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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
o : . e ) . : . L and IEC
te¢hnical committees collaborate in fields of mutual interest. Other international organizations, governmental
d non-governmental, in liaison with ISO and IEC, also take part in the work. In the fieldof ipformation

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

THe main task of the joint technical committee is to prepare International Standards. Draft Infernational
Standards 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 vote.

Attention is drawn to the possibility that some of the elements of this document may be the subjec} of patent
rights. ISO and IEC shall not be held responsible for identifying any,or.all such patent rights.

ISP/IEC 19793 was prepared jointly by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Suybcommittee SC 7, Software and systems engineering it collaboration with ITU-T. The identical text is
published as ITU-T Rec. X.906.
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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 Recojnmendation | International Standard refines and extends the definition of how ODP systems are specified By
defining the use of the Unified Modeling Language for the expression of ODP system specification.

0.1 M-ODP

The RM-QDP consists of :

4+ Part 1 (ITU-T Rec. X.901 | ISO/IEC 10746-1): Overview, which contains a mafivational overview pf
ODP, giving scoping, justification and explanation of key concepts, and ‘@n outline of the ODOP
architecture. It contains explanatory material on how the RM-ODP is to be jntérpreted and applied by (iLtS
users, who may include standards writers and architects of ODP systems. {f-@'so contains a categorization
of required areas of standardization expressed in terms of the referencepoints for conformance identifi¢d
in ITU-T Rec. X.903 | ISO/IEC 10746-3. Part 1 is not normative.

4+ Part 2 (ITU-T Rec. X.902 | ISO/IEC 10746-2): Foundations, ‘Which contains the definition of tie
concepts and analytical framework for normalized description of (arbitrary) distributed processing
systems. It introduces the principles of conformance to ODP standards and the way in which they are
applied. Thisisonly to alevel of detail sufficient to support’| TU-T Rec. X.903 | ISO/IEC 10746-3 and fo
establish requirements for new specification techniques~Part 2 is normative.

4+ Pat 3 (ITU-T Rec. X.903 | ISO/IEC 10746-3):-Architecture, which contains the specification of the
required characteristics that qualify distributed/processing as open. These are the constraints to whi¢h
ODP standards shall conform. It uses the descriptive techniques from ITU-T Rec. X.902 | ISO/IHC
10746-2. Part 3 is normative.

4+ Part4 (ITU-T Rec. X.904 | ISO/IEC(10746-4): Architectural semantics, which contains a formalizatign
of the ODP modelling concepts defined in clauses 8 and 9 of ITU-T Rec. X.902 | ISO/IEC 10746-2. The
formalization is achieved by interpreting each concept in terms of the constructs of one or more of the
different standardized formal-description techniques. Part 4 is normative.

In the same series as the RM-ODP aré ainumber of other Standards and Recommendations, and, of these, the principal
one that cgncerns this Recommendation | International Standard is:

4+ The Enterprise L'anguage (ITU-T Rec. X.911 | ISO/IEC 15414), which refines and extends the enterprise
language defiied in ITU-T Rec. X.903 | ISO/IEC 10746-3 to enable full enterprise viewpoint
specification.of an ODP system.

0.2 UML

The Unifigd Medeling Language (UML) isavisual language for specifying and documenting the artifacts of systems.|It
is a generg-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:

Q) TIVe VIewpoints, cafed enerprise, Mformaron, computational, engineering and technotqgy, which
provide a basis for the specification of ODP systems;

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

This Recommendation | International Standard defines:
— useof the viewpoints prescribed by the RM-ODP to structure UML system specifications;

— rules for expressing RM-ODP viewpoint languages and specificationswith UML and UML [extensions
(e.g., UML profiles).

tlallows UML tools to be used to process viewpoint specifications, facilitating-the software design process.

(@]

urrently there is growing interest in the use of UML for system medelling. However, there is no widely agreed
bproach to the structuring of such specifications. This adds to the~Cost of adopting the use of UML for system
ecification, hampers communication between system developers and makes it difficult to relate or mefge system
ecifications where thereis aneed to integrate I T systems.

B

e RM-ODP defines essential concepts necessary to specify,open distributed processing systems from five|prescribed
v{ewpoints and provides a framework for the structuring ef{specifications for distributed systems.

owever, the RM-ODP prescribes neither a notation, xnor'a model devel opment method.

is Recommendation | International Standard provides the necessary framework for ODP system specificgtion using
ML. It defines both a UML based notationfor the expression of such specifications, and an approach for their
ructuring using the notation, thus providing;the basis for model development methods.

defining how UML and UML extensions should be used to express RM-ODP viewpoint specifications, élJ;te standard
ables the ODP viewpoints and ©DP architecture to provide the needed framework for system specificgtion using
ML.

—

his Recommendation | Interhational Standard contains the following annexes:
—  Annex ACAn example of ODP specifications using UML.

This annex is not nermative.
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— modelling tool suppliers, who wish to develop UMLE-based tools that are capable of expressing RM
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— 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.
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3

Definitions

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

31
311

Definitions from ODP standards

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 R
1SO/I

3.2

This
SO/

33

This
formal

abstraction; action; activity; architecture; atomicity; behaviour (of an object); binding; class; client
object commun|cat|on composmon component object [2 5.1]; composte object; conflguratlon (of

bj d ; deletion;
distributed processing; distribution transparency; <X> domain; entity; environment; envirgnment
contract; epoch; error; establishing behaviour; failure; fault; <X> group; identifier; informatiof; initiating
object; instance; instantiation (of an <X> template); internal action; interaction; interchange reference
point; interface; interface signature; interworking reference point; introduction; invariant; location in
space; location in time; name; naming context; naming domain; notification; object;“obligation| ODP

standards; ODP system; open distributed processing; perceptual reference point; permission; persi

supertype; system; <X> template; term; terminating behaviour; trading; type”{(of an <X>); viewpol
asystem).

Viewpoint language definitions

Recommendation | International Standard makes use of the following<terms as defined in ITU-T Rec. X
FC 10746-3:

static schema; stream; stub; technology viewpoint; <viewpoint> language.

Definitions from the Enter prise L anguage

Recommendation | International Standard-makes use of the following terms as defined in ITU-T Rec. X
FC 15414:

community object; déclaration; delegation; evaluation; field of application (of a specification); inf
role; objective (of ‘an <X>); party; policy; prescription; principal; process; resource (with respec
action); scope (6f ‘a'system); step; violation.

Definitionsfrom the Unified M odeling Language

Recommendation | International Standard makes use of the following terms as defined in OMG dog
/07-02-05:

ence;

producer object; programmatic reference point; prohibition; proposition; quality” of service; refprence
point; refinement; role; server object; spawn action; stability; state (of an.gbject); subdomain; sybtype;

nt (on

.903 |

binder; capsule; channel; cluster; community; computational behaviour; computational binding pbject;
computational object; computational interface; computational viewpoint; dynamic schema; engirjeering
viewpoint; distributed binding; enterprise object~enterprise viewpoint; <X> federation; inforation
object; information viewpoint; interceptor; invariant schema; node; nucleus; operation; protocol pbject;

911 |

actor (with respect to an‘action); agent; artefact (with respect to an action); authorization; commitment;

erface
to an

abstract class; action; activity; activity diagram; aggregate; aggregation; association; association| class;
assouaﬂon end attrlbute behawour behav|our dlagram binary assouanon blndlng, cal; | class;

dlagram component component dlagram composte composate structure diagram; composmon
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.
MOF Meta Object Facility
OCL Object Constraint Language
ODP Open Distributed Processing
OMG Object Management Group
RM-ODP  Reference Model of Open Distributed Processing
UML Unified Modeling Language
XMl XML Metadata Interchange

NQTE — UML, CORBA, XMI, MOF, OMG, Object Management Group, and*Unified Modeling Language are either registered
traflemarks or trademarks of Object Management Group, Inc. in the United, States and/or other countries.

5 Conventions
In thejtext that follows, the following conventions apply.
This Recommendation | International Standard is referred to as "this document".

ITU-T| Rec. X.902 | ISO/IEC 10746-2 (RM-ODPPart 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-ODP Enterprise Language) is referred to as "the Enterprise Language”.

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

Referg¢nces to the normative-text of this document, to the text of Parts 2 and 3 of the RM-ODP, to the Entérprise
Langyage and to UML are.expressed in one of these forms:

[n.n] ~ areference to clause n.n of this document.

[Part 2=¥n] —areferenceto clause n.n of RM-ODP Part 2;
[Part-3~<n.n] —areference to clause n.n of RM-ODP Part 3;

[E/L —n.n]  —areference to clause n.n of the Enterprise Language;

[I IML —n n] —areferenceto clause n.n of the LUMI ermp(‘ifiratinn

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:

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 renresentina ODP concents-start \with unner case
(d ) (g Lt

6 Overview of modelling and system specification approach

6.1 I ntroduction

This dause provides an introduction to this document, covering:

6.2 Overview of ODP concepts (extractedfrom RM-ODP Part 1)

Arrowheads accompanying association names are avoided.

