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Preface

The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing, and

1:2005(E)

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

progrgmming language statements, database schemas, and reusable software Components.

The UML represents the culmination of best practices in practical object-oriented modeling. The UML._isthe

several years of hard work, in which we focused on bringing about a unification of the methods most-used arg
world,|the adoption of good ideas from many quarters of the industry, and, above all, a concentrated effort to m
simplg.

We mean "we" in the most general sense. The three of us started the UML effort at Rationalyand were its orig
methoglologists, but the final product was a team effort among many UML partners undef the sponsorship of (¢
partnefs came with their own perspectives, areas of concern, and areas of interest; thisdiversity of experience
viewpoints has enriched and strengthened the final result. We extend our personal-thanks to everyone who waj

broduct of
und the
ake things

nal chief
DM G. All
and

5 a part of

making the UML areality. We would like to thank Rational for giving us the opportunity to work freely so thaf we might

focus pn unification, and we want to recognize all the other companies repfesenting the UML partners for seef
importance of the UML to the industry as a whole and giving their representatives time to work on this project
also thank the OMG for providing the framework under which we could.bring together many diverse opinions

sus result. We expect that OMG’s ownership of the UMLe standard and the public’s free access to it w

In thig context it is also exciting to point ott'that the UML was developed alongside, and with the full collabg
the ONMG's Meta-Object Facility (MOF)\team. The MOF, which represents the state of the art in distributed ok
reposifory architectures, is OMG's adopted technology for modeling and representing metadata (including the
metamodel) as CORBA objects. The UML and MOF standards are key building blocks of OMG's devel opmer
environment for building and ‘deploying distributed object systems.

ItisaVery real sign of maturity of the industry that the UML exists as a standard. At atime when softwareisin

ng the

. We must
o develop
ill ensure

resulting
e been the
plitical

L is

ration, of
ject
UML

t

creasingly

more gomplex and mare.central to the mission of companies and countries, the UML comes at the right time to help

organigations deal with this complexity. Already, without a lot of the fanfare or hype sometimes associated wi
progragmming languages, the UML isin use in hundreds (if not thousands) of projects around the world, a sign
part off the mainstream of engineering software.

th
that it is

Grady Booch

Ivar Jacobson

Jm Rumbaugh

Rational Software Corporation
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Foreword

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 1
IS0, 4
matter

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

The m|
techni

approy

Attent
shall n

ISO/IH

Softwagre and System Engineering in collaboration with the Object Management Group (OMG), following the S
bcessing as a Publicly Available Specification (PAS) of the OMG Unified Modeling Language (UML) spgcification

and pr
Versio

While
Proces
10746

Apart
1.4.2 (

5 of electrotechnical standardization.

pin task of technical committees is to prepare International Standards. Draft International Standards adoy

al by at least 75 % of the member bodies casting a vote.

on is drawn to the possibility that some of the elements of this document niay-be the subject of patent n
ot be held responsible for identifying any or all such patent rights.

C 19501 was prepared by Technical Committee | SO/IEC/TC JTCL,dnformation technology, Subcommi

N 1.4.2.

sing (ODP), the coordinating framework for which.is\provided by ITU-T Recommendations X.901-904
the Reference Model of Open Distributed Processing (RM-ODP).

OMG reference formal/04-07-02).

epresented on thal commitiee. Tnternational organizations, governmental and non-governmental, i laispn with
so take part in the work. 1SO collaborates closely with the International Electrotechnical Commission ¢(/EC) on all

ted by the

fal committees are circulated to the member bodies for voting. Publication as an Interpational Standard requires

ghts. 1ISO

tee SC 7,

ubmission

not limited to this context, the UML standard is closely‘telated to work on the standardization of Open Distributed

| ISO/IEC

rom this Foreword, the text of this International Standard isidentical with that for the OMG specificatiof for UML
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Introduction

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, if'serves avariety of purposes incfuding, but not limited 1o, the TolTowing:

« |lameans for communicating requirements and design intent,
« |abasisfor implementation (including automated code generation),
« |areverse engineering and documentation facility.

As an jnternational standard, the various components of UML provide a common foundation for model and metadata
interchange:

« |between software development tools,
« |between software developers, and
« |between repositories and other object management facilities.

The efistence of such a standard facilitates the communication between standardized UML environments and pther
envirohments.

Whilenot limited to this context, the UML standard is closely~related to work on the standardization of Open Distributed
Processing (ODP).

The rapid growth of distributed processing has leadto a need for a coordinating framework for this standardization and
ITU-T|Recommendations X.901-904 | ISO/IEC.10746, the Reference Model of Open Distributed Processing (RM-ODP)
provides such aframework. It defines an architécture within which support of distribution, interoperability and portability
can beintegrated.

RM-OPP Part 2 (1SO/IEC 10746-2) defines the foundational concepts and modeling framework for describing glistributed
systens. The scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the same and, in a number
, the RM-ODP Part 2 and'the UML specification use the same term for concepts which are related buf not

identigal (e.g., interface). Nevertheless, a specification using the Part 2 modeling concepts can be expressed ugsing UML

RM-OPP Part 3 (ISOHNEC 10746-3) specifies a generic architecture of open distributed systems, expressed using the
foundgtional concepts and framework defined in Part 2. Given the relation between UML as a modeling language and Part

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 © ISO/IEC 2005 - All rights reserved
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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.

Chapt
Specif
Metan

Chapt
aform

Annex|

Annex|

er 7. UML Model Interchange - UML model interchange is based on the Metaobject Facility (MOR)-1
cation. The UML Semantics abstract syntax is mapped to a set of MOF packages called the UML Interch
odel.

er 8: Object Constraint Language Specification - Introduces and defines the Object Constraint Langua
pl language used to express constraints.

A: UML Standard Elements

B: Standard Legal Information

3
hnge

jge (OCL),
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INTERNATIONAL STANDARD ISO/IEC 19501:2005(E)

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

1 [Scope

This sfandard specifies the Unified Modeling Language (UML) with the objective of providing system architec
on objgct analysis and design with one consistent language for specifying, visualizing, constructing,.and docum
artifacts of software systems, as well as for business modeling.

This sfandard represents the convergence of best practices in the object-technology industry.. UML is the proper
to the pbject modeling languages of three previously leading object-oriented methods (Booeh, OMT, and OOS
UML is the union of these modeling languages and more, since it includes additional-expressiveness to handlg
problems that these methods did not fully address.

One of the primary goals of UML is to advance the state of the industry by epabling object visual modeling td
interoperability. However, in order to enable meaningful exchange of modelrinformation between tools, agreer
semantics and notation is required. UML meets the following requirements:

s working
enting the

successor
E). The
modeling

ol
nent on

« |Formal definition of acommon abject analysis and design (QA&D) metamodel to represent the semantics gf OA&D

models, which include static models, behavioral models, usage models, and architectural models.

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

« |A human-readable notation for representing OA& D models. This document defines the UML notation, an €
graphic syntax for consistently expressing.thetdML'’s rich semantics. Notation is an essential part of OA& [
and the UML.

2 Normative references

The fdllowing Recommendations and International Standards contain provisions which, through reference in t
constifute provisions of thisthternational Standard. At the time of publication, the editions indicated were vali

All Rgcommendations‘and Standards are subject to revision, and parties to agreements based on this Internatig
Standgrd are encouraged to investigate the possibility of applying the most recent edition of the Recommendal
Standards listedéow. Members of IEC and 1SO maintain registers of currently valid International Standards,
Telecommunication Standardization Bureau of the ITU maintains a list of currently valid ITU-T Recommenda

set of IDL

| egant
modeling

Ni s text,
d.

nal

ions and
The
tions.

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

Foundations

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

Architecture

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

© ISO/IEC 2005 - All rights reserved
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» |ISO/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
encodings

» ISO/IEC 15475-2:2002(E): Information technology - CDIF transfer format - Part 2: Syntax SYNTAX.1

[=

o [ISUMEC 15475-3:200Z(E): Tntormation technology - CDIF transter tormat - Fart 5. Encoding ENCODING]
« |ISO/IEC 15476-1:2002(E): Information technology - CDIF semantic metamodel - Part 1: Foundation

« |ISO/IEC 15476-2:2002(E): Information technology - CDIF semantic metamodel - Part 2: Common

« |ISO/IEC 15476-3 (under development): Information technology - CDIF semantic metamaodely=Part 3: Data|Definition
« |ISO/IEC 15476-4 (under development): Information technology - CDIF semantic metamodel - Part 4: Data|Models

« |ISO/IEC 15476-5 (under development): Information technology - CDIF semantic-metamodel - Part 5: Data[Flow
Models

« |ISO/IEC 15476-6 (under development): Information technology - CDIF semantic metamodel - Part 5: StatefEvent
Models

3 General Information

3.1 | Description

The Upified Modeling Language (UML) is a language for specifying, visualizing, constructing, and document{ng the
artifacys of software systems, as well as for business modeling and other non-software systems. The UML reptesents a
collection of the best engineering practices that-have proven successful in the modeling of large and complex pystems.

The Upified Modeling Language (UML) is a language for specifying, constructing, visualizing, and document{ng the
artifacfs of a software-intensive systefm:

First and foremost, the Unified Miadeling L anguage fuses the concepts of Booch, OMT, and OOSE. Theresult {sasingle,
comm]:n, and widely usable.modeling language for users of these and other methods.

Secondl, the Unified Madeling L anguage pushes the envelope of what can be done with existing methods. As af example,
the UNIL authors targeted the modeling of concurrent, distributed systems to assure the UML adequately addresses these
domaips.

Third, |the Unified Modeling Language focuses on a standard modeling language, not a standard process. Although the
UML ust.be applied in the context of a process, it is our experience that different organizations and problem domains
require different processes. (For example, the development process for shrink-wrapped software is an interestir)g 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:
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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.
« | Semanticsto facilitate model interchange among a variety of tools.
| Semanticsto specify the interface to repositories for the sharing and storage of model artifacts:
3.2 | Outside the Scope of the UML
3.2.1| Programming Languages
The UML, avisual modeling language, is not intended to be a visual programiming language, in the sense of Having all
the negessary visual and semantic support to replace programming languagés. The UML is a language for visyalizing,

specify
move

The UML does have a tight mapping to a family of object languages so that you can get the best of both worl

3.2.2

Standg

dependlent on a solid semantic and notation definition, such as the UML provides. The UML defines a semant
odel, not a tool interface, storage, or run-time model, although these should be fairly close to one another.

metam

The U
needeq
model

3.2.3

Tools

rdizing a language is necessarily the foundationfor tools and process. Tools and their interoperability al

ML documents do include some tips'to tool vendors on implementation choices, but do not address evel
5, or other features.

Process

Many
typesi
proces

The U

5 was notargoal of the UML or OMG's RFP.

ing, constructing, and documenting the artifacts of a software-ifitensive system, but it does draw the lirfe as you
oward code. For example, complex branches and joins are better expressed in a textual programming |pnguage.
gs.

e very

Cc

ything

. For example, they don’'t addressitopics like diagram coloring, user navigation, animation, storage/implementation

brgani zations widl use the UML as a common language for its project artifacts, but will use the same UM[L diagram
n the context ‘of different processes. The UML is intentionally process independent, and defining a starpdard

ML alithors do recognize the importance of process. The presence of a well defined and well managed process is
L key discriminator between hyper productive projects and unsuccessful ones. The reliance upon heroic

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.

© ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501::2005(E)

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 frasbeenmsome tonvergence o devetopment process practices, butthere s ot yetconsensus forstandardi zati on.
What Wil likely result is general agreement on best practices and potentially the embracing of a process framg¢work,
withinfwhich individual processes can be instantiated. Although the UML does not mandate a process, its:devel ppers have
recognized the value of a use-case driven, architecture-centric, iterative, and incremental process, so.were cargful to
enabl e (but not require) this with the UML.

3.3 | Primary Artifacts of the UML

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

3.3.1| UML-defining Artifacts

To aid|the understanding of the artifacts that constitute the Unified Modeling Language itself, this document gonsists of
chapters describing UML Semantics, UML Notation Guide, and UM:"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 attackefl and how
a corrgsponding solution is shaped. Abstraction, thesfocus on relevant details while ignoring others, is a key tp learning
and communicating. Because of this:

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

« | Every model may be expressediat different levels of fidelity.
* | The best models are connegcted to reality.
In terms of the views of amodel, the UML defines the following graphical diagrams:
« | use case diagram
« | classdiagram

« | behavior diagrams:

o) statechart diagram

 activity diagram
* interaction diagrams:
* sequence diagram
« collaboration diagram

implementation diagrams:
e component diagram
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« deployment diagram
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
mtegrates these perspecnves so that a self- conS| stent system can be analyzed and built. These d|agrams along with
supporting do ng togls will
provide for a number of derivative views. These diagrams are further described in the UML Notation Guide+(Chapter 5
of thiq specification).

A frequently asked question has been: Why doesn’'t UML support data-flow diagrams? Simply put, data-flow and other
diagram types that were not included in the UML do not fit as cleanly into a consistent object-oriented paradigm. Activity
diagrams and collaboration diagrams accomplish much of what people want from DFDs, andjthen some. Actiyity
diagrans are also useful for modeling workflow.

34 Motivation to Define the UML

This section describes several factors motivating the UML and includes why medeling is essential. It highlightga few key
trends|in the software industry and describes the issues caused by divergence of modeling approaches.

3.4.1] Why We Model

Develgping a model for an industrial-strength software system prior to its construction or renovation is as essgntial as
havingd a blueprint for large building. Good models are essential for communication among project teams and {o assure
architactural soundness. We build models of complex systems because we cannot comprehend any such system in its
entirety. As the complexity of systems increase, so doesthe importance of good modeling techniques. There are many
additignal factors of a project’s success, but having@rigorous modeling language standard is one essential fagtor. A
model{ng language must include:

+ | Model elements — fundamental modeling concepts and semantics
+ | Notation — visual rendering ofumodel elements
+ | Guidelines — idioms of usagewithin the trade

In the face of increasingly complex systems, visualization and modeling become essential. The UML is awell defined and
widely| accepted response’tosthat need. It is the visual modeling language of choice for building object-orient¢d and
compgnent-based systéems.

3.4.2| Industry Trends in Software

As theg strategic value of software increases for many companies, the industry looks for techniques to automatg the
produgtion of software. We look for technigues to improve guality and reduce cost and time-to-market. These fechniques
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 suitable for general-purpose usage.

Some Yendors were discouraged from entering the object modeling area because of the need to suppert many slmilar, but
slightly different, modeling languages. In particular, the supply of add-on tools has been depressed because small vendors
cannot afford to support many different formats from many different front-end modeling tools. ItiSTmportant tq the entire
object [industry to encourage broadly based tools and vendors, as well as niche products that cater to the needg of

specialized groups.

The perpetual cost of using and supporting many modeling languages motivated many’ companies producing of using
object technology to endorse and support the development of the UML.

Whilethe UML does not guarantee project success, it does improve many things. For example, it significantly Jowers the
perpettial cost of training and retooling when changing between projectsir)organizations. It provides the oppoftunity for
new irftegration between tools, processes, and domains. But most importantly, it enables developers to focus ¢n
deliveting business value and gives them a paradigm to accomplish this.

3.5 Goals of the UML

The primary design goals of the UML are as follows:
« | Provide users with a ready-to-use, expressiyevisual modeling language to devel op and exchange meaningful models.
« | Furnish extensibility and specializatien-tiechanisms to extend the core concepts.
« | Support specifications that are independent of particular programming languages and development processes.
- | Provide aformal basis for understanding the modeling language.
« | Encourage the growth af the object tools market.
« | Support higher-levehdevel opment concepts such as components, collaborations, frameworks and patterns.
« | Integrate best\practices.

These |goals arediscussed in detail below.

Provifle-users with aready-to-use, expressive visual modeling language to develop and exchang|e
mean|ngful 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
do not
believq
impler]
need t

want to force the common core concepts to be redefined or re-implemented for each tailored area. THe
e that the extension mechanisms should support deviations from the common case, rather than beiiag reqg
nent the core modeling concepts themselves. The core concepts should not be changed more than'necess
b be able to

build models using core concepts without using extension mechanisms for most normal applications,
add new concepts and notations for issues not covered by the core,
choose among variant interpretations of existing concepts, when there is no clear ¢onsensus, and

specialize the concepts, notations, and constraints for particular applicati on.domains.

brt specifications that are independent of particular programming languages and developm
Sses

Supp
proce

TheU
proceg
excesy

ML must and can support all reasonable programming languages. It also must and can support various m
5es of building models. The UML can support multiple programming languages and development methol
ve difficulty.

Provigle aformal basis for understanding the modeling language

Becau
either

be users will use formality to help understand:the language, it must be both precise and approachable; a
Himension damages its usefulness. The fermalisms must not require excessive levels of indirection or |ay
of lowtlevel mathematical notations distant’frem the modeling domain, such as set-theoretic notation, or opera
definitjons that are equivalent to programming an implementation. The UML provides a formal definition of t
format] of the model using a metamodel\expressed in UML class diagrams. This is a popular and widely accep
approach for specifying the format ‘of Ja model and directly leads to the implementation of interchange formats
exprespes well-formedness constraints in precise natural language plus Object Constraint Language expression
expresses the operational meaning of most constructs in precise natural language. The fully formal approach t
specify languages such as Algol-68 was not approachable enough for most practical usage.

Encolirage the growth of the object tools market

By en
vendo!
that m

ling vendors to support a standard modeling language used by most users and tools, the industry benel
s stilltean add value in their tool implementations, enabling interoperability is essential. Interoperability
Dbdel s\can be exchanged among users and tools without loss of information. This can only occur if the t

e time, we
efore, we
uired to

ary. Users

ent

tthods and
Hs without

lack of
ering, use
itional

he static
ed formal
. UML

s. UML
bken to

its. While
requires
bols agree

on thelformat and meani ng of all of the relevant concepts. | Isi nga highpr metalevel isno solution unlessthe

happing to

the user-level concepts is included in the standard.

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

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

ate best practices
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

Comnarina LINI
SOHPaHRG— o=

It shol
rather
experi
will b

embrage the UML concepts and notation underneath their methods.

The U

methogls. This means that there is value in moving to the Unified Modeling Language) because it will alow p

model
movin

With r
driven

Users

bring & clarification of the underlying semantics. If the unification goals have been achieved, UML will be an

choicel
Many
model
curren
Existin
previol
stereo
when

3.5.2

The gq
didn't
existin
they h
icon fq

the |egitimate successor to all three. This means that if you are a Booch, OMT, or OOSE user today, you
bnce, and tools will be preserved, because the Unified Modeling Language is a natural evolutionary step.
equally easy to adopt for users of many other methods, but their authors must decide fonthemselves w

things they could not have done before. Users of most other methods and-modeling languages will gain

bspect to other visual modeling languages, including entity-relatienship modeling, BPR flow charts, and
languages, the UML should provide improved expressiveness:and holistic integrity.

bf existing methods will experience slight changes in notation, but this should not take much relearning

when beginning new projects, especially as the availability of tools, books, and training becomes wides
visual modeling tools support existing notations, such as Booch, OMT, OOSE, or others, as views of an
when these tools add support for UML (as.some already have) users will enjoy the benefit of switchin
models to the UML notation without |0ss-of information.

g users of any object method can eXpect a fairly quick learning curve to achieve the same expressivene
Lsly knew. One can quickly learn.and use the basics productively. More advanced techniques, such as th

pes and properties, will requite:some study since they enable very expressive and precise models need
he problem at hand requires them.

Features of the-UOML

als of the unification efforts were to keep it simple, to cast away elements of existing Booch, OMT, and

work in practice, to add elements from other methods that were more effective, and to invent new only
g solution'was not available. Because the UML authors were in effect designing a language (albeit a grap
bd to strike a proper balance between minimalism (everything is text and boxes) and over-engineering (
r every conceivable modeling element). To that end, they were very careful about adding new things, be

Id be made clear that the Unified Modeling Language is not a radical departure from Booch, OMT;yor QOSE, but

r training,
The UML
hether to

nified Modeling Language is more expressive yet cleaner and more uniform than. Beoch, OMT, OOSE, pnd other

ojects to
value by

j to the UML, since it removes the unnecessary differences in notation anditerminology that obscure the Yinderlying
similatlities of most of these approaches.

state-
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Mant-to-make the LIML _1innecessaribv complex Alona thewav _however-some-thinas-were found-that
J ~ J 77 1 J

ageous to add because they have proven useful in practice in other modeling.
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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- | aconstraint language.

Many pf these ideas were present in various individual methods and theories but UML brings them together iIto a

cohergnt whole. In addition to these major changes, there are many other localized improvements pver the Bo
and OPSE semantics and notation.

The UML is an evolution from Booch, OMT, OOSE, other object-oriented methods, and many other sources.

varioup sources incorporated many different elements from many authors, including nonc©© influences. The |
notatign is a melding of graphical syntax from various sources, with a number of symbols removed (because t
confuging, superfluous, or little used) and with a few new symbols added. The ideas-in the UML come from t
nity of ideas developed by many different people in the object-oriented field. The UML developers did

onding icons can be defined for various diagrams tesupport other modeling styles. Stereotypes, constr
alues are concepts added in UML that did not previously exist in the major modeling languages.

Statechart diagrams are substantially based on the'statecharts of David Harel with minor modifications. Activi
diagrams, which share much of the same underlying semantics, are similar to the work flow diagrams devel opg
sources including many pre-object sources,

Sequence diagrams were found in a vafiety of object methods under a variety of names (interaction, message
event frace) and date to pre-object days. Collaboration diagrams were adapted from Booch (object diagram),
(object interaction graph), and a iumber of other sources.

Collaborations are now firstcelass modeling entities, and often form the basis of patterns.

The inpplementation diagrams (component and deployment diagrams) are derived from Booch’'s module and p

diagrams, but they are-now component-centered, rather than module-centered and are far better interconnected.

Stereotypes are:oné of the extension mechanisms and extend the semantics of the metamodel. User-defined ic
associgted with given stereotypes for tailoring the UML to specific processes.

ch, OMT,

These

ML

hey were
he

not invent

these ideas; rather, their role was to select and integrate the best ideas from object modeling and computer-science

ssed here
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Objectl Constraint Language is used by UML to specify the semantics and is provided as a language for expre

5SioNs

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 is formalized 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.

3.6.1f UML 0.8-0.91

Precursors to UML

methoglol ogists experimented with different approaches to object-oriented analysis and design.(Several other techniques
influenced these languages, including Entity-Relationship modeling, the Specification & Description Language (SDL,
circa 1976, CCITT), and other techniques. The number of identified modeling languages inereased from less than 10 to
more than 50 during the period between 1989-1994. Many users of object methods had'trouble finding complgte
satisfaction in any one modeling language, fueling the “method wars.” By the mid-2990s, new iterations of thege methods
began to appear, most notably Booch’' 93, the continued evolution of OMT, and.Fusion. These methods began {o
incorpprate each other’s techniques, and a few clearly prominent methods emérged, including the OOSE, OMT-2, and
Booch| 93 methods. Each of these was a complete method, and was recognized as having certain strengths. In simple
terms, [OOSE was a use-case oriented approach that provided excellent support business engineering and requirements
analys|s. OMT-2 was especially expressive for analysis and data-intensive information systems. Booch’ 93 was
particylarly expressive during design and construction phases of projects and popular for engineering-intensive
applications.

Identifjable object-oriented modeling languages began to appear between mid-1970 and the late 1980s as variigs

Booch, Rumbaugh, and Jacobson Join Forces

The dgvelopment of UML began in October of 1994.when Grady Booch and Jim Rumbaugh of Rational SoftwWare
Corporation began their work on unifying the Booch and OMT (Object Modeling Technique) methods. Given that the
Booch|and OMT methods were already indepefdently growing together and were collectively recognized as Ig¢ading
object{oriented methods worldwide, Boochland Rumbaugh joined forces to forge a complete unification of the{r work. A
draft viersion 0.8 of the Unified Method, as it was then called, was released in October of 1995. In the Fall of 1995, Ivar
Jacobson and his Objectory company-joined Rational and this unification effort, merging in the OOSE (Object-Oriented
Software Engineering) method. The ©Objectory name is now used within Rational primarily to describe its UML{compliant
, the Rational Unified Process.

As thel primary authors of-the'Booch, OMT, and OOSE methods, Grady Booch, Jim Rumbaugh, and Ivar Jacopson were
motivgted to create a uhified modeling language for three reasons. First, these methods were already evolving toward
each ofher independéntly. It made sense to continue that evolution together rather than apart, eliminating the pgtential for
any unnecessary/and gratuitous differences that would further confuse users. Second, by unifying the semantifs and
notatign, they<could bring some stability to the object-oriented marketplace, allowing projects to settle on onelmature
modeling Janguage and letting tool builders focus on delivering more useful features. Third, they expected that their
collaboration would yield improvements in al three earlier methods, helping them to capture lessons learned gnd 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 expressweness and S|mpI|C|ty Too simple a notation will limit the breadth of problems that can be

X et one must
also be sensitive to the installed base: Make too many changes and you will confuse existing users. Resist-advigncing the
notatign, and you will miss the opportunity of engaging a much broader set of users. The UML definitioh strives to make
the begt trade-offs in each of these areas.

The efforts of Booch, Rumbaugh, and Jacobson resulted in the release of the UML 0.9 and 0.92 documents inf June and
Octobgr of 1996. During 1996, the UML authors invited and received feedback from the general’ community. They
incorpprated this feedback, but it was clear that additional focused attention was still required.

3.6.2 UML Partners

During 1996, it became clear that several organizations saw UML as strategic(to'their business. A Request fof Proposal
(RFP) fissued by the Object Management Group (OMG) provided the catalyst for these organizations to join forges around
produging a joint RFP response. Rational established the UML Partners)consortium with several organizationgwilling to
dedicate resources to work toward a strong UML definition. Those:¢contributing most to the UML definition ipcluded:
Digital Equipment Corp., HP, i-Logix, IntelliCorp, IBM, ICON Cemputing, MCI Systemhouse, Microsoft, Oracle,

Rational Software, TI, and Unisys. This collaboration produceddUML, a modeling language that was well defined,
expressive, powerful, and generally applicable.

In Janbiary 1997 IBM & ObjecTime; Platinum Technology; Ptech; Taskon & Reich Technologies; and Softean) also
submitted separate RFP responses to the OMG. These companies joined the UML partners to contribute their ideas, and
together the partners produced the revised UML, 1.1 response. The focus of the UML 1.1 release was to imprdve the
clarity|of the UML 1.0 semantics and to incarporate contributions from the new partners.

This dpcument is based on the UML 1.1 reléase and is the result of a collaborative team effort. The UML Parfners have
workedl hard as a team to define UM L -While each partner came in with their own perspective and areas of interest, the
result has benefited from each of them and from the diversity of their experiences. The UML Partners contriblted a

variety of expert perspectives, inctuding, but not limited to, the following: OMG and RM-ODP technology pefspectives,
business modeling, constraint.tanguage, state machine semantics, types, interfaces, components, collaborations,
refinermpent, frameworks, distribution, and metamodel.

3.6.3| UML - Rre&sent and Future

The UML isnen=proprietary and open to all. It addresses the needs of user and scientific communities, as estaplished by
experiencewith the underlying methods on which it is based.

Many methodotogists, organ Zations, and toot vendors tave committedto use it SiTiee the Uit artdsoporr 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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Stand

ardization 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

ide audience

The U

Revis

After 4
task fg
incong
origing
The R]
1999.

version should be considered a minor upgrade to the original specification.More substantive changes and exp:

scope

Indus
Many

expect
Langu
organi

The r¢
books,

Futur

Althoy
addres
advan(

The U
and dsg
UML

The U

on of the UML

doption of the UML 1.1 specification by the OMG membership in November 1997, the ©OMG chartered
rce (RTF) to accept comments from the general public and to make revisions to the'specifications to ha

| specification. The members of the RTF were drawn from the original proposers with a few additional
['F issued several preliminary reports with the final report containing UML “1:3 scheduled for the second
t contained a number of changes to the UML metamodel, semantics, ard notation, but in the big pictur

Fequires the full OMG specification and adoption process.

trialization

Dbrgani zations and vendors worldwide have already embraced the UML. The number of endorsing organ
bd to grow significantly over time. These organizatiens will continue to encourage the use of the Unified
hge by making the definition readily available and®y encouraging other methodologists, tool vendors, t
vations, and authors to adopt the UML.

Al measure of the UML's success is its use.on successful projects and the increasing demand for suppor
training, and mentoring.

e UML Evolution

gh the UML defines a precise Tanguage, it is not a barrier to future improvements in modeling concepts
sed many |eading-edge techniques, but expect additional techniques to influence future versions of the U
ed techniques can be-defined using UML as a base. The UML can be extended without redefining the |

ML, in its current form, is expected to be the basis for many tools, including those for visual modeling,
velopment eavironments. As interesting tool integrations are devel oped, implementation standards bass
ill becomie)increasingly available.

ML hasintegrated many disparate ideas, so this integration will accelerate the use of object-orientation.

Comp

nified Modeling Language v. 1.1 specification which was added to the list of OMG Adopted Technoloi"es in
Novenpber 1997. Since then the OMG has assumed responsibility for the further development of the UML' st

dard.

arevision
ndle bugs,

stencies, ambiguities, and minor omissions that could be handled without a major'change in scope from the

persons.
quarter of
b this
BNSion in

zationsis
Modeling
aining

ing tools,

We have

ML. Many
UML core.

gimulation,

id on the

ted

bnent- based development is an approach worth ment|0n|ng It is synerglstlc Wlth traditional object-orien

mponent-

based techmquas will replace object-oriented techniques. There are only subtle dlfferences between the semantics of
components and classes.
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4 UML Semantics

Part 1 - Background

4.1 Introduction

1:2005(E)

4.1.1| Purpose and Scope

The primary audience for this detailed description consists of the OMG, other standards organizations, teol builders,

metamodel ers, methodol ogists, and expert modelers. The authors assume familiarity with metamodeling and advari
modeliing. Readers looking for an introduction to the UML or object modeling should consider anéther source.

Althoygh the document is meant for advanced readers, it is aso meant to be easily understood by its intended audi
Consequently, it is structured and written to increase readability. The structure of the document, like the language,
previopis concepts to refine and extend the semantics. In addition, the document is written)in a‘ semi-formal’ style
combines natural and formal languages in a complementary manner.

This sdction specifies semantics for structural and behavioral object models. Structural models (also known as stati
emphasize the structure of objectsin a system, including their classes, interfaces, attributes and relations. Behavior
(al'so known as dynamic models) emphasize the behavior of objects in a system, including their methods, interactid
collabgrations, and state histories.

This sqction provides complete semantics for all modeling notations described in the UML Notation Guide (Chapt
includgs support for awide range of diagram techniques: classdiagram, object diagram, use case diagram, sequend
collabgration diagram, state diagram, activity diagram, and deployment diagram. The UML Notation Guide includ
y of the semantics sections that are relevant to eaghdiagram technique.

4.1.2| Approach

P

ced object

Pnce.
builds on
hat

c models)
Al models
ns,

br 5). This
e diagram,
Bs a

This sdction emphasi zes language architecture and formal rigor. The architecture of the UML is based on a four-layer

metampodel structure, which consists of thefollowing layers: user objects, model, metamodel, and meta-metamodel.

document is primarily concerned with the metamodel layer, which is an instance of the meta-metamodel layer. For
Class in the metamodel is an instanee.of MetaClass in the meta-metamodel. The metamodel architecture of UML i
furtherin Section 4.2, “Language Architecture,” on page 14.

The UML metamodel isaloagi€al model and not a physical (or implementation) model. The advantage of alogical
isthat Jt emphasizes declarative semantics, and suppresses implementation details. Implementations that use thelo

This
example,
5 di scussed

metamodel
pical

metamodel must confarito its semantics, and must be able to import and export full aswell as partial models. Hoyvever, tool

vendotis may construet'the logical metamodel in various ways, so they can tune their implementations for reliabilit
performance. Thedisadvantage of alogical model isthat it lacks the imperative semantics required for accurate an
implementatien. Consequently, the metamodel is accompanied with implementation notes for tool builders.

and
d efficient

Lindation,

UML is also structured Wlthl n the metarnodel Iayer The Ianguage is decomposed into several Ioglcal packages Fo
Behavi X '
Foundatl on package consr sts of the Core Extensr onM echanl sms, and Data Types subpackages The structure of th
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 2005 - All rights reserved

ample, the

e language

13


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

ISO/IEC 19501:2005(E)

e Abstract syntax

* Well-formedness rules

Semantics

The abstract wntax is prowded asamodel described in asubset of UM L, consisti ng of aUML class d|agram and asupporting

natural xto compile
itself.)[The weII formednass rulesare prowded using aformal Ianguage (Obj ect Constral nt Language) and natural’|{anguage
(Engligh). Finally, the semantics are described primarily in natural language, but may include some additional notafion,
depending on the part of the model being described. The adaptation of formal techniques to specify the language igfully
describied in Section 4.3, “Language Formalism,” on page 17.
In summary, the UML metamodel is described in a combination of graphic notation, natural langtiage, and formal lianguage.
We redognize that there are theoretical limitsto what one can express about ametamodel usingthe metamodel itself| However,
our experience suggests that this combination strikes a reasonable balance between expressiveness and readability.
4.2 | Language Architecture
4.2.1| Four-Layer Metamodel Architecture
The UML metamodel is defined as one of the layers of afour-layer metamodeling architecture. This architecture i a proven
infrastfucture for defining the precise semantics required by complex.models. There are several other advantages associated
with tHis approach:

« | It refines semantic constructs by recursively applying them to successive metalayers.

« | It provides an architectural basis for defining future UML metamodel extensions.

« | It furnishes an architectural basis for aligning.the UML metamodel with other standards based on afour-layer

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

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

* | meta-metamodel

¢ | metamodel

| model

« | user objects
The fupctions of thése'layers are summarized in the following table.

Tablel - Four Layer Metamodeling Architecture
Layer Description Example
meta-metamodel The infrastructure for a metamodeling MetaClass, MetaAttribute, MetaOperation
architecture. Defines the language for
specifying metamodels.

14 © ISO/IEC 2005 - All rights reserved
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Table 1 - Four Layer Metamodeling Architecture

1:2005(E)

Layer Description Example
metamodel An instance of a meta-metamodel. Definesthe | Class, Attribute, Operation, Component
language for specifying a model.
mode] An instance of a metamadel _Defines a StockShare_askPrice _selll imitQrder
language to describe an information domain. StockQuoteServer
user @bjects (user data) | An instance of a model. Defines a specific <Acme_SW_Share 98789>, 654,56,
information domain. sell_limit_order, <Stock_Quote_Swr’ 32123>
The mgta-metamodeling layer forms the foundation for the metamodeling architecture. The primaryrésponsibility df thislayer

A metamodel is an instance of a meta-metamodel. The primary responsihbitity, of the metamodel layer isto define &
ifying models. Metamodels are typically more elaborate than the meta-metamodel s that describe them, esp|
when they define dynamic semantics. Examples of metaobjectsin themetamodeling layer are: Class, Attribute, Opd
Component.

A model is an instance of a metamode. The primary responsibility of the model layer isto define alanguage that d
informition domain. Examples of objectsin the modeling layer are: StockShare, askPrice, sellLimitOrder, and
StockQuoteServer.

User opjects (a.k.a. user data) are an instance of amodel. The primary responsibility of the user objects layer isto
specififc information domain. Examples of objectsin the user objects layer are: <Acme_Software Share 98789>, ¢
sell_limit_order, and <Stock_Quote Svr_32123>.

4.2.1.1 Architectural Alignment-with the MO F Meta-Metamodel

Both the UML and the MOF are based on a four-layer metamodel architecture, where the MOF meta-metamodel i
metamodel for the UML metamodel. Since the MOF and UML have different scopes and differ in their abstraction

ine the language for specifying a metamodel. A meta-metamodel defines amodel at a higher level of abstraction than

ultiple

nd
ectsin the

language
Ecially
ration, and

bscribes an

lescribe a
54.56,

the meta-
levels (the

UML metamodel tends to beimore of alogical model than the M OF meta-metamodel), they are rel ated by 1oose meamodeling

rather than strict metamodeling.> As aresult, the UML metamodel is an instance of the MOF meta-metamodel.

Consequently, theréjis'hot a strict isomorphic instance-of mapping between all the MOF meta-metamodel el ements
UML inmetamodel elements. In spite of this, since the two models were designed to be interoperable, the UML Corg
metamodel and:the MOF meta-metamodel are structurally quite similar.

and the
package

4.2.2| Package Structure

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

1. In loose (or “non-strict”) metamodeling aM, level model isaninstance of aM,,,4 level model. In strict metamodeling, every

element of aM, level model isan instance of exactly one element of M. 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 /
\
\ )
\ ’/
A\
A\H b
Foundation
Figurgd 1 - Top-Level Packages

The Fq

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

[ ]

Core

Figure

Data Types

2-- Foundation Packages

I

Extension
Mechanisms
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[ 1

Activity Graphs

\/
Clollaborations Use Cases State Machines
/4
Common
Behavior
Figurg 3 - Behavioral Elements Packages

The fupctions and contents of these packages are described in‘Section 4.8, “Behavioral Elements Package,” on pagd

4.3 Language Formalism

e 85.

This sdction contains a description of the techniquies used to describe UML. The specification adapts formal technigues to
improVe precision while maintaining readabitity."The technique describes the UML metamodel in three views using both text
and graphic presentations. The benefits of adapting formal techniques include:

« | the correctness of the description isimproved,

« | ambiguities and inconsistencies are reduced,

« | the architecture of the-metamodel is validated by a complementary technique, and

« | the readability-of.the description is increased.
It isimportant tosnete that the current description is not a completely formal specification of the language because fo do so
would [have added"significant complexity without clear benefit. In addition, the state of the practice in formal speciffications
does npt yet address some of the more difficult language issues that UML introduces.
The st e of the lanquane is nevertheless given a precise specification which isrequired fo yThe

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.

431

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
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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 onto 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

mean| ngful, and the dynarnlc semant|cs defl ne the meaning of awell formed construct The mean| ng of adeecrl ption written
in the language- = el 8 . ed-inthe staticse antics.
The static semantlcs are found in sectlons headed \NeII Formedness Rul es. The dynamlc semahtlcs are descrrbed uder the
heading Semantics. In some cases, parts of the static semantics are also explained in the Semantics section for-cempleteness.

The specification uses a combination of languages - a subset of UML, an object constraint language, and-precise ngtural
languape to describe the abstract syntax and semantics of the full UML. The description is self-contained; no other|sources of

informition are needed to read the document?. Although this is a metacircular descripti on3, understandi ng this docment is
practical since only asmall subset of UML constructs are needed to describe its semantics.

In congtructing the UML metamodel different techniques have been used to specify language’constructs, using sone of the
capabilities of UML. The main language constructs are reified into metaclasses in the metamodel. Other constructs,|in essence
being yariants of other ones, are defined as stereotypes of metaclasses in the metamodel” This mechanism allows thg semantics
of the yariant construct to be significantly different from the base metaclass. Another more “lightweight” way of dﬂzi ng
variants is to use metaattributes. As an example, the aggregation construct is.Specified by an attribute of the metacl
AssocigtionEnd, which is used to indicate if an association is an ordinary aggregate, a composite aggregate, or acgmmon
associ gtion.

4.3.2| Package Specification Structure

This sgction provides information for each package in the UNML metamodel. Each package has one or more of the flollowing
subsections.

4.3.2.1 Abstract Syntax

The abstract syntax is presented in a UML class diagram showing the metaclasses defining the constructs and their
relatiopships. The diagram also presents some-of the well-formedness rules, mainly the multiplicity requirements df the
relationships, and whether or not the instances of a particular sub-construct must be ordered. Finally, a short informal
description in natural language describing each construct is supplied. The first paragraph of each of these descriptipnsisa
generg| presentation of the construct that sets the context, while the following paragraphs give the informal definitilon of the
metacl pss specifying the constractin UML. For each metaclass, its attributes are enumerated together with a short explanation.
Furtheymore, the opposite rele names of associations connected to the metaclass are also listed in the same way.

4.3.2.2 Well-Formedness Rules

The static semanticsiof UML metaclasses, except for multiplicity and ordering constraints, are defined as a set of invariants of
an instpnce of the metaclass. (Note that a metaclassis not required to have any invariants.) These invariants have to be
satisfigd for the construct to be meaningful. The rules thus specify constraints over attributes and associations defi ed inthe
metarnodel Each mvarrant is deflned by an OCL expr ion together with an mformal expl anation of the expression. In many
cases, - v v -
subsectron after the well-formedness rules for the construct, using the same approach as the abstract syntax: an informal
explanation followed by the OCL expression defining the operation.

2. Although a comprehension of the UML’sfour-layer metamodel architecture and its underlying meta-metamodel is helpful, itis
not essentia to understand the UML semantics.
3. Inorder 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 mgmhpr Since only concrete metacl asses have a triie meani ng inthe Iangl 1age nnly these are described in this section.

4.3.2.

Stereof

Well-f

subsection.

Other

4.3.2.

This syibsection may contain rationales for metamodeling decisions, pragmatics fonthe use of the constructs, and ey
writter} in natural language.

4.3.3

The specification uses the Object Constraint Language (OCL), as defined in Chapter 6, “ Object Constraint Langua
Soecification” for expressing well-formedness rules.

The following conventions are used to promote readabilitys

43.4

We str
includ
assum

Thefo

l Standard Elements

brmedness rules, if any, for the stereotypes are also defined in the same manner as in the Well-Fermedness R

b Notes

Use of a Constraint Language

Self - which can be omitted as a reference to the metaclass defining the context of the invariant, has been |
clarity.

In expressions where a collection is itenated, an iterator is used for clarity, even when formally unnecessary
of the iterator is usually omitted, but included when it adds to understanding.

The‘collect’ operation isleftimplicit where thisis practical.

Use of Natural Language

ypes of the metaclasses defined previously in the section are listed, with an informal definition inwiatGral lapguage.

ules

inds of standard elements (constraints and tagged-values) are listed, and are defined in the Sandard Elements
appendix.

amplesall

ept for

. The type

Dve to be precisein.our use of natural language, in this case English. For example, the description of UML semantics

lowing'@eneral rules apply:

phrases such’as*“X provides the ability to...” and “X isaY.” In each of these cases, the usua English megni
, although adeeply formal description would demand a specification of the semantics of even these smplé

“an, assumethat wemean “an mstance of.” Inthesame way, by saying someth| ng I|ke Elements” we mean “aset (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.

Termsincluding one of the prefixes sub, super, or meta are written as one word (for example, metamodel, subclass).
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4.3.5

Naming Conventions and Typography

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

Part

4.4

The F(
decom

archite
The EX
Data T

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

M etaclass names that consist of appended nouns/adjectives, initial embedded capital s are used (for example,

Foundation Package

undation package is the language infrastructuré-that specifies the static structure of models. The Foundation
posed into the following subpackages: Core,-Extension Mechanisms, and Data Types. Figure 4 illustrates the¢
Foundgtion Packages. The Core package specifiesthe basic concepts required for an elementary metamodel and dd
ctural backbone for attaching additional-anguage constructs, such as metaclasses, metaassociations, and met
tension Mechanisms package specifies how model elements are customized and extended with new semantics. The
ypes package defines basic data structures for the language.

‘ModelElement,” ‘ Structural Feature’).

Names of metaassociations/association classes are written in the same manner as metaclasses (for example
‘ElementReference’).

Initial embedded capital is used for names that consist of appended nouns/adjectives (for example, ‘ownedElement,’

‘alContents’).
Bool ean metaattribute names always start with ‘is’ (for example, ‘isAbstract’).

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

While referring to metaclasses, metaassociations, metaattributes, etc. in theitext, the exact names as they agpear in the

model are always used.

Names of stereotypes are delimited by guillemets and begin with{oweércase for those languages that distinguish

between uppercase and lowercase characters (for example, «type»).

2 - Foundation

] |

Core Extension
< — — — .
Mechanisms

= z

Data Types

Figure 4 - Foundation Packages
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45 Core

451

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

instant

metamodel constructs are instantiable and reflect the modeling constructs used by object modelers (cf. metamodel
Abstract constructs defined in the Core include Model Element, GeneralizableElement, and Classifier. Concerete comstructs

specifi

The Core package specifies the core constructs required for a basic metamodel and defines an architectural backbo

(“skelg
the Co
underl
packag

Thefo

45.2

The ab
themg
define
variou

comments.

Pd in the Core include Class, Attribute, Operation, and Association.

ton”) for attaching additional language constructs such as metacl asses, metaassociations, and metaattributes
Fe package contains sufficient semantics to define the remainder of UML, it is not the UML meta-metamods
ing base for the Foundation package, which in turn serves as the infrastructure for.therest of language. In 0
es, the Core is extended by adding metaclasses to the backbone using generalizations and associations.

lowing sections describe the abstract syntax, well-formedness rules, and semantics of the Core package.

Abstract Syntax

del elements that form the structural backbone of the metamodel. Figure 6 on page 23 shows the model elen
relationships. Figure 7 on page 24 shows the model elementsithat define dependencies. Figure 8 on page 25
5 kinds of classifiers. Figure 9 on page 26 shows auxiliary~elements for template parameters, presentation el

able and are commonly used to reify key constructs, share structure, and organize the UML metamodel. Co£crete

S).

he
L Although
l. It isthe
ther

stract syntax for the Core package is expressed in graphic notatien, in the following figures. Figure 5 on page 22 shows

hents that
shows the
ments, and
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Element
? eonstrainedElement
ModelElement
name : Name fordered}
ElementOwnership +ownedElement
visibility : VisibilityKind L | )
isSpecification : Boolean + constrain
+namespace
0.1
Feature NameSpace GeneralizableElement Parameter Constraint
ownerScope : ScopeKind isRoot : Boolean defaultvalue : Expression body : Booleanfxpression
visibility : VisibilityKind isLeaf : Boolean kind : ParameterDirectionKind
7'y isAbstract : Boolean
+eature
+ow(;1e1r +typedParameter + parameter
N Classifier 1 +ype
v
{ordered}
1 +type
StructuralFeature BehavioralFeature
* +typedFeature 0.1 {ordered)
multiglicity : MU'tIplIClty IsQuery : Boolean
chanﬂeability : ChangeableKind
targe{Scope : ScopeKind
order|ng : OrderingKind
Attribute Operation 1
hitial\alue : Expression Method
concurrency : CallConcurrencyKind . )
isRoot : Boolean + specification | P0dy + ProcedureExpression

isLeaf : Boolean
isAbstract : Boolean
specification : String

Figure 5 - Core Package - Backbone
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+source
ModelElement
name : Name
target *
Relationship
+gourceFlow +argetFlow *
- +generalization  +child
Flow Generalization g GeneralizableElement
discriminator: Name IsRoot: Boalean
IsLeaf.;Baolean
+ specialization rparenq IsAbstfact : Boolean
+powertypeRange *
+ powertype 0.1
Classifier —
B AssociationEnd {ordered}
*participant + association .
isNavigable : Boolean 2,
ordering : OrderingKind Asshaiatio
aggregation ; AggregationKind S 0
+specification +specifiedEnd | targetScope: ScopeKind
multiplicity : Multiplicity
changeability : ChangeableKind | A
T visibility : VisibilityKind + correction
Class Attribute +associationEnd
) +qualifier
IsActive : Boalean InitialValue : Expression
0.1
{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 pemidson
mapping : Map pingExpre sson
Figurg 7 - Core Package - Dependgencies
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Classifier

Class Interface

IsAdtive : Boolean

+deploymentLocation

Primitive

Node Component J timplementationtLocation Artifact
+deployedComponent +irfpSwentation
+container
ElementResidence [ |
visibility : VisibilityKind
+resident
DataType ModelElement
Name : Name
A A
| A —
- + epumeration + literal EnumerationLiteral
Enumeration
*
1 1.
{ordered}

ProgrammingLanguageDataType

Expression : TypeExptession

Figurg 8 - Core Package - Classifiers
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TemplateParameter
|
I {ordered} Elerment
i + templateParameter
| 0.1 + defaultElement
0.1 J ModelElement
+template name: Name + subject *presentation  presentationElefnent
TemplateArgument smodelElement
1
Fargument {1cl)lr*uere d) +annotatedElement
1 +hinding
Binding Comment
body : Stfing

Figurg 9 - Core Package - Auxiliary Elements

4.5.2.1 Abstraction

An abgtraction is a Dependency relationship.that relates two elements or sets of elements that represent the same concept at
different levels of abstraction or from.different viewpoints.

In the metamodel, an Abstraction is.aDependency in which there is a mapping between the supplier and the client. Pepending
on the ppecific stereotype of Abstraction, the mapping may be formal or informal, and it may be unidirectional or bifdirectional.

If an Albstraction element bas'more than one client element, the supplier element maps into the set of client elementsasa
group.|For example, an‘analysis-level class might be split into several design-level classes. The situation is similar fif thereis
more than one suppligf. element.

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

namesifor th&/Abstraction class with the stereotypes «derive», «realize», «refine», and «trace», respectively.)

Attribtrtes
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.
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Stereotypes

«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.

«realige» (Name for the stereotyped class is Redlization.) Specifies a redlization relationship between a specification
model element or elements (the supplier) and a model element or elements that implement it (the client). The
implementation model element is required to support all of the operations or received signals that the
specification model element declares. The implementation model element must make.ar inherit its pwn
declarations of the operations and signal receptions. The mapping specifies the relationship between the two.
The mapping may or may not be computable. Realization can be used to model ;stepwise refinemert,
optimizations, transformations, templates, model synthesis, framework compesition, etc.

«refine» (Name for the stereotyped class is Refinement.) Specifies refinement relationship between model elements at
different semantic levels, such as analysis and design. The mapping specifies the relationship between the two
elements or sets of elements. The mapping may or may not be computable, and it may be unidirectjonal or
bidirectional. Refinement can be used to model transformationsfrom analysis to design and other quch
changes.

«trace» (Name for the stereotyped class is Trace.) Specifies atrace’relationship between model elements or] sets of
model elements that represent the same concept in different models. Traces are mainly used for tragking
requirements and changes across models. Since model changes can occur in both directions, the dirgctionality
of the dependency can often be ignored. The mgapping specifies the relationship between the two, blit it is
rarely computable and is usually informal.

4.5.2.p Artifact
An Artifact represents a physical piece of informatioen.that is used or produced by a software development process| Examples
of Artifactsinclude models, sourcefiles, scripts, and-binary executable files. An Artifact may constitute the implementation of
a deplgyable component.
In the metamodel, an Artifact is a Classifier with an optional aggregation association to one or more Components. As a
Classiflier, Artifacts may have Featuresithat represent properties of the Artifact (for example, a“read-only” attributg or a
“checldin” operation).
It shoyld be noted that sometimes Artifacts may need to be linked to Classifiers directly, without introducing a‘ Component.’
For ingtance, in the context. ef -code generation, the resulting Artifacts (source code files) are never deployed as Components.
In that|case, a «derive» Bependency can be used between the Classifier(s) and the generated Artifact.
The stgndard stereotypes of Artifact are «file», the subclasses of «file» («executable», «source», «library», and «dgcument),
and «tdble». These stereotypes can be further subclassed into implementation and platform specific stereotypes (fof example,
«jarFilp» for Java archives).
Assogidations

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».
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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.
4.5.2.83 Association
An asspciation defines a semantic relationship between classifiers. The instances of an association are aiset.of tuplgsrelating
instanges of the classifiers. Each tuple value may appear at most once.
In the metamodel, an Association is a declaration of a semantic relationship between Classifiers, such as Classes. An
Associgtion has at least two AssociationEnds. Each end is connected to a Classifier - the same Classifier may be cqnnected to
more than one AssociationEnd in the same Association. The Association represents a set of ‘€onnections among ingtances of
the Clgssifiers. Aninstance of an Association isaLink, whichisatuple of Instances drawnfrom the corresponding [Classifiers.
Attributes
name The name of the Association that in combination with/ts'associated Classifiers must be unique witlin the
enclosing namespace (usually a Package).
Assogiations
connggction An Association consists of at least twa@ZAssociationEnds, each of which represents a connection of the
association to a Classifier. Each AssociationEnd specifies a set of properties that must be fulfilled for the
relationship to be valid. The bulK.of the structure of an Association is defined by its AssociationEndgls. The
classifiers belonging to the association are related to the AssociationEnds by the participant rolename
association.
Stereptypes
«impljcit» The «implicit» stereotype is applied to an association, specifying that the association is not manifest,| but rather
is only.conceptual.
Standjard Constraints
xor The {xor} constraint is applied to a set of associations, specifying that over that set, exactly one is manifest for
each associated instance. Xor is an exclusive or (not inclusive or) constraint.
Tagggd-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-Ipherited Features

isRoqt Not inheritable by their very nature, but they define the generalization structure.
isLeal

isAbgract

name Each model element has a unique name.

4.5.2.4 AssociationClass

An association classis an association that is also aclass. It not only connectsa'set of classifiers but also defines a et of
featurgs that belong to the relationship itself and not any of the classifiers!

In heril;ed Features

AssocijationClass inherits features as specified in both Class and‘Association.

In the metamodel, an AssociationClass is a declaration of asemantic relationship between Classifiers, which has alset of
featurgs of its own. AssociationClassis a subclass of both Association and Class (that is, each AssociationClassis poth an
Associjation and a Class); therefore, an AssociationClass has both AssociationEnds and Features.

4.5.2.5 AssociationEnd

An asspciation end is an endpoint of an association, which connects the association to a classifier. Each association|end is part
of onejassociation. The association-ends-of each association are ordered.

In the metamodel, an AssociationEnd is part of an Association and specifies the connection of an Association to a Jlassifier. It
has a name and defines a set of properties of the connection (for example, which Classifier the Instances must confofm to, their
multiplicity, and if they may.be'reached from another Instance viathis connection).

In the {ollowing descriptions when referring to an association end for a binary association, the source end is the other end. The
target €nd is the onewhose properties are being discussed.

Attributes

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.

e aggregate - The target class is an aggregate; therefore, the source class is a part and must have the
aggregation value of none. The part may be contained in other aggregates.

e 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
composite.
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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 IINkS may be added Dy operaiions on the SOUrce class alter 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 onee.créatgd a link
may not be removed by operations on the source class. Operations on the target class may add ¢r remove
links (provided they are not similarly restricted).

ordering When placed on atarget end, specifies whether the set of links from the source instance to the targgt instance
is ordered. The ordering must be determined and maintained by Operations that add links. It represgnts
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 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 tools.

isNavjgable When placed on atarget end, specifies whether traversal from a source instance to its associated target
instances is possible. Specification of each direction’across the Association is independent. A valuelof true
means that the association can be navigated, bydhe source class and the target rolename can be used in
navigation expressions.

multiplicity When placed on atarget end, specifiesthe number of target instances that may be associated with g single
source instance across the given Association.

name (Inherited from Model Elemenit). The rolename of the end. When placed on atarget end, provides a pame for
traversing from a sourceinstance across the association to the target instance or set of target instanges. It
represents a pseudo-attribute of the source classifier; that is, it may be used in the same way as an Atfribute and
must be unique with respect to Attributes and other pseudo-attributes of the source Classifier.

targetScope Specifies whethef the target value is an instance or a classifier.

Possihilities are:

¢ instance. 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 timg and need
not be stored separately at run time.

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

Possibilities are:

e public - Other classifiers may navigate the association and use the rolename in expressions, sinilar to the
use of a puhlic attribute

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

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

¢ 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
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Classifier. These classifiers do not indicate the classes of the participants in a link, merely the opergtions that
may be applied when traversing a link.

partigipant

Designates the Classifier participating in the Association at the given end. A link of the Association|contains a
reference to an instance of the class (including a descendant of the given class or aclass that realizes a given
interface) in the given position in the link.

(unngmed composite
end)

Designates the Association that owns the AssociationEnd.

Steredtypes

«assoi ation»

Specifies areal association (default and redundant, but may be included for emphasis).

«globgl» Specifies that the target is a global value that is knowfto'al elements rather than an actual associgion.
«local» Specifies that the relationship represents a local variable within a procedure rather than an actual agsociation.
«parameter» Specifies that the relationship represents a procedure parameter rather than an actual association.

«selfl Specifies that the relationship represents:a'reference to the object that owns an operation or action rfather than

an actual association.

4.5.2.6 Attribute

An attibute is a named slot within a classifier that describes a range of values that instances of the classifier may Hold.

In the metamodel, an Attribute is a named.piece of the declared state of a Classifier, particularly the range of values that

Instanges of the Classifier may hold.

Attributes

initialValue

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

Assogiations

assoc|atiohEnd

Designates the optional AssociationEnd that owns a qualifier attribute. Note that an attribute may bg 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
at. Lict) P~ = H 3o ' oo ol 1
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Assogiations

parameter An ordered list of Parameters for the Operation. To call the Operation, the caller mudst:supply a list jof values
compatible with the types of the Parameters.

Stereptypes

«creafe» Specifies that the designated feature creates an instance of the classifier to which the feature is attaghed. May
be promoted to the Classifier containing the feature.

«destioy» Specifies that the designated feature destroys an instance ef the classifier to which the feature is attathed. May
be promoted to the classifier containing the feature.

4.5.2.8 Binding

A binding is arelationship between a template (as supplier) and.amodel element generated from the template (as dient). It
includg¢s alist of arguments that match the template parameters. The template is aform that is cloned and modified by
substitption to yield an implicit model fragment that behaves asiif it were adirect part of the model. A Binding mugt have one
suppliér 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 df the

templae that performs the substitution of parameters of atemplate. A Binding has alist of arguments that replace the
paramgters of the supplier to yield the client. Fhe client is fully specified by the binding of the supplier’s parametet)s and does
not add any information of its own. An.element may participate as a supplier in multiple Binding relationships to different
clients| An element may participate ifi only one Binding relationship as a client.

Assogiations

argunent Anordered list of arguments. Each argument is a TemplateArgument element. The model element attached to
the TemplateArgument by the model Element association replaces the corresponding supplier paramgter in the
supplier definition, and the result represents the definition of the client as if it had been defined dir¢ctly.

45.2.9 Class

A classis-adescription of a set of objects that 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 contral. If true, then an ObjeCthjasits own
thread of control and runs concurrently with other active Objects. Such a class is informally ealled pn active

class. If false, then Operations run in the address space and under the control of the active Object that controls
the caller. Such aclassis informally called a passive class.

Stereptypes

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

«focup» Specifies a class that defines the core logic or control flow/for one or more auxiliary classes that sypport it.
Support classes may be defined explicitly using Auxiliary classes or implicitly by dependency relat|onships.
Focus classes are typically used together with one.0r*'more Auxiliary classes, and are particularly ugeful for
specifying the core business logic or control flew of components during design. See also: «auxiliary».

«impllementation» Specifies the implementation of a class insome programming language (for example, C++, Smalltalk, Java) in
which an instance may not have morethan one class. Thisisin contrast to Class, for which an instgnce may
have multiple classes at one time and\mnay gain or lose classes over time, and an object (a child of [nstance)
may dynamically have multiple ctasses.

An Implementation classissaid to realize a Type if it provides all of the operations defined for the [Type with
the same behavior as spegified for the Type's operations. An Implementation Class may realize a nmber of
different Types. Notethat the physical attributes and associations of the Implementation class do not have to be
the same as those.of-any Type it realizes and that the Implementation Class may provide methods fpr its
operations in terms of its physical attributes and associations. See also: «type».

«typep Specifiesa domain of objects together with the operations applicable to the objects, without definirlg the
physicCalyimplementation of those objects. A type may not contain any methods, maintain its own thread of
cantrol, or be nested. However, it may have attributes and associations. The associations of a Type dre defined
solely for the purpose of specifying the behavior of the type's operations and do not represent the
implementation of state data.

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

H P
InheritetHeatures

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 unigue in the Namespace enclosing the Classifier. Classifier is an abstract metaclass.

Classifier isachild of GeneralizableElement and Namespace. As a GeneralizableElement, it may inherit Featur&ir\l‘d
participation in Associations (in addition to things inherited as a Model Element). It also inherits ownership-of ‘StateM achines,
Collabprations, etc.

As aNamespace, a Classifier may declare other Classifiers nested in its scope. Nested Classifiers mayybe accessed|by other
Classifiers only if the nested Classifiers have adequate visibility. There are no data value or stateieonsequences of mested
Classifiers(i.e., it isnot an aggregation or composition).

