <<auxiliary>>
rderHome E .
OrderHome //7 :OrderfK.
0 <<focus>> :
o :Order _
Order Theal <gauxiliary>>
:Orderlinfo

Order

Figure 131|- Components

5.98.4 Mapping

A componefit symbol maps to aComponent.

The graphidal nesting of anwelement (other than a component symbol) in a component symbol maps to an EleinentResidence
metaassoci gtion class between M odel Element and the Component. Graphical nesting of a component symbol jn another

component symbol mapsto a composition association. The graphical nesting of an instance symbol in a comgonent instance
symbol mays to a residence metaassociation between Instance and Componentinstance.
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6 UML Example Profiles

Example 1: UML Profile for Software Development Processes

6.1 Introduction

The UML Profile for Software Devel opment Processes is an example profile that is based on the Unified Process for software
engineering The profite s defined using the extensibility mechanisms of UML, which alow modelers to cusijpmize UML for
specific dorpains, such as software devel opment processes.

Note that this profile is not a complete definition of the Unified Process or how to apply it, but rather. an exanyple that shows
how some df the profile terminology and notation is used. This example is defined only through stereotypes apd constraints;
profiles also commonly include tagged values.

6.2 Summary of Profile
The stereotypes that are defined by this profile are summarized in Table 4.

Table 4 - Stereotype Summary

Ngme Base Class
UsgCaseM odel Model
AnglysisModel Model
Defi gnModel Model

I m||)| ementationM odel Model
UsgCaseSystem Package
AnplysisSystem Package
DegignSystem Subsystem
ImplementationSystem Subsystem
AnglysisPackage Package
Defi gnSubsystem Subsystem
I m||)| ementationSubsystem Subsystem
UsgCasePackage Package
Anay3ISSErvicePackage Package

DesignServiceSubsystem Subsystem

Boundary Class
Entity Class
Control Class
Communicate Association
Subscribe Association
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6.3 Stereotypes and Notation

A system modeled by the Unified Process consists of several different, but related models. These models are characterized by
the lifecycle stage that they represent, and each model makes use of one specific stereotype. Many of the stereotypes are used
particularly to give the ability to structure and categorize models and systems during different stages of the development

process.

In addition, there are stereotypes describing different kinds of commonly occurring analysis classes (such as boundary, entity,

and Control and-thair ralatianchine wwharaac dacian claccac ara hyv daf anilt nat cstaraotvuned-in-tha Unified Proe
aHe-tHeH—Eeratr-BRSHHPESYWHEFEAS-GES-gH-6r aHe-By-aEratht-REEStereoty peaHthe-oHHear+1o6

6.3.1 Us¢ Case Stereotypes

6.3.1.1 UgeCaseModel

oo

Stereotype| Base Class

Parent

Description

Constraints

«useCaseModel»

UseCaseMadel Model

NA

A use case model specifies the serVices a system
provides to its users; that is,. the/different ways of using
the system, and whose top-level package is a use case
system.

None

The notation used for a UseCaseModel is a package stereotyped as «useCaseM odel». Though superfluous, it ils optionally
possible to in addition use the model icon in the upper right corner.of‘the package symbol.

The explicif modeling of the stereotype is shown in Figure 132.

<<mptaclass>>
Model

<<stereotype>>

<<stereotype>>
UseCaseModel

Figure 132 —EXPpIiCIt Modelng of a Stereotype
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Stereotype Base Class Parent Description Constraints
UseCaseSystem Package NA A use case system is a top-level package that may contain use None
«useCaseSystem» case packages, use cases, and relationships.

The notatioh used for a UseCaseSystem is a package stereotyped as «useCaseSystem».

6.3.1.3 UgeCasePackage

Stereotype] Base Class Parent Description Constraints
UseCaseP4dckage Package NA A use case package contains use cases and. A use case is ngt partitioned
«useCasePckage» relationships. over several usg case packages.

