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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and ntll-yuvcllllllcllta:, imtatsormrwithSS—and :EC, atso—take pdlt i—the—work—tm—the—ftetch of information

technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

The miain task of the joint technical committee is to prepare International Standards. Draft International
Standdrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vole.

Attentipn is drawn to the possibility that some of the elements of this document may be the sybject of patent
rights. J]SO and IEC shall not be held responsible for identifying any.@r-all such patent rights.

ISO/IELC 19793 was prepared jointly by Joint Technical Committee ISO/IEC JTC 1, Informatipn technology,
Subcommittee SC 7, Software and systems engineering in\collaboration with ITU-T. The identical text is
published as ITU-T Rec. X.906.

© ISO/IEC 2008 — All rights reserved \
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0 Introduction

The rapid growth of distributed processing has led to the adoption of the Reference Model of Open Distributed
Processing (RM-ODP), which provides a coordinating framework for the standardization of Open Distributed
Processing (ODP). RM-ODP creates an architecture within which support of distribution, interworking, and portability
can be integrated. This architecture provides aframework for the specification of ODP systems.

RM-ODP is based on precise concepts derived from current distributed processing developments and, as far as possible,
on the use of formal description techniques for specification of the architecture. It does not recommend any notation.

The Unified Modeling Language™ (UML®) was developed by the Object Management Group™ (OMG™). It provides
a notation for modelling in support of information system design and is widely used throughout the IT industry as the
language and notation of choice.

This Recommendamlon | Internatl onal Standard refines and extends the definition of how ODP wstems are specified by
defining the use.

0.1 RM-PDP

The RM-ODP donsists of :

— PRart 1 (ITU-T Rec. X.901 | ISO/IEC 10746-1): Overview, which contains a metivetional overview of
(®ODP, giving scoping, justification and explanation of key concepts, and an -outline of tP;I ODP
grchitecture. It contains explanatory material on how the RM-ODP is to be intespreted and applied by its
ysers, who may include standards writers and architects of ODP systems. }{'@so contains a categorjization
f required areas of standardization expressed in terms of the reference’points for conformance identified
ITU-T Rec. X.903 | ISO/IEC 10746-3. Part 1 is not normative.

art 2 (ITU-T Rec. X.902 | ISO/IEC 10746-2): Foundations,~which contains the definition |of the
oncepts and analytical framework for normalized description of (arbitrary) distributed progessing
stems. It introduces the principles of conformance to ODP standards and the way in which they are
plied. Thisisonly to alevel of detail sufficient to support ITU-T Rec. X.903 | ISO/IEC 10746-3 and to
ablish requirements for new specification techniques,Part 2 is normative.

art 3 (ITU-T Rec. X.903 | ISO/IEC 10746-3): (Architecture, which contains the specification|of the
uired characteristics that qualify distributed. processing as open. These are the constraints to| which
DP standards shall conform. It uses the.descriptive techniques from ITU-T Rec. X.902 | 1$SO/IEC
0746-2. Part 3 is normative.

t 4 (ITU-T Rec. X.904 | ISO/IEC(20746-4): Architectural semantics, which contains a formalfzation
f the ODP modelling concepts defined in clauses 8 and 9 of ITU-T Rec. X.902 | ISO/IEC 1074612. The
rmalization is achieved by interpreting each concept in terms of the constructs of one or morg of the
ifferent standardized formal. description techniques. Part 4 is normative.

In the same ser|es as the RM-ODP are. anumber of other Standards and Recommendations, and, of these, the prjiincipal
one that concerps this Recommendation | International Standard is:

—  The Enterprise lsanguage (ITU-T Rec. X.911 | ISO/IEC 15414), which refines and extends the enterprise
Ilpnguage defined in ITU-T Rec. X.903 | ISO/IEC 10746-3 to enable full enterprise vigwpoint
gpecification,of an ODP system.

0.2 UML

The Unified Modeling Canguage (UML) 1s a visual Tanguage for specifying and documenting the arfifacts of systems. It
is a general-purpose modelling language that can be used with all major object and component methods and that can be
applied to all application domains (e.g., health, finance, telecom, aerospace) and implementation platforms (e.g., J2EE,
CORBA®, .NET).

The version of UML currently adopted as an International Standard (ISO/IEC 19501) is UML 1.4, which is basically
the language that was originally adopted by the OMG in the 1990s. UML was substantially extended by the OMG in
2005 to produce version 2, which offers significant enhancements, particularly in the way the language and notation
handle structured classifiers. These enhancements have been found to be essential for expressing many of the more
complex concepts in the RM-ODP computational and engineering language. As a result, this Recommendation |
International Standard takes UML version 2 asits baseline.

UML version 2 has been structured modularly, with the ability to select only those parts of the language that are of
direct interest. It is extensible, so it can be easily tailored to meet the specific user requirements. The UML specification
defines thirteen types of diagram, divided in two categories that represent, respectively: the static structure of the
objects in a system (structure diagrams) and the dynamic behaviour of the objects in a system (behaviour diagrams). In

Vi © ISO/IEC 2008 — All rights reserved
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addition, UML incorporates extension mechanisms that allow the definition of new diaects of UML (managed using
UML profiles) to customize the language for particular platforms and domains.

The UML specification is defined using a metamodelling approach (i.e., a metamodel is used to specify the model that
comprises UML). That metamodel has been constructed so that the resulting family of UML languages is fully aligned
with the rest of the OMG specifications (e.g., MOF™, OCL, XMI®) and to allow the exchange of models between
tools.

0.3 Overview and motivation

ITU-T Rec. X.903 | ISO/IEC 10746-3 defines a framework for the specification of ODP systems comprising:

a) five viewpoints, called enterprise, information, computational, engineering and technology, which
provide a basis for the specification of ODP systems;

b) aviewpoint language for each viewpoint, defining concepts and rules for specifying OBP systems from
the corresponding viewpoint.

This Recommendation | International Standard defines:
— use of the viewpoints prescribed by the RM-ODP to structure UML system’specifications
— rules for expressing RM-ODP viewpoint languages and specifications'with UML and YML extensions

(e.g., UML profiles).
It allows UML tools to be used to process viewpoint specifications, facilitating.the’software design procgss.

Currently there is growing interest in the use of UML for system modelling. However, there is nq widely agreed
approgch to the structuring of such specifications. This adds to theicost of adopting the use of UML for system
specification, hampers communication between system developers, and makes it difficult to relate of merge system
specifilcations where there is aneed to integrate I T systems.

The RM-ODP defines essential concepts necessary to specifir.open distributed processing systems fron five prescribed
viewpgints and provides a framework for the structuring of specifications for distributed systems.

Howeyer, the RM-ODP prescribes neither a notation, er'a model development method.

This Recommendation | International Standard pravides the necessary framework for ODP system specification using
UML.|It defines both a UML based notationnfor the expression of such specifications, and an approach for their
structyring using the notation, thus providing,the basis for model development methods.

By deflining how UML and UML extensions should be used to express RM-ODP viewpoint specificatigns, the standard
enables the ODP viewpoints and /©DP architecture to provide the needed framework for system specification using
UML.

This Recommendation | Intethational Standard contains the following annexes:
—  Annex A{ An example of ODP specifications using UML.

This ahnex is not nermative.

© ISO/IEC 2008 — Al rights reserved Vii
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Open distributed processing —
Use of UML for ODP system specifications

1 Scope

This Recopamendatic orAati
Superstrucfure Specification, OMG

-02-05) for expressing system specificati

viewpoint gpecifications defined by the Reference Model of Open Distributed Processing (RM-OBPR) ITU-T Recs

X.901 to X.904 | ISO/IEC 10746 Parts 1 to 4) and the Enterprise Language (ITU-T Rec. X.911 |1S0/IEC
covers.

UML concepts and extensions (e.g., structuring rules, technology mappings, &tc.);
) relationships between the resultant RM-ODP viewpoint specifications.

This docunpent is intended for the following audiences:
and standard way;
specifications; and

viewpoint specifications.

2 Normative references

15414). It

a) the expression of a system specification in terms of RM-ODP viewpoint specifications using defined

- ODP modellers who want to use the UML notation for expressing-their ODP specifications infa graphical
- UML modellers who want to use the RM-ODP concepts:and mechanisms to structure their UML system

- modelling tool suppliers, who wish to develop UML-based tools that are capable of expressing RM-ODP

The following Recommendations and International Standards contain provisions which, through reference |n this text,

were valid| All Recommendations and.‘Standards are subject to revision, and parties to agreements b
Recommeridation | International Standand are encouraged to investigate the possibility of applying the

congtitute grovisions of this Recommendation | tnternational Standard. At the time of publication, the editic;:Edindicated

on this
ost recent

edition of the Recommendations and Standards listed below. Members of IEC and 1SO maintain registers ¢f currently
valid Intermational Standards. The-Telecommunication Standardization Bureau of the ITU maintains a list f currently

valid ITU-T Recommendations:

2.1

Hentical Recommendations| International Standards

I nterconnection — Structure of management information: General Relationship Model.

- \ITU-T Recommendation X.902 (1995) | ISO/IEC 10746-2:1996, Information technolog)
Distributed Processing — Reference Model: Foundations.

— ITU-T Recommendation X.903 (1995) | ISO/IEC 10746-3:1996, Information technology
Distributed Processing — Reference Model: Architecture.

— ITU-T Recommendation X.904 (1997) | ISO/IEC 10746-4:1998, Information technology
Distributed Processing — Reference Model: Architectural semantics.

— ITU-T Recommendation X.911 (2001) | ISO/IEC 15414:2002, Information technology
Distributed Processing — Reference model — Enterprise language.

2.2 OMG specifications
—  OMG Unified Modeling Language: Superstructure, version 2.1.1, formal/07-02-05.

ITU-T Rec. X.906 (11/2007)

- ITUsT-Recommendation X.725 (1995) | ISO/IEC 10165-7:1996, Information technology — Ogen Systems

— Open
— Open
— Open

— Open

1
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3 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply.

31 Definitions from ODP standards

311 Modelling concept definitions

This Recommendation | International Standard makes use of the following terms as defined in ITU-T Rec. X.902 |
I SO/IEC 10746-2:

312 \

This Reco
ISO/IEC 1

3.2 C

efinitions from the Enter prise L angdage

abstraction; action; activity; architecture; atomicity; behaviour (of an object); binding; class; client
object; communication; composition; component object [2-5.1]; composite object; configuration (of
objects); conformance point; consumer object; contract; creation; data; decomposition; deletion;
dISII’Ibuted procng, dlstrlbutlon transparency, <X> domaln ent|ty, enwronment enV|ronment

supertype wstem <X>temp|ate term terminating behavrour tradrng type (of an<X>) vig pomt (on
asystem).

iewpoint language definitions
mendation | International Standard makes use of the following, terms as defined in ITU-T Rec. X.903 |
746-3:

binder; capsule; channel; cluster; community; computational behaviour; computational binging object;
computational object; computational interface; computational viewpoint; dynamic schema; engineering
viewpoint; distributed binding; enterprise object;>enterprise viewpoint; <X> federation; {nformation
object; information viewpoint; interceptor; invariant schema; node; nucleus; operation; protpcol object;
static schema; stream; stub; technology viewpoint; <viewpoint> language.

This Recommendation | International Standard-makes use of the following terms as defined in ITU-T Rec. X.911 |

ISO/IEC 1t

33 C

This Reco
formal/07-

mmendation | International Standard makes use of the following terms as defined in OMG
D2-05:

b414:
actor (with respect to an action); agent; artefact (with respect to an action); authorization; cgmmitment;
community object; declaration; delegation; evaluation; field of application (of a specification); interface
role; objective (ofsanr<X>); party; policy; prescription; principal; process; resource (with rgspect to an
action); scope (of a system); step; violation.

efinitionsfrom the Unified M odeling L anguage

document

abstract class; action; activity; activity diagram; aggregate; aggregation; association; associgtion class;

association end; attribute; behaviour; behaviour diagram; binary association; binding; cal; class;
classifier; classification; class diagram; client; collaboration; collaboration occurrence; communication
diagram; component; component diagram; composite; composite structure diagram; composition;
concrete class, connector; constraint; container; context; delegation; dependency; deployment diagram;
derived element; diagram; distribution unit; dynamic classification; element; entry action; enumeration;
event; exception; execution occurrence; exit action; export; expression; extend; extension; feature; final
state; fire; generalizable element; generalization; guard condition; implementation; implementation class;
implementation inheritance; import; include; inheritance; initial state; instance; interaction; interaction
diagram; interaction overview diagram; interface; internal transition; lifeling; link; link end; message;
metaclass; metamodel; method; multiple classification; multiplicity; n-ary association; name; namespace;
node; note; object; object diagram; object flow state; object lifeline; operation; package; parameter;
parent; part; partition; pattern; persistent object; pin; port; postcondition; precondition; primitive type;
profile; property; pseudo-state; realization; receive [a message]; receiver; reception; refinement;
relationship; role; scenario; send [a message]; sender; sequence diagram; signal; signature; slot; state;

ITU-T Rec. X.906 (11/2007)
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state machine diagram; state machine;, static classification; stereotype; stimulus; structural feature;
structure diagram; subactivity state; subclass, submachine state; substate; subpackage; subsystem;
subtype; superclass, supertype; supplier; tagged value; time event; time expression; timing diagram;
trace; transition; type; usage; use case; use case diagram; value; visibility.

34 Definitions from ODP standards refined or extended in this Recommendation | I nternational
Standard

This Recommendation | International Standard refines or extends the following terms from ITU-T Rec. X.902 |
ISO/IEC 10746-2, ITU-T Rec. X.903 | ISO/IEC 10746-3, or ITU-T Rec. X.911 | ISO/IEC 15414:

—  Policy (see[7.1.3]).

4 Abbreviations
For the purposes of this Recommendation | International Standard, the following abbreviations apply.
NIOF Meta Object Facility
aQCL Object Constraint Language
aDP Open Distributed Processing
aMG Object Management Group
RM-ODP  Reference Model of Open Distributed Processing
UmL Unified Modeling Language
AMI XML Metadata Interchange

NOTE 4 UML, CORBA, XMI, MOF, OMG, Object Management Group, and‘Unified Modeling Language are either registered
tradematks or trademarks of Object Management Group, Inc. in the United-States and/or other countries.

5 Cpnventions
In the text {hat follows, the following conventions apply.
This Recornmendation | International Standard is referred to as "this document".

ITU-T Red X.902 | ISO/IEC 10746-2 (RM-ODR Part 2: Foundations) and ITU-T Rec. X.903 | ISO/IEC 10746-3 (RM-
ODP Part 3: Architecture) are referred to as " Part’2" and "Part 3" of the RM-ODP, respectively.

ITU-T Rec| X.911 | ISO/IEC 15414 (RM-OBP Enterprise Language) is referred to as "the Enterprise Language”.

The UML Buperstructure Specification (see[2.2]) isreferred to as "the UML specification”. The UML notation defined
in the UMU specification is referred to as"UML".

Referenceq to the normative text of this document, to the text of Parts 2 and 3 of the RM-ODP, to thg Enterprise
Language and to UML are'expressed in one of these forms:

N.N] —areference to clause n.n of this document.

Part 2 =] — areference to clause n.n of RM-ODP Part 2;
Part3=n.n] —areferenceto clause n.n of RM-ODP Part 3;
Eft=mn——arefgence to ctanse T of the Enterprise tanguags;

[UML —n.n] —areferenceto clause n.n of the UML specification.

[
[
[
[

For example, [Part 2 — 9.4] is a reference to subclause 9.4 of Part 2 of the RM-ODP; and [6.5] is a reference to
clause 6.5 of this document. These references are for the convenience of the reader.

NOTE — The clauses correspond to the specific dated versions of the documents referenced in clause 2.

In the clauses that follow, except in the headings, terms in italic face are terms of the RM-ODP viewpoint languages as
defined in Parts 2 and 3 of the RM-ODP, or in the Enterprise Language. UML concepts are shown in sans-serif
typeface. UML stereotype names are shown in normal font, enclosed in guillemets (« and »).

ITU-T Rec. X.906 (11/2007) 3
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The following conventions apply to the UML diagrams:

6

6.1

This clauss

6.2

An overvig
Rec. X.901]
Parts 2 ana
Parts 2 and

clause.

The framey

6.2.1

Association end names are placed at the end of the association that is adjacent to the class playing the
role. Association end names are omitted if they do not add meaning to the diagram. In this case, the
implied association end name is the name of the class at that end of the association.

Cardinalities of associations are placed adjacent to the class that has the cardinality.
Where there are no attributes, the attribute part of the class box is suppressed.

Black diamonds are used to represent whole/part associations, with no cardinality or role name at the
whole end of the association, and no role name at the part end of the association. The meaning is that the
part cannot exist without exactly one instance of the whole.

Nouns are used in association end names, rather than verbs.
Class names representing ODP concepts start with upper case.
Arrowheads accompanying association names are avoided.

O

q

verview of modelling and system specification approach

ntroduction

provides an introduction to this document, covering:

verview of ODP concepts (extracted’from RM-ODP Part 1)
3. The text that follows (i.e;, the rest of [6.2]), is abstracted from the text in RM-ODP Part

3 are the authoritative standards, and should be followed in case of any conflict between those

vork for system specification provided by the RM-ODP has four fundamental elements:

Ch'-+

Icons associated with stereotypes are used in some of the UML figures in this document. Thik is done to
aid understanding, the icons are not normative.

an overview of ODP system specification concepts;
an overview of UML concepts,

an explanation of the relationships between ODP madels, the subjects of those models (Yniverses of
discourse), and the UML models that express the ODP models;

an overview of the structuring principles for systemspecifications defined in the document;
an explanation of the concept of correspondences (relationships) between viewpoint specificatjions.

W of the ODP modelling concepts and the structuring rules for their use is given in RM-ODP Pajt 1 (ITU-T
| ISO/IEC 10746-1: Overview) and the concepts and structuring rules are formally definedH'RM -ODP

. RM-ODP
tsand this

an object modelling approach to system specification;

the specification of a system in terms of separate but interrelated viewpoint specifications;
the definition of a system infrastructure providing distribution transparencies for system appligations;
aframework for assessing system conformance.

madalina

1
O CCrToaTrmmTy

Object modelling provides aformalization of well-established design practices of abstraction and encapsulation.

Abstraction allows the description of system functionality to be separated from details of system
implementation.

Encapsulation alows the hiding of heterogeneity, the localization of failure, the implementation of
security and the hiding of the mechanisms of service provision from the service user.

The object modelling concepts cover:

4

basic modelling concepts: providing rigorous definitions of a minimum set of concepts (action, object,
interaction and interface) that form the basis for ODP system descriptions and are applicable in al
viewpoints;
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—  gspecification concepts. addressing notions such as type and class that are necessary for reasoning about
specifications and the relations between specifications, providing general tools for design, and
establishing requirements on specification languages,

—  structuring concepts: building on the basic modelling concepts and the specification concepts to address
recurrent structures in distributed systems, and covering such concerns as policy, naming, behaviour,
dependability and communication.

6.2.2 Viewpoint specifications

A viewpoint (on a system) is an abstraction that yields a specification of the whole system related to a particular set of
concerns. Five viewpoints have been chosen to be both simple and complete, covering all the domains of architectural
design. These five viewpoints are:

— the enterprise viewpoint, which is concerned with the purpose, scope and policies governing the
activities of the specified system within the organization of which it isa part;

- the information viewpoint, which is concerned with the kinds of information handled by thelsystem and
constraints on the use and interpretation of that information;

- the computational viewpoint, which is concerned with the functional decomposition of the system into a
set of objects that interact at interfaces — enabling system distribution;

- the engineering viewpoint, which is concerned with the infrastructure required to support system

distribution;
- the technology viewpoint, which is concerned with the choice of ‘technology to supgort system
distribution.
Enterprise
Business aspects
The purpose, scope and policies for the organization
that will own the systent
What for? why? who?dyhen?
Infor mation

Computational
Application design aspect$
Functional decomposition df the system
into objects suitable for distribution

How does each bit work?

hformation system aspects
Informatio:l: handled by the system and
constraints n the use and interpretation
of that information
What isit about?

Technology Engineering
Implementation Solution typesand distribution
System hardware and software Infrastructure required to support distribution
and actual distribution How do the bitswork together ?
With what? X.906(07)_FO1

Figure 1 - RM-ODP viewpoints

For each viewpoint there is an associated viewpoint language which can be used to specify a system from that
viewpoint. The object modelling concepts give a common basis for the viewpoint languages and make it possible to
identify relationships between the different viewpoint specifications and to assert correspondences between the models
of the system in different viewpoints (see [6.7]).

NOTE — Although the different viewpoints can be independently defined and there is no explicit order imposed by the RM-ODP
for specifying them, a common practice is to start by developing the enterprise specification of the system, and then prepare the
information and computational specifications. These two specifications may have constraints over each other. An iterative
specification process is quite common too, whereby each viewpoint specification may be revised and refined as the other two are
developed. Correspondences between the elements of these three viewpoints are defined during this process. After that, the
engineering specification of the system is prepared, based on the computational specification. Correspondences between the
elements of these viewpoints are then defined together with the newly specified elements. Finally, the technology specification is
produced based on the engineering specification. Again, some refinements may be performed on the rest of the viewpoint
specifications, due to the new requirements and constraints imposed by the particular selection of technology.

ITU-T Rec. X.906 (11/2007) 5
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6.2.3 Distribution transparency

Distribution transparencies enable complexities associated with system distribution to be hidden from applications
where they are irrelevant to their purpose. For example:

— access transparency masks differences of data representation and invocation mechanisms for services
between systems;

— location transparency masks the need for an application to have information about location in order to
invoke a service;

—  relocation transparency masks the relocation of a service from applications using it;

— replication transparency masks the fact that multiple copies of a service may be provided in order to
provide reliability and availability.

ODP standards define functions and structures to realize distribution transparencies. However, there are performance
and cost tradeoffs associated with each transparency and only selected transparencies will be relevant in many cases.
Thus, a cofforming ODP system shall implement those transparencies that it supports in accordance with._fhe relevant
standards, Iput it is not required to support all transparencies.

6.2.4 onformance

The basic |characteristics of heterogeneity and evolution imply that different parts of a distributed sysfem can be
arately, from different vendors. It is therefore very important that the behaviours'of the differefit parts of a
system arq clearly defined, and that it is possible to assign responsibility for any failure to meet the system's

erence points: programmatic reference point, perceptual reference point, interworking reference point, and
reference point. The reference points in those classes are the candidate for conformance pojnts. Part 2

- identification of the reference points within an architecture that provide candidate conformpnce points
within a specification of testable components;

- identification of the conformance points within'the set of viewpoint specifications at which goservations
of conformance can be made;

- definition of classes of conformance point;

- specification of the nature of confarthance statements to be made in each viewpoint and the relation
between them.

6.2.5 Hnterprise language

The enterpyise language provides the\modelling concepts necessary to model an ODP system in the context of the
business orf organization in which it operates. An enterprise specification defines the purpose, scope, and pqlicies of an
ODP systen and it provides the-basis for checking conformance of system implementations. The purpose off the system
is defined Iy the specified behaviour of the system while policies capture further restrictions of the behaviqur between
the system jand its environment, or within the system itself related to the business decisions of the system owners.
NOTE 1 — An enterprise specification of a system may therefore be thought of as a statement of the "requirements’ for the
system. However, it must be emphasized that it is not fundamentally different from any other element of the specifigation for the
System.

In an ente

enterprise 0

for example, the users, owners and providers of information processed by the system.
NOTE 2 — There is a question of modelling style to be considered that has particular significance for an enterprise specification,
which is intended to be approachable for a subject matter expert. This is concerned with whether to name model elements in
terms of instances or types. Thus it is common practice to express an enterprise specification in terms of anonymous objects,
named by their type, e.g., including in enterprise specifications phrases such as "a customer enterprise object fulfils the role
applicant”, when what is actually meant is "an (anonymous) enterprise object, conforming to the enterprise object type
customer, fulfilsthe role applicant”.

6.2.6 Information language

The individual components of a distributed system should share a common understanding of the information they
communicate when they interact, or the system will not behave as expected. These items of information are handled, in
one way or another, by information objects in the system. To ensure that the interpretation of these items is consistent,
the information language defines concepts for the specification of the meaning of information stored within, and
manipulated by, an ODP system, independently of the way the information processing functions themselves are to be
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implemented.

Information held by the ODP system about entities in the real world, including the ODP system itself is modelled in an
information specification in terms of information objects, and their relationships and behaviour. Basic information
elements are modelled by atomic information objects. More complex information is modelled as composite information
objects each modelling relationships over a set of constituent information objects.

The information specification comprises a set of related schemata, namely, the invariant, static and dynamic schemata:

— Aninvariant schema models relationships between information objects that must always be true, for all
valid behaviours of the system.

— A static schema models assertions that must be true at a single point in time. A common use of static
schematais to specify the initial state of an information object.

— A dynamic schema specifies how the information can evolve as the system operates.

6 2 7 ormpHtationallanciaaa
L. orrpotacrorar rarigouaygc

The complitational viewpoint is directly concerned with the distribution of processing but not with, the|interaction
mechani that enable distribution to occur. The computational specification decomposes)the system into
computatignal objects performing individual functions and interacting at interfaces. It thus prevides the basis for
decisions pn how to distribute the jobs to be done, because objects can be located.independently assuming
communicgtions mechanisms can be defined in the engineering specification to support thelbehaviour at the interfaces
to those ob|ects.

The heart jof the computational language is the computational object model, whith constrains the computational
specificatiqn by defining:

- theform of interface an object can have;
- theway that interfaces can be bound and the forms of interaction that can take place at them;

- the actions an object can perform, in particular the¢Creation of new objects and interfacps, and the
establishment of bindings.

The comptitational object model provides the basis for ensuring consistency between different engirjeering and
technology| specifications (including programming languages and communication mechanisms) since they must be
consistent ith the same computational object model. This consistency alows open interworking and pqgrtability of
componentk in the resulting implementation.

The compytational language enables the specifierto'model constraints on the distribution of an application {in terms of
i t contracts associated with individual interfaces and interface bindings of computational objegts) without
specifying fhe actual degree of distribution‘in.the computational specification; this latter is specified in the gngineering
and technojogy specifications. This ensures’that the computational specification of an application is not bgsed on any
mptions affecting the distribution of engineering and technology objects. Because of this, the cqnfiguration
and degree|of distribution of the hardware on which ODP applications are run can easily be altered, subject tp the stated

ngineering language

ing language focuses on the way object interaction is achieved and on the resources needed for it to take
efines econcepts for describing the infrastructure required to support selective, distribution [transparent
interaction$ between objects, and rules for structuring communication channels between objects, and for|structuring
systems fol thie purposes of resource management. These rules can be modelled as engineering templates (1|or example
engineering-channel template)

Thus the computational viewpoaint is concerned with when and why objects interact, while the engineering viewpaint is
concerned with how they interact. In the engineering language, the main concern is the support of interactions between
computational objects. As a consequence, there are very direct links between the viewpoint descriptions. computational
objects are visible in the engineering viewpoint as basic engineering objects and computational bindings, whether
implicit or explicit, are visible as either channels or local bindings.