Assogiations

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

assoc|ation 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 refeffence to an
instance of the class in the given position.

poweltypeRange Designates zero or more Generalizations for which the Classifier is a powertype. If the cardinality i§zero, then
the Classifier is not a powertype. If the cardinality is greater than zero, then the Classifier is a poweartype over
the set of Generalizations designated by the association, and the child elements of the Generalizatigns are the
instances of the Classifier as a powertype. A Classifier that is a powertype can be marked with the «ppwertype»
stereotype.

specifiedEnd Indicates an AssociationEnd\for which the given Classifier specifies operations that may be applied t¢ instances
obtained by traversing the-association from the other end. (This relationship does not define the strugture of the
association, merely opérations that may be applied on traversing it.)

Stereptypes

«metdclass» Specifies that the instances of the classifier are classes.

«powgrtype» Specifies that the classifier is a metaclass whose instances are siblings marked by the same discrim(nator. For
example, the metaclass TreeSpecies might be a power type for the subclasses of Tree that represent| different
Species, such as AppleTree, BananaTree, and CherryTree.

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

«thregd» Specifies a classifier that represents a flow of control.

«utili L Soecifiac-a-clacaifiar that haoc na tnctancac it rothar donatac o namad oalloctian of nan maaomahaor oty butes and
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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.

assoc|ationEnd

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

constfaint

Constraints on the parent apply to the child.

featune

Attributes of the parent are part of the full descriptor of the child and may not be declaréd again|or
overridden.

Operations of the parent are part of the full descriptor of the child but may-be overridden; a redeglaration
may change its hierarchy location (isRoot, isLeaf, isAbstract) but may pot ehange its specificatign or
parameter structure. The concurrency level may be loosened (e.g., from.guarded to concurrent). An
overriding operation may link to a different Method. An overriding.operation can have isQuery=frue when
the parent had a false value, but not vice versa (in other words;\once a side-effect, always a sidejeffect).

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

generplization
speciglization

These are implicitly inherited, in the sense that they define ancestors and descendants, but not explicitly
inherited, asthey are the arcs in the generalization graph. They establish the generalization structuye itself as
a directed graph, into which the child classifier fits.

owneflElement

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

Non-Ipherited Features
The following elements are not inherited by achitd classifier:

isRogt By their very nature, these are not inherited.

isLed]

isAbgract

name Each-Classifier has its own unique name.

parameter Template structure is not inherited. Each classifier must declare its own template structure, if any. A non-
template can be child of atemplate and vice versa.

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

4.5.2.11.-Comment

A comment IS an annotation attached to a model element or a Set of model elements. Tt has No semantic Torce 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
«requjrement» Specifies a desired feature, property, or behavior of an element as part of a system.
«resppnsi bility» Specifies a contract or an obligation of an element in its relationship to other elements.

45.2.12 Component

A component represents a modular, deployable, and replaceable part of a system that encapsulates implementation
exposgs a set of interfaces.

A component istypically specified by one or more classifiers that reside on the component: A subset of these clasg
explicitly defines the component’s external interfaces. A component conforms to the iaterfaces that it exposes, whe

and

fiers
re the

interfages represent services provided by elements that reside on the component. A“eomponent may be implementedl by one or

more grtifacts, such as binary, executable, or script files. A component may be’deployed on a node.

Companents may be specified in both design models (for example, using&tatic structure diagrams) and in impleme

model

not be gllocated to nodes, nor do they need to have any associated imiptementation artifacts.

In the metamodel, a Component is a child of Classifier. It doesnoet have its own Features, but instead acts as a cont

other ¢

The visibility attribute of the ElementResi dence associ atien-defines whether aresident element is visible outside th
Compgnent: an external Interface of a Component hasvisbility value ‘public.” A Component may be implementeq

(for example, using implementation diagrams). When they are specified as part of a design model compong

lassifiers that have Features. A Component is specifiediby the Interfacesit exposes and the Classifiers that r

ntation
nts need

ainer for
bside onit.
e

by one or

more Artifacts, and may be deployed on a Node.
Assogiations
deploymentLocation | The set of Nodes the Component is residing on.
residgnt Association class ElementResidence - The set of model elements that specify the component. The Visibility
attribute'shows the external visibility of the element outside the component: an external Interface of a
Comporent has visibility = ‘public’ for its ElementResidence association.
implementation The set of Artifacts that implement the Component. For a Component, these Artifacts are generaly

«executable».

Inherited Features

Thefo

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

(none)

Non-Inherited 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

36
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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.

Inthe

be wel| formed. ThIS restriction can be stated in natural Ianguage or in different kinds of Ianguages with a welkdefji
semantics. Certain Constraints are predefined in the UML, others may be user defined. Note that a Constraint iS'an
not an executable mechanism. It indicates arestriction that must be enforced by correct design of a system.

Attributes

assertion,

body

A BooleanExpression that must be true when evaluated for an instance of{a'system to be well formed.

Assogiations

constrainedElement

A ModelElement or list of Model Elements affected by the Constraint. If the constrained element]
Stereotype, then the constraint applies to al Model Elements that use the stereotype.

isa

Stereptypes

«invafiant»

Specifies a constraint that must be attached'to a set of classifiers or relationships. It indicates that the

conditions of the constraint must hold,over time (for the time period of concern in the particular co
element) for the classifiers or relationships and their instances.

ntaining

«posteondition»

Specifies a constraint that must‘be attached to an operation, and denotes that the conditions of the g
must hold &fter the invocatiertof the operation.

onstraint

«precpndition»

Specifies a constraint that must be attached to an operation, and denotes that the conditions of the ¢
must hold for the itavocation of the operation.

onstraint

«statdl nvariant»

Specifies a congtraint that must be attached to a state vertex in a state machine that has a classifier
context. The-stereotype indicates that the constraint holds for instances of the classifier when an ins
that state.

for a
fanceisin

4.5.2.14 DataType

A dataltype is atypemrhose values have no identity; that is, they are pure values. Data types include primitive buil{
(such gs integer.and string) as well as definable enumeration types (such as the predefined enumeration type bool &
literald are false.and true).

In the metamodel, a DataType defines a speC|aI kind of Classifier in which Operatlons areadl pure functions; that i$

return B

Hin types
bn whose

5, they can

ation on a

number with another number as an argument yields ath| rd number as aresult; the target and argument are unchanged

Inherited Features

DataType inherits features as specified in Classifier.
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4.5.2.15 Dependency

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

Inthe
clienti

The ki

s dependent on the supplier; that is, the client element requires the presence and knowledge of the supplier &

nds of Dependency are Abstraction, Binding, Permission, and Usage. Various stereotypes of those elements

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

|l ement.

fre

predefined.
Assogiations
client The element that is affected by the supplier element. In some cases (such as a Trace Abstraction) the direction
is unimportant and serves only to distinguish the two elements.
suppliler Inverse of client. Designates the element that is unaffected by a'‘change. In atwo-way relationship (such as some
Refinement Abstractions) this would be the more general-elément. In an undirected situation, such gs a Trace
Abstraction, the choice of client and supplier may be irretevant.
45.2.16 Element
An elgment is an atomic constituent of a model.

Inthe
Presen

TaggH

[ationElement. Element is an abstract metacl ass.

d Values

metamodel, an Element is the top metaclass in the metaclass hierarchy. It has two subclasses: M odel Element and

docur

hentation Documentation is a comment, description, or explanation of the element to which it is attached.

4.5.2.

Elemey

In the metamodel, ElementOwnership reifies the relationship between Model Element and Namespace denoting the

| 7 ElementOwnership

ht ownership defines the(visibility of a Model Element contained in a Namespace.

ownership

of aMpdel Element by a Namespace and its visibility outside the Namespace. See Section 4.5.2.27, “Model Element,” on
page 44.
Attributes
isSpetification Specifies whether the ownedElement is part of the specification for the containing namespace (in cgses 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.
38 © ISO/IEC 2005 - All rights reserved



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

ISO/IEC 19501:2005(E)

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 Model Element.

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

4.5.2.18 ElementResidence

See Cqmponent::resident in Section 4.5.2.12, “Component,” on page 36. Shows that the component supports the elément. The
visibility attribute of ElementResidence defines the visibility of aresident element autSide the component: an exterjnal
Interface of a Component has visibility = ‘public’ for its ElementResidence association.

Associjation class between Component and M odel Element that defines the set of Model Eletrients that specify aC}gonent.
n

Attributes

visibility Specifies whether a ModelElement that resides inr@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 external |nterface

and can be used by other elements,if they have permission to access or import the Component
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 Component and its
residents have ElementOwnership associations with visibility values to the Package that contains thgm.

4.5.2.19 Enumeration

In the metamodel, Enumeration defines a kind of DataType whose range isalist of predefined values, called enumgration
literalg

Enumeration literals can becopied, stored as values, and passed as arguments. They are ordered within their enumeration
datatype. An enumeration literal can be compared for an exact match or to arange within its enumeration datatype. Thereisno
other g gebra defined on them (e.g., they cannot be added or subtracted).

The rup-timeinstances of a Primitive datatype are Values. Each such value corresponds to exactly one EnumerationL iteral

definegl as'part of the Enumeration type itself.
An Enumeration may have operations, but they must be pure runctions (thisistheruaretor aType 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 tira

Inarup- t| me (M 0) system, enumeration literals are DataVal ues in many-to-one correspondence to Enumerationliit
they represent. (Thisis asubtle but necessary distinction between M1 and MO entities.)

The rup-time values corresponding to enumeration literals can be compared for equality and for relative ordering o
in arapge of enumeration literals.

ASSO(

iations

Limeration.
brals that

I inclusion

enumgration

The enumeration classifier of which this enumeration literal is an instance.

4.5.2.21 Feature
A featiire is a property, like operation or attribute, which is encapsul ated within'a Classifier.

In the metamodel, a Feature declares a behavioral or structural charactetistic of an Instance of a Classifier or of the
itself. [Feature is an abstract metaclass.

Classifier

Attributes

name (Inherited from Model Element) Théhame used to identify the Feature within the Classifier or Instange. 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 inherifed names.
There may be multiple declarations of the same operation. Multiple operations may have the same pame but
different signatures; see the rules for precise details.

ownel Scope Specifieswhether Feature appears in each Instance of the Classifier or whether thereis just a single ijnstance of
the Feature for the entire Classifier.
Possibilities are:
sinstance - 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 Classifiers comhiine so that
the most restrictive visibility is the result.
Posshiites-tachide:
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.

4.5.2.22 Flow

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

In the metamodel, a Flow isa child of Relationship. A Flow is adirected relationship from a source or sourcesto g

targets

Predef|ned stereotypes of Flow are «become» and «copy». Become relates one version of an object.to-another with
value, ptate, or location. Copy relates an object to another object that starts as a copy of it.

Stereptypes

target or

adifferent

«becdme»

but each with potentially different values, state instance, and,rotes. A Become flow relationship frol

AtoB

Specifies a Flow relationship, source and target of which represenit the same instance at different poi Es intime,

means that instance A becomes B with possibly new valyes, state instance, and roles at a different
time/space.

oment in

«CO| py »

Specifies a Flow relationship, the source and target of which are different instances, but each with 1
values, state instance, and roles (but a distinct identity). A Copy flow relationship from A to B mear]
an exact copy of A. Future changesin A aré\not necessarily reflected in B.

he same
sthat B is

4.5.2.P3 GeneralizableElement
A gengralizable element is amodel element that may. participate in a generalization relationship.

In the etamodel, a GeneralizableElement canbé.ageneralization of other GeneralizableElements; that is, all Featu

res defined

inand pll Model Elements contained in the ancestors are al so present in the GeneralizableElement. GeneralizableElgment isan

abstragt metacl ass.

Attributes

isAbstract

Specifies whether the GeneralizableElement may not have a direct instance. True indicates that an i

nstance of

the'GeneralizableElement must be an instance of a child of the GeneralizableElement. False indicatep 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,
have a direct instance. It may have an indirect instance, and a model at a higher level of abstraction
include instances of an abstract type, with the understanding that in a fully expanded concrete snap
instances would have concrete types that are descendants of the abstract types.

it may not

may
Bhot, such

isLeal]

Specifies whether the GeneralizableElement is a GeneralizableElement with no descendants. True i

hdicates

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
ancestors at the moment).

has any
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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

Fa (H VNPl | v
OCTCIaT ZCorCTrCITICre,

current

Inherited Features

The following elements are inherited by a child GenerizableElement.

constifaint

All constraints on the parent apply to the child.

Non-Ipherited Features

isRoot Not inheritable by their very nature, but they define the generalization structure. IsRoot may be trug only if
isLea there are no parents. IsLeaf may be true only if there are no children.

isAbgract

name Each model element has a unique name.

4.5.2.24 Generalization

A gengralization is a taxonomic relationship between amore general element and a more specific element. The moye specific
element isfully consistent with the more general element (it has all of its properties, members, and relationships) and may

contain additional information.

In the metamodel, a Generalization is a directed inheritance relationship, uniting a GeneralizableElement with a more general
GenerdlizableElement in a hierarchy. Generalization is a subtyping relationship; that is, an Instance of the more general

GeneralizableElement may be substituted by\an I nstance of the more specific GeneralizableElement. See Inheritan
consequences of Generalization relationships.

Attributes

ce for the

discriminator

Designates the partition to which the Generdlization link belongs. All of the Generalization links that share a
given parent GeneralizableElement are divided into disjoint sets (that is, partitions) by their discrinjinator
names. Each partition (a set of links sharing a discriminator name) represents an orthogonal dimengion of

specialization of the parent GeneralizableElement. The discriminator need not be unique. The empt
also considered as a partition name; therefore all Generalization links have a discriminator. If the
Generalization links that have the same parent all have the same name, then the children in the Gen
links are Generalizabl eElements that specialize the parent, and an instance of any of themisalegal i
the parent. Otherwise an indirect instance of the parent must be a (direct or indirect) instance of at

y string is
it of
bralization
nstance of
east one

. £ 1 P ]
CICITIENU TTUINTT eall T Ul tic par titturis.

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

«impl

[ementation>»

eciTies i€ ChITd TNherts the Implementation of the parent (Its altnbuies, operations, and m
does not make public the supplier’s interfaces nor guarantee to support them, thereby violatingstl
This is private inheritance and is usually used only for programming implementation purposes:

ods) but
tutability.

Stand

ard Constraints

comp,

ete

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

parent,

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 complete is
the children with the given discriminator have been declared and'that additional ones are not expe
other words, the set of generalizations is closed), and designsgmay assume with some confidence t
of children isfixed. If anew child is nevertheless added ifithe future, existing models may be agdyv
affected and may require modification.

that all of
Cted (in
hat the set
ersely

disioi

Specifies a constraint applied to a set of generalizations, indicating that instance of the parent may
instance of no more than one of the given children’'within the set of generalizations. Thisis the de
semantics of generalization.

be an
ault

inconplete

Specifies a constraint applied to a set of-generalizations with the same discriminator, indicating th
instance of the parent need not be anfinstance of a child within the set (but there is no guarantee tl

an
such an

instance will actually exist). Being-incomplete implies that the parent is concrete. The connotation| of
declaring a set of generalizations’incomplete is that al of the children with the given discriminator have not

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

on the set

overlg@pping

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

ay be
ce will

45.2.
Anint

Inthe
Interfa
may re

Interfa

P5 Interface

brface is a named, setof operations that characterize the behavior of an element.

metamodel, an Interface contains a set of Operations that together define a service offered by a Classifier red
ce. A ClasSfjer may offer several services, which meansthat it may realize several Interfaces, and severa G
alize the:same Interface.

Ces are GeneralizableElements.

lizing the
lassifiers

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.

Inheri

ted 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.

Ton of the

There
methodl) pairing.

Attributes

body The implementation of the Method as a ProcedureExpression.

Assogiations

specification Designates an Operation that the Method implements. The Operation/must be owned by the Classifjer that
owns the Method or be inherited by it. The signatures of the Operation and Method must match.

4.5.2.27 ModelElement

A model element is an element that is an abstraction drawn from the system being modeled. Contrast with view elément,
which |s an element whose purpose is to provide a presentation of infermation for human comprehension.

In the metamodel, a Model Element is anamed entity in a Modél. It isthe base for all modeling metaclassesin the UML (even
though it is not displayed explicitly as such on diagrams for-EfementOwnership, ElementResidence, Elementl mpott,
Templ ateParameter, TemplateArgument, and Argument)..AH other modeling metaclasses are either direct or indiregt
subclagses of Model Element.

Each Mlodel Element can be regarded as atemplate;’A template has a set of templateParameters that denotes which ¢f the parts
of a Mpdel Element are the template parameters=A ModelElement is atemplate when thereis at least one template|parameter.
If it is pot atemplate, a M odel Element cannot have template parameters. However, such embedded parameters are not usually
compléte and need not satisfy well-formedness rules. It is the arguments supplied when the template is instantiated| that must

be wel| formed.

Partially instantiated templates@re allowed. This is the case when there are arguments provided for some, but not 3
templgeParameters. A partialy instantiated template is still atemplate, sinceit still has parameters.

Attributes

name An identifier for the ModelElement within its containing Namespace.

Assogiations

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.

implementationLocation The component that an implemented model element resides in.
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namespace 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).

presentation A set of PresentationElements that present a view of the Model Element.
suppl|erDependency Inverse of supplier. Designates a set of Dependency in which the Model Element’is'a' supplier.
templ pteParameter (association class TemplateParameter) A composite aggregation ordered list 0f parameters. Each

parameter is a dummy ModelElement designated as a placeholder for agrea M odel Element to be
substituted during a binding of the template (see Section 4.5.2.8, “Binding,” on page 32).[The rea
model element must be of the same kind (or a descendant kind) as the dummy ModelElement. The

ModelElement is used. If a Binding lacks an argument and there is no default Model Elenpent, the
congtruct is invalid.
Note that the template parameter element lacks.structure. For example, a parameter that|is a Class
lacks Features; they are found in the actual argument.

Note that if a ModelElement has at least one templateParameter, then it is atemplate; otherwise, it is an ordinary element.

Tagged Values

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

elements and is therefore logically redundant. In an analysis model, the element may bg included
to define a usefl-name or concept. In a design model, the usual intent is that the element 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 inheriteq by
childran of elements that are GeneralizableElements.

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

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

stereqtype If amodel element is classified by a stereotype, then its children are also classified by the gtereotype.
They may use the tags defined on the sterectype and they are subject to constraints impoged 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 A generd inheritance rule is not possible
supplierDependency
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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.
templpteParameter A parent and child may have different template structure.

4.5.2.28 Namespace

A namespace is a part of amodel that contains a set of Model Elements each of whose names designates a unique €
the namespace.

within

ement

In the netamodel, a Namespace is a M odel Element that can own other M odel Elements, like’A'ssociations and Classifiers. The
name g¢f each owned M odel Element must be unique within the Namespace. Moreover, eachicontained Model Element is
owned|by at most one Namespace. The concrete subclasses of Namespace have additional’ constraints on which 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 elementgin a
namespace. A namespace is used for unstructured contents such as the contents of a package or a class declared ingide the
scope of another class.
Assogiations

owneqiElement association class ElementOwnership:- A set of Model Elements owned by the Namespace. Its \isibility

attribute states whether the element is visible outside the namespace.

4.5.2.29 Node
A nodg is arun-time physical object that repfesents a computational resource, generally having at least a memory and often
processing capability aswell, 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 deployed on|the Node.
Assogiations

deployedComponent The set of Components deployed on the Node.
Inherited Featdres

Thefo

lowing,elements 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).

46
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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

concyrrency 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
usualy (although not required in UML) set to sequential. Possihilities include:

* 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 be guaranteed.

e guarded - Multiple calls from concurrent threads may occur simultaneously to one Instance (dn any
guarded Operation), but only one is allowed to commence. The others@re blocked until the pefformance
of the first Operation is complete. It is the responsibility of the system designer to ensure that fleadlocks
do not occur due to simultaneous blocks. Guarded Operations‘must perform correctly (or blo
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 Instanci(:n any
concurrent Operation). All of them may proceed copeurrently with correct semantics. Concurrent
Operations must perform correctly in the case of a'simultaneous sequential or guarded Operat|on or
concurrent semantics cannot be claimed.

isAbsiract If true, then the operation does not have anvimplementation, and one must be supplied by a descenglant. If
false, the operation must have an implementation in the class or inherited from an ancestor.

isLeal If true, then the implementation of the‘eperation may not be overriden by a descendant class. If falsg¢, then the
implementation of the operation may be overridden by a descendant class (but it need not be overridden).

isRoot If true, then the class must nat-inherit a declaration of the same operation. If false, then the class mjay (but
need not) inherit a declaration of the same operation. (But the declaration must match in any case; afclass may
not modify an inherited-operation declaration.)

Tagged Values

semantics Semanties/is the specification of the meaning of the operation.

4.5.2.81 Parameter

A pargmeter is an.unbound variable that can be changed, passed, or returned. A parameter may include a name, tyge, and
directipn of communication. Parameters are used in the specification of operations, messages and events, templates, etc.

In the metamodel, a Parameter is a declaration of an argument to be passed to, or returned from, an Operation, a Signal, etc.

Attributes

defaultValue An Expression whose evaluation yields a value to be used when no argument is supplied for the 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 centaihing
Parameter list.
Assogiations
type Designates a Classifier to which an argument value must conform.
4.5.2.82 Permission
Permigsion is akind of dependency. It grants a model element permission to access elementsin another namespace.
In the metamodel, Permission in a Dependency between a client Model Element and a supplier ModelElement. Theg client
receivgs permission to reference the supplier’s contents. The supplier must €a Namespace.
The predefined stereotypes of Permission are access, import, and friend;
In the ¢ase of the access and import stereotypes, the client is granted permission to reference elements in the suppliler
namespace with public visibility. In the case of theimport steregtype, the public namesin the supplier namespace afe added to
the clignt namespace. An element may also access any protegted contents of an ancestor namespace. An element nay also
accessfany contents (public, protected, private, or package)<of its own namespace or a containing namespace.
In the ¢ase of the friend stereotype, the client is granted permission to reference elementsin the supplier namespace,| regardless
of visibility.
Stereptypes
«aCcCess» Access is a stereotyped permission dependency between two namespaces, denoting that the public gontents of
the target_namespace are accessible to the namespace of the source package.
«frierfd» Friend-s a stereotyped permission dependency whose source is a model element, such as an operatfon, class,
or‘package, and whose target is a model element in a different package, such as an operation, class of package.
A friend relationship grants the source access to the target regardiess of the declared visibility. It extends the
visibility of the supplier so that the client can see into the supplier.
«impQrt» Import is a stereotyped permission dependency between two namespaces, dencting that the public qontents of
the target package are added to the namespace of the source package.
4.5.2.83—PresentationElement

A presentation 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

metacl

asses 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 not specified here. It is astub for their future definition.
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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 UM

L itself include Integer, Unlimitedinteger, and String.

Therun-timeinstances 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.
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4.5.2.

A relationship is a connection among model elements.

Inthe
Childr

4.5.2.

ted Features

mmingL anguageDataType is meant to define language-dependent constructs for which inheritance propertie
ned in UML.

B6 Relationship

Metamodel, Relationship is aterm of convenience without any specific semantics. It is abstract.

bn of Relationship are Association, Dependency, Flow, and Generalization.

B7.'StructuralFeature

IS are

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.
Possihilities are:
¢ changeable - No restrictions on modification.
& frozZen - The valle may Not be altered aflter the object 15 Instamttared and 115 values mitiattzed ] No
additional values may be added to a set.
¢ addOnly - Meaningful only if the multiplicity is not fixed to a single value. Additional, values 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(/Fhe cardinality] of the set
of values is an implicit part of the feature. In the common case in which the multiplicity is 1..1, thgn 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 maintained |by
Operations that add values to the feature. This property is only relevantif the multiplicity is greatef than one.
Possihilities are:
¢ unordered - The instances form a set with no inherent erdering.
e ordered - A set of ordered instances can be scanneddmorder.
¢ 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 tools.
targetiScope Specifies whether the targets are ordinary Instances or are Classifiers.
Possihilities are:
* instance - Each value contains a‘réference to an Instance of the target Classifier. This is the sejting for a
normal Attribute.
» classifier - Each value contains a reference to the target Classifier itself. This represents a way to store
meta-information.

Assogiations

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

type.

Tagged Values

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

4.5.2.88-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 placeholder for a template argument. See association templateParameter in Section 4.5.2.27,
“ModglElement,” on page 44 for details.

Assogiations

defau|tElement An optional default value ModelElement. In case of a Binding of the template ModéelElement 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 argumeéntyis supplied and therg is no
default value, the model isill formed.

45.2.40 Usage

A usade is arelationship in which one element requires another element (or set of élements) for its full implementgtion or
operation. The relationship isnot a mere historical artifact, but an ongoing neeg; therefore, two elementsrelated by tisage must
bein the same model.

In the metamodel, a Usage is a Dependency in which the client requiresthe presence of the supplier. How the clierft uses the
suppli¢r, such as a class calling an operation of another class, a method having an argument of another class, and ajmethod
from alclass instantiating ancther class, is defined in the description of the particular Usage stereotype.

Various stereotypes of Usage are predefined, but the set is gpen-ended and may be added to.

Stereptypes

«cal ] Call is a stereotyped usage dependency whose source is an operation and whose target is an operation. The
relationship may also be subsumed to the class containing an operation, with the meaning that therg exists an
operation in the«lass to which the dependency applies. A call dependency specifies that the sourcejoperation
or an operation in the source class invokes the target operation or an operation in the target class. A call
dependency.may connect a source operation to any target operation that is within scope including, but not
limited to, Joperations of the enclosing classifier and operations of other visible classifiers.

«creae» Create is a stereotyped usage dependency denoting that the client classifier creates instances of the|supplier
classfier.

«instantiate» A stereotyped usage dependency among classifiers indicating that operations on the client create ingtances of
the supplier.

«sench» Send is a stereotyped usage dependency whose source is an operation and whose target is a signal, gpecifying
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.

selLf _all Connections->size >=3 | I"r‘:’ﬂ Les

sel f.al |l Connections->foral | (aggregati on = #none)

[4] The connected Classifiers of the AssociationEnds should be included in the Namespace of the Association, or pe
Clssifiers with public visibility in other Namespaces to which the Namespace of the Association has “access”
Parmissions.

sql f.all Connections->forAll(r | self.nanespace. al | Contents->i ncl udes '(r<participant) ) or

sql f.all Connections->forAll (r | self.nanmespace. al | Contents->excl udes’ (r.participant)
inplies

sel 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( Nanespace) . ownedEl enment ~>sel ect (e |

e. el enent Omner shi p. vi si bi | i tyo=
#publ i c)->i ncl udes (r,.participant) or

d. suppl i er.ocl AsType(General i zabl eEl erent).
al | Parents. ocl AsType( Nanespace) . ownedEl enment - >sel ect (e |
e. el enent Omershiyp. visibility =
#publ i ¢)=>i ncl udes (r.participant) or
d. suppl i er. ocl AsType( Package) . al | I nport edEl enents->select (e |
e. elementinport.visibility =

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

Addit{onal operations
[1] The operation allConnéttions results in the set of all AssociationEnds of the Association.
al|l Connecti ohs™ Set (Associ ati onEnd);

al|l Connecti bns = sel f.connection

4.5.3.2 AssociationClass

[1] ThetamesoftheAssoctatronEndsanc-the-StructuratFeattrestonot-overtap:
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

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

a. al | Connecti ons)) - >asSet
4.5.3.8 AssociationEnd

[1] The Classifier of an AssociationEnd cannot be an Interface or a DataType if the association isnavigable away [from
that end.

(del f.participant.ocllsKindX (Interface) or
sql f.participant.ocl|sKingd (DataType)) inplies
sel 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.

sql f. aggregation = #conposite inplies self.multiplicity.upperbound =1

Addit|onal operations
[1] The operation upperbound returns the maximum upperbound value across al potential ranges of amultiplicityj
ugper bound( ) : Unlinmitedlnteger;

ugper bound =
sel f.range->exi sts(r : MiltiplieityRange | r.upper = result) and
sel f.range->foral | (r : MiltiphkicityRange | r.upper <= result)

4.5.3.4 Attribute
No extrawell-formedness rul es.
4.5.3.5 BehavioralFeature

[1] Al Parameters should-have a unique name.
sql f. paranet ér=>for Al l (pl, p2 | pl.name = p2.nanme inplies pl = p2)
[2] The type of\the Parameters should be included in the Namespace of the Classifier.

sql f paranmeter->forAll ( p |

sql f_Jowner . 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
h

naranptar atLindaw) kind —
—pataHe+e+ et e

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

[2] The operation matchesSignature checksif the argument has a signature that would clash with the'signature of jthe
ingtance itself (and therefore must be unique). Mismatchesin kind or any differencesin returnparameters do rjot
cajuse amismatch:

mgt chesSi gnature ( b : Behavioral Feature ) : Bool ean;
mgt chesSi gnature (b) =
(gqel f.name = b.nane) and
(gel f. paraneter->size = b. paraneter->si ze) and
Sqquence{ 1..(self.paraneter->size) }->forAl( index):VInteger |
b. paranet er - >at (i ndex) .type =
sel f. paranet er->at (i ndex).type or
(b. paraneter->at (index).kind = return and

sel f. paranet er - >at (i ndex) . ki nd =x%t urn)

)
4.5.3.6 Binding

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

sql f.client.ocll|sKindO(sel¥f.supplier)

[2] Eqch argument Model Element.of the supplier must have the same type (or a descendant of the type) of the
carresponding supplier parameter Model Element in a Binding.

I gt range : Set(lnteger) = [1..self.argunments->size()] in
rgnge- >f or Al |,.Gi'ndex |

arlgunent s- >at.(\i ndex) . ocl | sKi ndCOf (

suppl i‘er).'t enpl at ePar anet er - >at (i ndex) . ocl Type

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

sql flJar gunent s- >si ze() = sel f.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 descriptor.
not self.isAbstract inplies self.allQOperations->forAl (op |

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

[2] AlCIass can only contain Classes, Associations, Generalizations, UseCases, Constraints, Dependencies,
Collaborations, DataTypes, and Interfaces as a Namespace.

sql f.all Contents->forAll->(c |
c.locl I sKi ndOf (Cl ass ) or
c.locl | sKi ndOf (Associ ation ) or
c.locl | sKi ndOf (General i zation) or
c.locl | sKi ndOF (UseCase ) or
c.locl I sKi ndOf (Constrai nt ) or
c.locl | sKi ndOf ( Dependency ) or
c.locl I sKi ndOf (Col | aboration ) or
c.locl | sKi ndOf (Dat aType ) or

c.locl I sKi ndOf (I nterface )
4.5.3.8 Classifier

[1] No BehavioralFeature of the same kind may match the same signature in a Classifier.

sql f.feature->forAll (f, g |

(

(
(f.ocllsKindOf (Qperatien)* and g.ocl | skKi ndOf (Operation)) or
(f.ocllsKi ndOf ( Met hod ) and g. ocl | sKi ndOf ( Met hod )) or
(f.ocllsKindOf (Reception) and g.ocl|sKi ndOf (Reception))

) |land

f .Jocl AsType( Behavi or al Feat ure) . mat chesSi gnat ur e( g)

inplies f. = 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 Model Element
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

sql f. opposi t eAssoci ati onEnds->forAll ( o |
ndt self.allAttributes->union (self.allContents)->collect ( q |

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

[6] Far each Operation in an specification realized by the Classifier, the Classifier must have a matching Operatiol

=

sql f.specification.all Operations->forAl (interQ |

sql f.al |l Operations->exists( op | op.hasMatchingSignature (inte~®) ) )

[7] Al of the generalizationsin the range of a powertype have the same discriminatQr-

sql f. powertypeRange->for Al |
(d1, g2 | gl.discrimnator = g2.discrinnator)

[8] Dilscriminator names must be distinct from attribute names and opposite A ssociationEnd names.

sgl f.all Discrimnators->intersection (self.allAttri butes. nanme->uni on
(gel f.al |l Opposi teAssoci ati onEnds. nane) ) - >i sEnptly

Addit{onal operations
[1] The operation allFeatures resultsin a Set containing all Features of the Classifier itself and all its inherited Fegtures.
al|l Features : Set(Feature);
al|l Features = sel f. f eat ur e- >uni"on(

sel f. parent. oel AsType(d assifier). all Features)

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

al|l Operations : Set(Operation);

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

al|l Met hadsVv. set ( Met hod) ;

al|l Met hods = self.al |l Features->sel ect(f | f.ocllsKindCf (Method))

Hebhidoc of tha Clacoifiar itonlf and Al e i nhariead
3 -t Tt THHCHT

4 Tr a-aberation-al Attribitocrocultc 1n A Ot aant A, il
C O et O a7 T T T Tt C o T eSOt o T o oC - Corta T T HoTtCS ot TS T TtOCTT T 1t o

Attributes.

@
&b

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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[6] The operation allAssociations resultsin a Set containing all Associations of the Classifier itself and all its inherited
Associations.

al

al

[7] Tllne operation oppositeAssociationEnds resultsin a set of all AssociationEnds that are opposite to the Classifigr.
ofposi t eAssoci ati onEnds : Set (Associati onkEnd);
ofposi t eAssoci ati onEnds =

sql f.associ ations->select ( a | a.connection->select ( ae |

sql f. associ ati ons->select ( a | a.connection->select ( ae|

[8] The operation allOppositeAssociationEnds resultsin a set of all AssociationEnds, including the inherited ones

ar
al

al

[9] The operation specification yields the set of\Classifiers that the current Classifier realizes.
speci fication: Set(d assifier)

speci fication = self.cligentDependency->
sql ect (d |

. qupplier.ocl AsType(d assifier)

[10] T

cdntents inkerited from its parents.

al

al

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

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

ae.participant = self ).size =1 )->collect ( a |
a. connection->

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

ae.participant = self ).size > 1 )->collect ( a |

a. connection) )

b opposite to the Classifier.
| Opposi t eAssoci ati onEnds : Set (Associ ationEnd);
| Opposi t eAssoci ati onEnds = sel f. oppositeAssoci ati onEnds->uni on (

sel f. parent. al | Opposi t eAssoci ati onEnds )

d. ocl | sKi ndOF ( Abstt act i on)
and d.stereotype.nrame = "realization"
and d. supplier. ocl | skKi ndOr (d assifier))

he operation ‘@l Contents returns a Set containing all Model Elements contained in the Classifier together wit

| Conténts : Set (Model El enent);

that

h the

I'Contents = sel f.contents->uni on(

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

Cl

al

assifier is descended itself and all itsinherited Features.
| Discrimnators : 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.

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

[2] A |Component does not have any Features.

sql f.feature->i seEnmpty

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

sql f.al | 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) or
re.ocl I skKi ndOf (Constrai nt)= or
re.ocl | skKindOf (Si gnal ) or
re.ocl | sKi ndOf ( Dat'aVal ue) or
re.ocl | skindOX (Qoj ect) )

Addit{onal operations

[1] The operation all ResidentElements resultsin a Set containing all Model Elements resident in a Component or ¢ne of
itd ancestors.

al|l Resi dent El eneyit's : set (Model El enent)
al|l Resi dent El.enments = sel f. resi dent - >uni on(
sql f . parent”. ocl AsType( Conponent). al | Resi dent El enent s->sel ect( re |

re. el enent Resi dence.visibility = #public or

re elenent Residence 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 |

f.ocl|sKindO (Operation) and f.ocl AsType(Operation).isQery)

[2 A

DataType cannot contain any other M odel Elements.

sel f. al | Contents->i sEnpty

ISO/IEC 19501:2005(E)

4.5.3.
No ext]
4.5.3.
No ext]

4.5.3.

|3 Dependency

Fawell-formedness rul es.

14 Element

Fawell-formedness rul es.

|5 ElementOwnership

No addiitional well-formedness rules.

4.5.3.

16 ElementResidence

No addiitional well-formedness rules.

4.5.3.

7 Enumeration

No additional well-formedness rules.

4.5.3.

18 EnumerationLiteral

No additional well-formedness rules.

4.5.3.
No ext]
4.5.3.
(1 A

Sq
[2] N

Sq
[3] Ci

ng

19 Feature
Fawell-formedness rul es.
PO GeneralizableElement

root cannot have any Generalizations.

I f.isRoot inplies-self.generalization->isEnpty

| f.parent«>forAll (s | not s.islLeaf)

rcular inheritance is not alowed.

t sel. all Parents->incl udes(sel f)

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

[4] TI

+ P H Lisalacl i +lo Nl £ el o OO | PPN ol | 4+
C A TITUTTIUSU UTTTICTUUCU TTIT U TC TNANTTICoPALT UT TTIT OTTITT AT ZAJTTLITITITT L.

sel f.generalization->forAl (g |

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

[5] A GeneralizableElement may only be achild 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 T

s operaonm atPase SIS a Ser conamning a e oeraizane eIme i orited by
GeneralizableElement (the transitive closure), excluding the GeneralizableElement itself.

al|ll Parents : Set(Generalizabl eEl ement) ;
al|ll Parents = sel f. parent->uni on(sel f. parent. all Parents)
4.5.3.21 Generalization

No extfa well-formedness rules.
4.5.3.22 ImplementationClass (stereotype of Class)

[1] Al direct instances of an implementation class must not have any other Classifiers that are implementation clgsses.
sqgl f.instance.forall (i | i.classifier.forall(c |

c.stereotype. namre = "inplenentati onClass" inplies ¢ = self))
[2] A [parent of animplementation class must be an implementation‘elass.
sql f. parent->for Al | (stereotype. name="i npl enentati ond ass")

4.5.3.23 Interface

[1] A Interface can only contain Operations.
sql f.all Features->forAl | (f |

f.ocl|lsKindOF (Qperation) or f.ocllsKindO(Reception))

[2] A Interface cannot contain any Model Elements.

sql f.al | Contents->i sEnpty
[3] All Featuresdefined in anlnterface are public.
sglf.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.

sql S specification->isQuery inplies self.isQery

[2] Thesignature 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 gnat ure(op)))

[6] TILere may be at most one method for agiven classifier (as owner of the method) and operation (as specificati an of

th

s§
4.5.3.

That p
well fg

(

Addit

[1] The operation supplier resultsin a Set containing all direct suppliers of the M odel Element.

sy
sy
[2] TH
in
al

al

[3] The operation “model” results in the set(ofyModels to which the Model Element belongs.

ng

ng

[4] A

[5] A

b method) pair.

| f.owner. al | Met hods- >sel ect (operation = self.operation)->size =1
P5 ModelElement

brt of the model owned by atemplateis not subject to all well-formedness rules. A template is not directly u
rmed model. The results of binding atemplate are subject to well-formedness rules,

ot expressed in OCL)

onal operations

pplier : Set(Mdel El enent);

pplier = self.clientDependency. supplier

e operation all Suppliersresultsin a Set containing all the'M odel Elements that are suppliers of this Model El¢
Cluding the suppliers of these Model Elements. This isthe transitive closure.

| Suppliers : Set(Mdel El enent);

| Suppliers = self.supplier->union(self.supplier.allSuppliers)

del : Set(Model);
del = sel f. nanespace->uni on(sel f. nanespace. al | Surroundi ngNanespaces)
->sel ect( ns|
ns. ocl | sKi nd&X (Model))
Model Elementis-atemplate when it has parameters.

Tenpl at e~ Bool ean;

Tenpl ate = (sel f.tenpl at ePar anet er - >not Enpt y)

MuodelElement is an instantiated template when it is related to a template by a Binding relationship.

sablein a

Ement,

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
N@mespace.

sql f.all Contents->forAll (mel, nme2 : Model El emrent |

( |not nel.ocl|sKindO (Association) and not ne2.ocl|sKindO (Association) and
nel.nane <> ‘'’ and ne2.name <> ‘’ and nmel.name = nme2.name

) |implies

mel = ne2 )

[2] All Associations must have a unique combination of name and associated Classifiersin the Namespace.

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

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

Addit{onal operations

[1] The operation contents resultsin a Set containing all M odelElements contained by the Namespace.
cqntents : Set (Model El enent)

cgntents = sel f. ownedEl enment -> uni on(sel f. namespace, contents)

[2] The operation allContents resultsin a Set cofitaining all M odel Elements contained by the Namespace.
al|l Contents : Set(Model El enent )
al|l Contents = sel f.contents

[3] The operation allVisibleElements results in a Set containing all Model Elements visible outside of the Namespace.
al|l Vi si bl eEl enent s ~Set ( Model El enent)
al|l Vi si bl eEl enents = self.all Contents -> select(e |

e. el enent Omership.visibility = #public)

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

al|l Sur noundi ngNanespaces : Set ( Nanespace)

al|l 'Sur r oundi 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.

ISO/IEC 19501:2005(E)

4.5.3.81 Primitive

No additional well-formedness rules.

4.5.3.82 StructuralFeature

[1]

(2]

The connected type should be included in the owner’s Namespace.

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

The type of a Structural Feature must be a Class, DataType, or Interface.

sql f.type. ocl I sKi ndOf (O ass) or
sql f.type. ocl | sKi ndOf (Dat aType) or
sql f.type.ocl I sKindOf (I nterface)

4.5.3.83 Trace

A trac

[1]

(2]

(3]

[4]

TIe client Model Elements of a Trace must all be from the.same Model.

sqlf.client->forAl |l (el, e2 | el.nodel =\e2.nodel)

The supplier ModelElements of a Trace must all*be from the same Model.

sql f.supplier->forAll (el, e2 | el -nhodel = e2. nodel)

The client and supplier Model Elements.must be from two different Models.

sdl f.client.nodel <> self.\supplier.nodel

The client and supplier Model Elements must all be from models of the same system.

sdl f.client.nodel.Ni'bt ersection(sel f.supplier.nodel) <> Set{}

4.5.3.84 Type (stereotype of Class)

(4

(2]

A [Type maydnat have any Methods.

ndt self.f eature->exi sts(ocl|sKi ndOf (Met hod))

Theparent of atype must be atype.

is an Abstraction with the «trace» stereotype. These are thé’additional constraints due to the stereotype.

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 aseouatlon ends, each specifying aconnected classifier and aset of properuesthat must befulfllled for the relationship to
! d (the one
bearing the multiplicity value) may be associated with a single instance of the classifier at the other end A multiplicity isa
range f non-negative integers. The association end also states whether or not the connection may be traversed-towfards the
instange playing that role in the connection (isNavigable), for instance, if the instance is directly reachable Viathe gssociation.
An asspciation-end also specifies whether or not an instance playing that role in a connection may be replaced by gnother
instange.

It may [state that
« | no constraints exist (changeable),
« | thelink cannot be modified once it has been initialized (frozen), or
* | new links of the association may be added but not removed or altered (add©nly).

These ponstraints do not affect the modifiability of the objects themselves that are attached to the links. Moreover, the
classifier, or (achild of) the classifier itself. The ordering attribute of association-end states that if the instances relgted to a
single [nstance at the other end have an ordering that must be preserved,the order of insertion of new links must be specified
by operations that add or modify links. Note that sorting is a performance optimization and is not an example of alogically
orderegl association, because the ordering information in a sort does not add any information.

In UML, Associations can be of three different kinds: 1) ordinary association, 2) composite aggregate, and 3) shargable
aggregate. Since the aggregate construct can have several\different meanings depending on the application area, UML givesa
more grecise meaning to two of these constructs; that (S, association and composite aggregate and |eaves the sharegble
aggregete more loosely defined in between.

An asspciation may represent an aggregation; that is, awhole/part relationship. In this case, the association-end attached to the
whole flement is designated, and the other ‘association-end of the association represents the parts of the aggregation. Only
binary [associations may be aggregations-~Composite aggregation is a strong form of aggregation, which requiresthat a part
instange be included in at most one-.composite at atime and that the composite object has sole responsibility for the flisposition
of its parts. This meansthat the composite object is responsible for the creation and destruction of the parts. In impl@mentation
terms, Jt isresponsible for their:memory allocation. If acomposite object is destroyed, it must destroy all of its parfs. It may
remove a part and give it to.another composite object, which then assumes responsibility for it. If the multiplicity ffom a part
to composite is zero-to-0ne, the composite may remove the part, and the part may assume responsibility for itself, gtherwise it
may not live apart fromTa composite.

A congequence ofithese rulesis that a composite implies propagation semantics; that is, some of the dynamic semaitics of the
whole |s propagated to its parts. For example, if the whole is copied or destroyed, then so are the parts as well (becpuse a part

may b(f ongito at most one composite).
A classifier on the compoSIte end of an association may have parts are classIfiers and associaiions. € 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 its owner 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 relationship; that is, the
instances form a directed, non-cyclic graph. Composition instances form a strict tree (or rather aforest).

64 © ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

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
qualifiprhas both semantic and implementation CONSeqUENCES. Th the case of multiplicity U..%, It has no real semantic
conseduences but suggests an implementation that facilitates easy access of sets of associated instances linked by-d given
qualifigr value.

Note that the multiplicity of aqualifier is given assuming that the qualifier value is supplied. The “raw*multiplicity without
the qudlifier 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 g|so that a qualified multiplicity whose lower bound is zero indicates that a given qualifier’'value may be absant, while a
lower bound of 1 indicates that any possible qualifier value must be present. The latter jsteasonable only for qualifierswith a
finite qumber of values (such as enumerated values or integer ranges) that represent full-tables indexed by some finite range of
values|

4.5.4.2 AssociationClass

An asgociation may be refined to have its own set of features; that is, features that do not belong to any of the connected
classifiers but rather to the association itself. Such an association is ecalted an association class. It will be both an agsociation,
connedting a set of classifiers and a class, and as such have features and be included in other associations. The semantics of
such an association is a combination of the semantics of an ordinary association and of aclass.

The AssociationClass construct can be expressed in afew different ways in the metamodel (for example, as a subclass of
Class, ps a subclass of Association, or as a subclass of Classifier). Since an AssociationClassis a construct being bpth an
associgtion (having a set of association-ends) and a class (declaring a set of features), the most accurate way of expilessingitis
asa suPclass of both Association and Class. In thisway, AssociationClass will have all the properties of the other two
constriicts. Moreover, if new kinds of associatienscontaining features (e.g., AssociationDataType) areto be includgd in UML,
these gre easily added as subclasses of Association and the other Classifier.

The tefms child, subtype, and subclass‘are'synonyms and mean that an instance of a classifier being a subtype of another
classifier can always be used wherg-an.instance of the latter classifier is expected. The neutral terms parent and chilld, with the
transitive closures ancestor and.descendant, are the preferred terms in this document.

4.5.4.8 Class

The pyrpose of a classisto declare a collection of methods, operations, and attributes that fully describe the structdre and
behavipr of objects{AN objects instantiated from a class will have attribute values matching the attributes of the fu]l class
descriptor and support the operations found in the full class descriptor. Some classes may not be directly instantiatéd. These
classeg are said'to be abstract and exist only for other classesto inherit and reuse the features declared by them. No pbject may
be adifect instance of an abstract class, although an object may be an indirect instance of one through a subclass that is non-
abstraqt.

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

a subclass-of-otherclasses, Qimil:urly' ifitis cpnr\ifinrl asa In:\f, no-other class can he a subclass of the class,

Each gtribute declared in aclass has avisibility and atype. The visibility definesif the attribute is publicly availale to any
class, if it isonly available inside the class and its subclasses (protected), if it can be used within the containing pagkage
(package), or if it can only be used inside the class (private). The targetScope of the attribute declares whether its value should
be an ipstance (of achild) of that type or if it should be (a child of) the type itself.

There gre two alternatives for the ownerScope of an attribute:
« | it may state that each object created by the class (or by its subclasses) has its own value of the attribute, or
« | that the value is owned by the class itself.

An attriibute also declares how many attribute val ues should be connected to each-owner (multiplicity), what the injtial values
should|be, and if these attribute values may be changed to:

* [ none - no constraint exists,
« | frozen - the value cannot be replaced or added to once it hasbeen initialized, or

« | addOnly - new values may be added to a set but not remiéved or altered.

h operation, the operation name, the types of the parameters, and the return type(s) are specified, aswell asifsvisibility
(see ajove). An operation may also include a specificationof the effects of its invocation. The specification can beldonein

severa different ways (for example, with pre- and pest-conditions, pseudo-code, or just plain text). Each operation|declares if
it is applicable to the instances, the class, or to thelassitself (ownerScope). Furthermore, the operation states whether or not

by a different method in a subclass (isPolymorphic). A method realizing an operation has the same signatyre as the
operatilon and a body implementing the specification of the operation. Methods in descendants override and replacé methods
inherited from ancestors (see Section:5.4.4, “ Inheritance,” on page 67). Each method implements an operation deaclared in
or inherited from an ancestor. The same operation may be declared more than oncein afull class descriptqr, but their
descriptions must all match, except-that the generalization properties (isRoot, |sAbstract, isLeaf) may vary, and achild
operatilon may strengthen query properties (the child may be a query even though the parent is not). The specification of the
methodl must match the specification of its matching operation, as defined above for operations. Furthermore, if tr;fisQuery
attribute of an operatien‘istrue, then it must also be truein any realizing method. However, if it isfalsein the operatjon, it may
till betrue in the method if the method does not actually modify the state to carry out the behavior required by thg operation
(this caqn only betrue if the operation does not inherently modify state). The visibility of a method must match its dperation.

Classes may have associations to each other. Thisimplies that objects created by the associated classes are semantifcally
conneqted:that is, that links exist between the objects, according to the requirements of the associations. See Assodiation on
the nextpageAssocrations are mherted-by sutctasses.

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 operations 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 g—theritance

To understand inheritance it is first necessary to understand the concept of afull descriptor and a segment descripter. A full
descriptor isthe full description needed to describe an object or other instance (see Section 4.5.4.5, “Instantiation,”| on

page 6[). It contains a description of all of the attributes, associations, and operations that the object contains. In apre-object-
orientgd language, the full descriptor of adata structure was declared directly inits entirety. In an objéct-oriented lapguage, the
description of an object is built out of incremental segments that are combined using inheritance te produce a full descriptor
for an pbject. The segments are the modeling elements that are actually declared in a model. They include element$ such as
class and other generalizable elements. Each generalizable element contains alist of featurés’and other relationships that it
adds tg what it inherits from its ancestors. The mechanism of inheritance defines how fulldescriptors are produced from a set
of segments connected by generalization. The full descriptors are implicit, but they define the structure of actual instances.

Each kind of generalizable element has a set of inheritable features. For any modé)élement, these include constraints. For
classifiers, these include features (attributes, operations, signal receptions, andmethods) and participation in associftions. The
ancestors of a generalizable element are its parents (if any) together with.all“ef their ancestors (with duplicates rempoved). For
aNamgpspace (such as a Package or a Class with nested declarations), the public or protected contents of the Namegpace are
availjle to descendants of the Namespace.

If ageneralizable element has no parent, then itsfull descriptor iSthe same as its segment descriptor. If ageneralizaljle element
has ong or more parents, then its full descriptor contains the union of the features from its own segment descriptor pnd the
segment descriptors of all of its ancestors. For a classifier, ho attribute, operation, or signal with the same signaturg may be
declarId in more than one of the segments (in other words, they may not be redefined). A method may be declared|in more
than ofe segment. A method declared in any segment.supersedes and replaces a method with the same signature declared in
any anpestor. If two or more methods nevertheless,yemain, then they conflict and the model isill formed. The congraints on
the ful| descriptor are the union of the constraints on the segment itself and al of its ancestors. If any of them are inconsistent,
then the model isill formed.

Inany full descriptor for aclassifier, each method must have a corresponding operation. In a concrete classifier, each operation
initsfyll descriptor must have a carresponding method in the full descriptor. The purpose of the full descriptor is explained
under $ection 4.5.4.5, “Instantiation,” on page 67.

4.5.4.5 Instantiation

The pyrpose of a model-is to describe the possible states of a system and their behavior. The state of a system comprises
objects, values, and links. Each object is described by afull class descriptor. The class corresponding to this descriptor is the
direct ¢lass of the'object. If an object is not completely described by a single class (multiple classification), then arly classin
the minimal sét-of unrelated (by generalization) classes whose union completely describes the object is a direct clags of the
object| Similarly each link has a direct association and each value has a direct datatype. Each of these instancesis $ai

direct instanceof-thectassifrer-fronrwhirchttsfutdeseriptor-was derived-Armstancetsantdirectnstanceof-thee

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 of both external
and internal behavioral effects.

45.4.6 Interface

The purpose of an interfaceisto collect a set of operations that constitute a coherent service offered by classifiers! | nterfaces
provide away to partition and characterize groups of operations. An interface is only a collection of operationswith aname. It
cannot|be directly instantiated. | nstantiable classifiers, such as class or use case, may use interfaces for specifying dlifferent
servicgs offered by their instances. Several classifiers may realize the same interface. All of them must.contain at I%sx the
operatilons matching those contained in the interface. The specification of an operation contains the &ignature of the operation
(i.e., its name, the types of the parameters, and the return type). An interface does not imply any internal structure ¢f the
realizimg classifier. For example, it does not define which algorithm to use for realizing an eperation. An operation|may,
howevEr, include a specification of the effects of its invocation. The specification can be.done in several different ways (e.g.,
with p%(;and post-conditions, pseudo-code, or just plain text).

Each ation declares if it appliesto the instances of the classifier declaring it orto the classifier itself (for example, a

constryictor on a class (ownerScope)). Furthermore, the operation states whethér or not its application will modify the state of
the instance (isQuery). The operation al so states whether or not all the classesimust have the same realization of the operation
(isPolyimorphic).

Anintgrface can be a child of other interfaces denoted by generalizations. This means that a classifier offering the {nterface
must provide not only the operations declared in the interface but-al$o those declared in the ancestors of the interfage. If the
interface is specified asaroot, it cannot be a child of other interfaces. Similarly, if it is specified as aleaf, no other [interface
can bela child of the interface.

4.5.4.Y Operation

Operatjon is a conceptual construct, while Methad;ts the implementation construct. Their common features, such as having a
signature, are expressed in the Behavioral Fegture metaclass, and the specific semantics of the Operation. The Method
construycts are defined in the corresponding subclasses of Behavioral Feature.

4.5.4.8 PresentationElement

The regponsibility of presentationelement isto provide atextual and graphical projection of acollection of model elements. In
this coptext, projection meansthat the presentation element represents a human readable notation for the correspondling model
elements. The notation for-UML can be found in Chapter 3 of this document.

Presentation elementsand model elements must be kept in agreement, but the mechanisms for doing this are design issues for
model fediting toals,

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 (M 1) model the model contar nsa representatlve of each parameter
eleme = . cter eleme G eque amete : of
includiing the metaclass Class in the (M 1) ord| nary model a dummy cI ass must be declared Whose nameis the nanje of the
paramégter. This dummy element is meaningful only within the template (it may not be used within the wider model) and it has
no featlures (such as attributes and operations), because the features are part of an actual element that is supplied when the

constrai itskind; i i indi i i - £SS

itskind; it
isastyb. Its semantics and well-formedness rules must be evaluated as if the actual substitutions of actual elements for
paramégters had been made; but the expansions are not explicitly shown in a canonical-medel asthey are regarded gs derived.

A template element istherefore effectively isolated from the directly-usable part of.the model and isindirectly connected to its
nodelsin

severa

A dependency specifies that the semantics of a set of model-el ements requires the presence of another set of model| elements.
pliesthat if the source is somehow modified, the dependents probably must be modified. The reason for th
lency can be specified in several different ways{(e.g., using natural language or an algorithm) but is often implicit.

A Usagie or Binding dependency can be established only between elements in the same model, since the semanticspf a model
cannot| be dependent on the semantics of another model. If a connection isto be established between elements in different
model$, a Trace or Refinement should belused. Refinement can connect elementsin different or same models.

Whengver the supplier element of adependency changes, the client element is potentially invalidated. After such invalidation,
a check should be performed foltewed by possible changes to the derived client element. Such a check should be performed

after which action can be takén-to change the derived element to validate it again. The semantics of this validation gnd change
is outs|de the scope of UM,

A datg|type is a speci@*kind of classifier, similar to a class, but whose instances are primitive values (not objects). For
example, the integersand strings are usually treated as primitive values. A primitive value does not have an identity, so two
occurrences of_the.same value cannot be differentiated. Usually, it is used for specification of the type of an attribute. An
enumeration‘type is a user-definabl e type comprising a finite number of values.

4.6 BExtenstonMechantsms

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.

Stereofypes are themselves metaclassesin UML. Consequently, the user of a UML tool candefine stereotypes; for pxample, a
new stereotype «persistent» could be defined that can be attached to classes. Many userswill not define new stereqtypes, but
will only apply them during modeling; for example, the stereotype “ «persistent»” cane-attached to the class“ Invojce”’ by the
model T( A tool could use this as an indicator that a database table definition needs to\be generated.

I

A profileis astereotyped package that contains model elements that have beenlcustomized for a specific domain or purpose by
extend|ng the metamodel using stereotypes, tagged definitions, and constraints. A profile may specify model librarjes on
which |t depends and the metamodel subset that it extends.

A stergotypeisamodel element that defines additional values (based‘on tag definitions), additional constraints, and|optionally
anew graphical representation. All model elements that are brandedby one or more particular stereotypes receive these values
and copstraints in addition to the attributes, associations, and superclasses that the element has in the standard UML.
Stereofypes augment the classification mechanism based.onrthe built in UML metamodel class hierarchy; therefore, names of
new stereotypes must not clash with the names of predefined UML metamodel elements or standard elements.

Tag definitions specify new kinds of properties that may be attached to model elements. The actual properties of individual

model elements are specified using Tagged Values: These may either be simple datatype values or references to other model
elements. Tag definitions can be compared t@ metaattribute definitions while tagged values correspond to values atfached to
model elements. They may be used to représent properties such as management information (author, due date, statuis), code
generation information (optimizationl-&vel, containerClass).

Constriints can also be attached to.any model element to refine its semantics. Constraints attached to a stereotype must be
observed by all model elements branded by that stereotype. If the rules are specified formally in a profile (for example, by

using OCL for the expressionof constraints), then a modeling tool may be able to interpret the rules and aid the mgdeler in
enforcing them when applying the profile.

Although it is outsidethe scope and intent of the UML specification, it is also possible to extend the UML metamqdel by
explicitly addinginew metaclasses and other meta constructs. This capability depends on the use of tools and repos|tories that
support the OMG Meta Object Facility (MOF). Profiles are sometimes referred to asthe ‘lightweight’ built-in extepnsion
mechahisms of UML, in contrast with the ‘ heavyweight’ extensibility mechanism as defined by the MOF specification. Thisis
because there are restrictions on how UML profiles can extend the UML metamodel. These restrictions are intendefl to ensure
that any extensions defined by a UML profile are purely additive. Such restrictions do not apply 1n 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
Templ fiesSthat the user may apply.

Severd profile-related standard stereotypes and tags are defined in the Model Management package and chapter, including
«profilie», «modelLibrary», «appliedProfile», and { applicableSubset} .

The fo[lowing sections describe the abstract syntax, well-formedness rules, and semantics of the Extension Mechanisms
package.

4.6.2| Abstract Syntax

The abstract syntax for the Extension Mechanisms package is expressed in graphic netation in Figure 10.

+extendedElement ModelElerment +eferenceValue
(from Core)
*
*
+constrainedElement
{ordered} ™ * 1
Al
. . ‘ * | +taggedvalue * | -+refergnceTag
Corstraint
GeneralizableElement * (from Corle) Teggedvalle
from @ dataValue : Stiing [
‘ *
port +stereotypeConstraint
* | +Hypedvalue
0.1 ‘
+stereotype Stereotype 1 o
icon: Geometry i
. e M +corstrainedStereotype TagDefintion
v +definedTag  |tagType : Name
P multiplicity : Muttiplicity
0.1 i

Figurgd 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 designated |fnguage.
For the model to be well formed, the expression must always yield atrue value when-gvel Uated for instances
of the constrained elements at any time when the system is stable; that is, not during-the executign of an
atomic operation.

When a constraint is attached to a stereotype, the lexical scope of that constraint is the UML meffamodel
rather than the M1 model in which the constraint is defined. This means'that there is no need to explicitly
import the UML metamodel.

Assogiations

constiainedElement An ordered list of elements subject to the constraint

constifainedSereotype A stereotype to which the constraint applies. This-constraint will automatically apply to all modg elements
branded by that stereotype.

Any ome Constraint must have one or more constrainedElemént links, or one constrainedStereotype link, but not bgth.

4.6.2.2 ModelElement (as extended)

Any model element may have arbitrary tagged values and constraints (subject to these making sense). A model element may
also hgve one or more stereotypes. In the latter¢ase, 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 impoge implicit
constraints on the modeling element and may require the presence of specific tagged values.

Assogiations

constiaint A constraint that must be satisfied by the model element. A model element may have a set of constfaints. The
constraint is to be evaluated when the system is stable; that is, not in the middle of an atomic opgration.

steredtype Designates the stereotypes that further qualify the UML metaclass (the base class or one of its subflasses) of
the modeling element. The stereotype does not conflict with or contradict the standard semantics pf the

metaclass to which it applies, but may specify additional constraints and tag definitions. All consfraints and
tag definitions on a stereotype apply to the model elements that are branded by the stereotype. The jstereotype
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 icon to be used
for presenting elements with the stereotype.