Icons associated with stereotypes are used in some of the UML figures in this document. Thisis 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 models, the subjects of those models (univetses of
discourse), and the UML models that express the ODPhodels;

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

An oV
Rec.
Parts
Parts

clausd.

Thefn

6.2.1

erview of the ODP modelling concepts and'the structuring rules for their use is given in RM-ODP Part 1 (
.901 | ISO/IEC 10746-1: Overview)and the concepts and structuring rules are formally defined in RM
P and 3. The text that follows (i.e.,-the rest of [6.2]), is abstracted from the text in RM-ODP Part 1. RM
P and 3 are the authoritative standards, and should be followed in case of any conflict between those Parts a

amework for system spegifi cation provided by the RM-ODP has four fundamental elements:
—  an object madelling approach to system specification;
— the specification of a system in terms of separate but interrelated viewpoint specifications;

—  dframework for assessing system conformance.

Object modelling

— thedefinition of a system infrastructure providing distribution transparencies for system applicatiors;

TU-T
-ODP
-ODP
nd this

Objed

mndplling pm\/idm afarmalization of well-established desi gn Inrar"rir‘m of abstraction and encapsl lation

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

implementation.

— Encapsulation allows 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
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 gaverning 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 the systgm 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 gystem

distribution;
— the technology viewpoint, which is concerned with the choice of technology to support $ystem
distribution.
Enterprise
Business aspects
The purpose, scope and policies for the grganization
that will own the systend
What for? why? who?qvhen?
Infor mation

Computational
Application design aspects
Functional decomposition of the pystem
into objects suitable for distributipn
How does each bit work?

Information system aspects
Inforfnation handled by the system and
constrints on 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(47)_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 fmmmmmmmmmmm
and cost tradeoffs associated with each transparency and only selected transparencies will be relevant in many|cases.
Thus, [a conforming ODP system shall implement those transparencies that it supports in accordance with.the rglevant
standdrds, but it is not required to support all transparencies.

6.2.4 Conformance

The Hasic characteristics of heterogeneity and evolution imply that different parts of a distributed system ¢an be
purchased separately, from different vendors. It is therefore very important that the behavigurs’of the different paits of a
system are clearly defined, and that it is possible to assign responsibility for any\failure to meet the system's
specif|cations.

The frlamework defined to govern the assessment of conformance addresses these issues. RM-ODP Part 2 defings four
classes of reference points. programmatic reference point, perceptua reference point, interworking reference point, and
interchange reference point. The reference points in those classes are theycandidate for conformance points. [Part 2
covers:

— identification of the reference points within an architecture that provide candidate conformance |points
within a specification of testable components;

— identification of the conformance points withinhe set of viewpoint specifications at which obseryations
of conformance can be made;

—  definition of classes of conformance point;

—  gpecification of the nature of conformance statements to be made in each viewpoint and the r¢lation
between them.

6.2.5 Enterprise language

The enterprise language provides thesmodelling concepts necessary to model an ODP system in the context of the
busingss or organization in which.it\operates. An enterprise specification defines the purpose, scope, and policie$ of an
ODP gystem and it provides the basi's for checking conformance of system implementations. The purpose of the $ystem
is defilned by the specified behaviour of the system while policies capture further restrictions of the behaviour bgtween
the syptem and its environment, or within the system itself related to the business decisions of the system owners.

NQTE 1 — An entergrise’specification of a system may therefore be thought of as a statement of the "requirements’ [for the
system. However, it muist be emphasized that it is not fundamentally different from any other element of the specification|for the

ifies of

_ i, S—— cation,
which is mtended to be approachable for a subject matter expert Th|s 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 _cdvmamie-schama-shnecifiecs-haw tha tnfarmation-can-avalva ac tha ovctanm anaratac
Sy HeHHre-SEReHHa-SPECHTESHBYY—THEHHHOHHerBH-caR-Ev Orv E-aGtHEe-SySter-operates:

4

6.2.7 Computational language

The cpmputational viewpoint is directly concerned with the distribution of processing but not with thé intefaction
mechanisms that enable distribution to occur. The computational specification decomposesothe systemp into
computational objects performing individual functions and interacting at interfaces. It thus provides the bagis for
decisipns on how to distribute the jobs to be done, because objects can be located indépendently asquming
communications mechanisms can be defined in the engineering specification to support the'behaviour at the intgrfaces
to thoge objects.

The Heart of the computational language is the computational object model, which' constrains the computgtional
specif|cation 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 Credtion of new objects and interfaces, apd the
establishment of bindings.

The domputational object model provides the basis for ensuring consistency between different engineering and
technglogy specifications (including programming languages ‘and communication mechanisms) since they must be
consi%ent with the same computational object model.-This consistency alows open interworking and portability of
components in the resulting implementation.

The cpmputational language enables the specifierto'model constraints on the distribution of an application (in terms of
envirgnment contracts associated with individual “interfaces and interface bindings of computational objects) without
specifying the actual degree of distribution inthe computational specification; this latter is specified in the enginjeering
and tgchnology specifications. This ensures that the computational specification of an application is not based ¢n any
unstatpd assumptions affecting the distribution of engineering and technology objects. Because of this, the configdration

envirgnment constraints, without having a major impact on the application software.

6.2.8 Engineering language

The epgineering language focuses on the way object interaction is achieved and on the resources needed for it {o take

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. These may
conform to implementable standards which are effectively templates for technology objects. Thus, the technology
viewpoint provides a link between the set of viewpoint specifications and the real implementation, by listing the
standards used to provide the necessary basic operations in the other viewpoint specifications, and the aim of the

technglogy specification is to provide the extra information needed for implementation and testing by selecting-st

soluti

6.3

The U
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domai
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The U
static

ns for basic components and communication mechanisms.

Overview of UML concepts

fems. It is a general-purpose modelling language that can be used with all major object and component m

ms (e.g., XEE, CORBA, .NET). However, not al of UML modelling capabilities are necessarily useful
s or gpplications. Therefore, the UML specification has been structured modularly, with the ability to sele
parts of the language that are of direct interest, and extensible, so it can be easily’customized.

and t&Lat can be applied to al application domains (e.g., health, finance, telecom, aerospace) and implem

ML specification defines thirteen types of diagram, divided in two eategories that represent, respectivel
Structure of the objects in a system (structure diagrams), and the dynamic behaviour of the objects in a {

(behayiour diagrams). In addition, the UML specification incorporates €xtension mechanisms that allow the def

of nev

6.3.1
Struct

dialects of UML to customize the language for particular platforms and domains.

Structural models

Liral model's specify the structure of objectsin amodel. They are represented in:

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

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 represent {
artifacts as nodes, which are connected through communication paths to create network syste

devices or software execution environments;

—  compositesstructure diagrams, which depict the internal structure of a classifier, including the intef
points of the classifier to other parts of the system. They show the configuration of parts that
perforaTthe behaviour of the containing classifier;

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

pndard

nified Modeling Language (UML) is avisual language for specifying, constructing and docdmenting the aftifacts

thods
tation
in all
't only

y, the
bystem
nition

types,

—  object diagrams, which encompass.objects and their relationships at a point in time. An object dijagram

bystem
ms of

arbitrary complexity: Nodes are typically defined in a nested manner, and represent either hajdware

action
ointly

lencies

6.3.2

Behavioural models

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

8

— 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 messages that are

exchanged, along with their corresponding event occurrences on the lifelines. Unl
communication diagram, a sequence diagram includes time sequences but does not include
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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;

e 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,

e 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;

e 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.

6.3.3 M odel management

Mode| management concerns the structuring of a model, including any extensions used, in terms afythe groupings of
model| elements that compriseit. There are three grouping elements:

—  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 heing modelled.

6.3.4 Extension mechanisms

UML |provides a rich set of modelling concepts and notations that have been carefully designed to meet the ngeds of
typicqd software modelling projects. However, users may sometimes require additional features beyond those defijned in
the UML specification.

UML [can be extended in two ways. First, a new dialect of UML*Can be defined by using Profiles to customize the
language for particular platforms (e.g., J2EE/EJB, .NET/COM#) and domains (e.g., finance, telecommunicgtions,
aerospace). Alternatively, a new language related to UML can be specified by reusing part of the|UML
InfrasfructureLibrary package and augmenting it with apprepriate metaclasses and metarelationships. The former case
defings anew dialect of UML, while the latter case defines’a new member of the UML family of languages.

A Profile is akind of package that extends a reference metamodel. The primary extension construct is the stergotype,
which| defines how an existing metaclass may'be extended, and enables the use of platform or domain specific
termirjology or notation in place of or in addition to the ones used for the base metaclass being extended. Just|like a
class,|a stereotype may have properties, .which are referred to as tag definitions. When a stereotype is appligd to a
model| element, the values of the properties are referred to as tagged values.

Constfaints are frequently defined-in-a profile, and typically define well-formedness rules that are more constrfaining
(but donsistent with) those specified by the reference metamodel. The constraints that are part of the proffjle are
evaluagted when the profile has-been applied to a package, and need to be satisfied in order for the model to be well
formeyl.