The notatioh used for a UseCasePackage is a package stereotyped as «useCaseRackage».

6.3.2 Analysis Stereotypes

6.3.2.1 AnalysisModel

Stereotype]

Base Class

Parent

Description

(@]

pnstraints

AnalysisMopel
«analysisMpdel»

Model

NA

analysis system.

Ancanalysis model is a model whose top-level package is an N

pne

The notatioh used for an AnalysisModel is apackage stereotyped as «analysisModel».

6.3.2.2 AnalysisSystem

Stereotype]

Base €lass

Parent

Description

Constraints

AnalysisSystem
«analysisSystem»

Package

NA

classes, and relationships.

An analysis system is a top-level package that may contain
analysis packages, analysis service packages, analysis

None

The notatiop Used for an AnalysisSystem is a package stereotyped as «analysi sSystemy.

6.3.2.3 AnalysisPackage

Stereotype

Base Class

Parent

Description

Constraints

AnalysisPackage
«analysisPackage»

Package

NA

classes, and relationships.

An analysis package is a package that may contain other
analysis packages, analysis service packages, analysis

None

The notation used for an AnalysisPackage is a package stereotyped as «analysi sPackage».
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6.3.2.4 AnalysisServicePackage

Stereotype Base Class Parent Description Constraints

AnalysisServicePackage Package NA An analysis service package is a package that None

«analysisServicePackage» may contain analysis classes and relationships.

The notation used for an AnalysisServicePackage is a package stereotyped as «analysisServicePackage».
6.3.3 Desgign Stereotypes

6.3.3.1 DgsignModel

Stereotype| Base Class Parent Description Conptraints

DesignModel Model NA A design model is a model whose topslevel package is a Nong
design system.

«designsMqdel»

The notation used for a DesignModel is a package stereotyped as «desighiVl odel ».

6.3.3.2 DgsignSystem

Stereotype| Base Class Parent Desecription Constraints

DesignSystem Subsystem NA A design system is a top-level subsystem that may None
contain design subsystems, design service subsystems,

«designSysfem» . . :
design classes, and relationships.

The notation used for a DesignSystem is-apackage stereotyped as «designSystem». Though superfluous, it isjoptionally
possible to in addition use the subsystem-icon in the upper right corner of the package symbol.

6.3.3.3 DgsignSubsystem

Stereotype| Base Class Parent Description Constraints

DesignSubgystem Subsystem NA A design subsystem is a subsystem that may contain Norne
other design subsystems, design classes, and

«designSubsystem>s . ;
relationships.

The notation used for a DesignSubsystem is a package stereotyped as «designSubsystem».
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Stereotype

Base Class

Parent

Description

Constraints

DesignServiceSubsystem
«designServiceSubsystem»

Subsystem

NA

A design service subsystem is a subsystem
that may contain design classes and
relationships.

None

The notatioh used for a DesignServiceSubsystem is a package stereotyped as «designServiceSubsystemy.

6.3.4 Implementation Stereotypes

6.3.4.1 ImplementationModel

Cqnstraints

Stereotype] Base Class Parent Description
ImplementationModel Model NA An implementation model'is’a model whose top- Ngne
«implementationModel» level package is andmplementation system.

The notatioh used for an ImplementationModel is a package stereotyped as «implementationM odel ».

6.3.4.2 ImplementationSystem
Stereotype] Base Class Parent Description Constraints
ImplementationSystem Subsystem NA An implementation model is a subsystem that None

«implementationSystems»

may contain implementation subsystems,
components, and relationships.

The notatioh used for an ImplementationSystem is a package stereotyped as «implementationSystem».

6.3.4.3 ImplementationSubsystem

Stereotype

Base Class

Parent

Description

Constraints

ImplementationModel

«implementgtionModel»

Model

NA

An implementation model is a model whose top-
level package is an implementation system.