The concepts and rules are sufficient to enable specification of internal interfaces within the infrastructure, enabling the
definition of distinct conformance points for different transparencies, and the possibility of standardization of a generic
infrastructure into which standardized transparency modules can be placed.

The engineering language assumes a virtual machine that corresponds to a platform offering minimal support for
distribution.

NOTE — The functionality of the virtual machine assumed by the engineering language corresponds, for example, to a set of
computing systems with stand-alone OS facilities plus communication facilities. In practice, the functionality available from
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current vendor technology, for example when it offers a CORBA or J2EE environment, already provides significant elements of

the functionality to be covered by the engineering specification.

Thus, the engineering specification is interpreted in this document as defining the mechanisms and functions required to support
distributed interaction between objects in an ODP system, making use of the supporting functionality provided by the specific

vendor technology defined by the technology specification.

6.2.9 Technology language

The technology specification describes the implementation of the ODP system in terms of a configuration of

technology

objects modelling the hardware and software components of the implementation. It is constrained by cost and

availability of technology objects (hardware and software products) that would satisfy this specification.
conform to implementable standards which are effectively templates for technology objects. Thus, the
viewpoint provides a link between the set of viewpoint specifications and the real implementation, by
standards used to provide the necessary basic operations in the other viewpoint specifications, and the

These may
technology
listing the
am of the

technology specification is to provide the extrainformation needed for implementation and testing by selecting standard

solutions forbasic components and-communication mechanisms.

6.3 Qverview of UML concepts

The Unifie Modeling Language (UML) is a visual language for specifying, constructing and decumienting

of systems] It is a general-purpose modelling language that can be used with all major object'and compon

and that cgn be applied to all application domains (e.g., health, finance, telecom, aerespace) and imp
platforms (e.g., J2EE, CORBA, .NET). However, not al of UML modelling capabilities are necessarily U
domains or| applications. Therefore, the UML specification has been structured modularly, with the ability to
those parts|of the language that are of direct interest, and extensible, so it can be easily customized.

The UML |specification defines thirteen types of diagram, divided in two catégories that represent, respe
static strucjure of the objects in a system (structure diagrams), and the dynamic behaviour of the objects
(behaviour|diagrams). In addition, the UML specification incorporatesé@xtension mechanisms that alow th
of new dialects of UML to customize the language for particular platforms and domains.

6.3.1 ructural models

Structural fnodels specify the structure of objectsin a model (T hey are represented in:

- class diagrams, which show a collection, of-declarative (static) model elements, such as clas
and their contents;

- object diagrams, which encompass-ebjects and their relationships at a point in time. An obj
may be considered a special case'of a class diagram or a communication diagram;

- component diagrams, which'show the organizations and dependencies among components;

- deployment diagrams, which represent the execution architecture of systems. They repres
artifacts as nodes, which are connected through communication paths to create network
arbitrary complexity: Nodes are typicaly defined in a nested manner, and represent eithg
devices or software execution environments;

- composite structure diagrams, which depict the internal structure of a classifier, including the
points of/the classifier to other parts of the system. They show the configuration of parts
perfafmithe behaviour of the containing classifier;

- package diagrams, which depict how model elements are organized into packages and the de
among them, including package imports and package extensions.

he artifacts

t methods
ementation
seful in all
select only

ctively, the
n a system
b definition

ses, types,
bct diagram
ent system

systems of
r hardware

interaction
that jointly

bpendencies

6.3.2 Behavioural models
Behavioural models specify the behaviour of objectsin amodel. They are represented by:

— use case diagrams, each of which illustrates the relationships among actors and the system, and use

cases;

— state machine diagrams, which specify the sequences of states that an object or an interaction goes

through during its life in response to events, together with its responses and actions;
—  activity diagrams, which depict behaviour using a control and data-flow mode!;
—  interaction diagrams, which emphasize object interactions and can be one of the following:

e sequence diagrams, that depict interactions by focusing on the sequence of messag
exchanged, aong with their corresponding event occurrences on the lifelines.

es that are
Unlike a

communication diagram, a sequence diagram includes time sequences but does not include object
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Model m

model elements that compriseit. There are three grouping elements:

6.34

UML prov|des arich set of modelling concepts and notations that have been\carefully designed to meet t
typical software modelling projects. However, users may sometimes requir€ additional features beyond tho
the UML specification.

UML can
language

aerospace)| Alternatively, a new language related to UML can be specified by reusing part of
InfrastructyreLibrary package and augmenting it with apprepriate metaclasses and metarelationships. The {
defines angw dialect of UML, while the latter case defines'a new member of the UML family of languages.

A Profile

1SO/I EC 19793:2008 (E)

relationships. A sequence diagram can exist in a generic form (describes all possible scenarios) and
in an instance form (describes one actua scenario). Sequence diagrams and communication
diagrams express similar information, but show it in different ways;

communication diagrams, which focus on the interactions between lifelines where the architecture
of the internal structure and how this corresponds with the message passing is central. The
seguencing of messages is given through a sequence numbering scheme. Sequence diagrams and
communication diagrams express similar information, but show it in different ways,

interaction overview diagrams, which represent interactions through a variant of activity diagramsin
a way that promotes overview of the control flow, and where each node can be an interaction
diagram;

timing diagrams, which show the change in state or condition of a lifeline (representing a classifier
instance or classifier role) over linear time. The most common usage is to show the change in state

of an object over time in response to accepted events or stimuli.

odel management

agement concerns the structuring of a model, including any extensions used, in terms ef\the g

- Models, which are used to capture different views of aphysical system;
Packages, which are used within amodel to group model elements;
- Subsystems, which represent behavioural unitsin the physical system being modelled.

Hxtension mechanisms

pe extended in two ways. First, a new dialect of UML\Can be defined by using Profiles to cu

i$ akind of package that extends a referetice metamodel. The primary extension construct is the

oupings of

ne needs of
b defined in

stomi ze the

fpr particular platforms (e.g., J2EE/EJB, .NET/COM+) and domains (e.g., finance, telecomnpunications,

the UML
ormer case

stereotype,

which defines how an existing metaclass may, be extended, and enables the use of platform or domgin specific

terminology or notation in place of or in addition to the ones used for the base metaclass being extended

class, as
model ele

Constraintg are frequently definedtin a profile, and typically define well-formedness rules that are more g
(but consigtent with) those specified by the reference metamodel. The constraints that are part of the

evaluated
formed.

6.4

In using the techniques described in this document, it is necessary to understand the relationships between th
a model, |E its Universe of Discourse (UOD), ODP specifications for that UOD, and how those ODP sp

tereotype may have properties; which are referred to as tag definitions. When a stereotype is g
ent, the values of the properties are referred to as tagged values.

when the profile Has been applied to a package, and need to be satisfied in order for the mode

Universes-of discourse, ODP specificationsand UML models

Just like a
pplied to a

onstraining
profile are
to be well

b subject of

are expressed in UML.

The four main sets of notions involved in understanding these relationships are:

There are

— theentities, and the relationships amongst them, in the UOD being modelled;
—  the ODP specification(s) that model that UOD;
— the UML model(s) that express the ODP specifications;

model(s) are represented.

three important kinds of relationship between these notions.
—  First, in the same way that an ODP object models an entity (a concrete or abstract thing of i

peifications

the UML notation (diagramming techniques and other mechanisms) by means of which the UML

nterest), an

ODP specification models a UOD. The modeller uses the concepts and structuring rules of RM-ODP

Part 2, together with those of the relevant ODP viewpoint language(s) (RM-ODP Part

3 and the
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Enterprise Language), to produce a specification that models relevant facts and assertions about the
entities that exist in the UOD. The rules for this kind of relationship are stated in Parts 2 and 3 of the
RM-ODP, and in the Enterprise Language.

—  Secondly, each model element (i.e., instance of an ODP viewpoint language concept) in the ODP
specifications is expressed by one or more UML elements (instance of a UML metaclass, specialized as
necessary through the relevant profile) in a UML model, which is thus an expression of the ODP
specification. The rules for thiskind of relationship are stated in this document.

—  Thirdly, the UML notation is used to represent, graphically or otherwise, the underlying UML model.
Therulesfor thiskind of relationship are stated in the UML standard.

This document addresses the three simple relationships described above, and the terms that are highlighted above are
invariably used to refer to them.

While there are other derived relationships between elements in this chain (e.g., between UOD and UML mode!), they
are not otherwise referred to in this document.These rel a’rinnchilnq areillustrated.in I:igl re?2

Universe of Discourse

(UOD)
A
models
(see RM-ODP)
expresses
ODP ’ (described here) UML
specification [ model
-
represents
(see UML spec)

The UNIL notation

X.906(07) F02

Figure 2 — Relationships between UOD, ODR Specificationsand UML models

6.5 Nlodeling concepts and UML profiles for:ODP viewpoint languages and correspondences

Clauses 7 [o 11 are devoted, in turn, to each of thefive ODP Viewpoints (Enterprise, Information, Computational,
Engineering and Technology).

The first syibclause of each of these clauses provides an overview of the ODP modelling concepts for that] viewpoint.
The ODP yiewpoint modelling concepts aré-described using text as well as a simplified set of UML class diagrams,
which shoy the major modelling concepts for the ODP viewpoint as classes, and binary associationg (including
cardinality |constraints) that may exist between these viewpoint concepts. These diagrams together with the|text can be
considered|as specifying MOF campliant metamodels for the subset of the ODP viewpoint concepts definefl in Parts 2
and 3 of th¢ ODP Reference Model that are used in this document.

The second subclause of each of these clauses provides a specification of a UML profile for that ODP viewpoint. UML
based ODH viewpoint madels can be expressed using the notation defined for the UML Profile for that viewpoint.

Any ODP yiewpoint'model expressed using the UML Profile for that ODP viewpoint satisfies the constraints specified
in each of the carresponding ODP viewpoint metamodels defined in this document.

NOTE + it.isan implementation issue whether the constraints defined in each ODP viewpoint metamodel are enfofced by tools
which corstroct ©BPviewpomt modets usmg-thet viewpomt s ObP-Profite:

Clause 12 deals with correspondences between viewpoints, and is structured in the same way as clauses 7 to 11.

6.6 General principlesfor expressing and structuring ODP system specificationsusing UML

This subclause defines the structuring style for ODP system specifications, expressed using the UML profiles defined in
clauses 7 to 12. ODP system specifications that are in compliance with this document will use this structuring style.

The ODP system specification will consist of a single UML model stereotyped as «ODP_SystemSpec» that contains a
set of models, one for each viewpoint specification, each stereotyped as «<X>_Spec», where <X> is the viewpoint
concerned.

Each viewpoint specification (which consists of a coherent set of instances of the concepts described in that viewpoint
language), uses the appropriate UML profile for that language, as described in clauses 7 to 11.
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In this document, stereotypes are used to represent domain specific specializations of UML metaclasses
express the semantics of the RM-ODP viewpoint language concerned.

in order to

In general, the way in which the UML is used to express a given viewpoint specification (which will consist of a

coherent set of instances of the concepts described in each viewpoint language) is such that:

— each of the viewpoint language concepts is expressed by one or more extended UML metaclasses

(expressed by the use of stereotypes); and that

— the relationships (meta-associations) between the viewpoint language concepts (e.g., "a community has
exactly one objective’, in the enterprise language) be similarly expressed, preferably by meta-
associations between the corresponding UML metaclasses (e.g., "Class may be associated with Class")

or, failing that, by use of specific additional UML elements.

Thisisdone in away that is consistent with the semantics of the UML metamodel.

6.7.1 DP correspondences

The correspondences between viewpoint specifications are defined in Part 3 of the RM-ODPfand in the
Language. [The text that follows in this clause is abstracted from these standards, which/remain the g
standards, §nd should be followed in case of conflicts between this document and those standards.

A set of gpecifications of an ODP system written in different viewpoint languages should not mak
contradictary statements i.e., they should be mutually consistent. Thus, a complete specification of a systq
statements|of correspondences between terms and language constructs relating one'viewpoint specificatior
viewpoint gpecification, showing that the consistency requirement is met.

The key to|consistency is the idea of correspondences between different viewpoint specifications, i.e., a stg
some termg or structures in one specification correspond to other termsand specifications in a second specifi
underlying|rationale in identifying correspondences between different viewpoint specifications of the same
is that thene are some entities that are modelled in one viewpaint ‘specification, which are also modelled
viewpoint gpecification. The requirement for consistency between viewpoint specifications is driven by t
what is specified in one viewpoint specification about an entity needs to be consistent with what is said abo
entity in ahy other viewpoint specification. This includes the consistency of that entity's properties, st
behaviour.

The specifications produced in different ODP viewpoints are each complete statements in their respective
with their jown locally significant names, and_so cannot be related without additional information in t
correspondence statements that make clearhiow constraints from different viewpoints apply to particular €l
single systém to determine its overall behaviour. The correspondence statements are statements that relate
different viewpoint specifications, but'do not form part of any one of them. The correspondences can be eg
two ways:

- by declaring cofrespondences between terms in two different viewpoint languages, stating
meanings relate,) This implies that the two languages are defined in such away that they have|
or at least.avelated, set of foundation concepts and structuring rules. Such correspondeng
languages-necessarily imply and entail correspondences relating to all things of interest
languages are used to model (e.g., things modelled by objects or actions);

- by considering the extension of terms in each language, and asserting that particular en

Enterprise
Lthoritative

e mutually
m includes
to another

tement that
cation. The
DP system
in another
ne fact that
it the same
ucture and

languages,
he form of
Pments of a
the various
[ablished in

how their
a.common,
es between
which the

ities being

fmodelled in the two specifications are in fact the same entity. This relates the specif

cations by

rdentifymgwhichobservationsneedtobemterpretabte-mrbothrspecifications:

The correspondence statements to be provided in a system specification are specified in Part 3 and in the Enterprise

Language of the RM-ODP, and in clauses 7 to 11. They fall into two categories:

—  Some correspondences are required in all ODP specifications; these are called required correspondences.
If the correspondence is not valid in all instances in which the concepts related occur, the specification

simply is not avalid ODP specification.

— Inother cases, there is a requirement that the specifier provides a list of items in two specifications that
correspond, but the content of this list is the result of a design choice; these are called required

correspondence statements.
NOTE — In RM-ODP Part 3, the following correspondences are explicitly specified.
—  Between computational and information ([Part 3 —10.1])
—  Between engineering and computational ([Part 3 —10.2])
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In the Enterprise Language standard, the following correspondences are specified.
—  Between enterprise and information ([E/L —11.2])
—  Between enterprise and computational ([E/L —11.3])
—  Between enterprise and engineering ([E/L —11.4])

6.7.2 Expressing ODP correspondencesin UML

Correspondences between ODP modelling elements of different viewpoints are expressed using the UML profile
defined in clause 12. This profile mainly introduces the concept of correspondence link. A correspondence link is
established between two viewpoint specifications, and each of its ends refers to a set of terms involved in the
correspondence relationship. A correspondence statement is expressed by a constraint applied to this link, and is used
for checking consistency between viewpoint specifications.

7 Enterprise specification

7.1 Nl odelling concepts

An enterpr{se specification uses the RM-ODP enterprise language. The modelling concepts and-the structur|ng rules of
the enterpri{se language are defined in [Part 3 — 5] and expanded upon in [E/L — 6 and 7]. Théy are summatfized in this
clause. Exgept where otherwise stated, in case of conflict between the explanations herein.and the text in Hart 3 or the
Enterprise | anguage, the latter documents should be followed.

The set of dliagrams at the end of this clause (i.e., at [7.1.6]) summarizes a metamodék.fer the enterprise langyage.

711 Jystem concepts

An enterprise specification describes an ODP system and relevant aspects of) its environment. An ODP systgmis akind
of enterprige object. The enterprise objects that interact with a given efterprise object form part of the environment of
that enterprise object.

The ODP [system has a scope, which defines the behaviour thet the system is expected to exhibit. A} enterprise
specificatign has afield of application which describes its usability properties.

These systgm concepts are illustrated in Figure 3.

712 Gommunity concepts

The fundaental concept of the enterprise language is a community, which is a configuration of enterprjse objects,
formed to neet an objective. Any objectiveunay be refined into a set of (sub-)objectives. A community is sgecified in a
contract, which models the agreement amongst the entities to work together to meet the objective. Thus the gontract:

-  statesthe objective for,which the community exists;

- governsthe structure, the behaviour and the policies of the community;
- constrains thedehaviour of the members of the community;

- statesthe rules for the assignment of enterprise objectsto roles.

Each enterprise objéct models some entity (abstract or concrete thing of interest) in the Universe of D|scourse. A

particular Hind of senterprise object is a community object, which models, as a single object, an entity that i elsewhere
in the modg@l refined as a community.

oles, which
community concerned.

The configbrat B-EOALRtY-1SH q
identify behaviours intended to meet the objective of the
A behaviour is a collection of actions (things that happen), with constraints on when they occur. An enterprise object
may beinvolved in (play rolesin) an action in one or more of the following three ways:

— if it participatesin the action it is an actor with respect to that action;

— ifitisreferenced (i.e., mentioned) in the action, it is an artefact with respect to that action;

— if itisessential to the (performance of) that action, and requires allocation or may become unavailable, it
isaresource with respect to that action.

A role identifies a specific behaviour of an enterprise object in a community. Such behaviour is observable as a set of
interactions in which the object participates, and relationships between them. This implies that the behaviour of an
object hasto be viewed in the context of the corresponding behaviour of the objects with which it interacts.
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Communities may be open or closed; that is they may or may not interact with their environment. Wherearolethat isin
(i.e., is part of the configuration of) a community identifies behaviour that takes place with the participation of one or
more objects that are not in that community, it is an interfacerole.

The modelling of behaviour may be structured into one or more processes, each of which is a graph of steps taking
place in a prescribed manner and which contributes to the fulfilment of an objective. In this approach, a step is an
abstraction of an action in which the enterprise objects that participate in that action may be unspecified. A step may be
refined as a process, itself consisting of a set of steps.

The community concepts areillustrated in Figure 4.

713 Poalicy concepts

A policy is a set of rules related to a particular purpose. It identifies the specification of behaviour, or constraints on
behaviour, that can be changed during the lifetime of the ODP system, or that can be changed to tailor a single
specification to apply to arange of different ODP systems.

The specification of a policy includes:

- the name of the palicy;

- therules, modelled as obligations, permissions, prohibitions and authorizations;

- the elements of the enterprise specification affected by the policy;

- any behaviour for changing the policy.

Where there is arequirement to model dynamic policy setting, a policy can be changéd’by a behaviour.

A policy nay also constrain the structure (configuration) of a community, by ‘geverning the assignment [of roles to
enterprise pbjects. Such apolicy is called an assignment policy.

A violation|is abehaviour contrary to arule, i.e., contrary to some element in apolicy.

A policy is|defined in Part 2 of RM-ODP as a"set of rulesrelated tesaparticular purpose’, and this concept ifs refined in
the Enterptlise Language to indicate that it is intended to be used where the desired behaviour of the system may be
changed to|meet particular circumstances (the "particular purpese” referred to in the definition). However, this fails to
make any distinction between two uses of the concept. On the one hand it is appropriate to use the concept {o refer to a
particular get of rules, all of which apply together at somemoment in time, and which implement a particular business
or operatignal decision. On the other hand it may be:used to refer to a more general set of rules, relatipg to some
business of operational concern, about which day.«to’day decisions are made, that determine what policy] values are
acceptable.

Since both|these concepts are derived fromthe RM-ODP definition of policy, it is considered better to refer to them
using two new terms, rather than use palicy-for one and a new term for the other. Thusin this document:

the term policy value is déefined as a set of rules (related to a purpose) in force at some part|cular time;
and

the term policy-envel ope is defined as a set of policy values, and their relation to the purpose.

NOTE - For a given policy envelope, only one policy valueisin force at a point in time. This policy value may be gelected from
a set of yalues definedyin the policy envelope or it may be a statement in a policy language that is consistent with qonstraints in
the poliqy envelope:

In this docyiment;'Specific UML extensions have been developed for these two concepts and to their relationg with other
enterprise lpnguage concepts.

Se from this

refinement of the policy concept areillustrated in Figure 6.

714 Accountability concepts

Accountability concepts concern the modelled behaviour of parties. A party is an enterprise object modelling a natural
person or any other entity considered to have some of the rights, powers and duties of a natural person, and which can
therefore be considered accountable for its actions. A party may delegate authority to another enterprise object (which
may or may not be a party), in which case it is referred to as the principal in that action of delegation, and the
enter prise object to whom authority is delegated is the agent of that party.

Only parties can take part in accountable actions. Such actions may take the following forms:
—  prescription: an action that establishes arule;

— commitment: an action resulting in an obligation by one or more of the participants in the act to comply
with arule or perform a contract;
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— declaration: an action that establishes a state of affairs in the environment of the object making the
declaration;
— evaluation: an action that assesses the value of something;

— delegation: an action that assigns authority, responsibility or afunction to another object.

The accountabhility concepts areillustrated in Figure 7.

7.15 Structure of an enterprise specification
An enterprise specification is structured in terms of communities and community objects.
Each community is modelled in terms of the following concepts and the relationships between them:
— the objective and sub-objectives (of the community);
—  the behaviour of t_he community, modelled in terms of actions and constraints on the order in which they

« rolesfulfilled by enterprise objects that interact as members of the community;

e processes that model sequences of actions, carried out by one or more enter prisg objects;
- enterprise objects that fulfil the rolesin the community;

- policies constraining the behaviour.

Some entgrprise objects may be composite objects and are sub-classified as comimunity objects and| refined as
communitigs.

At some leyel of detail, the ODP system will be present in the model as an enterprise object.

7.1.6 Summary of the enter prise language metamodel

The diagrams below (Figures 3 to 7) illustrate the concepts of the enterprise language and the relationships between
them.

NOTE 1 — These diagrams are not identical to those in Annex A ofthe Enterprise Language, because they have developed
according to the conventions agreed for the UML diagrams of this'document. The main difference is that these diagrams use
nouns fqr association end names rather than verbs, and association end names are omitted when the name of the clgss at the end
of the agsociation is representative enough as role name fonthe association end. In addition, some of the n-ary assocfations in the
former document have been replaced by semantically eguivalent associations and classes, as this is believed to he clearer. A
technical corrigendum to the Enterprise Language is being prepared.

t=Ervirantmert
Environment Enterprize0Qbject
0.1 1

ODPSystem 1 1 |Scope
behaviour

1.*% | describedSystem

1 | specifier

-
T
s

EnterpriseSpecification FieldOfApplication

cortesxt

Izigl el Qlldpm r‘nnm:lnfq

NOTE 2 — The concept of environment was introduced in Part 2 in order to allow description of the properties of some particular
object by introducing a representation of all the other elements in a model with which it might interact, directly or indirectly. As
such, in particular, it represents some abstraction of the other objects in the model, but this abstraction relationship is not visible
in any model.
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Figure 6 — Additional policy concepts
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Figure 7 — Accountability concepts

7.2 ML profile
NOTE + In this clause UML expressions are only defined for those concepts for which use has been demonstrategl through an
examplg included in the main body of this document or in its Annex A. Where no example has been identified the concept

The following subclauses describe how the ODP enterprise concepts described in the previouds clause are ekpressed in
enterprise specification. A brief explanation of the UML concepts used in the expression of each concept is

given, together with ajustification of the expression used.

721 QDP system

An ODP system is an enterprise object. It is expressed in UML by an instaneeSpecification of a class stefeotyped as
«EV_ODPpystem», see [7.2.6]. That class expresses the enterprise object type’ Note also that modelling purposes may
require thaf an ODP system be further detailed as a community, in which-case the enterprise object that models it is
classified gs acommunity object and refined as a community, see [7.24]:

722 Scope

The scope jof an ODP system is the set of behaviours that the system is expected to exhibit, e.g., its rolgs. It is not,
therefore, @xpressed by any single UML element, but by the'set of elements that expressits behaviour.

723 Hield of application

The field of application is a property of the enterprise specification as awhole, and is expressed by atag definition of
stereotype [«Enterprise_Spec». This tag definition is named EV_FieldOfApplication, and is of type string. [That string
contains the description of the field of application of the enterprise specification.

724 Gommunity

A communjty is modelled in termsof its type, which is expressed by a component stereotyped as «EV_Community».
This is influded in a package’ stereotyped as «EV_CommunityContract» that contains the specificalion of the
community| i.e., its objective; its behaviour, and any enterprise objects and object types that are spegific to the
community|concerned (see{7.2.9]). Where a specific entity (e.g., organizational unit) is being modelled, it i expressed
by an instapceSpecification of a component stereotyped as «EV_Community».

Any compnent expressing a community will have exactly one association, stereotyped as «EV Objecti

stereotyped—a Xpres s—and-the assomated
behaviour (mteractlons actl ons, steps and procm)

Seeaso[7.2.8] and [7.2.9].

7.25 Enterprise object

An enterprise object is generaly specified in terms of its type, which is expressed by a class stereotyped as
«EV_Object».
NOTE — The UML concept of class is different to the ODP concept of class. A UML class isa"description” of a set of objects,
while an ODP class is the set of objects itself. Therefore, the UML concept of class is closer to the ODP concept of type, and
there is no UML concept corresponding to the ODP concept of class. Therefore, no UML expression for the ODP concept of
classis provided.
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Any class stereotyped as «EV_Object» may have any number of associations, each stereotyped as «EV_FulfilsRole»,
with any number of classes stereotyped as «<EV_Role» in one or more community, modelling the fact that the enterprise
objects of that type fulfil theroles.

Where an enterprise object is required to represent a specific entity in the Universe of Discoursg, it is expressed by an
instanceSpecification of a class that is stereotyped as «EV_Object».

7.2.6 Object typesand templates as enter prise obj ects

There are cases where there is the need to model the type or template of an enterprise object at the instance level. An
example is the case of a generic factory, which is invoked by passing it a representation of a template (which has type
template), and responds by instantiating the template and returning a reference to the created object. To indicate that an
object is derived from a given template, we need to represent both the template object and the instantiated object in the
model. Likewise for types, to indicate that an object conforms to a given type, we need to represent both the object and
its object typein the model.

Both type ¢bjects and template objects are enterprise objects, and therefore are expressed by classes that,ekpress their
late. To distinguish them from other enterprise objects, such classes are stereotyped «EV_(TypeObject» or

The relatiohship between an enterprlse object and the object that represents |ts template or the-ebject(s) thet represent

EXAMHALE - In some specifications, such as in the ODP Trading Function specification, there isthe’need to specify the type of a
service, the trader can Iocate Obj ectsimpl ementl ng such aserwce The diagram shown in Flgure 8 represents the ppecification

its type (i.e., the type of the object is accessible as part of its met&data by means of -an, attribute of the class that pxpresses its
specification).

==E%_Ohject== ;E ==E%_TypeOhject==
PrintService PrintServiceType

iy Type © PrintServiceType

Figure 8 — An explicit representation of the type of an enterprise object
so that the object can accessitstype

7.2.7 Gommunity object

A commur)ity object is an enterprise objett that is refined in the model as a community. It is expressed by an
instanceSpgcification of a class stereotyped-as «EV_CommunityObject». This class has a dependency, stefeotyped as
«EV_RefirlesAsCommunity», to the cemponent stereotyped as «EV_Community» which expresses the fype of the
community|that refinesit.