6.4 Univer sesiof discourse, ODP specificationsand UML models

In using the techniques described in this document, it is necessary to understand the rel ationships between the subject of
a model, i.e\its Universe of Discourse (UOD), ODP specifications for that UOD, and how those ODP specifi¢ations
are expressed in UML.

The four main sets of notions involved in understanding these relationships 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;

— the UML notation (diagramming techniques and other mechanisms) by means of which the UML
model(s) are represented.

There are 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 interest), 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

invari

Whilg there are other derived relationships between elements in this chain (e.g., between UOD and UML model
are not otherwise referred to in this document. These relationships are illustrated in Figure 2.

6.5

ably used to refer to them.

Universe of Discourse

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

The UNIL notation

X.906(07) F02

Figure 2 — Relationships between UOD, ODP specificationsand UML models

Modeling concepts and UML profiles for @DP viewpoint languages and correspondences

’ they

Clausgs 7 to 11 are devoted, in turn, to each of the,five ODP Viewpoints (Enterprise, Information, Computgtional,

Engin
The fi

cardi

bering and Technology).

st subclause of each of these clauses-prevides an overview of the ODP modelling concepts for that viewpoint.
The QDP viewpoint modelling concepts are-described using text as well as a simplified set of UML class diagrams,
which| show the major modelling coricepts for the ODP viewpoint as classes, and binary associations (induding

ity 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 defined in Parts 2

and 3 pf the ODP Reference Model that are used in this document.

The
based

Any (
in eac
N(
wh

ond subclause of eachof these clauses provides a specification of a UML profile for that ODP viewpoint
ODP viewpoint models can be expressed using the notation defined for the UML Profile for that viewpoint.

UML

DP viewpoint.model expressed using the UML Profile for that ODP viewpoint satisfies the constraints specified
n of the corresponding ODP viewpoint metamodels defined in this document.

TE — It.is an implementation issue whether the constraints defined in each ODP viewpoint metamodel are enforced 4

y tools

6.6

ich.construct ODP viewpoint models using that viewpoint's ODP Profile.

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.

10
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In this document, stereotypes are used to represent domain specific specializations of UML metaclasses in order to
express the semantics of the RM-ODP viewpoint language concerned.

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.

Thisisdonein away that is consistent with the semantics of the UML metamodel.

6.7 Correspondences between viewpoint specifications

6.7.1 ODP correspondences

The cprrespondences between viewpoint specifications are defined in Part 3 of the RM-ODPCand in the Entérprise
Langyage. The text that follows in this clause is abstracted from these standards, which remain the authorjitative
standgrds, and should be followed in case of conflicts between this document and those standards.

A sef| of specifications of an ODP system written in different viewpoint languages® should not make m
contrgdictory statements i.e., they should be mutually consistent. Thus, a complete_specification of a system i
statements of correspondences between terms and language constructs relating one viewpoint specification to
viewppint specification, showing that the consistency requirement is met.

The kgy to consistency is the idea of correspondences between different.iewpoint specifications, i.e., a statement that
some ferms or structures in one specification correspond to other terms and specifications in a second specification. The
underlying rationale in identifying correspondences between different\wiewpoint specifications of the same ODP $ystem
is thal there are some entities that are modelled in one viewpoint ‘specification, which are also modelled in gnother
viewppint specification. The requirement for consistency between viewpoint specifications is driven by the fagt that
what ils specified in one viewpoint specification about an entity 'needs to be consistent with what is said about th¢ same
entity|in any other viewpoint specification. This includes'the consistency of that entity's properties, structufe and
behav|our.

The specifications produced in different ODP viewpoints are each complete statements in their respective languages,
with their own locally significant names, and_so cannot be related without additional information in the fgrm of
corregpondence statements that make clear how constraints from different viewpoints apply to particular elem
singlel system to determine its overall bhehaviour. The correspondence statements are statements that relate the arious
differgnt viewpoint specifications, buttdo*not form part of any one of them. The correspondences can be establi
two ways:

— by declaring correspondences between terms in two different viewpoint languages, stating ho

or at least’a,related, set of foundation concepts and structuring rules. Such correspondences b
languages)necessarily imply and entail correspondences relating to all things of interest whith the
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 entities| being
modelled in the two specifications are in fact the same entity. This relates the specificatigns by
identifying which observations need to be interpretable in both specifications.

The C-wrmnnnrlnnnn ctatamante tn hn nrenidnd 1 A oot onaeifioatian Aarn o fiad 1n Dart D anA 1 tha Dty r|%
brrespondence-statements-to-he-provided-Ha-a-system-speciication-are-specified-in-Rart-3-and--the Enterp

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 Enter prise specification

7.1 M odelling concepts

An engerprise specification uses the RM-ODP enterprise language. The modelling concepts and the structuring ryiles of
the enterprise language are defined in [Part 3 — 5] and expanded upon in [E/L — 6 and 7]. They are summarized fin this
clausq. Except where otherwise stated, in case of conflict between the explanations hereip and the text in Part 3|or the
Enterlrise Language, the latter documents should be followed.

The sgt of diagrams at the end of this clause (i.e., at [7.1.6]) summarizes a metamodé-fior the enterprise language.

711 System concepts

An enterprise specification describes an ODP system and relevant aspects‘of)its environment. An ODP systemisja kind
of enterprise object. The enterprise objects that interact with a given entérprise object form part of the environnent of
that exfter prise object.

The QDP system has a scope, which defines the behaviour that the system is expected to exhibit. An entgrprise
specif|cation has afield of application which describes its usability properties.

These|system concepts are illustrated in Figure 3.

712 Community concepts

The fyindamental concept of the enterprise language is a community, which is a configuration of enterprise opjects,
formefl to meet an objective. Any aobjective(may be refined into a set of (sub-)objectives. A community is specifigd in a
contrgct, which models the agreement amongst the entities to work together to meet the objective. Thus the contrgct:

—  statesthe objective for-which the community exists;

— governsthe structure) the behaviour and the policies of the community;
—  constrains the-behaviour of the members of the community;

—  statesthe rules for the assignment of enterprise objectsto roles.

Each pnterprise objéct-models some entity (abstract or concrete thing of interest) in the Universe of Discourse. A

partictilar kind of-enterprise object is a community object, which models, as a single object, an entity that is elsgwhere
in thejmodel refined as a community.

The cpnfiguration of a community is modelled in terms of the way enterprise objects interact in fulfilling roles, jwhich
identify‘behaviours intended to meet the objective of the community concerned.

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
behavjoor;thartambethangeddurimg - the fifetime of the ODP Systam, or that tam be changedto taitor_ajsingle
specif|cation 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.

Wherg there is arequirement to model dynamic policy setting, a policy can be changed by a behaviour.

A pollcy may also constrain the structure (configuration) of a community, by-governing the assignment of r¢les to
entergrise objects. Such apolicy is called an assignment policy.

A violgtion is abehaviour contrary to arule, i.e., contrary to some elemefit il apolicy.

A polilcy is defined in Part 2 of RM-ODP as a"set of rulesrelated to.aparticular purpose’, and this concept is refined in
the Efterprise 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 flails to
make pny distinction between two uses of the concept. On the one hand it is appropriate to use the concept to refer to a
particlilar set of rules, all of which apply together at some’moment in time, and which implement a particular bysiness
or opgrational decision. On the other hand it may be-used to refer to a more general set of rules, relating tq some
busingss or operational concern, about which dayxte’day decisions are made, that determine what policy valles are
accepfable.

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

— theterm policy valueiis'defined as a set of rules (related to a purpose) in force at some particulaf time;
and

— theterm policy envelope is defined as a set of policy values, and their relation to the purpose.

NQTE - For a given policy.envelope, only one policy value isin force at a point in time. This policy value may be selectgd from
a st of values defined-in.the policy envelope or it may be a statement in a policy language that is consistent with constrgints in
thg policy envelope:

In thig document;-specific UML extensions have been devel oped for these two concepts and to their relations with other
enterprise language concepts.

The pplicy.concepts are illustrated in Figure 5, and the changes to the enterprise language model that arise 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);

Some
comm

At sorn

7.1.6

Thed
them.

NQ

acgording to the conventions agreed for the UML diagrams of this document. The main difference is that these diagrd

no
of

fon
teg

—  the behaviour of the community, modelled in terms of actions and constraints on the order in whid
may occur. Behaviour can be structured to emphasize:

« 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 prise ‘objects;
—  enterprise objects that fulfil the roles in the community;
—  policies constraining the behaviour.

Linities.
e level of detail, the ODP system will be present in the model as an enterprise object.