If astereotypeis a subclass of another stereotype, then it inherits al of the constraints and tagged values from its slerectype

supergpe and it must apply to the same kind of base class. A stereotype keeps track of the base class to whichiitym
applied. Stereotypes are typically grouped in a Profile package.

gy be

Attributes
base(lass Specifies the names of one or more UML modeling elements to which thelstereotype applies, such as Class,
Association, Refinement, Constraint. This is the name of a metaclass;«tharis, 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.annimage of a model element branded by the

stereotype.

Assogiations

extengledElement

Designates the model elements affected by the 'stereotype. Each one must be a model element of [the kind

specified by the baseClass attribute.

defingdTag

Specifies a set of tag definitions, eachof which specifies tagged values that a model element branpled by the

stereotype can have.

stereqtypeConstraint

Designates constraints that apply to al model elements branded by this stereotype. These constraints are

defined in the scope of the full UML metamodel.

4.6.2.4 TagDefinition

A tag definition specifies the tagged yalues that can be attached to a kind of model element. Among other things, tag
definit|ons can be used to define the virtual meta attributes of the stereotype to which they are attached. Some of th
attributes may be references to gther metamodel elements and, in effect, can be used to specify new one-way meta

ese meta

references.

Howewer, thislatter feature sheuld be used with discretion since it can easily be misused to define new semantics that are more

than jyst refinement of theesiginal UML metamodel.

Tag definitions should/be defined in conjunction with a stereotype since that allows them to be used in amore disc
manney (stereotypesare constrained by the semantics of their base class). However, primarily for reasons of compat

plined
bility with

model$ defined onvthe basis of UML 1.3, it is still possible to have tag definitions that are not associated with any gtereotype.
Attri ertes
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.

Assogiations

typedyalue The tagged values that conform to this tag definition.

owne The stereotype to which this tag definition belongs.

4.6.2.5 TaggedValue

A taggpd value allows information to be attached to any model element in conformance withits tag definition. Although a
tagged|value, being an instance of akind of Model Element, automatically inherits thename attribute, the name that|is actually
used in the tagged valueis the name of the associated tag definition. The interpretation.of tagged valuesisintentiondly beyond
the scgpe of UML semantics. It must be determined by user or tool conventions thiat*'may be specified in a profile i which the
tagged|value is defined. It is expected that various model analysis tools will define tag definitions to supply informgtion
needeq for their operations beyond the basis semantics of UML. Such infesmation could include code generation options,

model management information, or user-specified semantics.

Any tagged value must have one or more reference value links or one'or more data values, but not both.

Attributes

data\plue Specifies the set of valuesithat are part of the tagged value. The type of this value must conf¢rm to the

type specified in the tagType attribute of the associated tag definition. The number of values that can be
specified is defined by the multiplicity attribute of the associated tag definition.

Assogiations

type Specifies the tag definition which defines the name, meaning, and type of the tagged value.

refergnceValue Specifies the model elements that this tagged value references. These elements are model-leve| instances

of the metaclass or stereotype specified by the tagType attribute of the corresponding tag defirjition. The
number of references is defined by the multiplicity attribute of the associated tag definition.

4.6.3| Well-Formiedness Rules

The following’well-formedness rules apply to the Extension Mechanisms package.

4.6.3. Constraint

(1]

(2]

74

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

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] T4gSassociated with amodel element (difectly Viaa property 1St or indirectly via a stereotype) must not clasnjwith
anly meta attributes associated with the model element.

--| cannot be specified with OCL, |level M2 not accessible
[2] A{model element must have at most one tagged value with a given tag name.

sql f.taggedVal ue->forAl | (t1, t2 : TaggedVal ue |
tl.type.namre = t2.type.nane inplies t¥, =+42)
[3] A [stereotype cannot extend itself.

sql f . st er eot ype- >excl udes(sel f)
4.6.3.B Stereotype

[1] Stereotype names must not clash with any base class names.

Stlereotype. al |l I nstances->forAl |l (st | st.baseC assJ<> sel f. nane)

[2] The base class name must be provided.

Sqt {sel f.based ass}->not Enpty

[3] Tdg names attached to a stereotype must not clash.with M2 meta-attribute namespace of the appropriate base dlass
elément, nor with tag definition names of any inkerited stereotype.

--| cannot be specified with OCLy~level M2 not accessible
[4] The base class of a stereotype must be'the same or a subclass of the base class of parent stereotypes.
--| cannot be specified with OCL, |level M2 not accessible

[5] All stereotype definitions mustbe contained either directly or transitively in a profile package.
filndProfil e(sel f)s>not Enpty

Addit|onal Operations

[1] Thefind profile'operation returns either the single-element set containing profile package in which the model ellement
is|defined-oran empty set if the element is not contained in any profile.

fijndProfile (rme : Mdel El ement) : Set (Package)

if e mamespace>notEnpt y) 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 = ne.nanespace

else -- go up to the next |evel of nanmespace
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el

result = findProfil e (me.nanmespace)
se

result = me.namespace -- return enpty set

4.6.3.4 TagDefinition

[1] TH
P4

2] A
fi

4.6.3.

[ T

er

[2] TH
ds

[3] TH

4.6.4

The vd
structul
Within
existin
instand

ckage, or an instance of the DataType metaclass or one of its descendants.

cannot be specified with OCL, |level M2 not accessible

|| tag definitions must be contained either directly or transitively in a profile package.

ndProfil e(sel f)->not Enpty

b TaggedValue

e data value of atagged value is exclusive to the “referenceValue” association.

(sel f.referenceVal ue->si ze > 0)
then (sel f. dataVal ue->size = 0)
el se (sel f.dataVal ue->size > 0)
di f
e data value of atagged value must conform to the data type specified by the “tagType” attribute of the tag
finition.
cannot be specified with OCL (requiressan OCL function that converts a string ng
correspondi ng mnet atype)

e model elements associated with a tagged value by the “referenceValue” association must be instances of t
btacl ass specified by the “tagType” attribute of the tag definition.

cannot be specified with OCL (requires an OCL function that converts a string ng
correspondi ng mnet atype)

Detailed Semantics

ri ous extension mechanisms defined in this chapter represent extensions to the modeling language UML tha
re and semantics ofrmedel s produced by the user.

amodel, any uSer4evel model element may have a set of links to stereotypes, and a set of tagged values cor

e of auser=level model element must satisfy all of the constraints on its model element for the model to be w
tion of constrai ntsis to be performed when the relevant portion of the system is “stable " that is, after the con

Evalug

e type associated with atag definition is either the name of a UML metaclass, including elements of the DaﬂaType

nme into

ne

nme into

[ affect the

formant to

 tag definitions. The constraints defined for the stereotype specify restrictions on the instantiation of the madel. An

bl formed.
npletion of
bt can

be specm ed by the constra| nt Ianguage

i Nts must

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 definiti ons bel ongl ng to the stereotype will serve as specm cati ons for tagged vaI ues associ iated

to the

eneral specialization hierarchies.

Notes

ard compatibility of profileswith UML 1.3 has been addressed by maintaining the basic UML 1.3 extensior
ding new features that can be optionally exploited. There are two areas where backward compatibility has
Iy considered. First, although it is generally recommended that tags should be defined in the context of a stg

ns from
pbnflicts
is the case

features
been
reotype,

they may still be defined independently as was the case with UML 1.3. Second, although it is generally recommended that tag
definit|ons should be typed, they may still be defined with type declared Sring; that iS, they are effectively not typged.
UML 1.4 compliant tools are expected to make use of the ability to type tags,and to provide conversion utilities fgr models
based pn earlier versions of UML. It isimportant to note, however, that oldermodels that contain tags declared to be of type
Sring phould still work correctly, since Sring continues to be a standard UML datatype.
The fo[lowing are some typical examples of stereotypes and tag definitions:
A steneotype of Class with an associated tag definition
Stereptype Base Class Parent Tags Constraints | Description
persigtent Class N/A storageMode none Classes of this stereotype are persistent
and may be stored in a variety of different
modes.
Tag Stereotype Type Multiplicity Description
storageMode persistent StorageProfile::StorageEnum * identifies the storage mode
(an enumeration:
{table, file, object})
A sterleotype ofiClass with an associated tag definition
Stereptype 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
primdryKeyClass persistent reference to 1 Identifies the Ml.class that sefves as
UML::Foundation::Class the primary key:.

A sterleotype of Class with an associated tag definition

Stereptype Base Class Stereotype Parent | Tags Constraints Description

workflow ActionState N/A resources none action states of this stereotypsd
represent workflow actions

A tag fdefined independently of a stereotype

Tag Stereotype Type Multiplicity Description
debugMode N/A DebugProfile::DebugDemain 1 Used to set the desired deljug mode
(an enumeration with-three possible for a model post-processon

choices: {on, offiitrace})

Atag fdefined independently of a steredtype

Tag Stereotype Type Multiplicity | Description
aliaslNames | N/A UML::Datatypes::String * Reuses the standard String datatype at th¢ M1
level.

4.7 Data Types

4.7.1| Overview
The D?aTyp% package is the subpackage that specifies the different data types that are used to define UML. This gection has
a simpler structure than the other packages, SInce It 1S assum € 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
Bodlean ParameterDirectionKind
String <<enumeration>> <<enumeration>> LocationReference
CallConcurrencyKind PseudostateKind
<<enumeration>> <<enumeration=> Mapping
Chargealdexind Scopekind body : Sting
P Mm'r' wange Muitplcity Rengp
VisibiltyKind iplicity lower : Integer
upper : Unlimitedinteger
1 1x
Name
Figurg 11 - Data Types Package - Main
Bxpression
language : Name
body : String
ActionExpression BodleanExpression MappingExpression ProcedureExpression TypeBExpresgion
ArglistsExpression lterationExpression ObjectSetExpressian TimeExpression
Figurg 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
relatiopship 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 jnone. The
part may be contained in other aggregates.

comppsite The end is a composite; therefore, the other end is a part and must have the aggregation value of jpone. The
part is strongly owned by the composite and may not be part of any other composite.

4.7.2.8 ArglListsExpression

In the metamodel, ArgListsExpression defines a statement that will result in aset'of object listswhen it is eval uatefl.

4.7.2.4 Boolean

In the metamodel, Boolean defines an enumeration that denotes alogicial condition. Its enumeration literals are:

true The Boolean condition is satisfied.

fase The Boolean condition is not satisfied.

4.7.2.5 BooleanExpression

In the metamodel, BooleanExpression defines a statement that will evaluate to an instance of Boolean when it is ejaluated.

4.7.2.6 CallConcurrencyKind

An enymeration that denotes the semantics of multiple concurrent calls to the same passive instance; that is, an Instance
origingting 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 optstanding
at once. If simultaneous calls occur, then the semantics and integrity of the system cannot be guargnteed.

guarded Multiple calls from concurrent threads may occur simultaneously to one Instance (on any guarded Qperation),
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 ensure that deadlocks do not occur dueto
simultaneous blocks. Guarded Operations must perform correctly (or block themselves) in the casg 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.

Itsval

ues are:

changeable No restrictions on modification.

frozerlu

Operations on the other end may change a value.

The value may not be changed from the source end after the creation and initiaization of the-salrfe object.

addOnly If the multiplicity is not fixed, values may be added at any time from the source object;\but once

value may not be removed from the source end. Operations on the other end may change a value.

reated a

4.7.2.

B Expression

In the metamodel, an Expression defines a statement that will evaluate to a (possibly empty) et of instances when gxecuted in

a contg

xt. An Expression does not modify the environment in which it is evaluated. An expression contains an expfession

string and the name of an interpretation language with which to evaluate the string.
Attributes
langupge Names the language in which the expression body.js' represented. The interpretation of the expresgion
depends on the language. If the language name I's omitted, no interpretation for the expression can be
assumed by UML.
body The text of the expression expressed in'the given language.

Predef[ned language names include the following:

OCL

document).

The Object Constraint-Language (see the chapter “ Object Constraint Language Specification” in this

(The empty string) This represents a natural-language statement. As such, it is obviously intended
information-rather than formal specification.

or human

In gengral, alanguage name Should be spelled and capitalized exactly as it appearsin the document defining the language. For
examp|e, use COBOL, not-Gobol; use Ada, not ADA; use PostScript, not Postscript. In other words, spell it correc

4.7.2.

D Geometry.

ly.

An uniinterpreteditype used to describe the geometrical shape of icons, such as those that may be attached to stereofypes. The
detailgof thisspecification are not currently part of UML and must therefore be supplied by the implementation of|a model

editing tool ,'with the understanding that they will likely be tool-specific. Thistype is therefore not actually defineq in the
metan- dal bt 1o iend Al ac tha iy na f ~te by e

deHbutsused-onby-asthe type-ofattrtbutes:
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, qr a state or set of states in a state machine, or some other means in a different kind of specification.

4.7.2.13 Mapping

In the metamodel, a Mapping is an expression that is used for mapping Model Elements. For exchangepurposes, it should be
represgnted as a String.

Attributes

body A string describing the mapping. The format of the mapping is.currently unspecified in UML.

4.7.2.14 MappingExpression

An expression 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 zero ({{}) is not
considered avalid Multiplicity. Every Multiplicity has at.least one corresponding String representation.

4.7.2.16 MultiplicityRange

In the metamodel, a MultiplicityRange defines-atfange 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 special value
unlimited, which indicates there is no upper bound on the range.

4.7.2.17 Name

In the metamodel, a Name defifies a token that is used for naming ModelElements. A name is represented as a Strimg.

4.7.2.18 ObjectSetExpression

In the metamodel, ObjéectSetExpression defines a statement that will evaluate to a set of instances when it is eval ugted.
ObjectSetExpressions are commonly used to designate the target instances in an Action. The expression may be the reserved
word fall” whemUsed as the target of a SendAction. It evaluatesto all the instances that can receive the signal, as dletermined
by the underlying runtime system.

472 Q-"Dyvdaorinalind
L. oo g

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.
Otherpossibities-{sueh-as-sorted)-rray-be-defired-tater-by-declarrg-additional-keywerds—As-withuser-
Lad \ 7 J J ~ T
defined stereotypes, this would be a private extension supported by particular editing tools.
4.7.2.20 ParameterDirectionKind
In the metamodel, ParameterDirectionKind defines an enumeration that denotes if a Parameter is usédifor supplying an

argument and/or for returning a value. The enumeration values are:

in An input Parameter (may not be modified).

out An output Parameter (may be modified to communicate informationto the caller).
inout An input Parameter that may be modified.

return A return value of acall.

4.7.2.21 ProcedureExpression

In the metamodel, ProcedureExpression defines a statement thatwwill result in a change to the values of its environment when

itisevpluated.

4.7.2.22 PseudostateKind

In the metamodel, PseudostateKind defines an enumeration that discriminates the kind of Pseudostate. See Section|4.12.2.7,
“PseudoState,” on page 132 for details. The enumeration values are;
choicg Splits an incoming\transition into severa disjoint outgoing transitions. Each outgoing transition hag a guard
condition that(is evaluated after prior actions on the incoming path have been completed. At least ong outgoing
transition must be enabled or the model isill formed.
deepHiistory Wheri.reached as the target of a transition, restores the full state configuration that was active just efore the
encl@sing 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.
junctipn Chains together transitions into a single run-to-completion path. May have multiple input and/or oytput
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 feature pertains to an entire Classifier. For example, it is an Attribute shared by the entire'Clasgifier or an
Operation that works on the Classifier, such as a creation operation.

4.7.2.24 String

Inthe

4.7.2.25 TimeExpression

Inthe

of time expressionsis not specified here and is subject to implementation considerations.

4.7.2.26 TypeExpression

Inthe

withinfa ProgrammingL anguageDataType.

4.7.2.

Inthe
theno

4.7.2.
Inthe

4.7.2.

Inthe

enclosing name space. Its valuesare;

metamodel, String is a classifier element that is an instance of Primitive. An instance of String defines a pied

Imetamodel, TimeExpression defines a statement that will define the time of oceurrence of an event. The speg

metamodel, TypeExpression is the encoding of a programming language type in the interpretation language.

P7 Unlimitedinteger

:l?etamodel, Unlimitedinteger isaclassifier element'that is an instance of Primitive. It defines a data type whg

P8 Uninterpreted
metamodel, an Uninterpreted is a blob, the meaning of which is domain-specific and therefore not defined in
P9 VisibilityKind

metamodel, VisibilityKinchdefines an enumeration that denotes how the element to which it refersis seen ou

e of text.

fic format

Itisused

Serangeis

negative integers augmented by the special value " unlimited.” It is used for the upper bound of multiplicitiges.

UML.

tside the

publig Other elements may see and use the target element.

protegted 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 Machines, and Activity Graphs.

84
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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 Nlachines, and Activity Graphs.

Common Behavior specifies the core concepts required for behavioral elements. The Collaborations packagé specifies a
behavipral context for using model elements to accomplish a particular task. The Use Case package specifies behayior using
actors pnd use cases. The State Machines package defines behavior using finite-state transition systemsyThe Activity Graphs
packade defines a special case of a state machine that is used to model processes.

]

Ac tivity Graphs

\/
Collaborations Use Cases State Machines
\ /
N v e
&\ L
Common
Behavior

Figurg 13 - Behavioral Elements Package

4.9 Common‘Behavior

4.9.1| Overview

The Cmmon Behavior package i is the most fundamental of the subpackages that compose the Behaworal El ements package.

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

+signal Signal |*raisedSignal  +context
1 * *
Exception
0..*
+reception

Figurg 14 - Common Behavior - Signals

specification : String
isRoot: Boolean
isLeaf:Boolean
isAbstract: Boolean

Figure|15 on page 87 illustrates the model elements that specify various actions, such as CreateAction, CallAction) and

SendAftion.

86
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Figurg 15 - Common Behavior - Actions

Figure|16 on page 88 shows the model .elements that define Instances and Links.

ModelElement Argument
(from Core) value : Expression
* +actualArgument
joraeredy
{ordered} 0.1 0
. +acti .
ActionSeguence action Action
, |recurrence: lterationExpression
0..1 0.. target : ObjectSetExpression
isAsynchronous : Boolean
script : ActionExpression
CreateAction CallAction SendAction UninterpretedAction
0.* * *
ReturnAction TerminateAction DestroyAdtion
1 +nstantation .
1] +operaion 1 +signal
Classifier Operation Signal
(fromCore) (fromCore)
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ModelElement
(from Core)

Action
AttributeLink :
: . Stimulus 1
fAttrltz:ute +attribute recurrence : IterationfExpression
fom Core) - I target : ObjectSetExpyession
1 +dispatchAction| ““igAsynchronous : Boglean
script : ActionExpresgion
+slot 0.*
{ordered}
1 +value [Fargument | ireceiver | 1 +sender )
- Instance
Classifier +classifier
(from Core)
1“*
0.* ~
0.1 + resident
+ownedInstance + owner
| ot
DgtaValue SubsystemlInstance Componentinstance | + resident Nodelnstance Object
0.1

Figurg 16 - Common Behavior (Tnstances
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ModelElement

(from Core)
AttributeLink
{ordered} *| -+qualifierValue
0.1
Stimulus * 0.1 Link LinkErd ]
- +connection +HinkEnd
+communicationLink N
* 1 {ordered} 2.*
+ownedLink *
*
- “+associationEnd 1
1 | +association
. +connection ot
Instance +owner Association | g Lr O AssociationEnd
® (from Core)
0.1 (from Core) o %
. 1 {ordered} 4+
1
+Hnstance
Object
LinkObject

Figurg 17 - Common Behavior - Links

The fo[lowing metacl asses are contained in the Common Behavior package.

4.9.2.]1 Action

An act|on is a specification of an executable statement that forms an abstraction of a computational procedure that fesultsin a
change in the state'of the model, and can be realized by sending a message to an object or modifying alink or avalue of an
attribute.

In the metamodel, an Action may be part of an ActionSequence and may contain a specification of atarget aswell fasa
spec|f| ation of the actual arguments; that is-alistof A rguments containi ng nylr_\rmci onsfordetermini ng the actual Lhstancesto

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.

Assogiations

actualArgument A sequence of Expressions that determines the actual arguments needed when' evaluating the JAction.

4.9.2.2 ActionSequence
An act{on sequenceis a collection of actions.

In the metamodel, an ActionSequence is an Action that is an aggregation of other Actions. It describes the behaviof of the
owning State or Transition.

Assogiations

actior A sequence of Actions performed sequentialy as an atomic unit.

4.9.2.8 Argument
An argument 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 fhow 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 attfibute link js.anamed slot in an instance, which holds the value of an attribute.

In the metamodel, AttributeLink is a piece of the state of an Instance and holds the value of an Attribute.

Assod¢iations

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’operatiop.
¢ True - Indicates that the caller does not wait for the completion of the execution of the pperation
but continues immediately.

Assotiations

operation The operation that will be invoked when the Action is executed.
4.9.2.6 Componentinstance
A component instance is an instance of a component that resides on a nodednstance. A component instance may have a state.
In the metamodel, a Componentlnstance is an Instance that originates from a Component. It may be associated with a set of
Instanges, and may reside on a Nodel nstance.
Assotiations

resident A collection of Instances that-exist inside the Componentlnstance.
4.9.2.Y CreateAction
A cregfe action 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 instantiation gssociation
of the CreateAction. A CreateAction‘has no target instance.
Assotiations

instartiation The Classifier of which an Instance will be created of when the CreateAction is performed.
4.9.2.8 DataValue
A datalvalye isan instance with no identity.
In the metamadel DataValue is a child of Instance that cannot (‘hangp itsstate: that is_all Olnprr—frinnq that are appli bableto 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 Behavioral Features that raise the exception.

4.9.2.11 Instance

The ingtance construct defines an entity to which a set of operations can be applied and which has astate that storesthe effects
of the pperations.

Inthe metamodel, Instanceis connected to at least one Classifier that declaresits structure and behavior. It hasaset pf attribute
valuesfand is connected to a set of Links, both sets matching the definitions of its Classifiers. The two setsimplemént the
currenf state of the Instance. An Instance may also own other Instances or Links. Instance is an abstract metaclass.

Assogiations

slot The set of AttributeLinks that holds the attribute values-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.

ownet{il nstance The set of Instances that are owned hy/the Instance.

owneJiLink The set of Links that are owned by the Instance.

owne Specifies the Instance that owns the Instance.

Standjard Constraints

destrgyed Destroyed i§ ajconstraint applied to an instance, specifying that the instance is destroyed during the| execution.

new New is.a-constraint applied to an instance, specifying that the instance is created during the executipn.

transient TFransient is a constraint applied to an instance, specifying that the instance is created and destroyed during the
execution.

Tagged Values

persigtent Persistence denotes the permanence of the state of the instance, marking it as transitory (its state is|destroyed
VV; Il li |5 il Slaice ib u'tzuuycd) Ul Jel bibld It \ilb Sdle ib LiLLJ} UIUDLI UyUJI VVi I I.i < il Sa'iee ib UIUDLIUy id)

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.
own Specifies the |nstance that owns the | ink
Standard Constraints
destrqyed Destroyed is a constraint applied to a link, specifying that the link is destroyed during.the executiof.
new New is a constraint applied to a link, specifying that the link is created during the execution.
transipnt Transient is a constraint applied to alink, specifying that the link is created and’destroyed during thg execution.
4.9.2.13 LinkEnd
A linkjend isan end point of alink. In the metamodel LinkEnd isthe part of a Link-that connectsto an Instance. It cprresponds
to an AssociationEnd of the Link’s Association.
Assotiations
assoc|ationEnd The AssociationEnd that is the declaration of-thé LinkEnd.
instanjce The Instance connected to the LinkEnd.
qualifierValue The Attributelinks that hold the values of the Qualifier associated with the corresponding Associat|onEnd.
Standard Constraints
assoc|ation Association is a censtraint applied to a link-end, specifying that the corresponding instance is visible via
association.
globa Global is a'‘constraint applied to a link-end, specifying that the corresponding instance is visible begause it is
in a global)scope relative to the link.
local Lacal\is a constraint applied to link-end, specifying that the corresponding instance is visible becauge it isin a
local scope relative to the link.
parameter Parameter is a constraint applied to a link-end, specifying that the corresponding instance is visible fpecause it
is a parameter relative to the link.
self Self is a constraint applied to a link-end, specifying that the corresponding instance is visible becauge 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.

Assogiations

residgnt A collection of Componentlnstances that reside on the Nodel nstances.

4.9.2.16 Object

An object is an instance that originates from aclass.

In the etamodel, Object is asubclass of Instance and it originates from at least one Class, \The set of Classes may be modified
dynamjcally, which means that the set of features of the Object may change during its-ifetime.

4.9.2.17 Reception

A reception is a declaration stating that a classifier is prepared to react to thé receipt of asignal. The reception desipnates a
signal and specifies the expected behavioral response. A reception is a summary of expected behavior. The details ¢f handling
asignd are specified by a state machine.

In the etamodel, Reception isachild of Behavioral Feature and déclares that the Classifier containing the feature reacts to the

signal flesignated by the reception feature. The isPolymorphic attribute specifies whether the behavior is polymorphic or not; a
true vgue 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 descendant. If false,
the reception must'have an implementation in the classifier or inherited from an ancestor.
isLea If true, then/theimplementation of the reception may not be overridden by a descendant classifier. If[false, then
the implementation of the reception may be overridden by a descendant classifier (but it need not be
overridden).
isRoo| H-Irue, then the classifier must not inherit a declaration of the same reception. If false, then the clagsifier may
(but need not) inherit a declaration of the same reception. (But the declaration must match in any cgse; a
classifier may not modify an inherited declaration of a reception.)
specification A description of the effects of the classifier receiving a Signal, stated by a String.
Assogiations
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 is an Action. It is associated with the Signal to be raised, and its actual arguments are specified
by thejargument association, inherited from Action.

Assogiations

signal The signal that will be invoked when the Action is executed.

4.9.2.20 Signal

A signfl is a specification of an asynchronous stimulus communicated between instances, The receiving instance Handles the
signal py a state machine. Signal is a generalizable element and is defined independeftly of the classes handling the signal. A
reception is adeclaration that a class handles asignal, but the actual handling is specified by a state machine.

Inthe netamodel, Signal isachild to Classifier, with the parameters expressedas Attributes. A Signal isaways asypchronous.
A Sigral is associated with the Behavioral Features that raiseit.

Assogiations

contekt The set of Behavioral Festures that, raise the signal.

recepfion A set of Receptions that indicates Classes prepared to handle the signal.

4.9.2.21 Stimulus

A stimulus reifies a communication betweentwe instances.

In the metamodel, Stimulusis a communication; that is, a Signal sent to an Instance, or an invocation of an Operation. It can
also bg arequest to create an Instance, or to destroy an Instance. It has a sender, areceiver, and may have a set of actual
arguments, all being Instances.

Assogiations

argurjent The sequence of Instances being the arguments of the Stimulus.

commjuni cationkink The Link that is used for communication.

dispajchAction The Action that caused the Stimulus to be dispatched when it was executed.
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 uninterpreted action represents an action that is not explicitly reified in the UML.

Taken fo the extreme, any action isacall or raise on someinstance, like in Smalltalk. However, in more'practical tgrms,
unintefpreted actions can be used to model |anguage-specific actions that are neither call actions nor{send actions, and are not
easily gategorized under the other types of actions.

4.9.3| Well-Formedness Rules

The fo|lowing well-formedness rules apply to the Common Behavior package.
4.9.3.1 Action

No extfa well-formedness rules.

4.9.3.2 ActionSequence

No extfa well-formedness rules.

4.9.3.8 Argument

No extfa well-formedness rules.

4.9.3.4 AttributeLink

[1] Tpetype of the Instance must match thetype of the Attribute.

sql f.val ue. cl assi fi er->uni‘on" (
sel f.val ue. cl assifier\all Parents)->incl udes (
sel f.attribute. type)

4.9.3.5 CallAction

[1] The number of arguments must be the same as the number of parametersin the Operation.

sql f.actuakArgunment - >si ze = sel f. operati on. paranet er->si ze

4.9.3.6 Componentinstance

[1] A [Camponentlnstance 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.

del f. actual Argunent->size = 0
4.9.3.9 DataValue

[1] A [Datavalue originates from exactly one Classifier, which is a DataType.
(del f.classifier->size = 1)
and
sql f.classifier.ocllsKindOf (DataType)
[2] A [DataValue has no Attributel inks.
sql f.slot->i sEnpty
[3] A [Datavalue may not contain any Instances.

sql f.contents->i sEnpty

4.9.3.10 Exception

No extrawell-formedness rul es.
4.9.3.11 Instance

[1] The AttributeLinks match the declarations in the Classifiers.
sqlf.slot->forAll ( al |
self.classifier->exists ( c |

c.all Attributes*>includes ( al.attribute ) ) )

[2] The Links match the Beclarationsin the Classifiers.
sql f.al |l Li nksz>ForAll (| |
self.classifier->exists ( ¢ |
c.al | Associ ati ons->i ncludes ( |.association ) ) )

[3]CAI T 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]

sql f.classifier.all OppositeAssoci ati onEnds->forAll ( ae
ae.nmultiplicity.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 number of associated AttributeLinks must match the multiplicity of the Attribute.
sqlf.classifier.allAttributes->forAll ( a
a.nmultiplicity.multiplicityRange->exists ( nt
sel f.sel ectedAttributelLinks (a)->size’>= nmr.lower and
(nmr.upper = ‘unlimted or
(nr.upper <> ‘unlinted and
sel f. sel ect edLi nkEnds( (@) - >si ze <=

nr. upper. ocl AsTypes(I'nteger) ) ) ) )

Addit{onal operations

[1] The operation allLinks resultsin:aset containing all Links of the Instance itself.
al|l Li nks : set (Link)
al|l Li nks = sel f..nKEnd. | i nk

[2] The operation allOppositeLinkEnds results in a set containing all LinkEnds of Links connected to the Instancgwith
another LinkEnd:

al|l Opposi-teLi nkEnds : set (Li nkEnd) ;

al|l Opposi teLi nkEnds = sel f. al | Li nks. connection->select (le |
I 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(Mdel El enent);

cqntents = sel f. ownedl nst ance- >uni on(sel f. ownedLi nk)
4.9.3.12 Link

[1] The set of LinkEnds must match the set of AssociationEnds of the Association.
Sqquence {1..self.connection->size}->forAl ( i |
sel f.connection->at (i).associationEnd =
sel f. associ ati on. connection->at (i) )
[2] There are not two Links of the same Association that connects the same set ofid nstances in the same way.
sql f.association.link->forAll (| |
Sequence {1..self.connection->size}->forAl ( i(
sel f.connection->at (i).instance =
| . connection->at (i).instance )
implies self =1)
4.9.3.13 LinkEnd

[1] Thetype of the Instance must match the type of the AssociationEnd.

sql f.instance. cl assi fier->uni op™\(
sel f.instance. cl assifier. al\-Parents)->incl udes (
sel f. associ ati onEnd. type)

4.9.3.14 LinkObject

[1] Ome of the Classifiers must-be the same as the Association.
sql f.classifier->hncl udes(sel f.associ ati on)
[2] The Association‘must be akind of AssociationClass.

sql f. assagi,ati on. ocl I skKi ndOf (Associ ati ond ass)

4.9.3.115 Nodelnstance

[1] A Nuodetmstarcemust heve onty ore Classifrer asitsorgim, amdtmust beaiNode:
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.resident->forAl(n |
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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] Epch of the Classifiers must be akind of Class or ClassifierlnState.
sqlf.classifier->forAll ( ¢ | c.ocllsKindO(d ass) or

(c.ocllskKindOf (Cl assifierlnState) and

c.ocl AsType(C assifierlnState).type.ocl|sKi ndOf (C ass)))

[2] A Object may only own Objects, DataValues, Links, UseCasel nstances, Collaborationlnistances, and Stimuli.
sql f.contents->forAll(c |

c.ocl I skKi ndOf (oj ect) or

c. ocl I skKi ndOf ( Dat aVal ue) or

c.ocl I skKi ndOf (Li nk) or

c.ocl I ski ndOf (UseCasel nst ance) or

c.ocl I skKi ndOf (Col | abor ati onl nst ance) or

c.ocl I skKindOf (Stimuli))
4.9.3.17 Reception

[1] A|Reception cannot be a query.

ndt self.isQuery

4.9.3.18 ReturnAction

[1] Al ReturnAction is always asynchrenous.
sqgl f.i sAsynchronous

4.9.3.19 SendAction

[1] Tpe number of arguments is the same as the number of parameters of the Signal.
sql f. act ual Argunment - >si ze = sel f.signal .all Attributes->size

[2] A Signal isaways asynchronous.

sql f~_I'sAsynchr onous

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

sgf—drspatchActT on. ocH I SKrmaof—(CreateAction)or

sql f. di spat chAction. ocl | sKi ndOf (DestroyAction)
4.9.3.p2 Subsystemlinstance

[1] A [Subsysteminstance may only own Objects, DataValues, Links, UseCasel nstances, Collaborationl nstances,
Sybsystemlnstances, and Stimuli.

sql f.contents->forAll ( c |
c.ocl I sKi ndOf (oj ect) or
c. ocl | sKi ndOf ( Dat aVal ue) or
c.ocl I skKi ndOFf (Li nk) or
c. ocl I ski ndOFf (UseCasel nst ance) or
c.ocl I skKi ndOFf (Col | abor ati onl nst ance) or
c. ocl | ski ndOF (Subsyst enl nst ance) or
c.ocl I sKindOF (Stinmulus) )
[2] A [Subsystemlnstance originates from a Subsystem.
sql f.classifier.ocll|sKi ndO (Subsyst e

4.9.3.23 TerminateAction

[1] A [TerminateAction has no arguments.

sql f. actual Argunent s->size,= 0
4.9.3.24 UninterpretedAction
No extra well-formednesstules.
4.9.4| Detailed Semantics
This sgction 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 attributes 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
Operati nsthat are gpplir‘:\hln toadatavalue are ol 1eries and-donot cause any side effects_Sinceitisnot pncci bhlet
differentiate between two data val ues that appear to be the same, it becomes more of a philosophical issue whethes|there are
several data values representing the same value or just one for each value-it is not possible to tell. In addition;a-dala value

cannot|change its data type.

An insfance may contain other instances as a result of a (namespace) containment between their classifiers. Namespace rules
imply that an instance contained in another instance has access to all names that are accessible to,its container instance.

Subsygtem instances are further discussed in Section 4.14, “Model Management,” on page 161.
4.9.4.2 Link

A link jis a connection between instances. Each link is an instance of an association; that is, alink connects instancgs of
(specidlizations of) the associated classifiers. In the context of an instance, an opposite end defines the set of instarjces
connegqted to the instance via links of the same association and each instanceiSattached to its link via alink-end orjiginating
from the same association-end. However, to be able to use a particul ar opgosite end, the corresponding link end attached to the
instange must be navigable. An instance may use its opposite ends to access the associated instances. An instance gan
commuinicate with the instances of its opposite ends and use references'to them as arguments or reply valuesin

commxnicar[i ons.

A link jobject isa specia kind of link, which at the same timeiis also an object. Since an object may changeits clasges thisis
also trjie for alink object. However, one of the classes must-always be an association class.

4.9.4.8 Signal, Exception and Stimulus

Severd kinds of requests exist between instances; for example, sending asignal and invoking an operation. The foriner is used
to trigger areaction in the receiver in an asynehronous way and without areply, while the latter applies an operatian to an
instange, which can be either done synchronously or asynchronously and may require areply from the receiver to the sender.
Other kinds of requests are used for éxample to create a new instance or to delete an already existing instance. When an
instange communi cates with another jnstance a stimulus is passed between the two instances. Each stimulus has a sender
instange and areceiver instance, and possibly a sequence of arguments according to the specifying signal or operat|on. The
stimulyis uses a link between the sender and the receiver for communication. Thislink may be missing if the receivier isan
argument inside the current’activation, alocal or global variable, or if the stimulusis sent to the sender instance itsgif.
Moreoyer, a stimulusis dispatched by an action (e.g., acall action or a send action). The action specifies the request made by
the stihulus, like theseperation to be invoked or the signal event to be raised, as well as how the actual arguments gf the
stimul fis are determined.

be the sender itself. Unlike other sgnals the receiver of an exception is determined |mpI|C|tIy 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 on the receiver.
The receiver executes the method that is found in the full descriptor of the class that corresponds to the operation. The
reception of a stimulus originating from a signal by an instance may cause a transition and subsequent effects 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-

« |send actionis an action in which astimulus s created that causes asignal event for the receiver(s).

« |call actionisan action in which astimulusis created that causes an operation to be invoked on thereceiver.
« |create actionis an action in which an instance is created based on the definitions of the specified set of classifiers.
* |terminate action is an action in which an instance causes itself to cease to exist.

« |destroy action is an action in which an instance causes another instance to cease to.exi<t.
« |return action is an action that returns avalue to acaler.

« |uninterpreted action is an action that has no interpretationin UML.

Each action specifies the target of the action and the arguments of the action\T he target of an action isan object set ¢xpression,
which fesolvesinto zero or more instances when the action is executed;-fof.example, the receiver of a stimulus or the instance
to be destroyed. The action also specifiesif it should iterate over the set of target instances (recurrence). Note, howlever, that
UML dloes not define if the action is applied to the target instances:sequentially or in parallel. The recurrence can glso (in the
degengrated case) be used for specification of a condition, whiehumust be fulfilled if the action isto be applied to the target;
otherwlise, the request is neglected.

The arguments of the action resolve into a sequence of instances when the action is executed. These instances are the actual
arguments of (for example, the stimulus being dispatched by the action); that is, the instances passed with asignal pr the
instanges used in an operation invocation. The argument sequence may be dependent on the recurrence; that is, thejJarguments
may vary dependent on the actual target.

An act|on is aways executed within the cohtext of an instance, so the target set expression and the argument expressions are
evaluaied within an instance.

4.10| Collaborations

4.10.1 Overview

The Collaborationspackage is a subpackage of the Behavioral Elements package. The package uses constructs defned in the
Foundétion package'and the Common Behavior packages.

The Collaborations package provides the means to define Collaborations and Collaborationl nstanceSets. The main constructs
used in aCollaboration include ClassifierRole, AssociationRole, Interaction, and Message while Instance, Stimulug, and Link

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 a given set of
purposes. Instances conforming to the ClassifierRoles play the roles defined by the ClassifierRoles, while Links 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
Coll abpration-Maore. rr‘\rnt‘icnly, it contains.a set of pnrfially ordered M essages; each :pnr\if\]/i alaWala=Yaralaalaal |nir\:ﬂ'inn; for
examp|e, what Signal to be sent or what Operation to be invoked, aswell as the roles to be played by the sender‘and the
receiver, respectively.

A CollpborationlnstanceSet references a collection of Instances that jointly perform the task specified by\the
CollabprationlnstanceSet’s Collaboration. These Instances play the roles defined by the ClassifierRales.of the Collgboration;
that is,|the Instances have all the properties stated by (the Instances conform to) the ClassifierRoles-The Stimuli sept between
the Ingances when performing the task are participating in the I nteractionlnstanceSet of the Cellaborationl nstancepet. These
Stimul| conform to the Messages in one of the Interactions of the Collaboration. Since an |aStance can participate ip several
CollabprationlnstanceSets at the same time, all its communications are not necessarily referenced by only one
Interagtionl nstanceSet. They can be interleaved.

A parameterized Collaboration represents a design construct that can be used repeatedly in different designs. The participants
in the Collaboration, including the Classifiers and Relationships, can be paranieters of the generic Collaboration. The

ers are bound to particular Model Elements in each instantiation of-generic Collaboration. Such a parametefized
Collabpration can capture the structure of a design pattern (note that a design pattern involves more than structural|aspects).
most Collaborations can be anonymous because they are attached to a named M odel Element, Collaboratipn patterns
standing design constructs that must have names.

A Collgboration may be expressed at different levels of granularity. A coarse-grained Collaboration may be refined to produce

Collabprations can be used for expressing several different things, like how use cases are realized, actor structures pf ROOM,
role models, and collaborations as defined in'Catalysis. They are also used for setting up the context of Intgractions
and for defining the mapping between the specification part and the realization part of a Subsystem.

A Collpboration may be attached to an Operation or a Classifier, like a UseCase, to describe the realization of the Operation or
of the Classifier; that is, what roles Instances play to perform the behavior specified by the Operation or the UseCase. A
Collabpration that describes a Classifiey, like a UseCase, references Classifiers and Associationsin general, while
Collabpration describing an Operation includes the arguments and the local variables of the Operation, aswell as (iji nary
Associgtions attached to the Classifier owning the Operation. The Interactions defined within the Collaboration specify the
commuinication pattern befween the Instances when they perform the behavior specified in the Operation or the UseCase. A
Collabpration may also be attached to a Classifier to define the static structure of it; that is, the roles played by the Attributes,
the Parjameters, etc.

A ClassifierRole®r)an AssociationRol e has one or a collection of Classifiers or Associations asits base. The same (lassifier or
Associgtion canappear as the base of rolesin several Collaborations and several timesin the same Collaboration, each timein
adiffefentfole. In each appearanceit is specified which of the properties of the Classifier or the Association are nepded in the
particdlartisage. These properties constitute a subset of all the properties of that Classifier or Association.

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.
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Collaboration

—¢ . o
! +constrainingElement 1
Action
" (from CommonBehaviar)
ModelElement
(from Core)
+action 1
+availableContents
+lownedElement
+predecessor
Message
Association [« AssociationRole o i 9
(from Core) +communicationConnection
0.1 Multiplicity : Multiplicity
b 0.1 + successor
S + base * + activator
1 1
Attribute
(from_core)
{ordered} +availableQualifier
2 % | +/connection  */connection 2. & tsender | 1 1| +receiver
+1type "
AssociationEnd AssociationEndRole ClassifierRole
(from Core) < \ . o 1
CollaborationMultiplicity : Multiplicity
0.1 multiplicity : Multiplicity
+base
Feature 1
(from Core) L 3 -
+availableFeature —
(f(r:(l?nsii,ftl)?;) < + ownedElement
+base
1“*

Figure 18 - Collaborations - Roles
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GereralizableBlement Namespace
(from Core) (fromCare)
LA
: Operation
Colabaration +representedOperation (fom Core)
.
: por}
. * ‘ Classifier
(fromCare)
+usedCollaboration +representedClassifier
1
+context
ModelHement
(fromCae)
*
Interaction +interaction Hressage Message
1 1*

Figurg 19 - Collaborations - Interactions
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+participatingLink

+constraining Link
ModelElement Element (from Common Behavior)
(from Core)

+conforming
A Link
1
o - +Interaction ) N
Stimulus +participating Interaction Instance +context Collaboration +participating Instance
(from Stimulus InstanceSet InstanceSet Instance (from Common
ComjmonBehavior, ;
) » 1 L Behavior)
+conformingStimulus +conforminglnstance
+ playedRole 0.1 | +interaction 0.1 +collaboration. %, + playedRole
Message + message Interaction + interaction +context Collaboration +0wWnedElement ClassifierRole
s [
1% 1 1 1 1.* | multiplicity : Multiplicity
1
+ownedElement
B, + playedRole
AssogiationRole

Multiplicity : Multiplicity

Figurg 20 - Collaborations - Instances

4.10.24.1 AssociationEndRole
An association-end role specifies an gndpoint of an association as used in a collaboration.

In the metamodel, an AssociationEndRole is part of an AssociationRole and specifies the connection of an AssociationRole to
aClasgifierRole. It isrelated to.the AssociationEnd, declaring the corresponding part in an Association.

Attributes

collalporationMultiplicity The number of LinkEnds playing this role in a Collaboration.

Assogiations

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 | inks plaving thisrole in a Collaboration

Assogiations

base The Association which the AssociationRole is a view of.

confof mingLink The collection of Links that conforms to the AssociationRole.

4.10.4.3 ClassifierRole

A clasgifier roleis a specific role played by a participant in a collaboration. It specifiesarestricted view of aclassifiler, defined
by whdt is required in the collaboration.

In the metamodel, a ClassifierRole specifies one participant of a Collaborationythat is, arole Instances conform to] A
ClassifierRole defines a set of Features, which is asubset of those availablein'the base Classifiers, as well as a subset of
Model Elements contained in the base Classifiers, that are used in the role. The ClassifierRole may be connected to|a set of
AssocigtionRoles via AssociationEndRoles. As ClassifierRole is a kindyof Classifier, a Generalization relationshipjmay be
defineql between two ClassifierRoles. The child role is a specialization of the parent; that is, the Features and the cgntents of
the child includes the Features and contents of the parent.

Attributes

multiplicity The number of Instances-playing this role in a Collaboration.

Assogiations

availgbleContents The subset.of Model Elements contained in the base Classifier, which is used in the Collaborat{on.
availableFeature The stibset of Features of the base Classifier, which is used in the Collaboration.

base The Classifiers, which the ClassifierRole is a view of.

confof minglnstance The collection of Instances that conforms to the ClassifierRole.

4.10.4.4 Collaberation

A col Iiboration describes how an operation or a classifier, like ause case, is realized by a set of classifiers and ciations
used in aspecific way. The collaboration defines a set of roles to be played by instances and links, as well as a set ¢f
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 Collghoration is a GeneraizableElement, which implies that one Collaboration may specify atask that is a speciglization of
the task of another Collaboration.

Assogiations

constyainingElement The ModelElements that add extra constraints, like Generalization and Constraint, on the
ModelElements participating in the Collaboration.

intergction The set of Interactions that are defined within the Collaboration.

owneflElement (Inherited from Namespace) The set of roles defined by the Collaboration. These are ClassifierRoles
and AssociationRoles.

reprefented(:lassifier The Classifier the Collaboration is a realization of~(Used if the Collaboration represents a ¢lassifier.)

reprelaentedOperati on The Operation the Collaboration is arealization‘of. (Used if the Collaboration represents an Pperation.)

usedCollaboration Collaborations that are used when defining. the source Collaboration.

4.10.4.5 CollaborationinstanceSet

A collgboration instance set references a set of instances that jointly collaborate in performing the particular task specified by
the coljaboration of the collaboration instance. The instances in the collaboration instance set play the roles definedq in the
collabgration.

In the netamodel, a Collaborationl nstanceSet references a set of Instances and Links that play the roles defined by|the
ClassiflierRoles and AssociationRoles of the Collaborationl nstanceSet’s Collaboration.

A ColligborationlnstanceSet containsian thteracti onlnstanceSet, which references the set of Stimuli that are interchanged
betwegn the I nstances of the CollaborationlnstanceSet and corresponds to the Messages of an Interaction in the
Collabprationl nstanceSet's Collahoration.

Assogiations

constiainingEl ement The ModelElements that add extra constraints, like Generalization and Constraint, on the
M odel Elements participating in the Collaboration.

collafporation The Collaboration, which declares the roles that the Instances that participate in the
CollahorationlnstanceSet play.

interactionl nstanceSet 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.

Assogrations
context The Collaboration that defines the context of the Interaction.
messgge The Messages that specify the communication in the Interaction.
4.10.2.7 InteractioninstanceSet
An intgraction instance set is the set of stimuli that participate in a collaboration instance set¢ln the metamodel, an
I nteragtionl nstanceSet references a collection of Stimuli that conform to the Messages of the I nteractionlnstanceSet’'s
Interagtion.
Assogiations
context The CollaborationlnstanceSet that defines the context of the Interactionl nstanceSet.
partidipating-Stimulus The Stimuli that participate in the performance of the CollaborationlnstanceSet.
intergction The Interaction that defines the interaction pattern that the stimuli conforms to.
4.10.4.8 Message
A mespage defines a particular communication between instances that is specified in an interaction.
In the metamodel, a M essage defines one specifickind of communication in an Interaction. A communication can ke raising a

Signal | invoking an Operation, creating or destroying an Instance. The M essage specifies not only the kind of comnunication,
but alsp the roles of the sender and the réseiver, the dispatching Action, and the role played by the communication [Link.
Furthefmore, the Message defines the relative sequencing of Messages within the Interaction.
Assogiations

actior The Action that causes a Stimulus to be sent according to the Message.

activator The Message that invokes the behavior causing the dispatching of the current Message.

comuni cationEennection The AssociationRole played by the Links used in the communications specified by the Megsage.

confof mingSimulus 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 bhase A ssnciationEnd

sql f.type. base = sel f.base.type
or
sql f.type. base. al | Par ent s->i ncl udes (sel f. base.type)

[2] Thetype must be akind of ClassifierRole.
sql f.type.ocl I sKindOF (d assifierRole)

[3] The qualifiersused in the AssociationEndRole must be a subset of those in the basg AssociationEnd.
sql f. base. qualifier->includesAl|l (self.availableQualifier)

[4] InjaCollaboration an Association may only be used for traversal if it is alfowed by the base Association.
sql f.isNavigable inplies self.base.isNavigable

[5] An AssociationEndRoleis not arole of another AssociationEndRole:

ndt sel f. base. ocl | sKi ndOf (Associ ati onEndRol g)
4.10.3.2 AssociationRole

[1] The AssociationEndRoles must conform to the AssociationEnds of the base Association.
Sqquence{ 1..(self.connection->size) }->forAl (index |
sel f. connecti on->at (i ndex) (/base =
sel f . base. connecti on->at( i ndex))
[2] The endpoints must be akind of\AssociationEndRol es.
sql f. connection->forANl.( r | r.ocllsKindO (AssociationEndRole) )
[3] Amn AssociationEnd is+iet-a role of another AssociationEnd.

ndt sel f. base~ocl | sKi ndOf (Associ ati onEnd)
4.10.3.3 ClassifierRole

[1] The AssoeiationRoles connected to the ClassifierRole must match a subset of the Associations connected to the base
Cliassifiers.

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)

Addit{onal operations

[1] The operation all AvailableFeatures results in the set of all Features contained in the ClassifierRole together with
thpse contained in the parents.

al|l Avai | abl eFeatures : Set(Feature);
al|l Avai | abl eFeatures = sel f. avai |l 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 ClassifierRole toggether
with those contained in the parents.

al|l Avai | abl eContents : Set(Mdel El enent);
al|l Avai | abl eContents = sel f. avail abl eCont ent s->uni on

(sel f.parent. all Avai | abl eCont ent s)

4.10.3.4 Collaboration

[1] Al Classifiersand Associations of the ClassifierRoles ang AssociationRoles in the Collaboration must beincluded in
the namespace owning the Collaboration.

sqgl f.all Contents->forAll ( e |
(e.oclIskKindO (CdassifierRole), inplies
sel f. nanespace. al | Cont ents- >i ncl udes (
e. ocl AsType(d assifi erRol €). base) )
and
(e.oclIsKindO (AssociationRole) inplies
sel f. namegpace. al | Cont ent s- >i ncl udes (

e. ocMAsType( Associ ati onRol ). base) ))

[2] Alll the constraining M odel Elements must be included in the namespace owning the Collaboration.
sql f.censtraini ngEl enent->forAll ( ce |

self . 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
po6tt-sKi-rdO—(Asseci-at-i-orRel-e)——rpl-es
p.name = '' 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 ))

Collaboration may only contain ClassifierRoles and AssociationRoles, the Generalizations and the Constrai

between them, and Actions used in the Collaboration’s Interactions.

sql f.all Contents->forAll ( p |

A

.ocl I skKindOF (C assifierRole) or
.ocl 1 skKi ndOF (Associ ationRol e) or
.ocl I skKindOF (CGeneralization) or
.ocl I sKindOf (Action) or

.ocl I skKindO (Constraint) )

T T T T T

h Action contained in a Collaboration pavist-be connected to a M essage; that is, be the dispatching Action of
essage, in an Interaction of the Collaboration.

sql f.all Contents->forAll (Sp°|

A

p. ocl I sKindOf@ (Action) inplies
self.interaction>exists ( i : Interaction |

i . messages~>exists ( m: Message | maction =p ) ) )

role with the same’name as one of the rolesin aparent of the Collaboration must be a child (a specialization)

roje.

sql f.contents->forAll ( c |

seh . parent.all Contents->forall ( p |

=

NS

Of that

C.nane = p.nane 1npl1es c.allParents->nclude (p) J))

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(Mbdel El enent);

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
CottaboratrontnstanceSet s Cottaboration.

sql f.col |l aboration.interaction->includes (

sel f.interactionlnstanceSet.interaction)
4.10.3.6 Interaction

[1] Alll Signals being sent must be included in the namespace owning the Collaboration in which the Interaction is
defined.

sql f.nessage->forAll ( m|
m action. 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 extra well-formedness rules.

4.10.3.8 Message

[1] The sender and the receiver must participate in theyCollaboration, which defines the context of the Interaction.
sgl f.interaction. context.ownedEl erent - >i ncl udes (sel f.sender)
ard
sgl f.interaction. context.ownedEl enent - >i ncl udes (self.receiver)
[2] The predecessors and the activator'must be contained in the same Interaction.
sql f. predecessor->forAll ( p| p.interaction = self.interaction )
ard
sql f.activatorn->forAll ( a | a.interaction = self.interaction )
[3] The predecessors must have the same activator as the Message.

sql f. al.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

salf conmpmuni cati anCaonnacti ogn caonnact i on axiste (or |
+———G-G-HEHH a0+ aan +—-0H- aan -0+ s e

ar.type = sel f.receiver)

Addit|onal operations

[1] The operation allPredecessors resultsin the set of all Messages that precede the current one.
al|l Predecessors : Set(Message);
al|l Predecessors = sel f. predecessor->uni on

(sel f.predecessor. al | Predecessors)

4.10.4 Detailed Semantics

This sdction provides a description of the semantics of the elementsin the Callaborations package. It is divided intg two parts:
Collabpration and Interaction. The description of behavior involves twoe aspects: 1) the structural description of the
participants, and 2) the description of their communication patterns. J-he'structure of Instances playing rolesin a bghavior and
their relationships is described by a collaboration. The communication pattern performed by Instances playing thefrolesto

accomplish a specific purpose is specified by an interaction.

4.10.4.1 Collaboration

Behavior isimplemented by ensembles of instances thab exchange stimuli to accomplish atask. To understand the mechanisms
used in adesign, it isimportant to see only those instances and their interactions that are involved in accomplishing|the task or
arelated set of tasks, projected from the larger system of which they are parts of, and might be used for other purpoges as well.
Such gstatic construct is called a collaboration.

A collaboration defines an ensembl e ofspatticipants that are needed for a given set of purposes. The participants d
that ingtances and links play when jnteracting with each other. Therolesto be played by the instances are modeled
roles, @nd by the links as associationfoles. Classifier roles and association roles define a usage of instances and linkg, while the
classifiers and associations specify all required properties of these instances and links. This means that the structurg of an

ensembl e of interlinked instarices conforms to the rolesin a collaboration as they collaborate to achieve a given task.
Reasomning about the behayior of an ensemble of instances can therefore be done in the context of the collaboration|as well as
in the ¢ontext of the instances.

A collaboration-Can be used for specification of how an operation or a classifier, like ause case, isrealized by an epsemble of
classifiers and.associations. Together, the classifiers and their associations participating in the collaboration meet the
requirgments of the realized operation or classifier. The collaboration defines a context in which the behavior of the realized
elemerit_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 roles played by
(possibly different) instances of the same classifier.

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-plav-to-perform-the behaviorspecified-by. the operation-or-the use-case-A-collaboration
used ir thi ample ause
case, references classifiers and associations in general, while a collaboration describing an operation includes-only jthe
paraméters and the local variables of the operation, aswell as ordinary associations attached to the classifief,owning the
operation. The interactions defined within the collaboration (see below) specify the communication pattern betweeh the
instanges when they perform the behavior specified in the operation or the use case. A collaborationmay a so be atfached to a
class to define its static structure; that is, how its attributes, parameters etc. cooperate with each other.

laboration, the association roles define what associations are needed between the classifiers in this context. [Each
ation role represents the usage of an association in the collaboration, and it is defined between the classifier roles that

Inaco
associ

represent the associated classifiers. The represented association is called the base asspciation of the association rol¢. Asthe
associgtion roles specify a particular usage of an association in a specific collaboration; all constraints expressed by the

associ gtion ends are not necessarily required to be fulfilled in the specified usage{ The multiplicity of the associatign end may
be redyiced in the collaboration; that is, the upper and the lower bounds of the.association end roles may be inside the bounds
orresponding end of the base association, asit might be that only @subset of the associated instances participate in the
collabgration instance set. Similarly, an association may be traversed inisome, but perhaps not all, of the allowed directionsin
ific collaboration; that is, the value of the isNavigable property-of an association end role may be false even if the
value gf that property of the base association end istrue. (However, the opposite is not true; that is, an association may not be
br traversal in adirection that is not allowed according to the isNavigable properties of the association ends.)| The
changeability and ordering of an association end may be strengthened in an association end role; that is, in a partichlar usage
the end is used in amore restricted way than is defined by the association. Furthermore, if an association has a collection of
qualifigrs (see the Core), some of them may be used.jma specific collaboration. An association end role may therefore include
asubsgt of the qualifiers defined by the corresponding association end of the base association.

A collgboration instance set references a collection of instances that play the roles defined in the collaboration insténce set’s
collabgration. An instance participating in a collaboration instance set plays a specific role; that is, conforms to a classifier
role, in the collaboration. The number ofinstances that should play one specific role in a collaboration is specified oy the
classifier role’s multiplicity. Different.instances may play the same role but in different collaboration instance sets.|Since all
these ipstances play the same rale, they must all conform to the classifier role specifying the role. Thus, they are ngrmally
instanges of one of the base classifier of the classifier role, or one of their descendants. The only requirement on canforming
instanges is that they must-offer operations according to the classifier role, aswell as support attribute links corresgonding to
the attrfibutes specified by\the classifier role, and links corresponding to the association roles connected to the clasgfier role.
They ri'Lay therefore, hethstances of any classifier meeting this requirement. The instances may, of course, have more attribute
links than requiredhby the classifier role, which for example would be the case if they originate from a classifier belng a child
of abase classifieryMoreover, a conforming instance may also support more attribute links than required if it origimates from
multiple classifiers (multiple classification). Finally, one instance may play different roles in different collaboration instance
sets of the-same collaboration. In fact, the instance may play multiple roles in the same collaboration 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,

116 © ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

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 coll aborat| on is specified with a set of mteractl ons (see below). The collaborati on thus speC|f| es the context in
which these inte = 2 C Sprese o) o
paramgters, attnbut% and classmers contat ned in the classmer owni ng the operat|on The mteractlons then spemf) how the
If the
coIIabration isa specialization of another collaborati on, all communications specified by the parent col|aboration|are also
includgd in the child, asthe child collaboration includes all the roles of the parent. However, new messages may beg inserted
into these sequences of communication, since the child may include specializations of the parent’srolés as well as hew roles.
The child may of course also include completely new interactions that do not exist in the parent.

Two of more collaborations may be composed to form a new collaboration. For example, whenrefining a superordinate use
case into a set of subordinate use cases, the collaborations specifying each of the subordinate use cases may be composed into
one collaboration, which will be a (simple) refinement of the superordinate collaboration: The composition is dond by
observ|ng that at least one instance must participate in both sets of collaborating instances. This instance has to conflorm to one
classifier rolein each collaboration. In the composite collaboration these two clasSifier roles are merged into anew pne, which
will cdntain all featuresincluded in either of the two original classifier roles~The new classifier role will, of course| be able to
fulfill the requirements of both of the previous collaborations, so the instance‘participating in both of the two sets gf
collabgrating instances will conform to the new classifier role.

A pargmeterized collaboration represents a design construct that can be used repeatedly in different designs. The participants
in the ¢ollaboration, including the classifiers and relationships, canbe parameters of the generic collaboration. The parameters
are bolind to particular model elements in each instantiation ef.generic collaboration. Such a parameterized collabqration can
captur} the structure of a design pattern (note that a desigr¢attern involves more than structural aspects). Whereag most

collabgrations can be anonymous because they are attached to anamed model element, collaboration patterns are fre¢e standing
design|constructs that must have names.

A collaboration may be a specification of atemplate. There will not be any instances of such a collaboration templgte, but it
can be|used for generating ordinary collabarations, which may be instantiated. Collaboration templates may have garameters
that act like placeholders in the templatehUsually, these parameters would be used as base classifiers and associati ¢ns, but
other Kinds of model elements can alsoybe defined as parameters in the collaboration, like operation or signal. Ina
collabgration generated from the template these parameters are refined by other model elements that make the collgboration
instantjable.