728  Qbjective

An objective (of a community) is expressed by a class, stereotyped as «EV_Objective». This class has an gssociation,
stereotyped as «EV_ObjectiveOf» with the component, stereotyped as «EV_Community» that describes thelcommunity
being speciffied.
NOTE + When,"an objective is refined into sub-objectives, the sub-objective is also expressed by a class| stereotyped
«EV_Ohjective» and the relationship between objective and sub-objectives will be acomposition.

7.29 Contract

A contract for a community specifies the objective of that community, and how that objective can be met (i.e, its
behaviour and policies). It is the specification of that community as it appears in the enterprise specification. The
expression of contract is by apackage stereotyped as «EV_CommunityContract».

In the name space of the package will be the UML elements expressing the community itself, its objective, itsroles and
the associated behaviour (actions, interactions, steps and processes), and the policy and accountability concepts specific
to the community. Relationships between all these UML elements may also be included in this package's namespace.
The package may also contain some or al of the elements expressing the enterprise objects that fulfil its roles. (Those
elements expressing enterprise objects that fulfil roles in other communities may be contained in any one of the
packages expressing those communities.)
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7.2.10 Behaviour

7.210.1 General

NOTE — In this clause phrases such as "interactions between roles' and "steps performed by roles' should be read as
"interactions between enterprise objects fulfilling roles* and "steps performed by enterprise objects fulfilling roles’ respectively.

A behaviour is a set of actions with constraints on when they may occur. It is not expressed by any single UML
element. It is expressed by a set of elements expressing the behaviour as a set of processes of a community in which the
steps are behaviours of roles in the community. Where required, the behaviour of arole can be further detailed in terms
of a set of elements expressing the behaviour in terms of internal actions of the role and interactions between the role
and other rolesin the community.

Annex A illustrates the application of the concepts described in the following subclauses (7.2.10.2 and 7.2.10.3).

7.2.10.2 Behaviour asprocesses and steps

Where the e o stereotyped
as «EV_Prpcess» in the namespace of the component, stereotyped as«EV _ Community», that expresses-thelcommunity
that uses| this process to achieve its objective. This activity has a realization link, ‘sterqotyped as
«EV_ComimunityBehaviour» from that component. Within this activity:

- the steps of the process are expressed by callBehaviorActions, stereotyped as «EN/-Step»;

- the refinement of a step, as a process, is expressed by associating theneélevant callBehgiviorAction,
stereotyped as «EV_Step», that expresses the step, with an activity, stereotyped as «EV_Prgcess», that
expresses the refinement;

- activityPartitions (stereotyped as «EV_Role») represent classes (also stereotyped as «EV_Role») that
express the roles of the enterprise objects in the name.Space of the package (sterpotyped as
«EV_CommunityContract») that expresses the community inWhich therole is specified;

the step, is associated with an opaqueBehavior specified in the context of the correspomding class
stereotyped as «EV_Role» that expresses the role of the enterprise object that performs the st

NOTE — An opaqueBehavior can express, in ahappropriate language, any level of detail about the step that is
required to meet the modelling objectives.

the artefacts that are referenced in the steps are expressed by objectNodes, stergotyped as
«EV_Artefact».

- whereastep is not refined as a process, the callBehaviorAetion, stereotyped as «EV_Step», thiexpr%ses

In general, the complete behaviour for arole is modelled by the actions for that role in a number of processg

1)

7.2.10.3 Hehaviour asinteractions betweeh.roles

The detailed behaviour of individual relesmay be expressed by the following combination of UML elements:

- Oneor more classes.each having one or more associations with the class stereotyped as «EV| Role» that
expresses the role being specified. Each of these classes is stereotyped as «EV_ I nteraction».

- Each class stéreotyped as «EV_Interaction» will have associations with classes that are stefeotyped as
«EV_Rolex»,'where there is an interaction between these roles. An «EV_Interaction» is cgmposed of
signals,<€ach also stereotyped as «EV_Interaction». Enterprise objects that are refereniced in the
interactions are represented by the values of the properties of the signals.

- ,@ne'or more stateMachines for which the context is the class stereotyped as «kEV_Role», thg define the
constral nts on the recelvmg and sendl ng of mformatlon by an enterprise object fqu|II|ng the rple and any

‘ esending and
receiving of the signals, each stereotyped as «EV Artefact» associ ated with the interactions of the role,
and thus shows the logical ordering of these interactions, and defines the internal actions of the role in
terms of the behaviours associated with the states.

The internal actions identified in (the states of) the stateMachines for the «kEV_Role» correspond to the actions in an
activityPartition expressing the role in the corresponding activityDiagrams, and the properties of the signals correspond
to the objectNodes in the corresponding activityDiagrams.

7.2.10.4 Interfacerole

An interface role is expressed by a class stereotyped as an «EV_Role». The part of the behaviour identified by the
interface role that takes place with the participation of one or more external objects (objects that do not form part of the
decomposition of the community object that is refined by that community) is modelled by an interaction with arole that
identifies the required behaviour of the external objects. This behaviour is expressed by a class stereotyped as

18 ITU-T Rec. X.906 (11/2007)


https://iecnorm.com/api/?name=6fd9f1fd8711dbb834c66b011ce795be

1SO/I EC 19793:2008 (E)

«EV _Interaction» that has associations with each of the classes (stereotyped as «EV_Role») that express the interface
role, on the one hand, and the role that identifies the behaviour of the external objects, on the other.

7.211  Actor (with respect to an action)

The concept actor is a relationship between an enterprise object and an action. There is no single UML element that
expresses an instance of the RM-ODP enterprise language concept, actor. Actors in a model may be identified from
either or both of:

— an examination of the interaction model where the existence of actors will be indicated by the
associations, stereotyped as «EV_FulfilsRole», between the classes stereotyped as «EV_Role» and
«EV_Object», respectively, taken in combination with the stateMachine that expresses the behaviour of
therelevant role;

— inan examination of the process model, the presence of an «<EV_Step» in an «kEV_Role» activityPartition
indicates that the enterprise object fulfilling the role is an actor for the step concerned.

7.212  Artefact (with respect to an action)

The concept artefact is also a relationship between an enterprise object and an action. In an interactior] model, an
artefact referenced in an action is expressed by a signal stereotyped as «<EV_Artefact», which hastwo'associptions:

- one association, stereotyped as «EV_ArtefactRole», will be with the «EV_Object class exgressing the
enterprise object that is an artefact with respect to the action;

- the other association, stereotyped as «EV_ArtefactReference», will be with the «EV_Interagtion» class
that expresses the (inter-)action for which the enterprise object is an artéfact.

In aprocess moddl, it is possible to express each instance of artefact with asingle JML element, namely an objectFlow
stereotyped as «EV_Artefact».

7.213 Resource (with respect to an action)

No specifi¢ UML metaclass is extended to express this concept. If reguired, the fact that some behaviour fequires the
existence of an enterprise object as aresource may be stated in acemment on that behaviour.

7.214 Holicy

NOTE + In this clause a distinction is made between poli¢y value (the particular set of rules related to some purpose that are
applicabje at some moment in time as a result of a business decision to apply them), and policy envelope (a generg set of rules
related tp a purpose, which constrain any particular set‘of rules that may be applicable at any particular time). See[7.[L.3].

Policies ar¢ expressed in UML using a combination of elements, which together are used to express the follgwing:
- thepolicy itself;
- theobjects and the behavigur constrained by the policy; and

- the behaviour by which the policy value may be changed and objects that are allowed to exhibit that
behaviour.

The policy envelope is expressed by a class stereotyped as «EV_PolicyEnvelope», with a note stereotyped as
«descriptiop» which explains the policy and its rules in natural language.

Each policy value islexpressed by aclass stereotyped as «EV_PolicyValue» with two associations (one an aggregation,
the other alregularassociation in which the policy value has the role "current value") with the «EV_PolicyEnvel ope»
class that gxpresses the policy envelope that provides the context for the policy value.

Where the enterprise specification mctudes gements modetimng the berravioor concermed wittrsettmgthepolicy value,
this is modelled by roles identifying behaviour that may be detailed as processes or interactions, with associations,
stereotyped as «EV_ControllingBehaviour», between the classes expressing the policy envelope and the classes
expressing the behaviour.

The relationships between a policy envelope and the behaviour it constrains are expressed by one or more
dependencies, stereotyped as «EV_AffectedBehaviour», from the classes expressing the behaviour to the class
expressing the policy envelope.

Unless the set of policy values is predetermined, a set of constraints stereotyped as «EV_PolicyEnvelopeRule»
expressing rules governing acceptable policy valuesis attached to the «EV_PolicyEnvelope» class.

Attached to each «EV_PolicyVaue» class are a set of constraints stereotyped as «EV_PolicyVaueRule», which
together express behaviour rules related to the policy value. These rules, which may comprise obligations, permissions,
prohibitions, authorizations, or other expressions, may be expressed in OCL or other suitable notation.
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The pattern for expression of policy and itsimpact on other parts of an enterprise specification is shownin Figure 9.

S

==E%_|rteraction==
Set policy & by interaction

=<EVv_Procesz==
Set policy A by process

=<BY_ControlingBehaviours== =<E¥_ControlingBehaviour==

1
1 \“\ iﬁié—l - 1Rules far walues that may be specified} Iﬁ
==E%_PalicyEnvelope==
Policy & =
r [ o
1 > E. --\-Jl 2 dtaciE ol =
~ = —
|\ ~ o
e Y RS T~ - $
currentalue 1 \ -
/ <<EV_AffectedBn=}haviour>> A =<E%_Procesgs=
%% 10 ' =<E_AtfectedBhaviour> controlled process
==EV_Palicyvalues= \ a\
Policy value A \
5 ' ~
N oS - (5
]
- - - =<E%_Interaction== =<EViROle==
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Figure 9 — Pattern for UML expression.efia policy

7.215 Qbligation

No specifi¢ UML metaclass is extended to express this concept.*If required, the fact that some behaviodr places or
fulfils an obligation may be stated in acomment on that behaviour.

7.2.16  Authorization

No specifi¢ UML metaclass is extended to express'this concept. If required, the fact that some behaviour [requires or
creates an quthorization may be stated in acomment on that behaviour.

7.2.17 Hermission

No specifi¢ UML metaclass is extended)to express this concept. If required, the fact that some behaviour [requires or
creates a pgrmission may be stated.in’a comment on that behaviour.

7.2.18 Hrohibition

No specifi¢ UML metaclass-is extended to express this concept. If required, the fact that some behaviour [requires or
creates a pijohibition may.be stated in acomment on that behaviour.

7.219  Assignment policy

An assignment/policy is expressed in the same way as any other policy; see[7.2.14].

7.2.20 Violation

No specific UML metaclass is extended to express this concept. It is difficult to envisage the circumstances in which a
behaviour might be specified which is aviolation.

7221 Party

A party is an enterprise object modelling an entity with some of the rights, powers and duties of a natural person. It is
expressed in UML by an instanceSpecification of a class stereotyped as «EV_Party», which must also be stereotyped as
«EV_Object».

7.2.22 Accountable action

An action may be accountable when it is part of the behaviour identified by arole fulfilled by aparty. Thisis expressed
in UML with an association, stereotyped as «EV_Accountable», between the class expressing the role and the class or
activity expressing the interaction or process respectively in which the accountable party participates.
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NOTE — Where this construct is used for a process, this only indicates that the role is accountable for those steps that it performs,
and not for those performed by some other role. Thisis a limitation of the semantics of the UML approach chosen, asit is not
possible to associate a classifier with the element expressing steps.

7.2.23 Delegation

A Delegation is expressed in UML by an association, stereotyped as «EV_Delegation», between two classes
stereotyped as «EV_Role» with association ends showing the party which is the principal and the enterprise object
which is the agent to whom the delegation is made.

7.224  Principal
No specific UML metaclass is extended to express this concept. See[7.2.23].

7225 Agent
No specific UML metaclass is extended to express this concept. See [7.2.23].

7.226 Hrescription

No specifit UML metaclass is extended to express this concept. If required, the fact that some beh@viour is a
prescriptiop may be stated in acomment on that behaviour.

7.2.27 dommitment

No specifif UML metaclass is extended to express this concept. If required, the'\fact that some behaviour is a
commitmerjt may be stated in acomment on that behaviour.

7.2.28 Declaration

No specifit UML metaclass is extended to express this concept. If required, the fact that some behaviour is a
declaratior) may be stated in acomment on that behaviour.

7.229 Summary of UML extensionsfor the enterprise language

The enterpyise language profile (EV_Profile) specifies how the’enterprise viewpoint modelling concepts relatg to and are
expressed in standard UML using stereotypes, tag definitions’and constraints.

The followling diagrams (Figures 10 to 14) show a_graphical representation of the UML Profile for the enterprise
language, Using the notation provided by UML.
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==gtareotype==
Enterprise_Spec

==metaclags==
Model N . — ,
+EV_FieldOfspplication : String

==metaclags==
—
Package ==stereotype==
EY_CommunityContract

{In awell formed complete model there mustbe a component, stereotyped as
<EY_Communitys, expressing the specification of the Community within the
namespace of the package expressing the Community Contract}

Figure 10 — Model management

&

_— ==gtereotypes==
- EV_PolicyEnvelope ==metaclass==
Component ==5tereatypes=
= EV_Community
_— ==sgtareatypes==
EV_PolicyValue “=stereotype-=
- |EV_TypeOhject
== stereotype==
- EV_Object T <stareatypes>
EV_TemplateOhject
—— ==siereotype=>=
EV_ODPSystem {appligs, o to class also stereotyped as <<E\f_0bject>|§‘

==metaclass=»

Class ==gtereotype== -

the refinement ofthe Community Object.}

EY_CommunityDbject {within s well-formed complete model there musthe a
camponent, stereotyped as «EY_Communitys, expressing

T ==stereotypes= ¥

\ EV_Objective
+deseription : String

\ \
\ —
--\-H--hh""‘-h\..
“==stereotype==
EV_Party — = T|{applies onlyto class also stereotyped as =<EV_Ohject==}

\ ==stereotype==
! EV_Role
~——_
'“-——-,_,_______e_) ==metaclass=» — ﬁl
— & i
c=cte reot&rpt?>> Signal =<stereotypes>
EV_Interaction BEY_Artefact

Figure 11 —Classifiers
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==metaclass==

ActivityPartition

==metaclass==

-

ObjectNoge [+—————

:

==sterentypes=
EV_Process

==stereatypes==
EY_Role

&

==stereatypes=
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==metaclass==
Action

-

==metaclags==
StateMachine

EV_Arteract

e

C1
w

==stereotype==
EV_Step

==gtereotypes=

EY_Behaviour

Figure 12 — Activities

==metaclass=»
Constraint

==steraotype=s=
BEY_PolicyEmeelopeRule
{applies to\class stererotyped as ==EVY_PuolicyEnvelope==}

==sterentype==
EV_PolicyvfalueRule
{applies to class stereotyped as ==<EV_PolicyWalue==}

Figure 13 — Constraints
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==gtereotypes==
EV_ObjectiveOf
{hetween ==E%_Objective== class and ==EY_Community== component}

==gtereotype==
EV_FulilsRole
{between ==EY_Ohject== class and ==EW_Role== class}

==gtereotype==
EV_InteractionResponder
Ibetween ==EY_Interaction== class and ==EY_Role== class}

==gtareotypas=
EV_Interactioninitiator
Ihetween ==EY_Interaction== class and ==E%_Role== class)

==gtareotypas=
==metaclasss== EV_Delegation
Association Thetween ==EY_Role== tlass which has ==EV_FulfilsRole==

association with ==EY_Party== class and ==EV_Rale==4

==stereotype==
EV_Accountahle
{between ==EY_Roale== and ==EV_Interaction==an=<Ev_Process==}

==gtereotype==
EV_ArtefactRole
fhetween ==EY_Object== class and@E=EY_Artefact== signal}

==gterentype==
EV_ControllingBehaviour
{between ==EY_PolicgBrvelope== and <=EV_Pracess== ar ==E¥_Interaction==

==stareatypes==
EV_ArntefactReference
Thetwern <=E¥_Interaction== class and ==E¥Y_Arefact== signal}

==gtereotypes=
BEv_RefinesAsCommunity
_|{between ==<EV_CommunityObject== and ==EY_Community==}

amnetaclasss= g — N
Dependency [—Z\"

— ==gtereotype==
EV_AffectedBehaviour

Ihetween ==EY_PolicyEnvelope== Class and ==Ev_Role==
or ==EY_Interaction== class, or =<EV_Process== activity}

==tnetaclass== ==giereotype==
Realization | EV_CommunityBehaviour
{hetween =<EV_Coaommunity== companent and =<EV_Process== activity}

Figure 14 — Relationships

7.3 Enterprise specification structure (in UML terms)

An enterprise specification is contained in amodel, stereotyped as «Enterprise_Spec». At the top level within this model
there are one or more packages, stereotyped as «EV_CommunityContract», that include, where necessary, classes,
each stereotyped as «EV_CommunityObject», expressing the relevant communities as community objects.

Within each «EV_CommunityContract» package, there is a single component, stereotyped as «EV_Community» and a
single class, stereotyped as «EV_Objective», as well as other elements, packaged as convenient, expressing behaviour
(roles, processes and interactions), and enterprise objects that are local to the community.
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74 Viewpoint correspondencesfor the enterprise language

74.1 Contents of this clause

This clause describes the correspondence concepts for the enterprise language, but not how they are expressed in UML.
The latter is covered in clause 12.

74.2 Enterprise and infor mation viewpoint specification correspondences

In general, not all the elements of the enterprise specification of a system need correspond to elements of its information
specification. However, the information viewpoint shall conform to the policies of the enterprise viewpoint and,
likewise, al enterprise policies shall be consistent with the static, dynamic, and invariant schemata of the information
specification.

Where there is a correspondence between enterprise and information elements (e.g., between an enterprise object and
the information object that stores the relevant information about it), the specifier shall provide:

- for each enterprise object in the enterprise specification, a list of those information objects (Iif any) that
model information or information processing concerning the entity modelled by that enterprise object;

- for each role in each community in the enterprise specification, alist of those informatien objgct types (if
any) that specify information or information processing of an enterprise object fulfilling that riole;

- for each policy in the enterprise specification, a list of the invariant, static_and dynamic gchemata of
information objects (if any) that correspond to the enterprise objects to which that policy [applies; an
information object isincluded if it corresponds to the enterprise community'that is subject to that policy;

- for each action in the enterprise specification, the information pbjects (if any) subject to|a dynamic
schema constraining that action;

- for each relationship between enterprise objects, the invariaft schema (if any) which constrgins objects
in that relationship;

- for each relationship between enterprise roles, the invariant schema (if any) which constrains objects
fulfilling rolesin that relationship.

74.3 Bnterprise and computational viewpoint specification correspondences

Not all the elements of the enterprise specification of*a.System need correspond to elements of its computational
specificatign. In particular, not all states, behaviourstand policies of an enterprise specification need cofrespond to
states and behaviours of a computational specification. There may exist transitional computational states within pieces
of computdtional behaviour which are abstracted.as'atomic transitions in the enterprise specification.

Where there is a correspondence between enterprise and computational elements, the specifier shall provide:

- for each enterprise object in the enterprise specification, that configuration of computational objects (if
any) that realizes the required behaviour;

- for each interaction:in the enterprise specification, alist of those computational interfaces and operations
or streams (if any)'that correspond to the enterprise interaction, together with a statement of whether this
correspondenceappliesto all occurrences of the interaction, or is qualified by a predicate;

- for each(role affected by a policy in the enterprise specification, alist of the computational ¢bject types
(if any) that exhibit choicesin the computational behaviour that are modified by the policy;

- for each interaction between roles in the enterprise specification, a list of computational binding object
types (if any) that are constrained by the enterprise interaction;

— for each enterprise interaction type, a list of computational behaviour types (if any) of computational
behaviours capable of carrying out an interaction of that enterprise interaction type.

74.4 Enterprise and engineering viewpoint specification correspondences

Not all the elements of the enterprise specification of a system need correspond to elements of its engineering
specification. Where there is a correspondence between enterprise and engineering elements, the specifier shall provide:

— for each enterprise object in the enterprise specification, the set of those engineering nodes (if any) with
their nuclei, capsules and clusters, al of which support some or al of its behaviour;

— for each interaction between roles in the enterprise specification, alist of engineering channel types and
stubs, binders, protocol objects and interceptors (if any) that are constrained by the enterprise
interaction.

NOTE 1 — The engineering nodes may result from rules about assigning support for the behaviour of enterprise objects to nodes.
These rules may capture policies from the enterprise specification.
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NOTE 2 — The engineering channel types and stubs, binders or protocol objects may be constrained by enterprise policies.

745 Enter prise and technology viewpoint specification correspondences

In accordance with [Part 2 — 15.5] and [Part 3 — 5.3], an implementer provides, as part of the claim of conformance, the
chain of interpretations that permits observation at conformance points to be interpreted in terms of enterprise concepts.
While there may be specific correspondences between enterprise policies and technology viewpoint specifications that
require the use of particular technologies, there are neither required correspondences nor required correspondence
statements.
NOTE — Although there are no required viewpoint correspondences between enterprise and technology specifications, there may
be cases where part of an enterprise specification has a direct relationship with a technology specification or a choice of
technology. Such examples include enterprise policies covering performance (e.g., response time), reliability, and security.

8 Information specification

8.1 Nl odelling concepts

An information specification uses the RM-ODP information language. The modelling concepts andthe struduring rules

of the infofmation language are defined in [Part 3 — 6]. They are summarized in this clause,, Except wherg otherwise

stated, in cr of conflict between the explanations herein and the text in Part 3, the latter document should bg followed.
[

The set of dliagrams at the end of this clause (i.e., at [8.1.10]) summarizes a metamodel for,the information Ighguage.

The information viewpoint is concerned with information modelling. It focuses onsthe semantics of information and
informatiom processing in the ODP system. The individual components of a distributed system must share a common
understand|ng of the information they communicate when they interact, or«the' system will not behave as expected.
These items of information are handled, in one way or ancther, by one or more objects in the system. To endure that the
interpretatipn of these items is consistent, the information language/defines concepts for the specificgion of the
meaning of information stored within, and manipulated by, an ODP<system, independently of the way the Information
processing functions themselves are to be implemented.

In the ODIP Reference Model, the information language usesia-basic set of concepts and structuring rules, including
those from Part 2 of RM-ODP, and three concepts specific to the information viewpoint: invariant schema, static
schema and dynamic schema.

811 I hfor mation object

Information held by the ODP system about entities in the real world, including the ODP system itself, is moglelled in an
informatiom specification in terms of information objects, and their relationships and behaviour.

Basic infofmation elements are modelled by atomic information objects. More complex information is modelled as
composite [information objects modelling relationships over a set of constituent information objects. |nformation
objects, as pny other ODP objectsexhibit behaviour, state, identity and encapsulation.

NOTE - Information objects may have operations, although information operations are names for significant stimuli for state
changes] and are not necessarily the same as computational operations.

8.1.2 I pfor mationtebject type

The type of| an infermation object is a predicate characterizing a collection of information objects.

8.13

nformation object class

A class of information objects is the set of all information objects satisfying a given type.

814 Information object template

An information object template is the specification of the common features of a collection of information objects in
sufficient detail that an information object can be instantiated using it. Information object templates may reference
static, invariant and dynamic schemata.

8.15 Information action and action types

An action is a model of something that happens in the real world. Types of actions are modelled by action types. An
action in the information viewpoint is associated with at least one information object.

Actions can be either internal actions or interactions. An internal action always takes place without the participation of
the environment of the object. An interaction takes place with the participation of the environment of the object. Objects
can only interact at interfaces. ODP interactions are instances of ODP communications.
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8.1.6 Invariant schema

An invariant schema is a set of predicates on one or more information objects which must always be true. The
predicates constrain the possible states and state changes of the objects to which they apply.

An invariant schema can also describe the specification of the types of one or more information objects, that will
always be satisfied by whatever behaviour the objects might exhibit.

8.17 Static schema

A static schema is a specification of the state of one or more information objects, at some point in time, subject to the
constraints of any invariant schemata.

NOTE — Thus, a static schema is the specification of the types of one or more information objects at some particular point in
time. These types are subtypes of the types specified in the invariant schema.

8.1.8 Dynamic schema

A dynamic|schema is a specification of the allowable state changes of one or more information objects,subject to the
constraints|of any invariant schemata. A dynamic schema specifies how the information can evolve.as|the system
operates. | addition to describing state changes, dynamic schemata can also create and delete information ¢bjects, and
allow reclgssifications of instances from one type to another. Furthermore, in the information lahguage, a gate change
involving 4 set of objects can be regarded as an interaction between those objects. Not al the ebjects invglved in the
interaction|need to change state; some of the objects may be involved in aread-only manner.

8.1.9 ructure of an information specification

An information specification defines the semantics of information and the semantics of information procgssing in an
ODP systgm in terms of a configuration of information objects, the behavieur of these objects, and gnvironment
contracts for the objects in the system. More precisely, an information specification is structured in terms of:

aconfiguration of information objects, described by a set(of static schemata;
the behaviour of those information objects, described by-a set of dynamic schemata; and
the constraints that apply to either of the above (invariant schemata).

The different schemata may apply to the whole system, or they may apply to particular domains within it. Pafticularly in
large and rgpidly evolving systems, the reconciliation and.federation of separate information domains will bg one of the
major taskg to be undertaken in order to manage information.

There are dlso some considerations that need to be'taken into account when specifying the information viewpoint of an
ODP systeqm:

- Information objects are either atomic or are modelled as a composition of component [nformation
objects. When an information object is a composite object, the schemata are composed as well.

- Allowable state changes specified by a dynamic schema can include the creation of new [nformation
objects and the deletion of information objects involved in the dynamic schema. Allowable stpte changes
can be subjectto-ordering and temporal constraints.

-  The configuration of information objects is independent from distribution, i.e., there is no serjse or focus
on distripution in this viewpoint.

8.1.10 Summaryrof the information language metamodel

The diagram below (Figure 15) illustrates the concepts of the information language and the relationships betjveen them.

The descri ptiers-ef-the-coneepts-have-beenr-grren-above—Fhe-descriptions-of-the+elationships-between-the-eoncepts are

included in the description of the concepts.
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ng subclauses describe how the ODP information coneepts described in the previous clause are gxpressed in
information specification. A brief explanation of the ML concepts used in the expression of efch concept

hether with ajustification of the expression used.

In this clause UML expressions are only definedfor those concepts for which use has been demonstrates
included in the main body of this document oriin its Annex A. Where no example has been identified

concerngd is mentioned, but no UML expression is offered.
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ption object is generally specified in terms of its type, which is expressed by a class steeotyped as

[>.

hformation object is required to represent a specific entity in the Universe of Discourse, it is expressed by an

ecification of aclassthat is stereotyped as «IV_Object».

hj ect types anditemplates as information objects

ases where thére is the need to model the type or template of an information object at the instand
the casé.0f“a generic factory, which is invoked by passing it a representation of a template (whi

template),

e level. An
h has type

a d résponds by instantiating the template and returning a reference to the created obj ect. To indifate that an

its obj ect typeinthe model

Both type objects and template objects are information objects, and therefore are expressed by classes that express their
type or template. To distinguish them from other information objects, such classes are stereotyped «IV_TypeObject» or
«lV_TemplateObject», respectively. Both stereotypes inherit from «lV_Object».