None

The notatio
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6.3.5 Class Stereotypes

6.3.5.1 Entity
Stereotype Base Class Parent Description Constraints
Entity Class NA An entity is a passive class; that is, its objects do not initiate None
«entity» H : —AR-ont : i
many different use case realizations and usually outlives any
single interaction.

The notation for Entity is shown below.

6.3.5.2 Cqgntrol
Stereotype| Base Class Parent Description Gonstraints
Control Class NA A control is a class whose objects-manage interactions None

«control»

between collections of objectsMA control class usually has
behavior that is specific for one use case, and a control object
usually does not outlive'the use case realizations in which it
participates.

The notation for Control is shown below.
6.3.5.3 Bqundary
Stereotype| Base Class Parent Description Constraints
Boundary Class NA A boundary is a class that lies on the periphery of a system, None
«boundary» but within it. It interacts with actors outside the system as well
as with entity, control, and other boundary classes within the
system.
The notatiop for Boundary js'shown below.
6.3.5.4 Nqtation
The notation giveraspart of the UML specification for stereotyped classes can be used for entity, control, and fooundary, but it

is also possiblg'to-substitute that notation with the icons shown below.
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PenTracker

«control»
PenTracker
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D

OrderEntry

)
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OrderEntry

«entity»
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Figure 133|- Class Stereotypes

6.3.6 Association Stereotypes

6.3.6.1 Communicate

Stereotype]

Base Class

Parent

Description

Constraints

Communicdte
«communicpte»

Association

NA

Caommunicate is an association between actors and use
cases that is used to denote messages that may be sent
between them. It may also be used between boundary,
control, and entity, and between actor and boundary.

None

The notatiop used for Communicate is an association that is marked with the stereotype «communicate».

6.3.6.2 Subscribe

Stereotype

Basée€lass

Parent

Description

Constraints

Subscribe
«subscribe

Association

NA

A subscribe association between two classes states that
objects of the source class (called the subscriber) will be
notified when a particular event has occurred in objects of the
target class (called the publisher). The association includes a

None

SpPETHiTation of & Set U EVETtS UefiTing the evernts that Tauses
the subscriber to be notified.

The notation used for Subscribe is an association that is marked with the stereotype «subscribe».

6.4 Well-Formedness Rules

The UML Specification relies on the use of well-formedness rules to express constraints on model elements, and this profile
uses the same approach. The constraints applicable to the profile are added to the ones of the stereotyped base model elements,
which cannot be changed.
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6.4.1 Generalization

All the modeling elements in a generalization must be of the same stereotype; for example, a boundary class may only inherit
from other boundary classes.

context Generalization inv:

(sel f. parent. stereotype->si ze>0)

i mplies
(if (self.parent. stereotype->nane->i ncl udes(“boundary”)then

6.4.2 Co

((SelT.child.stereot ype- >name- > ncl udes( . boundary~) and
(sel f.child. stereotype->namne->excl udes(“control”) and
(sel f.child. stereotype->name->excl udes(“entity”))

el se

(if (self.parent. stereotype->nane->i ncludes(“control”)then
((sel f.child. stereotype->nane->i ncl udes(“control”) and
(sel f.child. stereotype->name->excl udes(“boundary”) and
(sel f.child. stereotype->name->excl udes(“entity”))

el se

(if (self.parent.stereotype->nane->i ncl udes(“entity’)then
((sel f.child. stereotype->nane->i ncl udes(“entity”)and
(sel f.child. stereotype->name->excl udes(“boundary”) and
(sel f.child. stereotype->nane->excl udes(“control”))))

htainment

Something that has been stereotyped using a stereotype of kinduse case, analysis, design, or implementation

elements th
Examp

6.5 Intrd

The UML H
modeling. A
and some us
hardware sy

This examp

6.6 Suni

The stereoty

bt are stereotyped with one of the other kinds. Forcexample, a use case model may not contain anal
e 2 - UML Profile for Business Modeling

duction

rofile for Business M odeling is@n-example profile that describes how UML can be customized fo
[though all UML concepts Can*be brought to bear on this domain, but example emphasizes comm
keful terminology. Note that UML can be used to model different kinds of systems (such as softwa
stems, and real -worldorgani zations).

e isdefined only through stereotypes and constraints; profiles also commonly include tagged valu

mary of.Profile

pes that.are defined by this profile are summarized in Table 7.

nay not contain
ySiS systems.