Summary of the enter prise language metamodel

TE 1 — These diagrams are not identical to those in Annex A of the Enterprise Language, because they have been dev

ns for association end names rather than verbs, and association end names are omitted when the name of the class at

he association is representative enough as role name for the'association end. In addition, some of the n-ary association
mer document have been replaced by semantically equivalent associations and classes, as this is believed to be clg]
hnical corrigendum to the Enterprise Language is being prepared.
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Figure 3 — System concepts

N
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enterprise objects may be composite objects and are sub-classified as community objects and refiped as

agrams below (Figures 3 to 7) illustrate the concepts of the enterprise language and the relationships bgtween

eloped
ms use
he end
5 in the
brer. A

TE-2 — The concept of environment was infroduced in Part 2 in order to allow description of the properties of some p.

ticular

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 7 — Accountability concepts

7.2 UML profile

NQTE — In this clause UML expressions are only defined for those concepts for which use has been demonstratéd thrg
example, included in the main body of this document or in its Annex A. Where no example has been identified, the ¢
comcerned is mentioned, but no UML expression is offered.

The fgllowing subclauses describe how the ODP enterprise concepts described in the previous clause are expreg
UML [in an enterprise specification. A brief explanation of the UML concepts used in the expression of each con
given, together with ajustification of the expression used.

721 ODP system

An ODP system is an enterprise object. It is expressed in UML by an instanceSpecification of a class stereoty
«EV_PDPSystem», see [7.2.6]. That class expresses the enterprise object type. Note also that modelling purposq
requirg that an ODP system be further detailed as a community, in which\Case the enterprise object that mode
classified as acommunity object and refined as a community, see [7.2.4}.

722 Scope

The stope of an ODP system is the set of behaviours that the 'system is expected to exhibit, e.g., its roles. It
therefpre, expressed by any single UML element, but by the'set of elements that expressits behaviour.

723 Field of application

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

724 Community
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A community is modelled in terms-of its type, which is expressed by a component stereotyped as «EV_Commuinity».

This |s included in a package' stereotyped as «EV_CommunityContract» that contains the specification

commpnity, i.e, its objective; its behaviour, and any enterprise objects and object types that are specific
community concerned (see{7.2.9]). Where a specific entity (e.g., organizational unit) is being modelled, it is exp
by an jnstanceSpecification of a component stereotyped as «EV_Community».

Any domponent_expressing a community will have exactly one association, stereotyped as «EV_ObjectiveOf]
class|stereotyped as «EV_Objective», that expresses the objective of the community, and a set of realizationg
stereofyped as «EV_CommunityBehaviour», to the UML classifier elements expressing its roles and the assq
behav|oliry(interactions, actions, steps and processes).

Df the
to the
ressed

> 10 a
, each
ciated

Seeas0[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
type in the model.

Both type objects and template objects are enterprise objects, and therefore are expressed by classes that ‘express their
template. To distinguish them from other enterprise objects, such classes are stereotyped «EV_TypeObjéct» or

ice, so the trader can locate objects implementing such a service. The diagram shown in-kigure 8 represents the specification
enterprise object, PrintService, and of its type, PrintServiceType, 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
ification).

==E%_Ohject== ;E =2E%_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 Community object

A community object is an enterprise object that is refined in the model as a community. It is expressed |by an
instanteSpecification of a class stereotyped as «EV_CommunityObject». This class has a dependency, stereotyped as
«EV_RefinesAsCommunity», to the-component stereotyped as «EV_Community» which expresses the type [of the
commpnity that refinesiit.

728| Objective

An oljjective (of a community) is expressed by a class, stereotyped as «EV_Objective». This class has an assodiation,
stereofyped as «EV_QhjectiveOf» with the component, stereotyped as «EV_Community» that describes the cominunity
being specified.
NQTE — When) an objective is refined into sub-objectives, the sub-objective is also expressed by a class stergotyped
«EN_Objective» 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).

7.2.102 Behaviour as processes and steps

Wherg the behaviour is modelled in terms of processes of a community, a processis expressed by an activity stereptyped
as «EY_Process» in the namespace of the component, stereotyped as «kEV_Community», that expresses.the cominunity
that pses this process to achieve its objective. This activity has a realization linksy, ‘Stereotyp as
«EV_{CommunityBehaviour» from that component. Within this activity:

— the steps of the process are expressed by callBehaviorActions, stereotyped as «<EV “Step»;

— the refinement of a step, as a process, is expressed by associating the relevant callBehaviorfction,
stereotyped as «EV_Step», that expresses the step, with an activity, stereotyped as «EV_Processp, that
expresses the refinement;

— activityPartitions (stereotyped as «EV_Role») represent classes (also stereotyped as «EV_Rolep) that
express the roles of the enterprise objects in the name, space of the package (stereotyped as
«EV_CommunityContract») that expresses the community in-which therole is specified;

— whereastep is not refined as a process, the callBehaviorAgtion, stereotyped as «EV _Step», that exgresses
the step, is associated with an opaqueBehavior specified in the context of the corresponding class
stereotyped as «EV_Role» that expresses the role of the enterprise object that performs the step;

NOTE — An opaqueBehavior can express, in an@ppropriate language, any level of detail about the steq that is
required to meet the modelling objectives.

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

In gerferal, the complete behaviour for arole is modelled by the actions for that role in a number of processes.

7.2.10.3 Behaviour asinteractions betweenyroles

The dgtailed behaviour of individual roles may 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_Interaction».

— Each class stereotyped as «EV_Interaction» will have associations with classes that are stereotyped as
«EV_Roles~Wwhere there is an interaction between these roles. An «EV_Interaction» is composed of
signals,{each also stereotyped as «EV_Interaction». Enterprise objects that are referenced jn the
interactions are represented by the values of the properties of the signals.

—  One or more stateMachines for which the context is the class stereotyped as «EV_Role», that define the
constraints on the receiving and sending of information by an enterprise object fulfilling the role and any
associated internal actions of the enterprise object. Each of these stateMachines shows the sending and
receiving of the signals, each stereotyped as «<EV_Artefact», associated with the interactions of the role,
and thus shows the Togical 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
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«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;

7.2124 Artefact (with respect to an action)

The cpncept artefact is also a relationship between an enterprise object and an action. In an intenaetion model, an
artefaft referenced in an action is expressed by a signal stereotyped as «<EV_Artefact», which hastwo associations:

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

— the other association, stereotyped as «EV_ArtefactReference», will bewith the «EV_Interactions} class
that expresses the (inter-)action for which the enterprise object is an artefact.

In aprocess modd, it is possible to express each instance of artefact with asingle UML element, namely an objeftFlow
stereofyped as «<EV_Artefact».

7.213 Resource (with respect to an action)

No specific UML metaclass is extended to express this concept. If.required, the fact that some behaviour requifes the
existence of an enterprise object as aresource may be stated in acomment on that behaviour.

7.214 Policy

NQTE — In this clause a distinction is made between policy value (the particular set of rules related to some purpose that are
applicable at some moment in time as a result of a business decision to apply them), and policy envelope (a general set ¢f rules
relfted to a purpose, which constrain any particular set‘of rules that may be applicable at any particular time). See[7.1.3].

Policips are expressed in UML using a combination of elements, which together are used to express the following
— thepolicy itself;
— theobjects and the behavieur constrained by the policy; and

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

The golicy envelope is expressed by a class stereotyped as «EV_PolicyEnvelope», with a note stereotyped as
«desctiption» which explans the policy and itsrules in natural language.

Each policy value is‘expressed by aclass stereotyped as «EV_PolicyValue» with two associations (one an aggregation,
the other a regular \association in which the policy value has the role "current value") with the «EV_PolicyEnvil ope»
class that expresses the policy envelope that provides the context for the policy value.

Wherg theéenterprise specification includes elements modelling the behaviour concerned with setting the policy|value,
this i4 modelled by roles identifying behaviour that may be detailed as processes or interactions, with associgtions,
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.
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Figure 9 — Pattern for UML expression of 'a policy

Obligation

ecific UML metaclass is extended to express this concepty If required, the fact that some behaviour plg
an obligation may be stated in acomment on that behavieur.

Authorization

peific UML metaclass is extended to express'this concept. If required, the fact that some behaviour requ
5 an authorization may be stated in acomment on that behaviour.

Permission

pcific UML metaclass is extendethto express this concept. If required, the fact that some behaviour requ
5 a permission may be stated it @ comment on that behaviour.

Prohibition

peific UML metaclass i's extended to express this concept. If required, the fact that some behaviour requ
5 a prohibition mayybe stated in acomment on that behaviour.

Assignment policy
5ignment:policy is expressed in the same way as any other policy; see[7.2.14].

Violation

Ices or

res or

res or

res or

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.

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


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

| SO/IEC 19793:2008 (E)
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].

7.2.2 Agent

No specific UML metaclass is extended to express this concept. See[7.2.23].
7.2.2 Prescription

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

7.2.271 Commitment

No sgecific UML metaclass is extended to express this concept. If required, the“fact that some behavioyr is a
comm{tment may be stated in acomment on that behaviour.

7.2.284 Declaration

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

7229 Summary of UML extensionsfor the enterprise language

The enterprise language profile (EV_Profile) specifies how the€nterprise viewpoint modelling concepts relate to gnd are
expressed in standard UML using stereotypes, tag definitionsiand constraints.