The relationship between an information object and the object that represents its template, or the object(s) that represent

its type(s) can be expressed as an attribute of the class that specifies the information object.

EXAMPLE — The diagram shown in Figure 16 represents the specification of an information object, Loan, and of its type,
MyL oanType, expressed so that the object is able to know and access its type (i.e., the type of the object is accessible as part of
its meta-data, by means of an attribute of the class that expresses its specification).
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==l_Ohject== :ii} dﬁl"-,-"_TypeObject;;:ﬁ
Loan MyLoanType

Hype : MyLoanType

Figure 16 — An explicit representation of the type of an information
object so that the object can accessitstype

8.2.3 Information action and action types

An interaction is expressed by a signal sent or received by the stateMachines of the information objects concerned. An

action typeis expressed by asignal stereotyped as «IV_Action».

In the information viewpoint, actions are mainly used for describing events that cause state changes, or for

implementilng communications between objects, i.e., flows of information.

In an information specification, an internal action is expressed by an internal transition of a state of the statell
the information object concerned.

8.24 Relationships between information objects and between information object typées

lachine for

A relationship between information object types, when modelled as part of the state of the objects of those types, can be

expressed Iy an association between the classes expressing those types. Instances of these associations (i.e
express the rel ationshi ps between the information objects.

When assdciations between information objects are modelled in ODP as invasiant schemata, the UML
defined in [|8.2.5] apply.

8.25 [ hvariant schema
Invariant schemata may impose different kinds of constraints in an iformation specification.

First, invarjant schemata can provide the specification of the types of one or more information objects, that
be satisfied by whatever behaviour the objects might exhikit. This kind of invariant schema may be exp

, links) will

EXPressions

will always
ressed in a

UML PacHage stereotyped as «IV_InvariantSchema», Which specifies a set of object types (in terms o
classes tha express such object types), their possible rélationships (expressed by associations), and constrai
object typgs, on their relationships, and possibly-"on their behaviours (expressed by the specificat
correspond] ng stateMachines). The association multiplicities and the constraints on the different modelling €
constrain the possible states and state changes of the elements to which they apply.
NOTE 1J— OCL isthe recommended notation'for expressing the constraints on the modelling elements that form part
expressipn of an invariant schema. Howeyer, other notations can be used when OCL does not provide enough exprg
or is nof| appropriate due to the kind of expected user of the specification. For example, a temporal logic formula g
text can |be used for expressing a.constraint that imposes some kind of fairness requirement on the behaviour of the
"Objectg of class X will producerequests to objects of class Y, no later than agiven time T after condition A on obje
X, Y andl Z is satisfied").

There are dases, howevef;.in which an invariant schema in an information viewpoint specification is define
of concretq informatien‘objects. Such akind of invariant schema may be expressed by a package of objects
as «IV_InVariantSchemar». The constraints on these objects, together with the specifications of the classifig
objects, constrain the possible states and state changes of the objects.
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Finally, individual constraints stereotyped as «IV_InvariantSchema» can also be used to express invariant schemata.

8.2.6 Static schema

A static schema is expressed by a package stereotyped as «IV_StaticSchema» of objects, their attribute links, their link

ends which have an associated target link end which is navigable, and their classifiers.

NOTE — The possible associations of the information objects described in a static schema with other objects not contemplated in
the schema need not be included in the package, since they are not part of the specification provided by the schema. Therefore,
whenever the absence of an association instance (i.e., alink) needs to be expressed, it should be explicitly stated (by, e.g., using

constraints attached to the appropriate objects).
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8.2.7 Dynamic schema

A dynamic schema is expressed in terms of stateMachines for the information objects in the information specification,
stereotyped as «IV_DynamicSchema». The actions that relate to the state changes are expressed by signals that are sent

and received on transitions of the stateMachines.

8.2.8 Summary of the UML extensionsfor the information language

The information language profile (IV_Profile) specifies how the information viewpoint modelling concepts relate to, and

are expressed in, standard UML using stereotypes, tag definitions and constraints.

Figure 17 shows the graphical representation of the UML Profile for the information language, using the notation

provided by UML.
==profile==
P—Profibe
==stereotype==
___|W_TemplateObject
==metaclass=» <=sterenwpe==;§} k"
Class * Iv_Object
N <<stereotype>>;§
N_TypeOhbject
==metaclass=» <=stereotype=» &
Signal * I_Action
==metaclass== <=stere_nh,rpe== m
StateMachine N _DynamicSchema
—oretaclasens ==gleraotifie== ¥
At Iv_StaticSchema
Package -
— +lgeationinTime : date
h__H_HH
==starentype== ]";']
==metaclass>= |4 I _ImvariantSchema
Constraint
==metaclagg== ==gtereotypes==
Model - Information_Spec
Figure'l?— Graphical representation of the infor mation language profile
8.3 I hfor mation specification structure (in UML terms)

Such a modekgentains the packages that express the invariant, static and dynamic schemata of the system.

All the ele(lnents expressing the information specification are defined within a model, stereotyped «Inform

These packages may be defined and organized as follows:

ion_Spec».

— In the first place, a set of «lV_InvariantSchema» packages with class diagrams will define the
information object and object types of the system, their relationships, and the constraints on these

elements.

—  Second, a set of «IV_StaticSchema» packages with object diagrams will express the state of the system
or parts of it at specific locations in time, that may be of interest to any of the system stakeholders. The
classifiers of the instanceSpecificaions of these diagrams should have been previously defined in the

«lV_InvariantSchema» packages that define the structure and composition of the system.

— Third, dynamic schemata expressed by individual stateMachines will be associated with the
corresponding elements in the previous packages. Thus, individual stateMachines will be associated
with the corresponding classifiers or instanceSpecifications. Likewise, constraints describing invariants
and pre- and post-conditions of signals will be associated to the states of the stateMachines and with the

corresponding classifier definitions.
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—  Finally, aset of «IV_InvariantSchema» constraints will impose further constraints on the elements of all
the previous packages. Such constraints can be either directly attached to the corresponding elements,
establishing an implicit context by attachment, or they can form part of a separate piece of specification
in which the context of each constraint is explicitly established by naming.

8.4 Viewpoint correspondencesfor theinformation language

84.1 Contents of this clause

This clause describes the correspondence concepts for the information language, but not how they are expressed in
UML. The latter is covered in clause 12.

84.2 Enterprise and infor mation viewpoint specification correspondences

In general, not al the dements of the enterprise specification of a system need to correspond to elements of its
informatio tfreattor: ; f f f ; et TSP Viewpoint
and, likewise, al enterprise policies shall be consistent with the static, dynamic, invariant schemata of the){nformation
specificatign.

Where thetle is a correspondence between information and enterprise elements (e.g., between ari enterprisg object and
the information object that stores the relevant information about it), the specifier shall provide:

- for each enterprise object and for each artefact role in an enterprisé.action, the cofresponding
configuration of information objects (if any) that model them in the inforMation viewpoint;

- for each enterprise role, action and process in the enterprise viewpaint,the corresponding dynamic and
invariant schema definitions in the information viewpoint that specify'‘that behaviour;

- for each enterprise policy in the enterprise viewpoint, the constraints in the corresponding schemata that
implement it — since enterprise policies may become constraints in any of the schemata.

NOTE + In the case of a notional incremental development process-of, the ODP viewpoint specifications, ywhereby the
inform}on specifications are developed taking into account the previously/defined enterprise specifications, informhation objects

may be pliscovered through examination of an enterprise specification.“For example, each artefact referenced in afy actions in
which ap ODP system participates will correspond in some way with.ehe or more information objects.

8.4.3 I hformation and computational viewpoint spegification correspondences

Not all thelelements of the information specification.ofva system need to correspond to elements of its coputational
specificatign. In particular, not al states of an information specification need to correspond to states of aco]:putational
specificatign. There may exist transitional computational states within pieces of computational behavidqur that are
abstracted @s atomic transitions in the information specification.

Where an |nformation object corresponds.to a set of computational objects, the static and invariant schefnata of the
object correspond to possible states of the computational objects. Every change in state of an {nformation
onds either to some.set of interactions between computational objects, or to an internal pction of a
al object. The invariaint and dynamic schemata of the information object correspond to the behaviour and
t contract of the computational objects.

84.4 I hfor mationand‘technology viewpoint specification correspondences

While there may be'specific correspondences between information schemata and technology viewpoint specifications
that requirg theuse of particular technologies, there are neither required correspondences nor required corrgspondence
statements.

NOTE Thu A>3 Illuy b\, CUOLO Vvhbl A>3 Pwt \Jf Al ;I If\.ll LI IU:;UI T V;\'VVPU;I It opw;f;\.,d;ul T h(.&) A d:l\:\.&ﬂt I\,:(TI.;UI Ig‘:;P vv;th A t&hnology
viewpoint specification or a choice of technology. Such examples include invariant schemata covering performance
(e.g., response time) or security.

9 Computational specification

9.1 Modelling concepts

A computational specification uses the RM-ODP computational language. The modelling concepts and the structuring
rules of the computational language are defined in [Part 3 — 7]. Some of the concepts in Part 2 of RM-ODP are also
used when defining the computational language concepts. The concepts and structuring rules are summarized in this
clause. Except where otherwise stated, in case of conflict between the explanations herein and the text in Parts 2 or 3,
the latter document should be followed.
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The set of diagrams at the end of this clause (i.e., at [9.1.22]) summarizes a metamodel for the computational language.

NOTE — Another partial metamodel for the computational language can be found in ITU-T Rec. X.960 | ISO/IEC 14769: Type
Repository Function, which is concerned with the storage and management of computational type systems. That metamodel is
therefore a partial view concentrating on the computational type system, rather than on system design in general. Readers should
be aware that:

a) cardinality constraints on types are not, in general, the same as the cardinality constraints on instances — an
interface must be associated with an object, but an interface type can be defined independently of an object type;

b) the different focus there leads to different choices of primary relations, so that some relations that are explicit in

If therei

that metamodel are derived in this representation, and vice versa.
sany ambiguity, statements in this document take precedence.

9.1.1 Computational object

An object is a model of an entity. An object is characterized by its behaviour and, dualy, by its state. An object is
distinct from any other object. An object is encapsulated, i.e., any change in its state can only occur as a result of an

internal ac
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tional object is an object as seen in the computational viewpoint. It models functional decomp
th other computational objects. Sinceit is an object, it has state and behaviour, and interactions 4
erfaces.

nterface[Part 2 —8.4]

e is an abstraction of the behaviour of an object that consists of a subset, af the interactions of
h a set of constraints on when they can occur.

nteraction [Part 2 —8.3]
ion is one of two defined kinds of actions. Action itself is defined as something that happens
nterest for modelling purposes is associated with at least ong object. The set of actions associg

n of the environment of the object. An interaction takes/place with the participation of the envi

nvironment contract [Part 2 —-11.2.3]

Nt contract is a contract between an object and its environment, including Quality of Ser
usage and management constraints.

pints include:
temporal constraints (e.g., deadtines);
volume constraints (e.g« throughput);

dependency constraints covering aspects of availability, reliability, maintainability, security]
(e.g., mean timebetween failures).

i by provisiorof one or more distribution transparencies (e.g., replication).

ment contract can describe both:
requirements placed on an object's environment for the correct behaviour of the object; and
eonstraints on the abject behaviour in a correct environment.

osition and
re achieved

that object

and every
ed with an
vithout the
ronment of

vice (QoS)

and safety

aints can imply, usage and management constraints. For instance, some QoS constraints (e.g., qvailability)

9.15 Behaviour (of an object) [Part 2 —8.6]

Behaviour of an object is a collection of actions with a set of constraints on when they may occur.

The specification language in use determines the constraints that may be modelled. Constraints may include, for
example, sequentiality, non-determinism, concurrency or real-time constraints.

Behaviour may include internal actions.

The actions that actually take place are restricted by the environment in which the object is placed.

9.1.6 Signal [Part 3—7.1.1]

A signal is an atomic shared action resulting in one-way communication from an initiating object to a responding

object.
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9.1.7 Operation [Part 3—7.1.2]

An operation is an interaction between a client object and a server object which is either an interrogation or an
announcement.

9.1.8 Announcement [Part 3—7.1.3]

An announcement is an interaction, the invocation, initiated by a client object resulting in the conveyance of
information from that client object to a server object, requesting a function to be performed by that server object.

9.1.9 Interrogation [Part 3—7.1.4]

Aninterrogation is an interaction consisting of:

— one interaction, the invocation, initiated by a client object, resulting in the conveyance of information
from that client object to a server object, requesting afunction to be performed by the server object,

Ll od-bv

OVAL
prrovvCor oy~

a second interaction, the termination, initiated by the server object, resulting in thecoryveyance of
information from the server object to the client object in response to the invocation.

—

9.1.10 Hlow [Part 3—7.15]

A flow is ah abstraction of a sequence of interactions, resulting in conveyance of information’from a produder object to
aconsumel| object.

NOTE H A flow may be used to abstract over, for example, the exact structure of a sequence’of Interactions, or over | continuous
interactipn including the special case of an analogue information flow.

9.1.11  Hignal interface[Part 3—7.1.6]

A signal inferface is an interface in which all the interactions are signals.

9.1.12 Qperation interface[Part 3—7.1.7]

An operatipn interface is an interface in which all the interactionsare operations.
9.1.13 Stream interface[Part 3—7.1.8]

A streamimterfaceis an interface in which all the interactions are flows.

9.1.14 Qomputational object template[Part 3+7.1.9]

A computational object template is an object template which comprises a set of computational interface terpplates that
the object gan instantiate, a behaviour specification and an environment contract specification.

9.1.15 ({omputational interface template [Part 3—7.1.10]

A computgtional interface template is an interface template for either a signal interface, a stream intefface or an
operation |nterface. A comiputational interface template comprises a signal, a stream or an operation interface
signature gs appropriate, . abehaviour specification and environment contract specification.

9.1.16 Hignal interface signature[Part 3—7.1.11]

A signal interface'signature is an interface signature for a signal interface. A signal interface signature gomprises a
finite set of action templates, one for each sgnal typein the mterface Each action tempI ate comprlses the name for the
signal, the lrdimbe ' ‘ tHon-of-caqsal , ‘ ng, but not
both) with respect to the Obj ect that |nstant|ates the templ ate

9.1.17 Operation interface signature[Part 3—7.1.12]

An operation interface signature is an interface signature for an operation interface. An operation interface signature
comprises a set of announcement and interrogation signatures as appropriate, one for each operation type in the
interface, together with an indication of causality (client or server, but not both) for the interface as a whole, with
respect to the object which instantiates the template.

Each announcement signature is an action template containing the name of the invocation and the number, names and
types of its parameters.

Each interrogation signature comprises an action template with the following elements:
—  the name of the invocation;
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—  the number, names and types of its parameters,
— afinite, non-empty set of action templates, one for each possible termination type of the invocation, each
containing both the name of the termination and the number, names and types of its parameters.

9.1.18 Stream interface signature[Part 3—7.1.13]

A stream interface signature is an interface signature for a stream interface. A stream interface comprises afinite set of
action templates, one for each flow type in the stream interface. Each action template for a flow contains the name of
the flow, the information type of the flow, and an indication of causality for the flow (i.e., producer or consumer but not
both) with respect to the object which instantiates the template.

9.1.19 Binding object [Part 3—7.1.14]

A binding object is a computational object that supports a binding between a set of other computational objects.
9.1.20 Binding[Part2—-13.4, Part3-7.2.3]

A binding behaviour is an establishing behaviour between two or more interfaces (and hence between their] supporting
objects). The contractual context, resulting from a given establishing behaviour, is called a binding.

In Part 3, inding is defined with reference to binding actions. Use of such actions is called explicitbinding. There are
two kinds gf binding actions: primitive binding actions and compound binding actions. A primitive binding gction binds
two computational objects directly. A compound binding action can be expressed in terms . of jprimitive binding actions
linking twq or more computational objects via a binding object.

In notations which have no terms for expressing binding actions, binding is implicit/Implicit binding foq other than

server operfation interfaces is not defined in the Reference Mode.
9.1.21 ransparency schema [Part 3 —16]
A transparency schema identifies those transparencies required by a computational specification. These trahsparencies

are constrgnts for a mapping from the computational specification-{o.a specification that uses specific ODP functions

and engingering structures. It defines a combination of distribution transparencies assumed by the cofnputational
specificatign.
NOTE { As described in [Pat 3 — 16], the distribution transparencies include access transparerjcy, failure

transpayency, location transparency, migration trangparency, persistence transparency, relocation transparency,
replicaion transparency and transaction transpareqgcy.

9.1.22  Structureof a computational specification

A computgtional specification describes the functional decomposition of an ODP system, in distribution [transparent
terms, as.

- aconfiguration of computational objects;

- theinternal actions of those objects;

- theinteractionsthat occur among those objects;

- environment.contracts for those objects and their interfaces.
The set of ¢computatienal objects specified by the computational specification constitute a configuration that vill change

as the comjputational-objects instantiate further computational objects or computational interfaces, perform binding
actions, efflect control functions upon binding objects, delete computational interfaces or delete computational objects.

The computational language defines a set of rules that constrain a computational specification. These comprige:
interaction rules, binding rules and type rules that provide distribution transparent interworking;

template rules that apply to all computational objects and computational interfaces;

failure rules that apply to all computational objects and identify the potential points of failure in
computational activities.

9.1.23 Summary of the concepts of the computational metamodel

Figure 18 illustrates the concepts of the computational language and the relationships between them. The descriptions of
the concepts have been given above. The descriptions of the relationships between the concepts are included in the
description of the concepts.

NOTE — Some of the relationships between computational language concepts are not shown in Figure 18, e.g., the relationship
between interface and signature, since they are related through their super-types.
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The following restrictions apply to the elements of the diagram shown in Figure 18.

9.2

The followjng clauses describe how the ODP ‘eomputational concepts described in the previous clause are €

— A binding object is associated with at |east two different objects.

— A binding object binds two or more objects through the same type of interface (signal, ann
interrogation or flow).

— All interfaces associated with a signal interface signature are signal interfaces [9.2.9],
constituent interaction signatures are signal signatures.

context Signal inv Signal Signature:
self.interface->forAll(ocll sTypeOf(Signall nterface))

context Signallnterface inv Signal Signature;
self.specifier->forAll(oclIsTypeOf (Signal Signature))

context Signallnterface inv Signall nterfaceSignature:
self.specifier->forAll(ocl1sTypeOf (Signal I nterfaceSignature))

ouncement,

and al its

-  All interfaces associated with an operation interface signature are operation interfaces [9-2(9]
constituent interaction signatures are announcement, interrogation, invocation or ter migation

context Announcement inv AnnouncementSignature:
self.interface->forAll(ocll sTypeOf(Operationl nterface))

context Invocation inv InvocatonSignature:
self.interface->forAll(ocl sTypeOf(Operationl nterface))

context Termination inv TerminationSignature:;
self.interface->forAll(ocll sTypeOf(Operationl nterface))

context Operationlnterface inv Operationl nterfaceSignature:
self.gpecifier->forAll(ocl1sTypeOf (Operationl nterfaceSignature))

All interfaces associated with a stream interface signature are stream interfaces [9.2.9].

context Flow inv StreamSignature:
self.interface->forAll(ocl sTypeOf(Streami nterface))

context Streaminterface inv StreamlnterfaceSignature:
self.specifier->forAll(ocl I sTypeOf(Streaml nterfaceSignature))

UML profile

,and al its
signatures.

Kpressed in

UML in a¢omputational specification. A_hrief explanation of the UML concepts used in the expression of each concept
is given, topether with ajustification of-the-expression used.

NOTE 1 — In this clause UML expressions are only defined for those concepts for which use has been demonstrate
examplg included in the main body. of this document or in its Annex A. Where no example has been identified
concerngd is mentioned, but neUML expression is offered.

NOTE 3 — The concepts and rules of the computational language concern the decomposition of the system func
computgtional objects performing individual functions and interacting at interfaces and thus provides the basis for
how to @listribute the'tasks to be done. This level of abstraction deals with aspects related to the software archit
system, and therefare the appropriate UML mechanisms for modelling software architectures are used in this text (c
ports, infterfaces):

NOTE J — Fhe ¢omputational viewpoint assumes that the specifier selects a certain level of refinement below whi
the congept 0f’computational object ceases to be essential; these lower level specification concerns, such as the redli

H through an
the concept

ionality into
decisions on
bcture of the
bmponents,

h the use of
zation of the
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ecification

techniques and languages, including the direct use of UML concepts and rules. Thus, this profile covers the specification of
computational objects at the level of UML components that interact through their ports, but leaves open to the specifier the way

in which the internal realization of such components is specified.

9.21 Computational object

A computational object is generally specified in terms of its template, which is expressed by a component stereotyped
as «CV_Object».

The attribute isIndirectlylnstantiated of such a component should be set to true. This attribute constrains the kind of
instantiation that applies to a component. If false, the component is instantiated as an addressable instance. If true
(default value), the component is defined at design-time, but at runtime (or execution-time) an instance specified by the
component does not exist, that is, the component is instantiated indirectly, through the instantiation of its realizing
classifiers or parts.
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Where a computational object is required to represent a specific entity in the Universe of Discourse, it is expressed by
an instanceSpecification of acomponent that is stereotyped as «CV_Object».

Where there is the need to express a computational object type, it is also expressed by a UML component, stereotyped as
«CV_Object». The attribute isIndirectlylnstantiated of the component stereotyped «CV_Object» should be set to true.

When a component stereotyped as «CV_Object» expresses a computational object template, the attribute isAbstract of
such a component should be set to false, meaning that the component needs to provide al the information required to
instantiate objects.

9.2.2 Object types and templates as computational objects

There are cases where there is the need to model the type or template of a computational object at the instance level. An
example is the case of a generic factory, which is invoked by passing it a representation of a template (which has type
template), and responds by instantiating the template and returning a reference to the created object. To indicate that an
object is derived from a given template, we need to represent both the template object and the instantiated object in the
model. Likpwise for types, to indicate that an object conforms to a given type, we need to represent both the object and
its object type in the model.

Both type pbjects and template objects are computational objects, and therefore are expressed. by, .comppnents that
express thdir type or template. To distinguish them from other computational objects, such compenents are gtereotyped
«CV_TypeObject» or «CV_TemplateObject», respectively. Both stereotypes inherit from «CV \Object».

The relatignship between a computational object and the object that represents its template, or the oljject(s) that
represent it type(s) can be expressed as an attribute of the class that specifies the computational object.
EXAMHALE - In some specifications, such as in the ODP Trading Function specification, there is the need to specifythe type of a
service, |so the trader can locate objects implementing such a service. The diegram shown in Figure 19 rdpresents the

specificgtion of a computational object, PrintService, and of its type, PrintServiceType, expressed so that fype can be
manipul ited by computational operations.

quV_Ohjem::E =AY _TypeOhiect==
PrintService +hny Type PrimServiceType

Figure 19 — An explicit representation of the type of a computational
object so that'the object can accessitstype

9.23 Binding object

A binding|object is a kind of computational object, and is expressed by a instanceSpecification of a omponent,
stereotyped as «CV_BindingObject», that represents its type or template.

The follow|ng two restrictions apply to binding objects, and therefore to components stereotyped «CV_BindingObject»:
- Any binding object is associated with at least two different objects.

Any binding'object binds two or more objects through the same type of interface (signal, annpuncement,
interrogation or flow).

9.24 Hnvironment contract

An enviranment confract of a computational object is expressed by a set of constraints (stereotyped
«CV_EnvironmentContract») applied to the component that expresses the computational object.

9.25 Signal

A signal is expressed by a message, stereotyped as «CV_Signa», sent by an initiating object and received by a
responding object.

9.2.6 Announcement

An announcement is expressed by a message, stereotyped as «CV_Announcement», sent by a client object and
received by a server object with no response expected.

9.2.7 I nvocation

An invocation is a part of interrogation and is expressed by a message, stereotyped as «CV_Invocation», sent by a
client object and received by a server object.
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9.2.8 Termination

A termination is a part of an interrogation and is expressed by a message, stereotyped as «CV_Termination», sent by a
server object and received by a client object.

9.29 Computational interface

Computational interface templates are expressed by ports, that can be stereotyped «CV_Signallnterface»,
«CV_Operationinterface» or «CV_Streamlinterface» depending on the type of interface (signal, operation or stream).
Thus, an interface of a computational object is expressed by a port of a component instance, instantiated from the
corresponding component that expresses the object's computational interface template.

In order to express the causality of an operation interface, the stereotype «CV_Operationlnterface» has a tag definition,
causality, of type OperationCausality (an Enumeration type whose literals are client and server).

In order to express the causality of a signal interface, the stereotype «CV_Signalinterface» has a tag definition,
causality, gftype-Stegnal sahey—al ok +orol —~

atro V1o

The stereotype «CV_Streaminterface» does not have any tag definition, because stream interfaces)d
causality.

9.210 (Jomputational interface signature

A computational interface signature is expressed by an interface, stereotyped «CV._ SignallnterfacgSignature»,
«CV_OpergtioninterfaceSignature» or «CV_StreaminterfaceSignature» depending on the type of interface signature.
(signal, opération or stream).

9.211 (Qomputational signature

A Computational signature can be expressed by a reception, an operation;\0r an interface, depending on|the sort of
signature. Receptions are used to express signatures of computationalsnteractions which are expressed by individual
signals (signals, announcements, invocations and terminations). @perations can be used to express interrogation
signatures fthat are composed of an invocation signature and a termination signature. Finally, interfaces gre used for
expressing fflow signatures [9.2.18].

9.2.12 ignal signature

A signal gignature is expressed by a reception, stereotyped as «CV_SignalSignature». This stereotypefl reception
expresses gn action template which includes the namefor the signal, the number, names and types of its pargmeters, and
indication ¢f whether it isinitiating or responding:.

9.213 Announcement signature

An annoumcement signature is a sighature for an announcement. An announcement signature is exprgessed by a
reception, Btereotyped as «CV_AnnouncementSignature». This stereotyped interface expresses an actign template
which inclpdes the name for the-invocation, the number, names and types of its parameters, and an ir{dication of
whether it isaclient or a serven.

9.2.14 Ipvocation signature

An invocatjon signature is a signature for an invocation in an interrogation. An invocation signature is exgressed by a
reception, $tereotyped as «CV_lnvocationSignature». This stereotyped reception expresses an action template which
includes the namefor the invocation, the number, names and types of its parameters, and an indication of wtjether itisa
client or a gerver.

9.215 Termination signature

A termination signature is a signature for a termination for interrogation. A termination signature is expressed by a
reception, stereotyped as «CV_TerminationSignature». This stereotyped reception expresses an action template which
includes the name for the termination, the number, names and types of its parameters, and indication of whether it isa
client or aserver.

The Stereotype «CV_TerminationSignature» has a tag definition, invocation, whose type is Reception, that refers to the
invocation for which this reception is atermination.

9.216 Interrogation signature

An interrogation signature is a signature for an interrogation, which comprises signatures for an invocation and a
termination.
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In the case of an interrogation signature comprising one invocation signature and one termination signature, the
interrogation signature can be expressed by an operation, stereotyped as «CV_lInterrogationSignature». This
stereotyped operation expresses an action template which includes the name for the invocation, the number, names and
types of its parameters, the indication of whether it is a client or a server, and the number, names and types of the
termination's parameters.