Moreoyer, a collaborationimay also contain a set of constraining model elements, like constraints and generalizatidns perhaps
togethér with some extra classifiers. These constraining model elements do not participate in the collaboration thenisel ves, but
are usgd for expressing the extra constraints on the participating elements in the collaboration that cannot be covergd by the
participating rolesthemselves. For example, in a collaboration template it might be required that the base classifiers of two
roles nust have-acommon ancestor, or one role must be a subclass of another one. These kinds of requirements cahnot be
exprespged with association roles, as the association roles express the required links between participating instanceg An extra
set of rlnodel elements may therefore be included in the collaboration.

4.10.4.2 Interaction

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 as 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, 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 mteractron specm% the sendi ng of aset of i mull These are part|ally ordered based on which execution thread they

belong
orina

Anintg
of inst#

interag
perfort
interag

A mes|
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action,
contail

arbltrary order

action instance set references the collection of stimuli that constitute the actual communication betyween the
ces. These instances are the collection of instances that participate in the collaboration instance/set-owning
fion instance set. Hence, the interaction instance set includes those stimuli that the instances communi cate w
hing the task of the collaboration instance set. The stimuli of an interaction instance set mateh the messages
fion instance set’s interaction.

bage is a specification of acommunication. It specifies the roles of the sender and thiereceiver instances, as
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Bssoci ation role specifies the communication link. The message is connected to ah action, which specifies th¢ statement

hen executed, causes the communication specified by the message to take placeAf the action isacall action
the signal to be sent or the operation to be invoked in the communication is stated by the action. The action
s the argument expressions that, when executed, will determine the actlal arguments being transmitted in th

commuinication. Moreover, any conditions or iterations of the communication are also specified by the action. Apart

action
these g
already
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pnd call action, the action connected to a message can also be of .other kinds, like create action and destroy 3
ases, the communication will not raise asignal or invoke an aperation, but cause a new instance to be creatd

existing instance to be destroyed. In the case of a create action, the receiver specified by the messageis thg
by the instance, which is created when the action is perfofmed.

The stijmuli being sent when an action is executed conformsto a message, implying that the sender and receiver ing
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huli are in conformance with the sender and the receiver roles specified by the message. Furthermore, the ad
hing the stimulus is the same as the action attathed to the message. If the action connected to the message i
pr destroy action, the receiver role of the message specifies the role to be played by the instance, or was play
e, respectively.

The inferaction specifies the activator and predecessors of each message. The activator is the message that invoked
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into multiple threads, Thus, the predecessor’s rel ationship imposes a partial ordering on the messages within a

Lre, whereas the@activator relationship imposes a tree on the activation of operations. Messages may be exed
Fently subject ta the sequential constraints imposed by the predecessors and activator relationship.

b Notes

|_(the'term Pattern is a synonym for a collaboration template that describes the structure of a design pattern.

uted

This
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OIS Tot &S powerfutas thetermis usedrother contextsrgenerat, desigmpatterns imvotve many rorstructural
aspects, such as heuristics for their use and lists of advantages and disadvantages. Such aspects are not modeled by UML and
may be represented as text or tables.
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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 elémentsin the Use Cases package are primarily used to define the behavior of an entity, like a system ara-sulpsystem,
without specifying itsinternal structure. The key elements in this package are UseCase and Actor. Instances.of use|cases and
instanges of actorsinteract when the services of the entity are used. How a use caseisrealized in termsof cooperating objects,
definegl by classesinside the entity, can be specified with a Collaboration. A use case of an entity may’be refined to fiset of use
cases gf the elements contained in the entity. How these subordinate use cases interact can also be-expressed in a
Collabpration. The specification of the functionality of the system itself is usually expressed,in aiseparate use-case model; that
is, aMpdel stereotyped «useCaseM odel» (see Section 6.7, “ Stereotypes and Notation,” on\page 327). The use caseqand actors
in the Yise-case model are equivalent to those of the top-level package.

[

The fo]lowing sections describe the abstract syntax, well-formedness rules, and semantics of the Use Cases packag

4.11.2 Abstract Syntax

The abstract syntax for the Use Cases package is expressed in graphic notation in Figure 21.
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Classifier +classifier Instance
(from Core) (from Common Behavior)
1"* *
UseCaselnstance ModelElement
(from Core)
UseCase ; ; T
| |Actor +extensionPoint ExtensionP oint
1 , |location {LocationReference
+addition | 1 1| +base +extension | 1 1| +base +extensionPoint
1.*
{ordered}
* * | +include rextend | * %
Include Extend *
condition : BooleanExpression
Relationship
(from Core)
Figurg 21 - Use Cases
The following metaclasses afe’¢ontained in the Use Cases package.
4.11.21 Actor
An actpr definesacoherent set of roles that users of an entity can play when interacting with the entity. An actor n

consid

bred to play'a separate role with regard to each use case with which it communicates.

netamodel Actor |sasubclassof Classmer An Actor hasa Name and may communicate with a set of Useq

Interfaces each describing how other eIements may communlcate with the Actor

ay be

ases, and,

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.

120
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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

condifion An expression specifying the condition that must be fulfilled if the extension is to-take place.

Assogiations

base The UseCase to be extended.

extenfi on The UseCase specifying the extending behavior.

extenl;i onPoint A sequence of extension-points in the base UseCase specifying where the additions are o be
inserted.

4.11.2.3 ExtensionPoint
An extension point references one or a collection of locations in a use casé where the use case may be extended.

In the metamodel, an ExtensionPoint has a name and one or a collection of descriptions of locations in the behaviof of the
owning use case, where a piece of behavior may be inserted intothe owning use case.

Attributes

locatipn A reference to one location or a collection of locations where an extension to the behavior of the
use case may beinserted.

4.11.2.4 Include

An indude relationship defines that a use case contains the behavior defined in another use case. In the metamodel, [an Include
relationship is adirected relationshiplbetween two UseCases implying that the behavior in the addition UseCase is|inserted
into the behavior of the base UseGase. The base UseCase may only depend on the result of performing the behavior defined in
the addlition UseCase, but netoh the structure; that is, on the existence of specific attributes and operations, of the addition
UseCare.

4.11.2.5 Associations

additifon The UseCase specifying the additiona 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 auser playl ng one of the roles of the Actor communlcate UseCases may be rel ated to other UseCases by
Extend :
deﬁcnbed in another UseCase Whlle an Extend rel atlonshlp |mpI|$that a UseCase may extend the behawor descrl bed in
another UseCase, ruled by a condition. Generalization between UseCases means that the child is a more specifie fgqrm of the
parent)| The child inherits all Features and Associations of the parent, and may add new Features and A ssocigtions.

The reflization of a UseCase may be specified by a set of Collaborations; that is, the Collaborationsdefine how Ingtancesin
the sygtem interact to perform the sequences of the UseCase.

Assogiations

extentfl A collection of Extend relationships to UseCases that the’WseCase extends.
extensl;i onPoint Defines a collection of ExtensionPoints where the UseCase may be extended.
include A collection of Include relationships to UseCases that the UseCase includes.

4.11.2.7 UseCaselnstance
A use gase instance is the performance of a sequence of actions:specified in ause case.

In the metamodel, UseCasel nstance is a subclass of Instance-Each method performed by a UseCaselnstance is performed as
an atornic transaction; that is, it is not interrupted by any other UseCasel nstance.

An explicitly described UseCasel nstance is called a scenario.

4.11.3 Well-Formedness Rules
The following well-formedness rules apply to the Use Cases package.

4.11.3.1 Actor

[1] Adgtorscan only have Assogiations to UseCases, Subsystems, and Classes and these Associations are binary.
sql f.associ atiens<>forAll (a |

a. connectlon->si ze = 2 and

a. al | Connecti ons->exists(r | r.type.ocl|sKindOf (Actor)) and

a<allConnecti ons->exi sts(r |

r.type.ocl | skKi ndOFf (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 extrawell-formedness rules.
4.11.3.5 UseCase

[1] UseCases can only have binary Associations.

sql f.associations->forAll (a | a.connection->size = 2)

[2] UseCases cannot have Associations to UseCases specifying the same entity.
sql f.associations->forAll (a |
a. al | Connections->forAll (s, o
(s.type. specificationPat h->i seEnpty and
0. type. speci ficati onPat h->i sEnpty /)
or
(not s.type. specificationPath->i ncl udesAl | (
0. type. speci fi cati onPath) and
not o.type.specificationPath->i ncl udesAll (
s.type. speci ficafti onPat h))
))
[3] A[UseCase cannot contaifany Classifiers.

sql f.contents-2I'sEnpty

[4] The names of the ExtensionPoints must be unique within the UseCase.
sql f. al kExt'ensi onPoints -> forAll (x, vy |

X"mane = y.nanme inplies 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] Tpe Classifier of a UseCasel nstance must be a UseCase.
sqglf.classifier->forAll ( ¢ | c.ocllskKindOX (UseCase) )

[2] A UseCaselnstance may not contain any Instances.

sql f.contents->i SEnpty

4.11.4 Detailed Semantics

This sdction provides a description of the semantics of the elementsin the Use Cases'package, and its relationship fo other
elementsin the Behavioral Elements package.

4.11.4.1 Actor

Association Namespace ; Interface
AssociationEnd . 1 Actor, Generalization

Figurg 22 - Actor lllustration

Actorgmodel parties outside an-entity, such as a system, a subsystem, or aclass that interact with the entity. Each agtor defines
acohefent set of roles users of the'entity can play when interacting with the entity. Every time a specific user interagts with the
entity, Jt is playing one such-role. Aninstance of an actor is a specific user interacting with the entity. Any instanceg that
conforms to an actor cah act as an instance of the actor. If the entity is a system, the actors represent both human ugers and
other gystems. Some of the actors of alower level subsystem or a class may coincide with actors of the system, whjle others
appear|inside theSystem. The roles defined by the latter kind of actors are played by instances of classifiersin othgr packages
or subgystemssifrthe latter case the classifier may belong to either the specification part or the realization part of the
subsygem:

l:l- Sl l:ll

Since 4 : tity. 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.

QL Q)

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 R Interface

Operation ? % Include
—&

UseCase *

UseCasel nstance / \ Extend

¥ [

Association @—— AssociationEnd * | ExtensionPoint

Figurg 23 - UseCase lllustration

In the following text, the term entity is used when referring to a system, a sibsystem, or a class and the terms mod¢l element
and elgment denote a subsystem or a class.

The pyrpose of ause caseisto define a piece of behavior of an entityawvithout revealing the internal structure of thefentity. The
entity gpecified in this way may be a system or any model elementdhat contains behavior, like a subsystem or aclgss, in a
model of a system. Each use case specifies a service the entity, provides to its users; that is, a specific way of using|the entity.
The seyvice, whichisinitiated by a user, is a complete sequence. Thisimpliesthat after its performance the entity will in
generg bein astate in which the sequence can beinitiatedhagain. A use case describes the interactions between the users and
the entjty as well as the responses performed by the exttity, as these responses are perceived from the outside of thelentity. A
use case also includes possible variants of this sequence (for example, alternative sequences, exceptiona behavior,|error
handlig, etc.). The complete set of use cases specifies all different ways to use the entity; that is, all behavior of the entity is
expresged by its use cases. These use cases can’be grouped into packages for convenience.

From 4 pragmatic point of view, use casescan be used both for specification of the (external) requirements on an entity and for
specification of the functionality offered by an (already realized) entity. Moreover, the use cases also indirectly stafe the
requirgments the specified entity.poses on its users; that is, how they should interact so the entity will be able to pgform its
services.

Since Uisers of use cases.alwWays are external to the specified entity, they are represented by actors of the entity. Thus, if the
entity is asystem or a subsystem at the topmost level, the users of its use cases are modeled by the actorgof the

. Those actofsof alower level subsystem or aclassthat are internal to the system are often not explicitly defined.

, the use-Cases relate directly to model elements conforming to these implicit actors; that is, whose instances play the
these-actors in interaction with the use cases. These model elements are contained in other packages or suljsystems,

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.

© ISO/IEC 2005 - All rights reserved 125


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

ISO/IEC 19501:2005(E)

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

contai ing the use case and-the onfihjl’: environment

A use-faseinstance is a performance of a use case, initiated by a message instance from an instance of an actof, Asfa response
the usg-case instance performs a sequence of actions as specified by the use case, like communicating with acter ingtances, not
necessgrily only the initiating one. The actor instances may send new message instances to the use-case instance and the
interagtion continues until the instance has responded to all input and does not expect any more input,-when it ends. Each
performed by a use-case instance is performed as an atomic transaction; that is, it is not interrtpted by any |other use-

In the ¢ase where subsystems are used to model the system’s containment hierarchy, the system’can be specified with use cases
els, as use cases can be used to specify subsystems and classes. A use case speCifying one model element is then

into a set of smaller use cases, each specifying a service of amodel element contained in the first one. The lise case of
the whple may be referred to as superordinate to its refining use cases, which, correspondingly, may be called subardinate in
relation to the first one. The functionality specified by each superordinate useCase is completely traceable to its subordinate

. Note, though, that the structure of the container element is not revealed by the use cases, since they only gpecify the
functignality offered by the element. The subordinate use cases of a specific superordinate use case cooperate to parform the
superofdinate one. Their cooperation is specified by collaborations and may be presented in collaboration diagrams|A specific
subordj nate use case may appear in several collaborations; that is play arole in the performances of several superofdinate use
cases. |n each such collaboration, other roles specify the cooperetion with this specific subordinate use case. Thesgroles are
the roles played by the actors of that subordinate use case. Some of these actors may be the actors of the superordinate use
case, ap each actor of a superordinate use case appears as anactor of at |east one of the subordinate use cases. Furthérmore, the
interfages of a superordinate use case are traceabl e to the Tnterfaces of those subordinate use cases that communicate with
actorsthat are also actors of the superordinate use case:

The environment of subordinate use cases is the'model element containing the model elements specified by these Use cases.
Thus, from a bottom-up perspective, an interaction between subordinate use cases results in a superordinate use casg, that is, a
use cage of the container element.

Use cases of classes are mapped onto-eperations of the classes, since aservice of aclassin essence is the invocation of the
operatilons of the class. Some use.cases may consist of the application of only one operation, while others may involve a set of
operatilons, usually in awell-defined sequence. One operation may be needed in several of the services of the class| and will
therefdre appear in several-use cases of the class.

The reglization of ause.Case depends on the kind of model element it specifies. For example, since the use cases of[a class are
specifipd by means ‘of-operations of the class, they are realized by the corresponding methods, while the use cases ¢f a
subsygem are realized by the elements contained in the subsystem. Since a subsystem does not have any behavior pf its own,
all seryices offered by a subsystem must be a composition of services offered by elements contained in the subsystem (i.e.,
eventuplly by classes). Theﬁe elements WI Il coI laborate and j jOI ntly perform the behawor of the speC|f|ed use case. (ne or aset
of colli icati
the refinement and the realization of a use casein terms of subordl nate 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 be a parent to
several other use cases.

Anincl ude relationship between two use cases means that the behavior defined in the target use case |s included at one

locati g eque beha = e : = e eachesthe
locatio Wherethe behawor of an another use case |st0 belncl uded |t performsall the behawor d@cn bed by thel luded use
case ugh the

An ex use case

One ug e may not
be dep! seguence
of ext erencesto

is to pgrform some behavior referenced by an extension point of its usegase, and the extension p0| ntisthefirst onginan
extends rel ationship’s sequence of referencesto extension points, the'condition of the relationship is evaluated. If the condition
is fulfi]led, the sequence obeyed by the use-case instance is extended to include the sequence of the extending use gase. The
different parts of the extending use case are inserted at the locations defined by the sequence of extension pointsinjthe
relationship -- one part at each referenced extension point. Nete that the condition is only evaluated once: at the firgt
refererjced extension point, and if it is fulfilled all of the extending use case isinserted in the original sequence. Arj extension
point may define one location or a set of locations in.the behavior defined by the use case. However, if an extend rélationship
refererjces a sequence of extension points, only thefirst one may define a set of locations. All other ones must defipe exactly
one |ogation each. Which of the locations of théfirst extension point to use is determined by where the extension i$ triggered.
Thisignot possible for the other ones. In otherwords, once the extension has been triggered, all locations where td add the
different part of the extending use case must-be uniquely defined. Hence, all extension points, except for the first ope,
refererjced by an extend relationship must define single locations. The description of the location references by an pxtension
point gan be made in several differént ways, like textual description of wherein the behavior the addition should bg made, pre-
or post conditions, or using theame of a state in a state machine.

Note that the three kinds of: relati onships described above can only exist between use cases specifying the same enfity. The
reason(for thisis that thé use cases of one entity specify the behavior of that entity alone; that is, all use-case instarjces are
performed entirely within that entity. If a use case would have ageneralization, include, or extend relationship to a ise case of
another entity, theresulting use-case instances would involve both entities, resulting in a contradiction. However,
generdizationsihctude, and extend relationships can be defined from use cases specifying one entity to use cases of another
oneif the first’entity has a generalization to the second one, since the contents of both entities are available in the fjrst entity.
Howe\er; the contents of the second entity must be at least protected, so they become available inside the child entjty.

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, a model
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 «topL evel 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 dlightly differently structured. In other words, all 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 leag
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State Machines

| Overview

bte M achine package is a subpackage of the Behavioral Elements package. It specifies aset of concepts that g

Found

subpagkages in Behavioral Elements.

The state machine formalism described in this section is an object-based variant of Harel statecharts. It incorporate
concepjts similar to those defined in ROOM charts, avariant of statechart definéd inthe ROOM modeling language.
differencesrelative to classical Harel statecharts are described on Section 4¢12.5.4, “ Comparison to classical statec

page 1b1.

State mpachines can be used to specify behavior of various elements that are being modeled. For example, they can
model the behavior of individual entities (such as, class instances).6r to define the interactions (such as, collaborati

betw!

In addition, the state machine formalism provides the semantic foundation for activity graphs. This means that acti
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peling discrete behavior through finite state-transition systems. These concepts are based’on concepts define
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ply aspecia form of state machines.
lowing sections describe the abstract syntax;-well-formedness rules, and semantics of the State Machines pa
y graphs are described in Section 4.13-*Activity Graphs,” on page 152.

P Abstract Syntax

stract syntax for state machinesis expressed graphically in Figure 24 on page 129, which covers al the basi
e machine graphs such as states and transitions. Figure 25 on page 130 describes the abstract syntax of event
state machine behavior.
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peifications of the concepts defined in these two diagrams are listed in a phabetical order following the figunes.
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ModelElement
(from CORE)

+ context o1 A

+ behavior
StateMachine Guard
1
expression : BooleanExpression
+submachine
0.1 0.1 0.1 uard
+1 iti 1
ransitions ®
+source + outgoing P
+subvertex StateVertex Transition
0.5 1 u
+arget +incoming
1
/ +InfernalTransition 0.1
1 +1op 0.4 0.1 + effect
0.1 0.1 i
SynchState State f Aétlon
+entry (from Common
bound : Unlimitedinteger 0.1 Behavior)
.—“ L
0.1 + exit
Pseudostate SubState 0.1
.
kind : PseudostateKind referenceState : Name 0.1 -+doActivity
0.1[ +trigger
0.*
+ deferrableEvent
Event
0.*
+ container CompositeState SimpleState FinalState
SubmachineState
Figurg 24-- State Machines - Main
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+occurrence *

ModelElement
(fromCore)
{ordered}
Parameter +parameter Event
(from Core)
* 0.1
SignalEvent CallEwent TimeEvent ChangeEvent

+occurrence

when : TimeExpression

changeExpression : BooleanExpression

(from Common Behavior)

+signal 1 +operation 1
Signal Operation
(from Core)

Figurg 25 - State Machines - Evénts

4.12.4.1 CallEvent

A call pvent represents the reception of arequest to synchronously invoke a specific operation. (Note that acall event instance
isdistipct from the call action that caused it.) The expected result is the execution of a sequence of actions, which characterize
the opération behavior at a particular state.

Two spjecial 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» 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
kind of trigger that may be applied to an initial transition).

deSt Dact H <t e Ll ol CH ot thha Laoct A tk CEEP=S Y =3 ed
« Oy DEST Oy TS SICreoty pet—tarm—Cv e tCnotmgthar tncmStanteTeeCrvmmgtmeCvent s oCmy—ocsa Jy B

4.12.2.2 ChangeEvent

A charge event models an event that occurs when an explicit bool ean expression becomes true as a result'of achanfein value
of onepr more attributes or associations. A change event israised implicitly and is not the result of some’explicit change event
action,

The change event should not be confused with aguard. A guard is only evaluated at the time arvevent is dispatched whereas,
conceftually, the bool ean expression associated with achange event is evaluated continuously until it becomestrue] The event
that ispenerated remains until it is consumed even if the boolean expression changesto-fal se after that.

Attributes

changeExpression The boolean expression that specifies the change event.

4.12.2.3 CompositeState

A composite state is a state that contains other state vertices (states, pseudostates, etc.). The association between thgcomposite
and the contained vertices is a composition association. Henee, a state vertex can be a part of at most one composite state.

Any stpte enclosed within a composite state is called asubstate of that composite state. It is called a direct substatg when it is
not comtained by any other state; otherwise, it isreferred to as atransitively nested substate.

CompositeState is a child of State.

Assogiations

subvertex The set-of state vertices that are owned by this composite state.
Attriblutes
isCorfcurrent A boolean value that specifies the decomposition semantics. If this attribute is true, then the ¢omposite

state is decomposed directly into two or more orthogonal conjunctive components called regions (usually
associated with concurrent execution). If this attribute is false, then there are no direct orthogonal
components in the composite.

|SReg on A—_darivied-bhaolaean-valuathat tndiceatecwwhathar a-CompasiteStatads-a-srbct ataof - a-conelkrant] state. |f |t
t 7T EeH Y- EeHP80orea -y araetHeTHe Y HEtHE oo PO oot —o-Corcurert 3

is true, then this composite state is a direct substate of a concurrent state.

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.
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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 FinalState
A spedal kind of state signifying that the enclosing composite state is completed. If the enclosing state is the top stiate, then it
meansfthat the entire state machine has completed.
A final state cannot have any outgoing transitions.
FinalSjateis a child of State.
4.12.2.6 Guard
A guard is aboolean expression that is attached to a transition as a fine-grained-control over itsfiring. The guard i evaluated
when gn event instance is dispatched by the state machine. If the guard istrueat that time, the transition is enabled, |otherwise,
it isdigabled.
Guards should be pure expressions without side effects. Guard expressions with side effects are ill formed.
Guardjs achild of Model Element.
Attributes

expregsion The boolean expression that specifies the guard.
4.12.2.7 PseudoState
A pseudostate is an abstraction that.encompasses different types of transient vertices in the state machine graph. They are used,
typically, to connect multiple transitions into more complex state transitions paths. For example, by combining a transition
entering afork pseudostate with-a'set of transitions exiting the fork pseudostate, we get a compound transition that|leadsto a
set of goncurrent target states.
The following pseudostate kinds are defined:

 |Aninitiakpseudostate represents a default vertex that is the source for a single transition to the default statefof a
composite state. There can be at most one initial vertex in a composite state.

* |deepHistoryis used as a shorthand notation that represents the most recent active configuration of the composite state
that dirocth s cantainc thic nenr s dactata-that 1o tha ctata canfiouratian that v a nc ~Antny mMhon thao compnacitact A eW&S |ast
that-elirecthy-centains-this-pseudestate-thats-the-state-configaration-thab-was-active-wher-the-cempesieste
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
before.
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shallowHistory is a shorthand notation that represents the most recent active substate of its containing state (
substates of that substate). A composite state can have at most one shallow history vertex. A transition comi

1:2005(E)

but not the
ng into the

shallow history vertex is equivalent to atransition coming into the most recent active substate of a state. A transition
may originate from the history connector to theinitial shallow history state. This transition is taken in case the

composite state had never been active before.

s. The

olnvorticoc corvnta maoran conioral trancitiane amanatina fram conirenvartionc 1n difforant arthoaonanal e
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J
transitions entering ajoin vertex cannot have guards.

fork vertices serveto split an incoming transition into two or more transitions terminating on orthogomal targ
The segments outgoing from afork vertex must not have guards.

junction vertices are semantic-free vertices that are used to chain together multiple transitions~They are use
construct compound transition paths between states. For example, ajunction can be used to'converge multi
incoming transitions into a single outgoing transition representing a shared transition’ path (this is known as
Conversely, they can be used to split an incoming transition into multiple outgoing transition segments with

et vertices.

d to

Dle
amerge).
different

guard conditions. This realizes a static conditional branch. (In the latter case, eutgoing transitions whose gliard

conditions evaluate to false are disabled. A predefined guard denoted “else” may be defined for at most ong outgoing
transition. Thistransition is enabled if all the guardslabeling the other transifions are false.) Static conditiongl branches
are distinct from dynamic conditional branches that are realized by choite vertices (described below).

* [choaice vertices which, when reached, result in the dynamic evaluation of the guards of its outgoing transitigns. This
realizes a dynamic conditional branch. It allows splitting of transitions into multiple outgoing paths such thit the
decision on which path to take may be a function of the results of prior actions performed in the same run-tp-
completion step. If more than one of the guards evaluatesto true, an arbitrary one is selected. If none of thelguards
evaluates to true, then the model is considered ill formed. (To avoid this, it is recommended to define one optgoing
transition with the predefined “ else” guard for everychoice vertex.) Choice vertices should be distinguished from static
branch points that are based on junction points (described above).

PseudgState is a child of StateVertex.
Attributes
kind Determines the precise type of the PseudoState and can be one of initial, deepHistory, shalloyHistory,
join, ferk, junction, or choice.
4.12.2.8 SignalEvent
A signfl event representsthe reception of a particular (asynchronous) signal. A signal event instance should not bg confused
with the action, suckpas send action, that generated it.
SignalEvent isachild of Event.
Assogiations
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 i$ a child of StateVertex.

Assogiations
defernableEvent A list of eventsthat are candidates to be retained by the state machine if they triggérno transitiond out of the
state (not consumed).
entry An optional action that is executed whenever this state is entered regardless’of the transition takegn to reach
the state. If defined, entry actions are always executed to completion.prior to any interna activity or
transitions performed within the state.
exit An optional action that is executed whenever this state is exited.regardless of which transition wag taken out
of the state. If defined, exit actions are always executed to completion only after all internal actiyities and
transition actions have completed execution.
doActivity An optiona activity that is executed while beingin.the state. The execution starts when this state [s entered,
and stops either by itself, or when the state isexited, whichever comes first.
internal Transition A set of transitions that, if triggered, occur without exiting or entering this state. Thus, they do npt cause a
state change. This means that the entry\or-exit condition of the State will not be invoked. These fransitions
can be taken even if the state machine'is in one or more regions nested within this state.
4.12.2.11 StateMachine
A statg machine is a specification that describes.all possible behaviors of some dynamic model element. Behavior |s modeled
asatrgversal of agraph of state nodes interconnected by one or more joined transition arcs that are triggered by the
dispatghing of series of event instances. Buring this traversal, the state machine executes a series of actions associgted with
various elements of the state machine:
StateMachine has a composition relationship to State, which represents the top-level state, and a set of transitions. This means
that a gtate machine ownsitstransitions and its top state. All remaining states are transitively owned through the stgte
contaipment hierarchy rooted.in the top state. The association to Model Element provides the context of the state mpchine. A
commgn case of the context’relation is where a state machine is used to specify the lifecycle of aclassifier.
Assogiations
context An association to the model element whose behavior is specified by this state machine. A model|element
may have more than one state machine (although one is sufficient for most purposes). Each state r|nachine is
optronaly owned Dy one model element.
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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4.12.2.12 StateVertex
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A StateVertex is an abstraction of anode in a statechart graph. In general, it can be the source or destination of any number of

transiti

ons. StateVertex is achild of Model Element.

Associations

outgoing Specifies the transitions departing from the vertex.

inconjing Specifies the transitions entering the vertex.

contalner The composite state that contains this state vertex.
4.12.2.13 StubState
A stubfstate can appear within a submachine state and represents an actual subvertex contained within the referenced state
machime. It can serve as a source or destination of transitions that connect a state vertex'in'the containing state machine with a
subvertex in the referenced state machine.
StubStpte is achild of State.
Assogiations

refergnceSate Designates the referenced state as a pathname(a name formed by the concatenation of the name pf a state

and the successive names of all states that_contain it, up to the top state).

4.12.4.14 SubmachineState
A subrpachine state is asyntactical convenience that facilitates reuse and modularity. It isashorthand that implies ajnacro-like
expangion by another state machine and is semantigally equivalent to a composite state. The state machine that isinserted is
called the referenced state machine while the'state machine that contains the submachine state is called the containjng state

machime. The same state machine may be referenced more than once in the context of a single containing state maghine. In

effect,
The en

Submg

AsSSsO

a submachine state represents a*call” to a state machine “subrouting” with one or more entry and exit point
try and exit points are specified by stub states.
chineState is a child of State.

iations

5.

submachine The state machine that is to be substituted in place of the submachine state.

4.12.4

.15"SynchState

A synch state IS a vertex used tor Synchronizing the concurrent regions or a state machine. It 1sditferent from a stal

einthe

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.

SynchStateis a child 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 of the deadline is the same as the time of its reception. However, it isimportant to note that theremay be avariable
delay hetween the time of reception and the time of dispatching (for example, due to queueing delays).

The exjression specifying the deadline may be relative or absolute. If the time expression is relative'and no explici'I: starting
timeigdefined, then it is relative to the time of entry into the source state of the transition triggered by the event. I the latter
case, the time event instance is generated only if the state machine is still in that state when the deadline expires.

Attributes

when Specifies the corresponding time deadline.

4.12.4.17 Transition

A trangition is a directed relationship between a source state vertex and\atarget state vertex. It may be part of a compound
transitilon, which takes the state machine from one state configuration'to another, representing the complete responge of the
state machine to a particular event instance.

Transifion is achild of Model Element.

Assogiations

triggdr 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 Ipe true for
the transitiomto-be fired. It is evaluated at the time the event is dispatched. There can be at most pne guard
per transifion:

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.

4.12.8 Well=FormednessRules

The follawing 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))->

SErect(p ~ PSEeudostare | p. ki = #shar towAr Story)->si Z€ <= 1

[4] There haveto be at least two composite substates in a concurrent composite state.
(del f.isConcurrent) inplies

(sel f.subvertex->sel ect
(v | v.ocllsKindO(ConpositeState))->size >= 2)

[5] A [concurrent state can only have composite states as substates.

(del f.isConcurrent) inplies
sel f.subvertex->forAll (s | (s.ocllsKindO (ConpositeState))

[6] The substates of a composite state are part of only that composite state.
sql f.subvertex->forAll (s | (s.container->size = 1) and\(s.container = self))
4.12.3.2 FinalState
[1] Affinal state cannot have any outgoing transitions.
sql f. out goi ng->size = 0
4.12.3.3 Guard
[1] A guard should not have side effects.

sql f.transition->stateMchi ne->hotEnpty inplies
post: (self.transition.stat'eMachi ne->context =
sel f.transition. stateMachi ne->cont ext @re)

4.12.3.4 PseudoState

[1] Aninitia vertex can have at-most one outgoing transition and no incoming transitions.
(del f.kind = #in¥tial) implies

((sel f.outgeing->size <= 1) and (sel f.incom ng->i sEnpty))

[2] History vertices can have at most one outgoing transition.

((Isel f \kt'nd = #deepHi story) or (self.kind = #shallowH story)) inplies

("sel f. out goi ng->si ze <= 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).
contal ner.1sConcurrent)

[5] Affork vertex must have at least two outgoing transitions and exactly one incoming transition.
(gelf.kind = #fork) inplies

((self.incom ng->size = 1) and (self.outgoing->size >= 2))

[6] All transitions outgoing afork vertex must target statesin different regions of a concurrent state.

(gel f.kind = #fork
and not ocl | sKindOf (sel f.stateMachine, ActivityGaph)) implies
sel f.outgoing->forAll (tl1l, t2 | til<>t2 inplies
(sel f.stateMachine. LCA(t1.target, t2.target).
cont ai ner. i sConcurrent)

[7] Afunction vertex must have at least one incoming and one outgoing dransition.
(gel f.kind = # unction) inplies
((self.incom ng->size >= 1) and (sel f.outgoerng->size >= 1))
[8] A choice vertex must have at least one incoming and ong-outgoing transition.
(gel f.kind = #choice) inplies
((self.incom ng->size >= 1) and, (‘sel f. out goi ng->si ze >= 1))

4.12.3.5 StateMachine

[1] A|StateMachine is aggregated withifieither a classifier or a behavioral feature.
sql f.context.not Enpty iAplies

(sel f.context. ocl(I'ski ndOf (Behavi or al Feature) or
sel f. cont ext.~0cl | sKi ndOf (Cl assifier))

[2] Atop stateisawaysacomposite.
sql f.top. oel sTypeOk (Conposi t eSt at e)

[3] A ftop statercannot be directly contained in any other state.

sql .-t op. cont ai ner - >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.

cqnt ext StateMachine::LCA (sl : State, s2 : State)
ConpositeState

rgsult = if ancestor (sl1, s2) then
sl

el se if ancestor (s2, sl1) then
s2

el se (LCA (sl.container, s2.container))
[2] The query ancestor(sl, s2) checks whether s2 is an ancestor state of state s1.
cqnt ext Stat eMachi ne::ancestor (sl : State, s2 : State) : Boehean

rgsult = if (s2 = sl1) then
true

else if (sl.container->isEmpty) then
true

else if (s2.container->i senmpty) then
fal se

el se (ancestor (sl, s2.container)

4.12.3.6 SynchState

[1] The value of the bound attribute must be a positive, integer, or unlimited.

(del f.bound > 0) or (self.bound =>unlimted)

[2] All incoming transitions to a SynchStaté must come from the same region and all outgoing transitions from a
SynchState must go to the same region.

4.12.3.7 SubmachineState

[1] Only stub states allowed.as suibstates of a submachine state.
sql f.subvertex->forAll (s | s.ocllsTypeO(StubState))
[2] Submachine statés-are never concurrent.

sgl f.isCoficurrent = fal se

4.12.3.8 Aransition

1 A i ol ont-chauld nat havua caaarde A tei e
o Cg Mt oot ooty Cguaras ot rggctrar

(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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(3 A

((self.target.ocl AsType(Pseudostate).kind = #join) inplies
((self.guard->i senpty) and (self.trigger->i senpty)))

fork segment should always target a state.

(sel f. st ateMachi ne->not Enpty

and not ocl I sKindOf (sel f.stateMachine, ActivityGaph)) inplies

S§

[4] A

Sq

[5] Tr

Sq

[6] A

Sq

4.12.

This s6
operati
Individ

Inthe

I f.source. ocl|sKindOf (Pseudostate) inplies
((self.source.ocl AsType(Pseudostate). kind = #fork) inplies
(self.target.ocllsKindO(State)))

join segment should always originate from a state.

el f. st at eMachi ne- >not Enpty
and not ocl | sKindO (sel f.stateMachine, ActivityGaph)) inmplies

I f.target.ocl|sKi ndOf (Pseudostate) inmplies
((self.target.ocl AsType(Pseudostate). kind = #join) inplkies
(sel f.source.oclIsKindOr(State)))

pnsitions outgoing pseudostates may not have a trigger.

| f.source. ocl | sKi ndOf ( Pseudost at e)
inmplies (self.trigger->isempty))

hinitial transition at the topmost level either has no trigger or it has a trigger with the stereotype "create.”

| f.source. ocl | ski ndOf (Pseudost ate) inmplies
(sel f.source. ocl AsType(Pseudostate).kind = #initial) inplies
(sel f.source. contai ner = sel f.stateMachine.top) inplies
((sel f.trigger->i senpt.y) ,-or
(self.trigger.stereotype. nane = 'create'))

I Detailed Semantics

ction describes the execution.semantics of state machines. For convenience, the semantics are described in t¢
ons of a hypothetical machine that implements a state machine specification. Thisis for reference purposes
ual realizations are free-to choose any form that achieves the same semantics.

heneral case, the key components of this hypothetical machine are:
an event quelie that holds incoming event instances until they are dispatched.

an event.dispatcher mechanism that selects and de-queues event instances from the event queue for processi

erms of the
bNly.

ng.

anevent processor that processes dispatched event instances according to the general semantics of UML stat

E machines

and the specific form of the state machine In question. Because of that, this component is ssmply referred to asthe

“state 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

operati
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on of the state machine as a whole 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 practlcally mstantaneous and compl etely rellablewhlleln others it may |nvolve varlabletransmlsson delays, loss
y for

rom the

inally, itis
consumed when event processing is completed. A consumed event is no longer available for processingNo assumptions are
made gbout the time intervals between event reception, event dispatching, and consumption. This leaves open the possibility

Any parameter values associated with the current event are available to all actions directly'cadsed by that event (trgnsition
actiong, entry actions, etc.).

Event generalization may be defined explicitly by asignal taxonomy in the case of sighal events, or implicitly defingd by event
expressions, asin time events.

4.12.4.2 State

Active states

A statg can be active or inactive during execution. A state becomies active when it is entered as aresult of some tranjsition, and
becomgsinactiveif it is exited asaresult of atransition. A state can be exited and entered as a result of the same transition
(e.g., sfif transition).

State pntry and exit

Whengver a state is entered, it executes its entryaction before any other action is executed. Conversely, whenever astateis
exited, it executesits exit action as the final step prior to leaving the state.

If defimed, the activity associated withastate is forked as a concurrent activity at the instant when the entry action pf the state
is completed. Upon exit, the activity isterminated before the exit action is executed.

Activity in state (do-activity)

The activity represents theexecution of a sequence of actions, that occurs while the state machineisin the corresponding state.
The agtivity starts exeCuting upon entering the state, following the entry action. If the activity completes while the $tate is still
active,|it raises a completion event. In cases where there is an outgoing completion transition (see below) the state 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
abortedl priortaits completion.

Defertedieventis

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

astate

" isactually representédf
tarting with the single top state at the root down to individual simple states at the leaves. We refer to such-a s
configuration.

Except during transition execution, the following invariants always apply to state configurations:

Enter

If acomposite state is active and not concurrent, exactly one of its substatesis active.

If the composite state is active and concurrent, all of its substates (regions) are active:

ng anon-concurrent composite state

Upon entering a composite state, the following cases are differentiated:

Enter

Wheng
defaul
defaul
the oth

Default entry: Graphically, thisisindicated by an incoming transition that terminates on the outside edge of]
composite state. In this case, the default transition istaken. If there'isa guard on the transition it must be enal

state is executed before the action associated with the initiaktransition.

code is executed after the execution of the entry code of the composite state. This rule applies recursively if
transition terminates on a transitively nested substate.

Shallow history entry: If the transition terminates on a shallow history pseudostate, the active substate beco
most recently active substate prior to this‘entry, unless the most recently active substate is the final state or i

first entry into this state. In the latter two cases, the default history state is entered. Thisis the substate that

the transition originating from the history pseudostate. (If no such transition is specified, the situation isillg
handling is not defined.) If the-active substate determined by history is a composite state, then it proceeds w
default entry.

Deep history entry: The'rule here isthe same as for shallow history except that the rule is applied recursivel
levelsin the active state’configuration below this one.

ng aconcurrent composite state

ver a concurrent composite state is entered, each one of its concurrent substates (regions) is also entered, eit
or explicitly. If the transition terminates on the edge of the composite state, then all the regions are entered
entfy. If the transition explicitly enters one or more regions (in case of afork), these regions are entered exf
ersby default.

o-are-also-active-Eurthermore, since

Dy atree of
tate tree as

the
bled (true).

(A disabled initial transition is an ill-defined execution state and'its handling is not defined.) The entry actign of the

Explicit entry: If the transition goes to a substate of the composite state, then that substate becomes active afd its entry

the

mes the
thisisthe
starget of
gal and its
ithits

y to all

her by

Lising
licitly and

Exitin

g non-concurrent state

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.

Exitin

g aconcurrent 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 state |s actlve its contat ning composite state is compl eted WhICh means that it satlsﬂes the completlon
conditiorT e entity
igted with the state machine. If the state machl ne specn‘lesthe behavior of aclassmer iti mpllesthe termination” of that
instande.

4.12.4.5 SubmachineState

A subrpachine state is a convenience that does not introduce any additional dynamic semantics. Itjissemantically equivalent to
acomposite state and may have entry and exit actions, internal transitions, and activities.

4.12.4.6 Transitions

High-|level transitions

Transifions originating from the boundary of composite states are called high<4evel or group transitions. If triggered, they

result iin exiting of all the substates of the composite state executing their exit actions starting with the innermost states in the
active gtate configuration. Note that in terms of execution semantics, a high-level transition does not add specializad
semantics, but rather reflects the semantics of exiting a composite staté;

Comgound transitions

A compound transition is a derived semantic concept, represents a “ semantically complete” path made of one or more
transitions originating from a set of states (as opposed to.pseudo-state) and targeting a set of states. The transition gxecution
semantics described below refer to compound transitions.

In gengral, a compound transition is an acyclical nbroken chain of transitions joined viajoin, junction, choice, or fork
pseudgstates that define path from a set of saurce states (possibly a singleton) to a set of destination states, (possibly a
singletpn). For self-transitions, the same state acts as both the source and the destination set. A (smple) transition ¢gonnecting
two statesis therefore a special comman-case of a compound transition.

Thetall of acompound transition may have multiple transitions originating from a set of mutually orthogonal conqurrent
regiong that are joined by ajoin point.

of acompound ttafsition may have multiple transitions originating from a fork pseudostate targeted to a et of

the corppeund 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 transitions

An internal transition executes without exiting or re-entering the state in which it is defined. Thisistrue even if the state
machineisin a nested 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 all the concurrent regions have reached their final state.

If multl ple completion transitions are defined for a state, then they should have mutually exclusive guard conditions.

Enabled (compound) transitions
A trangition is enabled if and only if:

« |All of its source states are in the active state configuration.

 |Thetrigger of thetransition is satisfied by the current event. An event instance satisfiesatrigger if it matches the event
specified by thetrigger. In case of signal events, since signals are generalized cohcepts, asignal event satisfies asignal
event associated with the same signal or a generalization of thereof.

« |If there exists at |east one full path from the source state configuration to either the target state configuration or to a
dynamic choice point in which all guard conditions are true (transitiens without guards are treated asif their|guards are
alwaystrue).

Since More than one transition may be enabled by the same event instance, being enabled is a necessary but not sufficient
conditijon for the firing of atransition.

Guards
In asigple transition with a guard, the guard is evaluated:before the transition is triggered.

In compound transitions involving multiple guardsy 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 choice points in a compound transition, only guards that precede the choice point are evaluated according to the
above fule. Guards downstream of a cheice point are evaluated if and when the choice point is reached (using the same rule as
above)l In other words, for guard evaluation, a choice point has the same effect as a state.

Guards should not include expréssions causing side effects. Models that violate this are considered ill formed.

Transjtion execution-sequence

Every fransition, excépt-for internal transitions, causes exiting of a source state, and entering of the target state. These two
states, which may-h& composite, are designated as the main source and the main target of atransition.

Thel common ancestor (LCA) state of atransition isthe lowest composite state that contains all the explicit squrce states
and explicittarget states of the compound transition. In case of junction segments, only the states related 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.

\

Figurg 26 - Unstructured transition among regions

state as specified above.
Once gtransition is enabled and is selected to fire, the following stepsate carried out in order:
« |The main source state is properly exited.

* [Actions are executed in sequence following their linearorder along the segments of the transition: The closef
to the source state, the earlier it is executed.

guards are true is selected. Entry and exit actions are executed for states entered and exited by the transitior
choice point.

e |The main target state is properly entered.

4.12.4.7 StateMachine

Eventprocessing - run-te<scompletion step

:2005(E)

Here the least common ancestor of tis s, the main source is s, and.the main target is s, since s is a cgncurrent

the action

« |If achoice point is encountered, the guards fellowing that choice point are evaluated dynamically and a path whose

into the

Eventd are dispatched and processed by the state machine, one at atime. The order of dequeuing is not defined, legving open

the possibility of modeling different priority-based schemes.

The semantics ofievent processing is based on the run-to-compl etion assumption, interpreted as run-to-compl etion

rocessing.

Run-td-compl &tion processing means that an event can only be dequeued and dispatched if the processing of the prievious

current event'is fully completed.

Run_tc lobion naon g Iha Loanl todl iy sar e e oy ot o ol oo hbaraalizad b, o o sont Loaon vy -]nln |n |tS
COMPrCtrorTay  DCTTHPrCmCItCOTT T VA TotS vV Ay S O ot v CCIasSSCSTr iy oCTCanzCO oy arr Cv et ToopTal g

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 statesit is possible to fire multiple transitions as a result of the same event — as many as one
transitifon in each concurrent state in the current state configuration. In cases where one or more transitions aré enabled, the
state machine selects a subset and fires them. Which of the enabled transitions actually fire is determined by, the trgnsition
selectipn algorithm described below. The order in which selected transitions fire is not defined.

Each orthogonal region in the active state configuration that is not decomposed into concurrent regions; that is, “ bottom-level”
region|can fire at most one transition as aresult of the current event. When all orthogonal regions have finished exg¢cuting the
transitifon, the current event instanceis fully consumed, and the run-to-completion step is compl éted.

During atransition, anumber of actions may be executed. If these actions are synchroneus, then the transition step|is not
complé¢ted until the invoked objects complete their own run-to-compl etion steps.

An evgnt instance can arrive at a state machine that is blocked in the middle of a run-to-compl etion step from some other
object within the same thread, in a circular fashion. This event instance can bétreated by orthogonal components of the state
machine that are not frozen along transitions at that time.

Run-tp-completion and concurrency

Itis pgssible to define state machine semantics by allowing the rur-to-compl etion steps to be applied concurrently to the
orthogpnal regions of a composite state, rather than to the whol e state machine. Thiswould allow the event serialiZation
constraint to be relaxed. However, such semantics are quitessubtle and difficult to implement. Therefore, the dynanic
semanrli cs defined in this document are based on the premise that a single run-to-compl etion step applies to the entire state
machine and includes the concurrent steps taken by edncurrent regions in the active state configuration.

In casq of active objects, where each object hasitsiown thread of execution, it is very important to clearly distinguish the
notion|of run to completion from the concept.of thread pre-emption. Namely, run-to-completion event handling is (%r.‘erformed

by athyead that, in principle, can be pre-empted and its execution suspended in favor of another thread executing op the same
processing node. (Thisis determined by-the scheduling policy of the underlying thread environment — no assumpfions are

made gbout this policy.) When the suspended thread is assigned processor time again, it resumesits event processirjg from the
point gf pre-emption, and eventually completes its event processing.

Confl{cting transitions

It was plready noted that'it is possible for more than one transition to be enabled within a state machine. If that happens, then

such trpnsitions may./be in conflict with each other. For example, consider the case of two transitions originating fromn the same
state, tfiggered by-the same event, but with different guards. If that event occurs and both guard conditions are trug, then only
one trgnsitionrwill fire. In other words, in case of conflicting transitions, only one of them will firein a single run-tp-

compleftion step.
Two trangitions are said to conflict 1t 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 the priority of the
transition with the most transitively nested source state.

In general, if t1 isatransition whose source state is s1, and t2 has source s2, then:

« |If slisadirect or transitively nested substate of s2, then t1 has higher priority than t2.

« |If sl and s2 are not in the same state configuration, then there is no priority difference between t1 andt2.

Transjtion selection algorithm
The sef of transitions that will fireisamaximal set of transitions that satisfies the following conditions:

« |All transitionsin the set are enabled.
« |There are no conflicting transitions within the set.

* [Thereisno transition outside the set that has higher priority than atransition'in the set (that is, enabled trangitions with
highest priorities are in the set while conflicting transitions with lowet griorities are | eft out).

This cgn be easily implemented by a greedy selection algorithm, with astraightforward traversal of the active state
configyration. Statesin the active state configuration are traversed starting with the innermost nested simpl e statesjand
working outwards toward the top state. For each state at a given level;all originating transitions are evaluated to dgtermine if
they arne enabled. This traversal guarantees that the priority pringiple is not violated. The only non-trivial issueis rgsolving
transitijon conflicts across orthogonal states on all levels. Thislis resolved by terminating the search in each orthoggnal state
once ajtransition inside any one of its components isfired,

4.12.4.8 Synch States

Synchstates provide a means of synchronizing:the execution of two concurrent regions. Specifically, a synch statelhas
incomilng transitions from afork (or forks) in.one region, the source region, and outgoing transitions to ajoin (or jgins) in
anothey, the target region. These forks and joeins are called synchronization forks and joins. The synch state itself ig contained
by the]east common ancestor of the two.regions being synchronized. The synchronized regions do not need to be giblingsin
state decomposition, but they must’have a common ancestor state.

When the source region reaches.a'synchronization fork, the target states of that fork become active, including the gynch state.
Activgion of the synch statéis’an indication that the source region has completed some activity. This region can continue
performing its remaining-activitiesin parallel. When the target region reaches the corresponding synchronization join, it is
prevented from contifiding unless all the states leading into the synchronization join are active, including the synch states.

A syngh state may have multiple incoming and outgoing transitions, used for multiple synchronization points in egch region.
Alterngtivel y,.ittmay have single incoming and outgoing transitions where the incoming transition is fired multipleltimes
beforelthe’outgoing oneis fired. To support these applications, synch states keep count of the difference between the number
of timgstheéir incoming and outgoing transitions are fired. When an incoming transition is fired, the count is incremented 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 container stateis
exited.

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

potenti al oy artionc of o ciilhmachina oot
I SV CHreCS-Or—arSartoicHmic -

4.12.5 Notes

4.12.4.1 Protocol State Machines

One application area of state machinesisin specifying object protocols, also known as object lifecycles. A ‘protogol state
machine’ for a class defines the order; that is, sequence in which the operations of that Class ¢an be invoked. The hehavior of
each of these operations is defined by an associated method, rather than through action expressions on transitions.

A trangition in a protocol state machine has asitstrigger a call event that references an eperation of the class, and an empty
action pequence. Such atransition indicates that if the call event occurs when an object-0f the classis in the source gtate of the
transition and the guard on the transition is true, then the method associated withthe operation of the call event will be
executed (if one exists), and the object will enter the target state. Semantically;¢he invocation of the method does npt lead to a
new cgll event being raised.

If aczlr! event arrives when the state machine is not in an appropriate staté to handle the event, the event is discardel, conform
the general RTC semantics. Strictly speaking, from the caller’s point of view this means that the call is completed. |f instead
the semantics are required that the caller should ‘hang’ (potentialy infinitely) if the receiver’s state machineis not fable to
process the call event immediately, then the event must be deférréd explicitly. This can be donefor al call eventsina protocol
state machine by deferring them at a superstate level.

In any [practical application, a protocol state machine iSmade up exclusively of ‘protocol’ transitions, and the entry| and exit
actiong of its states are empty; that is, no action specifications exist other than for the methods. However, formally jt is not

prohibjted to mix this kind of transition with transitions with explicit actions (as it does not seem worth the effort tp prohibit
this, anjd there may be some applications that\miight benefit from ‘mixing’).

withdraw(amount)
[amount <= balance+overdraft]

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 {

prfrvate:
int bal ance;
pyblic:

voi d deposit (anount) {
if (balance > 0)
bal ance = bal ance + anount; // no change
el se
bal ance = bal ance + ampunt - 1; // transaction fee

vdi d wi t hdrawal (amount) {
if (bal ance>0)
bal ance = bal ance - anpunt;
}
}

In the gbove example, the class has an abstract state manifested by the balance attribute, controlling the behavior of the class.
Thisigmodeled by the state machinein Figure 28.

else/balance -= amount

elselbalance

H+=amount-1 baJance—: amount

deposit/balance
+=amount

[amount>-bd ance]/
baancet=amountt1

Figurg 28 - State Machine for Modeling Class Behavior

4.12.9.3 Example: State machine refinement

NOTEH}: “7The following discussion provides some potentially useful heuristics on how state machines can be refingd. These
techniques are all based on practical experience. However, readers are reminded that thistopic is still 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

‘ Suppl

ier,’ isrefined by another state machine attached to a class denoted as * Client.’

-

N

Supplier (refined) Client (refined)
Sa \ / Sa (new) \
]

- Sa2 deleted

Sa2
- Sad added

Sal - Sal refined _
into composite
Sa3

/

Figure

Inthe
(Sal(n

clarity,
purpos
Itisim
machif

We prd

Subty]
Theref

applyi 1

and th

States pnd-transitions are only added, not deleted. Refinement is interpreted as follows:

29 - State Machine Refinement Example

bxampl e above, the client state (Sa(new)) in the subclass stbstitutes the simple substate (Sal) by a composit

we have used a gray shading to identify components that have been inherited from the original. (Thisisfor
es and is not intended as a notational recopimendation.)

ping
inement poliey.for subtyping is based on the rational e that the subtype preserves the pre/post condition relat

relationships are realized by the transitions. Preserving pre/post conditions guarantee the substitutability pr

b substate

Bw)). This new composite substate has a component@ubstate (Sall). Furthermore, the new version of Sal d¢letes the
substale Sa2 and also adds a new substate Sa4. SubstateSa3 is inherited and is therefore common to both versions

pof Sa. For
[lustration

portant to note that state machine refinement as defined here does not specify or favor any specific policy of state
e refinement. Instead, it smply provides a flexible mechanism that allows subtyping, (behavioral compatibiflity),
inheritgnce (implementation reuse), or-general refinement palicies.

vide a brief discussion of_potentially useful policies that can be implemented with the state machine refinenment
mechanism.

onships of

g events/@perations on the type, as specified by the state machine. The pre/post conditions are realized by the states,

nciple.

« 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

150

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

Strict

added actions should not hinder the invariant represented by the target state of the transition.

Inheritance

Therati onale behi nd this policy |sto encourage reuse of |mpI ementation rather than preserving behavior. Since most

implen

inherit

implemented.

States

Gene
Inthis

without constraints; that is, there are no formal requirements on the properties and relationships of the refined statg
element and the refining element:

There]

It shod
the typ
overriq

4.12.9

Them
state m
statech

pnce policy followsthisline by disabling refinements that may lead to non-strict inheritance once the state

bnd transitions can be added. Refinement is interpreted as follows:

A refined state has some of the same incoming transitions (i.e., drop some, add some) but agteater or biggs
outgoing transitions. It may have more substates, and may change its concurrency attribute:

A refined transition may go to anew target state but should have the same source.

A refined guard may have a different guard condition.

al Refinement
most general case, states and transitions can be added and deletéd\(i.e., ‘null’ refinements). Refinement isin

A refined state may have different outgoing and incorming transitions (i.e., drop all, add some).
A refined transition may leave from a different source and go to a new target state.

A refined guard may have a different guard!/condition.

additional actions.

inement of the composite state in‘the example above is an illustration of general refinement.

e consists of all the statejmachines of its supertypes as orthogonal state machine regions. This may be explig
{den through refinefment if required.

.4 Comparison to classical statecharts

art specify behaviors of processes. The following list of differences result from the above rationale:

A refined action sequence need not contain the same actions (or it may change their sequence), and may haye

r set of

A refined action segquence contains some of the same actions (in the samesegquence), and may have additional actions.

terpreted
machine

Id be noted that if atypehas multiple supertype relationshipsin the structural model, then the default state npachine for

itly

jor difference between classical (Harel) statecharts and object state machines results from the external contéxt of the
aching>Object state machines, such as ROOM charts, primarily come to represent behavior of atype. Classital

Events carry parameters, rather than being primitive signals.

Call 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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4.13

4.13.

The A

Operations are not broadcast but can be directed to an object-set.

The notion of activities (processes) does not exist in object state machines. Therefore all predefined actions
that deal with activities are not supported, as well as the relationships between states and activities.

and events

Transition compositions are constrained for practical reasons. In classical statecharts any composition of pseudostates,

simple transitions, quards, and labels is alowed.

Object state machine supports the notion of synchronous communication between state machines.
Actions on transitions are executed in their given order.
Classical statecharts do not support dynamic choice points.

Classical statecharts are based on the zero-time assumption, meaning transitions take zero time to execute.
system execution is based on synchronous steps where each step produces new events that will be processed
step. In object-oriented state machines, these assumptions are relaxed and replaced\with these of software €
model, based on threads of execution and that execution of actions may take time.

Activity Graphs
| Overview

Ctivity Graphs package defines an extended view of the State Machine package. State machines and activity

both egsentially state transition systems, and share many metamodel’el ements. This section describes the conceptsi

Machi
its own

Ne package that are specific to activity graphs. It should be'noted that the activity graphs extension has few sg

package and the Common Behavior package.

An act
primar

y focus is on the sequence and conditions far the actions that are taken, rather than on which classifiers perf

actiong. Most of the statesin such a graph are¢ action states that represent atomic actions; that is, states that invoke

then w|

By def
be defi
subtyp!

pit for their completion. Transitions into action states are triggered by events, which can be the
completion of a previous action ‘state (completion events),

availability of an object ima certain state,

occurrence of asignah,or

satisfaction of¢Some condition.

ning a smallyset of additional subtypes to the basic state machine concepts, the well-formedness of activity
jhed formally, and subsequently mapped to the dynamic semantics of state machines. In addition, the activity
bs eliminate ambiguities that might otherwise arise in the interchange of activity graphs between tools.

'he whole
at the next
Kecution

pgraphs are
n the State
bmantics of

. It should be understood in the context of the State M-achine package, including its dependencies on the Folindation

vity graph is a special case of a state machinethat is used to model processes involving one or more classifiers. Its

brm those
ctions and

jraphs can
specific

4.13.2 Absiract Synfax

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 Parfition
4
1 O“*
+top 1
State 1.%
(from State Machines)
+inState
A
CompositeState SimpleState

(from Statedachines)
IsConcurrent : Boolean

+1
A T e Classifier

(from Core)
1
SubmachineState ActionState ObjectFlowState / 1| +type
(from State Machines)
IsDynamic : Booléan IsSynch : Boolean
dynamicArguments : ArgListsExpression
A dynamicMultiplicity : Multiplicity + state
A + parameter 0.*

SubactivityState CallState Parameter ClassifierinState|

(from Core)

IsDypamic : Boolean
Dyn@micArguments : ArgListSExpression
dyngmicMultiplicity : Multiplicity

Figurg 30"~ Activity Graphs

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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Attrib

utes

dynamicArguments

of the state. The value must be a set of lists of objects, each list serving as arguments fol
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

r one

dyn

icMultiplicity A_Multiplicity limiting the number of parallel executions of the actions of state _This att|

ignored if the isDynamic attribute is false.

ibute is

isDyn

Amic A boolean value specifying whether the state's actions might be executed concurrently. It
conjunction with the dynamicArguments attribute.

isused in

Asso

iations

entry

(Inherited from State) Specifies the invoked actions.

4.13.7

An act
object

.2 ActivityGraph

vity graph is a special case of a state machine that defines a computati onal-process in terms of the control-fl
flow among its constituent actions. It does not extend the semantics of state’'machinesin amajor way but it ¢

ow and
oes define

shorthgnd forms that are convenient for modeling control-flow and object-ffow in computational and organi zational processes.

The pr
Activif

if an olitgoing transition is not explicitly triggered by an event, thendt isimplicitly triggered by the completion of th
. A subactivity state represents a nested activity that has some duration and internally consists of a set of actjons or

actions
more S
resol v

Junctid

Activif
organi3
Activit
contex

acustg
proces|

ASSO(

mary purpose of activity graphsisto describe the states of an activity or process involving one or more clas
y graphs can be attached to packages, classifiers (including usé.cases), and behavioral features. Asin any stat]

ubactivities. That is, a subactivity state is a“hierarchical action” with an embedded activity subgraph that ul
s to individual actions.

ns, forks, joins, and synchs may be included to-model decisions and concurrent activity.

y graphs include the concept of Partitiensto organize states according to various criteria, such as the real-w
ration responsible for their performance:

y graphing can be applied to organizational modeling for business process engineering and workflow model
, events often originate fronrinside the system, such as the finishing of atask, but also from outside the systg
mer call. Activity graphs-can a so be applied to system modeling to specify the dynamics of operations and sy
ses when afull interagctienmodel is not needed.

iations

sifiers.
e machine,

{ contained

imately

Drid

ng. In this
M, such as
stem level

partit

on A set of Partitions each of which contains some of the model elements of the model.

4.13.7

.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.

154
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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 I Designates a classifier for the ClassfierlnState to characterize the instances of

inSa Designates a state that characterizes instances of the classifier of the ClassifierlnState. Thestate must be
avalid state of the corresponding classifier. This may have multiple states when refegring)to a object in
orthogonal states.

4.13.2.5 ObjectFlowState

An objlect flow state defines an object flow between actionsin an activity graph. An instance,of aparticular classifigr, possibly
in apaticular state, is available when an object flow state is occupied.