I business
on stereotypes
re systems,

es.

Table 7 - Stereotypes

Stereotype Base Class
UseCaseM odel Model
UseCaseSystem Package
UseCasePackage Package
ObjectModel Model
ObjectSystem Subsystem
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OrganizationUnit Subsystem
WorkUnit Subsystem
Worker Class
CaseWorker Class
IntgrnalWorker Class
Enfity Class
Communicate Association
Sulbpscribe Association

6.7 Sterpotypes and Notation

A business gystem comprises several different, but related, models. The models are.characterized by being ex(]lerior or interior

to the busingss system they represent. Exterior models are use case models and'‘interior models are object mo

business system may be partitioned into subordinate business systems.

6.7.1 Us¢ Case Stereotypes

6.7.1.1 Uge Case Model

els. A large

Stereotype]

Base Class

Parent

Description

Gonstraints

UseCaseModel
«useCaseModel»

Model

NA

A use case model is a model that describes the

business processes of a business and their

interactions with external parties such as

customers and partners. A use case model

describes:

* The business modeled as use cases.

* Parties exterior to the business modeled as
actors.

* The relationships between the external parties
and the business process.

None

The notatioh used for a UseCaseModel is a package stereotyped as «useCaseM odel ».

6.7.1.2 UseCaseSystem

Stereotype Base Class Parent Description Constraints
UseCaseSystem Package NA A use case system is the top-level package in a use None
«useCaseSystem» case model, and may contain use case packages, use

cases, and relationships.

The notation used for a UseCaseSystem is a package stereotyped as «useCaseSystem».
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6.7.1.3 UseCasePackage

Stereotype Base Class Parent Description Constraints
UseCasePackage Package NA A use case package is a package that may | A use case is not partitioned
«useCasePackage» contain use cases and relationships. over several use case
packages.
The notation used for a UseCasePackage is a package stereotyped as «useCasePackage».

6.7.2 Organization Stereotypes
6.7.2.1 ObjectModel
Stereotype| Base Class Parent Description Corlstraints
ObjectModel Model NA An object model is a model whosé-top-level package is an Norle
«objectModl» object system that describe the thiings interior to the
business system itself.
The notation used for an ObjectModel is a package stereotyped as «dbjectM odel».
6.7.2.2 ObjectSystem
Stereotype| Base Class Parent Description Corjstraints
ObjectSystg¢m Subsystem NA An object system is the top-level subsystem in an object | None
«objectSystem» model, and may contain organization units, work units,
classes, and relationships.
The notation used for an ObjectSystem is'a package stereotyped as «objectSystemn.
6.7.2.3 OrnganizationUnit
Stereotype| Base Class Parent Description Conpstraints
OrganizatiopUnit Subsystem NA An organization unit is a subsystem that may contain None
«organizatignUnit» other organization units, work units, classes, and
relationships.

The notation used for an Organi zationUnit is a package stereotyped as «organizationUnit».
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Stereotype

Base Class

Parent

Description

Constraints

WorkUnit
«workUnit»

Subsystem

NA

A work unit is a subsystem that may contain one or more
entities. It is a task-oriented set of objects that forms a
recognizable whole to the end user, and may have a facade
defining the view of the work unit’s entities relevant to the

None

task.

The notatioh used for a WorkUnit is a package stereotyped as «workUnit».