Alternatively, an interrogation signature can be modelled in terms of one invocation signature [9.2.14] and separate
termination signatures [9.2.15].

NOTE - This aternative modelling approach may be used, for example, in the case of an interrogation comprising one
invocation and possibly multiple kinds of termination.

9.217 Bindings

An explicit primitive binding is expressed by an assembly connector, stereotyped as «CV_PrimitiveBinding». Such a
connector can be defined from arequired interface to aprovided interface, or from arequired port to a provided port.
EXAMR pp R Hg-Feg S ptorH i angl Service, as

Figure 20:

showni
::CV_Operatiu:unlrderfaceSignature>>D <<C\-"_Operationlnterfau:eSignature::O
Servicef Service
+OR() +Op )
+op20) +Op2()
+OREC)

Figure 20 — Two operation interface signatures

Then, the diagram shown in Figure 21 represents an explicit primitive binding between the corresponding ijnterfaces of
computational objects ClientA and Server:

=20 _Ohject== gl =20 _Ohject== Eﬂ
1
Clienth Server
‘[:l_ _ ==CV PrimitiveBinding==_ {}
C [Eerviced 5 Zervice
==C% _Dperationinterface== ==C% _Operationinterface==
causality=client causality=server

Figure 21 — An explicit primitive binding between two interfaces

EXAMHLE 2 — Assuming the specification of operation interface signatures ServiceA and Service as above, the diggram shown
in Figure 22 represents an explicit primitive binding between the corresponding interfaces of computational objects|ClientA and
Server, put showing explicitly the\interface signatures of both interfaces (stereotypes and tag values of the ports |representing
such intgrfaces have been omitted for clarity).

==Y _Ohject== E

==C%_Ohbjgcts=
— = E Server

Cliénth ==CY_PrimitiveBinding== : L

. Serviced Service = : [Eervice
C Seryiced

Figure 22 — An explicit primitive binding between two interfaces showing their interface signatures

The following restrictions apply to assembly connectors, stereotyped as «CV_PrimitiveBinding»:

— If they connect interfaces, they are both stereotyped «CV_OperationlnterfaceSignature» and the
operation interface signature expressed by the client interface is a subtype of the operation interface
signature expressed by the server interface [Part 3—7.2.3].

— If they connect ports, then: (a) these ports are stereotyped «CV_Signallnterface»,
«CV_Operationinterface» or «CV_Streaminterface», (b) their stereotypes coincide, and (c) the interface
expressed by the client port is compatible with the interface expressed by the server port, according to the
primitive binding rules defined in [Part 3 —7.2.3].
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— If they connect ports stereotyped «CV_Streaminterface», the fact that stream interfaces do not have
causality implies that the assignment of direction (that is, the designation of the client element) is
irrelevant.

An implicit primitive binding can only happen between interfaces specifying operation interface signatures, and only
when the required interface coincides with the provided interface; then there is no need to represent the connector.
NOTE — In this case the "ball-and-socket" connection representation can be used, as shown in Figure 23.

==CW_Ohbject== E ==CW_Ohbject== E
ClientB .'/_ Server
C Service e
SBrvice = Service

I:igl wre23_An implirif Ir\rimiﬁ\n: hinding hetween twao interfaces

Compound|bindings are expressed by representing the corresponding binding objects and their bindingswitih the bound
objects.

9.218 Hlow

A flow is expressed by a property, stereotyped as «CV_Flow». The property belongs to“an interface stefeotyped as
«CV_StreaminterfaceSignature», which represents the stream interface signature wheré the flow is defined.

The name ¢f the property expresses the name of the flow. The type of the property-expresses the flow signatufe, which is
expressed by an interface, stereotyped as «CV_FlowSignature». The causality.of“the flow (consumer or groducer) is
expressed by the tag definition, causality, of stereotype «CV_Flow». The type of this tag definition is FigwCausality
(an Enumefation type whose literals are producer and consumer).

EXAMHLE - The diagram shown in Figure 24 represents the software arehitecture of atel econference system, composed of two
kinds of [computational objects (Presenter and Participant) interacting at'their computational interfaces.

The Prlesenter object provides one operation interface fer, control (expressed by the port ctrl, | stereotyped
«CV_Operationlnterface», whose signature is expressed by the ifiterface 1Control), and one stream interface (expilessed by the
port c, ]stereotyped «CV_Streaminterface», whose signature»is expressed by the interface AVConference). [This stream
interface defines four flows, one for producing video frames,fwo for producing audio frames and one for consumingjaudio).

The Parficipant object offersthe dual interfaces, one for«controlling the Participant, and one for binding to its stregm interface.

Control |nterfaces are bound using an implicit bindingvhilst the stream interfaces are bound using a primitive binding, i.e., no
binding pbject is required.

<<CV_Opera‘fionIrderfaceSignature>>O <<CV_FIDWSignature>>O <<CV_FIOWSignature>>O
IControl Audio VYideo
+atart)
+ztopr)
== _SFeaminterfaceSignatures:= O <=0 _StreatninterfaceSignature== O
AvConference AVParticipantStream
==Y Flowe==+v - Video{causality = producer =20 _Floww==+v  Video{causality = conzumer
=22 \Flowe==+french ; Audic{causality = producer} =20 _Flowe==+french ; Audio{causality = consumer }
<=2 Flowe==+english | Audio{causality = producer } ==CY_Flowe==+english : Audio{causality = consumer}
== _Flow==+guestions | Audio{causality = consumer}| |==CY_Flow==+questions ;| Audio{causalty = producer}

==Y _Objects= {l ==Y _Ohject== E
Presenter Participant
[]é ==CY_PrimitiveBinding== []
c ANVConference B AvPartigipartStrearm

[; ctrl: 1Contral ¢ |Cantral

-"‘"-\-L__ —

e P
T e
S .-_\'--______.a-'

q<C\-"_OperatinnlméﬁfaceSignaturepp
1Control

Figure 24 — An example of the specification of flows
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9.219 Transparency schema

A transparency schema is expressed by a set of tag definitions applied to a model that is stereotyped as
«Computational_Spec», one for each of the transparencies defined in [Part 3 — 16], except for access and location
transparencies, which are mandatory for any computational specification.

The type of these tag definitions is boolean, and indicates whether the particular transparency is required for the
computational specification or not.

9.220 Summary of the UML extensionsfor the computational language

The computational language profile (CV_Profile) specifies how the computational viewpoint modelling concepts relate
to, and are expressed in, standard UML using stereotypes, tag definitions and constraints.

The following shows diagrammiatic representations of this UML profile.

==profile==
CV Profile
==metacldss== ==stereatypes== —=metaclasse= <=gtereatype=
Comporjent required; CY_Object Model " Computational_Spec
{self baseComponentisindirectlyinstantiated = true}
? L|\— L|\— ==stereatype=
==gtereotypes== ==stereotype== ==stereotypes== <<metackises CY_PrimitiveBindjng
CV_TemplateObject| |CV_TypeObject| |CV_BindingObject Confietfor
==metacldss== ==gtereolype== [P—
Constraint CY_EmvironmentContract ==gterentype== OperationCausality
CY_SignalinterfaceSignature -
==stereotype== client
CV_Signal P server
- Py «=sterentypess _
— <<sterentvpn_e>> <<metaclags=> o | CV_StreaminterfaceSignature <<_enumerat| i
==rnetaclagdss= 4___-——--“__ CV_Invocation Interface 1—-—-________ —eet - SignalCausplity
Message — <=5t == T -S ereatyne - initiator
——— <=stereotype — CV_OperationinterfaceSignature responder
M CV_Termination ~
~—_
" ==gtereotype== ==gnumeratipn==
==sterectype==> CV_FlowSignature FlowCausality
CY_Announcement
consumer
producer
==gtereotype==
CV_Streaminterface
==stereotype==
_— ______C¥_InterrogationSignature
e —<dlatontpens <ametaclasss» g ——
==metacldss== v Gorftionintert Operation ¢
| erationinterface T
Port p N 7 —— ==gtereotype==
) +gugglity | OperationCausality CV_SignalSighature
-x'"‘*a.,_ _
==gtereotype== =astereotype== .
CV_Signalinterface i
I E\k&nnouncementSlgnature S
+causality | SignalCausality ==mefpclass=>
==stereatypes= - Redeption
PO These exiensions are emporary, mgmmmm
==metaclass== oV H il hecause many tools do not support
Property  [* —riow "Reception”. Therefore we temporatily <<stereatypers
+causality | FlowCausality allow these stereotypes to extend CV_TerminationSignature
metaclass "Operation” tan -
+invocation | Reception

Figure 25— Graphical representation of the computational language profile (using the UML notation)

The following constraints apply to the elements of the profile:

—  The constraint baseComponent.isindirectlyl nstantiated=true means that the component is defined at
design-time, but at runtime (or execution-time) an instance specified by the component does not exist,
that is, the component is instantiated indirectly, through the instantiation of its realizing classifiers or
parts.
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— A component expressing a computational object template has ports and interfaces for interaction with
other computational objects.

In addition, the elements of the computational language (shown in Figure 18) are subject to a set of restrictions, as
described in [9.1.22]. The constraints that implement those restrictions on the corresponding profile elements should

also apply.

9.3 Computational specification structure (in UML terms)

All the elements expressing the Computational specification are defined within a model, stereotyped
«Computational_Spec». Such amodel contains packages that express.

— aconfiguration of computational objects with dependencies among those objects using required and
provided interfaces and signatures they provide, with a component diagram,;

—  structure of computational objects including composition and decomposition of computational objects,
wiItn awmpunem Clldgldlll,

- environment contract for computational objects, with constraints on elements;

- interactions between computational objects, and interactions between composed computatignal objects
within a computational object, with UML activity diagrams, state charts and interaction diagrams.

94 \fiewpoint correspondencesfor the computational language

9.4.1 (ontents of this clause

This clausg describes the correspondence concepts for the computational language, but not how they are expressed in
UML. Thelatter is covered in clause 12.

9.4.2 Hnterprise and computational viewpoint specification cor respondences

The specifier shall provide:

- for each enterprise object in the enterprise specification, that configuration of computational objects (if
any) that realizes the required behaviour;

- for each interaction in the enterprise specification, alist of those computational interfaces and operations
or streams (if any) that correspond to theenterprise interaction, together with a statement of whether this
correspondence appliesto all occurrenées of the interaction, or is qualified by a predicate;

- for each role affected by a policy'in the enterprise specification, alist of the computational ¢bject types
(if any) that exhibit choices inithe computational behaviour that are modified by the policy;

- for each interaction betweerroles in the enterprise specification, a list of computational binding object
types (if any) that are constrained by the enterprise interaction;

- for each enterpriseinteraction type, alist of computational behaviour types (if any) capable of modelling
(i.e., acting as.a'carrier for) the enterprise interaction type.

If aprocess based approachiis taken, the specifier shall provide:

for eaghistep in the process, alist of participating computational objects which may fulfil ong or more of
actorreles, artefact roles and resource roles.

94.3 I pformation and computational viewpoint specification correspondences

This document does not prescribe exact correspondences between information objects and computational objects. In
particular, not all states of a computational specification need to correspond to states of an information specification.
There may exist transitional computationa states within pieces of computational behaviour that are abstracted as
atomic transitions in the information specification.

Where an information object corresponds to a set of computational objects, static and invariant schemata of an
information object correspond to possible states of the computational objects. Every change in state of an information
object corresponds either to some set of interactions between computational objects or to an internal action of a
computational object. The invariant and dynamic schemata of the information object correspond to the behaviour and
environment contract of the computational objects.
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944 Computational and engineering viewpoint specification cor respondences

Each computational object that is not a binding object corresponds to a set of one or more basic engineering objects
(and any channels which connect them). All the basic engineering objects in the set correspond only to that
computational object.

Except where transparencies which replicate objects are involved, each computational interface corresponds exactly to
one engineering interface, and that engineering interface corresponds only to that computational interface.

NOTE 1 — The engineering interface is supported by one of the basic engineering objects that corresponds to the computational
object supporting the computational interface.

Where transparencies that replicate objects are involved, each computational interface of the objects being replicated
corresponds to a set of engineering interfaces, one for each of the basic engineering objects resulting from the
replication. These engineering interfaces each correspond only to the original computational interface.

Each computanonal mterface is |dent|f|ed by any member of a set of one or more computat|onal mterface identifiers.
f ' X T ¥ moT ) ' nces. Thus,
interface can

ing objects)
binding or
ations, the

- computational signature names,

- computational operation names;
- computational termination names;

- invocation and termination parameters (including computational interface identifiers and cofnputational
interface signatures).

Except where transparencies that replicate objects are involved, each computational binding object control ifterface has
a corresponding engineering interface and there exists a chain:efr engineering interactions linking that inteffface to any
stubs, bindgrs, protocol objects or interceptorsto be controlled in support of the computational binding.

NOTE 24— The set of control interfaces involved depends onithe type of the binding object.
Each comgutational interaction corresponds to sonie chain of engineering interactions, starting and end:Eg with an

interaction| involving one or more of the basic ‘engineering objects corresponding to the interacting corfnputational
objects.

utational signal corresponds €ither to an interaction at an engineering local binding or to[a chain of

3 — Basic engineering.abjects corresponding to different computational objects can be members of the same custer.
— In an entirely, object-based computational language, data are represented as abstract data types (i.e., |nterfaces to

% — Computational interface parameters (including those for abstract data types) can be passed by refprence, such

NOTE - Computational interface parameters (incl udi ng those for abstract data types) can be passed by migrating gr replicating

NOTE re-abstracts caveys ona ct-S! : e Ve obtect-ean be cloned
rather than mlgrated.

NOTE 8 — Cluster templates can be represented as abstract data types. Thus strict correspondences between computational
parameters and engineering interface references are sufficient. The use of cluster templates or data are important engineering
optimizations and therefore not excluded.

10 Engineering specification

101 M odelling concepts

This clause is based on the modelling concepts for use in an engineering specification that are defined, together with the
structuring rules for their use, in [Part 3 — 8]. The explanations of the conceptsin the text that follows are not normative,
and in case of conflicts between these explanations and the text in [Part 3 — 8], the latter should be followed.
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An engineering specification includes the definition of mechanisms and functions required to support distributed
interaction between objects in an ODP system. The concepts, rules and structures contained in an engineering
specification (the engineering language) are dependent upon the functionality offered by the platform chosen for the
ODP system.

The modelling concepts and structuring rules defined in [Part 3 — 8] assume a platform that offers only minimal support
for distribution. Where the platform for the system offers significant support for distribution, a language and a UML
profile appropriate for that platform can be used

The set of diagrams at the end of this clause (i.e., at [10.1.6]) summarizes a metamodel for the engineering language.
10.1.1 Basic concepts

10.1.1.1 Basic engineering object

A basic engineering object is an engineering object that requires the support of a distributed infrastructure.

10.1.1.2 Qluster

A cluster ig a configuration of basic engineering objects forming a single unit for the purposes of deagtivatioh
checkpointing, reactivation, recovery and migration.

10.1.1.3 Qluster manager
A cluster manager is an engineering object that manages the basic engineering objects in'a cluster.
10.1.1.4 (apsule

A capsule ils a configuration of engineering objects forming a single unit for thepurpose of encapsulation of processing
and storagg.

10.1.1.5 Qapsule manager
A capsule manager is an engineering object that manages the enginéering objectsin a capsule.
10.1.1.6 Nucleus

A nucleus is an engineering object that coordinates processing, storage and communications functions for usg by other
engineering objects within the node to which it belongs:

10.1.1.7 Node

A nodeis g configuration of engineering objécts forming a single unit for the purpose of location in space, and that
embodies g set of processing, storage and.communication functions.

10.1.2  ¢hannel concepts
10.1.2.1 Ghannel

A channel |saconfiguration,ef stubs, binders, protocol objects and interceptors providing a binding betweer] a set of
interfaces tp basic engiheering objects, through which interaction can occur.

10.1.2.2 Stub

A stub is af ehgineering object in a channel, which interprets the interactions conveyed by the channel, and performs

10.1.2.3 Binder

A hinder is an engineering object in a channel, which maintains a distributed binding between interacting basic
engineering objects.

10.1.2.4 <X> Interceptor

An <X> interceptor is an engineering object in a channel, placed at a boundary between <X> domains. An <X>
inter ceptor:

— performs checks to enforce or monitor policies on permitted interactions between basic engineering
objectsin different domains;

— performs transformations to mask differences in interpretation of data by basic engineering objects in
different domains.
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10.1.2.5 Protocol object

A protocol object is an engineering object in a channel, which communicates with other protocol objects in the same
channel to achieve interaction between basic engineering objects (possibly in different clusters, possibly in different
capsules, possibly in different nodes).

10.1.2.6  Communications domain
A communication domain isaset of protocol objects capable of interworking.
10.1.2.7 Communication interface

A communication interface is an interface of a protocol object that can be bound to an interface of either an interceptor
object or another protocol object at an interworking reference point.

10.1.3 Identifier concepts

10.1.3.1 Hinding endpoint identifier

A binding endpoint identifier is an identifier, in the naming context of a capsule, used by a basic engineering object to
select one ¢f the bindingsin which it isinvolved, for the purpose of interaction.

10.1.3.2 Hngineeringinterfacereference

An enginegring interface reference is an identifier, in the context of an engineering interface reference njanagement
domain, fof an engineering object interface that is available for distributed binding.

10.1.3.3 Hngineering interface r eference management domain

An enginegring interface reference management domain is a set of nodes férming a naming domain for the purpose of
assigning gngineering interface references.

10.1.3.4 Hngineering interface reference management policy

An enginegring interface reference management policy is aset of permissions and prohibitions that jgovern the
federation pf engineering interface reference management domains.

10.1.3.5 Qluster template

A cluster template is an object template for a configuration of objects, with any activity required to instantiate those
objects and establish theinitial bindings.

10.1.4  ¢heckpointing concepts
10.1.4.1 QGheckpoint

A checkpolnt is an object template derived from the state and structure of an engineering object that can|be used to
instantiate gnother engineering'object, consistent with the state of the original object at the time of checkpoinging.

10.1.4.2 Gheckpointing

Checkpoi mling is to create a checkpoint. Checkpoints can only be created when the engineering object involJed satisfies
a pre-condiftion stated in a checkpointing policy.

10.1.4.3 (luster checkpoint

A cluster checkpoint is a cluster template containing checkpoints of the basic engineering objectsin a cluster.
10.1.4.4 Deactivation

Deactivation is to checkpoint a cluster, followed by deletion of the cluster.

10.1.4.5 Cloning

Cloning isto instantiate a cluster from a cluster checkpoint.

10.1.4.6 Recovery

Recovery isto clone acluster after cluster failure or deletion.
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10.1.4.7 Reactivation

Reactivation isto clone acluster following its deactivation.

10.1.4.8 Migration

Migration isto move acluster to adifferent capsule.

10.1.5 ODP functionsin the context of the engineering viewpoint specifications

Part 3 of RM-ODP describes a set of functions required to support open distributed processing [Part 3 — 11 to 15]. They
are grouped in four main categories:

— Management functions: node management function, object management function, cluster management
function and capsule management function.

— Coordination functions: event notification function, checkpointing and recovery function, deactivation
and ronctivatian franatian Ao fronati o el sk e fronati o et an i inati e Ao aar e | f
ape-reactivatter-faneten—group-Fanettor—repheaterfuneter—migratron-Furctieor—engireery interface

reference tracking function, transaction function and ACID transaction function.

- Repository functions. storage function, information organization function, relocation furiction, type
repository function and trading function.

- Security functions. access control function, security audit function, authentiGation function, integrity
function, confidentiality function, non-repudiation function and key management function.

This clausgis only concerned with expressing the engineering specification of these ODP functions.

NOTE {Part 3 is not explicit about the detailed specification of these functions, neither doesiit explain how the specffications for
individupl functions can be combined to form specifications for components of ODR systems. Only two of these flinctions, the
Type Repository and the Trading Function, are further refined and more extensively)described. "ITU-T Rec. X.960 | ISO/IEC
14769 —{Type Repository Function" and "ITU-T Rec X.950 | ISO/IEC 13235-1 < ODP Trading Function” contain their complete
specifications.

10.1.6 Yummary of the engineering language metamodel

The diagrams below (Figures 26 to 32) illustrate the concepts of thie engineering language and the relationships between
them. The|descriptions of the concepts have been given abeve. The descriptions of the relationships Qetween the
concepts are included in the description of the concepts.
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NOTE

10.1.6.2 N

Thenode S

EngineeringObject | 0. gpecifiet | EngineeringObjectTemplate
s 1 i3
BEO
Stub |9." 1 [StubTemplate
specifien
Binder |0..* 1 BinderTemplate
specifier
ProtocolObject |+ 1 [ProtocolObjectTemplate
Hype © String specifie sype © String

Interceptor |9.*

—_

Hucleus

ClusterManager

CapsuleManager

specifier

In the figure, and in the text that follows, BEO standSfor Basic Engineering Object.

ode structure

CommunicationAuthority

Figure 26 — Engineering objects

Interceptor Template

ructure is about structuring of a nodewith nucleus, capsule, cluster and various engineering objegts.
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Figure 27 — Engineering language = Basic concepts

ng constraints apply to the elements of the engineeringlanguage shown in Figure 27:

In order for two BEOs to be locally bound to.each other, they must reside in the same cluster:

context BEO inv SameCluster:
self.locallyBoundObject->forAll (obj | obj.cluster = self.cluster)

A BEO binds to the node management interface provided by the Nucleus associated with th
contains the Capsule that containsthe Cluster that contains the BEO:

context BEO inv NodeManagerDerivationRule:
self.nodeManager = self.cluster.capsule.node.manager

The engineering gbject's node manager should be the same as the node manager associat
node that containsthe Capsule that contains the engineering object:

context EngineeringObject inv NodeM anagerDerivationRule2:
self,nedeManager = self.capsule.node.manager

The Capsule to which a Cluster belongs is the Capsul e to which the Cluster's manager belong

context Cluster inv CapsuleDerivationRule:
self.caosule = self.manager.capsule

the Capsule that contains the Clusters that the CapsuleManager manages:

context ClusterManager inv CapsuleManager:
self.cluster->forAll (c : capsule | c.manager = self.capsuleManager)

e Node that

bd with the

Ul

The set of other engineering objects that the Capsule owns and the set of ClusterManagers that the

Capsule owns are disjoint:

context Capsule inv NoOtherEQisClusterM anager:
self.otherEngObject->intersection(self.clusterM anager)->isEmpty/( )

The set of other engineering objects that the Capsule owns and the set of CapsuleManagers that the

Capsule owns are disjoint:

context Capsule inv NoOtherEQisCapsuleManager:
not self.otherEngObj ect->includes(self.manager)
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10.1.6.3 Channels
This subclause is about model elements that enable communication around channels.

ChannelTemplate

ClientServerChannel
1

BindingEndPointldentifier

0. 2.5 ;
H“‘“m_% " specifier
1 T 0 _—
BEO |/endPaint M chanma 0Lt _ 0. _|ChannelType
- 2.8 0.* :_ =
PN T~ T T =
/ ,-’r \x ‘\»\\H -
/ f"r \ ey & channel supports
/ / \ s distribution amonyg BEO=s
/ A
or| 2 2/ 2.‘.\ 0.
] - 1 1.% —2 o.*
Binder ProtocolObject Interceptor
1

Stub
1 1 .
0. Hype : String
i
boundProtocol Jbhject \
1. 2.5

Communicationinterface

Figure 28 — Engineering language model — Channels

ng constraints apply to the conceptsillustrated in the diagram of-Figure 28:

Thefollow
Each Stub to which aBEOQ is related must be part of a€hannel to which the BEO is related:

context BEO inv SameChanne!:
self.stub->forAll (stub | self.channel->exists\(channel | channel = stub.channel))
For each Channel to which a BEO is related;.the BEO must be related to exactly one Stub thgt is part of

that Channel:
context BEO inv OneStubPerChannel:
self.channel->forAll (channel ['self.stub->select (stub | stub.channel = channel )->size()F 1)
The collection of BEOs that are the end points linked by a Channel is derived by adding to the collection,
for each Stub in the Channel; the BEO to which the Stub is related:

context Channel inv.EndPointDerivationRule;
self.endPoint->jincludesAll (salf.stub.bEO) and self.stub.bEO->includesAll (self.endPoint)

The BEOs constituting a Channel's endpoint must each reside in different Clusters:

context, Channel inv EndPointsl nDifferentClusters:
sel f<endPoint->forAll (epl, ep2 | epl.cluster <> ep2.cluster)
The BE® and Binder to which a Stub is related are parts of the same Channel of which the Sty

context Stub inv SameChannel Stub:
self.bEO.channel = salf.channel and self.binder.channel = self.channel

The Sub to which aBinder 1S relaied and the ProtocolObjects to which the Binder IS related are al parts

b isapart:

of the same Channel of which the Binder is a part:
context Binder inv SameChannel Binder:
self.protocol Obj ect->forAll (po | po.channel = self.channel) and self.stub.channel = self.channel
—  The ProtocolObjects for which an Interceptor provides protocol conversion must be part of the same
Channel of which the Interceptor isa part:

context Interceptor inv SameChannel I nterceptor:

self.protocol Object->forAll (po | po.channel = self.channel)
Any Interceptor to which a ProtocolObject is related and the Binder to which the ProtocolObject is

related are part of the same Channel of which the Protocol Object is a part:

context Protocol Object inv SameChannel PO:
self.interceptor->forAll (i | i.channel = self.channel) and self.binder.channel = self.channel
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In order for two Protocol Objects to be associated, they must be of the same type:

context ProtocolObject inv SameType:

self.boundProtocol Object->forAll (po | po.type = self.type)

10.1.6.4 Domains

This subclause is about kinds of domains and object membership of domains that make up domains.

ProtocolObject

kv

+Hype : String
e

1

EngineeringQbject

The follow|

10.1.65 |

This subclg

4

CommunicationDomain

1 CommunicationAuthority

context Domain inv SubDomainl sSubSet:

Hentifiers

EngineeringinterfaceReference

.
1

EngineeringinterfaceReferenceManagementDomain

Figure 29 —Domains

context SecurityDomain inv ControllingObject:
self.controllingObject.ocl I sTypeOf (Security Autharity)

context ManagementDomain inv ControllingObject:
self.controllingObject.ocll sTypeOf (ManagementAuthority)

context AddressingDomain inv ControllingObject:
self.controllingObject.ocl sTypeOf (AddressingAuthority)

context NamingDomain inv ContfollingObject:
self.controllingObject.ocl I sTypeOf (NamingAuthority)

*

*

ng restrictions apply to the model elements depicted in Figure 29:
All members of a subdomain are members of its parent domain:

self.subDomain->forAll (subDomain | self.member->includes(subDomain.member) )
controlling objects should be associated to the corresponding domains:

use is mainly about identity,-domain and policy management, with respect to nodes and objects.