The ganeration of an object by an action in an action state may be modeled by an object-flow state that is triggered|by the
complétion of the action state. The use of the object in a subsequent action state may*te modeled by connecting the¢ output
transitiion of the object flow state as an input transition to the action state. Generally each action places the object infa different
state that is modeled as a distinct object flow state.

Attributes

isSyngh A boolean value indicating whether an object flow state is used as a synch state.

Assogiations

type Designates a classifier that specifies the classifier of the object. It may be a classifier-in-statejto specify
the state and classifierof the object.
parareter Designates parameéters that provide the object as output or take it as input.
Stereptypes
«signgl flow» Signalflow is a stereotype of ObjectFlowState with a Signal as its type.

4.13.4.6 Partition

A partition is ameehanism for dividing the states of an activity graph into groups. Partitions often correspond to orggnizational
units i abusiness’'model. They may be used to allocate characteristics or resources among the states of an activity|graph. It
should|be noted that Partitions do not impact the dynamic semantics of the model but they help to alocate propertiges and
actiong forvarious purposes.

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 enalbled when

thefingl state of the nested activity graph is reached; that is, when it completesits execution, or when the triggeneyents occur
on the fransitions.

The semantics of a subactivity state are equivalent to the model obtained by statically substituting the Contents of the nested
graph @s a composite state replacing the subactivity state.

Attribdtes

dynarnicArguments An ArgListsExpression that determines the number of parallel gxecutions of the submachines of the state.
The value must be a set of lists of objects, each list serving as\arguments for one execution. Thifs attribute
isignored if the isDynamic attribute is false.

dynarpicMultiplicity A Multiplicity limiting the number of parallel executions of the actions of state. This attribute |s ignored
if the isDynamic attribute is false.

isDynamic A boolean value specifying whether the state's subactivity might be executed concurrently. It i used in
conjunction with the dynamicArguments attribute.

Assogiations

submachine (Inherited from SubmachineState) This designates an activity graph that is conceptually nested pvithin the
subactivity state. The stibactivity state is conceptually equivalent to a composite state whose cdntents are
the states of the nested.activity graph. The nested activity graph must have an initial state and affinal state.

4.13.4.8 Transition

Transifion isinherited from state machines.

Tagged Values

usage Usage applies only to transitions leading into or out of an object flow state. It has a value of uses or
modifies. A value of uses indicates that the action of the state at the other end of the transitior] from the
object flow state uses but does not modify the object represented by the object flow state. A value of
modifies indicates that the action of the state at the other end of the transition from the object flow state
modifies and may use the object represented by the object flow state.

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] A action state has a non-empty entry action.

sqlf.entry->size > 0
[2] An action state does not have an internal transition, exit action, or a do activity.
sglf.internal Transition->size = 0 and self.exit->size = 0 and sel f¢doActivity->size = 0

[3] Trnsitions originating from an action state have no trigger event.

sql f.outgoing->forAll(t | t.trigger->size = 0)
4.13.3.3 Callstate

[1] Theentry action of acall stateisasingle call action.

sqlf.entry->size = 1 and self.entry. ocl|sKi ndOf (Call Acti on)
4.13.3.4 ClassifierInState

[1] Classifiers-in-state have no namespace contents.

sglf.all Contents->size = 0
4.13.3.5 ObjectFlowState

[1] Parameters of an object flow state must have atype and direction compatible with classifier or classifier-in-state of
the object flow state.

I gt ofstype : Cdassifier(=

(if self.type.|sKindO (Cl assifierlnState)
then sel f.type.type el se self.type);

sql f . paranet er<>for Al | (paraneter |

par anet er..type = of stype

or (paraneter.kind = #in

and of stype. al | Supertypes->i ncl udes(type))

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 actions that provide output or return values conforming to the type of the classifier|or
classifier-in-state. The entry actions use the output or return parameters of the object flow state. Valid upstteam states
arg calculated by traversing incoming transitions transitively, skipping pseudo states, entering and exiting subagtivity
states, looking for regular states.

sgl f.all Previ ousLeaf St ates. size > 0 and
sel f.all Previ ousLeaf States->forAll (s |

sel f.isQutputAction(s.entry))

Addit{onal operations

[1] Theoperational | Next Leaf St at es resultsin the set of statesimmediately downstream of the object flow stgte that
have the next actions that will be executed.

[2] The operational | Previ ousLeaf St at es resultsin the set of states immediately upstream of the object flow [state
that have the next actions that were last executed.

[3] Theoperationi sl nput Acti on takesan action as input and résultsin a boolean telling whether the action has an
input parameter compatible with the object flow state.

[4] Theoperationi sCut put Acti on takes an action asinput and results in a boolean telling whether the action hias an
oytput parameter compatible with the object flowistate.

4.13.3.6 PseudoState

[1] In|activity graphs, transitionsincoming to (and outgoing from) join and fork pseudostates have as sources (targets)
any state vertex. That is, joins andforks are syntactically not restricted to be used in combination with compogite
states, asisthe case in state machines.

sql f. stateMachi ne. ocl I)sTypeOf (ActivityG aph) inplies
((self.kind ==#0in or self.kind = #fork) inplies
(sel f.j+eom ng->forAll(t | t.source.ocllsKindOf(State) or
seurce. ocl | sTypeOf (PseudoState)) and
(set f.outgoing->forAll(t | t.source.ocll|sKindO(State) or

sour ce. ocl | sTypeOf (PseudoState)))))

[2] All of the paths leaving atork must eventually merge in a subsequent 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( U t: n CC\LIIO) arc<l IUt (]: :UVVC\’.‘J, CI\L:C'Jt I‘UI tl Al ID;t;UI 1o um’j V\I;th Dyl I\.rh S‘Latco. I‘I'\‘\D W\Jh, Al Ql.atl Vlty Drlm.:lflbatlul 1 tl Conta.l nS

‘uncorfstrained parallelism’ asis used in general activity graphsis considered ‘incomplete’ in terms of UML.

All eventsthat are not relevant in a state must be deferred so they are consumed when they become relevant.| Thisig facilitated
by the general deferral mechanism of state machines.

4.13.4.2 ActionState

As sogn as the incoming transition of an ActionState is triggered, its entry action starts execufing. Once the entry action has
finished executing, the action is considered complete. When the action is complete, then tfie' eUtgoing transition is gnabled.

TheisPynamic attribute of an action state determines whether multiple invocations of-state might be executed congurrently,
depending on runtime information. This means that the normal activities of an action state, namely its actions, may| execute
multip|e timesin parallel. If isDynamic is true, then the dynamicArguments attribute is evaluated at the time the state is
entered. The size of the resulting set determines the number of parallel executions of the state. Each element of the set isalist,
which Js used as arguments for an execution. These arguments can be reférfed to within actions (for example, by “pbject[i]”
denoting theith object in alist). If the isDynamic attribute is false, dynamicArguments isignored. If the dynamicArguments
expression evaluates to the empty set, then the state behaves asiif it had no actions. It is an error if the dynamicArguments
expression evaluates to a set with fewer or more elements than the'number allowed by the dynamicMultiplicity attfibute. The
behavipr is not defined in this case.

Dynanic states may be nested. In this case, you can’t access the outer set of arguments in the inner nesting. If this should be
necesspry, arguments can be passed explicitly from the-outer to the inner dynamic state.

The agtivation of an object flow state signifiesthat an instance of the associated classifier is available, perhapsin g specified
state; that is, a state change has occurred'as a result of a previous operation. This may enable a subsequent action sate that
requirgsthe instance asinput. Aswith all’ statesin activity graphs, if the object flow state leadsinto ajoin pseudostate, then the

Unlesqthereis an explicit ‘fork] that creates orthogonal object states, only one of an object flow state’s outgoing trpnsitions
will fire as determined by(he guards of the transitions. The invocation of the action state may result in a state change of the

parameter is specmed to take the flowing object asi nput then itis u%d asan actlon target mstead Call actlons are parti cularly
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 activity to afork, and target the fork transitions at multiple object flow states.

4.13.4.4 SubactivityState

The isDynami i i iplici ' ivi imilar meaning to the
tributes of action states. They provide for executing the submachine of the subactlvny state multiple timésin parallel.
See senantics of ActionState.

4.13.4.5 Transition

In actiyity graphs, transitions outgoing from forks may have guards. This means the region initiatedy afork transijtion might
not staft, and therefore not be required to complete at the corresponding join. Forks and joins must be well-nested ir the model
to use this feature (see rule #2 for PseudoState in Activity Graphs). The following mappingshews the state machine meaning
for sudh an activity graph.

[guard] [~guard [guard]

____________

] : 1 ! 1
{ Aptivity 1! conditional iti :
i H | 1 Conditional !
: flodel 1 1 Activity | Thread 1 o :
! Thread1 ! ' M odel i State :
! ' ! ' Machine
' 1 ' Thread ! i

Fragment

Activ!ty diagram Equivalent state
notation machine notation

Figurg 31 - State machine meaning for an activity graph

If a conditional region synchronizes with another region using a synch state,and the condition fails, then these syngh states
have their counts set to4infinity to prevent other regions from deadlocking.

4.13.5 Notes

Object|flow'states in activity graphs are a specialization of the general dataflow aspect of process models. Object-flpw activity
graph extend the semantics of standard dataflow relationshi ps inthree 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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Part 4 - 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

4.14.1 Overview

The Mpdel Management package is dependent on the Foundation package. It defines Model, Package;yand Subsysfem, which
all serye as grouping units for other M odel Elements.

Models are used to capture different views of a physical system. Packages are used within aMedel to group M odelElements.
A Subsystem represents a behavioral unit in the physical system. UML Profiles are packages'dedicated to group UML
extens{ons.

In thisjsection it is necessary to clearly distinguish between the physical system beirig modeled; that is, the subject of the model
and th¢ model element that represent the physical system in the model. For thisreason, we consistently use the term physical
systemywhen we want to indicate the former, and the term (top-level) subsystem when we want to indicate the latte. An
examp|e of a physical system isacredit card service, which includes software, hardware, and wetware (people). The UML
model ffor this physical system might consist of atop-level subsystem called CreditCardService, which is decompdsed into
subsygems for Authorization, Credit, and Billing. An analogy with,the construction of houses would be that the hquse would
correspond to the physical system, while a blueprint would correSpond to amodel, and an element used in a blueprint would
correspond to amodel element.

The fo|lowing sections describe the abstract syntax, well-fermedness rules, and semantics of the Model Management package.

4.14.2 Abstract Syntax

The alystract syntax for the Model Management package is expressed in graphic notation in Figure 32.
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+importedElement ModelElement +ownedElement
* (from Core)
*
ElementOwnership
—_— (from Core)
Elementimport :
visibility : VisibilityKind Namespace 0."1 Gener?r'ﬁ%zgemem
alias : Name ] (from Core)
igSpecification : Boolean ‘+namespace
/\
Classifier Package
(from Core) 4
Subsystem Model
isinstantiable : Boolean
Figurg 32 - Model Management
4.14.2.1 Dependency (as extended)
Depenglencies have specific extensions for modeling UML profiles.
Steredtypes
«modglLibrary» This dependency means that the supplier package is being used as a model library associated with) a profile.
The client is a package that is stereotyped as a profile and the supplier is a non-profile package thdt contains
shared model elements, such as classes and data types.
«appl|edProfile» This dependency is used to indicate which profiles are applicable to a package. Typically, the clignt is an
ordinary package or a model (but could be any other Kind of package), while the supplier 1s 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;
isSpegification 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 default.
visibility An imported ModelElement is either public, protected, or private relative to thedimporting Package.

4.14.4.3 Model

A model captures aview of aphysical system. It isan abstraction of the physical system,-with a certain purpose. This purpose
deternfines what is to be included in the model and what is irrelevant. Thus the model .completely describes those gspects of
the physical system that are relevant to the purpose of the model, at the appropriate tevel of detail.

In the metamodel, Model is a subclass of Package. It contains a containment hierarchy of Model Elements that togegther
describje the physical system. A Model also contains a set of Model Elemerits that represents the environment of the system,
typicaly Actors, together with their interrelationships, such as Dependencies, Generalizations, and Constraints.

Differént Models can be defined for the same physical system, where each model represents aview of the physical|system
defined by its purpose and abstraction level (for example, an analysis model, a design model, an implementation nodel).

Typicdly different models are complementary and defined from the perspectives (viewpoints) of different system
stakehplders. For example, a use-case model may be defined from the viewpoint of abusiness analyst stakeholder. Hach Model
is a complete description of the physical system. WhemModels are nested, the container Model represents the comprehensive
view of the physical system given by the different.views defined by the contained Models.

Stereptypes
«systegmModel» A systemModel is a stereotyped model that contains a collection of models of the same physical [system. A
systemMedel also contains all relationships and constraints between model elements contained in different
models.
«metdmodel » A-metamodel is a stereotyped model denoting that the model is an abstraction of another model; that is, it is

amodel of amodel. Hence, if M2 is a model of the model M1, then M2 is a metamodel of M1. |t follows
then that classes in M1 are instances of metaclasses in M2. The stereotype can be recursively applied, asin
the case of a4-layer metamodel architecture.

4.14.2.4 Package

A package: isa grol |pi ng 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 package];.

Stereptypes

«facaf

e

A facade is a stereotyped package that contains references to model elements owned by another package. It
is used to provide a ‘public view’ of some of the contents of a package. A facade does not contgn any

model elements of its own.

«fram

lework»

A framework is a stereotyped package that contains model elementsthat specify a reusable archifecture for
al or part of a system. Frameworks typically include classes, patterns, or templates. When framgworks are

specialized for an application domain, they are sometimes referred to as application frameworks.

«mod

bl Library»

A mode library is a stereotyped package that contains model elements that are intended to be refised by
other packages. A model library differs from a profilgin that a model library does not extend the rhetamodel

using stereotypes and tagged definitions. A model likrary is analogous to a class library in some
programming languages.

«prof

le»

A profile is a stereotyped package that contains model elements that have been customized for alspecific
domain or purpose using extension mechianisms, such as stereotypes, tagged definitions, and congtraints. A
profile may also specify model librariésion which it depends and the metamodel subset that it extends. (The

latter is specified via an applicableSubset tag definition.)

«stub:

A stub is a stereotyped package’that represents only the public parts of another package.

«topl

evel»

TopLevel is a stereotyped.package that denotes the highest level package in a containment hierarchy. The

topLevel stereotype defines the outer limit for looking up names, as namespaces “see” outwards. A

topLevel

subsystem is the top of a subsystem containment hierarchy; that is, it is the model element that represents

the boundary_6f-the entire physical system being modeled.

Tag D

efinitions

{appl

cableSubset}

This tag definition, which only applies to profile packages, lists the metaelements that are used by the
associated profile. The value associated with this tag definition is a set of strings, where each str{ng

represents the name of an applicable metaelement.

Note that the use of applicable subset does not necessarily exclude the use of any metaelements, but clearly
identifies which ones are referenced from the associated profile. Further note that the tag definitipn applies
only to the immediately associated profile. If a profile combines several other profiles using impprt or

| HEp o |H (N} baat (| L. ta-dlaa Latal atacl £l Tk Lo, f
YCHCIraTZarror S, thiC aupPrtadrc SO0 ST UMy PP CStOtHCTTHHT ICUTArCry - aSSOCrarCa—pProre— T T1e Ao ence o an

applicable subset tag definition means that the whole UML metamodel is applicable.

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.
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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
ModelEl ements in the latter subset jointly provide a reallzamlon of the spe(:|f|cat|0n Any kind of Model Element can bea

ts can be defmed in dlfferent Ways (for example Wlth Collaboratlons or «real|ze» dependenu 05)

eleme
Attributes
islnstantiable States whether a Subsystem is instantiable or not. If false, the Subsystem represents a unique pat of the
physical system; otherwise, there may be severa system parts with the same definition.

4.14.8 Well-Formedness Rules

The fo]lowing well-formedness rules apply to the Model Management package.

4.14.3.1 Elementimport

No extrawell-formedness rules.

4.14.4.2 Model

No extrawell-formedness rules.

4.14.34.3 Package

[1] N imported element (excluding Association) may-have the same name or alias as any element owned by the Package
or[one of its supertypes.
sql f.al |l mportedEl enents->reject)( re |
rg. ocl 1 skKindOf (Associ ation)\)->forAl( re |

(re.elementlnport.alitas <> '’ inplies
not (self.allContents - self.alllnportedEl enents)->
reject (e |
ve.jocl | sKindOF (Association) )->exists ( ve |
ve.name = re.elenentlnport.alias))
and

(reelementlnport.alias ="'" inplies

+ L £ L1l + +
mut \QCI T Ar T CUTITe it o QT
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.elementlnport.alias <> '’ and
r2.elenmentlnport.alias <> '’ and

rl.elenentinport.alias = r2.elenentlnport.alias

HpHes—+1—+2)

and

(rl.elementlnport.alias ="'’ and
r2.elenmentlnport.alias ="'’ and

rl.name = r2.nane inplies rl =r2)
and
(rl.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 associateq!
Clssifiers as any Association owned by the Package or one of its supértypes.

sgl f.alllnportedEl enents->select( re |
rg.ocl I skindOf (Association) )->forAl( re |
(re.elenentlinport.alias <> "'" inplies
not (self.allContents - self.alld\nportedEl enents)->
sel ect ( ve |
ve. ocl | sKi ndOF ( Associ ati-on) ) ->exi st s(
ve : Association |
ve.name = re.elenentlnport.alias
and
ve. connecti on->si ze = re.connection->size and
Seguence {1..re.connection->size}->forAl( i |
re.connection->at(i).participant =
ve. connection->at(i).participant ) ) )
and

(re.elenentlinport.alias = '’ inplies

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->size = re.connection->size and
Sequence {1..re.connection->size}->forAl( i |

re.connection->at(i).participant =

ve. connection->at(i).participant ) ) ) )

sql f.al |l nportedEl enents->select ( re |
rg.ocl I skKindO (Association) )->forAll ( rl, r2 : Association
(rl.connection->size = r2.connection->size and
Sequence {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.elenmentinport.alias = r2.elenentlnport.ali'as
implies rl1 =r2))
and
(rl.connection->size = r2.connection->size and
Sequence {1..r1l.connection->size}=SforAl ( i
rl.connection->at (i).participant =
r2.connection->at (i)«patticipant and

rl.elenentlnport.alias. ="' and

r2.elenentlnport.akifas = '’ and
rl.name = r2. nane
implies rl =nr2))
and
(r 1. conneCti-0On- >si ze = r2.connecti on->si ze and
Sequence*{1l..r1l. connection->size}->forAl ( i
1. connection->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 1 sKi ndOf (Conment) or

.locl I sKi ndOFf (Constraint) or
.Jlocl | sKi ndOf (Col | abor ati on or
.Jocl | sKi ndOf (St at eMachi ne) or
.locl I sKi ndOf ( TaggedVal ue) or
.locl I sKi ndOf (St er eotype))

OO0 0O0000O00OO0

Additional Operations
[1] The operation contents resultsin a Set containing the Model Elements owned by or imperted by the Package.
cqgntents : Set (Mddel El erment)

cgntents = sel f. ownedEl enent - >uni on(sel f. i nportedEl enent)

[2] The operation allmportedElements resultsin a Set containing the M odelElementsimported by the Package or pne of
itd parents.

al|l I mport edEl ements : Set (Mddel El ement)

al|l I mportedEl ements = sel f.inportedEl enent - >unji’on(

sql f. parent. ocl AsType(Package). al | | nport edEl emrent s->select( re |
re.elenentlnport.visibility = #public<or

re.elenentlnport.visibility = #probtected))

[3] The operation allContents resultsin a Set cofitaining the M odel Elements owned by or
inported by the Package or one of its ancestors.

al|l Contents : Set(Model El enent’) ;

al|l Contents = sel f. cont.ents->uni on(

sel f.parent. al | Cofitent s- >sel ect (e |
e. el enent Oanership.visibility = #public or
e. el enent Ownership.visibility = #protected))

4.14.3.4 Profile

[1] The baseelasses of all stereotypesin a profile must be part of the applicable subset of this profile.

sql £nappl i cabl eSubset - >
IMCIUdeSAI T (Sel T STereot ypes- >cof T ect { PaseT 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 each Operation in an Interface offered by a Subsystem, the Subsystem itself or at least one contained
specification element must have a matching Operation.

sel f.specification.all Operations->forAll(interQp |

salf all Onharatigne uni-on
——arr—cpeat+6+h HHH-041

(sel f.all SpecificationEl ements->sel ect (specH |
specEl . ocl I sKindOf (C assifier))->forAl (c|
c.al | Operations))->exists

( op | op.hasSaneSi gnature(interQ) ) )

[2] Far each Reception in an Interface offered by a Subsystem, the Subsystem itself or at |east-one contained
specification element must have a matching Reception.

I gt al |l Receptions : set(Reception) = self.all Features->sel ect(f |
f.ocllsKindOf (Reception)) in
sql f.specification.all Receptions->forAll(interRec |
sel f. al | Recepti ons->uni on
(sel f.all SpecificationEl enent s->sel ect (speck! |
specEl . ocl I sKi ndOf (C assifier))->farAl | (c|
c.al | Receptions))->exists

( rec | rec.hasSanmeSignature(interRec) ) )

[3] The Features of a Subsystem may only be Operations or Receptions.
sql f.feature->forAll (f | foocl | sKi ndOF (Operation) or
f.ocl1sKi ndOf (Reception))

[4] A [Subsystem may only own or réference Packages, Classes, DataTypes, Interfaces, UseCases, Actors, Subsysiems,
Sipnals, Associations, Generalizations, Dependencies, Constraints, Collaborations, StateMachines, and Stereofypes.

sgl f.contents->forALI~( ¢ |

c. ocl I sKi ndOf(Package) or
c.ocl | sKihde&f (C ass) or

c. ocl IsKi'ndOf ( Dat aType) or
c.,0ckt skKi ndOf (I nterface) or
enocl | sKi 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) )

Addit

[1] TH
Sy

onal Operations

e operation all SpecificationElements resultsin a Set containing the Model Elements specifying the behavior
bsystem.

al|l Speci ficationEl enents : Set(Mdel El enent)
al|l Speci ficationEl enents = sel f.all Contents->select(c | c.el enentOawershi p.isSpeci f
)
[2] The operation contents resultsin a Set containing the Model Elements owned by or imported by the Subsysten.
cqntents : Set (Model El enent)
cgntents = sel f. ownedEl enent - >uni on(sel f. i nportedEl enent)
4.14.4 Semantics
4.14.4.1 Package
* *
Geperalization Package ModelElement
g
Figurg 33 - Package illustration - shows(Package and its environment in the

The pU
has no

used l;(ir organizing elementsfar-any purpose; the criteria to use for grouping elements together into one package a

defin

A pacK
elemer
uniqueg

There
elemer

metamodel by flattening the inheritance hierarchy.

rpose of the package construct-is to provide a general grouping mechanism. A package cannot be instantiate
runtime semantics. In fact, its'only semantics is to define a namespace for its contents. The package constru

within UML.

age owns a set’of 'model elements, with the implication that if the package is removed from the model, so ar
ts owned hy the package. Elements with names, such as classifiers, that are owned by the same package mu
names withih the package, although elementsin different packages may have the same name.

of the

ication

d, thus it
Ct can be
re not

e the
5t have

may<berel ationships between el ements contained in the same package, and between an element in one package and an

t irma surrounding package at any level. In other words, elements “see” al the way out through nested level

of

packag

es. (Note thal a package with the stereotype «topLevel» 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
analiasto av0|d name conflicts with the names of the other elementsin the namespace, includi ng other |mp0rted elements.

The alis
origing
permigsive visi b|||ty relative to the importing package; that is, the local visibility may be defined as protected orpyblic.

A paclage with an import dependency to another package imports all the public contents of the namespace-defineq by the
suppliér package, including elements of packages imported by the supplier package that are given publie visibility jn the
supplier.

The adcess dependency (a Permission dependency with the stereotype «access») is similar to the import dependengy in that it
makes|elements in the supplier package available to the client package. However, in this caseio elementsin the sypplier

packade are included in the namespace of the client. They are simply referred to by theif full pathname when referenced in the
accessing package. Clearly, they are not visible to packages in turn accessing or impariihg this package.

A paclage can have generalizations to other packages. This means that the public-and protected elements owned of imported
by a package are also available to its children, and can be used in the same way- as any element owned or imported|by the
childrgn themselves. Elements made available to another package by the (ise'6f a generalization are referred to by the same
name ih the child as they are in the parent. Moreover, they have the samevisibility in the child as they have in the parent
packade. Relationships between the ancestor package and other modelelements are a so inherited by the child package.

A paclage can be used to define aframework, specifying a reusable architecture for all or part of a system. Frameworks may
includg reusable classes, patterns or templates. When frameworks are specialized for an application domain, they gre
sometimes referred to as application frameworks.

4.14.4.2 Profile

A prof|le stereotype of Package contains one-ermore related extensions of standard UML semantics (refer to Sectipn 4.6,
“Exterjsion Mechanisms,” on page 69). These-are normally intended to customize UML for a particular domain or purpose.
Profilgs can contain stereotypes, tag definitions, and constraints. They can also contain data types that are used by {ag
definit|ons for informally declaring the)types of the values that can be associated with tag definitions.

In addition, a profile package can,specify arelated model library and identify a subset of the UML metamodel that|is
applicgble for the profile. In principle, profiles merely refine the standard semantics of UML by adding further congtraints and
interpretations that capturédomain-specific semantics and modeling patterns. They do not add any new fundamentg concepts.

Relatijonships between profiles

A prof|le package.ean have the usual relationships with other packages such as generalization, import, and access. These have
the usyal semantics. They are useful to profile designers who may want to import elements from one profile into anpther, or to
combinetwe or more profiles. However, care should be taken to combine these in a consistent way. For example, géxtensions
from different Inmfilp\: may he inr‘nmpmi ble and their n:v:ppr‘fi\/p 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.

Applyling a profile to a package

A UML model can be based on a number of different UML profiles. The applicable profiles are identified by, speciplly
stereotyped «appliedProfile» dependencies from the UML model package to the appropriate profile packages: This fleclaration
enables the UML model to access the stereotypes and tag definitions of these profiles.

4.14.4.3 Subsystem

Generalization Subsystem <>——— ModelElement

* *
/ * *
BghavioralFeature S Interface

ubsystemlInstance

Figurg 34 - Subsystem illustration - shows Subsystem and-its environment in the
metamodel by flattening the inheritance hierarchy.

The pyrpose of the subsystem construct is to provide a grouping mechanism for specifying a behavioral unit of a plysical
systen. Apart from defining a namespace for its contents, a subsystem serves as a specification unit for the behavigr of its
contaiped model elements.

The cantents of a subsystem are defined in thié same way as for a package, thusit consists of owned elements and imported
elements, with unique names or aliases within the subsystem. The contents of a subsystem are divided into two subjsets: 1)
specifigation elements and 2) realization-elements. The specification elements, together with the operations and regeptions of
the suljsystem, are used for giving anabstract specification of the behavior offered by the realization elements. Theg collection
of realization elements model the interior of the behavioral unit of the physical system. Consequently, subsystems cpntained in
the redization part represent subordinate subsystems; that is, subsystems at the level below in the containment hierfarchy,
hence pwned by the current subsystem.

The specification of asubsystem thus consists of the specification elements together with the subsystem’s features (operations
and regeptions). It specifies the behavior performed jointly by instances of classifiersin the realization subset, without
revealing anything about the contents of this subset. The specification istypically madein terms of model elements such asuse
cases gnd/or eperations, although other kinds of model elements like classes, interfaces, constraints, relationships hetween
model [elements, state machines may also be used. Use cases are used to specify complete sequences performed by [the

subsygem;{that is, by instances of its contained classifiers interacting with its surroundings. Operations are suitabl¢ 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 classifi

errolesin

the collaboration, and together they perform the behavior specified by the use case. All stimuli that can be received and sent by
mstanc& of the use cases are also received and sent by the conforming instances, although at alower level of abstr

of asupsystem as well as operations and receptions are also.available to its heirs. Furthermore, rel ationships betwe
ancestor subsystem and other model elements are inherited'by specializing subsystems. In a concrete (non-abstract)
all elements in the specification, including elements fronTancestors, are completely realized by cooperating realiza
elements, as specified with, for example, a set of collaborations. This may not be true for abstract subsystems.

A subgystem may offer a set of interfaces. Thisimplies that for each operation defined in an interface, the subsystg

action.

bssifiers of
be
ckages,

e contents
en an
subsystem
tion

im offering

the intgrface must have a matching operation;-either as a feature of the subsystem itself or of a specification element. The

relationship between interface and subsystern is not necessarily one-to-one. Interfaces of a subsystem are usually cpntained in
the same namespace as the subsystemiitself, but may also be contained in the specification of the subsystem. In thejatter case,
elements using these interfaces must have an import or access rel ationship with the subsystem to gain access to the interfaces.
In casgs when the physical system has several parts with the same definition, the subsystem is specified to be instantiable. The
parts afe then instances of¢thi's subsystem. Note, however, that al behavior specified for the subsystem is till perfgrmed by
instanges contained 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

V|ewp0| nt) that is, for acertaln category of stakeholders (for example deﬂgners users, or orderers of the system) and at a
ab ' s the whole

d vantage

point, & erepresented |nthe model. Furthermore, it descn besthe physcal system only once; that is, thereis no-overlfapping; no

A modgl consists of a containment hierarchy where the top-most package or subsystem represents the’beundary of the physical
system. This package/subsystem may be given the stereotype «topL evel» to emphasize its role within the model. It|is possible
to have more than one containment hierarchy within a model; that is, the model contains a set ef top-most packageg/
subsygems each being the root of a containment hierarchy. In this case there is no single package/subsystem that represents

The mpdel may also contain model elements describing relevant parts of the systemisenvironment. The environmgnt is
typically modeled by actors and their interfaces. Asthese are external to the physical system, they reside outside the package/
subsygem hierarchy. They may be collected in a separate package, or owned directly by the model. These model el¢ments and

A model may be a specialization of another model via a generalizationxelationship. Thisimpliesthat al public and protected
elementsin the ancestor are also available in the specialized model under the same name and interrelated asin the gncestor.

A model may import or access another model. The semantics isthe same as for packages. However, some of the agtors of the
suppliér model may beinternal to the client. Thisisthe case,for example, when the imported model represents alower layer of
the physical system than the client model represents. Then.some of the actors of the lower layer model represent thie upper
layer. The conformance requirement is that there must-be classifiersin the client whose instances may play the rolgs of such
actors.

The contents of amodel is the transitive closure.ef its owned model elements, like packages, classifiers, and relatignships,
together with inherited and imported elements:

There may be rel ationships between madel elementsin different models, such as refinement and trace. A trace; that is, an
abstragtion dependency with the stéreotype «trace» indicates that the connected (sets of) model elements represent the same
conceydt. Trace is used for tracingrequirements between models, or tracing the impact on other models of a change|to a model
element in one model. Thus trages are usually non-directional dependencies. Relationships between model elementsin
different models have no imapact on the model elements’ meaning in their containing models because of the self-cobtaj nment
of models. Note, though;.that even if inter-model relationships do not express any semanticsin relation to the modgls, they
may have semanticsin.relation to the reader or in deriving model elements as part of the overall devel opment procgss.

Models may benested (for example, several models of the same physical system may be collected in a model withjthe
stereotype «systemM odel»). The models contained in the «systemModel» all describe the physical system from different
viewpai nts, the vi ewp0| nts not necessari Iy digoi nt The «systemM odel » also contains al inter-model relationshipg A

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 Sulpsystem and Model both are Packages in the metamodel, all three constructs can be combined arbitrarily-t0-g
contai mment hierarchy. For example, a Subsystem may be defined using a set of Models, in which case these.Modg
contaied in the Subsystem. Another exampleisa set of components defined by Subsystems, collected ina Packags
reuse ||brary.

Itisatool issueto decide how many of the imported elements must be explicitly referenced by the importing packd
how many ElementI mport links to actually implement. For example, if all elements have the default visibility (priy

their ofiginal namesin the importing package, the information can be retrieved directly fromthe imported package.

rganize a
Isare
defining a

ige; that is,
ate) and

If atogl does not support the separation of specification and realization elements for Subsystem, then the value of {he

isSpecification attribute for ElementOwnership should be false by default. See the Core package, where ElementOy
definegl, for details.

The isgue of how to represent the runtime presence of a Subsystem has beef sblved by introducing Subsystemlnsts
for anpn-instantiable Subsystem. An alternative, lessintuitive, solutionweuld be to have the metaclass Subsystem
metaclpss Instance, thus getting the desired characteristics.

Because thisisalogical model of the UML, distribution or sharing‘of models between toolsis not described.

vnershipis

nce, even
inherit the

It is expected that tools will manage presentation elements, inparticular diagrams, that are attached to model eleménts.
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Part

This guide describes the notation for the visual representation of the Unified Modeling Language (UML). This notation
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UML Notation Guide

1 - Background

docun
for ful

5.1

This chapter is arranged in parts according to semantic concepts subdivided by diagram types. Within-each diagran

model
more t
docum
descrik
docum

Eachp

constriicts. Note that some of these constructs are used within other constructs;*do not be misled by the flattened st

the chd

details.

ntroduction

ent that can be read linearly, but a reference document organized by affinity, of concept.

art of this chapter is divided into sections, roughly corresponding to important model elements and notationgl

pter. Within each section the following subsections may be found:

chapter in this specification.

Notation: Explains the notational representation of the-semantic concept (“forward mapping to notation™).

within atool.

document.

consistent guidelines of your own choosing is recommended in any case.

h type,

el ements that are found on that diagram and their representation are listed. Note that many model elements arje usablein
nan one diagram. An attempt has been made to place each description where it is used the most, but be awarg that the
ent involvesimplicit cross-references and that elements may be useful in places other.than the section in whith they are
ed. Be aware also that the document is nonlinear: there are forward referencesin.it! It is not intended to be ateaching

T CoNtams brief SumMmartes of the Semantics of UM TonStrtcts, but the UV Semantics chapter must e tonsulted

ructure of

Semantics: Brief summary of semantics. For afuller explanation and discussion of fine points, see the UML|Semantics

Presentation options: Describes various options inpresenting the model information, such as the ability to uppress or
filter information, alternate ways of showing:thihgs, and suggestions for alternate ways of presenting information

Dynamic tools need the freedom to present information in various ways and the authors do not want to restfict this
excessively. In some sense, we aredefining the “canonical notation” that printed documents show, rather than the
“screen notation.” The ability(to)extend the notation can lead to unintelligible dialects, so we hope this freedom will be
used in intuitive ways. The\authors have not sought to eliminate all the ambiguity that some of these presentation
options may introduce, because the presence of the underlying model in a dynamic tool servesto easily disgmbiguate
things. Note that a toolls not supposed to pick just one of the presentation options and implement it. Tools should offer
users the options-ef sel ecting among various presentation options, including some that are not described in this

Style guidelines: Include suggestions for the use of stylistic markers, such as fonts, naming conventions, arffangement
of symbols that are not explicitly part of the notation, but that help to make diagrams more readable. Thesejare similar
to textlindentation rulesin C++ or Smalltalk. Not everyone will choose to follow these suggestions, but the Use of some

Example: Shows samples of the notation. String and code examples are given in the following font: This is a string

sample.

« 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
metricftime axis). There are three kinds of visual relationships that are important:

1.[ connection (usualy of lines to 2-d shapes),
2.| containment (of symbols by 2-d shapes with boundaries), and
3.| visual attachment (one symbol being “near” another one on adiagram).
These Vvisual relationships map into connections of nodes in a graph, the parsed form of the notation.

UML mnotation isintended to be drawn on 2-dimensional surfaces. Some shapes are 2-dimensional projections of 31d shapes
(such as cubes), but they are still rendered as icons on a 2-dimensional surface. In thénear future, true 3-dimensiorjal layout
and nayigation may be possible on desktop machines; however, it is not currently practical.

There gre basically four kinds of graphical constructs that are used in UML notation:

1.[ lcons- Aniconisagraphical figure of afixed size and shape, It does not expand to hold contents. |cons may appear
within area symbols, as terminators on paths or as standalone'symbols that may or may not be connected {o paths.

2.| 2-d Symbols - Two-dimensional symbols have variablehetght and width and they can expand to hold othgr things,
such aslists of strings or other symbols. Many of them are divided into compartments of similar or differgnt kinds.
Paths are connected to two-dimensional symbols loy; terminating the path on the boundary of the symbol. Qragging or
deleting a 2-d symbol affects its contents and any paths connected to it.

3.| Paths- Sequences of line segments whosé.endpoints are attached. Conceptually a path is a single topolog|cal entity,
although its segments may be manipulated graphically. A segment may not exist apart from its path. Pathsjare always
attached to other graphic symbols at-both ends (no dangling lines). Paths may have terminators; that is, icpns that
appear in some sequence on the'end of the path and that qualify the meaning of the path symboal.

4. Srings- Present various kinds of information in an “unparsed” form. UML assumes that each usage of asring in the
notation has a syntax by-which it can be parsed into underlying model information. For example, syntaxeg are given
for attributes, operations, and transitions. These syntaxes are subject to extension by tools as a presentatiop option.
Strings may existas singular elements of symbols or compartments of symbols, aselementsin lists (in whigh case the
position in the list conveysinformation), as labels attached to symbols or paths, or as stand-alone elements on adia-
gram.

5.3 Prawing Paths

A path|consists of a series of line segments whose endpoints coincide. The entire path is asingle 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 modeling information on the segments to be combined is not identical.

5.4 Invisible Hyperlinks and the Role of Tools

A notation on ap| ece of paper contains no h|dden mformatlon A notatlon on acomputer screen may contain addltlonal
invisiy ; ' '
informgtion, elther in agraph|cal view orin atextual table Such dynamic links are as much a part of adynamc rotdtion asthe
visiblginformation, but this guide does not prescribe their form. We regard them as atool responsibility. This docyment
attemptts to define a static notation for the UML, with the understanding that some useful and interesting.informatipn may
show Up poorly or not at all in such aview. On the other hand, we do not know enough to specify the behavior of gl dynamic
tools, lc:)r do we want to stifle innovation in new forms of dynamic presentation. Eventually some Gf\the dynamic rjotations
may bg¢come well enough established to standardize them, but we do not feel that we should do so'now.

5.5 Background Information

5.5.1| Presentation Options

Each gppearance of a symbol for a class on a diagram or on different diagramsimay have its own presentation choifes. For
examp|e, one symbol for a class may show the attributes and operations and-another symbol for the same class may suppress
them. Tools may provide style sheets attached either to individual symbels‘or to entire diagrams. The style sheets Wwould
specify the presentation choices. (Style sheets would be applicable tomost kinds of symbols, not just classes.)

Not allf modeling information is presented most usefully in a graphical notation. Some information is best presented in a
textual| or tabular format. For example, much detailed programming information is best presented as text lists. The|[UML does
not asgume that all of the information in a model will be expressed as diagrams; some of it may only be available gs tables.
This dpcument does not attempt to prescribe the format of*such tables or of the formsthat are used to access them, lyecause the
underlying information is adequately described in the ML metamodel and the responsibility for presenting tabul gr
informgtion is atool responsibility. It is assumedthat hidden links may exist from graphical itemsto tabular items.

5.6 Btring

A string is a sequence of charactersin some suitable character set used to display information about the model. Character sets
may include non-Roman al phabets-and characters.

5.6.1| Semantics

Diagram strings normally’map underlying model strings that store or encode information about the model, although some
stringgmay exist purety on the diagrams. UML assumes that the underlying character set is sufficient for representjng
multibyte characters in various human languages; in particular, the traditional 8-bit ASCII character set isinsufficient. Itis
assumed thatithe tool and the computer manipul ate and store strings correctly, including escape conventions for spgcial
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)
{ author = “Joe Smith”, deadline = 31-March-1997, status = analysis }

The purpose of the shuffle operation is nominally to put the cards into a random configuration.
However, to more closely capture the behavior of physical decks, in whigh\blocks of cards may stick

together during several riffles, the operation is actually simulated by cutting the deck and mdrging the
cards with an imperfect merge.

5.6.5| Mapping

A graphic string maps into a string within amodel element. The mapping.depends on context. In some circumstanges, the
visual gtring is parsed into multiple model elements. For example, an operation signature is parsed into its various fields.
Furthef details are given with each kind of symbol.

5.7 Name

5.7.1| Semantics

A namgisastring that is used to identify a modehelement uniquely within some scope. A pathname is used to find a model
element starting from the root of the system (or.frém some other point). A nameis a selector (qualifier) within sonme scope—
the scdpe is made clear in this document for each element that can be named.

A pathhame is a series of nameslinked tegether by adelimiter (such as‘::"). There are various kinds of pathnames described in
this dofument, each in its proper place.and with its particular delimiter.

5.7.2| Notation
A namgisdisplayed asatext string graphic. Normally aname is displayed on a single line and will not contain nomprintable
characters. Tools and{anguages may i mpose reasonabl e limits on the length of strings and the character set they useffor names,

possibly more restrietive than those for arbitrary strings, such as comments.

5.7.3| Example

Nam

BankAccount
integrate
controller
abstract

this_is_a_very long_name_with_underscores
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Pathname:

MathPak::Matrices::BandedMatrix

5.7.4 Mapping

M aps te-the-hame-of-a-odel-alement—Fhe-mapping-depends-on-context—aswith-StrHa—Further-detaH s-are-aiven-with the
aps e-+Re-han —a-HBGe-eHerieRt—-Re-apPHIg-6epenasS-BhR-coHeX S WHHR-SHHHRg—=UHRe-aetah-Sare-ghven-wi

particylar element.

5.8 Label
A labe] isastring that is attached to a graphic symbol.
5.8.1| Semantics

A labe] isaterm for aparticular use of astring on adiagram. It is purely a notational term.

5.8.2| Notation

A labe] isastring that is attached graphically to another symbol on a diagram Visually the attachment normally isfby
contaipment of the string (in a closed region) or by placing the string neaf.the symbol. Sometimes the string is pladed in a
definite position (such as below a symbol) but most of the time the statetment is that the string must be “near” the symbol. A
tool mgintains an explicit internal graphic linking between alabel and.a graphic symbol, so that the label drags with the
symbo], but the final appearance of the diagram is a matter of aesthetic judgment and should be made so that therefis no
confugon about which symbol alabel is attached to. Although the attachment may not be obvious from a visual ingpection of
adiagrjam, the attachment is clear and unambiguous at the graphic level (and poses no ambiguity in the semantic mapping).

5.8.3| Presentation Options

A tool [may visually show the attachment of alalel to another symbol using various aids (such asalinein a given ¢olor,
flashing of matched elements, etc.) as a convenience.

5.8.4| Example

BankAccount

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

© ISO/IEC 2005 - All rights reserved 181


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

ISO/IEC 19501:2005(E)

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»

Certairpredefi Thed ; SSSAY imn the
notatign. Others are available for users to employ as stereotype names. The use of a stereotype name that matchesapredefined

keyword isill formed.

cU WOIrQ

cXl U

5.10| Expression

5.10.1 Semantics

Various UML constructs require expressions, which are linguistic formulas that yield valuesWwhen evaluated at runitime.
These |nclude expressions for types, boolean values, and numbers. UML does not include’an explicit linguistic andyzer for
expressions. Rather, expressions are expressed as stringsin a particular language. The ©CL constraint language is ysed within
the UMIL semantic definition and may also be used at the user level; other languages (such as programming languages) may
also be used.

UML Ivoi ds specifying the syntax for constructing type expressions because they are so language-dependent. It is pssumed
that th¢ name of a class or simple data type will map into a simple Classifier reference, but the syntax of compli
languape-dependent type expressions, such as C++ function pointers, is the responsibility of the specification langliage.

5.10.2 Notation

An expression is displayed as a string defined in a particular language. The syntax of the string is the responsibility of atool
and al|nguistic analyzer for the language. The assumption is that the analyzer can evaluate strings at run-time to yield values
of the gppropriate type, or can yield semantic structures to capture the meaning of the expression. For example, atype
expression evaluatesto a Classifier referenceyand a boolean expression evaluatesto atrue or false value. The languggeitself is
knownto amodeling tool but is generally impticit on the diagram, under the assumption that the form of the expression makes
its purpose clear.

5.10.83 Examples

BankAccount
BankAccount\*/(*) (Person*, int)
array [120] of reference to range (-1.0..1.0) of Real

[ i,.>g~and self.size > i ]

5.10.4Mappirg

An expression 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

inform

ation). The OCL language is defined in the “ Object Constraint Language Specification” chapter.

5.10.6 Selected OCL Notation

Syntax for some common naw gau onal expr ions are shown beI ow. These forms can be chained together The leftmost

5 when
item ‘" selector The selector is the name of an attribute in the item or the name of the farget end
of alink attached to the item. The result is the value of thewattribute or the related
object(s). Theresult isavalue or a set of values depending’on the multiglicities of
the item and the association.
item ‘|’ selector ‘[* qualifier-value ‘]’ The selector designates a qualified association'that qualifies the item. Tihe
qualifier-value is avalue for the qualifier attribute. The result is the related object
selected by the qualifier. Note that this syntax is applicable to array indgxing as a
form of qualification.
set ‘-3’ ‘select’ ‘(* boolean-expression ‘)’ The boolean-expression is writtém in terms of objects within the set. The result is
the subset of objects in the sét.for which the boolean expression is true
5.10.Y Examples
flight.pilot.training_hours > flight.plane.minimum<hours
company.employees—>select (title = “Manager” and self.reports—>size > 10)
5.11| Note
A notdisagraphical symbol containing textual ihformation (possibly including embedded images). It is a notation|for
render{ng various kinds of textual information from the metamodel, such as constraints, comments, method bodies, pnd tagged
values
5.11.1 Semantics
A notgis anotational item..lt shows textual information within some semantic element.
5.11.2 Notation
A notdis shown.as/arectangle with a*“bent corner” in the upper right corner. It contains arbitrary text. It appears oh a
particylar diagram and may be attached to zero or more modeling elements by dashed lines.
5.11.83 _Presentation ﬂlnrinnt:

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.

This model was built

b . Alan \AMriaht aftar

DAL LEA A ARIY LEL = 0]

meeting with the
nlission planning team.

Figure

5.11.% Mapping

A note
known|

modeliing element. A note may represent:

« |the body of a method, or

It may [also represent a comment attached directly to a diagram element.

5.12

A major purpose of modeling isto prepare genéric descriptions that describe many specific items. Thisis often kng
type-instance dichotomy. Many or most.of\the modeling concepts in UML have this dua character, usually modelg
paired modeling elements, one represents the generic descriptor and the other the individual items that it describes.

of such

Although diagrams for type-like € ements and instance-like elements are not exactly the same, they share many sin
Therefpre, it is convenientitq choose notation for each type-instance pair of elements such that the correspondence
apparent immediately.~TFhere are alimited number of waysto do this, each with advantages and disadvantages. In |

type-ir]

name gtring (including type name, if present) of an instance element. This visual distinction is generally easily apps
without being Bverpowering even when an entire diagram contains instance el ements.

37 - Note

may represent the textual information in several possible metamodel constructs:jit'must be created in contey
to atool, and the tool must maintain the mapping. The string in the note maps'to the body of the correspong

aconstraint,

atagged value,

other string values within modeling elements.

Type-Instance Correspondence

pairsin UML include: Class-Object, Association-Link, UseCase-UseCasel nstance, M essage-Stimulus, al

tthatis
ing

wn as the
d by two
Examples
hd so on.
nilarities.
isvisually
UML, the

stance distinetion is shown by employing the same geometrical symbol for each pair of elements and by undegrlining the

Brent
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pl: Point
Point x =3.14
x: Real y=2118
y: Real
rotate (angle: Real)
scale (factor: Real)
Point
x=1
y=1.414

Figurg 38 - Classes and Objects

A tool jsfreeto substitute a different graphic marker for instance el ementsiét the user’s option, such as color, fill patferns, or so
on.

Roles {in collaborations) are somewhat between types and instances. Like instances, they identify distinct occurrerjces of a

single tlassifier. Like types, they describe a reusable element that'can have many distinct instances. A role is a distinguishable
use of pclassifier, but onethat is still part of a general description (a collaboration) that can be used to create many| instances.
A run-fime object may correspond to zero or more classes and to zero or more roles. The notation for arole permitgindication
of its Base classifiers. The notation for an instance permits specification of its classifiers, itsroles, or both.

A rolelisindicated by a name, colon, and type, not;underlined and part of a collaboration. Aninstance is indicated py an
optiongl name, optional slash followed by list of roles, colon, and list of types.

7T T A - pl/lead: Point
e
~N
e N x=3.14
/ lead:Point . 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

5.13

3 - Model Management

Package

5.13.1 Semantics

A pack
contaif
into pg

age is agrouping of model elements. Packages themselves may be nested within other packages. A packagi may
subordinate packages as well as other kinds of model elements. All kinds of UML model elements can-be grganized
ckages.

Note that packages own model elements and are the basis for configuration control, storage, and access.control. Each element

can be
packag

directly owned by a single package, so the package hierarchy is a strict tree. However, packapes can reference other
es, modeled by using one of the stereotypes «import» and «access» of Permission dependency, so the usage|network is

agrapln. Other kinds of dependencies between packages usually imply that one or more dependencies among the ellements

exists.

5.13.1

A pacK

P Notation

ageis shown as alarge rectangle with asmall rectangle (a“tab”) attached to the left side of the top of the lafge

rectangle. It is the common folder icon.

Theca
contaif
end atf

A keyv

are notigted within guillemets.

Alistd
Proper|

Thevi
symbo

Relatiq

ntents of the package may be shown within the large rectangle, Contents may also be shown by branching lipesto
ed elements, drawn outside of the package (see Figure 40 on page 187). A plus sign (+) within acircleis drpwn at the
pched to the container.

If the contents of the package are not shown within thelarge rectangle, then the name of the package may be placed
within the large rectangle.

If the contents of the package are shown withinthe large rectangle, then the name of the package may be placed within
the tab.

vord string may be placed above the package name. The predefined stereotypes facade, framework, stub, angl topLevel

f properties may be placed irrbraces after or below the package name. Example: { abstract} . See Section 5.17], “ Element
ies,” on page 197 for detaillsof property syntax.

Kibility of a package-élement outside the package may be indicated by preceding the name of the element by g visibility
(‘+' for public, /#\fer private, ‘# for protected, ‘~' for package).

nships may bedrawn between package symbols to show relationships between some of the elements in the packages.

An import or access relationship between two packagesis drawn as a dashed arrow with open arrowhead, labeled with the

string

Elemel

iMPOI»Or «access», respectively.

packag

nts’from imported or accessed packages may be

CSJa A c

shown outside the package symbol. As (public) elementsin|imported

5.13.3 Presentation Options

A tool
A tool

may show visibility by a graphic marker, such as color or font.

may also show visibility by selectively displaying those elements that meet a given visibility level; for example, all of

the public elements only.

186
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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 expected that packages with large contents will be shown as simpleicons with names, in which the contents may be
dynamjcally accessed by “zooming” to adetailed view.
5.13.5 Example
Editor
1
dmport> | Controller

|

: «import» ;

! 1 !

I .

| «Amport | Diagram | |

I I Elements | «access»

1 ! i |

| ; «access» | :

1
vV 1 vy —
Domain Graphics |- _____ | 9mpot> | windowing
Flements Core System
MotifCare Motif
1
Microsoft
WindowsCore [ 1---- oo = Windows

Figure 40 - Packages and their access and import relationships.
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[ 1
Editor
D
_\ —l
Di agram Domain
Controller Elements Elements

Figurd 41 - Some of the contents of the Editor package shown in a tree strugture.

5.13.6 Mapping

A paclage symbol maps into a Package element. The name on the package,symbol is the name of the Package elerent. If

there i a string above the package name other than «model» or «subsystem», then it maps into a Package element

corresy
resp

Arel

A sym
eleme
which

ively.

onship icon drawn from the package symbol boundary:\to“another package symbol mapsinto a corresponding
rel atiopship to the other package element.

with the

onding stereotype. If there is a string «model» or «subsystem;.then it maps into a Model or Subsystem element,

bol directly contained within the package symbol; that is, not contained within another symbol maps into a model
t either owned or referenced by the package elément. The alias used for a referenced element is often its pathname, in
Case it isdirectly visible from the diagramthat the element is not owned by the package. Only the referenceis owned by

the curfrent package. Alternatively, a symbol 'shown outside the package symbol, attached to one of the symbols within the
package symbol, denotes a referenced medel element.

Symbdls connected to the package symbol by branching lines with a plus sign at the end attached to the package symbol, map
to elenpents in the package.

5.14| Subsystem

5.14.1 Semantics

Whereps a package is a generic mechanism for organizing model elements, a subsystem represents a behavioral unit in the
physical system, and hence in the model. A subsystem offersinterfaces and has operations, and its contents are partifioned into
specififation and realization elements. The specification of the subsystem consists of operations on the subsystem, [together
with sgecrcatiomeements St a5 USE TaseS, State TTTaCiTes:

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

188

© ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

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 this|line into two compartments by a horizontal line. The operations are shown in the upper left compartment, the
specififation elements in the compartment below, and the realization elements in the right compartment. The l&tter|two
compartments are labeled * Specification Elements’ and ‘ Realization Elements,” respectively, to avoid potential-ambjguity. The
operatijons compartment is unlabeled. Thisisthe general pattern for subsystem notation, although there are‘many different
ways tp customize it in a particular diagram, see Section 5.14.3, “Presentation Options,” on page 189.and Section %$.14.4,
“Exaniple,” on page 190.

n

Readlization Elements

Specification Elements

Figurg 42 - The general pattern for subsystem netation, with three compartments.

The mapping from the realization part to the §pecification part; that is, to operations and specification elements, isdfawn using
dashed arrows with closed, hollow arrowheads. For collaborations, the mapping may also be expressed textually.
When g subsystem is shown together(with other, peer elementsin adiagram, it is often shown without contents, in yhich case
there gre no compartments in the large rectangle. See Section 5.14.4, “Example,” on page 190.

5.14.8 Presentation Options

The fork symbol may/béreplaced by the keyword «subsystem» placed above the name of the subsystem.
The cgmpartmentStnay be rearranged within the subsystem symbol.

One ol morgetafthe compartments may be collapsed or suppressed. In cases where more than one diagram is used tp show all
information-about a particular subsystem, each diagram shows a subset of the subsystem’s features and/or contentq Hence,
compattments nat relevant in a par'rim lar di:\gram ared lplnrr-\q:pd

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

Figurg 43 - An overview diagram showing subsystems with interfaces and their dependencies.

Interface»

o) -

operption1(...) : Typel[~+ — — = © h - A
|

- = I ]

b

Figurg 44 - All contained elements of a subsystem shown together without division into
compartments. Here, the subsystem offers operationl(...) although this is not
exphicitly shown.

InFig re 44\no visual separation between specmcatlon and reallzatlon elements ismade. Thefollowmg threeﬂgu esare

how the ba5|c notat|on for subsystem can be used to show dlfferent V|ews’ of asubsystem in d|fferent d| agrams together
giving the whole picture of the subsystem.
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Interface»

operationl(...) : Typel

Figurg 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 used for the specification

but only contained specification elements, there is.n0 operations compartment, and

vice versa.

’L‘

operation2t.) - Type2

operation3(...) : Type3

Specification Elements

>

UseCasel

>

UseCase2

«Interfacé»

operation4(..) : Type4

Realization Elements

U

- N
-
A
h /
— s
\/ /\(

Figurg 46 - The realization part of a subsystem; compartments for specification part;
that is, operations and specification elements are suppressed. Alternatively,
collaborations could be shown in a separate diagram.
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’L|

operationl(...) : Typel <~

Realization Elements

<+ — —
UseCasel

C -1

UseCase?2

_ N
\\_—_//
/"_\

N

- _ B

Figure

the mapping.

ShoppingCart

’J_‘

— / N
S~ — . —~
operation2(...) : Type2 -
/ —
i iom
operation3(...) : TypeSV re’f%%’ét?a‘{%ﬁ‘é/”""ﬂ"
o~ - -— — — «Interface»
ificati -+ - — — — operation4(.) “~Type4d
Specification Elements =0p (B Typ

47 - The mapping between specification part and realizationipart shown using
all three compartments, but only those realization, elements with relevance to the
mapping are shown. The figure also shows examples of different ways to express

Specification Elements

ArtStoreClient

e findByPrimaryKeyt...)

«Interface»
ShoppingCartHome «auxiliaryClass»
«cl |7 create(...) HomeObject

«Interface»
N ShoppingCart

N

«Call;>\
getltemCount(...)
setltemCount(...)
getTotal(...)

tTotall
SCToart)

Realization Elements

ShoppingCartHom
@ SO— «focal Class»
Shoppingeart | ShoppingCartimpl
. |
’ | «call»
e N
«cally/ Context Q

/
7

“| RemoteObject

«auxiliaryClass» |

Ve

«auxiliaryClass»
ContextObject

«auXiliaryClass»
ShqppingCart
DBbroker

Figure 48 - A component modeled using a subsystem and classes stereotype

192

«focalClass» or «auxil

iaryClass», 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 wmbol W|th|n acompartment of the Iarge rectanglelabeled SpeC|f|cat|on Elements or Real|zat|on EI ements |smapped to

dinthe

A dashed arrow with closed, hollow arrowhead from a symbol denoting a realization element to a symbol denotind a
specififcation element or an operation maps to a «realize» relationship between the corresponding elements.

5.15.1 Semantics

A model captures aview of aphysical system. Hence, it is an abstraction of the physical system with acertain purilose; for

examp) e, to describe behavioral aspects of the physical system to a certain-Category of stakeholders. A model contginsall the
model gl ements needed to represent aphysical system completely according to the purpose of this particular model. [The model
elementsin amodel are organized into a package/subsystem hierarchy, where the top-most package/subsystem repfesents the
boundary of the physical system.

Differgnt models of the same physical system show different aspects of the system. The pre-defined stereotype
«systemM odel» can be applied to a model containing the entite set of models for a physical system.

Relati gnshi ps between elementsin different model s have no semantic impact on the contents of the models becausd of the self-
contaimment of models. However, they are useful for tracing refinements and for keeping track of reguirements betiveen
model $.

Relatignshi ps between model s express refinement, import, etc.

5.15.2 Notation

A model is notated using the ordinary package symbol with asmall triangle in the upper right corner of the large rectangle.
Optionally, especidly if contents of the model is shown within the large rectangle, the triangle may be drawn to the fight of the
model [namein the tab.

Relati gnships between.models as well as relationships between elements in different models are shown using the nptation for
the givien kind of{rél ationship. In particular, trace dependencies are notated with a dashed line, with an optional opgn
arrowhead, andthe keyword «trace».

5.15.8 “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 1
Use Case Andlysis Design
Model Model Model

Figurgd 49 - Three views of a physical system, each represented by a model.

«sygtemM odel »
|
VAN VAN
Analysis Design
Model Model

Figurg 50 - A «systemModel» containing an analysis’model and a design model.

2] ]

o

q

=l - I

& ﬁ\ ﬁ\ H1‘ ﬁ\ ﬁ\ ﬁ\

Figurd 51-- *“Two examples of containment hierarchies with models and subsystems shown

||cing hr::nr\hing lines The left hinrnrr\h\/ is based aon I\/Ir\rinl' whereas the righf

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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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

5.16.

A cong
maintd
UML)

respon

A com

comment can attach arbitrary textual information to any model element of presumeg'general importance but it has n

force.

5.16.

A cong
langud
Constr,
writter]
howeyv|

For an

For al

appear
elem

may

For ag
preferd

For tw|

within
mappe

Constraint and Comment

|l Semantics

traint is a semantic relationship among model elements that specifies conditions and propositions that must
ned as true; otherwise, the system described by the model isinvalid (with consequences that-are outside theg

Sibility. A constraint represents semantic information attached to amodel element;not just to aview of it.

ment is atext string (including references to human-readable documents) attached directly to amodel eleme
Comments may be used for explaining the reasons for decisions, among<«ther things.

P Notation

traint is shown asatext stringin braces ({ } ). Thereis an expectation that individual tools may provide on
pesin which formal constraints may be written. One predefined language for writing constraints is OCL (seg
pint Language Specification chapter); otherwise, the constraint may be written in natural language. Each cor

in a specific language, although the language is not‘generally displayed on the diagram (the tool must keep
er).

st of elements whose notation is alist of text strings (such as the attributes within a class), a constraint strin

t or the end of thelist. A constraint attached to an individual list element does not supersede the general con
gment or modify individual -constraints within the constraint string.

ngle graphical symbol(such as a class or an association path), the constraint string may be placed near the
bly near the nameof-the symbol, if any.