6.7.3 Cldss Stereotypes

6.7.3.1 Wprker

with other workers@nd manipulates entities while
participating in Use case realizations.

Stereotype] Base Class Parent Description Congtraints
Worker Class NA A worker is a class that represents an abstraction of a Non¢
«workers human that acts withiQ,the system. A worker interacts

The notatiop for Worker is shown below.

6.7.3.2 CaseWorker

Stereotype]

Base Class

Parent

Description

Congtraints

CaseWorker
«caseWorker»

Class

Worker.

A case worker is a special case of worker that
interacts directly with actors outside the system.

Nong

The notatioh for CaseWorker isshown below. Note that CaseWorker is not stereotyped of a UML metaclass, biit rather inherits
its propertigs from the stereotype Worker that was previously defined.

The explici{ subtyping ohastereotype is shown in Figure 134.
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<<stereotype>>
Worker

<<stereotype>>
CaseWorker

Figure 134|- Subtyping a Stereotype

6.7.3.3 InternalWorker

Stereotype| Base Class Parent Description Consjtraints
InternalWorker Class Worker An interhal worker is a special case of worker that None|
«internalWdrker» interacts’with other workers and entities inside the

system.

The notation for InternalWorker is shown below..Note that | nternalWorker, like CaseWorker above, is subtyped from the
previously defined stereotype Worker.

6.7.3.4 Erntity
Stereotype| Base Class Parent Description Condtraints
Entity Class NA An entity is a passive class; that is, its objects do not initiate None
«entity» interactions on their own. An entity object may participate in
many different use case realizations and usually outlives any
single interaction.

The notation for Entity is shown below.

6.7.3.5 Notation

The notation given as part of the UML specification for stereotyped classes can be used for entity, control, and boundary, but it
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is also possible to substitute that notation with the icons shown below.

)

Administrator

«worker»
Administrator

g

Designer

)

Salesperson

4

Trade

«internalWorker»
Designer

«caseWorker»
OrderEntry

«entity»
Trade

Figure 135|- Class Stereotypes

6.7.4 Association Stereotypes

6.7.4.1 Communicate

Stereotype

Base Class

Parent

Description

Consfraints

Communicdte

«communicpte»

Association

NA

Communicate is an association used for defining that
instances of the associated classifiers interact.

None

The notatiop used for Communicate is an association that is marked with the stereotype «communicate».

6.7.4.2 Sybscribe

Stereotype

Base Class

Parent

Description

Constraints

Subscribe
«subscribe»

Association

NA

A subscribe association between two classes states that
objects of the source class (called the subscriber) will be
notified when a particular event has occurred in objects of
the target class (called the publisher). The association
includes a specification of a set of events defining the event
that causes the subscriber to be notified.

None

The notation used for Subscribe is an association that is marked with the stereotype «subscribe.
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6.8 Well-Formedness Rules

The UML Specification relies on the use of well-formedness rules to express constraints on model elements, and this profile
uses the same approach. The constraints applicable to the profile are added to the ones of the stereotyped base model elements,
which cannot be changed.

6.8.1 Generalization

All the modeling elfements in a generalization Must De of The Same Stereotype, 101 example, aworker class may only inherit
from other Jorker classes.

context Generalization inv:
l et sttNames : Set(Nane) = self.child. stereotype->nane

sel f. parent. st ereotype->size>0) inplies

( (sel f. parent. stereotype->namne->i ncl udes(“worker”) then
((st Nanes->i ncl udes(“worker”) and

(sel fst Nanmes- >excl udes(“case worker”) and

(st Nanmes- >excl udes(“i nternal worker”) and

(st Names- >excl udes(“entity”))

el e

(iT (self.parent.stereotype->nane->includes(“case worker”) then
((st Nanes->i ncl udes(“case worker”) and