Hode

0.*

1

+HocationnSpace | LocationinSpace

50

EngineeringinterfaceReferenceManagementPolicy

Figure 30 — Engineering language model — I dentifiers
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10.1.6.6 Checkpoints

This subclause is about checkpoints and checkpointings.

specifier Engineering0ObjectTemplate
1
s
0.1 Checkpointing 1
o.. \4\
0.4 1 s o.*
othetEngObjects EngineeringObject — ~__|Checkpoint
. 5
0. 7 iy
1
BEOQ BEOCheckpoint
0.k
chEskpointTarget D o
1 1 1 1
Capsule 0.* |clster |1 0.* ClusterCheckpoint 0.
instartiatedCluster =
o+ 0. ‘L
1| specifier | specifier
CapsuleTemplate ClusterTemplate
1

Figure 31 — Engineering language modé& — Checkpoints
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10.1.6.7 ODP functions
Figure 32 shows the ODP functionsintroduced in [10.1.5].

QDPFunction
Y
AccessControlFunction HodeManagementFunction |1 1 Hucleus
SectskyuditEunction ObjectManagementFunction (g 1 proviger |[EngineeringObject
1
AuthenticationFunction
ClusterManagementFunction 1 e .'il-eqﬁ ClusterManager
IntegrityFunction 1
i 1 provider (CapsuleManager
donfidentialityFunction CapsuleManagementFunction 1

HgnRepudiationFunction

KeyManagementFunction

EventHotificationFunction

CheckpointingAndRecoveryFunction

StorageFunction

DeactivatiopAndReactivationFunction

InformatipnOrganizationFunction

GroupFunction

10.2 UML profile

RelocationFunction

ReplicationFunction

TypeRepositoryFunction

MigrationFunction

TradingFunction

TransactionFunction

ACIDTrangactionFunction

EngineeringlnterfaceReferenceTrackingFunction

Figure 32 — Engineering language model — ODP functions

The follow|ng-subtlauses describe how the ODP engineering concepts described in the previous clause are gxpressed in
UML in ap engineering specification. A brief explanation of the concepts used in the expression of each concept is
given, together with ajustification of the expression used.

52

NOTE 1 — In this clause UML expressions are only defined for those concepts for which use has been demonstrated through an
example, included in the main body of this document or in its Annex A. Where no example has been identified, the concept
concerned is mentioned, but no UML expression is offered.

NOTE 2 — Concepts are presented here in the order in which they appear in Part 3.

NOTE 3 — The concepts and rules of the engineering language concern definition of mechanisms and functions required to
support distributed interaction between objects in an ODP system, something which deals with aspects related to the software
architecture of the system (e.g., distribution or replication) and therefore the appropriate UML mechanisms for modelling
software architectures are used in this text (components, ports, interfaces).

NOTE 4 — The engineering viewpoint assumes that the specifier selects a certain level of refinement below which the use of the
concept of engineering object ceases to be essential; these lower level specification concerns, such as the realization of the
behaviour of engineering objects, are outside the scope of the profile described here, and are addressed by other specification
techniques and languages, including the direct use of UML concepts and rules. Thus, this profile covers the specification of
engineering objects at the level of UML components that interact through their ports, but leaves open to the specifier the way in
which the internal realization of such components is specified.
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10.21 Engineering object templates and types

An engineering object is generally specified in terms of its template, which is expressed by a component stereotyped as
«NV_Object».

The attribute isIndirectlylnstantiated of the component stereotyped «NV_Object» should be set to false. This attribute
constrains the kind of instantiation that applies to a component. If false, the component is instantiated as an addressable
instance.

The stereotype has the following attributes:
— deployedNode: String (defines areference to a node where an engineering object is deployed).
— securityDomain: String (defines areference of a security domain it may belong to).
— managementDomain: String (defines areference of a management domain it may belong to).

Where an engineering object is required to represent a specific entity in the Universe of Discourse, it is expressed by
instanceSpEcification of a component thal is Stereotyped as «NV_ODbject». BasiC engineering objects arg particular
kinds of ¢ngineering objects. Therefore, the stereotype «NV_BEO» that expresses such objects iaherits from
«NV_Objeft».

Where thefe is the need to express an engineering object type, it is also expressed by a component, stefeotyped as
«NV_Objert». The attribute isIndirectlylnstantiated of the component stereotyped «CV _Object»should be sef to false.

When a component stereotyped as «CV_Object» expresses an engineering object template) the attribute is |Abstract of
such a conjponent should be set to false, meaning that the component needs to provide-al the information|required to
instantiate phjects.

10.2.2 Qbject typesand templates as engineering objects

There are dases where there is the need to model the type or template of, an_engineering object at the instange level. An
example is|the case of a generic factory, which is invoked by passing-it{a representation of a template (whikch has type
template), and responds by instantiating the template and returningareference to the created object. To indifate that an
object is dgrived from a given template, we need to represent both the template object and the instantiated dbject in the
model. Likpwise for types, to indicate that an object conformsiteia given type, we need to represent both the object and
its object type in the model.

Both type gbjects and template objects are engineering abjects, and therefore are expressed by components, that express
its type of template. To distinguish them fromgother engineering objects, such components are ptereotyped
«NV_TypgObject» or «NV_TemplateObject», respectively. Both stereotypes inherit from «NV_Object».

The relationship between an engineering object-and the object that represents its template, or the object(s) that represent
be expressed as an attribute of the class that specifies the engineering object.
EXAMHALE - In some specifications, stch as in the ODP Trading Function specification, there is the need to specifythe type of a
service, o atrader can locate objects implementing such a service. The diagram shown in Figure 33 represents the gpecification
gineering object, PrintService, and of its type, PrintServiceType, expressed so that type can be mafipulated by
ng operations.

==Y _BEC== == _TemplateCbject ==
PrintService +myTemplate |PrintServiceTemplate

Figure 33 — An explicit representation of the type of an engineering object so that the object can accessitstype

10.2.3 Cluster

A cluster is expressed by an instanceSpecification of a component, stereotyped as «NV_Cluster». The component
stereotyped as «NV_Cluster» expresses the cluster type or template. It includes a configuration of basic engineering
objects and has bindings to required channels for communication.

10.24  Cluster manager

A cluster manager is expressed by an instanceSpecification of a component, stereotyped as «NV_ClusterManager». The
component stereotyped as «NV_ClusterManager» expresses the cluster manager type or template.
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10.25 Capsule

A capsule is expressed by an instanceSpecification of a component, stereotyped as «NV_Capsule». The component
stereotyped as «NV_Capsule» expresses the capsule type or template.

10.2.6  Capsule manager

A capsule manager is expressed by an instanceSpecification of a component, stereotyped as «NV_CapsuleManager».
The component stereotyped as «NV_CapsuleM anager» expresses the capsule manager type or template.

10.2.7 Nucleus

A nucleus is expressed by an instanceSpecification of a component, stereotyped as «NV_Nucleus». The component
stereotyped as «NV_Nucleus» expresses the nucleus type or template.

10.2.8 Node

A node i expressed by an instanceSpecification of a component, stereotyped as «NV_Node». The |component
stereotyped as «NV_Node» expresses the node type or template.

10.29 (ghannd

A channel |is expressed by an instanceSpecification of a component, stereotyped as «NV_Channel». The|component
stereotyped as «NV_Channel» expresses the channel type or template. It consists of stubs,“binders, protofol objects,
and possiblly <X> interceptors.

10.2.10 Stub

A stubis expressed by an instanceSpecification of a component, stereotyped as «NV _Stub». The component gtereotyped
as «NV_Stlb» expresses the stub type or template.

10.2.11 Hinder

A binder is expressed by an instanceSpecification of a component, stereotyped as «NV_Binder». The [component
stereotyped as «NV_Binder» expresses the binder type or template.

10.2.12 <X> Interceptor

An intercaptor is expressed by an instanceSpecifisation of a component, stereotyped as «NV_Intercgptor». The
component|stereotyped as «NV_Interceptor» expresses the interceptor type or template.

10.2.13 Hrotocol object

A protocol|object is expressed by an instanceSpecification of a component, stereotyped as «NV_Protocol Opject». The
component|stereotyped as «NV _ProtocolObject» expresses the protocol object type or template.

10.2.14 Qommunication domain
A communfcation domain is'expressed by a package, stereotyped as «NV_Communi cationDomain».
10.2.15 Qommunicatjon interface

A communycation.interface is expressed by a port through which a protocol object is associated with otHer protocol
objects or interceptors for a communication.

10.2.16 Bin¢irgendpomtidentfer
A binding endpoint identifier is expressed by a valueSpecification.
10.2.17 Engineeringinterfacereference

An engineering interface reference is expressed by aclass.

10.2.18 Engineering interface reference management domain

An engineering interface reference management domain is expressed by a package, stereotyped as
«NV _|nterfaceReferenceM anagementDomai n».

10.2.19 Engineering interface reference management policy

An engineering interface reference management policy is expressed by a constraint, sterectyped as
«NV_InterfaceReferenceM anagementPolicy».
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10.2.20 Checkpoint

A checkpoint is expressed by an instanceSpecification of a component, stereotyped as «NV_Checkpoint». The
instanceSpecification of a component expresses a checkpointed object's states at the time of checkpointing.

10.2.21 Checkpointing
A checkpointing is expressed by an activity, UML operation, and UML action stereotyped as «NV_Checkpointing».

10.2.22 Cluster checkpoint

A cluster checkpoint is expressed by an instanceSpecification of a component, stereotyped as «NV_ClusterCheckpoint».
The instanceSpecification of a component expresses a checkpointed cluster's state at the time of checkpointing.

10.2.23 Deactivation

A deactivation is expressed by an activity, an operation, or an action stereotyped as «NV _Deactivation».

10.2.24 {loning

A cloning ifs expressed by an activity, an operation, or an action stereotyped as «NV _Cloning».

10.2.25 Recovery

A recoverylis expressed by an activity, an operation, or an action stereotyped as «<NV_Recovery».

10.2.26 Reactivation

ion is expressed by an activity, an operation, or an action stereotyped-as«NV _Reactivation».

is expressed by an activity, an operation, or an action steredtyped as «NV_Migration». A migrfition, as an

y, the following stereotypes extend UME metaclass interface to express the corresponding ODP function:

V_ObjectManagement», «NV_NodeM anagement», «NV_ClusterM anagement»,
V_CapsuleManagement», «NV_EventNotification», «NV_CheckpointAndRecovery»,
V/_DeactivationAndReactivation», «NV_Groups», «<NV_Replication», «<NV_Migration»,
V_InterfaceReferenceTracking», «<NV_ACIDTransaction», «NV_Transaction», «NV_Storage»,
V_InformationQOrganiZation», «<NV_Relocation», «<NV_TypeRepository», «<NV_Trading»,
V_AccessControl»y &NV _SecurityAudit», «<NV_Authentication», «NV _Integrity», «<NV_Confidgntiality,
V_NonRepudiation» and «NV_KeyManagement».

mmary ofthe UML extensionsfor the engineering language

ing language profile (NV_Profile) specifies how the engineering viewpoint modelling concepts relate to,
and are exgressed in, standard UML using stereotypes, tag definitions and constraints.

Figure 34 hows diagrammatic representations of this profile.
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==profile==
NV _Profile
s=mataclasss= ==sterentype== This is tempaorary, _to_ gllow same tools to sho\!ﬁ
Constraint — ~|NV_InterfaceReferencem tPolic sterectypes on Activities
==metaclags== ==gterentype==
Diagram MY_Deactivation
==metaclass== ==gtereotype== ’ '\H
— B \
Model I ing_Spec ..\ «shtereotypes=
-.\ "_Checkpointing
==stereotype=» ~
|NV_InterfaceReferenceM: tDomain ==metaclass=>) pEereatipes> | N
“=metaclasss> g —— Activity _Reactivation
Package — - t - \
T \ s<stereotype==
R >§y Deletion || ““Mmetaclass=>
NY_CommunicationDomain e H— - Operation
==metaclagsss ) =%stereotype== L—" _ Y XA
. I TETELHEE \ Cloning
ValueSecification NV_ BindingEndpointidentifier - ~
==metaclags== LSS tereotype==
<<metaflasss= zestereotype== Action _ \‘(_ covery
Clags NY_InterfaceReference =
k=stereotype==
Q\X_lnstamiation
=zmetajlags== ==stereotypes==
Port - MY _Communicationinterface \\
==stergotype== | F=metaclags =
==stereqtype== My \Migration Interfade
NY_Chiannel
==stereftype=> -\\K\h ==gletentype== ==gtereptype==
NV_Node T NY_Object < NV_TyppObject
==gteredtype== B ==metaclass=» < {zelfhaseComponentisindirectlyinstantiated = false}
NV_Cllister | " Component +deployeddte \String ==stereptype=»
+securityDoraain : String NY_TemplateOhject
==gtereqtype== — +managementComain : String
NY_Capsule ﬂl
==sipreotypes== |
NY_theckpoint ==sterentypa== =<sterentype== ==sterentype== ==stereotype== ==sterpotypes==
+checkHaintTime : date NV_CommunicationAuthority Nv_CapsuleManager NY_Stub NV _Interceptor Nv| BEO
[Cormgoonent]
==stpreotypes== ) ==atereotype== <<Stereotype>_> ==stereotype== —<sterentypep
MY_ClugterCheckpoint M\ ClusterManager MY_ProtocolObject NY_HNucleus -
MY_Binder
+checkHointTime : date
==gtereqtype== ==gtereotype== ==gterantppes® | | ==stereotype== ==gterentypes== ==gtereotype== ==gtereotype== ==stdreotype==
NY_Gjoup __N_\f_NudeManagement MY_Replication | [NY_Transaction | |NV_ACIDTransaction NY_Storage NV_CIusterManagemf‘r!td_ | _|NV_Helocation
«=gfarentypess e 1 «=gtereotypes=f
NY_ObjgctManagement | MY_InterfaceReferenceTracking
==gtareotype== ==metaclags== ==gtereotypd==
MY_Cag it Interface NY_InformationOrgdanization
==stereotype== I ==gterecfypes==
NY_ChefkpointingAndRecovery NY_EventNgtification
==siergltype== ==stereptypes==
NY_DeaftivationAndReactivation | T NY_TypeRppository
=zzstdreofine terootine toreohme terootyne teroohune terootyne terootie tdrentype==
NY_KeyManagement | [NV_NonRepudiation | |NV_Confidentiality MY _Integrity | |NV_Authentication | [NY_SecurityAudit | |NV_AccessControl | | NV_Trading

NOTE 1 — In the diagrams above, the infrastructure mechanisms are not well represented using UML. It may be necessary to
introduce roles for standard functional objects, like trader in the ODP Trading Function standard and recovery manager for
recovery function, to cover these mechanisms as well as the ODP functions.

NOTE 2 — Not all management functions are shown in the above figure, e.g., thread management for Nucleus.

Figure 34 — Graphical representation of the engineering language profile (using the UML notation)

10.3

Engineering specification structure (in UML terms)

An engineering specification defines the infrastructure required to support functional distribution of an ODP system.

Thisinclud
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identifying the ODP functions required to manage physical distribution, communication, processing and

storage;

identifying the roles of different engineering objects supporting the ODP functions (for example the

nucleus).

NOTE — Some ODP functions have been standardized, others have been defined only in outline. Where a suitable

definition exists, it can be brought into the engineering specification.

An engineering specification models a system in terms of :
a configuration of engineering objects, structured as clusters, capsules and nodes (that will be expressed

An engineq

Those rul e

All the ¢
«Engineeri

104
104.1

\Y
d

with UML component diagrams, including instanceSpecification of component for capsul
basic engineering objects, capsule manager, cluster manager, and nucleus);

e, clusters,

the activities that occur within those engineering objects (that will be expressed with UML Activity

diagrams);

ring specification is constrained by the rules of the engineering language. These comprise:

channel rules [Part 3 —8.2.1], interface reference rules [Part 3 —8.2.2], distributed binding rul
8.2.3] and relocation rules [Part 3 — 8.2.4] for the provision of distribution transparent interag
engineering objects;

cluster rules [Part 3 —8.2.5], capsule rules [Part 3 — 8.2.6] and node rules [Part 3 —8.2.7] go
configuration of engineering objects;

failurerules[Part 3—8.2.9].
will be expressed with UML or OCL constraints for relevant elements.

lements expressing the Engineering specification will, be)*defined within a model,
Ng_Spec». Such amodel contains packages that express:

the structure of a node, including nucleus, capsules{capsule managers, clusters, cluster man
binder, protocol objects, interceptors, and basic engineering objects, with a component diagrg

channels, with component diagrams and a package;
domains, with apackage;

interactions among those engineering objects, with activity diagrams, stateMachines and
diagrams.

iewpoint correspondences for-the engineering language

ontents of this clause

This clausg¢ describes the corresporidence concepts for the engineering language, but not how they are €
UML. The

104.2

B

NOTE 1
[9.4.4].

104.3

B

|atter is covered in-Clatise 12.

ngineering and.computational viewpoint specification correspondences

- The corréSpondence between an engineering specification and a computational specification can be

ngineering and technology viewpoint specification correspondences

[Part 3—
tion among

verning the

Stereotyped

hgers, stub,
m;

interaction

Kpressed in

erived from

Each engineering object corresponds to a set of one or more technology objects. The correspondence and
implementabl e standards for each technology object are dependent on the choice of technology.

The engineering viewpoint specification does not have any correspondences to implementation.

Engineering objects and their interfaces correspond to technology objects and their interfaces, and thus will become
basic information source for testing in the technology viewpoint.
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11 Technology Specification

111 Modelling concepts

A technology specification uses the RM-ODP technology language. The modelling concepts and the structuring rules of
the technology language are defined in [Part 3 — 9]. They are summarized in this clause. Except where otherwise stated,
in case of conflict between the explanations therein and the text in Part 3, the latter document should be followed.

The set of diagrams at the end of this clause (i.e., at [11.1.4]) summarizes a metamodel for the technology language.

11.1.1  Implementable standard

A template

for atechnology object.

11.1.2 Implementation

A process ¢f instantiation whose validity can be subject to test.

1113 |

Implementation eXtra Information for Test.

1114 S

Figure 35
description
included in

KIT

ummary of the technology language metamodel

below illustrates the concepts of the technology language and the relationships between [them. The
5 of the concepts have been given above. The descriptions of the relationships between the cpncepts are
the description of the concepts.

ImplementableStandard 1t 1 TechnologyObject

11.2 U

The follow|

1% | product

D"*
T |00 0.* limplementation

Figure 35 — M odel~of the technology language

ML profile

UML ina
given, tog

ng subclauses describe how the ODP technology concepts described in the previous clause are gxpressed in
echnology specification. A brief explanation of the UML concepts used in the expression of eachy concept is
her with ajustification.of the expression used.

In this clause UML- expressions are only defined for those concepts for which use has been demonstrategl through an
included in the main body of this document or in its Annex A. Where no example has been identified) the concept

Feotyped as

je¢t»Jechnology object types can be cts that are
vy BRI T O SO S - 1

Where a technology object is required to represent a specific entity in the Universe of Discourse, it is expressed by
instanceSpecification of an artifact or anode that is stereotyped as «TV_Object».

11.2.2 Object typesand templates as technology objects

There are cases where there is the need to model the type or template of a technology object at the instance level. An

exampleis

the case of atechnology object, which needs to know the types of the objects it interacts with in order to fix

the appropriate QoS constraints that rule their interactions.

Both type objects and template objects are technology objects, and therefore are expressed by nodes or artifacts, that
express its type or template. To distinguish them from other technology objects, such classes are stereotyped
«TV_TypeObject» or «TV_TemplateObject», respectively. Both stereotypes inherit from «TV_Object».
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The relationship between a technology object and the object that represents its template, or the object(s) that represent
its type(s) can be expressed as an attribute of the node or artifact that specifies the technology object.

11.2.3 Implementable standard

An implementable standard is expressed by a component, stereotyped as «TV_ImplementableStandard».
11.24 Implementation

An implementation is expressed by an activity, stereotyped as «TV_Implementation.

112.25 IXIT

An IXIT is expressed by a comment, stereotyped as «TV_IXITx».

11.2.6  Summary of the UML extensionsfor the technology language

The techndlogy Tanguage profile (TV_Profile) specifies how the engineering viewpoint modelling concepts rflate to and
are expressed in standard UML using stereotypes, tag definitions, and constraints.

Figure 36 |shows diagrammatic representations of this profile. See clause [A.6] for a detailed specificgtion of the
stereotypeg described here.

==profile==
TV Profile
==metaclags==
Artifact — s=stereotypes=
T [==stereotyper> |, — T TypeObject
__— TV_Object |
2emetaclass== |g—" —

T~ =astereotypes=

Node TV_TemplateObject
=<metaclasse=
c nt =<stafeptypes=
ompane TV_ImplementableStandard
==metaclags=» <agtereotypess
Shfment ™_IXIT ==metaclass==
Diagram
==metaclasg== ==cterentype== e
Activity - TV_Implementation S
==metaclasgss ==sterantype== This is temparary, to allow
Model 5 ~ |Technology Spec some tools to show
W= stereotypes on Activities

Ei

dure 36 — Graphical representation of the technology language profile (using the UML notatipn)

The following restrictions apply to the elements depicted in Figure 36. They are derived from the cofresponding
constraints|on the elements shown in Figure 35 and on their relationships:

- Bvery technology object type is associated with at least one implementable standard.

- ~Fvery implementation standard is associated with (or is implemented as) one or mare ltechnology
objects.

—  Bvery implementation is associated with (or produces) one or more technol ogy objects.

11.3 Technology specification structure (in UML terms)

A technology specification defines the choice of technology for an ODP system in terms of:
— aconfiguration of technology objects; and

— interfaces between the technol ogy objects.

NOTE 1 — Links between deployment boxes may be used to model physical communication lines (e.g., to model multiple lines
for redundancies).

NOTE 2 — A network (e.g., the Internet) may be modelled with a deployment box connected with other deployment boxes.
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A technology specification states:

—  how the specifications for an ODP system are implemented, which may be modelled with component
instances and the rel ationships between them with text explanation;

— ataxonomy of such specifications, which may be provided with name(s) of implementable standards
described in stereotyped notes attached to a deployment diagram including a component instance
diagram.

— information required from implementers to support testing, which may be specified with a stereotyped
note describing IXIT.

NOTE 3 — Software architecture styles, such as SOA, MV C and N-tier, are considered mainly in the engineering viewpoint, since
they are closely related to the distribution strategy.

All the elements expressing the technology specification will be contained within a model, stereotyped
«Technology Spec». Such amodel contains packages that express:

the-strueture-of-a-rede-Hstanee-etadinghede-thstaneceswithin-a-rede-Hstaneeartefaets—anfl networks,
using a deployment diagram, and
communication links among nodes, using a deployment diagram.

114  \fiewpoint correspondencesfor thetechnology language

This clausg¢ describes the correspondence concepts for the technology language, but not“how they are expressed in
UML. The|atter is covered in clause 12.

A set of pne or more technology objects correspond to an engineering object, and they implement specified
functionalify in corresponding engineering object in technology specific way.
NOTE 1 — The choice of specific technology in the technology viewpoint may ‘constrain the possible architecfure/platform
styles/pdtterns and deployment patterns in the engineering viewpoint specification.
NOTE 4 - A wide variety of factors, including procurement policy, extrasfunctional requirements, etc., may influenge the choice
of technplogy, and therefore the technology specification.

12

o

Lor r espondences specification

12.1 Nt odelling concepts
A correspondences specification is composed of a set of correspondence specifications.

A completg specification includes six correspondence specifications:

- between the enterprise specification and the information specification;

- between the enterprise specification and the computational specification;

- between the entérprise specification and the engineering specification;

-  between the.camputationa specification and the information specification;

- between the computational specification and the engineering specification; and
- between the engineering specification and the technology specification.

12.1.1  Qorrespondence specification

A correspondence specification is composed of a set of correspondence rules and a set of correspondence links. It
describes consistency relationships between terms belonging to two specifications based on different viewpoints.

When a correspondence rule and a correspondence link are related, this means that the constraint in the correspondence
rule must be enforced by the set of terms referenced by the correspondence link.

12.1.2 Correspondencerule

A correspondence rule is expressed by a constraint that must be enforced by a set of terms belonging to two
specifications from different viewpoints.

A correspondence rule may be;
— acorrespondence statement as defined in [7.4], [8.4], [9.4], [10.4] or [11.4];
— some other consistency rule resulting from a design choice.
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12.1.3 Correspondencelink

A correspondence link is established between two specifications from different viewpoints. Each end of the
correspondence link is called a correspondence endpoint.

12.1.4 Correspondence endpoint

A correspondence endpoint is composed of terms involved in the consistency relationship.

1215 Tem

A linguistic construct which may be used to refer to an entity. The reference may be to any kind of entity including a
model of an entity or another linguistic construct.
NOTE — Definition extracted from [Part 2 — 5]. An ODP termis analogous to a UML element.

12.1.6  Summary of the correspondences metamodel

The model | ng concepts introduced for a correspondences specification are summarized in Figure 37.

[~

CorrespondenceSpecification  |0.° ViewpoinmtSpecification

-
.
0.* 0.*

CorrespondenceRule (0.1 0.* |CorrespondenceLink

+expression | Constraint

2
CorrespondenceEndpaint

1.2
Term

Figure 37 — Correspondences specification concepts

122 UML profile

The followling subclauses describe how the-modelling concepts for correspondences specification are ekpressed in
UML.

12.21  Qorrespondence specification
A correspgndence specification.is expressed by a package, stereotyped as «CorrespondenceSpecification».

The relatidnship between ‘a, eorrespondence specification and the models expressing the viewpoints invdlived in the
correspondence specification is expressed by ausage dependency, stereotyped as «CorrespondingSpecificatjon». There
are exactly|two such(dependencies for each correspondence specification.

12.2.2 (orrespondencerule

A corr dancarulaic ovnraccad hv o cancteaint otarantvned-ac «CorrecnondenceRules:
ieeRce--ure+S-Expt By --EORSHaHH-SHEFEOtYPEaaS BH-ESPOREEREEEE»-

NOTE — The constraints expressing constraints defined in ODP standards may be defined outside the package expressing the
correspondence specification to enable reuse among multiple specifications.

12.23 Correspondencelink
A correspondence link is expressed by aclass, stereotyped as «Correspondencelink».
It may be constrained by a constraint expressing the applicable correspondence rule.

The stereotype «Correspondencelink» has two tag definitions, named endPointl and endPoint2, which specify the two
correspondence endpoints of the correspondence link (see [12.2.4]).

A constraint stereotyped as «CorrespondenceRule» is only applied to a class stereotyped as «Correspondencel ink».
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12.24  Correspondence endpoint

A correspondence endpoint is expressed by a tag definition of stereotype «CorrespondencelLinks», which gives
references to the elements expressing the terms involved in the correspondence relationship. Thus, this tag definition is
typed by an element (see [12.2.5]) and has a multiplicity of 1..*.

NOTE — As many elements expressing ODP concepts cannot be used directly in a Class diagram, tag definitions are used to
alow indirect reference to those concepts.

12.25 Summary of the UML extensionsfor correspondences specification

Figure 38 shows a graphical representation of the UML profile for correspondences specifications.