0 to'the second position in the constraint.

be
scope of

Certain kinds of constraints (such as an association “xor” constraint) are predefined inUML, others may bg user-
defineql. A user-defined constraint is described in words in a given language, whose syntax‘and interpretation isat

pol

nt. A
0 semantic

P Or more
the Object
straint is

track of it,

element whose notation is atext string (suchras an attribute, etc.), the constraint string may follow the element text
string in braces.

) may

as an element in thelist. The eonstraint appliesto all succeeding elements of the list until another constraing string list

straint, but

ymbol,

D graphical symbols (such as two classes or two associations), the constraint is shown as a dashed arrow from one
element to the other element labeled by the constraint string (in braces). The direction of the arrow is relevant infol
the constraint. The client (tail of the arrow) is mapped to the first position and the supplier (head of the arrov) is

mation

For thr

Or more graphicat symbots; theconstramt strimg s pracedmamote symot-and attached toeachof thesy

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.

nbols by a

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 aparticular 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 |
| bos |
| 1
L — — — — — — — — {Person.employer =

Person.boss.employer}

Figurg 52 - Constraints and comment

5.16.4 Mapping

A congtraint string is a string enclosed in braces({'}).

The canstraint 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 congtraint string following a list{entry maps into a Constraint attached to the element corresponding to the list entry.

A condtraint string represented.as‘a stand-alone list element mapsinto a separate Constraint attached to each succeegling model
element corresponding to subsequent list entries (until superseded by another constraint or property string).

A condtraint string placed’near a graphical symbol must be attached to the symbol by a hidden link by atool operaling in
contex}. The tool must maintain the graphical linkage implicitly. The constraint string maps into a Constraint attached to the
element correspending to the symbol.

A condtraint string attached to a dashed arrow maps into a constraint attached to the two elements corresponding tq the
symbo|s‘eonnected 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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Element Properties

Many kinds of elements have detailed properties that do not have a visual notation. In addition, users can define new element
properties using the tagged value mechanism.

A string may be used to drsplay propertles attached to amodel element. Thisincludes properties represented by attributesin

5.17.

Notet
and tag
kinds

A tagg
well a9
one or
mecha
provid
extend
will reg

5.17.2

A prof
specifi

A prog

where
value.

trueyd
requirg
not as

Semantics

at we use property in ageneral sense to mean any value attached to amodel element, including attributes, ag
joed values. In this sense it can include indirectly reachable val ues that can be found starting at-a-given elem
bf properties would have syntax within expressions (not specified by UML) but no explicitUML notation.

led value is a keyword-value pair that may be attached to any kind of model element (ineluding diagram elen
semantic model elements). The keyword is called atag. Each tag represents a particutar kind of property ap
many kinds of model elements. Both the tag and the value are encoded as strings. Tagged values are an exte
hism of UML permitting arbitrary information to be attached to models. It is expected that most model editd
b basic facilities for defining, displaying, and searching tagged values as stritigs but will not otherwise use th

hd tagged values to guide their semantics in flexible ways.

Notation

erty (either ametamodel attribute or atagged value) is displayed as a comma-delimited sequence of propert
Cations all inside apair of braces({ } ).

erty specification has the form

name = value

f the type of the property is Boolean, then the default value istrueif the valueis omitted. That is, to specify

explicit values. The syntax for.displaying the valueis atool responsibility in cases where the underlying mo:
ring or a number.

Note that property strings may be used to display built-in attributes as well astagged values.

Booled
these g
isthe 4

Tagge(
usual t

ases, the form™“ftame” may usually appear by itself, without a value, to mean “isName = true” . For example,
lame as {isAbstract = true}.

valuescan sometimes refer to other model elements (see Section 4.6.2.5, “ TaggedValue,” on page 74). Inth

may bd

agged value format isused except that the vaJ ueis the name of the modeI element that is referenced Alternc

SOCi ations,
ent. Some

nents as
plicableto
hsibility
rs will

em to

the UML semantics. It is expected, however, that back-end tools such @s code generators, report writers, andl the like

hame is the name of a property (metamodel attribute or arbitrary tag) and value is an arbitrary string that denotes its

avalue of

u may include just the keywordsTo specify avalue of false, you omit the name completely. Properties of other types

lel valueis

In properties frequently have the form isName, where name is the name of some condition that may be true gr false. In

{ abstract}

At case, the
tively, it

dependency arrow is towardsthe referenced element. These two cases are |IIustrated in Figure 53.
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«metaClass»

Class
A =
7 N
«stereotype» // \\ «stereotype»
// \\
// \\
4 N
. N
«stereotype» «stereotype»
Manager Scheduler
{ «laggedValue» jobScheduler

: Scheduler [1] }

«metaClass»

Class
b A
e \\
// \\
«stereotype» - ~_ «sStereotype»
- N
// \\\
// \\
4 . \\
jobSchedu ler
«stereotype» | [}]_ _______ > «steyeotype»
Manager «taggedValue» Scheduler

Figure

517.
A tool

approg
namei

5.17 4

beu

53 - Alternative notations for tagged values as references

B Presentation Options

may present property specifications on separate lines with or without the enclosing braces, provided they ar
riately to distinguish themfrom other information. For example, properties for a class might be listed under
h adistinctive typeface;such asitalics or a different font family.

i Style Guidelines

It islszal to usestrings to specify properties that have graphical notations; however, such usage may be confusing

with'care.

e marked
the class

pnd should

517\; EAQIII}J:C

{ 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).

198

© ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

A tool must enforce the correspondence to built-in attributes.

5.18 Stereotypes

5.18.1 Semantics

A stergotypeis, in effect, a new class of metamodel element that isintroduced at modeling time. It represents a suljclass of an
existing metamodel element with the same form (attributes and relationships) but with a different intent. Generalty|a
stereotlype represents a usage distinction. A stereotyped element may have additional constraints on it fronrthe base
metamodel class. It may also have required tagged values that add information needed by elements with'the'stereotype. Itis

expected that code generators and other toolswill treat stereotyped elements specially. Stereotypes represent one of the built-in
exteng|bility mechanisms of UML.

5.18.2 Notation

The ganeral presentation of a stereotype is to use the symbol for the metamodel base glement but to place a keyword string
above the name of the element (if any). The keyword string (Section 5.9, “Keywords;~on page 181) is the name of| the
stereotype within matched guillemets, which are the quotation mark symbols used’in French and certain other langpiages (for
example, «foo»).

NOTH: A guillemet looks like a double angle-bracket, but it is a single character in most extended fonts. Most cpmputers
have alCharacter Map utility. Double angle-brackets may be used as'a'substitute by the typographically challenged

stereotlypes are defined for the same model element, they, areplaced vertically one below the other. The keyword sfring may

also bg used asan element in alist, in which caseit appliésto subsequent list elements until another stereotype strimg replaces
it, or ah empty stereotype string («») nullifiesit. Notethat a stereotype name should not be identical to a predefinegl keyword
applicgble to the same element type.

The kgyword string is generally placed above or in front of the hame of the model element being described. If mu%i ple

To pernit limited graphical extension of theUML notation aswell, a graphic icon or a graphic marker (such as texture or
color) fan be associated with a stereotype. The UML does not specify the form of the graphic specification, but many bitmap
and strpked formats exist (and their poftability is a difficult problem). The icon can be used in one of two ways:

1.| It may beused instead of,‘orin addition to, the stereotype keyword string as part of the symbol for the basg model ele-
ment that the stereotype s based on. For example, in aclassrectangleit is placed in the upper right cornef of the
name compartments I this form, the normal contents of the item can be seen.

2.| Theentire basemodel element symbol may be*collapsed” into an icon containing the element name or with the name
above or bejew the icon. Other information contained by the base model element symbol is suppressed. M pre general
forms ef\icon specification and substitution are conceivable, but we leave these to the ingenuity of tool buiflders, with
the warning that excessive use of extensibility capabilities may lead to loss of portability among tools.

If mulqi plestereotypes 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.

«control» «control» @
PenTracker PenTracker
lpcation: Point location: Point
gnable (Mode) enable (Mode)
PenTracker O @
lpcation: Point
dnable (Mode) PenTracker
«call»
JobManager | — . _ _ _ _ _ =¥ Scheduler

«contrel»
«semaphore»
Lock

regQueue: Queue

Figurdg 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.

200 © ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

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 sqction discusses classes and their variations, including templates and instantiated classes, and the rel ationshi ;Ls between
classeg (association and generalization) and the contents of classes (attributes and operations).

5.19| Class Diagram

A class diagram is a graph of Classifier elements connected by their various static relationships. Note that a “ class]| diagram
may also contain interfaces, packages, relationships, and even instances, such as objects and links. Perhaps a better) name
would|be “ static structural diagram” but “ class diagram” is shorter and well established.

5.19.1 Semantics

A clasg diagramisagraphic view of the static structural model. The individual/class diagrams do not represent divigionsin the
underlying model.

5.19.2 Notation

A class diagram is a collection of static declarative model elements; such as classes, interfaces, and their relationships,
connegted as a graph to each other and to their contents. Classdiagrams may be organized into packages either with their
underlying models or as separate packages that build uponthe underlying model packages.

5.19.8 Mapping

A clas$ diagram does not necessarily match asingle semantic entity. A package within the static structural model may be
reprﬁnted by one or more class diagrams. The division of the presentation into separate diagrams is for graphical
convenience and does not imply a partitioning of the model itself. The contents of a diagram map into elementsin the static

semantic model. If adiagram is part of apackage, then its contents map into el ements in the same package (including possible
refererjces to elements accessed or\imported from other packages).

5.20| Object Diagram

An ogj;lﬁct diagram is@graph of instances, including objects and data values. A static object diagram is an instance|of a class
diagran; it shows asnapshot of the detailed state of a system at apoint in time. The use of object diagrams isfairly limited,
mainly| to show-e€xamples of data structures.

Tools meeddnot support a separate format for object diagrams. Class diagrams can contain objects, so a class diagram with
object$ and no classesis an “object diagram.” The phrase is useful, however, to characterize a particular usage achlevable in
variousways.

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 util |t|es) are notated using
keywo
declargd in class dlagrams and used in most other dlagrams UML provides agraph| cal notation for declari ng and sing
classeq, as well as atextual notation for referencing classes within the descriptions of other model elements.

5.22.1 Semantics

A class represents a concept within the system being modeled. Classes have data structure and behavior and relatignships to
other g ements.

The ngme of aclass has scope within the package in which it is declared and the name muist be unique (among clags names)
within(its package.
5.22.2 Basic Notation

A class is drawn as a solid-outline rectangle with three compartments separated by horizontal lines. The top name
compaftment holds the class name and other general properties of the class (including stereotype); the middle list compartment
holds qlist of attributes; the bottom list compartment holds alist of operations.

See Sertion 5.23, “Name Compartment,” on page 204 and Section'5.24, “List Compartment,” on page 204 for morg details.
5.22.2.1 References

By defpult a class shown within a package is assumed t0 be defined within that package. To show areference to a clgss defined
in another package, use the syntax

Package-name::Class-name

as the pame string in the name compartment. A full pathname can be specified by chaining together package name$ separated
by douple colons (::).

5.22.8 Presentation Options

Either pr both of the attribute and operation compartments may be suppressed. A separator lineis not drawn for amissing
compaftment. If a compartment is suppressed, no inference can be drawn about the presence or absence of elementsin it.
Compartment names’can be used to remove ambiguity, if necessary (Section 5.24, “List Compartment,” on page 204).

Additipnal compartments may be supplied as atool extension to show other predefined or user-defined model progerties (for
examp) e, te.show business rules, responsihilities, variations, events handled, exceptions raised, and so on). Most
compatments are simply lists of strings. More complicated formats are possible, but UML does not specify such fofmats; 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.

202 © ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

5.22.4 Style Guidelines

 Center class name in boldface.
« 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.

« |Left justify attributes and operationsin plain face.
« |Begin attribute and operation names with alowercase | etter.
« |Show the names of abstract classes or the signatures of abstract operationsinitalics.

As atqol extension, boldface may be used for marking special list elements; for example, to-designate candidate kgysin a
databage design. This might encode some design property modeled as a tagged value, for €xample.

Show {ull attributes and operations when needed and suppress them in other contexts.er, references.

5.22.5 Example

Wirtdow

. {abstract,
Window author=Joe,

status=tested}

+size-Area = (100,100)
#visibility: Boolean = true
Window +default-size: Rectangle
#maximume-size: Rectangle
-xptr: XWindow*

size: Area
visibility: Boolean )
+display ()
. +hide ()
display 0 +create ()

-attachXWindow(xwin: Xwindow?*)

Figurg 55« 'Class Notation: Details Suppressed, Analysis-level Details,
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 0 Hianal otaronthvna leaanaard mavy ha nlanad Ao tha clace namaaanthin cnnlloamatce and/lor A ctarontvna ioan A\ be
ptieral-st keyword ve-the-chass-rarme-within-guiHemets-anefera-stereatype-teeray

placed

The ngme of the class appears next. If the class is abstract, this can be indicated by itaicizing its name (forthese |4
that support italicization) or by placing the keyword abstract in a property list below or after the name; for exampl
{abstract} . Note that any explicit specification of generalization status takes precedence over the namefont.

A list f strings denoting properties (metamodel attributes or tagged values) may be placed in braces below the clas
Theligt may show class-level attributes for which thereisno UML notation and it may also shew tagged values. TH
of akeyword for a Boolean type without a value implies the value true. For example, aleaf\class shows the proper

The stereotype and property list are optional.

creoty pe 'y THety o pPractoTioT

in the upper right corner of the compartment. The stereotype name must not match a predefined keyword

«controller» @

PenTracker

{ leaf, author="Mary Jones”}

Figure

5.23.2 Mapping

The cantents of the name compartment_map into the name, stereotype, and various properties of the Class represen

class s

5.24

5.24.

A list g
operati
of attri
rules,

56 - Name Compartment

mbol.

List Compartment

| Notation

ompartment olds alist of strings, each of which isthe encoded representation of a feature, such as an attrik
on. The strings are presented one to aline with overflow to be handled in a tool-dependent manner. In additi
butes or-operations, optional lists can show other kinds of predefined or user-defined values, such as respon
r modification histories. UML does not define these optional lists. The manipulation of user-defined listsis

nguages
B, |nvoice

BS Name.

€ presence
y “{lea}".

ted by the

ute or

on to lists
G bilities,
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 stri ng appears asalist element Thisis equivalent to attachi ng the property strr ng to each of thelist elements
a = ! ating a stereotype

indivig

Thed
respon
be dray
show t
filterin

If aco
compa

Note that attributes may alsobe.shown by composition (see Figure 78 on page 239).

efined compartment might be requirements. The name compartment in a class must aways be present; ther
Dt require or permit a compartment name.

P Presentation Options

may present the list elementsin a sorted order, in which case the inherent ordering of the elementsisnot vis
d on some internal property and does not indicate additional model infarmation. Example sort rules include:

alphabetical order,
ordering by stereotype (such as constructors, destructors, théh ordinary methods),

ordering by visibility (public, then package, then protécted, then private).

tive font
ber-defined
nple of a
efore, it

ble. A sort

bmentsin the list may be filtered according to some selection rule. The specification of selection rulesisatd
vn about the presence or absence of elementsthat do not meet the criterion. However, the ellipsis notation is

0, although a stand-al one diagram should have some indication of such filtering if it is to be understandable

mpartment is suppressed, no inference can be drawn about the presence or absence of its elements. An empt
Ftment indicates that no elements meet the selection filter (if any).

ol

alableto

5ibility. The absence of items from afiltered list-indicates that no elements meet thefilter criterion, but no in%:/rence can

hat invisible elements exist. It is atool-responsibility whether and how to indicate the presence of either local or global
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5.24.3 Example

Rectangle

pl:Point

2:-DAant

s

.1 UITIt

<

)

«

aQc

<
m
S

constructor»
ectangle(pl:Point, p2:Point)
uery»

ea (): Real

spect (): Real

deate»
ove (delta: Point)
cale (ratio: Real)

Figure

57 - Stereotype Keyword Applied to Groups of List Elements

Reservation

O ©

(@]

operations

uarantee()
ancel ()
hange (newDate: Date)

responsihilities

Dill no-shows
match to available rooms

exceptions

nvalid 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

impli
comp

5.25

String
templ

5.25.

tment.

Attribute

in the attribute compartment are used to show attributes in classes. A similar syntax is usedto-specify quali
e parameters, operation parameters, and so on (some of these omit certain terms).

Semantics

elist

fiers,

Note that an attribute is semantically equivalent to a composition association; however/the intent and usage is normally

differg
Thety,

5.25.

nt.

pe of an attribute is a Classifier.

P Notation

An attlibute is shown as atext string that can be parsed into thevarious properties of an attribute model element. T

syntax

is.
visibility name : type-expression [ multiplicity otdering ] = initial-value { property-string }

Where visibility is one of:
* +public visibility
 # protected visibility
- private visibility
« ~ .package visihility
The visibility marker may/be suppressed. The absence of a visibility marker indicates that the visibility isn

(not that it is undefinedor public). A tool should assign visibilities to new attributes even if the visibility is
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 partic
itisusedasian inlinelist element that appliesto an entire block of attributes.

Additional kinds of visibility might be defined for certain programming languages, such as C++ implement

he default

bt shown
hot shown.

larly when

hti on

visibility (actualy all forms of non-public visibility are language-dependent). Such visibility must be speci

ied by

property string or by a tool-specific convention.

Where name is 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).

The ordering property is meaningful if the multiplicity upper bound is greater than one. It may be one of:
* (absent) — the values are unordered
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A clasy

The ng
instand

There
with th

In the §
multipl

» unordered — the values are unordered
 ordered — the values are ordered

Where type-expression is either
« if itisasimple word, the name of aclassifier, or

a3 lanauaca-donondent ctrina that manc inta o Draaramnainal anaianaN ATy nn
o T TSt gt T oo S 1o Togrorr ooy

ot %) ge-acperach \3) == ot S %) googCocety ocr

Where initial-value is alanguage-dependent expression for theinitial value of anewly created object-Thei
isoptional (the equal signis also omitted). An explicit constructor for a new object may augment or’ modify
initial value.

Where property-string indicates property values that apply to the element. The property stritgis optional (t
are omitted if no properties are specified).

class-scope-attribute

e value, so both may be designated by underlining. An instance-scope @ttribute is not underlined; that is the

s no symbol for whether an attribute is changeable (the default is changeable). A non-changeable attribute i
e property “{frozen}”.

hbsence of amultiplicity indicator, an attribute holds exactlyZ1 value. Multiplicity may be indicated by placi
icity indicator in brackets after the classifier name, for example:

colors : Color [3]
points : Point [2..* ordered]

nitial value
the default

he braces

b-scope attribute is shown by underlining the name and type expression string; otherwise; the attribute is instgnce-scope.

tation justification is that a class-scope attribute is an instance value in thecexecuting system, just as an objegt is an

default.
5 specified

nga

Note that a multiplicity of 0..1 provides for the passibility of null values: the absence of avalue, as opposed to a particular

vauef

A sterg
braces

5.25.

Thety

Thein
this dig

A tool

name : String [0..1]

follows the rest of the attribute string.

B Presentation Options

De expression may*be suppressed (but it has a value in the model).

iti nction:

Fom the range. For example, the following.declaration permits a distinction between the null value and the eppty string:

otype keyword in guillemets.precedes the entire attribute string, including any visibility indicators. A propefty listin

tial valuetnay be suppressed, and it may be absent from the model. It isatool responsibility whether and hqw to show

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

+size: Area = (100,100)
#visibility: Boolean = invisible
+default-size: Rectangle
#maximum-size: Rectangle
-xptr: XWindowPtr

5.25.6 Mapping

A string entry within the attribute compartment maps into an Attribute within the Class corresponding to the class symbol. The
properfies of the attribute map in accord with the preceding descriptions. If thewvisibility is absent, then no conclus{on can be
drawn jgbout the Attribute visibilities unless afilter isin effect; for example;enly public attributes shown. Likewise|if thetype
or initigl value are omitted. The omission of an underline always indicates'an instance-scope attribute. The omissign of
multiplicity denotes amultiplicity of 1.

Any prioperties specified in braces following the attribute stringymap into properties on the Attribute. In addition, ahy
properties specified on a previous stand-al one property specification entry apply to the current Attribute (and to others).

5.26| Operation
Entries in the operation compartment are strings that show operations defined on classes and methods supplied by ¢lasses.
5.26.1 Semantics

An opération is a service that an instance of the class may be requested to perform. It hasaname and alist of arguients.

5.26.2 Notation

An opération is shown asatext string that can be parsed into the various properties of an operation model element. The default
syntax|is:

visibility'name ( parameter-list ) : return-type-expression { property-string }

*\Where visibility is one of:

+_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.
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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-sp

ecific convention.

Where name is an identifier string.

« Where return-type-expression is a lanquage-dependent specification of the implementation type or types of the value

A clas]
default

An opgration that does not modify the system state (one that has no side effects) is specified by the property “{ quel

otherw

Theco
isone
string 1
unspeg

Theto
If this
“{ absti
operati

The ad|

If the g
class a
signa

conditi

returned by the operation. The colon and the return-type are omitted if the operation does not return aval ue
void). A list of expressions may be supplied to indicate multiple return val ues.

Where parameter-list is a comma-separated list of formal parameters, each specified using the syntax:

kind name : type-expression = default-value

« wherekind isin, out, or inout, with the default in if absent.

» where name is the name of aformal parameter.

» 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 to the

of the eventual target language.

Where property-string indicates property values that apply to the element. The property string is optional (t
are omitted if no properties are specified).

E-scope operation is shown by underlining the name and type expression string. An instance-scope operation
and is not marked.

ise, the operation may dter the system state, although'there is no guarantee that it will do so.

hcurrency semantics of an operation are specified by a property string of the form “{ concurrency = name}, w
bf the names: sequential, guarded, concurrent. As a shorthand, one of the names may be used by itself in ap
0 indicate the corresponding concurrency.value. In the absence of a specification, the concurrency semantic
ified and must therefore be assumed. to-be sequential in the worst case.

D-most appearance of an operatien signature declares the operation on the class (and inherited by al of its de
Class does not implement thetoperation; that is, does not supply a method, then the operation may be marked
act}” or the operation signature may be italicized to indicate that it is abstract. A subordinate appearance of
on signature without the{abstract} property indicates that the subordinate class implements a method on the

fual text or algorithmof a method may be indicated in a note attached to the operation entry.
bjects of a class accept and respond to a given signal, an operation entry with the keyword «signal» indicate

s shownwith a state machine. Among other uses, this notation can show the response of objects of aclasst
ons‘and exceptions, which should be modeled as signals.

as for C++

imitations

he braces

isthe

v

here name
roperty
5 are

scendents).
as
the
operation.

s that the

Ceepts the'given signal. The syntax isidentical to that of an operation. The response of the object to the recegtion of the

D error

The

e e 4 e Lol . H H " b I} [Py "™ Tl & gl - - [}
cLITTLAlUNT Ul UUTT ALlUTNT UTTIAVTUT TS YTVETT S A TIULT ALlALTIEU LU LT UPTT ALTUTE TTIT TEAT UT UHT SPTUNTTLALTUTT S

uld 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

210

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 metiod body may be shown in a note attached to the operation entry within the compartment (Figure 59).Fheligeisdrawn
to the $tring within the compartment. This approach is useful mainly for showing small method bodies.

PoliceStation

alert (Alarm)

1 station

BurglarAlarm

&

qTripped: Boolean = false

{if isTripped

report()- — — — — - — =~ =g - -~~~ then station.alert(self)}

Figurg 59 - Note showing method(body

5.26.4 Style Guidelines

Operatjon names typically begin with alowercase | etter for those languages that distinguish between uppercase and lowercase
characiers. Operation/hamies are in plain face. An abstract operation may be shown initalics.

5.26.5 Example

+digplay.(): Location
+hide=f)

+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
onding Class or Interface. Interfaces do not have methods. In a Class, each appearance of an operation entry| maps into
ce of aMethod in the corresponding Class, unless the operation entry contains the { abstract} property (ingluding use
of conyentions such as italics for abstract operations). If an abstract operation entry appears within a hierarchy’in which the

same dperation has already been defined in an ancestor, it has no effect but is not an error unless the declarations afe
incong{stent.

Note that the operation string entry does not specify the body of a method.

5.27| Nested Class Declarations

5.27.1 Semantics

A class declared within another class belongs to the namespace of the other class and may only be used within it. Tihis
constryct is primarily used for implementation reasons and for informationyhiding.

5.27.2 Notation
A declgring class and a class in its namespace may be connected'by aline, with an “anchor” icon on the end connefted to a

declaripg class (Figure 61). An anchor iconisacrossinside agircle. The contents of the package are declared withiln the class
and bgjong to its namespace.

5.27.8 Mapping

If Class B is attached to Class A by an “anchor”{ine with the “anchor” symbol on Class A, then Class B is declared within the
Namegpace of Class A. That is, the relationship between Class A and Class B is the namespace-ownedElement asspciation.

DeclaringClass

NP

NestedClass

Figure 61 - Nested class declaration
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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 pperations.

An Implementation Class defines the physical data structure (for attributes and associations) and methods of-an-obj
implemented in traditional languages (C++, Smalltalk, etc.). An Implementation Classis said to realize a Typeif it f
of the pperations defined for the Type with the same behavior as specified for the Type's operations. Apdmplement
may realize anumber of different Types.

5.28.2 Notation

ect as
rovides all

ption Class

An undgiifferentiated classis shown with no stereotype. A type is shown with the stereotype «type».” An implementation class

is shov]

which [case all of the class symbols without explicit stereotype indications map inte Classes with the default stereo
might be useful for amodel that is close to the programming level.

Thein
triangy

operatijons of the Type, with conforming behavior, but it does not implyrinheritance of structure (attributes or assod
The ganeralization hierarchy of aset of classes frequently parallelsthe generalization hierarchy of a set of typesth

realize

5.28.8 Example

but thisis not mandatory, as long as each class providesthe operations of the typesthat it realizes.

n with the stereotype “ «implementationClass».” A tool is also free to allow adefault setting for an entire dipgram, in

ype. This

plementation of atype by aclassis modeled as the Realization relationship, shown as a dashed line with a golid
lar arrowhead (a dashed “ generalization arrow”). This symbol implies the realizing class provides at least alfl the

iations).
bt they

«type» «implementationClass»
Object HashTable
* elements 1 body
<type» «implementationClass»
Set <t------ HashTableSet

addElement(Object)
removeEIemenp(Object) addElement(Object)
testElement(Object):Boolean removeElement(Object)

testElement(Object):Boolean

setTableSize(Integer)

Figure 62 - Notation for Types and Implementation Classes

© ISO/IEC 2005 - All rights reserved

213


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

ISO/IEC 19501:2005(E)

5.28.4 Mapping

A class symbol with a stereotype (including “type” and “implementationClass’) maps into a Class with the corresponding
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

symbo|s. Redlization is usually used between a class and an interface, but may also be used between any two cl asﬁfiers to

show donformance of behavior.

5.29| Interfaces

5.29.1 Semantics

aceisaspecifier for the externally-visible operations of aclass, component, or other‘elassifier (including slibsystems)

without specification of internal structure. Each interface often specifies only alimited part of the behavior of an attual class.

Interfapes do not have implementation. They lack attributes, states, or associations; they only have operations. (An

interface

may be the target of a one-way association, however, but it may not have an association that it can navigate.) Interflaces may
have generalization relationships. An interfaceis formally equivalent to an abstract class with no attributes and no methods

and only abstract operations, but Interface is a peer of Class within the UML metamodel (both are Classifiers).

5.29.2 Notation

Aninté¢rfaceisaClassifier and may be shown using the full rectangle symbol with compartments and the keyword «
A list ¢f operations supported by the interface is placed in the'operation compartment. The attribute compartment 1

(the ore at the tail of theasrow) supports at least all of the operations defined in the supplier (the one at the head of
but with no necessity‘to-support any of the data structure of the supplier (attributes and associations).

nterface».
nay be

cle may be
b interface
ol to show
rcleby a

pecified in

triangular
X

ne client
he arrow),
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5.29.3 Example
StoreHome Store
POgpterminalHome -storefd.mneger
-POSlist: List
07
POSterminal ~-__ <<uses> +create()
o = -~ +login(UserName, Passwd)
POSterminal \\\\\\\ +find(Storeld)
T =0— +getPOStotals(ROSid)
Store +updateStoreTotals(ld,Sales)
+get(ltem)
Figurg 63 - Shorthand Version of Interface Notation
StoreHome Store
O— .
POSterminalHome -storeld: Integer
-POSlist: List
Oi
POSterminal +create()
o— S _<<use>3 <<interface>> +login(UserName, Pagswd)
POSterminal N Store +find(Storeld)

(S e +getPOStotals(POSid
+getPOStotals(POSid) +updateStoreTotals(Id,Sales)
+updateStoreTotals(ld,Sales) +get(ltem)
+get(ltem)

Figurg 64 - Longhand Version af Interface Notation

5.29.4 Mapping

A class rectangle symbol, with stereotype «interface», or acircle on a class diagram, maps into an Interface element with the
name given by the symbol. The operation list of arectangle symbol mapsinto the list of Operation elements of the|lnterface.

A dashed generalization arrow from a class symbol to an interface symbol, or a solid line connecting a class symbgl and an
interface circlé-maps into an Abstraction dependency with the «realize» stereotype between the corresponding Cl3
Interface’elements. A dependency arrow from a class symbol to an interface symbol maps into a Usage dependenc

ssifier and
between

the correspot eitt 10 Ctassifrer-and-nterface:

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.

Paraméteri zation can be applied to other M odel Elements, such as Collaborations or even entire Packages. The desgription
given here for classes applies to other kinds of modeling elements in the obvious way.

5.30.

Notation

A small dashed rectangle is superimposed on the upper right-hand corner of the rectangle for the class'(or to the symbol for
another modeling element). The dashed rectangle contains a parameter list of formal parameters for the class and their
entation types. The list must not be empty, although it might be suppressed in the présentation. The name, attributes,
and operations of the parameterized class appear as normal in the class rectangle; however; they may also include ofcurrences

impl

of the

show arelated classidentified by one of the parameters.

5.30.8 Presentation Options

The p3

with tHe syntax:

If thet

must b

shown

216

name : type = default-value
Where name is an identifier for the parameter with seope inside the template.

Where type is astring designating a Classifier for the parameter. If it isasimple word, it must be the name

according to the programming language (iany) 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 correspol
argument is omitted in a Binding.\Fhe equal sign and expression may be omitted, in which case there is no
value and the argument must be’supplied in a Binding.

The value suppliedfor an argument in a Binding must be an actual instance val ue of the given kind.

ormal parameters. Occurrences of the formal parameters can also occur inside of ‘a-context for the class, for gxample, to

rameter list may be comma-separated or it may be one per line. Parameters are restricted attributes, shown gs strings

Df a

Classifier. Otherwiseit is a programming-language dependent string that maps into a ProgramminglL anguageDataType

hding
Hefault

ype name is omitted, theparameter type is assumed to be Classifier. The value supplied for an argument in g Binding
e the name of a Classifier (including a class or adatatype). Other parameter types (such as Integer) must bg explicitly
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5.30.4 Example

| T k:Integer |
FArray *------- oo
K..k
T
V\
\ \«bind» (Address,24)
AN
FArray<Point,3> AddressList

Figurg 65 - Template Notation with Use of Parameter as a Reference

5.30.5 Mapping

The addition of the template dashed box to a symbol catses the addition of the parameter namesin the list as Modgl Elements
within|the Namespace of the M odel Element corresponding to the base symbol (or to the Namespace containing a
Model Element that is not itself a Namespace). Eactrof the parameter M odel Elements has the templ ateParameter asgociation to

the bage M odel Element.

5.31| Bound Element

5.31.1 Semantics

late cannot beused directly in an ordinary relationship such as generalization or association, because it hasja free
paraméter that is notmeaningful outside of a scope that declares the parameter. To be used, atemplate's parameters must be

scope iisitself-atemplate, then the parameters of the referencing template can be used as actual valuesin binding thelreferenced
templgte.The parameter names in the two templates cannot be assumed to correspond because they have no scopeloutside of

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.
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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 itstemplate; therefore, its content may not be extended. Declaration
attributes or operations for classes is not permitted, for example, but a bound class could be subclassed and.the'sub

extend

The refationship between the bound element and its template aternatively may be shown by a Dependency relatio

the keyword «bind». The arguments are shown in parentheses after the keyword. In this case, theybound form may
name distinct from the template.

5.31.83 Style Guidelines

The atfribute and operation compartments are normally suppressed within a bound€lass, because they must not be 1
abound template.

5.31.4 Example

See Figure 65 on page 216.

5.31.5 Mapping

The use of the bound element syntax for the name of a syfmbol maps into a Binding dependency between the deper]
Model Element (such as Class) corresponding to the bound element symbol and the provider Model Element (again
Class) whose name matches the name part of the bound element without the arguments. If the name does not match

elemer
model

Bindin
the cor
depend

5.32
A utili

in the usual way.

t or if the number of argumentsin the beund element does not match the number of parametersin the templa
sill formed. Each argument position in the bound element mapsinto a TemplateArgument bearing a binding

g dependency and amodel Element link to the Model Element that isimplicitly substituted for the template p:
responding position in thie'template definition. An explicitly drawn «bind» dependency symbol maysto aB
ency with arguments asidescribed above.

Utility

y isagrodping of global variables and procedures in the form of aclass declaration. Thisis not afundamen

proc

conster%j:t, but ajprogramming convenience. The attributes and operations of the utility become global variables and

ress Al utility is modeled as a stereotype of a classifier.

of new
class

ship with
be given a

hodifiedin

dent

such as
atemplate
e, thenthe
) link to the

ameter in
nding

tal

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

218
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global attributes and operations.

5.32.3 Example

«utility»
MathPak

in (Angle): Real
0s (Angle): Real
grt (Real): Real
hndom(): Real

o 0 0

Figurg 66 - Notation for Utility

5.32.4 Mapping

Thisignot aspecial symbol. It simply maps into a Class element with the «utility» stereotype.
5.33| Metaclass

5.33.1 Semantics

A metéclassis a class whose instances are classes.

5.33.2 Notation

A metaclass is shown as the stereotype «metaclass» of Class.

5.33.8 Mapping

Thisignot aspecial symbol. 4-simply maps into a Class element with the «metaclass» stereotype.
5.34| Enumeration

5.34.1 Semantics

An Entimeération is a user-defined data type whose instances are a set of user-specified named enumeration literals. Theliterals
have ajrelative 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 Ster¢otype is a user-defined metaelement whose structure matches an existing UML metaelement (its “ baseclass]). Because
it isuser defined, a stereotype declaration is an element that appears at the “model” layer of the UML four<layer metamodeling
hierarghy 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 the cfossover
betwean the two layers. Specificaly, it is necessary to show how amodel-level element\(the stereotype) relatesto ifs
metaelpment (its UML base class). Thisis denoted using a special stereotype of Dependency called «stereotype» as shown in
Figure|67 on page 220.

The Stereotypeitself is shown using the Classifier notation (arectangle) with the keyword «stereotype» (Figure 67){ The name
of the Brereotype is placed in the upper compartment. Constraints on elements described by the stereotype may be placed in a
named|compartment called Constraints. Required tags may be placedin a named compartment called Tags. Indjvidual

items (tags) in the list of are defined according to the following format:

tagDefinitionNane : String [nultiplicity]

where st ri ng can be either a string matching the name ef-a data type representing the type of the values of the tag, or itisa
refererjce to ametaclass or a stereotype. In the latter case, the string has the form:

«metaclass» metaclassName
or
«stereotype» stereotypeName!

where ret acl assNane isthe name of the referenced metaclass and is the name of the references stereotype. The
multiplicity element is optional(and conforms to standard rules for specifying multiplicities. In case of arange spegfication, a
lower ound of zero indicatesSan optional tag.
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«metaclass»
Class

A

| «stereotype»
|

|
«stereotype»
Persistent

Tags

TapleName : String [0..1]
SQLFile : «metaclass» Component

Constraints

{TlableName should not be
longer than 8 characters}

Figurg 67 - Notational form for declaring a stereotype
In the g¢xample diagram in Figure 67, the stereotype Persistent is a stereotype of the UML metael ement Class. TableNameisan
optiongl tag whose type isamodel type called String\while SQLFileis areference to an instance of Component injthe model.

An icon can be defined for the stereotype, but its.graphical definition is outside the scope of UML and must be harjdied by an
editing tool.

An altgrnative and usually more compagetway of specifying stereotypes and tags using tables as shown in Table 2 and Table 3,
respectively.

Table 2 - Tabular form for specifying stereotypes

Stereptype Base Class Parent Tags Constraints Description
Architectural | Generalizable N/A N/A N/A A generic stereotype that is the parent
Elemgnt Elerment 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 components offan
architecture specification.
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Table 3 - Tabular form for specifying tags

Tag Stereotype Type Multiplicity Description

isDynamic (‘apquu,p LML "I‘)mat\/'npw'RnrﬂPan 1 Used to identify if the associated rapclu,gclass may
be created and destroyed dynamically;

Each rpw of the stereotype specification table in Table 2 defines one stereotype and each row in the tag specificatign table in
Table 3 contains one tag definition.

The cdlumns of the stereotype specification table are defined as follows:

* Sereotype - the name of the stereotype.

« Base Class - the UML metamodel element that serves as the base for the stereotype.
« Parent - the direct parent of the stereotype being defined (NB: if one exigts;-etherwise the symbol “N/A” is used).

» Tags - alist of all tags of the tagged values that may be associated with this stereotype (or N/A if nong are
defined).

e Congtraints - alist of constraints associated with the stereotype.
* Description - an informal description with possible explanatory comments.

The cdumns of the tag specification table are defined as follows:

* Tag - the name of the tag.

« Sereotype - the name of the stereotype whichrowns this tag, or “N/A” if it is a stand alone tag.
« Type - the name of the type of the valuesthat can be associated with the tag.

* Multiplicity - the maximum number of values that may be associated with one tag instance.

« Description - an informal description with possible explanatory comments.

In the ¢ase of both the stereotype specification table and the tag specification table, columns that are not applicablg may be
omitteql.

In the gxample stereotype specification table of Figure , two related stereotypes are defined. The first row declarestthe
stereotype Architectural Element, which is a stereotype of GeneralizableElement, while the second row declares the|stereotype
CapsuIII;e, which is a specialization of the Architectural Element stereotype, but which applies only to instances of Class, which
is asulpclass of GeneralizableElement in the metamodel.

The equivalent declaration as the one table in Figure 67, less the constraints and the informal descriptions, is shown
graphi¢ally in Figuse 68.
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Figure

5.35.

A class
into a
listed i

<<metaclass>> <<metaclass>> <<metaclass>>
GeneralizeableElement [ Classifier [ Class
“\ i
<<stereotype>>\ <<stereotype>>/
<<stereotype>> <<stereotype>>
Arc hitecturalElement [ Capsule

68 - Graphical equivalent of the stereotype declarations as shown in _Figure 67.
B Mapping
ifier with a stereotype «metaclass» maps into a UML metaglement and a classifier with a stereotype «stereo

Btereotype. The «stereotype» dependency maps to the baseClassattribute definition of the stereotype. The ¢
h the Constraints compartment map to stereotype constraifts and the items in the Tags compartment mag

definegl tags of the stereotype. Each item in the Tags list maps to a TagDefinition. The string before the colon sepg

to the
specifi

5.36
5.36.
A Pow
5.36.
A Pow

Power
powert

Thein:

hame of the tag definition while the string followingcthe colon maps to an instance of Name. If amultiplicity
cation isincluded in the item, it maps to the multiplicity attribute of the tag definition.

Powertype

|l Semantics

ertype is a user-defined metaelement whose instances are classes in the model.

P Notation

pe» maps
nstraints
to the
rator maps

ertype is shown using the Classifier notation (arectangle) with the stereotype keyword «powertype». The naime of the

ype is placed inithe upper compartment. Because the elements are ordinary classes, attributes and operation
ype are usually-not defined by the user.

stances of the powertype may be indicated by placing a dashed line across the parent lines of the classes with

di scri m nat or Name: powertypeNane,

5 0on the

the syntax

where the powertype name on the line implicitly defines a powertype if oneis not explicitly defined.

5.36.3 Mapping

Mapsi

nto 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:

References to classes also appear in text expressions, most notably in type specifications for attributes and‘variablg

package-name :: class-name

S. In these

placesjareference to aclassisindicated by simply including the name of the classitself, including a pessible package name,

subject

5.37.2 Example

to the syntax rules of the expression.

B3

nking::CheckingAccount

Deposit

til
a

me: DateTime:: Time
mount: Currency::Cash

Figure

5.37.
A clas]
with th

Relatiq
symbo

5.38

5.38.

An elg

69 - Pathnames for Classes in Other Packages
B Mapping

b symbol whose name string isapathname represents a reference to the Class with the given name inside the
e given name. The name is &sstimed to be defined in the target package; otherwise, the model isill formed.

nship from a symbol in the current package; that is, the package containing the diagram and its mapped eler
in another package ispart of the current package.

Accessing-or Importing a Package

| Semantics

package
n
nentsto a

ment\may reference an element contained in a different package. On the package level, the «access» depend

indicate:

within it. The target references must have Visi b|||ty suff|C| ent for the referents: publlc visibili |ty for an unrel ated 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.

224
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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,

howeveL—-a-name-must-be-explicithre-exported-{and-mayv-be-given-aneaname-and-visibility at the same time)
T g 4 1 A} Yy ) Y 7

5.38.2 Notation

The acress dependency is displayed as a dependency arrow from the referencing (client) package to the.target (supplier)
package containing the target of the references. The arrow has the stereotype keyword «access». Thisdependency (ndicates
that elements within the client package may legally reference elements within the supplier. The références must alqo satisfy
visibilifty constraints specified by the supplier. Note that the dependency does not automatically create any referendes. It
merely| grants permission for them to be established.

Theimport dependency has the same notation as the access dependency except it hasthe-stereotype keyword «impprt».

5.38.8 Example

Customers

Banking::CheckingAccount

«access»

|
|
|
Blanking )

CheckingAccount

Figurg 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 Notation

The ol

An obj

The top compartment shows the name of the object and its class, al underlined, using the syntax:

The classname can include afull pathname of enclosing package, if necessary. Thégpackage names precede the clag

are seq

A sterd
The stg

To sho
legal f
To sho

Thelis

The sg

Thety,

Thevd
that at]

Thefld
dashed

sequer

commEts in Section 5.12, “Type-Instance Correspondence,” on page 184.

ject notation is derived from the class notation by underlining instance-level elements, as explained in the g

t shown as a rectangle with two compartments.

objectname : classname

arated by double colons. For example:
di spl ay_w ndow. W ndowi ngSyst em : G aphi cWsdews: : W ndow

oty pe for the class may be shown textually (in guillemets above'the name string) or as an icon in the upper ri
breotype for an object must match the stereotype for its class:

v multiple classes that the object is an instance of, use acomma-separated list of classnames. These classnan
br multiple classification; that is, only one implementation class permitted, but multiple types permitted.

v the presence of an object in a particular stateef a class, use the syntax:
objecthame : classname ‘[* statename-list]’

t must be a comma-separated list of names of states that can legally occur concurrently.

attributename : type = value
be is redundant with thie-attribute declaration in the class and may be omitted.

ueis specified asaliteral value. UML does not specify the syntax for literal value expressions; however, it |
pol will specify,sdch a syntax using some programming language.

w relationship between two values of the same object over time can be shown by connecting two object syn

cond compartment shows the attributes for the object and their values as alist. Each value line has the syntaxk:

pneral

sname and

ght corner.

es must be

s expected

hbols by a

ce number to show when the value changes. Similarly, the keyword «copy» can be used to show the creatio

object

froni another object value.

arrow-with the keyword «become». If the flow arrow is on a collaboration diagram, the label may also incl :Fde a

of one

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

Objects may be shown on class diagrams. The elements on collaboration diagrams are not objects, because they destribe many
possible objects. They are instead roles that may be held by object. Objects in class diagrams serve mainly to show examples
of datg structures.

5.39.5 Variations

For alpnguage such as Self in which operations can be attached to individual objects at runtime, a third compartment
contaiing operations would be appropriate as a language-specific extension.

5.39.6 Example

triangle: Polygon triangle

center = (0,0)
vertices = ((0,0),(4,0),(4,3))

bornderColor = black
fillGolor = white Polvgon
friangle: Polygon f
scheduler

Figurg 71 - Objects

5.39.Y Mapping

In an dbject diagram, or within an ordinary class diagram, an object symbol maps into an Object of the Class (or C|asses)
given by the classname part of the name string. The attribute list in the symbol mapsinto a set of AttributeLinks attgched to the
Obj ec':l) with values given by the value expressions in the attribute list in the symbol. If alist of statesin brackets fallows 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

© ISO/IEC 2005 - All rights reserved 227


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

ISO/IEC 19501:2005(E)

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 cOmpOSTE Ohject TS SOWTT a5 arm Object Symbor, THeame Strng of the COMposite Ohject 15 praced imacompartmnagnt near the
top of the rectangle (as with any object). The lower compartment holds the parts of the composite object instead of|a list of

attribute values. (However, even alist of attribute values may be regarded as the parts of a composite object, so thereis not a
great difference.) It is possible for some of the parts to be composite objects with further nesting.

5.40.83 Example

awindow : Window

horizontalBar:ScrollBar

verticalBar:ScrollBar

moves

surface:Pane

moves

title: TitleBar

Figurg 72 - Composite Objects

5.40.4 Mapping

A composite objectisymbol maps into an Object of the given Class with composition links to each of the Objects and Links
corresponding tg'the class box symbols and to association path symbols directly contained within the boundary of the
composite ohject symbol (and not contained within another deeper boundary).

5.41LAssqociatian

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 Notation

A bingy association is drawn as a solid path connecting two classifier symbols (both ends may be connected to thg¢ same

classifier, but the two ends are distinct). The path may consist of one or more connected segments. The.individual $segments
have np semantic significance, but may be graphically meaningful to atool in dragging or resizingan-association gymbol. A
connegted sequence of segmentsis called a path.

In abinary association, both ends may attach to the same classifier. The links of such an association may connect two different
instanges from the same classifier or oneinstance to itself. The latter case may be forbidden by a constraint if necegsary.

The end of an association where it connectsto aclassifier is called an association end."Most of the interesting infofmation
about @n association is attached to its ends.

The path may also have graphical adornments attached to the main part of thie path itself. These adornments indicatg properties
of the gntire association. They may be dragged along a segment or across Segments, but must remain attached to the path. It is
atool fesponsihility to determine how close association adornmentsanay approach an end so that confusion does npt occur.

The following kinds of adornments may be attached to a path.

5.42.4.1 association name

Desigrjates the (optional) name of the association.

It is shpwn as a name string near the path (but not near-enough to an end to be confused with arolename). The namelstring may
have an optional small black solid triangle in it. The point of the triangle indicates the direction in which to read thejname. The
name-glirection arrow has no semantics significance, it is purely descriptive. The classifiersin the association are oydered as

indic by the name-direction arrow.

NOTH: Thereisno need for a name-direction property on the association model; the ordering of the classifiers wjthin the
associgtion is the name direction: This convention works even with n-ary associations.

A stergotype keyword within'guillemets may be placed above or in front of the association name. A property string may be
placed|after or below the association name.

5.42.3.2 assoeciation class symbol

Desigrjates anassociation that has class-like properties, such as attributes, operations, and other associations. Thisig present if,
and ony;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.
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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 rlnay be drawn using various styles, including orthogonal segments, oblique segments, and curved segmentS.)T he choice
of aparticular set of line stylesis auser choice.

5.42.% Options

5.42.4.1 Xor-association

An xor-constraint indicates a situation in which only one of several potential associationsmay’be instantiated at one time for
any sirjgle instance. Thisis shown as adashed line connecting two or more associations, al of which must have adassifier in
comma@n, with the constraint string “{xor}" labeling the dashed line. Any instance of. the classifier may only participate in one
of the @ssociations at one time. Each rolename must be different. (Thisis simply ajpredefined use of the constraint potation.)

5.42.6 Example

Figure 73 - Association Notation

230

< Job 1
Company U . — Persan
employer | employee
|
Job boss
salary
0.1
worker{]
<Manages
|
xor
Account |{ )
\\ Corrnoration
U1 FUIMLIUII
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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
descrily SOCraton | X i o

5.43| Association End

5.43.1 Semantics

An association end is simply an end of an association where it connects to a classifier. It is part-of the association, not part of
the classifier. Each association has two or more ends. Most of the interesting details about an.association are attached to its
ends. An association end is not a separable element, it is just a mechanical part of an assogciation.

5.43.2 Notation

The path may have graphical adornments at each end where the path connectsto the classifier symbol. These adorpments

indicatle properties of the association related to the classifier. The adornments.are part of the association symbol, not part of the
classifier symbol. The end adornments are either attached to the end of the'tine, or near the end of the line, and mug drag with
it. Thelfollowing kinds of adornments may be attached to an associatien end.

5.43.3.1 multiplicity

Specified by atext syntax. Multiplicity may be suppressed@n a particular association or for an entire diagram. In gn
incomjplete model the multiplicity may be unspecified inthe model itself. In this case, it must be suppressed in the|notation.
See Section 5.44, “Multiplicity,” on page 233.

5.43.3.2 ordering

If the multiplicity is greater than one, then the set of related elements can be ordered or unordered. If no indication|is given,
then itfs unordered (the elements formaset). Various kinds of ordering can be specified as a constraint on the assodiation end.
The dgclaration does not specify howthe ordering is established or maintained. Operations that insert new elements must
make provision for specifying their. position either implicitly (such as at the end) or explicitly. Possible valuesinclide:

« |unordered - the elements form an unordered set. Thisisthe default and need not be shown explicitly.

« |ordered - the elements of the set have an ordering, but duplicates are still prohibited. This generic specificatign includes
all kinds of @rdering. This may be specified by the keyword syntax “{ ordered} .”

An ordered refationship may be implemented in various ways, however, thisis normally specified as a language-specified
code generation property to select a particular implementation. An implementation extension might substitute the data
structureto 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 qualifier

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 hollpw diamond is attached to the end of the path to indicate aggregation. The diamond may not be attached'to bpth ends of
aline, put it need not be present at al. The diamond is attached to the classthat is the aggregate. The aggregation i optional,
but nof suppressible.

If thediamond isfilled, then it signifies the strong form of aggregation known as composition. See.Section 5.48,
“Composition,” on page 237.

5.43.2.6 rolename

A namg string near the end of the path. It indicates the role played by the class attached to the end of the path near the
rolenafne. The rolenameis optional, but not suppressible.

5.43.2.7 interface specifier
The ngme of a Classifier with the syntax:
‘' classifiername, . . .

It indigates the behavior expected of an associated object by-the related instance. In other words, the interface specifier
specifips the behavior required to enable the association, {n'this case, the actual classifier usually provides more fupctionality
than required for the particular association (since it may, have other responsibilities).

The use of arolename and interface specifier areequivalent to creating a small collaboration that includes just an gssociation
and twp roles, whose structure is defined by therolename and attached classifier on the original association. Therefore, the
origindl association and classifiers are a use of the collaboration. The original classifier must be compatible with the interface
specifipr (which can be an interface or atype, among other kinds of classifiers).

If an interface specifier is omitted,(then the association may be used to obtain full access to the associated class.

5.43.2.8 changeability

If the l)nks are changeable (Can be added, deleted, and moved), then no indicator is needed. The property {frozen} [indicates
that ng links may be added, deleted, or moved from an object (toward the end with the adornment) after the object |s created
and initialized. The groperty { addOnly} indicatesthat additional links may be added (presumably, the multiplicity i$ variable);
howevgr, 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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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,

Variousaptions are passible far showing the navigation arrowson adiagram These can vary from timetatimehy |

there are no additional semanticsto it.

Ser request

or fron

5.43 .4

If therd
the pat

Rolend
They n

N diagram to diagram.
Presentation option 1: Show all arrows. The absence of an arrow indicates navigation is not supported:

Presentation option 2: Suppress all arrows. No inference can be drawn about navigation. Thisissimilar to ar
in which information is suppressed from a view.

associations with one-way navigability. In this case, the two-way navigability cannotdbe distinguished from
navigation; however, the latter case is normally rare or nonexistent in practice. Thisis yet another example
situation in which some information is suppressed from a view.

l Style Guidelines

 are multi ple adornments on a single association end, they are presented in the following order, reading fron
h attached to the classifier toward the bulk of the path:

qualifier
aggregation symbol
navigation arrow

imes and multiplicity should be placed near.the'end of the path so that they are not confused with adifferent g
nay be placed on either side of the line. lt.istempting to specify that they will aways be placed on agiven si

line (cl
and arf

“* employee”).

5.43.

ockwise or counterclockwise), but this is sometimes overridden by the need for clarity in acrowded layout. A
nultiplicity may be placed on oppesite sides of the same association end, or they may be placed together (fo

b Example

+vertex

Contains» 31 _
plygon K> Point
{ordered}

y situation

Presentation option 3: Suppress arrows for associations with navigability in both directions, show arrows only for

no-way
of a

the end of

Ssoci ation.
de of the

\ rolename
example,

1

-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 Semantics

A mulﬂi plicity item specifies the range of allowable cardinalities that a set may assume. Multiplicity’specificationsjmay be
given flor roles within associations, parts within composites, repetitions, and other purposes. Essentially a multipligty
specififation 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 intervals, yvhere an
intervg represents a (possibly infinite) range of integers, in the format:

lower-bound .. upper-bound

where Jower-bound and upper-bound are literal integer values, specifying the closed (inclusive) range of integers ffom the
lower bound to the upper bound. In addition, the star character (*).may be used for the upper bound, denoting an unlimited
upper ound. In a parameterized context (such as atemplate), thebounds could be expressions but they must evalugeto literal
integer| values for any actual use. Unbound expressions that:do not evaluate to literal integer values are not permitted.

If asingleinteger valueis specified, then the integer range contains the single integer value.

If the multiplicity specification comprisesasinglg'star (*), then it denotes the unlimited nonnegative integer range, that is, it is
equivalent to 0..* (zero or more).

A mulfiplicity of 0..0 is meaningless as it.would indicate that no instances can occur.

Expregsions in some specification language can be used for multiplicities, but they must resolve to fixed integer rarjges within
the maodel; that is, no dynamic evaluation of expressions, essentially the same rule on literal values as most progranming
languapes.

5.44.8 Style Guidelines

Prefergbly, intervalsshould be monotonically increasing. For example, “1..3,7,10" is preferableto “7,10,1..3".

Two contiguousintervals should be combined into asingle interval. For example, “0..1" is preferableto “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 mul

heibh L ctrinamansinta o Multinlicibv valiawwith ana ar mara MultinlicitvRanaes Dunlications or aothar no
HHEHY-SHHRG-HREPSHtE-a- vt P ey Yartde-WitR-BRe-o-ere-rvitrtprety ~aRgeS—=o- HpHEaHORS-B-6tHer6)|

presentation of the string itself have no effect on the mapping. Note that Multiplicity is avalue and not an objectl

stand

5.45

5.45.1 Semantics

A qual
instan(

5.45.2 Notation

A qua
symbo|
qualifi
the so
the oth

Them
of asol

The gy
attribu

Itispe
5.45.

A qua
relatiol

n its own, but is the value of some element property.

Qualifier

ifier is an attribute or list of attributes whose values serve to partition the set ofiistances associated wi
e across an association. The qualifiers are attributes of the association.

fier is shown as a small rectangle attached to the end of an associationpath between the final path segment
of the classifier that it connects to. The qualifier rectangle is part of the association path, not part of the clas
by rectangle drags with the path segments. The qualifier is attached to the source end of the association. Anii
rce classifier, together with avalue of the qualifier, uniquelysselect a partition in the set of target classifier in
er end of the association; that is, every target falls into exactly one partition.

Iti plicity attached to the target end denotes the possible cardinalities of the set of target instances selected by
Lrce instance and a qualifier value. Common values'include;

“1" (every possible qualifier value selects a unique target instance; therefore, the domain of qualifier valueq
finite).

“*" (the qualifier value is an index that partitions the target instances into subsets).

alifier attributes are drawn within the qualifier box. There may be one or more attributes shown one to aling
es have the same notation-as classifier attributes, except that initial value expressions are not meaningful.

mi ssible (although'somewnhat rare), to have a qualifier on each end of a single association.
B Presentation Options

fier may~not be suppressed (it provides essential detail whose omission would modify the inherent characte
nship).

“0..1” (aunique value may be selected, but every possible qualifier value does not necessarily select avalug).

1:2005(E)

nstandard
cannot

th an

and the
ssifier. The

hstance of

stances on

the pairing

must be

. Qualifier

r of the

A tool

may use alignhter linetor qualiTier rectangles than tor class rectangles to distinguish them clearly.

5.45.4 Style Guidelines

The qualifier rectangle should be smaller than the attached class rectangle, although thisis not always practical.
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5.45.5 Example

Bank Chessboard
account # rank:Rank
m file:File
0.1 1 ?
1
Person
Square

Figure

5.45.4

The pr
Associ

5.46

5.46.

An ass
drawn

5.46.1

An ass
class 5

75 - Qualified Associations
b Mapping

bsence of a qualifier box on an end of an association path maps into alist of qualifier attributes on the corres
gtion Role. Each attribute entry string inside the qualifier box maps-into an Attribute.

Association Class

| Semantics

Dciation classis an association that also has class praperties (or a class that has association properties). Even
s an association and a class, it isrealy just a single model element.

P Notation

pciation classis shown as a class symbol (rectangle) attached by a dashed line to an association path. The na
mbol and the name string attached to the association path are redundant and should be the same. The assoc

may hagve the usual adornments onceither end. The class symbol may have the usual contents. There are no adornm

dashed

5.46.1

line.

B Presentation©ptions

Thedl
The as

5.46.

The at

or to any of the association end adornments.

ass symbol maybe suppressed. It provides subordinate detail whose omission does not change the overall re)

50Ci ation pathimay not be suppressed.

4 Style Guidelines

ponding

houghitis

ime in the
ation path
ENnts on the

ationship.

of the path,

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.

236

© ISO/IEC 2005 - All rights reserved


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

ISO/IEC 19501:2005(E)

5.46.5 Example

Company ' Person

0 1..0

employer | employee

Figure

5.46.

An ass
ASSOCi
box, o
specifi
placed

5.47

5.47.

Ann-g
instandg

own n@tation.

Multip

represgnts the potentia-atimber of instance tuples in the association when the other N-1 values are fixed.

Ann-g

5.47.

Job
boss
salary
0.1
worker|
<4Manages

76 - Association Class

b Mapping

oci ation path connecting two class boxes connected by a dashed line to another class box mapsinto asingle

ionClass element. The name of the AssociationClass element is taken from the association path, the attach
both (they must be consistent if both are present). The&Association properties map from the association pat
pd previously. The Class properties map from the ¢hass box, as specified previously. Any constraints or prop
on either the association path or attached classbox apply to the AssociationClass itself; they must not confl

N-ary Association

|l Semantics

ry association is an association-among three or more classifiers (a single classifier may appear more than on
e of the association is annstuple of values from the respective classifier. A binary association is aspecial ca

icity for n-ary associations may be specified, but is less obvious than binary multiplicity. The multiplicity o

ry association may not contain the aggregation marker on any role.

P Natation

ed class
N, as
erties
ct.

ce). Each
se with its

narole

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, operations, 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 ey
be trad

Year

season| U

Team s = Player

team goalkeeper

Record

goals for
goals against
wins

losses

ties

Figurg 77 - Ternary association that is also an association class.

5.47.% Mapping

A dianond attachedto some number of class symbols by solid lines maps into an N-ary Association whose A ssociptionEnds
are attgched tothe Corresponding Classes. The ordering of the Classifiersin the Association isindeterminate from the diagram.
If aclgss box\is attached to the diamond by a dashed line, then the corresponding Classifier supplies the classifier properties

for an Néary ‘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.

Compdgsition may be shown by asolid filled diamond as an association end adornment;)Alternately, UML provideg a
graphically-nested 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 showp by
graphi¢al nesting of the symbols of the elements for the parts within the symbol of the element for the whole. A nested class-
like elgment may have a multiplicity within its composite element. Thelmultiplicity is shown in the upper right corper of the
symbo] for the part. If the multiplicity mark is omitted, then the default-multiplicity is many. This representsits multiplicity as
a part ithin the composite classifier. A nested element may have @rolename within the composition; the nameis ghown in
front of its type in the syntax:

rolename ‘:’ classname
This represents its rolename within its composition association to the composite.