The fpllowing diagrams (Figures 10 to 14) show a graphical representation of the UML Profile for the entgrprise
language, using the notation provided by UML.
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Figure 12 — Activities

==metaclass=»
Constraint

==steraotype=s=
EY_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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EV_AffectedBehaviour
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==giereotype==

EV_CommunityBehaviour
Ihetween ==EY_Cammunity== component and ==EY_Process== activity}

==mietaclass==
Realization

%

Figure 14 — Relationships

Enterprise specification structure (in UML terms)
An enterprise specification is contained in amodel, stereotyped as «Enterprise_Spec». At the top level within this model

7.3
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.

Wherg-theretsace Oncrencepetwe erprrs TeHTrorMmattor gooetwreen
the information object that stores the relevant information about it), the specifier shall provide:
— for each enterprise object in the enterprise specification, alist of those information objects\(if anyy) 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 information object types (if
any) that specify information or information processing of an enterprise object fulfitling that role;

ract and

— for each policy in the enterprise specification, a list of the invariant, static.amd dynamic schenfata of
information objects (if any) that correspond to the enterprise objects towwhich that policy applies; an
information object isincluded if it corresponds to the enterprise community that is subject to that pglicy;

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

— for each relationship between enterprise objects, the invariant.schema (if any) which constrains @bjects
in that relationship;

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

74.3 Enterprise and computational viewpoint specification correspondences

Not gl the elements of the enterprise specification of, @System need correspond to elements of its computational
speciffcation. In particular, not all states, behavioursand policies of an enterprise specification need corresppnd to
states|and behaviours of a computational specification. There may exist transitional computational states within [pieces
of computational behaviour which are abstracted'as atomic transitions in the enterprise specification.

Wher¢ 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 objécts (if
any) that realizes the required behaviour;

— for each interaction.in the enterprise specification, alist of those computational interfaces and opefjations
or streams (if .any) that correspond to the enterprise interaction, together with a statement of whetHer this
correspondence’applies to 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 object types
(if any)‘that exhibit choicesin the computational behaviour that are modified by the policy;

— foreach 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 computflional
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 Modelling concepts

An information specification uses the RM-ODP information language. The modelling concepts and the structuring rules
of thelinformation language are defined in [Part 3 — 6]. They are summarized in this clause. Exeept where othprwise
stated] in case of conflict between the explanations herein and the text in Part 3, the latter document should be follpwed.

The sgt of diagrams at the end of this clause (i.e., at [8.1.10]) summarizes a metamodel forthe information language.

infornpation processing in the ODP system. The individual components of a distributed system must share a cgmmon
undergtanding of the information they communicate when they interact, op 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 ensure that the
interpfetation of these items is consistent, the information language<defines concepts for the specification pf the
meanipg of information stored within, and manipulated by, an ODP system, independently of the way the informnation
procegsing functions themselves are to be implemented.

The inpformation viewpoint is concerned with information modelling. It focuses on-the semantics of informati%: and

In thg ODP Reference Model, the information language uses abasic set of concepts and structuring rules, inquding
those from Part 2 of RM-ODP, and three concepts specific to the information viewpoint: invariant schema,| static
schemma and dynamic schema.

811 I nfor mation object

Information held by the ODP system about entities in the real world, including the ODP system itself, is modellegl in an
infornpation 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
compgsite information objects modelling relationships over a set of constituent information objects. Inforfnation
objects, as any other ODP object, lexhibit behaviour, state, identity and encapsulation.

NQTE — Information objects\may have operations, although information operations are names for significant stimuli for state
changes, and are not necessafily the same as computational operations.

8.1.2 I nfor mationobj ect type
The type of an information object is a predicate characterizing a collection of information objects.
8.1.3 I nformation object class

A clagsof,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
constrpints of any invariant schemata. A dynamic schema specifies how the information can evolve, as the gystem
operates. In addition to describing state changes, dynamic schemata can also create and delete information objects, and
allow [reclassifications of instances from one type to another. Furthermore, in the information lahguage, a state ¢ghange
involving a set of objects can be regarded as an interaction between those objects. Not al the objects involved|in the
interartion need to change state; some of the objects may be involved in aread-only manner,

8.1.9 Structure of an infor mation specification

An information specification defines the semantics of information and the semantics of information processing in an
ODP pystem in terms of a configuration of information objects, the behaviour of these objects, and envirgnment
contrgcts for the objects in the system. More precisely, an information specifi¢ation is structured in terms of:

— aconfiguration of information objects, described by a set‘of static schemata;
—  thebehaviour 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. Particulprly in
large and rapidly evolving systems, the reconciliation andfederation of separate information domains will be ongof the
major [tasks to be undertaken in order to manage information.

Therelare also some considerations that need to be taken into account when specifying the information viewpoinf of an
ODP s$ystem:

— Information objects are either’ atomic or are modelled as a composition of component inforination
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 information
objects and the deletion of information objects involved in the dynamic schema. Allowable state changes
can be subject.to ordering and temporal constraints.

—  The configuration of information objects is independent from distribution, i.e., there is no sense of focus
on distribution in this viewpoint.

8.1.10 Summary’ef theinformation language metamodel

The dlagram befow (Figure 15) illustrates the concepts of the information language and the rel ationships betweery them.
The descriptions of the concepts have been given above. The descriptions of the relationships between the concepts are
included-n the description of the concepts.
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Figure 15 — Information language concepts

8.2 UML profile

The fgllowing subclauses describe how the ODP information coneepts described in the previous clause are expreq
UML jin an information specification. A brief explanation of the'UML concepts used in the expression of each ¢
is given, together with ajustification of the expression used.

NQTE — In this clause UML expressions are only defined for those concepts for which use has been demonstrated thrg

example, included in the main body of this document orin its Annex A. Where no example has been identified, the ¢
comcerned is mentioned, but no UML expression is offered.

bsed in
bncept

ugh an
foncept

8.2.1 Infor mation object

An in
«V_(

Wheré
instan

formation object is generally specified in terms of its type, which is expressed by a class stereotyped as
bject».

P an information object is required to represent a specific entity in the Universe of Discourse, it is expressec
beSpecification of a class-that’is stereotyped as «IV_Object».

by an

8.2.2

There|are cases wheye there is the need to model the type or template of an information object at the instance level. An
example is the case,0f a generic factory, which is invoked by passing it a representation of a template (which has type
template), and résponds 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 objectin the
modell. LiKewise for types, to indicate that an object conforms to a given type, we need to represent both the objgct and
its objecttype in the model.

Object types and templates as information objects

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

actio pressed by a signal stereatyped as «lV_Action»

information viewpoint, actions are mainly used for describing events that cause state changes,
enting communi cations between objects, i.e., flows of information.

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

8.24 Relationships between information objects and between information object types

A relgtionship between information object types, when modelled as part of the state of the 6hjects of those types,
expressed by an association between the classes expressing those types. Instances of these associations (i.e., link
express the relationshi ps between the information objects.

When| associations between information objects are modelled in ODP as invariant schemata, the UML exprg
defingd in [8.2.5] apply.

8.25 Invariant schema

Invaripnt schemata may impose different kinds of constraints in an information specification.

pr for

ne for

Can be

) will

S 0NS

First, [nvariant schemata can provide the specification of the types of one or more information objects, that will fways

be satjsfied by whatever behaviour the objects might exhibit. This kind of invariant schema may be expresse
UML |Package stereotyped as «lV_InvariantSchemaw, which specifies a set of object types (in terms of the
classdgs that express such object types), their possible retationships (expressed by associations), and constraints o
object] types, on their relationships, and possibly~on their behaviours (expressed by the specification

corregponding stateMachines). The association mtiltiplicities and the constraints on the different modelling elemern
constrin the possible states and state changes of the elements to which they apply.

NQTE 1 — OCL isthe recommended notation for expressing the constraints on the modelling elements that form part of th
expression of an invariant schema. However, other notations can be used when OCL does not provide enough expressive

dina
set of
those
pf the
tswill

b UML
power,

or |s not appropriate due to the kind of ‘expected user of the specification. For example, a temporal logic formula or an

as «I\{_InvariantSchema». The constraints on these objects, together with the specifications of the classifiers 0
objectp, constrain the possible states and state changes of the objects.

Fnglish
(eg.,

these

apply

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.

==profilg==
IV _Profile
==staraotypes=
__|{_TemplateObject
==metaclass=» <=Sterenwp9==::§ —"
Class * Iv_Object
N ==stereatype=sg
- . N_TypeObject
==retaclagss= stereotype==4&

* I_Action

Signal

==sterentype=> )
N _DynamicSchema

==metaclass==

StateMachine
el ==gleraotype== ¥
=2 ==
At Iv_StatifSchema
Package -
— +logationinTime : date
_H_R
==starentype== ]";']
==metaclass>= |4 I _ImvariantSchema
Constraint
==metaclagg== ==gtereotypes==
Model - Information_Spec

Figurgd7—= Graphical representation of the information language profile

8.3 I nfor matign specification structure (in UML terms)

All the elements expressing the information specification are defined within a model, stereotyped «Information_{Spec».
Such @ model,contains the packages that express the invariant, static and dynamic schemata of the system.