(sel f st Nanmes- >excl udes(“wor ker”) and

(st Nanmes- >excl udes(“i nternal worker”) ahd

(st Names- >excl udes(“entity”))

el e

(i (self.parent.stereotype->nane->ineludes(“internal worker”) then
((st Nanes->i ncl udes(“internal werker”) and

(sel fst Names- >excl udes(“case \wor ker”) and

(st Nares- >excl udes(“wor ker 7, and

(st Names- >excl udes(“entity®))

el e

(i (self.parent.stereatype->nane->i ncludes(“entity”) then
((st Nanes->i ncl udes(“entity”) and

(sel f st Names- >exchudes(“case worker”) and

(st Narmes- >excl(udes(“i nternal worker”) and

(sel f.child.'stlereotype->nane->excl udes(“worker”))))))
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7 UML Model Interchange

7.1 Overview

UML model interchange is based on the Metaobject Facility (MOF) 1.3 Specification. The UML Semantics abstract syntax is
mapped to a set of MOF packages called the UML Interchange Metamodel. The packages are available as an XML document
caled UML_1.4 Interchange Metamodel .xml (OMG document ad/01-02-15) whose document type is based on the MOF 1.3
Model and the>cvH— i . M

Except for the Data_Types package, each package of the UML Interchange Metamodel defines a separaté.unif of compliance.
The Core package defines the most basic level of compliance. The UML package, which is a cluster 6fiall of the others,
defines complete compliance.

Dependenciles between the packages are shown in Figure 136. Each package imports whatever ather packagedit requires such
that it can be directly deployed within a MOF facility. The packages can also be incorporatediinto other clustgrsin order to
create other| package groupings or to define extensions.

The UML Ipterchange Metamodel closely follows the UML Semantics Metamodel as expressed in its abstract syntax.
Changes ar¢ introduced as needed to conform to MOF requirements. Details aré-added to support XML and IDL generation.
The following changes are made.

¢ Spages in package names are changed to

» Each unnamed association end is given its type's name with. the first letter downcased.

« Assqciations in the UML Semantics Metamodel are unnamed, so names are generated by this pattern: [*A_" followed
by tle first end's name followed by "_" and the secoend-end’'s name.

« MOF references are added for most associationsends in order to facilitate easy navigation. References|are not added
whefe they would create new package dependencies or where they would prevent linking to external nodels.

* MOIF does not support association classes; so the ElementOwnership association class is removed and its attributes
moved to ModelElement. Each other association class is changed into a class with each connection mpde into a
sepdrate association.

 Prefixes are added to enumeration literals to make them unique for IDL generation.

The Interchange Metamodel addresses semantic content of UML models and does not address diagram layout| details. The
metamodel [can be extended\to handl e diagrams by subclassing the abstract class PresentationElement of the Gore package.
Thereis currently no standard extension for diagram interchange.

The Interchange Metamodel is shown using UML notation below. Figure 136 shows the separate packages and their
dependencigs. Figure 137 through Figure 156 show the classes, features, and associations of the metamodel.
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<<metamodel>> <<metamode/>> <<metamodel>>
Data_Types Core Model _Management
(from Foundation) (from Foundation)

A\
!

1

<<metamodel>>
Common_Behavior
— e — = (from Behavioral_Elements) <~

N

A
|
| |
| |
| — —

<<metamodel>> <<metamode|>> <<metamodel>>
Collaborations Use_Cases State_Machines
(from Behavioral _Elements) (from Behavigral_ Elements) (from Behavioral _Elements)

A
<<metamodel>>

Activity_Graphs
(from Behavioral Elements)

Figure 136|- UML j)Package Dependencies
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Element

]

ModelElement

name . Name

visibility : VisibilityKind
isSpecification : Boolean
Inamespace : Namespace

I clientDependency : Dependency
/ constraint : Constraint
/targetFlow : Flow

/ sourceFlow : Flow

/comment: Comment
/templateParameter : TemplateParameter
| stereotype : Stereotype
/taggedValue : TaggedValue