Alterngtely, composition is shown by a solid-filléd diamond adornment on the end of an association path attached {o the
element for the whole. The multiplicity may(be shown in the normal way.

Note that attributes are, in effect, composition rel ationships between a classifier and the classifiers of its attributes.

An asspciation drawn entirely withinaborder of the composite is considered to be part of the composition. Any insfances on a
single|ink of it must be from the'same composite. An association drawn such that its path breaks the border of thelcomposite
is not ¢onsidered to be part of-the composition. Any instances on asingle link of it may be from the same or differgnt
compasites.

Note that the notationfor'composition resembles the notation for collaboration. A composition may be thought of s a
collabgration in which all of the participants are parts of a single composite object.

Note that nested notation is not the correct way to show a class declared within another class. Such a declared clasgisnot a
structural part of the enclosing class but merely has scope within the namespace of the enclosing class, which acts |ike a
package toward the inner class. Such a hamescope containment may be shown by placing a package symbol in the tpper 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

3

scrollbar

Window

S
ti

body: Panel

crollbar [2]: Slider
tle: Header

2

Window

title | 1

Slider

Header

body

Panel

Window

scrollbar:Slider

1
title:Header

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 semantically
equivalent to composition on adeep level, the mapped model distinguishes the two forms.

A solid diamond on an association path maps into the aggregation-compaosition property on the corresponding Association
Role.

A clas$ box with contained class boxes maps into a set of composition associations; that is, one composition assoeifation
betweean the Class corresponding to the outer class box and each of the Classes corresponding to the enclosed class poxes. The
multiplicity of the composite end of each association is 1. The multiplicity of each constituent end is 1 if\not speciflied
explicitly; otherwise, it is the value specified in the corner of the class box or specified on an association path from the outer
class box boundary to an inner class box.

5.49| Link

5.49.1 Semantics

A link|isatuple (list) of object references. Most commonly, it isapair of object rfeferences. It is an instance of an gssociation.

5.49.2 Notation

A bingy link is shown as a path between two instances. In the case of @link from an instance to itself, it may involve aloop
with afsingle instance. See Section 5.41, “ Association,” on page 227 for details of paths.

A rolename may be shown at each end of the link. An association name may be shown near the path. If present, it isjunderlined
to indigate an instance. Links do not have instance names;they take their identity from the instances that they relatg.
Multiplicity is not shown for links because they are instances. Other association adornments (aggregation, composition,
navigation) may be shown on the link ends.

A qualjfier may be shown on alink. The value'of the qualifier may be shown in its box.
5.49.4.1 Implementation stereotypes

A sterg¢otype may be attached to the link end to indicate various kinds of implementation. The following stereotypgs may be
used:

«assopi ation» association (default, unnecessary to specify except for emphasis)
«parameter» method parameter

«local» local variable of a method

«globgl» global variable

«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

Figurg 79 - Links

5.49.4 Mapping

Withinan object diagram, each link path maps to a Link betiveen the Instances corresponding to the connected clags boxes. If
aname is placed on the link path, then it is an instance of.the given Association (and the rolenames must match or tie diagram
isill fgrmed).

5.50| Generalization

5.50.1 Semantics

Generalization is the taxonomic relationship between a more general element (the parent) and a more specific elerent (the
child) that is fully consistent withithe first element and that adds additional information. It is used for classes, packpges, use
cases, and other elements.

5.50.2 Notation

Generdlization isshown as a solid-line path from the child (the more specific element, such as a subclass) to the pgrent (the
more generalelement, such as a superclass), with alarge hollow triangle at the end of the path where it meets the more general
element.

A generaization path may nave atext label called a discriminaior thet 15 the name of a parttion of the chitdren 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.

Predef
isplac

ned constraints may be used to indicate semantic constraints among the children. A comma-separated list of
bd in braces either near the shared triangle (if several paths share asingletriangl€) or near a dotted linethat cr

keywords
bsses al of

the generalization lines involved. The following keywords (among others) may be used (the following constraints ¢re

predef

ned):

overl@pping An element may have two or more children from the set as ancestors.(An instance may be a

indirect instance of two or more of the children.

direct or

disioi

Nt No element may have two children in the set as ancestors. Ne-instance may be a direct or in|
instance of tow of the children.

Hirect

comp

ete All children have been specified (whether or not shown).“No additional children are expecteg.

)

incompl ete Some children have been specified, but the list isknewn to be incomplete. There are additiona

that are not yet in the model. This is a statement about the model itself. Note that this is not
as the ellipsis, which states that additional children exist in the model but are not shown on t
diagram.

I children
the same
he current

Thedi
same d

Theus
usually

5.50.

A groy
child,

If atex
the pat

5Criminator must be unigque among the attributes and.association roles of the given parent. Multiple occurrer
iscriminator name are permitted and indicate that_the’children belong to the same partition.

e of multiple classification or dynamic classification affects the dynamic execution semantics of the language
apparent from a static model.

B Presentation Options

branching into multiple pathsto each child.

t [abel is placed on ageneralization triangle shared by several generalization paths to children, the label appl
hs. In other words, @t of the children share the given properties.

ces of the

. but is not

p of generalization paths for algiven parent may be shown as atree with a shared segment (including the triapgle) to the

esto al of
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5.50.3.1 Example

Shape V\
Separate Target Style
olygon Ellipse Spline
Shape
Shared Target Style
/\
Polygon Ellipse Spline
Figurg 80 - Styles of Displaying Generalizations
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. ower venue
{overlapping} - -~ — — LN - >C — — — g~ {overlapping}
WindPowered M otorPowered Land Water
Vehicle Vehicle Vehicle Vehicle
Sailboat

Truck

Figurg 81 - Generalization with Discriminators and Constraints, Separate Target Style.

Tree

{digoint, incomplete}
species

Oak Elm Birch

Figurg 82 - Generalization with Shared Target Style.

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 (“...”) asachild node of a given parent indicates that the semantic model contains at least one child

© ISO/IEC 2005 - All rights reserved 245


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

ISO/IEC 19501:2005(E)

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 depandency indicates a semantic relationship between two model elements (or two sets of model elements) It,rgates the
model gl ements themselves and does not require a set of instances for its meaning. It indicates a situation imwhich g change to
the targiet element may require a change to the source element in the dependency.

5.51.2 Notation

A depandency is shown as a dashed arrow between two model elements. The model element/at the tail of the arrow [the client)
depends on the model element at the arrowhead (the supplier). The arrow may be labeled with an optional stereotype and an
optiongl individual name.

Itispgssible to have a set of elements for the client or supplier. In this case, one orimore arrows with their tails on the clients
are cornnected to the tails of one or more arrows with their heads on the suppli€rs. A small dot can be placed on thefjunction if
desired. A note on the dependency should be attached at the junction point.

The following kinds of Dependency are predefined and may be indicated.with keywords. Note that some of these gorrespond
to actupl metamodel classes and others to stereotypes of metamodel ¢lasses. All of these are shown as dashed arrows with

keywords in guillemets. The name column shows the name of themetamodel class or the informal name of the clags with the
given keyword stereotype.

Keyword Name Description

access Access The granting of\permission for one package to reference the public elements owned ly 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-parameterized element. See
Section's.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 eagh). Maps
into an Abstraction with the stereotype derivation.

import Import The granting of permission for one package to reference the public elements of another
package, together with adding the names of the public elements of the supplier packdge to the
client package. Maps into a Permission with the stereotype import.

refing Refinement A historical or derivation connection between two elements with a mapping (not necgssarily
complete) between them. A description of the mapping may be attached to the dependency in a
note. Various kinds of refinement have been proposed and can be indicated by furth
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

ClassA [ —— — — — = ClassB ClassD
«friend» N

~

~

. ~
/I\ «friend» >~ L

~ operationZ()

T

|

I «instantiate» |
| |
|

|

L __«cab__ _I classc

. I
«refine» )
[ ClassC combines

Y \ — — two logical classes

ClassD ClassE

Figurg 83 - Various Dependencies Among Classes
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Figurg 84 - Dependencies Among Packages
5.51.5 Mapping
A dashed arrow maps into the appropriate kind of Dependency (based on keywords) between the Elements corresponding to

the symbols attached to the ends of the arrow. The stereotype and'the name (if any) attached to the arrow are the sterpotype and
name gf the Dependency.

5.52| Derived Element

5.52.1 Semantics

A deriyed element is one that can be computed from another one, but that is shown for clarity or that isincluded fdr design
purposes even though it adds no semantic'information.

5.52.2 Notation

A deriyed element is shown-by placing a slash (/) in front of the name of the derived element, such as an attribute gr a
rolename.

5.52.8 Style Guidelines

The detail s:of¢computing a derived element can be specified by a dependency with the stereotype «derive». Usually it is
converjientyin the notation to suppress the dependency arrow and simply place a constraint string near the derived glement,
althougiTthearrow carm e mchoded-wherm it s tetpfot:

5.53 InstanceOf

5.53.1 Semantics

Shows the connection between an instance and its classifier.
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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

Mapsi
Part

A use

5.54

5.54.

6 - Use Case Diagrams

case diagram shows the relationship among use cases within a system or other semantic entityand their acto

Use Case Diagram

|l Semantics

Use case diagrams show actors and use cases together with their relationships. The use cases represent functionalit]
system] or aclassifier, like a subsystem or a class, as manifested to external interactors with the system or the classiffier.

5.54.

A use
eem
gener
repr

P Notation

Case diagram is a graph of actors, a set of use cases, possibly some interfaces, and the relationships between

ts. The relationships are associations between the actors and'the use cases, generalizations between the acto

izations, extends, and includes among the use cases. Thewse cases may optionally be enclosed by arectang
ts the boundary of the containing system or classifier

[S.

y of a

these
rs, and
ethat
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5.54.3 Example

Telephone Catalog

Customer

Check

status I
/

Place

order

Establish
credit

\

—

Salesperson

[

v

Shipping Clerk

Figurg 85 - Use Case Diagram

5.54.4 Mapping

A set df use case ellipses with:connections to actor symbols maps to a set of UseCases and Actors corresponding td
case and actor symbols,respectively. The optional rectangle maps onto either a Model with the stereotype «useCas
containing the set of YUse€ases and Actors, or to a Classifier, like Subsystem or Class, containing the set of UseCas
interfage in the diagram is mapped onto an Interface in the Model, and the connection between the interface and th
use cage icons ismapped onto arealization Dependency (an Abstraction dependency being stereotyped «realize») b
Classifiers. Each generalization arrow maps onto a Generalization in the model, and each line between an actor syi
use cage €llipse maps to an Association between the corresponding Classifiers. A dashed arrow with the keyword «i

A

Supervisor

«extend»maps to an Include or Extend relationship between UseCases,

the use
eM odel »
es. An
b actor or
etween the
nbol and a

nclude» or

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 gase is shown as an ellipse containing the name of the use case. An optional stereotype keyword may |be plaged above
the name and a list of properties included below the name. As a classifier, a use case may also have compartments gisplaying
attributes and operations.

Extengon points may be listed in a compartment of the use case with the heading extension peints. The description of the
locatigns of the extension point is given in a suitable form, usually as ordinary text, but can@lse’be given in other florms, like
the namne of a state in a state machine, or a precondition or a postcondition.

The bghavior of a use case can be described in several different ways, depending onwbat is convenient: often plain text is
used, hut state machines, and operations and methods are examples of other ways-0f. describing the behavior of theuse case.
Sequence diagrams can be used for describing the interaction between use casés and their actors.

5.55.8 Presentation Options

The ngme of the use case may be placed below the ellipse. The name'of an abstract use case may be shown in italigs.

The ellipse may contain or suppress compartments presenting theattributes, 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 lowercase characters
and punctuation guidelines used for Classifiersiin the model.

5.55.5 Mapping

A use gase symbol mapsto a UseCase with the given name. An extension point maps into an ExtensionPoint withip the
UseCare.

5.56| Actor

5.56.1 Semantics

An actpr défines a coherent set of roles that users of an entity can play when interacting with the entity. An actor nay be
consideredito 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.

© ISO/IEC 2005 - All rights reserved 251


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

ISO/IEC 19501:2005(E)

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 actpr symbol maps to an Actor with the given name. The names of abstract actors may be shown in italics

5.57| Use Case Relationships

5.57.1 Semantics

There gre several standard rel ationships among use cases or between actors and use cases.

 |Association — The participation of an actor in a use case; that is, instances of the(actor and instances of the yse case
communicate with each other. Thisis the only relationship between actors andUse cases.

 |Extend — An extend relationship from use case A to use case B indicates that an instance of use case B may|be
augmented (subject to specific conditions specified in the extension)bysthe behavior specified by A. The bg¢havior is
inserted at the location defined by the extension point in B, whichis réferenced by the extend relationship.

* |Generalization — A generalization from use case C to use caseDindicates that C is a specialization of D.
* |Include— An include relationship from use case E to use'€ase F indicates that an instance of the use case E Wwill also

contain the behavior as specified by F. The behavior isincluded at the location which defined in E.

5.57.2 Notation

An asgpciation between an actor and a use case is'shown as a solid line between the actor and the use case. It may have end
adornments such as multiplicity.

An extend relationship between use casesisshown by a dashed arrow with an open arrow-head from the use case providing
the extension to the base use case. The-arow is labeled with the keyword «extend». The condition of the relationship is
optionally presented close to the kéy-word.

An indude relationship between-use cases is shown by a dashed arrow with an open arrow-head from the base usecase to the
included use case. The arrewnis labeled with the keyword «include».

A gengralization betweenuse cases is shown by a generalization arrow; that is, asolid line with a closed, hollow afrow head
pointing at the pareft-use case.

The relati onship-between a use case and its external interaction sequences is usually defined by an invisible hyperlink to
sequence diagrams. The relationship between a use case and its realization may be shown as dashed arrow with thg keyword
«representedClassifier to collaborations, but may also be defined asinvisible hyperlinks.
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5.57.3 Example

Supply Order
Customer Dat Product Arrange
Daympnt

N
|

/

. \ . :
«include» |  «include» / «include»

Place Order

«extend»
the salesperson asks for
~ — (Qthe catalog

Extension points
additional requests :
after creation of the order

Sal¢sperson Request

Catalog

Figurg 86 - Use Case Relationships

5.57.4 Mapping

A path| between use case and/or actor symbols maps-into the corresponding relationship between the corresponding Elements,
as desgribed above.

5.58| Actor Relationships

5.58.1 Semantics

There |s one standard rel ationship among actors and one between actors and use cases.

« |Association —heparticipation 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.

* |Generdlization — A generalization from an actor A to an actor B indicates that an instance of A can communjicate with
thegame kinds of use-case instances as an instance of B.

5.58.2 Notation

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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corresponding relationship between the corresponding Eleménts, as described above.
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87 - Actor Relationships
l Mapping
brali zation between two actor symbols and an association between actor symbol and a use case symbol maps

7 - Interaction Diagrams
scription of behavior involvestwo aspects: 1) the structural description of the participants, and 2) the descrif
or ation. The communication pattern performed by Instances playing the roles to accomplish a specific purpo

e the structural aspects separately.

tion diagrams come-in.two forms based on the same underlying information, specified by a Collaboration ar

ms. A sequencediagram shows the explicit sequence of communications and is better for real -time specifica
hplex scenaries. A collaboration diagram shows an Interaction organized around the rolesin the Interaction
nships. lt-does not show time as a separate dimension, so the sequence of communications and the concurrer
P determined using sequence numbers.

into the

tion of the

seiscalled

raction. The two aspects of oehavior are often described together on a single diagram, but at timesit is usefyl to

d possibly

nteraction, but each form emphasizes a particular aspect of it. The two forms are sequence diagrams and colfaboration

tions and
and their
t threads

5.59

05 Ll 1 o
COMaboOl atiorll

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 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
Coll abpration.-More-precisel\.-it-contain at of narti ordered-Messages.-each-specifving-one-communication: for

e, wl d the

¢r, respectively.

A Colljgborationl nstanceSet references an ensemble of Instances that jointly perform the task specified by the
CollabprationlnstanceSet’s Collaboration. These Instances play the roles defined by the ClassifierRales.of the Colljgboration;
that is[the Instances have all the properties declared by the ClassifierRoles (the Instances are said te)conformto the
ClassizllierRol es). The Stimuli sent between the Instances when performing the task are participating in the
Inter agtionl nstanceSet of the Collaborationl nstanceSet. These Stimuli conform to the Messages’in one of the Intergctions of
the Collaboration. Since an Instance can participate in several CollaborationlnstanceSets-at the sametime, al its
commuinications are not necessarily referenced by only one Interactionl nstanceSet. They-Can be interleaved.

A Collgboration may be attached to an Operation or a Classifier, like a UseCase, to describe the context in which their
behavipr occurs; that is, what roles Instances play to perform the behavior speCified by the Operation or the UseCase. A
Collabpration is used for describing the realization of an Operation or a Classifier. A Collaboration which describes a
Classifiier, like a UseCase, references Classifiers and Associations in genefal, while a Collaboration describing an Qperation
includgs the arguments and local variables of the Operation, as well asordinary A ssociations attached to the Classifjer owning
the Opeeration. The Interactions defined within the Collaboration specify the communication pattern between the Instances
when they perform the behavior specified in the Operation or the UseCase. These patterns are presented in sequencg diagrams
or collgboration diagrams. A Collaboration may also be attached to a Class to define the static structure of the Class; that is,
how attributes, parameters, etc. cooperate with each othet:

A pargmeterized Collaboration represents a design cohstruct that can be used repeatedly in different designs. The garticipants
in the Collaboration, including the Classifiers and\Rel ationships, can be parameters of the generic Collaboration. The
paraméters are bound to particular Model Elements in each instantiation of the generic Collaboration. Such a parameterized
Collabpration can capture the structure of adesign pattern (note that a design pattern involves more than structural| aspects).
Whereas most Collaborations can be anonyrmous because they are attached to a named Model Element, Collaboratipn patterns
are freg standing design constructs thatymust have names.

A Collboration may be expressed at different levels of granularity. A coarse-grained Collaboration may be refinedfto produce
another Collaboration that has.afiner granularity.

5.60| Sequence Diagram

5.60.1 Semantics

A seqyence diagram presents an Interaction, which is a set of Messages between ClassifierRoles within a Collaborgtion, or an
Interagtieni nstanceSet, which is a set of Stimuli between Instances within a CollaborationlnstanceSet to effect a dgsired
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.

1 D tati Qnti
5.60.3—Presentation Options

The harizontal ordering of thelifelinesis arbitrary. Often call arrows are arranged to proceed in one directionracross the page;
however, thisis not always possible and the ordering does not convey information.

The axfes can be interchanged, so that time proceeds horizontally to the right and different objects are shown as horjizontal
lines.

Varioup labels (such as timing constraints, descriptions of actions during an activation, and solon) can be shown either in the
margir] or near the transitions or activations that they label.

Timing constraints may be expressed using time expressions on message or stimuli names. The functions sendTimg (the time
at whi¢h a stimulusis sent by an instance) and receiveTime (the time at which a stimulus is received by an instancg) may be
applied to stimuli namesto yield atime. The set of time functions is open-ended,‘so that users can invent new oneg as needed
for special situations or implementation distinctions (such as elapsedTime, exeGutionSartTime, queuedTime, handlgdTime,
etc.)

Constrpction marks of the kind found in blueprints can be used to indicate a time interval to which a constraint may be
attachead (see bottom right of Figure 88 on page 256). This notatiomis visually appealing but it is ambiguousiif the prrow is
horizontal, because the send time and the receive time cannot be'distinguished. In many cases the transmission timgis
negligilble, so the ambiguity is harmless, but atool must nevertheless map such a notation unambiguously to an exgression on
messagie or stimuli names (as shown in the examplesin theleft of the diagram) before the information is placed in the semantic
model | (A tool may adopt defaults for this mapping.) Similarly, atool might permit the time function to be elided gnd use the
stimul §is name to denote the time of stimulus sending-or receipt within atiming expression (such as “b.receiveTime -
asendTime < 1 sec.” in Figure 88), but again thiSis only a surface notation that must be mapped to a proper time ¢xpression
in the $emantic model).
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5.60.4 Example

Simple sequence diagram with concurrent objects.

caller exchange receiver

a: lift receiver

{b.receiveTime
a.sendTime < 1 sec.} b: dial tone

{c.receiveTime

-Ib.sendTime < 10 sec.} c: dial digit
The call is d: rout
routed through &
the network.
{d|receiveTime ringing tone phone rings

- d.sendTime < 5 sec.}
answer phone

stop tone stop ringing $< 1 sec.
At this point - —
the parties
can talk.

Figurg 88 - Simple Sequence Diagram with Concurrent Objects (denoted by boxes
with thick borders)(
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0b3:C3 ob4:C4
op() | |
> 0bl:C1l | |
| |
| |
[X>0] fOO(X)| \
> 0b2:C2
[x<0] bar(%) E— I\
doit(2) !

doit(w)

fes — —

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
1. - *
ClassifierRole AssociationRole | 0.1 Interaction

| L. L.

. | AssociationEndRole . Message o1 Action

Collaborationl nstanceSet

A

0.4
Instance Link nteractionl nstanceSet
11 1 1 T ‘
2. *
. LinkEnd .| Stimulus ==} Action

Figurgd 90 - A summary of'the UML constructs used in the section below.

5.60.5.1 Sequenge diagram

A seqence diagram maps into an Interaction and an underlying Collaboration or an I nteractionlnstanceSet and an pnderlying
Collabprationl nstanceSet dependmg on whether the d|agram shows Instances or Classn‘lerRoIes An Interacuon specifiesa
sequerice S Jnication between
asender role and areceiver role. A CoIIaborauonInstanceSet referenc&s acollectlon 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 ClassmerRoIe in the CoI laborationlnstanceSet’s Col Iaboratlon The name field maps into the name of the

. g gl S assifiersbeing the base
Class |ers of the ClassflerRoIe An arrow maps |nt0 aStl muI us connected to two Instances the %nder and the regeiver. The
Link uged for the communication of the Stimulus plays the role specified by the AssociationRole connected to.the Message.
Unlesgthe correct Link can be determined from a complementary collaboration diagram or other means, the|Stimulpisis either
not attached to a Link (not a complete model), or it is attached to an arbitrary Link or to a dummy Link-between the Instances
conforming to the AssociationRole implied by the two ClassifierRoles due to the lack of complete information.

The ngme of the Operation to be invoked or Signal to be sent is mapped onto the name of the Operation or Signal asgociated by
the Action connected to the Message. Different alternatives exist for showing the arguments of-the Stimulus. If ref¢rences to
the actlial 1nstances being passed as arguments are shown, these are mapped onto the arguments of the Stimulus. If|the

t expressions are shown instead, these are mapped onto the Arguments of theZAetion connected to the dispgatching
Actiony Finally, if the types of the arguments are shown together with the name of ¢he.Operation or the Signal, these are
mapped onto the parameter types of the Operation or the Attribute types of the Sighal, respectively. A timing label [placed on
the level of an arrow endpoint maps into the name of the corresponding Message or Stimulus. A constraint placed ¢n the

An arrpw with the arrowhead pointing to an object symbol or role symbol within the frame of the diagram mapsinto a
Stimulus (M essage) dispatched by a CreateAction. Theinterpretation isthat an Instanceis created by dispatching the Stimulus.
If the thrget of the arrow is a classifier-role symbol, the Instance'will conform to the ClassifierRole. (Note, that the|diagram
does npt necessarily show from which Classifier the Instance.ariginates; only that the newly created Instance confgrmsto the
ClassifierRole.) After the creation of the Instance, it may immediately start interacting with other Instances. Thisimplies that
ion method (constructor, initializer) of the Instance dispatches these Stimuli. If an object termination symbol (“X”) is
the target of an arrow, the arrow mapsinto a Stimulus; which will cause the receiving Instance to be removed. If the object
termingtion symbol appears in the diagram withaut*an incoming arrow, it maps into a TerminateAction.

The orfler of the arrows in the diagram maps'ento pairs of associations between the Stimuli (Messages). A predecessor
relatiopship is established between Stimuhi, (M essages) corresponding to successive arrowsin the vertical sequence} In case of
concurfent arrows preceding an arrow;, tfie corresponding Stimulus (Message) has a collection of predecessors. Morgover, each
Stimulus (M essage) has an activator association to the Stimulus (M essage) corresponding to the incoming arrow of the
activat|on.

Procgdural sequencediagram

On aprocedural sequence diagram (one with focus of control and calls), subsegquent arrows on the same lifeline map into
Stimul| (M essages)\6beying the predecessor association. An arrow to the head of afocus of control region establishis a nested
activatjon. Thearrow maps into a Stimulus (M essage) with the dispatching Action being a Call Action. The Stimulus holds the
sender|anddeceiver Instance, as well as the argument I nstances, to be supplied in the invocation and references thetarget
Operat] on to'be invoked. The expr jonsthat evaluateto the arguments of the Operatl on are the argument Expr ess{ons on the

specified by the sender and receiver CI assifierRoles 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 end of the
activation maps into a Stimulus (M essage) with:

¢ 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

5.61.

Ina

Object Lifeline

ETTarTtics

uence diagram an object lifeline denotes an Instance playing a specific role. Arrows between the lifelines

commuini cation between the I nstances playing those roles. Within a sequence diagram the existence and,duration

I nstang
it desc
I nstang

ein aroleisshown, but the relationships among the I nstances are not shown. The role is specified by a Cl
ibes the properties of an Instance playing the role and describes the relationships an Instancein'that role h
€s.

5.61.2 Notation

ote
the
ifierRole;
to other

An Ingance is shown as a vertical dashed line called the “lifeline.” The lifeline represénts the existence of the Instance at a

particylar time. If the Instanceis created or destroyed during the period of time shown on the diagram, then itslifeli

ne starts or

stops &t the appropriate point; otherwise, it goes from the top to the bottom ofhe diagram. An object symbol is dragwn at the

head o0
I nstang
is marl
destrug

at the top of the diagram (above the first arrow), while an Instanéethat exists when the transaction finishes hasits |
continlie beyond the final arrow.

Thelifeline may split into two or more concurrent lifelingsto show conditionality. Each separate track corresponds
conditijonal branch in the communication. The lifelineSimay merge together at some subsequent point.

5.61.8 Presentation Options

thelifeline. If the Instance is created during the diagram, then the arfow, which maps onto the Stimulus that

creates the

e, isdrawn with its arrowhead on the object symbol. If the Instance's destroyed during the diagram, then its glestruction

ed by alarge “X,” either at the arrow mapping to the Stimulus that causes the destruction or (in the case of
tion) at the final return arrow from the destroyed Instance. An tnstance that exists when the transaction start

el -
sis shown
ifeline

toa

In some cases, it is necessary to link sequence diagrams to each other; for example, it might not be possible to put @ lifelines

in oneldiagram, or a sub-sequence isincluded in several diagrams; hence, it is convenient to put the common sub-g
asepafate diagram, which is referenced from the other diagrams. In these cases, the cut between the diagrams can be
in one pf the diagrams with a dangling arrow leaving alifeline but not arriving at another lifeline, and in the other d
expresged with a dangling arfew arriving at alifeline from nowhere. In both cases, it is recommended to attach an
which diagram the sequenee originates from or continuesin. This is purely notational. The different diagrams shov
parts of the underlying,teraction.

pguencein
expressed
agramitis
hte stating
different
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5.61.4 Example

See also Figure 89 on page 257.
) Diagram 2
Diagram 1
. ob4:C4
ob1:C1 0b3.C3 0b4.La
| |
|
| [x<0] bar() bar(x) |
_—
The flow The flow doit(w) l
continuesin originatesin
Diagram 2. Diagram 1.
é _____
|
= |
- _ -
) |

Figurd 91 - The flow shown in the sequence diagram toithe left continues in
the diagram to the right.

5.61.5 Mapping

See Sertion 5.60.5, “Mapping,” on page 258.

5.62| Activation

5.62.1 Semantics

An act|vation (focus of contref) shows the period during which an Instance is performing an Action either directly jor through
a subordinate procedure.ltrepresents both the duration of the performance of the Action in time and the control relationship
betwedn the activatiomand its callers (stack frame).

5.62.2 Notation

An actfvation'is shown as atall thin rectangle whose top is aligned with itsinitiation time and whose bottom is aligrjed with its
complétion time. The Action being performed may be labeled in text next to the activation symbol or in the left mgrgin,
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 onethat initiatesthe
action) and the base of the symbol is at the tail of areturn arrow.

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.)

5.62.8 Example

See Figure 88 on page 256 and Figure 89 on page 257.

5.62.4 Mapping

See Section 5.60.5, “Mapping,” on page 258.

5.63| Message and Stimulus

5.63.1 Semantics

A Stimulus is acommunication between two Instances that conveys information with the expectation that action wijl ensue. A
Stimulps will cause an Operation to be invoked, raise a Signal, or cause amlnstance 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 must conform
to, aswell asthe Action which will, when executed, dispatch a Stimulus that conforms to the Message.

5.63.2 Notation

In asefuence diagram a Stimulus aswell as aMessage isshown as a horizontal solid arrow from the lifeline of one |nstance or
ClassifierRole to the lifeline of another Instance or GlassifierRole. In case of a Stimulus from an Instance to itself, fhe arrow

may stprt and finish on the same lifeline. The arrowtis |abeled with the name of the Operation to be invoked or the ame of the
Signal| Its argument values or argument expressions may be presented, as well.

The arfow may also be labeled with a sequence number to show the sequence of the Stimulus (Message) in the overall
interagtion. However, sequence numbersare often omitted in sequence diagrams, as the physical location of the arfjow shows
the rel ftive sequences, but they arenecessary in collaboration diagrams. Sequence numbers are useful on both kinds of
diagrams for identifying concurrent threads of control. An arrow may also be labeled with a condition and/or iteratjon
expression.

5.63.8 Presentation/options

The following arfowhead variations may be used to show different kinds of communications.

filled 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|

Variat]

Inapr
every (
nonprg

Variat]
Normg

itis brlef compared to the granularity of the interaction and that nothing else can “happen” during the transmission

stimul
somett
arrowh

Variat]

A bran
conditi

Variat]
A conr

that the dispatch of a set of stimuli can occurmuitiple times. For a procedure, the continuation condition for the ite
ified at the bottom of theiteration. If there is concurrency, then some arrows in the diagram may be part of the iteration

be speq
and ot
togeth

Variat]
A lifel

Variat]
A disti
activat
resideq

from procedure call.

ion:
bcedural flow of control, the return arrow may be omitted (it isimplicit at the end of an activation). It is assU

all has a paired return after any subordinate stimuli. The return value can be shown on theinitial arrow. For
cedural flow of control (including parallel processing and asynchronous messages) returns should be shown

ion:
ly message arrows are drawn horizontally. This indicates the duration required+0o send the stimulusis “atom

s. Thisisthe correct assumption within many computers. If the stimulus requires some time to arrive, durin
ing else can occur (such as a stimulus in the opposite direction), ther the arrow may be danted downward s
ead is below the arrow tail.

ion: Branching

ch is shown by multiple arrows leaving asingle point, each possibly labeled by a condition. Depending on v
ons are mutually exclusive, the construct may represent'conditionality or concurrency.

ion: Iteration
ected set of arrows may be enclosed and marked as an iteration. For a generic sequence diagram, the iteratiol

ers may be single execution. It isdesirable to arrange a diagram so that the arrows in the iteration can be en
pr easily.

ion:
ne may subsume an-entire set of objects on a diagram representing a high-level view.

ion:
hction may be made between a period during which an Instance has alive activation and a period in which t

onisaetually computing. The former (during which it has control information on a stack but during which
in-something that it called) is shown with the ordinary double line. The latter (during which it isthe top iter

Imed that

explicitly.

c;” thatis,
of the

g which

b that the

hether the

nindicates
ration may

closed

he
control
h on the

stack)

Mmav be distinauished by shadina the reqaion
P4 J P4 J J

1. UML 1.3 and previousversionsincluded ahalf-stick arrowhead notation in addition to the stick arrowhead notation. This
notation 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 Sectrom 5665, vtappmy; orrpage 258:
5.64| Transition Times

5.64.1 Semantics

A Message may specify several different times; for example, a sending time and areceiving time. These are formal pames that
may be used within Constraint expressions. The set of different kinds of timesis open-endeg’so-that users can inverft new ones
as needled for special situations, such as elapsedTime and startExecutionTime. These expressions may be used in Copstraintsto
designgte specific time constraints valid for the Message.

5.64.2 Notation

A trangition instance (such as a Stimulus or Message in a sequence diagram, a/collaboration diagram, or a Transition in a state
machine) may be given aname. A timing constraint is formed as an expression based on the name of the transition| For

example, if the name of a Stimulusis stim, its send-time is expressed.by stim.sendTime (), and its receive-time by
stim.rgceiveTime (). The timing constraint may be shown in the leftomargin 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 expressiors, possibly
includiing time expressions, in braces on the sequence diagram:

5.64.8 Presentation Options

When |t is clear from the context, the name of a Message or the name of a Stimulus may itself be used to denote the time at
which the transition started. In cases where theperformance of the transition is not instantaneous, the time at whicl the
transition is ended 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 Mapping

See Section 5.60.5,, ¥ Mapping,” on page 258.

Part| 8 - 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 coIIszoration diagram shows a graph of either Instances linked to each other, or ClassifierRoles and AssociationRoles; it
may alpo include the communication stated by an Interaction or I nteractionl nstanceSet.

Because collaboration diagrams often are used to help design procedures, they typically show navigability using afrowheads
on the]ines representing Links or AssociationRoles. (An arrowhead on a line between boxes indicatesaLink or
AssocigtionRole with one-way navigability. An arrow next to aline indicates Stimuli or Messageflowing in the giyen
directipn. Obviously such an arrow cannot point backwards over a one-way line.)

The orgler of the interaction is described with a sequence of numbers, usually starting with\iumber 1. For a procedural flow of
control, the subsequent communication numbers are nested in accordance with call nesting. For a nonprocedural saquence of
interagtions among concurrent instances, all the sequence numbers are at the sameJevel (that is, they are not nested).

A call Iboration diagram without any interaction shows the context in which interactions can occur. It might be usefl to show
the context for asingle Operation or even for all of the Operations of a Class or group of Classes.

A collgction of standard constraints may be used to show whether an Ifistance or aLink is created or destroyed durjng the
execut{on:

« |Instances and Links created during the execution may be designated as { new}.
« |Instances and Links destroyed during the executionmay be designated as { destroyed} .

« |Instances and Links created during the execution and then destroyed may be designated as { transient} .

These changes in life state are derivable from thedetailed interaction among the Instances, they are provided as noational
converjiences.

5.65.4.1 Collaboration Instance

A collgboration diagram given at ifistance level shows a Collaborationl nstanceSet; that is, a collection of object bokes and
lines mapping to Instances and(Links, respectively. These instances conform to the ClassifierRoles and A ssociationRol es of
the Collaborationl nstanceSet"s.Collaboration. The diagram may also include arrows attached to the lines that correspond to
Stimul] communicated ovef_the Links. The diagram shows the Instances relevant to the realization of an Operation|or
Classifier, including Instances indirectly affected or accessed during the performance. The diagram also shows the[Links
among| the | nstances;ihcluding transient ones representing procedure arguments, local variables, and self links. Individual
attribue values-areusually not shown explicitly. If Stimuli must be sent to attribute values, the Attributes should b¢ modeled
using Associatiens instead.

5.65.9.27Collaboration

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- add(sel)

wire céntents {new}
. . «local» line
1.11[i:=1..n]: drawSegment(i ire: Wi *H
¢ [ ] g ()C wire: Wire  [175 " eate10.r1) —» ‘Hine {new}
«self ‘ 1 ‘ ‘ . ‘ 1.1.3: display(window) -
i- [
‘ 1.1.1a: r0 := position() ¢ 1.1.1b: r1:=pasition()

left: Bead right: Bead

Figurg 92 - Collaboration Diagram at instance level, presenting Objects, Links,
and Stimuli referenced by a CollaborationdnstanceSet and its
InteractionlnstanceSet.

tutor 1 student *
/ Teacher : Person / Student : Person
faculty member * lecturer 1 participant *
:|Faculty : Course
facuity 1 given course * taken course *

Figurg 93 - (€ollaboration Diagram at specification level, presenting the ClassifierRoles and the
AssociationRoles that belong to the Collaboration.
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‘ studentTeachers ()

tutor / Teacher : Person lecturer / Teacher : Person
‘1: namesOfTeachers() Tl.i.l: name()
1.1*[i:=1..n]: lecturer()
—>
[ Student : Person : Course

Figurg 94 - Collaboration Diagram presenting a CollaborationinstanceSet in which
some of the Objects play the same role. The instances conform to the
Collaboration shown in Figure 93.

5.65.4 Mapping

A collgboration diagram maps either to a Collaboration, possibly together with an Interaction, or to a CollaborationlnstanceSet
possibly together with its I nteractionlnstanceSet. Theimapping of each kind of icon is described in Section 5.69,
“Collaboration Roles,” on page 273. The mapping,of the stereotypesis explained in Section 5.49, “Link,” on page p40.

5.66| Pattern Structure

5.66.1 Semantics

A Collpboration can be used to-specify the implementation of design constructs. For this purpose, it is necessary to|specify its
contexf and interactions. Itisalso possible to view a Collaboration as a single entity from the “outside.” For example, this
could bpe used to identify, the presence of design patterns within a system design. A pattern is a parameterized Collgboration;
that is,|a Collaboration template. In each use of the pattern, actual Classifiers are substituted for the parametersin the pattern
definitjon.

Note that patterns as defined in Design Patterns by Gamma, Helm, Johnson, and Vlissides include much more than structural
descriptienss UML describes the structural aspects and some behavioral aspects of design patterns; however, UML [notation
does notinclude other imlnnrf:mf aspects. of patterns,-st ichas Isage trade-offsor nynmlnlnc These must be expr )| 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 inthe CoI I aborat|on are treated as parameters that are bound to specn‘y elements on each occurrence of the pattern
sifiersand

Subject idi
CallQueue N ] Observer SlidingBarlcén
~ —_— — — -
1 > ~o - _
queue: List of Call / < reading:\Real
source: Object \ Observer \ coloryColor
yvaitAlarm: Alarm / range;-interval
¢apacity: Integer > -
- =

Observer.reading = length (Subject.queue)
Observer.range = (0 .. Subject.capacity)

Figurg 95 - Use of a Collaboration

Asa Collaboration is a GeneralizableElement, it may have Generalization relationships to other Collaborations. Infthis way it
is posgble to define one Collaboration to be a specialization of another Collaboration. It is depicted by the ordinary
Generalization arrow from the dashed ellipse representing the child Collaboration to the icon of the parent Collabofation. The
roles of the child Collaborations may be spegializations of rolesin the parent Collaboration. Thisis shown by redefining the

role ngme of the parent collaboration in the child collaboration.

Subject( )~ — T~ Observer
CallQueue | o7 N _ Observer _ | slidingBarlcon
Subject P - o~ Manager
————— : N
MgnagedQueue N Supervisor - Controller

FigureaQ62-_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
- —~ -0 T T~ ~
display () <— ————— ( RedlizeDisplayOperation
- - 7 T = ~
(/ RealizeDispIayOperation\\
representedOper ation: )
alternative notation N Window:: display
Figurg 97 - The relationship between a Collaboration and the element it iS_realizing

The us

can be shown as a dashed arrow with a stick arrowhead fr@m the
Collaboration to the realized element, or in text.

ial convention is used to show a Collaborationl nstanceSet; that.is, it is shown as a dashed ellipse with the n

underlined. The Instances and the Links that participate in the Collaborationl nstanceSet are connected to the ellips

dashed

In som

Figure

Itispg
dashed

lines. The name of the role an instance is playing is shown close to the line and the instance.

e cases it is convenient to show the static structure af*a Collaboration within the collaboration icon (the dash

- Observer T~
- ~
~
/Subject : CallQueue /Observer : SlidingBarlcon )
/
[~ —_ — _ — -~
98 - The static structure of a Collaboration shown within the collaboration icon.

ssibletodenote that a Collaboration is defined in terms of other Collaborations in two different ways, either
ellipses showing the Collaborations and their relationships, or using ordinary collaboration diagrams. The f

hme
e with

ed ellipse).

using
prmer way

has the

advantage that it explicitly shows the rel ationship between the Collaborations, while the latter shows the stiucture of

the new Collaboration.
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— —_— _— —_—

— ~ — —~
- Container ~ - Prox -
/ AN p - Y NN
( Container Element \ \|Cli en% Proxy Origina )
\ / 4 /
~ \ AN > = Z 7
— \\ . - ~ P — /\ _ o 7 —1
Moo / T oo
«usedCollaQoration» ~ - -~ «usedCollaboratjon>
\ — =< _/_ ST T = - \/ / /
\ - Component Framework- ~ L P
\ - <N ~ ~
— ~ /
X >
N Component Factory 0N
Client Object \
/ \ J — [ \
[ \ | Component
\ N Remot | —"|Service /
N Container N emote /
~ >
< g N ~ -~ AN
/ ~ ~ ~ - N
/ / T~ \/: — N e —’X’\/ A AN
«usedCollaborgation» ~ - ~ «usedCollaboration»
% - N ~ \ AN
/ —— — g ~ A ~ —_— T/ —
— . ~ - — T~ o
- JContainer £~ N N X -~ . Proxy N~
~
/
[ Container Element \ \|Cli enﬁ Proxy Origina )
\ / N /
~ —~ g ™~ | - g
Figurg 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 Collaboratiens.
5.66.8 Mapping
A collaboration usage symbel-maps into a Collaboration. For each class symbol and lines attached by a dashed ling to the
patterr| occurrence symbol -the corresponding Classifier or Association is bound to the template parameter that is the base
associgtion target of the.ClassifierRole or AssociationRole in the Collaboration template with the name equal to thg name on
the daghed line.
A dashed arrowwith aclosed hollow arrowhead from a Collaboration symbol to a Classifier or to an Operation is mppped onto
the regresentedClassifier and onto the representedOper ation association of the Collaboration, respectively.

A “ (PP Lhal Y T Adarl: = I '3 Calak ™ Liact ot Tl i ¢l b |
CO JTCALTUTT VoG © Sy TTIJUT VWILTT TLo TTIATIC UNTUtITITICU TO TTHNAYPTU UTU A CUTIMTAVUT ALTUTTTTISLAN TUCOCL. TTIC UM TUL VU Wm OS

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,
playi ng the roles defmed in the CoIIaboratlon To use aCoIIaboratlon each role must be bound to an actual Classifier (or

= o~ — v he
ween roles.

: 5 map onto
ClassifierRoles and AssociationRoles, or Instance, and Links, respectively (see Section 5.69, “ Caltaboration Roleq” on

page 23).

Howeyer, a collaboration diagram may aso contain other elements, like different kindsof,Classifiers, Generalizatipns, and
Constrgints, to express additional information. These elements are shown using their @rdinary icons.

‘Window /Observer:SlidingBarlcon
reading: Real
color: Color color: Color
location: Area range: Interval

/Subject:CallQueue

|

|

|
{Observer.reading = Ie'ngth (Subject.queue)
and
Observer.range = (0..Subject.capacity)}

queue: List of Call
source: Object  + — =\~ -
waitAlarm: Alarm
capacity: Integer

Figurdg 100 - A collaporation diagram showing a Collaboration with a Constraint as a
consttaining element of the Collaboration.
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1: print (info)

| Generator : PrintDevice

—

printer 1

Figure

5.67.8 Mapping

The mapping of roles and instances are described in Section 5.69, “ Collabaration Roles,” on page 273. Any constr
element, like a generalization arrow, is mapped onto its usual model element;’such as Generalization. These eleme

referer]

5.68

A collgboration of Instances interacts to accomplish a purpase’(such as performing an Operation) by exchanging §
These may include both sending Signals and invocations fOperations, aswell as moreimplicit interaction through

: LaserPrinter : LinePrinter

101 - A collaboration diagram showing different roles, together with two
additional Generalization relationships as constraining elements.

ced by the Collaboration as its constraining elements.

Interactions

i ning
ntsa

imuli.
conditions

and time events. A specific pattern of communication €xchanges to accomplish a specific purposeiscalled an Interaction. The

collect]
the Co

5.68.

An Int
within
Interag
Then,

(branc!
throug

One cq

on of Stimuli sent between the I nstances that_participate in a CollaborationlnstanceSet when they perform t
laboration is called an Interactionl nstanceSet.

|l Semantics

braction isabehavioral specification that comprises a sequence of communications exchanged among a set 0
a Collaboration to accomplish a specific purpose, such as the implementation of an Operation. To specify
tion, it isfirst necessafy-10 specify a Collaboration; that is, to establish the roles that interact and their relati
he possible interaction sequences are specified. These can be specified in a single description containing col

N the possible.execution paths.

he task of

f |nstances

nships.
hditionals

hes or conditionahsignals), or they can be specified by supplying multiple descriptions, each describing a parficular path

mmunication is specified with aM%&age; it specifies the sender and the receiver roles, aswell as the Actio

that will

Action.

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 CoIIaboranons epr |C|tly, |ncI uding the ti me sequence of Stl mul| and explicit repreeentatlon of method activations.

[ 5] | efull context
of an ipteraction, including the Instances and their relati onsh| ps relevant to a part| cular interaction. The sequencing of the
Stimul| is done using sequence numbers, since distributing them along atime axis, like in Sequence diagrams)is ngt possible
in thiskind of diagram. (In fact, in some cases it is convenient to use sequence numbers in combination with/atimgaxis.) The
contents of collaboration diagrams are described in the following section.

5.68.8 Mapping

The mapping of roles and instances are described below, while the mapping of messages and-stimuli are described jn
Section 5.72, “Message and Stimulus,” on page 277.

5.68.4 Example

See Serction 5.65, “ Collaboration Diagram,” on page 264 for examples of Jnteractions and Interactionl nstanceSets and their
Collabprations and CollaborationlnstanceSets, respectively.

5.69| Collaboration Roles

5.69.1 Semantics

A ClagsifierRole defines arole to be played by an Instance within a Collaboration. The role describes the kind of Instance that
may pligy the role, such as required Operations and Attributes, and describes its rel ationships to Instances playing gther roles.
The relationshipsto 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 ClagsifierRole is shown using-a class rectangle symbol. Normally, only the name compartment is shown, but thelattribute
and opgration compartmentsmay’al so be shown when needed. The name compartment contains the string:
‘/'|ClassifierRoleName}:’” ClassifierName[‘,” ClassifierName]*

The ngme of the Classifier (or Classifiersif multiple classification is used) can include afull pathname of enclosing Packages,
if necessary. A taohwill normally permit shortened pathnames to be used when they are unambiguous. The Package names
precede the Classifier name and are separated by double colons. For example:

di|splay’ wi ndow. W ndowi ngSyst em : Gr aphi cW ndows: : W ndow

A sterentype may be Shown Textuaity (i guttiemers above The name SIrng) or a5 an (Con (M the Upper Tight 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 attribute
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 underlined. If the
attribute compartment is shown, it contains the names of the Attributes required by an Instance playing the role. If some
Attribytes are required to have certain values, thisis snown in the same way as in object diagrams; that is, the namg of the
attribute followed by an equal sign and the relevant values.

A LinK is shown by aline between object boxes. Its name string follows the syntax of an Object playing a specificfrole.

5.69.8 Presentation options

The ngme of a ClassifierRole may be omitted. In this case, the colon is kept together with the(Classifier name. The|role name
may b@ omitted only if there is only onerole to be played by Instances of the base Classifierdn the Collaboration.

The ngme of the Classifier may be omitted together with the colon.

Atl one of the Classifier name (together with the colon) or the ClassifierRole-iame (together with the slash) must be
present to denote a ClassifierRole. Otherwise, the rectangle denotes an ordinafy Classifier or Instance depending oh whether
the narpe is underlined or not.

If the nole isto be played by an Instance originating from multiple Classifiers, the names of the Classifiersare shoynin a
comma separated list after the colon.

In an gbject box the Instance name, the role name and / or the ¢lassifier name may be omitted. However, the colon|should be
kept inf front of the classifier name, and the slash should be kept in front of the role name. The notation used is the same for
Instanges in general, with the possible addition of the name-of the ClassifierRole that the Instance conforms to.

Note, the name of an Instance is always underlined, whereas the name of a Classifier (including ClassifierRole) is pever
underlined. Furthermore, an un-named line between-icons representing Instances is always a Link, and between icons
represgnting Classifiers (except ClassifierRoles).it is always an Association.

These tables summarize the different combinations of names:

Synfax 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:( an Instance named O originating from the Classifier C

O/RTC an Tnstance named O originailing from the Classifier C playing the role R
@) 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

Seefig

ures in Section 5.65, “Collaboration Diagram,” on page 264.

5.69.5 Mapping

confor

A Call
the sarn
repress

may have the same type.)

5.70

5.70.

A multiiobject represents a set of Instances on the “many” end of @a’/Association. Thisis used to show Operations g

that ad
corresy]

5.70.1

A multiobject is shown as two rectangles in which’the top rectangle is shifted slightly vertically and horizontally tg

stack g
selecti

To pert
multio
(tempd
an app

jlect symbol maps onto an Instance whose name is the object part of the name string. The Classifiers of the In]
amed according to the sequence of names in the class part of the string (or children of these Classifiers). Th
ms to the ClassifierRole, whose name is the role part of the string.

pboration can also be used for describing the internal structure of a Classifier. In such’case, the names of the
ne as the names of the attributes of the Classifier. In this way, the connection between.the roles and the Attri
Nt are established. (The base of the roles are not enough for uniquely identifying'this mapping, since several

Multiobject

| Semantics

fress the entire set, rather than a single Instance in it. The.underlying static model is unaffected by this grou
onds to an Association with multiplicity “many” usedto access a set of associated Instances.

P Notation

f rectangles. A message arrow to the multiobject symbol indicates a Stimulus to the set of Instances (for exa
bn Operation to find an individual «Object).

orm an Operation on each Instarice in a set of associated | nstances requires two Stimuli: 1) an iteration to th
Dject to extract Links to the individual Instances and then 2) a Stimulus sent to each individual Instance usin
rary) Link. This may be'elided on a diagram by combining the arrows into a single arrow that includes an it
ication to each indjvidual Instance. The target rolename takes a“many” indicator (*) to show that many ind

Links §

requirg

Anlin
compo
toani

s the two layers’ef structure (iteration to find Links, communication using each Link) mentioned previously

ance fromithe set is shown as a normal object symboal, but it may be attached to the multiobject symbol usin
Sition Link to indicate that it is part of the set. A communication arrow to the simple object symbol indicates
dividual Instance.

pquence of
hed to the

stance are
e |nstance

roles are
butes they
Attributes

nd Signals
bing. This

suggest a
mple, a

e
O the
bration and
vidual

eimplied. Althgugh'this may be written as a single Stimulus, in the underlying model (and in any actual cqde) it

g a
a Stimulus

sends a Stimulus.
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5.70.3 Example

, servers
client :Server

1:2005(E)

aServer «local»

:Server

—>
2: process(request)

Figurg 102 - Multiobject

5.70.4 Mapping

A multi-object symbol maps to a collection of Instances in which each-Instance conforms to the ClassifierRole ang
has the multiplicity “many” (or whatever is explicitly specified). livother respects, it maps the same as an object sy
stereotypeis explained in Section 5.49, “Link,” on page 240.)

5.71| Active object

An actjve object is one that owns a thread of conttel and may initiate control activity. A passive object is one that |
but dogs not initiate control. However, a passiveobject may send Stimuli in the process of processing a request tha
received. In a collaboration diagram, a ClassifierRole that is an active class represents the active objects that occur
execut|on.

5.71.1 Semantics

An act|ve object is an Instance-that owns athread of control. Processes and tasks are traditional kinds of active obj

5.71.2 Notation

A roleffor an active6bject is shown as arectangle with aheavy border. Frequently, active object roles are shown as
with embedded-parts.

The prpperty. keyword {active} may also be used to indicate an active object.

thisrole
mbol. (The

olds data,
[it has
during

ECLS.

Composites
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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

) B2: completed T A2: completed

| 1/B1: start(job) y 1/ AL: start(job)

:Robot :0Oven

Figurg 103 - Composite Active/Object

5.71.4 Mapping

An act|ve object symbol maps as an object symbol does, with the addition that the class of the object has the active property
Set.

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, aswell as the Action that will, when executed, dispatch a Stimulus that conforms to the Message.
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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 L T | o + £l +
. .0 OUTIaTUr TTuvy l.leC

The following arrowhead variations may be used to show different kinds of communications.

filled solid arrowhead —

resumgs. The arrowhead may be used to denote ordinary procedure calls, but it may also béuséd to denote concurrantly active

Procedure call or other nested flow of control. The entire nested sequence is completed before.the outer level sequi:‘wce
instanges when one of them sends a Signal and waits for a nested sequence of behaviar({to)complete before it continues.

stick arrowhead =~

Asynchronous communication; that is, no nesting of control. The senderdispatches the Stimulus and immediately ¢ontinues
with the next step in the execution.

dashed arrow with

stick arrowhead =

Return from a procedure call. The return arrow may*be’suppressed asit isimplicit at the end of an activation.

other|variations

Other kinds of control may be shown, sueh as “balking” or “time-out;” however, these are treated as extensions to the UML
core.

A half [stick arrowhead can be used-to show asynchronous communication. This alternative isincluded for backwards
compdibility. UML 1.3 and previous versions, included both half stick arrowhead and stick arrowhead with a very|small (and
not wgl understood) distinction.

5.72.4.2 Arrow lalel
In the following the term Message is used, but the text applies to Simulus, as well.

Thelabel hasthe 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 ‘' .../

© ISO/IEC 2005 - All rights reserved 279


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

ISO/IEC 19501:2005(E)

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 tfluat the Message corresponding to the numerically preceding sequence number isan implicit predecessor and J|eed not be
explicifly listed. All of the sequence numbers with the same prefix form a sequence. The numerical predecessor-isthe onein
which the final term isoneless. That is, number 3.1.4.5 is the predecessor of 3.1.4.6.

5.72.2.4 Sequence expression

The sefluence-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-the control is concurrent, thegn nesting
does npt occur. Each sequence-term has the following syntax:

[ integer | name] [ recurrence ]

Theinfeger represents the sequential order of the Message within the next*higher level of procedural calling. M esspges that
differ in one integer term are sequentially related at that level of nesting."Example: Message 3.1.4 follows Message 3.1.3
withinfactivation 3.1. The name represents a concurrent thread of control. Messagesthat differ in the final name are concurrent
at that Jevel of nesting. Example: Message 3.1a and Message 3:1h ‘are concurrent within activation 3.1. All threads|of control
are equal within the nesting depth.

The regurrence represents conditional or iterative execution. This represents zero or more Messages that are executed
depending on the conditions involved. The choices are:

“*' " iteration-clause ‘]’ an iteration
‘[ condition-clause ‘]’ a branch

An iterfation represents a sequence of(Messages at the given nesting depth. The iteration clause may be omitted (in yvhich case
the itefation conditions are unspecified). The iteration-clause is meant to be expressed in pseudocode or an actual
programming language, UML _doés not prescribe its format. An example would be: *[i := 1..n].

A condition represents a Message whose execution is contingent on the truth of the condition clause. The condition-clauseis
meant fo be expressed.if pseudocode or an actual programming language; UML does not prescribe its format. An éxample
would pe: [x > y].

Note that a brarieh.i's notated the same as an iteration without a star. One might think of it as an iteration restricted {fo asingle
occurrence,

The itgration notation assumes that the Messages in the iteration will be executed sequentially. There is aso the pogsibility 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-value

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 valuie and the r—n:ignmpnf operator are omitted

Message-name
Thisigthe name of the Operation to be applied on the receiver, or the Signal that is sent to the receiver.

Argument list

Thisigacomma-separated list of arguments (actual parameters) enclosed in parentheses. The(parentheses can be used even if
thelisfis empty. Each argument is either areference to an Instance, or an expression in pseidecode or an approprigte
programming language (UML does not prescribe). The expressions may use return values,of previous messages (in the same
scope)|and navigation expressions starting from the source Instance; that is, Attributésof it and Links from it and paths
reachaple from them.

5.72.8 Presentation Options

Instead of text expressions for arguments and return values, datatokensimay be shown near amessage label. A tokef isasmall
circle llabeled with the argument expression or return value name. It hasa small arrow on it that points along the Mssage (for
an argéiment) or opposite the Message (for areturn value). Tokensrepresent arguments and return val ues. The choife of text

syntax|or tokensis a presentation option.

The syntax of Messages may instead be expressed in the syntax of a programming language, such as C++ or Smallfalk. All of
the ex;]>ressi ons on a single diagram should use the same syntax, however.

A retufn 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 labehsyntax:

2: display (x, y) simple Message

1.3.1: p:= find(specs) nested call with return value

4 [x <. 0] x'invert (x, color) conditional Message

A3,B4/ C3.1*: update () synchronization with other threads, iteration

5.72.5N@apping

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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Theco

ntrol 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 pr
relatiol
corresy
immed

bdecessor expression, together with the sequence expression, determines the predecessor and activation (cal
nships of aMessage or a Stimulus. The predecessors of a Message (Stimulus) are those M essages (Stimul)

onding to the sequence numbersin the predecessor list as well as the Message (Stimulus) corresponding to
iate preceding sequence number as the Message (Stimulus); that is, 1.2.2 isthe one preceding 1:2.3: The cal

ClassifierRole (Instance) receiving the M essage (Stimulus) whose sequence number is truncated by-one position; th

thecal

There
Return|
proced

The ref
tothell

The op
M essay
CalAd

Inapr
flow is
Return

5.73

5.73.

During
destrud

5.73.1

Anling
thatis
eleme
destroy

er of 1.2.3. The thread-of-control name maps onto a Classifier stereotyped thread; that is,‘an-active class.

urn of avalue maps into a Message from the called Instance to the caller with the dispatching Action being
Action. Its predecessor is the final Message within the procedure. Its activation isthe Message that called th

eration name and the form of the signature determine the Operatiofiattached to the Call Action associated w
he. Similarly for a Signal and SendAction. The arguments of thesignature determine the arguments associ ats
tion and SendAction, respectively.

explicitly shown. This Message has an activation Association to the original call Message. Its associated A
A ction bearing the return values as arguments (if anyy.

Creation/Destruction Markers

| Semantics

the execution of an interactiop-seme Instances and Links are created and some are destroyed. The creation
tion of elements can be marked:

P Notation

ance or aLink that)is created during an interaction has the standard constraint new attached to it. An Instanc
Hestroyed during an interaction has the standard constraint destroyed attached. These constraints may be used
t has no name. Both constraints may be used together, but the standard constraint transient may be used in pl
ed.

5.73.1

B (Presentation options

er)

he
eristhe
At is, 1.21is

D P

ure.
Currence expression, the iteration clause, and the condition clause determinethe recurrence value in the Actign attached
MV essage.

th the
bd with the

pcedural interaction, each arrow symbol also maps into assecond Message representing the return flow, unlesg the return

Ctionisa

and

eor aLink
evenif the
lace of new

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

1:2005(E)

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

5.74

A statd
Specif
lifetim
The s¢

maket
impler

5.74.

Statech
event i
behavi

5.74.

A statd
state
directg
state
stateis

Theas

An exd

9 - Statechart Diagrams

Statechart Diagram

chart diagram can be used to describe the behavior of instances of amodel element such as anobject or ani
cally, it describes possible sequences of states and actions through which the element instanices'can proceed
P as aresult of reacting to discrete events (for example, signals, operation invocations),

mantics and notation described in this chapter are substantially those of David Harel'S.statecharts with modit
hem obj ect-oriented. His work was amajor advance on the traditional flat state maghines. Statechart notatiol
nents aspects of both Moore machines and Mealy machines, traditional state machine models.

|l Semantics

hteraction.
during its

icationsto
h also

art diagrams represent the behavior of entities capable of dynamicaehavior by specifying its response to the receipt of

hstances. Typically, it is used for describing the behavior of classinstances, but statecharts may also describ
pr of other entities such as use-cases, actors, subsystems, operations, or methods.

P Notation

chart diagram is a graph that represents a state machine. States and various other types of vertices (pseudost

P the

ptes) in the

achine graph are rendered by appropriate state'and pseudostate symbols, while transitions are generally renglered by

d arcs that inter-connect them. States may al'so contain subdiagrams by physical containment or tiling. Note
achine has atop state that contains all theether elements of the entire state machine. The graphical rendering
optional.

50Ci ation between a state maching:and its context does not have a special notation.

impl e statechart diagram for a-simple telephone object is depicted in Figure 104.

that every
of thistop
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Active ( Timeout W

do/ play messageJ
¢ dial digit(n)
after (15 sec.) \ [Incomplete]

after (15 sec.)