==profile==
COrrespondence Profile

==metaclass== ==5tereotypes=
Package CorrespondenceSpecification

==metaclass== ==gtereotypes=
Usage CorrespondingSpecification

==metaclass== ==stereotypes==
Constraint | CorrespondenceRule
==gigventype==
==metaclags== Correspondencelink
— .
Class +efidRoint! ; Element 1.4
+EndPoint2 - Element [1.7]

Figure 38 — Graphical representation.ef-the UML profilefor correspondences specifications

13

-

fl odelling confor mancein ODP system specifications

131 NI odelling confor mance concepts

Conformarice relates an implementation to a specification. Any proposition that is true in the specification must be true
for its implementation. A.conformance statement is a statement that identifies conformance points of a specification and
the behavigur which must be satisfied at these points. Conformance statements will only occur in specifications which
are intendgd to constrain some feature of a real implementation, so that there exists, in principle, the pgssibility of
testing.

The RM-QDP/[Part 2 — 15] identifies certain reference points in the architecture as potentially declarable as
conformance points in specifications. That Is, as points at which conformance may be tested and which will, therefore,
need to be accessible for test. However, the requirement that a particular reference point be considered a conformance
point must be stated explicitly in the conformance statement of the specification concerned, together with the
conformance criteria that should be satisfied at this point.

13.2 UML profile

Reference points are identified in the UML expression of an ODP specification by the use of the stereotype
«ODP_ReferencePoint» (which extends metaclass element) on the element(s) that express them. Conformance
statements are expressed by comments stereotyped «ODP_ConformanceStatement», attached to the elements
(stereotyped «ODP_ReferencePoint») that express the corresponding reference points. These comments describe the
conformance criteria that should be satisfied at the reference point. Therefore, conformance criteria are those elements
stereotyped «ODP_ReferencePoint», which have also attached a «ODP_ConformanceStatement» comment. It is
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attach multiple «ODP_ConformanceStatement» comments to one element stereotyped
«ODP_ReferencePoint», thus declaring several conformance criteria at the same reference point.

Figure 39 shows a diagrammatic representation of this UML profile.

==profiles==
Conformance Profile

==metaclasg== ==gterentype==
Element 0ODP_ReferencePoint
. ==gterentype==
== ==
UL ODP_ConformanceStatement
Comment 1 : .
{selfhaseComment.annotatedElement extensionODF_ReferencePoint-=size(=1}

14 C

141 ¢

Levels of ¢
support:

NOTE

14.2 d
Specificati

Complianc

Part 3, and

Lonfor mance and compliance to this document

onformance

onformance may vary. At the least, implementations of tools claimihg conformance to this doc

Claims of conformance to the metamodels alane are outside the scope of this document.

ompliance

pns claiming compliance with'this document shall:

b tg this document does not preclude the use in a specification of concepts and structuring rulesi
inthe Enterprise | anguage that are not covered by this document and the definitions of the col

Figure 39 —UML profilefor conformance

one or more of the UML profiles for viewpoint languagesdefined in clauses 7 to 11; further ¢

iment must

bnformance

may be claimed if the tool concerned supports policifig,or enforcing of the constraints specified for the

stereotypes defined in the relative profiles;

specification of the correspondences, as definedin clause 12, between ODP modelling elements in the

viewpoint models supported by the tool, as defined in [7.4], [8.4], [9.4], [10.4] and [11.4];
the structuring style for ODP system spegifications defined in [6.6].

use the structuring style defined in [6.6];

use the UML profifes for the viewpoint languages defined in clauses 7 to 11 to express the cf
structuring rules for which they are defined,;

specify the Correspondences between ODP modelling elements in different viewpoint model
tracing fmechanisms defined in [7.4], [8.4], [9.4], [10.4] and [11.4];

specify-the conformance using the UML profile for conformance defined in clause 13.

pncepts and

s using the

UML profile elements.

Part 2 and
responding
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Annex A

An example of ODP specificationsusing UM L

(This annex does not form an integral part of this Recommendation | International Standard)

The following example illustrates the results of use of UML for expressing ODP system specifications.

This annex is not normative.

Al

All

The Templeman Library System

Introduction

This is an example of an ODP specification of a Library system, using UML. The example is about the computerized
system thaf supports the operations of a University Library, in particular those related to the borrowing prdcess of the

Library it

loans. The library system will be used by the library staff (librarian and assistants) to help them re
returns, etd The borrowerswill not interact directly with the library system.

NOTE
library

Instead of [a general and abstract library, this example is based on the regulations that rule the borrow
defined at the Templeman Library at the University of Kent at Canterbury, a library<hat has been previou
different ajthors for illustrating some of the ODP concepts.

Al2

The basic rples that govern the borrowing process of that Library are asfollows:
() Borrowing rights are given to all academic staff, andyto/postgraduate and undergraduate studglents of the

s. The system should keep track of the items of the University Library, its borrowers, and their

- In the following, the library system (or the system, for short) will refer to the computerized-system that
gperations, while the library will refer to the businessiitself, i.e., the environment of the system.

Rules of operation of the Library

University.
() Library booksand periodicals can be borrowed.

B) The librarian may temporarily withhold theTeirculation of Library items, or dispose them wh
no longer appropriate for loan.

1) For requesting aloan, the borrower must hand the books or periodicalsto aLibrary assistant.

b) There are prescribed periods of loan and limits on the number of items allowed on loan to a
any one time. These rules may vary from time to time, the Librarian being responsible for
chosen policy. Typicd limits.are detailed below:

—~

—~

borrowed for faur weeks.

—  Postgraduates may borrow 16 books or periodicals. Periodicals may be borrowed for
Books may/be borrowed for one month.

— Teaching staff may borrow 24 books or periodicals. Periodicals may be borrowed for
Books may be borrowed for up to one year.

(6) ltemnsborrowed must be returned by the due day and time which is specified when the item is

putstanding
cord loans,

supports the

ng process
5y used by

en they are

porrower at
setting the

— Undergraduates may’ borrow eight books. They may not borrow periodicals. Books may be

one week.
one week.

borrowed.
prescribed

(P Borrowers who fail to return an item when it is due will become liable to a charge at the rateg

—untitthebook orperrodicat s Teturmedto the tibrary, and ey heve borrowimg rights sosperd

ed.

(8) Borrowersreturning items must hand them in to an assistant at the Main Loan Desk. Any charges due on

overdue items must be paid at thistime.
(9) Failureto pay charges may result in suspension by the Librarian of borrowing facilities.

In the following, we will refer to these rules as the "textua regulations' of the Library system. They will be the starting
point for the ODP specifications below.

It isimportant to note that the textual regulations above leave many details of the system unspecified, such as when or
how a borrower suspension is lifted by the librarian, or the precise information that needs to be kept in the system for
each user and Library item. The specification process followed here will help uncover such missing details
progressively, so the appropriate stakeholders of the system can determine them by making the corresponding decisions.
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A.1l3  ExpressingthelLibrary System Specification in UML

This annex describes a specification of the different ODP viewpoints of such a system, using UML. For each of the
viewpoints, this specification uses the corresponding languages defined in RM-ODP and, where appropriate, expresses
the languages in terms of the UML notation.

The UML specifications of the ODP system will consist of one top-level model stereotyped «ODP_SystemSpec»
composed of five models with the specifications of the five ODP viewpoints (Figure A.1), together with the models that
describe the correspondences between them. These models will be described in the following clauses.

==00P_SystemSpec== M
TemplemanLibrarySystem
==CorrespondenceSpecification== " P~ =<Erterprise_Spece> FiN
LibrarySystem (E.C Corr) | fCErreiporl:!lng_Spe_uflc_aﬂoﬁ»_) LibrarySystem {E Spec) = <5Cqr[esgond_lng§pec_|flcajon_>.> - <<C0-rrespondenceSpemﬂca{mn;;
LibrarySystem (E-1 Corr)
T ; <<Corresponding8pe‘c'|fic_a_tio;1;>

- ==Information_Specs= AF T

==CorrespondingSpecification==

LibrarySystem (I Spec)
-~ —|
ey -~ <

" z=CoffespondingSpecifications=
Ea PoncfingSpecificat — — __ | ==Correspondencedpecification==|
e

-

o A ) TibrarySystem{(l-C Corr)
==CorrespondipgSpecifications== == T
- ==Computational_Spece= Al ==CarrespondingSpecification:=
P < LibrarySystem (C Spet)
N 1
- - @
- i ki f
P SeConespoTtingSpes Icﬂlorl:-:-_ — | ==CorrespondenceYpecification=:
il _ _| LibrarySystem}C-H Corr)
— ==Engineering_Specs= _ 2=CerresponfingShecification==
s=CorresponflenceSpecification==| _.conespondingSpecifications= LibrarySystem (H Spec) A sporpingh
LibrarySystem (ENCorry [ — — — — — = )
[ =
==Crtespontingspecification=:
—| - - ==CarrespondenceFpecification==
zzTechnology_Specss Ao e e e == — LibrarySystemH-T Corr)
LibrarySystem (T Spec) 5 z=CorrespondingSpecification==

Figure A.1-UML specification of the ODP system

A2 Hnterprise specification in UML

A.2.1  Basic enterprise concepts

for that sygem and its environment. It describes the business requirements and how to meet them, but witholit having to

The enterpfise viewpoint is an abstraction.of the system that focuses on the purpose (i.e., objective), scope I:d policies
putational

worry abolit other system considerations, such as particular details of its software architecture, its co
processes, pr the technology usedjto implement it.

Four key cpncepts of the enterprise language are: system, scope, enterprise specification and field of applicgtion. In the
first place, [the system t0 be specified is a computerized system that supports the operations of a University|Library, in
particular those relatédyto the borrowing process of the Library items. This system has a name "The Templeman Library
System" (of "TL S*fer short).

The scope pfthe TL S system describes its expected behaviour, i.e., the way it is supposed to work and intefact with its
environmentHrthe-bushess-eontext—trthe-enterprisetangdagethe-scope-of-the-systemtstnodeted-asthe-sét of rolesit

fulfils.

In UML, the enterprise specification of the TLS system is expressed by one model, stereotyped «Enterprise Spec»,
which is shown in Figure A.3, and whose contents are further detailed in this clause.

In the figures that follow, to improve the clarity of the diagrams, the icons shown in Figure A.2 have been used to
represent instances of the corresponding stereotypes.
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«EV_Community» .ﬁf‘!b"
_ y LA
«EV_Objective» ;g

«EV_Object»

«EV_CommunityObject»

«EV_ODPSystem»

«EV_Role»

The ODP

specificatid
it will supq
the followi
1

2

«EV_Interaction»

«EV_Process»

«EV_Step»

«EV_PalicyEnvel ope»

s
=
co
&
«EV_Artefact> ﬁ'

«EV_PolicyVaue» =

Figure A.2 — Enter prise language icons

Enterprise Language specification does nat* prescribe any particular method for building the enterprise
n of a system, as the approach taken wilkdepend very much on the system being specified, the buisiness that
ort, and the constraints that arise from the environment in which the system will operate. For thjs example,
ng process has been followed:

I dentify the communities, with which the system isinvolved, and their objectives.

Define the behaviour .required to fulfil the objectives of the communities. This may be in {he form of
processes, their corresponding actions, and the participant roles in them. Objects may pdgrticipate in
actions as actors (if they participate in or perform the action), artefacts (if they are referenced in the
action), and resources (if they are essential to the action and may become unavailable or used{up).

In addition;* depending on the modelling objectives, behaviour may be modelled in the form of
interactions between objects fulfilling roles. This approach is appropriate when it is required|to model a
behaviour in detail.

ldentify the enterprise objects in each community (either as typical instances of a type, of as unique

ihstances) and how they fill the roles.

Of course,

I dentify the policies that govern the behaviour.

Identify any behaviours that may change the rules that govern the system, and the policies that govern
such behaviours (changes in the structure, behaviour or policies of a community can occur only if the
specification includes the behaviour that can cause those changes).

Identify the actions that involve accountability of the different parties, and the possible delegations.

Identify any behaviour that may change the structure or the members of each community during its
lifetime, and the policies that govern such behaviour.

the order of these activities need not necessarily be linear, and nor will al activities be appropriate for al

modelling situations.
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A.2.2 Communities

As shown in Figure A.3, the enterprise specification of the library example contains two communities (the Library and
the Academic Community). Each of these is specified in a package, stereotyped as «EV_CommunityContract»,
containing a component, stereotyped as «<EV_Community» (as well as other elements specifying other aspects of the
community). Each of these components has a dependency, stereotyped as «EV_RefinesAsCommunity», from the
relevant class stereotyped as «EVCommunityObject» (Library and Academic Community) which expresses the
community object that models the community when considered as a single object. (Note, the Academic Community is
included only to illustrate the principle that, at the top level, there may be more than one community. The Academic
Community is not further detailed in this example.) For convenience, these community objects are included in a
package named as Enterprise Objects (Global), which contains those enterprise objects that model entities whose
scope is wider than the Library itself. Examples of such enterprise objects are Person and the University admin
system, with which the Library System hasto interact.

LibrarySystem (E Sped)

Enterprise Ohjects (global) |

S

==E%_CommunityOhject== ==E%_CommunityChject== ==E%_ODPSystems==
Enterprise_Specy s Library Academic Community University admin system
EV_FieldOfApplication = "This . W\

specification assumes an Academic - .

environmeny, such a University, in ==EV_RefinesdsCommurity== ==E% _RefinssdsCommunity==

which a Librgry maintains a collection - |

of hooks an{l periodicals which can

] <<E\4¢C0mmunitycorrtractz==ﬁ
2 . EY _C ityCortract: =
he harrowed by the different kind of SeEY_-ommunityt-brira ”E

. Academic Community
university mpmbers, and that uses a Libraryl N
computerisqdd system to track library

{4 \
itemns, borropvers and loans” H\
e X

==E%_Community== ==BE%_Community==
Library Academic Community

Figure A.3—UML Enterprise specification of the Library System

The field of application of the enterprise specification describes the properties that the environment of the QDP system
must have| for the specification to beused. It is expressed in a tagged value of the package, sterpotyped as
«Enterprisg¢_Spec» that contains the enterprise specification of the system.
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==E% _CommunityObject==
Library

::EV_CDmmunﬂyContrad»‘@
Library

==E%_RefinesissCommunity ==

<4Bw Objectiver:
description="To allow
the use, by authorised
harrowers, ofthe varying
collection of Library
items, as fairly and

==E%_Catnmunity=>=
Library

==E%_Chjectivef==

_ e
-~ _AK
==EY_Ohjective==

1 ihrslr:'( nhjnrliun

ety s possie:

[ [

[ ]

Roles Policies

Library Enterprise Uhjerts‘

Figure A.4 —UML specification of the Library comnmuhity

A commun
systems, r¢g

governing their collective behaviour, and that has been formed for a particular objective.

The packa
contains th

processes ¢f the community, three packages containing, respectively, the roles in the community, the set o

objects spd
community
objective &
and efficig

ty isa configuration of objects modelling a collection of entities (e.g:;"human beings, information
isources of various kinds, and collections of these) that are sabject to some implicit or expli

he containing the specification of the Library community is stereotyped "EV_CommunityCol
e component, Library, stereotyped as «EV_Community» that expresses that community an

cific to the community (Library Enterprise Objects, which model its structure), and the poli
and one class (stereotyped «EV_Objectives) which has a tagged value that expresses the

processing
it contract

tract”", and
owns the
enterprise
Cies for the
community

5 follows: "To alow the use, by authorjsed*borrowers, of the varying collection of Library items, as fairly

Ntly as possible”. This class has an association, stereotyped as «EV_ObjectiveOf», with the

component

b particular
articipating

expressing fthe Library community.
A.23 Hrocesses
Processes pecify behaviour in terms of (partialy ordered) sets of steps, and are related to achieving som
sub-obj ectije within the communitysSteps are abstractions of actions, which may hide some of the objects p
in the actions.
==E% _Community== E‘
Library ]
==Eh Pr%ucess::} ==F F%cess» =<B¥_Process== =<E¥_Process==
Borrow item Return hem Heserve mem Helease mem
==E%_Processs= E E
s ==E%_Processs=s= ==EW_Processe= ==E%_Processs==
Fine member Pay fine Suspend member Re-instate member
=<E%_Processss ==E%_Processs== ==E%_Processe= ==E%_Process==
Add member Add tem Set lending limit policy Remove member
Figure A.5 — Processes
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The processes of the Library community are expressed by a set of activities stereotyped as «EV_Process» that have the
component that expresses it as their context, as shown in Figure A.5.

Each of these activities has associated with it an Activity Diagram that expresses the steps of the process, and identifies
the roles involved in these steps (either as actor or as artefact roles). Actor roles are expressed by the activityPartitions
(stereotyped «EV_Role»), and artefact roles are expressed by objectNodes (stereotyped «EV_Artefact»). In this
example, we detail the Borrow item and the Add member processes.

A.2.3.1 Borrow item process

In Figure A.6, the behaviour of the Library system role in the Borrow item process is defined by the actions in the
activityPartition for the Library system role. The complete behaviour of the Library system role is the composition of
its behavioursin all of the processesin which it isinvolved.

The process starts with a Borrower (arolefilled by aLibrary member) performing the step State loan requirement.
(The exact mechanism and procedures for doing this are not stated at this time, but it could be as simple as the borrower
taking the {tem concerned to a desk for processing by the Library assistant.) This step implies that a L oan|(enterprise
object) hasjcome into existence, and this fact is modelled by an artefact of L oan expressed as an objectFlow, named in
the model horrower requests which has the type L oan.

Note that ip this example, artefacts have been further detailed by identifying for each, a state of the enterprise object
that the arfefact represents a usage of. This is not mandated by the enterprise language butalows the usgq of a UML
feature to puild an important bridge to the information specification. The resultant stateMachine of thg class that
expresses the enterprise object can form the basis for expressing a dynamic schema for the associated {nformation
object typg For details of the stateMachine for the Loan enterprise object, see Figure A.16. In this case, the artefact
represents {he enterprise object L oan in the state Requested by borrower.

The Assistant (arole filled by a Person who is of type Library Staff), next\performs the step Check reqpiest, which
references, [as an artefact, the enterprise object L oan in the state Requestedhby assistant. Again, this step, being part of
the human|behaviour associated with the system's operation, is not further detailed in this model, which|is directed
towards the¢ system's specification. In areal life situation, such behaviour would need to be documented, angl the model
may be agpod place to do it.

=<E%_Role== q') ==EY_Ruolz== q') ==E%_Roles= ;)
Borrower Assistant Library system

borrower requests : Loan i,

- Lo «<EV_Steps> e
—_— req 0an | y I
; Validate loan : Loan validation
B p_=> ELE' [Requested by borrower] RS> E'r_' [Requested by assisfant] N
State loan reduirement Checkrequest {Time to Complete not th exceed ?ﬁ}

—. assistant authorized : Loan (7 TR system authorteed : Loan

| ==E¥_Steps= E;' [Exxtant’ %{ <<BV_Step=> E::' e [Authoriged] < authoriged]

Accept loan Prepare item for loan

]

/

P . assistant disqudlified : Loan p rwe———— system disqudlified : Loan (i,
{ =<Ev| Stepe= E?' [Refused] ==EW_Steps= E?. [Discuallied] [clizqualified]
Accept refusal Refuse loan

4
WY
-

I/
b

Figure A.6 —Borrow item process

Next the enterprise object Library system (filling therole Library system) performs the step Validate loan. This step,
which may be more or less complex, depending on the rules of the library, and is constrained by the Lending policies
(see Figure A.19), is not detailed at this level. Instead, as can be seen from the small forked symbol under the name of
the step, the model element is linked, using the callBehavior feature, to a stateMachine which expresses the detailed
behaviour of therole Library system, in this process. See Figure A.12 for this detail.
NOTE — Note that the role Library system is filled by an enterprise object with the same name. It is a fact of life that in
enterprise models, enterprise objects and the roles they fulfil often have the same name. This is due to the natural tendency of
people to name things by the things they do, or to name behaviour by the thing that exhibits it. Since a key objective of an RM-
ODP enterprise specification is to be approachable to the stakeholders it is not considered desirable to introduce artificial new
names, and instead to make clear whether arole or an enterprise object is being referred to.
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The remainder of Figure A.6 is largely self-explanatory and is not detailed further in textual form. It should be noted
that the states of the enterprise object Loan, identified in the various artefacts, are not exhaustive. Other states, see
Figure A.16, may also be discovered from considerations of other behaviour. For example, the sub-states of Loan
extant, Valid and Over due, are discovered from consideration of Fining interactions or Fining processes.

A.2.3.2 Add member process

As a further example of process modelling, Figure A.7 shows the top-level process involved when a prospective new
member of the library appliesto join. The diagram is largely self-explanatory, but it can be seen that through the use of
artefacts a number of states of the Library member enterprise object (but by no means all of them), have been
identified.

In this process, the Library system has 3 steps, which are detailed in two different ways. The simple caseis for the two

steps Create member and Refuse new member. Each of these is detailed by an opaqueBehavior owned by the role
Library system, see[A.2.4].

==EY_Role== :]) ==E%_Role== ;]) ==E%_Role== ;J)
Bofrower Assistant Library system

==EV| Step== E::,
Request nhembership {

==EY_Step==
‘ Enter new member details

.
Y

entered by ist Library b i
[applied for membership]

Validate member : Validate memi

==EV_Step== E:j
per
{Time to Complete not to exceed ﬁ:}

==E%_Steps= [OK]
Create member : Create memhﬁ:

[refused]

P el

validated\by system : Library memberf;

[eligible] ( <<EV_Step==
Refuse new member : Refuse new -nemhﬁ.lr
==E%_Stepi== \
accept new member ) /
v

assistant confirms : Library member refused by sy e:'n : I;hrary member rf.ll-
[walic] ’ refused]

==EY_Stepe==

f
I
/ J
reject new member
@

Figure A.7 — Add member process

The step Validate member is refined as a process, also named Validate member, which is owned by the process Add
member. (It is unfortunate that there is no visual means of indicating which of the different detailing approaches is
used; in the model, however, querying the model element concerned will show whether the detail of a step is provided
by an activity expressing a process, a stateMachine expressing a set of actions, or an opaqueBehavior modelling directly
the details of the behaviour required.) The step is performed (at the high level) by the Library system (enterprise
object and role). In this example, for the purposes of illustration, it has been assumed that, because appropriate
technology is available, the actual check on validity of an application will be made by the agent best placed to do it,
namely an enterprise object, known as the University admin system (filling the role University admin system), and
that adirect link will be made in order to check an applicant's credentials. The details of this sub-process, as well as the
required states of the enterprise object Library member, are shown in Figure A.8. Asin other activity diagrams, some
of the steps performed by either the Library system role or the University admin system role are detailed elsewhere
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in the model, as indicated by the small forked symbol under the name of the step. In each case they are detailed by an
opaqueBehavior, owned by the relevant role.

==EY_Roles== ‘_l'] ==EY_Role== ;!j
Library system University admin system
) .\
==E%_Step==
Prepare validation request : Prepare validation requeﬁ
AN
request validation : Lijrary member (7,
[applied for memershigp] }
— -
Cw _olef
Validate member : Validate member
{Time to Complete not trexcee SEI?I}
A
[applicart eligable]
. >
) v .
==E%_Stepes= 1
Azzign category : Assign t:atrf:gu:n:li!| ‘
L
[appligart ineligakle]
eligible new member : Library memherrf’-l_ - ==E%_Step==
[eligible] ’ |/ report eligable ‘
- 47______«- h :
==E%| Step==
return OK ‘
s
i =<EV_Steps== E:j ) refused new member : Library mneml:uerr[’!!1 ==:EV__Ste_p:=:= E::'
e - report ineligablg
( . —— return refused [refused) .
A h
Figure A.8 — Validate member sub-process
A24 Roles
From the

extual descriptien of the Library (and, in rea life more importantly, from discussions, intgviews and

workshops|with staketiolders), we can identify several roles in the Library community, in particular borrowers with

various privileges, librarians, library assistants, and the computerized system that supports the Library

(Library

operations

stem). Figure A.9 shows these Library roles within the package that contains the specificgtion of the
community| each-with arealization link to the component that expresses the community.
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The behavi
example of

Roles
Librarian
{Max Librarians = 3}
A,
T
=<EV_CommunityBehaviour==
-
T — >
Interactions Assista -~ - ~
<<EV_CDmFﬁurH'yB_§_haViour>> -
) . &Y
SR 1S
<<EV_Comm"nityElehavi_o_ur=_> o - .._u'-l"
4_. - =T - ==EY_Community==
i - -
Library system - - Library
- - - -~
=<=EV_CommurityBehaviour==~
I
Borrower <<§V_’Co munityBehaviour==
~
-
-
=
University admin system

Figure A.9 —Library community roles

the (partial) list of behavioralFeatures of therole Library systemis shown in Figure A.10, which

pur identified by aroleis expressed by the set of behavioural features-0f the class that expresses the role. An

shows that

the behavigur of the role is specified in three opaqueBehaviours, vizz<Create member, Prepare validation request,

and Refusd

new member, and one stateMachine, L oan validation.

Class - Librang S\sem

'l « History :| % Library systep{®tpleman Library::Templeman Lib +]
o Library system Behaviors \
B Documentation/Hyperlinks S P\
= A B R
Attributes |~ W& = =
Ports Name Type

Operations

Template Parameters
Inner Elements
Relations

Tags

Constraints

2 Language Profiecties

&, Qprque Behavior
. Create member
T ' Prepare validation request
| Refuse new member
El State Machine
Loan validation

& Opaque Behavior
@5 Opaque Behavior
& Opague Behavior

[z State Machine

Figure A.10 — Behaviour of the Library system role

A25 |

hteractions

Behaviour can also be modelled in terms of interactions between roles in a community. Thisis normally appropriate for
modelling the detail of a particular interaction and the associated behaviour of the roles concerned where a process
model lacks semantic power. In this example, we detail an interaction between the Assistant role and the Library
System role, and the associated behaviour of the Library System role since we are concerned to specify in detail the
behaviour which the Library System isrequired to provide.

The relationships between the classes expressing the interaction involved in the behaviour of requesting a loan, and
those classes expressing the rolesinvolved in thisinteraction are shown in Figure A.11. Thereisone interaction in this
case: Process Loan in which Assistant and Library System are involved. The relationship is expressed with an
association, stereotyped as «EV_Interactionlnitiator» or «EVInteractionResponder» as appropriate. Note that, with
delegated authority from the Librarian role, the Assistant role is performing an Accountable actions, in performing its
actions as part of the Processloan interaction.
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==EY_Accountahle==

1 =<EV_Delegation== 4 <<EV_Imeractinnlnitiator}}t) ==E¥_InteractionRespaonder== @

: principal agent [

Assistant Process loan Library system
_

Librarian

==EY_AnefaciReferences==

==EY_ApefactReference== ==E_ArefactRe
loan: loan: loan:
requested hy authorised disqualified
assistant 1| 1

1

==EYW_ArefactRaole==

==EY_ArefactRole== ==E%, ArefactRole==

Figure A.11 — Process L oan interaction

Figure A.1]L also shows that the Process L oan interaction isinitiated by the'role Assistant and responded to|by the role
Library System and involves, through associations which are each stereotyped as «EV_ArtefactReference», three
signals, eagh stereotyped as «EV_Artefact», expressing artefact rolesof,the L oan enterprise object: loan: reguested by
assistant, Ipan: authorised and loan: disqualification respectively.