These|packages may be defined and organized as follows:

— 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 gemeral, not al the eements of the enterprise specification of a system need to correspond to elemefits| of its
infornpation specification. However, the information viewpoint shall conform to the policies of the enterpriseviejvpoint
and, lijkewise, al enterprise policies shall be consistent with the static, dynamic, invariant schemata of the inforination
specif|cation.

Wherg¢ there is a correspondence between information and enterprise elements (e.g., between an enterprise objgct 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 corresp¢nding
configuration of information objects (if any) that model them in the information viewpoint;

— for each enterprise role, action and process in the enterprise viewpgint, the corresponding dynanjic and
invariant schema definitions in the information viewpoint that spegify*that behaviour;

— for each enterprise policy in the enterprise viewpoint, the constrants in the corresponding schemafa that

implement it — since enterprise policies may become constraints in any of the schemata.
NQTE — In the case of a notional incremental development process.ofsthe ODP viewpoint specifications, whergby the
infprmation specifications are developed taking into account the previously-defined enterprise specifications, information pbjects
mdy be discovered through examination of an enterprise specification."For example, each artefact referenced in any acfions in
which an ODP system participates will correspond in some way with‘eéhe or more information objects.

8.4.3 Information and computational viewpoint spegification correspondences

Not all the elements of the information specification of*a system need to correspond to elements of its computgtional
specif|cation. In particular, not al states of an information specification need to correspond to states of a computgtional
specif|cation. There may exist transitional computational states within pieces of computational behaviour that are
abstrapted as atomic transitions in the informatien specification.

an information object corresponds to a set of computational objects, the static and invariant schemata [of the
tion object correspond to possible states of the computational objects. Every change in state of an inforfnation
object] corresponds either to some 'set of interactions between computational objects, or to an internal actiop of a
computational object. The invariant and dynamic schemata of the information object correspond to the behaviopr and

I nfor mationand’technology viewpoint specification correspondences

there may be 'specific correspondences between information schemata and technology viewpoint specifigations
uire thedse'of particular technologies, there are neither required correspondences nor required correspordence

NQTEA4 There may be cases where part of an information viewpoint specification has a direct relationship with a techjnology
igwpoint specification or a choice of technology. Such examples include invariant schemata covering perfofmance

(e §FespenseHmer-erseedrty

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
be aware that:

should

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

that metamodel are derived in this representation, and vice versa.
If there is any ambiguity, statementsin this document take precedence.

9.1.1 Computational object

distingt from any other object. An object is encapsulated, i.e., any change in its state can only occur as a resul

nenti An obie i haracterized by i hehavio anad.—aLa AVl g e_An ohi

A computational object is an object as seen in the computational viewpoint. It models functional degomiposition and

interagts with other computational objects. Sinceit is an object, it has state and behaviour, and interaetions are acl
through interfaces.

9.1.2 Interface[Part 2 —-8.4]

An inferface is an abstraction of the behaviour of an object that consists of a subset of\the interactions of that
together with a set of constraints on when they can occur.

9.1.3 Interaction [Part 2 —8.3]

An interaction is one of two defined kinds of actions. Action itself is defitied as something that happens, and
action| of interest for modelling purposes is associated with at least oné/objject. The set of actions associated W
object] is partitioned into internal actions and interactions. An internal action aways takes place withg

hieved

object

every
ith an
Lt the

participation of the environment of the object. An interaction takes place with the participation of the environnent of

the object.

9.14 Environment contract [Part 2—-11.2.3]

Envirgnment contract is a contract between an object and its environment, including Quality of Service
constrgints, usage and management constraints.

QoS qonstraints include:
— tempora constraints (e.g., deadlines);
— volume constraints (e.gs,.throughput);

— dependency constraints covering aspects of availability, reliability, maintainability, security and
(e.g., mean time-hetween failures).

QoS gonstraints can imply.usage and management constraints. For instance, some QoS constraints (e.g., availg
are safisfied by provision'af) one or more distribution transparencies (e.g., replication).

An enyironment cantract can describe both:
—  reguirements placed on an object's environment for the correct behaviour of the object; and
— {»-eonstraints on the object behaviour in a correct environment.

(QoS)

safety

bility)

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 afunciion to be performed by the server obj ect

followed by:

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

9.1.1d Flow [Part 3—7.1.5]

A flow is an abstraction of a sequence of interactions, resulting in conveyance of information.from a producer oljject to
acongumer object.

NQTE — A flow may be used to abstract over, for example, the exact structure of a sequence.of interactions, or over a confinuous
interaction including the special case of an analogue information flow.

9.1.11 Signal interface[Part 3—7.1.6]

A signial interface is an interface in which all the interactions are signals:

9.1.14 Operation interface[Part 3—7.1.7]

An operation interface is an interface in which all the interactionSare operations.

9.1.13 Stream interface[Part 3—7.1.8]

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

9.1.14 Computational object template[Part.3—7.1.9]

A conpputational object template is an object template which comprises a set of computational interface templatps that
the olyect can instantiate, a behaviour specification and an environment contract specification.

9.1.14 Computational interfacetemplate [Part 3—7.1.10]

A compputational interface tepaplate is an interface template for either a signal interface, a stream interfacel or an
operatlijon interface. A computational interface template comprises a signal, a stream or an operation interface
signatpre as appropriate, abehaviour specification and environment contract specification.

9.1.1q Signal interface signature[Part 3—7.1.11]

A signal interfaCe)signature is an interface signature for a signal interface. A signal interface signature comprises a
finite pet of action templates, one for each signal type in the interface. Each action template comprises the name for the
signal} the:number, names and types of its parameters and an indication of causality (initiating or responding, Qut not
both) with respect to the object that instantiates the template.

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.

9.1.2 Binding [Part 2—13.4, Part 3—7.2.3]

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

In Part 3, binding is defined with reference to binding actions. Use of such actions is called explicit'binding. Th¢re are
two kilnds of binding actions: primitive binding actions and compound binding actions. A primitive binding actior} binds
two computational objects directly. A compound binding action can be expressed in terms of primitive binding dctions
linking two or more computational objects via a binding object.

In notgtions which have no terms for expressing binding actions, binding is implicit."Implicit binding for othgr than
server|operation interfacesis not defined in the Reference Model.

9.1.21] Transparency schema[Part 3—16]

A transparency schema identifies those transparencies required by a computational specification. These transparencies
are constraints for a mapping from the computational specification tera specification that uses specific ODP furjctions
and engineering structures. It defines a combination of distributien transparencies assumed by the computgtional
specif|cation.

NQTE - As described in [Pat 3 — 16], the distribution transparencies include access transparency, failure
trgnsparency, location transparency, migration trangparency, persistence transparency, relocation transpgrency,
replication transparency and transaction transparengy.

9.1.24 Structureof a computational specification

A computational specification describes the furnctional decomposition of an ODP system, in distribution trangparent
terms|as.

— aconfiguration of computational objects;

— theinternal actiongof-those objects;

— theinteractionsthat occur among those objects;

— environment'contracts for those objects and their interfaces.

The sgt of computatierial/objects specified by the computational specification constitute a configuration that will ¢ghange
as thg computational®objects instantiate further computational objects or computational interfaces, perform bjnding
actions, effect 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 comprise:
s interaction rules, binding rules and type rules that provide distribution transparent interworking;
— template rulesthat 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.

— 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, announcement,

interrogation or flow).

— All interfaces associated with a signal interface signature are signal interfaces [9.2.9], and
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))

9.2

The fllowing clauses describe how the ODP-computational concepts described in the previous clause are expreg

UML
iSgive
Ng

context Signallnterface inv Signall nterfaceSignature;
self.gpecifier->forAll(ocl 1 sTypeOf (Signal I nterfaceSignature))

—  All interfaces associated with an operation interface signature are operation interfaces [9,2.9], and

al its

al its

constituent interaction signatures are announcement, interrogation, invocation or termination signgtures.

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(ocl 1 sTypeOf (Operationl nterfageSignature))

—  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 sTypeQf(Streaml nterfaceSignature))

UML profile

n a computational specification. A brief explanation of the UML concepts used in the expression of each ¢f
N, together with ajustification of the expression used.
TE 1 — In this clause UML expréessions are only defined for those concepts for which use has been demonstrated thrd

ple, included in the main body-of this document or in its Annex A. Where no example has been identified, the
cerned is mentioned, but ne-UML expression is offered.

TE 2 — The concepts ahdyrules of the computational language concern the decomposition of the system functional

ised in
bncept

ugh an

¢oncept

ty into

putational objects performing individual functions and interacting at interfaces and thus provides the basis for decisjons on

to distribute the'tasks to be done. This level of abstraction deals with aspects related to the software architecturd

of the
nents,

in which the internal reallzatlon of such components is specmed l

921

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 agenenc factory, WhICh is mvoked by pass ng |t a representatlon of atempl ate (WhICh has type

The rflationship between a computational object and the object that represents its temmplate, or the object($) that
represent its type(s) can be expressed as an attribute of the class that specifies the computational object.