( DialTone ) dial digit(n) -
ift  do/ play dial tone ialing

) dial digit(n)[invalid] —
receiver - ON .
: dialdigit(n)[valid]
get dial tone ( Invalid / [connect
e ] Ldo/ play messageJ [ Connecting ]
busy

Pinned Busy connected

callee do/ play busy
caller callee hangs up tone

answers
hangs up

/disconnect Ringing ‘
TaIkinD
Callee answers do/ play ringing
K /enable speech tone /

[

Figurg 104 - State Diagram

5.74.83 Mapping

A statdchart diagram mapsinto a StateMtachine. That StateMachine may be owned by an instance of a model elemént capable
of dynamic behavior, 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 Semanties

A statg is a condition during the life of an object or an interaction during which it satisfies some condition, performs some
action,|or waits for some event. A composite state is a state that, in contrast to asimple state, has a graphica deconpposition.
(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 “tlow-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:

The agtion label identifies the circumstances under which the action specified by the action expression will be inva

anonymous and are all distinct. It is undesirable to show the same named state twice in the same diagran) a9
may ensue. Name compartments should not be used if a name tab is used and vice versa.

while the element isin the state.

Name compartment - This compartment holds the (optional) name of the state as a string. States without names are

confusion

Internal transitions compartment - This compartment holds a list of internal actions or activities that are performed

ked. The

action pxpression may use any attributes and links that are in the scope of the owning entity:or list items where the action

expression is empty, the backslash separator is optional .

A numpber of action labels are reserved for various special purposes and, therefore; cannot be used as event names.

follow

Inall gther cases, the action label identifies the event that triggers the corresponding action expression. These event
internd transitions and are semantically equivalent to self transitions except that the state is not exited or re-enteref
means|that the corresponding exityand entry actions are not performed. The general format for the list item of anin

transiti

Each gvent namemay appear more than once per state if the guard conditions are different. The event parameters 3
guard ¢onditions.are optional. If the event has parameters, they can be used in the action expression through the cu

variabl

ng are the reserved action labels and their meaning:

entry - Thislabel identifies an action, specified by the corresponding-action expression, which is performed
to the state (entry action).

exit - Thislabel identifies an action, specified by the corresponding action expression, that is performed upol
the state (exit action).

do - Thislabel identifies an ongoing activity (“do activity”) that is performed as long as the modeled elemef
state or until the computation specified by the action’expression is completed (the latter may result in a con
event being generated).

submachine that is to be invoked. Submachine states and the corresponding notation are described in Sectid
“Submachine States,” on page 295.

onis:

event-name ‘(\.comma-separ ated-parameter-list ‘)’ ‘[' guard-condition']’ ‘/' action-expression

e.

The

Upon entry

h exit from

Nt isin the
pletion

include - This label isused to identify a.sabmachine invocation. The action expression contains the name of the

n5.82,

sare called
i, This
erna

ind the
rrent event
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5.75.2

.1 Example

-

Typing Password \

entry / set echo invisible
exit / set echo normal

character / handle character

he

p / display help

Figure

5.75.8 Mapping

A statg

The ngme string in the symbol maps to the name of the state. Two symbols with tHe same name map into the same

Howe\

A listitem in the internal transition compartment maps into a corresponding-Action associated with a state. An “en
item; that is, an item with the “entry” 1abel mapsto the “entry” role, anexit” list item mapsto the “exit” role, and 3
maps tp the “doActivity” role. (The mapping of “include” itemsis diseuissed in Section 5.82, “ Submachine States,”

page 2P5.)

A list item with an event name maps to a Transition associated with the “internal” role relative to the state. The act
expression maps into the ActionSequence and Guard for the Transition. The event name and arguments map into a

corresy]
5.76

5.76.

A com

substates. A given state may only, betefined in one of these two ways. Naturally, any substate of a composite state

acomy

A new
transiti

Each rq

theinifial pseudostate. A transition to afinal state represents the completion of activity in the enclosing region. Cor

105 - State

er, each state symbol with no name (or an empty name string) maps inte a'distinct anonymous State.

onding to the event name and arguments. The Event plays the role of atrigger to the Transition.

Composite States

| Semantics

posite state is decomposed ipte.two or more concurrent substates (called regions) or into mutually exclusive

osite state of either type:

y-created object takes its topmost default transition, originating from the topmost initial pseudostate. An ob
ons to its outermost final state is terminated.

bgion of astate may haveinitial pseudostates and final states. A transition to the enclosing state represents at

activity

encl osing state. Completion of the top state of an object corresponds to its termination.

in,al\concurrent regions represents completion of activity by the enclosing state and triggers a completion ¢

symbol mapsinto a State. See Section 5.76, “Composite States,” on page 285 for_further details on which kind of state.

State.

try” list
1“do” item
on

on
N Event

digoint
can also be

ect that

ansition to
npletion of
ent on the

5.76.2 Notation

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

A find
the engl

displayed as an unlabeled transition), if such atransition is defined.

reprﬁﬂts any transition to the enclosing state. The initial transition may have an action.

state is shown as acircle surrounding asmall solid filled circle (abull’s eye). It represents the completion o
osing state and it triggers a transition on the enclosing state labeled by the implicit activity completion ev

activity in
t (usudly

In some cases, it is convenient to hide the decomposition of a composite state. For example, the state machine insigle a

compasite state may be very large and may simply not fit in the graphical space available for the diagram. In that g
compasite state may be represented by a simple state graphic with a special “composite” icon, usually in the lower

corner|

decomposition that is not shown in this particular statechart diagram (Figure 107). Instead, the contents of the com
are shgwn in a separate diagram. Note that the “hiding” hereis purely a matter of graphical convenience and hasn
significance in terms of access restrictions.

5.76.8 Examples

Thisicon, consisting of two horizontally placed and connected states, is an optienal Visual cue that the state

~

Dialing

(" start N digitn) (* *Opartial Dial ) [number.isvalid()]
entry/ start dial tone entry/number.append(n) @
exit/ stop dial tone - /
. J
digit(n)
Figurg 106 - Sequential Substates

(v

bse, the
right-hand
b has a
osite state
semantic

ddenCompositew

e

ntry/ start dial tone

exit/ stop dial tone

Figure 107 - Composite State with hidden decomposition indicator icon

© ISO/IEC 2005 - All rights reserved

287


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

ISO/IEC 19501:2005(E)

/ Taking Class \

Incomplete
lab
lab done done

2 ®
---------------------------------- (=]

o——= i
( Term \| project done

*—= Project |

i (o
_

/

Figurg 108 - Concurrent Substates

5.76.4 Mapping

A statg symbol maps into a State. If the symbolyhas no subdiagramsinit, it mapsinto a SimpleState. If it istiled by dashed
linesinto regions, then it maps into a CompositeState with the isConcurrent value true; otherwise, it mapsinto a
CompgsiteState with the isConcur renty/alue false. A region maps into a CompositeState with the isRegion value trpe and the
isConqurrent value false.

Aninifial pseudostate symbol-maps into a Pseudostate of kind initial. A final state symbol mapsto afinal state.

5.77| Events

5.77.1 Semantics

An evént isaneteworthy occurrence. For practical purposes in state diagrams, it is an occurrence that may trigger a state
transitijon;-Events may be of several kinds (not necessarily mutually exclusive).

« 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—Netation

A signfl or call event can be defined using the following format:
event-name ‘ (* comma-separ ated-parameter-list *)

A pargmeter has the format:

parameter-name ‘:’ type-expression

A signfl can be declared using the «signal» keyword on a class symbol in a class diagram) The parameters are spegified as
attributes. A signal can be specified as a subclass of another signal. This indicates that-an-occurrence of the subevent triggers
any trgnsition that depends on the event or any of its ancestors.

An elapsed-time event can be specified with the keyword after followed by an’expression that evaluates (at modelipg time) to
an amagunt of time, such as “after (5 seconds)” or after (10 seconds since exit)from state A).” If no starting point igindicated,
then it|is the time since the entry to the current state. Other time events canl be specified as conditions, such as when (date =

Jan. 1,|2000).

A conmition becoming true is shown with the keyword when follewied by a Boolean expression. This may be regarded as a
continfious test for the condition until it is true, although in practice it would only be checked on a change of values.

Signal$ can be declared on a class diagram with the keyword «signal» on a rectangle symbol. These define signal rjames that
may be used to trigger transitions. Their parameters are shown in the attribute compartment. They have no operatigns. They
may appear in ageneralization hierarchy.
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5.77.3 Example

«signal»
InputEvent

fime

i

«sighal»
Userlnput

device

T

«signal» «signal»

Mouse Keyboard
Button Character
location character

i

il

«dignal» «signal» «signal» «Signall»
Mouse Mouse Control Graphic
Blutton Button Character Character
hown Up
«signal» «signal» «signal»
Space Alphanumeric Punctuation

Figurg 109 - Signal Declaration

5.77.4 Mapping

A clas$ box with stereotype«signal» mapsinto a Signal. The name and parameters are given by the name string and the
attribute list of the box.-Generalization arrows between signal class boxes map into Generalization relationships between the
Signal

The usage ofan.event string expression in a context requiring an event maps into an implicit reference of the Event with the
given Tame. Itisan error if various 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 trangition is shown as a solid line originating from the source state and terminated by an arrow on the targetstatg. It may be
labeled by atransition string that has the following general format:
event-signature ‘[’ guard-condition ‘]’ /" action-expression
The event-signature describes an event with its arguments:
event-name ‘(" comma-separ ated-parameter-list ‘)’

The gyard-condition is a Boolean expression written in terms of parameters of the triggering event and attributes ahd links of
t that owns the state machine. The guard condition may also involve tests of eoncurrent states of the current machine,
or explicitly designated states of some reachable object (for example, “in Statel” or!not in State?2”). State names nay be fully
ied by the nested states that contain them, yielding pathnames of the form “Statel:: State2::State3.” This may|be used in
e state name occursin different composite state regions of the overally machine.

The agtion-expression is executed if and when the transition fires. It maysbe written in terms of operations, attributeg, and links
of the pwning object and the parameters of the triggering event, or ahy.other features visible in its scope. The corrgsponding
action must be executed entirely before any other actions are considered. This model of execution is referred to as fun-to-
complétion semantics. The action expression may be an action Seguence comprising a number of distinct actions irjcluding
actiong that explicitly generate events, such as sending signals'or invoking operations. The details of this expression are
dependent on the action language chosen for the model.

5.78.4.1 Transition times

Nameg may be placed on transitions to designate the times at which they fire. See Section 5.64, “ Transition Times,| on
page 264.

5.78.8 Example

right-mouse-down_(location) [location in window] / object := pick-object (location);
object.highlight ()

The evient may be any-0f. the standard event types. Selecting the type depends on the syntax of the name (for time gvents, for
examp|€e); however;Signal Events and CallEvents are not distinguishable by syntax and must be discriminated by their
declardtion el sewhere.

5.78.4 Mapping

A transition string and the transition arrow that it labels 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
controlTto concurrent threads Without COncurTent Substales.

5.79.1 Semantics

A congurrent transition is enabled when all the source states are occupied. After acompound transition.fires, al its flestination
states are occupied.

5.79.2 Notation

A congurrent transition includes a short heavy bar (a synchronization bar, which can reforesent synchronization, forking, or

both). The bar may have one or more arrows from states to the bar (these are the sourcestates). The bar may have ohe or more
arrowqfrom the bar to states (these are the destination states). A transition string may be shown near the bar. Individual arrows
do not |have their own transition strings.

5.79.8 Example

Process

€

Figurg 110 - Concurrent Transitions

5.79.4 Mapping

A bar With multiple'transition arrows leaving it maps into afork pseudostate. A bar with multiple transition arrowsentering it
mapsipto ajoin'pseudostate. The transitions corresponding to the incoming and outgoing arrows attach to the pseudostate as if
it werg aregularstate. If abar has multiple incoming and multiple outgoing arrows, then it maps into ajoin connected to afork
pseudqstate 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

: ; htransition
to the initial pseudostate within the composite state reglon Theiniti aI pseudostate must be pr&ent If the stateis ajconcurrent
compasite state, then the transition indicates a transition to the initial pseudostate of each of its concurrent stibstates.

Transifions may be drawn directly to states within a composite state region at any nesting depth. All entry-actions gre
performed for any states that are entered on any transition. On a transition within a concurrent compoesite state, transition
arrowq from the synchronization bar may be drawn to one or more concurrent states. Any other ceneurrent regions|start with
their default initial pseudostate.

A trangition drawn from a composite state boundary indicates a transition of the composite state. If such atransition fires, any
nested|states are forcibly terminated and perform their exit actions, then the transition-astions occur and the new stgteis
established.

Transifions may be drawn directly from states within a composite state regiondat any nesting depth to outside stateg. All exit

actions are performed for any statesthat are exited on any transition. On atransition from within a concurrent composite state,
transition arrows may be specified from one or more concurrent states to asynchronization bar; therefore, specific atesin the
other regions are irrelevant to triggering the transition.

A statg region may contain ahistory state indicator shown as asmall circle containing an ‘H.” The history indicatof appliesto
the state region that directly containsit. A history indicator may*have any number of incoming transitions from outfside states.
It may|have at most one outgoing unlabeled transition. Thisidentifies the default “ previous state” if the region has hever been
enteredl. If atransition to the history indicator fires, it indicates that the object resumes the stateit last had within thelcomposite
region{ Any necessary entry actions are performed. Thehistory indicator may also be ‘H*’ for deep history. Thisinglicates that
the objlect resumes the state it last had at any depthiwithin the composite region, rather than being restricted to the tate at the
same |gvel asthe history indicator. A region may:-have both shallow and deep history indicators.

5.80.8 Presentation Options

5.80.3.1 Stubbed transitions

Nesteqd states may be suppressed: Transitions to nested states are subsumed to the most specific visible enclosing sfate of the
suppressed state. Subsumed-ransitions that do not come from an unlabeled final state or go to an unlabeled initial gseudostate
may (Qut need not) be.shown as coming from or going to stubs. A stub is shown as asmall vertical line (bar) drawn inside the
boundgry of the enclosing state. It indicates a transition connected to a suppressed internal state. Stubs are not used for

Ibstate,
Stateto an

: = details of
the transmon Note also that atransmon from afmal state is summarlzed by an unlabeled transtlon 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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B~
A L

may be abstracted as

Figurg 111 - Stubbed Transitions

E\: Q AL \ interrupt

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 addi

5.81

tional states in the model that are not visible in the diagram.

Factored Transition Paths

5.81.1 Semantics

By def

be pselidostates—which are transient in nature—there is aneed for describing chains of transitions that may beexeq

contex

Asap
compo
samet
paths.

Both o
factori
to any

| of a single run-to-completion step. Such atransition is known as a compound transition.

actical measure, it is often useful to share segments of a compound transition. For exampletwo or more dis
und transitions may come together and continue viaa common path, sharing its action, and'possibly terming
brget state. In other cases, it may be useful to split atransition into separate mutually exclusive; that is, non-

f these examples of graphical factoring in which some transitions are shared resultin simplified diagrams. H
hg is also useful for modeling dynamically adaptive behavior. An example 6f this occurs when a single even
pf aset of possibletarget states, but where the final target stateis only deterimined as the result of an action (g

perfor

Note that the splitting and joining of paths due to factoring is different from the splitting and joining of concurrent
descrilped in Section 5.79, “ Transitions to and from Concurrent States;” on page 291. The sources and targets of the

trangiti

5.81.

Two o more transitions emanating from different non-concurrent states or pseudostates can terminate on a comma

point.
point i
“Decis

Two of more guarded transitions emanating from the same junction point represent a static branch point. Normally,

aremu
conditi
guardsg

Two of more guarded tranSitions emanating from a common dynamic choice point are used to model dynamic choi
he guards of the.Outgoing transitions are evaluated at the time the choice point has been reached. The value gf these

case, t
guardg
isrepr

5.81.

ed after the triggering of the compound transition.

oNns are not concurrent.

P Notation

his allows their respective compound transitions to share the path that emanates from that junction point. A
5 represented by a small black circle. Alterhatively, it may be represented by a diamond shape (see Section 5
ons,” on page 301).

tually exclusive. Thisisequivalent to aset of individua transitions, one for each path through the tree, who
on isthe “and” of al of the'conditions along the path. Note that the semantics of static branchesisthat all th
are evaluated before any. trahsition is taken.

may be afunction of some calculations performed in the actions of the incoming transition (s). A dynamic ¢
bsented by@a'small white circle (reminiscent of asmall state icon).

B Examples

nition, atransition connects exactly two verticesin the state machine graph. However, since some of these V(Lti ces may

uted in the

iti nct
fing on the
concurrent

owever,
t may lead
Al culation)

transitions
e factored

N junction
junction
.87,

the guards
be guard
e outgoing

ces. In this

noi ce point

InFig

re 1L1s asingie Junction point s Uused 1o merge and SPIt transtions. kRegaraless or wnetner the Junction pol

reached from state State0 or from state Statel, the outgoing paths are the same for both cases.

was

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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State0 Statel

e2[b < 0] ellb <0]

€

Figure

In the glynamic choice point example in Figure 114, the decision on which brangh to takeis only made after the tran:

Statel
valuef]
conditi

€

Figure

5.82

State3 State4

113 - Junction points

s taken and the choice point is reached. Note that the action associated'with that incoming transition compu

on[elseg] is recommended to avoid run-time errors.

ellb < 0)/a :=f(m)

114 - Dynamic choice points

Submachine States

Sition from
tes a new

or a. This new value can then be used to determine the outgoing transition to be taken. The use of the predeflined

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
e Xt S e 28 B EXPresS i el YVEX SThE e of the

S o O R dle O pale Zo . eEXpPressio Ol OW U
invoked submachine.

Optiorfaly, the submachine state may contain one or more entry stub states and one or more exit stub states. T'he notation for
these is similar to that used for stub ends of stubbed transitions, except that the ends are labeled. The |abels represgnt the
namesiof the corresponding substates within the invoked submachine. A pathname may be used if thésubstate is nof defined at
the tof level of the invoked submachine. Naturally, this name must be avalid name of a state in the thvoked state machine.

If the gubmachine is entered through its default pseudostate or if it is exited as a result of the’completion of the subachine, it
is not necessary to use the stub state notation for these cases. Similarly, a stub state is not-required if the exit occursthrough an
it “group” transition that emanates from the boundary of the submachine state (implying that it appliesto all the

ichi ne states invoking the same submachine may occur multiple times in'the'same state diagram with different entry and
figurations and with different internal transitions and exit and entry‘action specifications in each case.

Example

The fo[lowing diagram shows a fragment from a statechart diagram’in which a submachine (the FailureSubmaching) is
invoked in a particular way. The actual submachine is presumably defined elsewhere and is not shown in this diagram. Note
that the same submachine could be invoked elsewhere in-thé same statechart diagram with different entry and exit
configurations.

/ Handle Failure \

include / FailureSubmachine

| v
errorl/ N /- error2/

subk subl::subl2
bEnd /
error3/ SUbEN
o—0
\ _\ / 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 |n astatechart dlagram maps di rectly to a Submachl neStatein the metamodel The name foIIOW| ng the

“includ

Stub Sjate concept in the metamodel The IabeI on the d|agram corresponds to the pathname repreeented by the
“refergnceState” attribute of the stub state.

5.83| Synch States

5.83.1 Semantics

mpp to the

A syngh state isfor synchronizing concurrent regions of a state machine. It isused 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. The firing of
outgoing transitions from a synch state can be limited by specifying a bound on the difference between the number|of times

outgoing and incoming transitions have fired.

5.83.2 Notation

A syndh stateis shown as asmall circle with the upper bound inside it>The bound is either a positive integer or an agterisk (**)
for unljmited. Synch states are drawn on the boundary between two regions when possible.

5.83.8 Example

hstall
ndation

Build House

( Put On)

Install

| Roof |

Install

Install
Walls

Install

Insp@

Electricity Electricity Electricity
\ :II Fuuuu'attuu \ :II FIC{IIIC Cutotu‘c J

/

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 Unli
Part

5.84

mited for the bound attribute.

10 - Activity Diagrams

5.84.

An act

the transitions are triggered by the compl etion of the actions or subactivities. It represents a state machine of a proc

5.84.

An act|

states and in which all (or at least most) of the transitions are triggered by completioriCef the actions or subactivitie

source|
tothei
OpPOSA
interna
events

Ar‘ti\/ity Diagram

|l Semantics

vity graph is avariation of astate machine in which the states represent the performance of actiens.or subacl

P Notation

vity diagram is a special case of a state diagram in which all (or at least most) of-the States are action or sub

states. The entire activity diagram is attached (through the model) to a classifier, such as a use case, or to a
mplementation of an operation. The purpose of this diagram is to focusonflows driven by internal processi

||ly-generated actions (that is, procedural flow of control). Use ordinary’state diagramsin situations where asy
occur.

ivities and
pdure itself.

activity
5in the
ackage, or
ng (as

d to external events). Use activity diagrams in situations where all ormost of the events represent the completion of

nchronous
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5.84.3 Example
Person::Prepare Beverage

[ Find \ [no coffee]

o [no colal
\ Beverage /
[found coffee] [found cola]
Put Coffee
in Filter Add Water Get
\L to Reservoir Cups
Put Filter
in Machine Get cans
N of cola
Turnon
Machine
/coffeePot.turnOn
light.goes out
{  Pour Coffee )
[

Figure 117 - Activity Diagram

300

@ink
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5.84.4 Mapping

An activity diagram mapsinto an ActivityGraph.

5.85 Action State

5.85.1 Semantics

An actjon state is a shorthand for a state with an entry action and at least one outgoing transition involvingtheimglicit event
of completing the entry action (there may be several such transitionsif they have guard conditions). Action states should not
have i|]|ternal transitions, outgoing transitions based on explicit events, or exit actions, use normal statesfor this sitpiation.

Transifions leaving an action state should not include an event signature. Such transitions are implicitly triggered by the

complétion of the action in the state. The transitions may include guard conditions and actions-The normal use of @n action
state igto model a step in the execution of an algorithm (a procedure) or a workflow process,

5.85.2 Notation

An act|on stateis shown as a shape with straight top and bottom and with convex@scs on the two sides. The action{expression
is placgd in the symbol. The action expression need not be unique within the giagram.

5.85.8 Presentation options

The agtion may be described by natural language, pseudocode, or programming language code. It may use only attfibutes and
links of the owning object.

Note that action state notation may be used within ordinary’state diagrams; however, they are more commonly usefl with
activity diagrams, which are special cases of state diagrams.

5.85.4 Example

<matrix.invert (toIerance:RealD

Figurg 118 - Action Stat€s

5.85.5 Mapping

An act|on state:symbol maps into an ActionState with the action-expression mapped to the entry action of the Statd The State
is normally; anonymous.

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.
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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 natation is applirahlptn any UM construct that 9 jpparts © nested” structure The icon must st ggest the type of nested
structure.

5.86.8 Example

Build Product Fill Order

o o™

Figurg 119 - Subactivity States

5.86.4 Mapping

A subdctivity state symbol mapsinto a SubactivityState. The name of the subactivity maps to a submachine link batween the
SubactjvityState and an ActivityGraph of that name. The SubactivityState is normally anonymous.

5.87| Decisions

5.87.1 Semantics

A state diagram (and by derivation an activity diagram) expresses a decision when guard conditions are used to indicate
different possible transitions that depend on Baolean conditions of the owning object. UML provides a shorthand for showing
decisigns and merging their separate paths back together. Each possible outcome should appear on one of the outgging
transitiions. A predefined guard denoted “else” may be defined for at most one outgoing transition. Thistransition igenabled if
all theguards labeling the other transitions are false.

5.87.2 Notation

A decision may be shownd®y tabeling multiple output transitions of an action with different guard conditions.

Theicon provided for.a-decision isthe traditional diamond shape, with one incoming arrow and with two or more putgoing
arrows, each labeledby a distinct guard condition with no event trigger.

The same icon€an be used to merge decision branches back together, in which case it is called amerge. A merge has two or
more ipcoming arrows and one outgoing arrow.

Note tf ontain 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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cost < $50 Charge
t%?!fj Lf;'g;e [ ) customer’s
account
[cost > $50]

Figurg 120 - Decision and merge

5.87.4 Mapping

Get
authorization

A decigion symbol mapsinto a Pseudostate of kind junction. Each label on an'outgoing arrow maps into a Guard op the

corresponding Transition leaving the Pseudostate. A merge symbol also maps’into a Pseudostate of kind junction.

5.88| Call States

5.88.1 Semantics

A call ptate is an action state that has exactly one call action asits entry action. It is useful in object flow modeling|to reduce
notatignal ambiguity over which action is taking input.or providing output.

5.88.2 Notation

A call ptate is shown in the same way as‘an action state, except that the name of the operation of the call actionis gut in the

symbo|, along with the name of the classifier that hosts the operation in parentheses under it.

5.88.8 Example

Invert
(Matrix)

Drive
(Person)

Darcaon
croort

| P
VAT TA

Invert()

Drive(to: Place)

Figure 121 - Call states and the operations they invoke
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5.88.4 Mapping

The top name 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 subactivities may be organized into swimlanes. Swimlanes are used to organize responsibility for actigns and

subactivities. They often correspond to organizational unitsin abusiness model.

5.89.2 Notation

An act|vity diagram may be divided visually into “ swimlanes,” each separated from neighbering swimlanes by vertical solid
lines on both sides. The relative ordering of the swimlanes has no semantic significanee.Each action is assigned tojone

swimlane. Transitions may cross lanes. Thereis no significance to the routing of atransition path.
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5.89.3 Example

Customer Sales Stockroom

[
( Request service

Pay \

Fill order
—/
! Deliver order )

Collect order

®

Figurg 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_ations on
lifelings (see Section 5.60, “ Sequence Diagram,” on page 254). Activity diagrams do not show the lifeline, but each action
specifies which object performs its operation. These objects may also be related to the swimlane in some way. Thelactions
withinfa swimlane can al be handled by the same object or by multiple objects.

5.90.2.2 Object flow

Objectp that areinput to or output from an action may be shown as object symbols. A dashedrarfow is drawn from pn action
state tq an output object, and a dashed arrow is drawn from an input object to an action state. The same object may|be (and
usualy is) the output of one action and the input of one or more subsequent actions.

The cantrol flow (solid) arrows must be omitted when the object flow (dashed) arrows supply aredundant constraipt. In other
words,{when a state produces an output that is input to a subsequent state, that'ebject flow relationship implies a cqntrol
constraint.

5.90.2.3 Object in state

Frequently the same object is manipulated by a number of successive actions or subactivities. It is possible to show|one object
with affrows to and from all of the relevant actions and subactivities, but for greater clarity, the object may be displ@yed
multiple times on a diagram. Each appearance denotes a different point during the object’s life. To distinguish the Jarious
appearpnces of the same object, the state of the object at-each point may be placed in brackets and appended to the rfame of the
object [for example, PurchaseOrder[approved]). This 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]

A Order

[entered]

@ \
Order :
- 1+ — Fill order

\;_Z

[delivered] [=
T
Collect order

Figurg 123 - Actiens and Object Flow

5.90.4 c(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 tgthepenrtagen-and-anethertntabeled-transitonarrow-tsdrawn-from-the-pertagerto-the-next-actron-state—A-dashed
arrow may be drawn from an object symbol to the notch on the pentagon to show the sender of the signal; thisisoptional .

5.91.1.2 Signal sending

The sending of asignal may be shown as a convex pentagon that looks like a rectangle with a triangdlar’point on ope side
(either|side). The signature of the signal is shown inside the symbol. An unlabeled transition arrow is'drawn from the previous
action ptate to the pentagon and another unlabeled transition arrow is drawn from the pentagon-to the next action sate. A
dashed arrow may be drawn from the point on the pentagon to an object symbol to show théreceiver of the signd, tthisis
optional.

Turnon
Machine

turnOn — — == coffeePot

I
|
Brew coffee |
|
|

<
=
Q
3
o
c
~+
|
|
|
|
L

Pour Coffee

Figurg 124 - Symbols for-Signal Receipt and Sending

5.91.1.3 Deferred.,events

A freqlient situation is when an event that occurs must be “deferred” for later use while some other action or subactivity is
undervyay. (Normally an event that is not handled immediately islost.) This may be thought of as having an interng| transition
that hanhdlesthe event and placesit on aninternal queue until it is needed or until it is discarded. Each state specifi¢s a set of
events thataredeferredif lilt:y oCcur dwillg thestateandare ot usedto uiggcl atransitronHareventsmotimctuded 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.

Turnon
Machine

turnOn

Brew coffee
ight goes out / defer

Get Cups
light goes out / defer

ight goes out <

Pour Coffee )

Figurg 125 - Deferred Event

5.91.2 Mapping

A signfl receipt-Symbol maps into a state with no actions or internal transitions. Its specified event maps to atrigggr event on
the outgoing transition between it and the following 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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5.93.1
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5.93.

126 - Synchronizing parallel activities

Dynamic Invocation

| Semantics

I of concurrent invocationsis determined at runtime by a concurrency expression, which evaluatesto a set 0
he argument list for each invocation.

P Notation

jynamic concurrency of an actien or subactivity state is not always exactly one, its multiplicity is shownint
brner of the state; otherwise,.nothing is shown.

B Mapping

A mulfiplicity string i the upper right corner of an action or subactivity state maps to the same value in the

dynam
attribu

cMultiplicitytattribute of the state. The presence of a multiplicity string also mapsto a value of true for the
e of thestate. If no multiplicity is present, the value of the isDynamic attribute is false.

5.94

Conditional Forks

fions of an action state or the activity graph of asubactivity state may be executed more than once concurretly. The

argument

he upper

sDynamic

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.
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11 - Implementation Diagrams

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

classif

nodes pn which the components are deployed. These diagrams can also be applied in a broader way to business'mg
where fhe components represent business procedures and artifacts, and the deployment nodes represent theorganiz
and regources (human and otherwise) of the business.

5.95.1 Semantics

ersthat specify them and the artifacts that implement them; and 2) deployment diagrams show the structure

of the
deling

ation units

A component diagram shows the dependencies among software components, including theclassifiers that specify them (for

examp

A component diagram has only atype form, not an instance form. To show compohent instances, use a deploymen

(possi

5.95.

A co

to components by physical containment representing compositiof el ationships.

Classi

an instance of the metaassociation between Component and Model Element. Likewise, artifacts that specify compon|

conneq

betwegn Component and Artifact.

A diagram containing component types may e tsed to show static dependencies, such as compiler dependencies ki
programs, which are shown as dashed arrows (dependencies) from a client component to a supplier component that|
onin spmeway. The kinds of dependencies are implementati on-specific and may be shown as stereotypes of the dej

Althoy
classif

provided by the elements thatTeside on the component. The diagram may show these interfaces and calling depend

among

e, implementation classes) and the artifacts that implement them; such as, source-code files, binary code filgs,
executpble files, scripts.

ly a degenerate one without nodes).

Notation

onent diagram is a graph of components connected by dependency relationships. Components may also be|

diagram

connected

iers that specify components can be connected to themiby physical containment or by a «reside» relationship, which is

ted to them by physical containment or by an «implement» relationship, which is an instance of the metaass

ersthat are defined withfeatures. Components typically expose a set of interfaces, which represent the serv

components, using-dashed arrows from components to interfaces on other components.
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Eents can be

Ociation

etween
it depends
bendencies.

gh a component does not have its own features (for example, attributes, operations), it acts as a container fof other

ces
encies
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5.95.3 Example

ShoppingSessionHome
<<EJBSession>>
ShoppingSession ShoppingSession
T
|
|
I
|
} <<EJBEntity>>
| Catalog
|
1
|
I So— <<auxiliary>>
| P
} CatalogHome CatalogHome 7 FARIGAPK
} <<focus>> -
| Catalog
| Catalog <<auxiliary>>
| Cataloglnfo
I
I
} Catalog
I o—
! // <<file>>
| / CatalogJAR
|
|
1
I
Y
ShoppingCartHome T /
ShoppingCart
<<EJBEntity>>
ShoppingCart
Figurg 127 - Component Diagram
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<<auxiliary>> <<focus>> <<auxiliary>>
CatalogInfo Catalog CatalogPK
<<reside>>"__ <<reside>> 7 <<reside>>

<<ejbEntity>>
Catalog

<<implement>>/|

<<file>>
CatalogJAR

Figurg 128 - Component Diagram Showing Relationships with’Classifiers and Artifacts

5.95.4 Mapping

A component diagram maps to a static model whose glements include Components. The physical containment of gClassifier
by a Cbmponent represents a «reside» relationshipjwhich is an instance of the metaassociation between Componeit and
Model Element. The physical containment of anAttifact by a Component represents an «implement» relationship, which is an
instange of the metaassociation between Component and Artifact.

5.96| Deployment Diagram

5.96.1 Semantics

Deployment diagrams showthe configuration of run-time processing elements and the software components, procegsses, and
objects that execute orthem. Software component instances represent run-time manifestations of software code urjits.

Components that do not exist as run-time entities (because they have been compiled away) do not appear on these fliagrams,
they should be shown on component diagrams.

For bupiness modeling, the run-time processing elements include workers and organizational units, and the software
compaonents 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 usi ng the «become» stereotype of the dependency relati onshl ip. In this case the component instance or
object jsreside Or CQ anceonly part of the

Note that a processisjust a specia kind of object (see Section 5.71, “Active object,” on page 276).

5.96.8 Example

lignt

<<browser>>
u :OpenSourceBrowser

[ S~

~~._ |videoStoreServer:AppServer

S <<Container>>
VideoStoreApplication

AN <<Session>> <<Entity>>
ShoppingSession AN Catalog

<<Focus>> N <<Focus>>
ShoppingSession Catalog

<<Entity>>
ShoppingCart

<<Focus>>
ShoppingCart

:DBBerver

<<database>> //’/
] :VideoStoreDB //
H -

Figurdg 129 - Deplayment Diagram

5.96.4 Mapping

A deplpyment diagram maps to a static model whose elements include Nodes. It is not particularly distinguished inf 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:

A nodg instance has a name and a type name. The node may have an underlined name string in it or below t.“Phe ]

has the

The ngme is the name of the individual node (if any). The node-type says what kind of anodeit is. Either or both el
optiong; if the node-type is omitted, then so is the colon.

Dash

may b@ shown by nesting component symbols inside the node symbol.

Component instances and objects may be contained within node instance symbols. This indicates that the items reg
node imstances.

Nodes

betwegn the nodes. The association may have a stereotype to indicaté.the nature of the communication path (for ex|

kind of

5.97.8 Example

This ey
backuy

node-type

syntax:

name ‘:’ node-type

arrows with the keyword «deploy» show the capability of anode type to suppert-a component type. Alterna

may be connected by associations to other nodes. An association hetween nodes indicates a communication

channel or network).

ample shows two nodes contai ning components; where a «<become» flow shows the backupBroker migratin
Server to the primaryServer while the other.components remain in place.

ame string

ements are

tively, this

deonthe

path
ample, the

p from the
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primaryServer:AppServer
—
<<database>>
4% /] :AccountsDB
:QuoteService 5 /
—O /
\ /

primaryBroker
:BondBroker

\
\ <<become>>
\

\

backupServer:AppServer \
backupBroker

:BondBroker

1% \
A ) —o N <<database>>
:QuoteService :AccountsDB
:

Figurg 130 - Node and Component Instances

5.97.4 Mapping

A node maps to a Node.
loy» arrow or themesting of a component symbol within a node symbol maps into a residence metassociatiq
nent and Node,/-He nesting of a component-instance symbol within a node-instance symbol mapsto aresig

soci ati on between the Componentl nstance and the Nodel nstance.

A «d n between
Comp ence

metaay

5.98| Component

5.98.1—Sermmartits
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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5.98.2 Notation

A component is shown as a rectangle with two small rectangles protruding from its side. A component type has a type name:

component-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

Either

Object
that ar

other gomponents may be shown using the same notation as for the visibility of the contents of a package (prepen

visibili

sourcetlanguage component (such as program text), it would control the accessibility of source-language constructs
time cpde component (such as executable code), it would control the ability of code in other components to call or

access

5.98.

The eX

vithin the component symbol or above or below it, with the syntax:
component-name ‘:’ component-type
pr both elements are optional. If the component-type is omitted, then so is the colon.

5 that reside on a component instance are shown as nested inside the component instance syibol. By analog

b implemented by a component may be shown as nested within it; this indicates residenee and not ownership.

Elements that reside on a component are shown nested inside the component symbol. Thevisibility of aresident Zlfﬂent to

ty symbol to the name of the package). The meaning of the visibility depends.anthe nature of the compon

code in the component.

B Example

lampl e shows a component with interfaces and also a compoenent that contains objects at run time.

y, classes

ng a

t. For a
For arun-

otherwise
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ShoppingSessionHome

ShoppingSession

<<Session>>

ShoppingSession

OrdefHome

Order

OrderHome

o——|

o——|

<<focus>>
:Order

Order

<<Entity>>

030303zak:Order

<<auxiliary>>
:OrderPK

<xauxiliary>>
:OrderlInfo

Figurg 131 - Components

5.98.4 Mapping

A component symbol maps to a€omponent.

The graphical nesting of anelement (other than a component symbol) in a component symbol maps to an ElementResidence
metaagsoci ation class between M odel Element and the Component. Graphical nesting of a component symbol in anjpther
component symbol mapsto a composition association. The graphical nesting of an instance symbol in a component instance

symbo| maps to aresidence 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 Development Processes is an example profile that is based on the Unified Process f(l)r software
engineering. The profileis defined using the extensibility mechanisms of UML, which alow modelers to customize UML for
specific domains, 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’example that shows
how sgme of the profile terminology and notation is used. This example is defined only through stereotypes and cgnstraints;
profiles also commonly include tagged values.

6.2 $ummary of Profile
The st¢reotypes that are defined by this profile are summarized in Table 4.

Table 4 - Stereotype Summary

Name Base Class
UseCaseM odel Model
AnalysisModel Model
DesignM odel Model
ImplementationM odel Model
UseCaseSystem Package
AnalysisSystem Package
DesignSystem Subsystem
ImplementationSystem Subsystem
AnalysisPackage Package
DesignSubsystem Subsystem

ImplementationSubsystem Subsystem

UseCasePackage Package
AnalysisServicePackage Package
BesgnServiceSubsysterm Subsysterm
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 addifion, there are stereotypes describing different kinds of commonly occurring analysis classes (such as bodndary, entity,
and coftrol) and their relationships, whereas design classes are by default not stereotyped in the Unified Process.

6.3.1| Use Case Stereotypes

6.3.1.] UseCaseModel

Stereptype Base Class Parent Description Consfraints
UseCgqseModel Model NA A use case model specifies the.S€rvices a system None
«usedaseModel» provides to its users; that is, the different ways of using

the system, and whose top-level package is a use case

system.

The ngtation used for a UseCaseModel is a package stereotyped as «useCaseM odel». Though superfluous, it is opt{onally
possible to in addition use the model icon in the upper right corner of‘the package symbol.

The explicit modeling of the stereotype is shown in Figure 132:

<<metaclass>>
Model

N\ <<stereotype>>

<<stereotype>>
UseCaseModel

Figurg 132\- Explicit Modeling 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
«useCaseSystemns case packages, use cases, and relationships.

The nqtation used for a UseCaseSystem is a package stereotyped as «useCaseSystemy».

6.3.1.B UseCasePackage

Stereptype

Base Class

Parent

Description

Gonstraints

UseCasePackage

«useGasePackage»

Package

NA

A use case package contains use cases and
relationships.

A use case is not partftioned
over several use case|packages.

The ndtation used for a UseCasePackage is a package stereotyped as «useCasePackage».

6.3.2

Analysis Stereotypes

6.3.2.1 AnalysisModel

Stereptype

Base Class

Parent

Description

Constrpints

AnalygisModel
«analysisModel»

Model

NA

analysis system.

Ancanalysis model is a model whose top-level package is an

None

The nqtation used for an AnalysisModel is.a package stereotyped as «analysisModel».

6.3.2.2 AnalysisSystem

Stereptype

Base'@lass

Parent

Description

Constfraints

AnalygisSystem
«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 nqtation‘used for an AnalysisSystem is a package stereotyped as «analysisSystemy.

6.3.2.8—-AnalysisPackage
Stereotype Base Class Parent Description Constraints
AnalysisPackage Package NA An analysis package is a package that may contain other None

«analysisPackage»

classes, and relationships.

analysis packages, analysis service packages, analysis

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 ngtation used for an AnalysisServicePackage is a package stereotyped as «analysi sServicePackage».
6.3.3| Design Stereotypes

6.3.3.1 DesignModel

Stereptype Base Class Parent Description Constrair|ts

DesighModel Model NA A design model is a model whose top-level package is a None
design system.

«designsModel»

The ngtation used for a DesignModel is a package stereotyped as «designM odel ».

6.3.3.2 DesignSystem

Stereptype Base Class Parent Descf(iption Constraints

DesighSystem Subsystem NA Avdesign system is a top-level subsystem that may None
eontain design subsystems, design service subsystems,

«designSystem> . . :
design classes, and relationships.

The ndtation used for a DesignSystem is\a package stereotyped as «designSystem». Though superfluous, it is optignally
possible to in addition use the subsysteticon in the upper right corner of the package symbol.

6.3.3.8 DesignSubsystem

Stereptype Base Class Parent Description Constraipts

DesighSubsystem Subsystem NA A design subsystem is a subsystem that may contain None
other design subsystems, design classes, and

«designSubsystem> . ;
relationships.

The ndtation 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

None

relationships.

The nqtation used for a DesignServiceSubsystem is a package stereotyped as «designServiceSubsystemy».

6.3.4

Implementation Stereotypes

6.3.4.1 ImplementationModel

Stereptype Base Class Parent Description Constrdints
ImplenentationModel Model NA An implementation modehis a model whose top- None
«implg¢mentationModel» level package is andimplementation system.

The nqtation used for an ImplementationModel is a package stereotyped as «implementationM odel».

6.3.4.2 ImplementationSystem
Stereptype Base Class Parent Description Constraints
ImplementationSystem Subsystem NA An implementation model is a subsystem that None
«implg¢mentationSystem» may contain implementation subsystems,

components, and relationships.

The ndtation used for an ImplementatienSystem is a package stereotyped as «implementationSystem».

6.3.4.8 ImplementationSubsystem
Stereptype Base Class Parent Description Consftraints
ImplementationModel Model NA An implementation model is a model whose top- None
«implémentationModél» level package is an implementation system.

The nqtation used for an ImplementationModel is a package stereotyped as «implementationM odel ».

© ISO/IEC 2005 - All rights reserved

323



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

ISO/IEC 19501:2005(E)

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
«entitys interactions on their own. An entity object may participate in
1 many different use case realizations and usually outlives any
single interaction.
The nqtation for Entity is shown below.
6.3.5.2 Control
Stereptype Base Class Parent Description Constraints
Control Class NA A control is a class whose objetts manage interactions None
«contlol» between collections of objectsy A control class usually has
behavior that is specific far/one use case, and a control object
usually does not outlive\the use case realizations in which it
participates.
The nqtation for Control is shown below.
6.3.5.8 Boundary
Stereptype Base Class Parent Description Consfraints
Boundary Class NA A boundary is a class that lies on the periphery of a system, None
«bour{dary» but within it. It interacts with actors outside the system as well
as with entity, control, and other boundary classes within the
system.
The nqtation for Boundary isshown below.
6.3.5.4 Notation
The nqtation given.as part of the UML specification for stereotyped classes can be used for entity, control, and boundary, but it
is also|possibletesubstitute that notation with the icons shown below.
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@ «control»
PenTracker
PenTracker
@ «boundary»
OrderEntry
OrderEntry
@) e
BankA ccount
BankA ccount
Figurg 133 - Class Stereotypes
6.3.6| Association Stereotypes
6.3.6.1l Communicate
Stereptype Base Class Parent Description Consgraints
Comnjunicate Association NA Communicate is an association between actors and use None
«cominunicate» eases 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.
The nqgtation used for Communicate isan association that is marked with the stereotype «communicate».
6.3.6.2 Subscribe
Stereptype BaseClass Parent Description Consfraints
Subsdribe ASsociation NA A subscribe association between two classes states that None
«subscribe» 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 events that causes
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:

[ £ "
(seri—-parent:

el se

el se

6.4.2| Containment

stereotype-

(if (self.parent. stereotype->nane->i ncl udes(“boundary”)then
((sel f.child. stereotype->nane->i ncl udes(“boundary”) and
(sel f.child.stereotype->nane->excl udes(“control”) and
(sel f.child. stereotype->name->excl udes(“entity”))

: a
STZe>U7

rpHes

(if (self.parent. stereotype->nane->i ncludes(“control”)then
((self.child. stereotype->nane->i ncludes(“control”) and
(sel f.child. stereotype->name->excl udes(“boundary”) and
(sel f.child. stereotype->name->excl udes(“entity”))

(if (self.parent.stereotype->nane->i ncludes(“entity’)Mhen
((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(“cantnol”))))

Something that has been stereotyped using a stereotype of kind useCase, analysis, design, or implementation may mot contain
elements that are stereotyped with one of the other kinds. For_example, a use case model may not contain anaysis systems.

Example 2 - UML Profile for Business Modeling

6.5 Introduction

The UML Profile for Business Modeling is anexample profile that describes how UML can be customized for bugness
modeliing. Although all UML concepts.can be brought to bear on this domain, but example emphasizes common stereotypes
and some useful terminology. Note tha)UML can be used to model different kinds of systems (such as software sygtems,

This

6.6 $ummary of Rrofile

hardviIre systems, and real-world erganizations).

ample is defined onlythrough stereotypes and constraints; profiles also commonly include tagged values.

The stereotypes that‘are defined by this profile are summarized in Table 7.

Table 7 - Stereotypes

Stereotype Base Class
UseCaseM odel Model
UseCaseSystem Package
UseCasePackage Package
ObjectModel Model
ObjectSystem Subsystem
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Table 7 - Stereotypes

OrganizationUnit Subsystem
WorkUnit Subsystem
Worker Class
CaseWorker Class
Internal Worker Class
Entity Class
Communicate Association
Subscribe Association

6.7 $tereotypes and Notation

A busipess system comprises several different, but related, models. The models aré characterized by being exterior|or interior
to the Ipusiness system they represent. Exterior models are use case models and.interior models are object models. A large
business system may be partitioned into subordinate business systems.
6.7.1| Use Case Stereotypes

6.7.1.1 Use Case Model

Stereptype Base Class Parent Description Constfaints
UseChseModel Model NA A use case model is a model that describes the | None
«useGaseModel» business processes of a business and their

interactions with external parties such as

customers and partners. A use case model

describes:

e The business modeled as use cases.

* Parties exterior to the business modeled as
actors.

* The relationships between the external parties
and the business process.

The nqtation 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
case model, and may contain use case packages, use

«useCaseSystem» . .
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

«useCasePackagexs contain use cases and relationships. over several use case
packages.

The nqtation used for a UseCasePackage is a package stereotyped as «useCasePackage».
6.7.2| Organization Stereotypes

6.7.2.1 ObjectModel

Stereptype Base Class Parent Description Constraints

ObjectModel Model NA An object model is a model whose top-level package is an None
object system that describe the-things interior to the

«objeg¢tModel» ; .
business system itself.

The nqtation used for an ObjectModél is a package stereotyped as «objectModel».

6.7.2.2 ObjectSystem

—

Stereptype Base Class Parent Description Constraipts

Objec|System Subsystem NA An object system is the top-level subsystem in an object | None
model, and may contain organization units, work units,

«obje¢tSystem» . )
classes, and relationships.

The ndtation used for an ObjectSystem\is'a package stereotyped as «objectSystem».

6.7.2.83 OrganizationUnit

Stereptype Base Class Parent Description Constraipts

OrgarfizationUnit Subsystem NA An organization unit is a subsystem that may contain None
other organization units, work units, classes, and

«orgafizationUrit» . .
relationships.

The natation used for an OrganizationUnit is a package stereotyped as «organizationUnit>»
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6.7.2.4 WorkUnit

Stereotype Base Class Parent Description Constraints

WorkUnit Subsystem NA A work unit is a subsystem that may contain one or more None
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
task.

«workUnit>»

The ndtation used for a WorkUnit is a package stereotyped as «workUnit».
6.7.3| Class Stereotypes

6.7.3.]l Worker

Stereptype Base Class Parent Description Constrainfts
Worker Class NA A worker is a class that fepresents an abstraction of a None
«workiers human that acts withinthe system. A worker interacts

with other workers and manipulates entities while
participating in use.case realizations.

The nqtation for Worker is shown below.

6.7.3.2 CaseWorker

Stereptype Base Class Parent Description Constrainfts

Case\\Vorker Class Worker A case worker is a special case of worker that None
interacts directly with actors outside the system.

«caseWorker»

The nqtation for CaseWorker isshown below. Note that CaseWorker is not stereotyped of aUML metaclass, but rather inherits
its properties from the stereotype Worker that was previously defined.

The explicit subtyping of astereotype is shown in Figure 134.
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<<stereotype>>
Worker

<<stereotype>>
CaseWorker

Figurg 134 - Subtyping a Stereotype

6.7.3.8 InternalWorker

Stereptype Base Class Parent Description Constraints
InternalWorker Class Worker An internal worker is a special case of worker that None
«interhalWorkers interacts with other workers and entities inside the

system.

The nqtation for InternalWorker is shown below:Note that | nternalWorker, like CaseWorker above, is subtyped frgm the
previolisly defined stereotype Worker.

6.7.3.4 Entity
Stereptype Base Class Parent Description Constrainfs
Entity Class NA An entity is a passive class; that is, its objects do not initiate None
«entith» interactions on their own. An entity object may participate in
1 many different use case realizations and usually outlives any
single interaction.

The nqtation 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

@ «internalWorker»
Designer

Designer
@ «caseWorker»
OrderEntry
Salesperson
«entity»
Trade
Trade
Figurg 135 - Class Stereotypes
6.7.4| Association Stereotypes
6.7.4.1 Communicate
Stereptype Base Class Rarent Description Constraintg
Comnunicate Association NA Communicate is an association used for defining that None
«cominunicate» instances of the associated classifiers interact.
The ndtation used for COmmunicate is an association that is marked with the stereotype «communicate».
6.7.4.2 Subscribe
Stereptype Base Class Parent Description Constraints
Subscribe Associafion NA A Subscribe association between two classes states that None

«subscribe»

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.

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.

681 GCIICI a“Latiun

All thg modeling elements in a generalization must be of the same stereotype; for example, aworker class may-only inherit
from other worker classes.

cdqnt ext Generalization inv:
I gt stNames : Set(Nane) = self.child.stereotype->nane

sql f. parent. st ereotype->size>0) inplies
(if (self.parent. stereotype->nane->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 se
(if (self.parent.stereotype->nane->incl udes(“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 se
(if (self.parent.stereotype->nane->inel udes(“i nternal worker”) then
((st Nanes->i ncludes(“internal wmorker”) and
(sel fst Names- >excl udes(“case worker”) and
(st Nares- >excl udes(“wor ker )~ and
(st Names- >excl udes(“ent it y*))
el se
(if (self.parent.stereotype->nane->i ncludes(“entity”) then
((st Nanes- >i ncl udes(“entity”) and
(sel fst Names- >exXclyudes(“case worker”) and
(st Nanmes- >excludes(“i nternal worker”) and
(sel f.chil d.(stereot ype->nane->excl udes(“worker”))))))
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UML Model Interchange

7.1 Overview

UML modeI mterchange is based onthe M etaobject Facili |ty (M OF) 13 Specmcatlon The UML Semant|cs abstract syntax is

Excep
TheC

Depen
that it
create

The U
Chang

The fol]lowing changes are made.

Theln
metam
There

Theln

dependencies. Figure 137 through Figure 156 show the classes, features, and associations of the metamodel.

UM L 1 4 Interchange Metamodel Xxml (OMG document ad/Ol 02 15) whose document type is based onthe
and the XML Metadata I nterchange (XM1) 1.1 Specification.

for the Data_Types package, each package of the UML Interchange Metamodel defines a separate urit of ¢

can be directly deployed within a MOF facility. The packages can also be incorporatéd.into other clustersin
bther package groupings or to define extensions.

ML Interchange Metamodel closely follows the UML Semantics Metamodel. as'expressed in its abstract synt
Es are introduced as needed to conform to M OF requirements. Details are@dlded to support XML and IDL d

Spaces in package names are changed to " _".
Each unnamed association end is given its type's name with.thefirst letter downcased.

Associationsin the UML Semantics Metamodel are unnarmed, so names are generated by this pattern: "A '
by the first end's name followed by "_" and the second'end’'s name.

MOF references are added for most association-ends in order to facilitate easy navigation. References aren
where they would create new package dependencies or where they would prevent linking to external model

MOF does not support association classes, so the ElementOwnership association class is removed and its at
moved to Model Element. Each other ‘association class is changed into a class with each connection made i
separate association.

Prefixes are added to enumération literals to make them unique for IDL generation.

erchange Metamodel addresses semantic content of UML models and does not address diagram layout deta

s currently no standard extension for diagram interchange.

erchange Mé&tamodel is shown using UML notation below. Figure 136 shows the separate packages and the

document
e MOF 1.3

bmpliance.

re package defines the most basic level of compliance. The UML package, which is a cluster.of.all of the ofhers,
define$ complete compliance.

Hencies between the packages are shown in Figure 136. Each package imports whatevef other packagesit requires such

order to

ax.

leneration.

followed

ot added

S.

tributes
nto a

Is. The

odel can be extended to-handle diagrams by subclassing the abstract class PresentationElement of the Core package.

=
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<<metamodel>> <<metamode/>> <<metamodel>>
Data_Types Core Model Management
(from Foundation) (from Foundation)
N

1

<<metamodel>>
Common_Behavior
— e — = (from Behavioral_Elements) <~

N

ol
| |
| | |
| | |

<<metamodel>> <<metamodel>> <<metamodel>>
Collaborations Use_Cases State_Machines
(from Behavioral_Elements) (from Behavioral_Elements) (from Behavioral _Elements)

A
<<metamodel>>

Activity_Graphs
(from Behavioral Elements)

Figurg 136 - UML Package Dependencies
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ModelElement
name : Name
visibility : VisibilityKind
isSpecification : Boolean
Inamespace : Namespace
I clientDependency : Dependency i
/ constraint : Constraint +constrainedE lement
/targetFlow : Flow
ordered
/ sourceFlow : Flow +f }
/comment: Comment
/templateParameter : TemplateParameter
| stereotype : Stereotype
/taggedValue : TaggedValue
+ownedElement | «
- + i
+namespace GeneralizableElement Parameter * cprstraint
0.1 ¢ isRoot : Boolean defaultValue : Expression Constraint
Namespace isLeaf: Boolean kind : ParameterDirectionKind body : BooleanExpressio
ownedElement - ModelElement isAbstract : Boolean behavioralFeature : BehavioralFeature / constrainedElement : MbdelElement
w i / generalization : Generalization / type : Classifier
* | +typedParameter » | +parameter
Feature 0.1 {ordered}
ownergcope : ScopeKind +eature Classifier 1
/ ownel|: Classifier *{ordered} *+OWNEr [/ teature : Feature e
/ powertypeRange-'‘Generalization p
+ype |1
‘ ‘ - 0.1
StructuralFeature . BehaYErallFeature ‘b havioralF
multipliity : Multiplicity . SQuery: Booean +behavioralFeature
- ) parameter : Parameter
changdability : ChangeableKind
targetSpope : ScopeKind +typedFeature
orderin : OrderingKind
I type : Classifier
Operation Method
concurrency : CallConcurrencyKind 1 * |body: ProcedureExpression
isRoot : Boolean - N hod / specification : Operation
Attribute isLeaf : Boolean +specification +metho
initialVajue : Expression isAbstract: Bf)olelan
/ associptionEnd { AssociationEnd specification : String
Figure 137 - Core Package - Backbone
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+source *
ModelElement
+arget ZA
Relationship
+sourcefFlow +targetFlow ‘
. *
— +generalization +child -
Flow Generalization 9 GeneralizableElement
/target :[ModelElement discriminator : Name * 1 isRoot : Boolean
/source|: ModelElement | |/ child : GeneralizableElement isLeaf : Boolean
/ parent : GeneralizableElement | * 1 JisAbstract : Boolean
/ powertype : Classifier +specialization +parent / generalization : Generalization
+powertypeRange| |
+powetrtype 0.1 +partici ot .
participant +association AssociationEnd
Classifier 1 *_VisNavigable : Boolean 2..* +association
/feature : Feature * * |ordering : OrderingKind ! g Associftion
o - L L +connection ¢ . —
/ powerypeRange : Generalization | +specification +spegifiedE nd |209regaton :AggregationKind i / conneciion : AskociationEnd
targetScope : ScopeKind {ordered}
multiplicity : Multiplicity )
changeability : Changeabl eKind
Attribute +qualifier 0.1 ;as;oifgiatioAr; lr:_ﬁstseocialion
Class - - @/ qualifier : Atribu
P |n|uaIVe_1Iu¢.E>q)re33|on. ) N +associationEnd |/ Participant: Classifier
isAgtive : BOZJ%Iean / associationEnd : AssociationEnd, | {ordered} | specification : Classifier
AssociatignClass
Figurg 138 - Core Package - Relationships
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/ comment: Comment

/ tenplateParameter : TemplateParameter
| stgreotype : Stereotype

/taggedValue : TaggedValue

+client

+clientDependency

ModelElement Relationship
name : Name
visibility : VisibilityKind
isSpecification : Boolean
/namespace : Namespace . - .
/ clientDependency : Dependency ~PPRTE ToHPPIEIDEPETIVETLY
/ constraint : Constraint 1.* * Dependency
/ tafgetFlow : Flow / client : ModelElement
/ sdurceFlow : Flow 1.* *

/supplier : ModelElement

Binding

Abstraction

Usage

/argument : TemplateArgument

mapping : MappingExpression

Permissi

bn

Figurg 139 - Core Package - Dependencies
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Classifier
[/ feature : Feature

L b n o L 4
T PoweItypt a gt otTcTanzat ot

Component +impleméntationLocation
Interface / deploymentLocation : Node - ) Artifact
/residentElement : ElementResidence | * +implementation

/im plementation : Artifact

DataType * | +deployedComponent 1 feontainer
% () +tdeploymentLocation * | +residentElement
Class Node ElementResidence
isAcqwe :Boolean / deployedComponent : Compénent visibility : VisibilityKind

/resident: ModelElement
/ container : Component

* +elementResidence

1 +resident
Primitive ProgrammingLanguage DataType ModelElement
expression : TypeExpression

Enumeration +enumeration +literal EnumerationLiteral
/literal : ERumerationLiteral 1 1..* |/ enumeration: Enumeration
{ordered}

Figurg 140 Core Package - Classifiers
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TemplateParameter

+templateP arameter
/template : ModelElement
/parameter : ModelElement

ISO/IEC 19501:2005(E)

Element

{ardered]} *

/ defaultElement : ModelElement

+parameterTem plate’ 0.1

+parameter | 1

* | +defaultedParameter

+defaultElement
0.1

+template

1 <« ModelElement

+subject +presentation

RrésentationElement

*

+modelElement | 1

* | +annotatedElement

* | +comment

Comment

+templateArgument
*

body : String
/ annotatedElement : ModelElement

TemplateArgument

/ binding : Binding

/ modelElement : MadelElement

1.#* | +argument

{ordered}
1 +binding
Binding

/argument : Tem plateArgument

{sUbject : ModelElement

*

Figure 141 - Core Package - Auxiliary Elements
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ModelElement
+extendedElement

*

* +referenceValue

1

+constrainedElement
{ordered}

ermodelEIement

GeneralizableElement .

+constraint

Constraint

+stereotypeConstraint *

k| +stereotype

0..1

Stereotype

by :
bn - Geometry constrainedStereotype

hseClass : Name [1..]
lefinedTag : TagDefinition
+owner +definedTag

~ -0 5

+referenceTag| «

* | ttaggedValue

TaggedValue

dataValue : String [*]
[modelElement : ModelElement
htype : TagDefinition
1 referenceValue : ModelElgment

TagDefinition

tereotypeConstraint : Constraint -
*

0..1

Figurg 142 - Extension Mechanisms

340

tagType: Name
multiplicity : Multiplicity
/owner : Stereotype

*

+typed Value

+type
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Figure

143 - Data Types

<<enumeration>>
ChangeableKind

ck_changeable
ck_frozen
ck_addOnly

<<enumefation>>
OrderingKind

ok~unordered
ok:-ordered

<<enbmeration>>
ScopeKind

1.* | +range

<<dataty pe>> <<enumeration>> <<enumeration>> <<datatype>>
Integer AggregationKind ParameterDirectionKind Name
ak_none pdk in
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