+constrainedE lement

+ {ordered}

+ownedElement | «

- + i
+namespace GeneralizableElement Parameter constrant
0.1 ¢ isRoot : Boolean defaultvalue : Expression Conktraint
Namespace !S,I&Eaf: Boollaearr ;«l:dh: Pgrarlm;eteere;:anohnK{nd . body : BooleanExgression
- isAbstract : Boolean ehavioralFeature : BehavioralFeature / constrainedElemkent : ModelElement
I'ownedElement : ModelElement / generalization : Generalization Itype : Classifier
* | +typedParameter . | +parameter
Featyre 0.1 {ordered}
ownerScope : [ScopeKind +eature Classifier 1
/ owner: Clasdifier *{ordered} *+OWNEr [/ teature : Feature m
/ powertypeRange.; Generalization ype
+ype |1
‘ BeLavioraIFeature 0.1
StructyrralFeature . “Bool ‘b havioralF
multiplicity : Myidplicity . }sQuery. o.o ean +behavioralFeature
- ) parameter : Parameter
changeability {ChangeableKind
targetScope : $copekKind +typedFeature
ordering : Ord¢ringKind
I type : Classifer
Operation Method
concurrency : CallConcurrencyKind 1 * |body: ProcedureExpression
isRoot : Boolean - N hod / specification : Operation
Adribute isLeaf : Boolean +specification +metho
isAbstract : Boolean

initialValue : Expression
/ associationEfe=Assoctationtnt

specification : String

Figure 137 - Core Package - Backbone
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+source *
ModelElement
+arget Z%
|
Relationship

+generalization +child

GeneralizableElement

+sourceFlow +argetFlow
. *
Flow Generalization
/target : ModelBlement discriminator : Name
/source : ModejElement | |/ child : GeneralizableElement

/ parent : GeneralizableElement

*

*

1 isRoot : Boolean

isLeaf : Boolean
isAbstract : Boolean

/ powertype : Classifier

+specialization +parent

/ generalization : Generalization

{powertypeRange|
+powetrtype 0.1 +partici . .
participant +association AssociationEnd
Classifier 1 *_JisNavigable : Boolean 2..* +association
/fpature : Feature * * |ordering : OrderingKind +connection g Association
I gowerypeRange : Generalization | +specification +specifiedEnd |a99regation : AggregationKind " 1/ connec{on : AssociationEnd
targetScope : ScopeKind {ordered}
multiplicity : Multiplicity
changeability : Changeabl eKind
Attribute +qualifier 0..1 |/ association : Asscociation
Clads — - - ’/qualifier:Atlribute
isActive - Bbol |n|uaIVe_1Iu¢.E>q)n‘essmn. X fa +associationEnd |/ Participant: Classifier
IsActive : Bpolean / associationEnd : AssociationEnd\ | {ordered} | specification : Classfier

Figure 138
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- Core Package - Relationships
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ModelElement Relationship

name : Name

visibility : VisibilityKind
isSpecification : Boolean
/namespace : Namespace

/ clientDependency : Dependency *supplier +supplierDependency

/ constraint : Constraint 1.* * Dependency

I targetFldw : Flow / client : ModelElement

I sourceFlow : Flow 1.* * |/supplier : ModelElement
/comment : Comment +client -

/ templatgParameter : TemplateParameter : +clientDependency

| stereotype : Stereotype
/taggedVplue : TaggedValue

Binding Abstraction Usage Permission
/argument : TemplateArgument mapping : MappingExpression

Figure 139

Core Package - Dependencies
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Classifier

[ feature : Feature
/ powertype Range : Generalization

Component +impleméntationLocation
Interface / deploymentLocation : Node - ) Artifact
/residentElement : ElementResidence | * +implementatign

/im plementation : Artifact

DataType * | +deployedComponent 1 *container
% () +tdeploymentLocation * | +residentElement
Clgss Node ElementResidence
isActive :Boolean / deployedComponent : Com ponent visibility : VisibilityKind