EXAMPLE — In some specifications, such as in the ODP Trading Function specificationythere is the need to specify the tyjpe of a
service, so the trader can locate objects implementing such a service. The diagram shown in Figure 19 represents the
specification of a computational object, PrintService, and of its type, PrintServiceType, expressed so that type fan be
manipulated by computational operations.

quV_Ohjem::E =iy _TypeOhject==
PrintService Ty 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 component,
stereotyped as «CV_BindingObjects, that represents its type or template.

The fgllowing two restrictionsapply to binding objects, and therefore to components stereotyped «CV_BindingObject»:
— Any binding.ebject is associated with at least two different objects.
—  Any binditg’object binds two or more objects through the same type of interface (signal, announcgment,

interrogation or flow).

9.24 Envirenment contract

An dnvirenment contract of a computational object is expressed by a set of constraints (stereptyped
«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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Termination

A termination is a part of an interrogation and is expressed by a message, stereotyped as «CV_Termination», sent by a

server

9.29

Computational

object and received by a client object.

Computational interface

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,

causal

ity, 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 defi
causaljity, of type SignalCausality (an Enumeration type whose literals are consumer and producer).

The dereotype «CV_Streaminterface» does not have any tag definition, because stream interfaces.'do nol

cau

9.2.10

A co
«CV_|
(signg

9.2.1%

A Colnputational signature can be expressed by a reception, an operation;,‘or an interface, depending on the

signat|
signal

signatpres that are composed of an invocation signature and a terfination signature. Finally, interfaces are ug

EXPre
9.2.12
A sig
exXpreq
indicg

9.2.13

An afnouncement signature is a signature for an announcement. An announcement signature is expresseq

recept
which
wheth

9.2.14

Anin
recept
includ
client

9.2.15

ity.
Computational interface signature
DperationlnterfaceSignature» or «CV_StreamlnterfaceSignature» depending on-the type of interface sigr
, operation or stream).
Computational signature

Lire. Receptions are used to express sighatures of computational {nteractions which are expressed by indi
5 (signals, announcements, invocations and terminations). Operations can be used to express interrg

ising flow signatures[9.2.18].

Signal signature

hal signature is expressed by a reception, stereotyped as «CV_SignalSignature». This stereotyped red
bses an action template which includes the namefor the signal, the number, names and types of its paramete
tion of whether it isinitiating or responding!

Announcement signature

on, stereotyped as «CV_AnnouncementSignature». This stereotyped interface expresses an action tel

Fritisaclient or aserver.

Invocation sighature

ocation signature’is a signature for an invocation in an interrogation. An invocation signature is expressq
on, sterectypéd as «CV_InvacationSignature». This stereotyped reception expresses an action template
es the namefor the invocation, the number, names and types of its parameters, and an indication of whethey
Or a server.

hition,

have

mputational interface signature is expressed by an interface, stereotyped «C¥. SignallnterfaceSigngture»,

ature.

rt of
idual
pation
ed for

eption
s, and

by a
mplate

includes the name for the_invocation, the number, names and types of its parameters, and an indicajon of

d by a
which
itisa

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.

9.2.16

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
conn;ei;tor can be defined from arequired interface to a provided interface, or from arequired port to a provided poft.

EXAMPLE 1 — Let us suppose the following representation in UML of operation interface signatures ServiceA and\Seryice, as

shgwn in Figure 20:

::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 interfaces of
coinputational objects ClientA and Server:

=20 _Ohject== gl =20 _Ohject== gl
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

EXAMPLE 2 — Assuming the specification of operation interface signatures ServiceA and Service as above, the diagram|shown
in Figure 22 represents an explicit pfimitive binding between the corresponding interfaces of computational objects ClientA and
Sefver, but showing explicitly the ifnterface signatures of both interfaces (stereotypes and tag values of the ports repregenting
sugh interfaces have been omitted for clarity).

==Y _Ohject== E

==C%_Ohbjgcts=
—A E Server

Cliénth ==CY_PrimitiveBinding== : L

. Serviced Service = : [Eervice
C Seryiced

Eigure 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.

Comp|
object

9.2.18

A flov
«CV_|

Then
exprey
exXprey
(an En
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==CW_Ohbject== E ==CW_Ohbject== E
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C Service e
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[o]e]
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Figure 23 — An implicit primitive binding between two interfaces

pund bindings are expressed by representing the corresponding binding objects and their bindingswith the
.

Flow

v is expressed by a property, stereotyped as «CV_Flows. The property belongs o an interface stereoty
Streaml nterfaceSignature», which represents the stream interface signature wherethe flow is defined.

bme of the property expresses the name of the flow. The type of the property, éxpresses the flow signature, w
ised by an interface, stereotyped as «CV_FlowSignature». The causalitycof the flow (consumer or produ
ised by the tag definition, causality, of stereotype «CV_Flow». The type of this tag definition is FlowCal
umeration type whose literals are producer and consumer).

AMPLE — The diagram shown in Figure 24 represents the software architecture of a teleconference system, composed
ds of computational objects (Presenter and Participant) interacting at their computational interfaces.

> Presenter object provides one operation interface for, control (expressed by the port ctrl, sterd
\V_Operationinterface», whose signature is expressed by the interface | Control), and one stream interface (expressed
[t c, stereotyped «CV_Streaminterface», whose signature\is” expressed by the interface AVConference). This

b Participant object offers the dual interfaces, one for-controlling the Participant, and one for binding to its streamint

htrol interfaces are bound using an implicit binding;-whilst the stream interfaces are bound using a primitive binding,
ding object is required.
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bound

ped as

hichis
Cer) is
sality

of two

oty ped
by the
stream

brface.
i.e., no

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

[; ctrl: 1Contral ¢ |Cantral

-"‘"-\-L__ —

e P
T e
'\-—...___\__ .-_\'--______.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 fallawi ng shows diagmmma’rir‘ rpprmpnta’rinnc of thisUMI profile

==profile==
CV Profile
==rhetaclass== ==stereatypes== —=metaclasse= ==gtereotype==
Cpmponent % required; CY_Object Model " Computational_Spec
{self baseComponentisindirectlyinstantiated = true}
? L|\— L|\— ==gtereatype==
==gtereotypes== ==stereotype== ==stereotypes== <<(r;r;e:ra];§s;>> CV_PrimitiveBinding
CVY_TemplateOhject | |CV_TypeObject| |CV_BindingObject
== etacla_ss» <« =<_stereotype=} eenumeration==
Jonstraint CY_EmvironmentContract ==gteteotype== OperationCausality
CY_SignalinterfaceSignature -
==stereotype== client
CY_Signal = Sener
- et ==gtarentype== _
— <<sterentvpn_e>> <zmetaclags=> o | CV_StreaminterfaceSignature <<_enumerat|or_1>>
==rrktaclagss= 4___-——--“__ CV_Invocation Interface 1——-________ D — SignalCausality
— ¥ initiatar
Message [®— | .sterzatypes» \ > CV_OperationinterfaceSignature
S . respander
T CV_Termination .
~—_
" ==gtereotype== ==gnumeratian==
==sterectype==> CV_FlowSignature FlowCausality
CY_Announcement
consumer
producer
==gtereotype==
CV_Streaminterface
==stereotype==
_— PR ______|CV_InterrogationSignature
e SO — metaclasse= g —
==hetaclags== OV /o ertionintert Operation ¢
| erationinterface T
Port -op A 7 —— <<StEI’EDNpE>>
) +egisality | OperationCausality CV_SignalSighature
-x'"‘x\.,_ _
==gtereotype== =astereotype== .
CV_Signalinterface E\kﬁnnouncementSignature
+causality | SignalCausality T sametaclasshs
_ ==stereatypes= L—»{  Reception
==stereotype=> These extensions are temporary, ¥ _InvocationSignature
sqmetatlass=» P because many tools do not support
Property 4 How "Reception”. Therefore we temporarily <<stereatypers
FTATCAMy T TOwe s anty A LA CY_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{opjects,
with a component diagram;

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

— interactions between computational objects, and interactions between composed coniputational @bjects
within a computational object, with UML activity diagrams, state charts and intesaction diagrams.

94 Viewpoint correspondencesfor the computational language

9.4.1 Contents of this clause

This dlause describes the correspondence concepts for the computational language, but not how they are expregsed in
UML |The latter is covered in clause 12.

9.4.2 Enterprise and computational viewpoint specification correspondences

The specifier shall provide:

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

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

— for each role affected by a policy in the enterprise specification, alist of the computational objec types
(if any) that exhibit choices in 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, alist of computational behaviour types (if any) capable of modelling
(i.e., acting as a carrier for) the enterprise interaction type.

If a prpcess based approach.iStaken, the specifier shall provide:

— for eaehistep in the process, alist of participating computational objects which may fulfil one or more of
actor.roles, artefact roles and resource roles.

9.4.3 Infermation and computational viewpoint specification correspondences

ocliment 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 specifi¢ation.
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 computational interface is identified by any member of a set of one or more computational interface identifiers.
Each ¢ngineering interface is identified by any member of a set of one or more engineering interface referenees| Thus,
since f computational interface corresponds to an engineering interface, an identifier for a computational (interface can
be modelled unambiguously by an engineering interface reference from the corresponding set.