Figure A.1P shows the stateMachine for the behaviour defined-for the role Library system, in the interactiion Process
loan, with therole Assistant.

loan:
requested by
azsistant

[valid loari céguest) | validating loan request [irevalicd loam recuest]

do §Yalidate loan request

|J preparing loan authorisation ] | preparing loan refusal ]
‘ doPrepare loan autharisation ‘ ‘ do ¥ Prepare loan refusal ‘
s loar:
authorised fi\ dizqualified
2

Figure A.12 — Statediagram for Library system rolein the interaction Process loan

This example has defined the behaviour of the Library system role in the Request Item interaction. The complete
behaviour of the Library system role is the composition of its behaviours in al of the interactions in which it is
involved (see Figure A.10).

A.2.6  Enterpriseaobjects
A.26.1 Actors

Roles are fulfilled by enterprise objects. The fulfilment of actor roles in a community by enterprise objectsis governed
by assignment rules. Using UML, the fact that an actor role may be fulfilled by an enterprise object is expressed by an
association, stereotyped as «EV_FulfilsRole», between the classes that express the objects and the roles concerned.
Assignment rules can be constrained by the policies of the system, in which case there would be links between the roles
and elements expressing the policies. Figure A.13 shows the UML expression of the basic (i.e., unconstrained by any
policies) assignment rules of the Library community.
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Person
University admin systerm T

<<EV_FuIrIsROIe==

Library system Undergraduate P051 graduate student Academlc member

mhber Libr: ry Staff

<<EY FlMlsRERE \;_FulréRule»
=<EV_FullilsRoles> - b\ V_FulfilsRole=> <<Ey FulfilsRotes==EV_| Fulr}\;\RDIe»

%Sl
Library spstem |_

Borrower

A.2.6.2 Artefacts

Figure A.13—Actor Rolefulfilment and assignment rules

.i -:.--'i
Librarian ﬂ.SSIS‘lam

Enterprise pbjects may also participate in actions by filling artefact roles. In this example, L oans are enterpyise objects
that model| the relationship that is established between a borrower and an item-when he/she requests the item, and
continues for a period from either the loan being refused or the item, having been loaned, being returned. If oans fulfil
artefact rdles in several actions (from process model, see interaction ynodel, see [A.2.5] above), a3 shown in

Figure A.14L.

f =1 Elemems Using Class Loan

Figure A.14 —Loan asan Artefact

A.2.6.3 Summary of enterprise objects

(8] Elements Using Class Loan
(Btef el B2 ‘x Fllter ’Show All but Di... 5!/ <ALL> 3!
B -E-I;amer;: . Element Type _.Usage Type
El B = Loan is used by
7 assistant authorised Central Buffer Node Type
— assistant disqualified Central Buffer Node Type
- assistant regquests. Central Buffer Node Type
7 borrower recuess Central Buffer Node Type
— system authofised Central Buffer Node Type
— system djsguglified Central Buffer Node Type
= loan;sauderised Signal Association
— loan:\disqualified Signal Association
—,loan; requested by assistant Signal Association

In summary, the.enterprise objects, and the relationships between them, that have roles (either actor or artgfact) in the
Library cgmmunity are shown in Figure A.15. Note that the list of such items includes enterprise objects that have

wider scope than just the Library community.
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1

Library Enterprise Objects

=<E%_Uhject==
Remt

Enterprise Objects (global)

==E%_Party==

==E%_CommunityChject==
==EY_Ohject== Library
Person
A

®

==E%_Community Ohject==
Academic Community

s
T [
==EV_Chject==
Library mtenrber
iy

;

|
®

=<E%_Ohject==
Periodical

==E%_Chject==
Book

=<E%_CDPSystems==
University admin system

ct==
ember

==E% _Ohj
Academic

==F%_Ohject== ==F%_Ohject==
Post graduate student  Undergraduate

==E%_Chject==
Other member

ﬁl ]
==EY_ODPSystetm=>-
Library system

==E%_Ohject==

==E%_Chject==
Library Staff

Loan

A.264 E

As noted i
correspond

nterprise object states

ng information object types.

Figure A.1p is a stateMachine for the L oan enterprise objest and is compiled from consideration of both

model (see|[A.2.3]) and the Interaction model (see [A.2.5]).

Mote: this diagram-represents all the
interesting states of the enterprise
object, LOoar, Only the unshaded states
are actualy recorded in the Library
Systermn (and these are the ones for
wiith the correspondence rule applies).

Figure A.15—Enterprise objects

N [A.2.3.1], it is useful to model the states of the ent&prise objects, because they may help

loar: request by borrower

specify the

he Process

[ Requested by borrower ]

laan:
requested by
aszistant

|J Requested by assistant ]

[[aF=T
authorized

Authorised
|' Extant

. laan:
discjualified

|‘ Disqualified

[[aF=T

di Ciklalificcl
loan expired j
|‘ Returned Refused

Figure A.16 — States of the L oan enterprise object

In a similar fashion, Figure A.17 is an incomplete diagram representing those of the states of the enterprise object
Library member that have been identified from the process models that have been developed, including the Add
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member process shown in Figures A.7 and A.8. It should be noted that these state diagrams will only be
when all behaviour that the system under consideration isinvolved in has been defined.

|' applied for membership ]

~
e
membersﬂ;}r{sed memibrership Ok

-
-
. ~,
I - N

|' refused | eligible
membership accepted

canc;el memkershi [ valid ]

"complete”

74
| archived H deleted ] suspend member  |reinstate

l \—{ suspended
(.} cancel memberzhip \p—]

Figure A.17 — States of the Library member enter prise object

A.2.7 Holicies
A.27.1 Genera

In an enterprise specification the concept, policy is intended to be used whene the desired behaviour of the $ystem may

be changed to meet particular circumstances.

The Policigs package specifies the community policies, which_Censtrain the structure and/or the behayv

our of the

community] Therefore, the elements of that package will constrain the elements of the other two packages in the

Library Cpmmunity package (Behaviour and Library Enterprise Objects).

Providing an independent and modular specification of palicies will enable the definition and implementati
traceabilityl mechanisms, both intra- and inter-viewpoints. Within the UML expression of the enterprise speq
a system, we need to be able to list all the elements affected by a given policy, and all the policies that const
element, in case there is a change in the specification's elements or policies. But such independent ex
enterprise policies may also alow the definition of correspondences between these policies and other relat
from different ODP viewpoints (such as.information invariant schemata). We expect UML modelling tool
such tracegpility mechanisms, checking for absences of policies for some of the modelling e ements, and als
conflicts ajd inconsistencies at various levels.

In this relafively simple example; the aspects of the system that are most appropriate for use of this concey
rules regargling borrowing permissions (see [A.1.2] rule (5)).

According to the considerations above, in order to be properly specified, policies need to identify the relevar

pn of some
ification of
ainagiven
pression of
d elements
5 to exploit
D for policy

t are in the

t enterprise

elements t¢ which they. apply: roles, objects, actions, processes, communities, as well as their relatior;ﬁips. Such

elements afe precisely’those described in the two other packages that form part of the enterprise specifi
system: Enter ptise Objects and Behaviour.

ion of the

A.27.2

In this example, we will express policies using the pattern shown in [7.2.14], Figure 9, which corresponds to the

elements that comprise the specification of an enterprise policy in the Enterprise Language [E/L —7.9.2]:
— description: text with the description of the policy in natural language;
— controllingAuthority: an authority that controls the policy (in this case, arole);
— relatedBehaviour: an identified behaviour (i.e., rol€) that is subject to that authority;
— relatedObjects: optionally, an object or objects that may fulfil the rolesinvolved;
— gpecificationConstraint: set of constraints on the modelling elements involved;

— affectedBehaviour: the subset of the related behaviour that is required, permitted, forbidden, or

authorized.
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The behaviours, roles and objects related to a policy specification in UML refer, of course, to the UML elements
expressing these behaviours, roles and objects, respectively. Such elements will normally be used as contexts in the
constraints that specify the policy. Note that all policy statements are made in a context that defines the elementsin the
specification to which the policy applies, and have a condition that specifies when the policy can be used. In this sense,
OCL can be of real help. Each OCL constraint has a particular context, related to some element in the model. OCL
statements can be directly associated to some elements in a diagram, establishing an implicit context by attachment, or
they can form part of a separate piece of specification in which the context of each statement is explicitly established by
naming. Rules are expressed as Constraints, using a given notation (such as OCL, or a specific policy language).

A.2.7.3 Expressing Loan policiesin the Templeman Library

Figure A.18 shows the structure of the Palicies package.

Policies

tendingpotictes;

<<EV_PolicyValue==>
Lending limit

<<EV_PolicyValue=>
Loan duration

Other policies

Figure A.18 — Structure of‘the Palicies package

Details of |the Lending Policies are shown in Figures*A.19 and A.20, which for illustrative purposes| offer both
behaviourd modelling styles (i.e., with processes and-interactions). From this, it can be seen that the Lenfing Limit
Policy is sgt by a process Set lending limit policy(located in the Administrative Processes package), and|impacts on
therole Library System, when taking part in the)process Borrow Item, or the interaction of the same name

Similarly the L oan Duration policy is setcby the interaction Set loan duration policy (located in the Adninistrative
I nteractions package), and impacts ori'the role Library System, when taking part in the process Fine Bqrrower, or
the interaction of the same name.
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There are prescribed limits on the number of ternz alloweed on loan to a borrower st any one time. These rules may
wary from time to time, the Librarian being responsible for setting the chosen palicy. Typical limits are detailed

belowvy:

- Undergracustes may borrowy eight books. They may not barrovy periodicals.

- Postgraduates may borrow 16 books or periodicalz. Periodicals may be borrowed for one week.
- Teaching staff may borrovwe 24 books of periodicals. Periodicals may be borrowed for one vweek.

==0paguess=
Validate loan request

\

b

\ <<EV_AffectedBe_r]§vieursS
g =<EV_ContralingBehaviour== ! 2 — 7 acEv_mtfectedBehaviours= 2
1 1 i - - 2
,#J@_ - —- —_- —- —- — - - - - — - — — -
“EV_—P"D_CBS_S” i ] =<E%_PolicyEnvelope== L_::EV—RDE”
Set lending limit policy ____d_______——- Lending limit policy < _ ibrary system
— 1/ ] K E - -
"'_ ! ~ i
|| , * ~ ==E_AffestedBehaviours=
| .I ~ —
| | N, ~ R © %
| . N .
. II ! " 2<EY_afiectedBehaviourss ==E'_Processs=
0. | p ~ Fing member
=] 1 Y, : N . ~
e I =:{EV_AffectedBQhavmur=} .
— ~
==E¥_Policy'alug==  Current value | \ £
Lending limit | "\ .
~
l N ~
A |l\‘ .e ~ O
=2 i
{Lending limit rulest {Rules for setting lending limt rules} =<B% lnteraction== <<E¥_Prdcess»»
Process loan Borrow item

Figure A.19 — Examples of policy expressiong,, Lending limit policy

There are prescribed periods of loan. These rules may vary frotm time to time, §

Likrarian being fesponsible for setting the chosen policy . Typical limits are detajled

kel

B - Undergraduates may borrowe books for up to four weeks.
- PostgraelDstes may borrowy items for up to one month.

- Teaching staff may borrow items for up to one year.

hr =etting loan durstion policy valugs}

T
.
N Vi

{Rules f

—

==B%_AffectedBehaviour==

% 9 ==E%_CortrolingBehaviour==
=z == .
Skt ks fome <eEV_poeyEnveicpes Evipes
policy € _ Library system
1 L S~ _
- =<EV_AffectedBehaviours=
~ -
<=:EV_Af}EQtEdEiehaviour:=:= ==E% Frodess=s
Fine_memher

,

&
B, 8 =
e ==E%_Irteraction==

R ertrele—
==B%_PolicyWalues== Fine b
ine borrower

{Loan duration values}
Loan duration

Figure A.20 — Examples of policy expressions. Loan duration policy

A.2.8  Accountability
An enterprise specification should also identify those actions that involve accountability of a party, where a party

models a natural person or any other entity considered to have some of the rights, powers and duties of a natural person.
Principal parties are responsible for the acts of any parties acting as their delegated agents, including their possible

commitments, prescriptions, evaluations, declarations and further delegations.

Accountable parties in a given process or action are expressed in the UML diagram that defines such process or action.
The stereotype «EV_Accountable» on an association between an actor and an action indicates the actor that is
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accountable for the action. Figure A.21 shows an example of the use of such a stereotype, indicating that the Assistant
is the accountable party for the Process L oan action.

Delegations are expressed in UML by associations between roles in activity diagrams stereotyped «EV_Delegation»,
showing the principal and agent parties of each delegation. Such associations alow delegated parties to initiate or
participate in actions on behalf of their principals. In particular, Figure A.21 specifies that the Librarian can delegate
his actions to an Assistant. As previously mentioned, the delegation may convey some information about its duration,
conditions, further delegations allowed, etc. Attributes of the «EV_Delegation» stereotype may be used to express such
kinds of information.

A.3

'i principal sgent

Librarian ==E%_Delegation== 1 Assistant ==BEW_Accountable==
\HEV_Interactiunlnitiatnrbb

=

Process loan

w_lnteractiunl?espunder}

Librany system

Figure A.21 — Example of delegation

hfor mation specification in UML

A3.1 Qverview

The information viewpoint is concerned with information..modelling. An information specification

semantics
other syst

Hefines the

f information and the semantics of information precessing in an ODP system, without having to Wworry about

considerations, such as particular details of it§tmplementation, the computational process, or the nature of
the distribdted architecture to be used. The information\specification in this subclause defines both the bagc concepts
for information used in this specification, and the invasiant, static and dynamic schemata.

In the figures that follow, to improve the clarity, of the diagrams, the icons shown in Figure A.22 have b

represent i

stances of the corresponding stereotypes.

«lV_‘©bject»

«IV_Action»

«lV_InvariantSchema»

«lV_StaticSchema»

ben used to

«lV_DynamicSchema»

Figure A.22 — Information language icons

According to [8.4], the UML information specification of the Library system is expressed by one model, stereotyped
«Information_Spec», that contains a set of packages that express the invariant, dynamic and static schemata of the
ODP information specification in UML. Figure A.23 shows the information specification of the Library system,
composed of four main packages. The following subclauses define these packages and their contents.
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==lnformation_Spec==
LibrarySystem {l Spec)

Fa

== _InvariantSchemss= i";'] ==l _InvariantSchemas== i";']
InformationObjects InformationActions
==Y _StaticSchemma== Tv:j ==V _StaticSchemss== i\{j
TheSystemAtTheBeginning TheSystemAtYearEnd i

Figure A.23 — Structur e of the information viewpoint specification of the Library system (excer pt)

A32 asic elements
From the {extual regulations of the Library, and from the objects, roles and artefacts identified\in the enterprise
specificatign, several information object types can be identified, namely Borrowers, library Itemns, Librfarians and
Library Apsistants. They describe the information stored and handled by the Templeman Likrary System gbout them.
In additior], a Calendar object should model the passage of time, and Loan objects will model the rgationships
between Bprrowers and Items. Figure A.24 shows a class diagram with all the basic: object types used in this
information specification. UML class Person contains the personal information about\the library users, lirarians and
assistants.
==l _InvariantSchema== Tf:|
InformationObjects
== _Ohject== ;:i)
==y O jed::;:;} ) 0 ==I%_Cihject=+13 S<lv_Ohje ct::-:i) LibraryPolicyValues
Pergon J— Siarsrian Calendar +academichaxloans © int
+ratne | String - +anCuty : boolean - +academicPeriodicalLoanPerigd © int
+addregs : String |1 i HB [Ea1E +academicBookLoanPeriod ; int
+phone | String S 1 lock +postgradiaxLoans : int
+e-trEil ] String +postygradPeriodicalLoanPeriofd : int
i 1 +postgradBookLoanPeriod ; i
»1\ 0.4 == Objed»-j} 1 / | +undergradiaxLoans © int
- , . ’ 0e W Ohjects=eey |1 _— +undergradPeriodicalLoanPeripd ; int
==enumefation=:= i - A == Li_hraJB ”'*D - +undergradBookLoanPeriod © it
LoanStatus +onDuty © hooléaf T ¥ +ozilyCharges : Money
requeste +isOpen ; boolean
disqualifigd RO = Mongy
extant .
returned 0.d 0.x
e =i _Ohject=> ;i_) 0.* 0.* ==l _Ohject== ;3 =qdataTypes==
- n " Kom dentifier
<<;numset :t’flﬂﬂ” Borrower ==l _Object== (§ —
em>fatus +id  Idertifier Loan ::gé;ﬂzzﬂ!fgﬂng
disposed RO eSS il 1 0% |izsueDate : date 0.1 1 |+publicationDate | date “petaType==
free +pendingFines : Maney G o Money
trissing +auspended ; boalean HUIECEIet Cale PRI o ]
anLoan +taculty : String +returnedDate © date +atatus : Remtatus
writhheld +atatus | BorrowerStatus +status | LoanStatus s Sl
ather iy T iclisjnint
complete}
==enumeration== {elizjoint, ‘
BorrowerStatus complete ::I\-"_Ohjed»;"g ==l _Ohject== 3
applied Periodical Book
eligilbe " =
+IZSH : String +ZEBN - String
:.Eaj;fEd @ @ @ +volume ; int +edition : it
i =alv_Object=> ==V _Ohbject== ==Iv_Ohject== +nurmber ; int +authar : String
archived Undergrad Postgrad AcademicStaff +acquisitionDate - date

Figure A.24 — Object types of the information viewpoint specification of the Library system

The attributes of each class define the information captured by this specification. Please note that this information
specification is built considering the elements of the enterprise specification described in [A.2]. The RM-ODP does not
impose any methodology for the definition and use of the five viewpoints. However, for building the UML information
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viewpoint specifications of this particular example, we have used its enterprise specifications. This approach greatly
facilitates the definition of the ODP correspondences between the related entities that appear in the different
viewpoints, and also simplifies the treatment of consistency among viewpoints. Viewpoint consistency tries to detect
and resolve the possibility that different viewpoints may impose contradictory regquirements on the same system.

In particular, this information specification incorporates the information kept in the system for each user and library
staff (name, address, phone, e-mail), and for each Library item: title, author, ISBN or I SSN, its physical location,
and its current status: on-loan, free, withheld (if the circulation of the item has been temporarily withheld), disposed
(if the item has been sold, donated, recycled, or discarded), missing (if the item is missing), or other (in case theitemis
in a status not contemplated by any of the previous options).

Information object LibraryPolicies contains the library system values associated to the policies identified in the
enterprise viewpoint specification, such as the details about the daily rates to be charged to late-returners and the current
loan limits and periods for the different kinds of users.

appear in gvalid object configuration of the information specification. Such restrictions on the classes, theif attributes,
and the multiplicity of the associations specify someinvariant schemata of the information specification (see

The information actions of this viewpoint specification arethe ones described in Figure A.25. These action$ have been
identified ffrom the processes and interactions defined.in-the enterprise viewpoint specification of the sygem. In the
UML infofmation specification, the information actions are expressed using a package that expresses the invariant
schema tha specifies the action types supported by the infor mation objects of the system.

==v_InwvariantSchermas== Tr;‘]
InformationActions B

==P_Action== hi ==1%_Action== i ==y _Action== hi == _Action== i) ==I%_Action== i
addMember ArchiveMember addPeriodicalCopy withholditem Setl endinglLimitPolicyValues
+U ;. Perso +) . Bosrovwer +p . Periodical +i: e +academicBookLoanPeripd | int
+academichaxloans i
+academicPeriodicalloagPeriod : int

==lv_gction== 45 ==IV_Action== 4T ==lv_Action== ¢ ==V _Action== (T - Libratian
fineMember suspendMember addBookCopy releaseltem +p.03'tgradEiuokLuanPeri - it
+postgradidaxLoans | int|

+a . Assistant +a . Assiztant +h : Book + et
+amt ; Miresd +b - Borrovwer +postgradPeriodicalloanPeriod © int
+u: Borropyer +wvhen : date 1 otion e I Lctionss T +unfergradEf‘DD}I<LaanPle o it
= = = = ek
borrowltem payFine +undergradPerlDdlcalLoanPerlod int
==V _Action== i ==I%_Action== i
cancelMembership relnstateMember b : HEH +amrﬂ. MIGHES, ==lv_Action==  Tm
+1u : Barrowver +1 ;. Borrower SetDailyCharges
+u : Barrower +a . Azziztant 9
+b . Borrowver ; - + : Libwrarian
== _Action== i ==I%_a&ction== i
- +wvhen | date - - i ;
<=l _Action== T returnitem disposeltem Sl HEREE (Maney;
ArchiveLoan - :
+ : en + et
+: Loan +u : Borrower

Figure A.25— Action types of theinformation viewpoint specification of the Library system

As information action types, they will all be expressed in this example by signals, which will trigger the state changes
in the stateMachines of the objects. These stateMachines will express the dynamic schemata that will describe the state
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changes caused in the system by such information actions. Those dynamic schemata will be described later in [A.3.5].
Attributes of the signals model the information conveyed by the ODP interactions expressed by such signals.

Once we have defined the main information object types of the system, and the possible actions that may take place, the
way the library system works (from the perspective of the information viewpoint) needs to be defined in terms of how
information is processed. Invariant, static and dynamic schemata are the mechanisms defined for that purpose.

A.3.3 Invariant schemata

An invariant schema is the specification of the types of one or more information objects that will always be satisfied by
whatever behaviour the objects may exhibit. The following are examples of invariants that can be defined for the
Library system:

1. Both Library users and items should have unique identifiers in the system.
2. Noitem can be simultaneously referenced by two loans in the system.

2 Tharachauld l«nnf mactonal thearian nnnqulnw onaAcactant an o mhilatha libran, 1o en
Fhere-shedtd-be-at-mest-ere-Hraran-aneg-at ene-Assistart-er-auty-whHe-thettbrarysopen.

4 The number of pending loans in the system should be consistent with the sum of the valués|of attribute
borrowedltems of all the Borrower objects.

Borrowers who do not pay their fines will eventually be suspended.

Suspended borrowers who settle their debts will eventually be reinstated, and their borrowing rights
restored.

Please notg how some of these invariants have been incorporated into the UML class'diagram that describeq the system
structure (shown in Figure A.24) in terms of the multiplicity of the associationEnds» This is the case, for |nstance, of
invariant 2|(which is represented by a multiplicity "1" in the corresponding assogiationEnd).

Other invafiants can be naturally expressed in UML by associating OCL gonstraints to some of the elements of the
specificatign. For example, invariant 1 imposes that the identifiers of users-and Library items should be uique in the
system. Th|sinvariant can be expressed in terms of OCL constraints @fithe Library class:

-- Inyariant 1
cantext Library
iny Uniqueltemldentifiers: self.item->isUnique(id)
iny UniqueMemberldentifiers: self.borrower->isUnique(id)

Invariant 2/ imposes that no item can be simultaneously referenced by two loans in the system. As mentioned before,
thisinvarignt has been implemented by a multiplicity,"1" in the corresponding associationEnd.

Invariant 3 states that there should be at mostone Librarian and at least one Assistant on duty while the library is
open.

-- Inyariant 3
cdntext Library inv AtMastOneL ibrarianAndAtleastOneA ssistantWhilelibraryOpen:
self.isOpen implies
(sef librarian+>Sel ect(onDuty)->size()<=1) and
(self.assistant->select (onDuty)->notEmpty())

Invariant 4, which impeses a consistency check on the system, can be also expressed by an OCL constfaint on the

Library class
-- T% naumber of pending loans should be consistent with the sum of the number of pending loans of epch user.

t | ibrary inv ConsistentNumberQf] oans:
(self.borrower.borroweditems->sum()) = (self.loan->sel ect (status=extant)->size())

Other invariants may need to be expressed using different notations. In fact, invariants 5 and 6 can be considered as
predicates in a given discrete linear temporal logic that imposes some fairness constraints. OCL is not expressive
enough to specify them, although we can always either use a textual description of such predicates, or use any other
notation (in this case we will consider an extension of OCL with the tempora logic operators "always' and
"eventually"):

-- Invariant 5: Borrowers who do not pay their fines will eventually be suspended.
context Borrower
inv: eventually always (fines = 0) or always eventually (suspended = true)

-- Invariant 6: Suspended borrowers who have paid their fineswill eventually be released

context Borrower
inv: eventually always (fines > 0) or always eventually (suspended = false)
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Finally, other OCL constraints may express invariants relating to well-formedness rules of the model. For instance, the
following constraint restricts the valid values of Loan objects:

context Loan inv ValidLoan:
issueDate <= dueDate

Similarly, other OCL expressions can help determine the value of some of the system attributes, e.g., when thelibrary is
open:

context Library inv OpeningTimes:
(hour(self.clock.now) >= 8) and (hour(self.clock.now) <5) implies self.isOpen = true

All these invariants are expressed as constraints, and specified in the I nfor mationObj ects package, associated with the
corresponding el ements.

A.34 Static schemata

ta provide instantaneous views of information, for example at system initialization, oryal any other
specific mgment in time that is relevant to any of the system stakeholders. This specification of the instantaneous state
of the objegts is precisely the one provided by UML object diagrams (also known as snapshots in some' WML dialects).

, the UML package shown in Figure A.26 expresses the initial state of the system(just before the Library
opens for the first time, when there are no items, borrowers or loans. There are, however, one 'clock, one agsistant, and
one librarign registered in the Library at that moment in time. At least one assistant should bepresent in order for such a
configuratipn of objects to respect the invariant schemata specified by the multiplicity{of the associations |n the class
diagram shown in Figure A.24. Please note as well how the constraints on the Library object explicitly |specify the
multiplicity jof the links, and how this static schemata defines the initial values(ofythe variables that store|the system

policies, agdescribed in the textual regulations of the library.
TL ==y _StaticSchemass T’f_‘r
eSystemAtTheBeginning
{locatiopln Time = "2007-01-01, 00:00:00 CEST"}
==l _Objcet=z 3
==l _Object== I3 Templenvar: Library ==Y _Object=» ;:i)
currentPdlicyValues : LibranyPolicyValues librarian = L1 — TheClock : Calendar
library = Templeman assistant =4 _ now =" "2007-01-01, 00:00:00 EST" "
academigBookLoanPeriod = 365 libraryP otfeBs = currentFolicyValues library = Templeman
academigMaxLoans = 24 isOpef=false
academifPeriodicalLoanPeriod= 7 tlgel = TheClock
dailyChafges = "0.05" credit="0"
postgradBookLoanPeriod = 30 7 ~
postgradpaxLoans =16 =<y _Object== 3 ==l _Objects= 3
postgradPeriodicalLoanPeriod =7 A1: Assistant L1: Librarian
undergraplBookLoanPeriod = 365 I T
undergrapdMaxLoans = 8 <<I\f'_0bject>:;:i) =alv_Chject==
undergradPeriodicalLoanPeriod=\0 Eve : Person Emerald : Person

Figure A.26 — Static schema with theinitial state of the Library system

Similarly,
at amome ventory), in
which there are only two Borrowers (John and Mary) one Librarian (Emerald), two Assistants (Eve and Pete), three
Books (one copy of Ulysses and two copies of Dubliners), and one Periodical (today's edition of The Times). There is
only one Loan (Mary borrowed one copy of Ulyssesin March).

he UM L object diagram shown in Frgure A.27 expresses a static schema that models the state of
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