/resident: ModelElement
/ container : Component

* +elementResider|ce

1 +resident
Primitive RrogrammingLanguage DataType ModelElement
expression : TypeExpression

Enumeration +enumeration +literal EnumerationLiteral
/|literal : EnumerationLiteral 1 1..* |/ enumeration: Enumeratipn
{ordered}

Figure 140 - Core Package - Classifiers
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Element

TemplateParameter

+templateP arameter
/template : ModelElement

{ordered} * |/ parameter : ModelElement
/ defaultElement : ModelElement

+parameterTem plate’ 0.1 * | +defaultedParameter

+defaultElement

+parameter 1
0.1
PresentationElement

/subject : ModelElement

+subject +presentation

1 <« ModelElement
*
*

+template
+annotatedElement
+modelElement | 1

* | +comment

Comment

body : String
/ annotatedElement,: ModelElement

+templateArgument
*

TemplateArgument
/ modelElement : ModelElement
/binding : Binding

I | +argument

{ordered}
1 +binding
Binding
I’ alyuirict It . TCIII p:a?:r’-‘\l Yuriret It

Figure 141 - Core Package - Auxiliary Elements
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Figure 142

340

+extendedElement

*

ModelElement

* +referenceValue

1

tcanstrainedElement

o
+modelElement

{ordered}

GeneralizableElement

+constraint

*

* | +gtereotype

Constraint

+stereotypeConstraint *

0..1

Stereotype

icon : Geometry
baseClass : Name [1..%]
/ definddTag : TagDefinition

/ steregtypeConstraint : Constraint

+owner
gt

+constrainedStereotype

+definedTag

FrefgrenceTag| «
x | +taggedVallie

TaggedValpe

dataValue : String [*]
[ modelElement : ModelElement
[ type : TagDefinition
1 referenceValue : ModelElement

TagDefinition

0..1

- Extension Mechanisms

*

tagType: Name
multiplicity : Multiplicity
/owner : Stereotype

*

+typed falue

+type
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Figure 143|- Data Types

<<enumeration>>
ChangeableKind
ck_changeable
ck_frozen
ck_addOnly

<<enumeration>>
OrderingKind

ok_unerdered
ok_ordered

<<enumeration>>
ScopeKind

sk_instance
sk_classffier

<<enumeration>>
VisibilityKind

vk_public

vk_protected

VK _private

vk_package

<<dataty pe>> <<enumeration>> <<enumeration>> <<datatype>>
Integer AggregationKind ParameterDirectionKind Name
ak_none pdk_in
ak_aggregate pdk_inout
- ak compaosite pak—out
<[dataty pe>> pdk_return <<datatypexr
Urllimitedinteger LocationRé&fere hce
<<datatype>>
Boolean <<enumeration>>
false PseudostateKind
<Kdataty pe>> true pk_choice o
String pk_dee pHistory Multiplicity
pk_fork
<<enumeration>> pk_initial 1 +miiltiplicity
CallConcurrencyKind pk_join
<kdataty pe>> cck_sequential pk_junction
Geometry cck_guarded pk_shallowHistory
cck_concurrent

1.* | +range

MultiplicityRaphge

lower : Integer
upper : Unlimitedinteger
/ multiplicity : Multiglicity
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Expression
language : Name
body: String
ActionEXpression BooleanExpression MappingExpression ProcedureExpression TypeExpression
ArgListsExpression lterationExpression ObjectSetExpression TimeExpressian
Figure 144|- Expressions
Classifier
(from Core)
+dignal | Signal | raisedSignal +context | BehavioralFeature
. . (from Core)
1
Exception
Reception
specification : String
0..* |isRoot: Boolean
isl eaf: Boolean
+reception [jsapstract : Boolean
/ signal : Signal

Figure 145 - Common Behavior - Signals
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