Each [computational binding (either primitive bindings or compound bindings with associated binding opjects)
corregoonds to either an engineering local binding or an engineering channel. This engineering local binding or
channgl corresponds only to that computational binding. If the computational binding-supports operations, the
engingering local binding or channel shall support the interchange of at least:
— computational signature names,

— computational operation names;

— computational termination names;

— invocation and termination parameters (including computatienal interface identifiers and computational
interface signatures).

Except where transparencies that replicate objects are involved, each*computational binding object control interfgce has
a corresponding engineering interface and there exists a chain of engineering interactions linking that interface fto any
stubs, [binders, protocol objects or interceptorsto be controlléd in support of the computational binding.

NQTE 2 — The set of control interfaces involved depends ori¢he type of the binding object.

Each fomputational interaction corresponds to sonie chain of engineering interactions, starting and ending with an
interartion involving one or more of the basic engineering objects corresponding to the interacting computational
objects.

Each [computational signal corresponds either to an interaction at an engineering local binding or to a chgin of
engingering interactions that providesthe necessary consistent view of the computational interaction.

The trensparency prescriptionsin(Part 3 — 16] specify additional correspondences.
NQTE 3 — Basic engineering Objects corresponding to different computational objects can be members of the same cluster

NQTE 4 — In an entirelysobject-based computational language, data are represented as abstract data types (i.e., interfaces to
coimputational objects).

NQTE 5 — Computational interface parameters (including those for abstract data types) can be passed by referencg, such
pafjameters correspond to engineering interface references.

NQTE 6 — Computational interface parameters (including those for abstract data types) can be passed by migrating or replicating
thg object supporting the interface. In the case of migration, such parameters correspond to cluster templates.

NQTEAZ <If the abstract state of a computational object supporting an interface parameter is invariant, the object can be|cloned
rather-than migrated.

NOTE 8 — Cluser templaies can be represented as absiract daia types. Thus SIrict 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 bas|c engineering object is an engineering object that requires the support of a distributed infrastructure.

10.1.1.2 Cluster

A clugter is a configuration of basic engineering objects forming a single unit for the purposes of dedctivation,
checkpointing, reactivation, recovery and migration.

10.1.2.3 Cluster manager
A clugter manager is an engineering object that manages the basic engineering objects in\acluster.

10.1.1.4 Capsule

A cappule is aconfiguration of engineering objects forming a single unit for the'purpose of encapsulation of procgssing
and stprage.

10.1.15 Capsule manager
A cappule manager is an engineering object that manages the engineering objectsin a capsule.
10.1.46 Nucleus

A nudeusisan engineering object that coordinates processing, storage and communications functions for use by gther
engingering objects within the node to which it belongs.

10.1.1.7 Node

A node is a configuration of engineering objegts forming a single unit for the purpose of location in space, and that
embodlies a set of processing, storage and communication functions.

10.1.2 Channel concepts
10.1.21 Channel

A chahnel is aconfigurationof stubs, binders, protocol objects and interceptors providing a binding between a sef of
interfaces to basic engineering objects, through which interaction can occur.

10.1.32 Stub

A stuly is an engineering object in a channel, which interprets the interactions conveyed by the channel, and perfofms
any ngcessary transformation or monitoring based on this interpretation.

10.1.2-3—"Btnder

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
10.1.31 Binding endpoint identifier

A bingling endpoint identifier is an identifier, in the naming context of a capsule, used by a basic engineering ol
select jone of the bindingsin which it isinvolved, for the purpose of interaction.

10.1.3.2 Engineeringinterfacereference

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

10.1.3.3 Engineering interface reference management domain

An engineering interface reference management domain is a set of nodes fariming a naming domain for the purg
assigning engineering interface references.

10.1.34 Engineering interface reference management policy

An engineering interface reference management policy is a-Set of permissions and prohibitions that gove
federdtion of engineering interface reference management domains.

10.1.35 Cluster template

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

10.1. Checkpointing concepts
10.1.41 Checkpoint

A checkpoint is an object template)derived from the state and structure of an engineering object that can be |
instantiate another engineering object, consistent with the state of the original object at the time of checkpointing.

10.1.42 Checkpointing

ject to

ement

ose of

'n the

those

sed to

Checlpointing is to create a checkpoint. Checkpoints can only be created when the engineering object involved satisfies

a pre-¢condition stated'in a checkpointing policy.

10.1.4.3 Clustéer checkpoint

A clugter-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 manag
function and capsule management function.

ement

Thisd
N(

individual functions can be combined to form specifications for components of ODP:isystems. Only two of these functig
Type Repository and the Trading Function, are further refined and more extensively)described. "ITU-T Rec. X.960 | |9
14769 — Type Repository Function” and "ITU-T Rec X.950 | ISO/IEC 13235-1.—~ODP Trading Function" contain their cd
specifications.

10.1.6

—  Coordination functions: event notification function, checkpointing and recovery function, deagti

reference tracking function, transaction function and ACID transaction function.

— Repository functions. storage function, information organization function, relocation-functior]
repository function and trading function.

—  Security functions. access control function, security audit function, authentication function, in
function, confidentiality function, non-repudiation function and key management function.

ause is only concerned with expressing the engineering specification of these ODRfunctions.
TE — Part 3isnot explicit about the detailed specification of these functions, neither dees it explain how the specificati

Summary of the engineering language metamodel

\vation

and reactivation function, group function, replication function, migration function, engineeringinierface

fegrity

ons for
ns, the
EO/IEC
mplete

The diagrams below (Figures 26 to 32) illustrate the concepts of the engineering language and the relationships bgtween

them.

concepts are included in the description of the concepts.

The descriptions of the concepts have been given abave. The descriptions of the relationships betwe

En the
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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

CommunicationAuthority

Interceptor Template

Figure 26 — Engingéring objects

NQTE - In thefigure, and in the text that follows, BEO standsfor Basic Engineering Object.

10.1.4.2 Node structure

The npde structure is about structuring of a nodewith nucleus, capsule, cluster and various engineering objects.
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The f@llowing constraints apply to the elements of the engineering1anguage shown in Figure 27:

localyEoundObject
|:| .x

Figure 27 — Engineering language < Basic concepts

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 managéement interface provided by the Nucleus associated with the Nogle that
contains the Capsule that containsthe Cluster that contains the BEO:

context BEO inv NodeManagerDerivationRule:
self.nodeM anager =-self.cluster.capsule.node.manager

The engineering object’'s node manager should be the same as the node manager associated with the
node that contains the Capsule that contains the engineering object:

context, EngineeringObject inv NodeM anagerDerivationRul e2:
self.nedeM anager = self.capsule.node.manager

The Gapsule to which a Cluster belongs is the Capsule to which the Cluster's manager belongs:

context Cluster inv CapsuleDerivationRule;
self.capsule = self.manager.capsule

Derivation Rule: The CapsuleManager to which the ClusterManager is bound is the CapsuleMangger of
the Capsule that contains the Clusters that the CapsuleManager manages:

48

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

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

BindingEndPointldentifier

ClientServerChannel

1SO/I EC 19793:2008 (E)
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Figure 28 — Engineering language model — Channels

\ C

Communpicationinterface

The f@llowing constraints apply to the concepts illustrated in the diagramof\Figure 28:
Each Stub to which a BEO 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 Sub that is

part of

that Channel:
context BEO inv OneStubPerChannel:

self.channel->forAll (channeh|-self.stub->select (stub | stub.channel = channel )->size () =1)

— Thecollection of BEOs that arethe end points linked by a Channel is derived by adding to the collgction,
for each Stub in the Channel, the BEO to which the Stub isrelated:

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

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

context\Channel inv EndPointsl nDifferentClusters:
self-endPoint->forAll (epl, ep2 | epl.cluster <> ep2.cluster)
The BEO and Binder to which a Stub is related are parts of the same Channel of which the Stub is 3

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

The Sub to which a Binder is related and the Protocol Objects to which the Binder isrelated are af parts

 part:

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 Protocol Objects 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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— Inorder 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

EngineeringQbject

i

1
CommunicationDomain

—-

—

Figure 29 —Domains

CommunicationAuthority

The fallowing restrictions apply to the model elements depicted in Figure 29:

context Domain inv SubDomainl sSubSet:

10.1.45 ldentifiers

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

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

context AddressingDomain inv Control lingObject:
self.controllingObject.ocl | sTypeOf (AddressingAuthority)

context NamingDomain inv ControllingObject:
self.controllingObj ect.ocl I sTypeOf (NamingAuthority)

—  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 demains:

This qubclause is mainly about identity,domain and policy management, with respect to nodes and objects.

EngineeringinterfaceReference

.
1

EngineeringinterfaceReferenceManagementDomain

*

*

Hode

0.*

1

EngineeringinterfaceReferenceManagementPolicy

+HocationnSpace | LocationinSpace

Figure 30 — Engineering language model — I dentifiers
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10.1.6.6 Checkpoints

This subclause is about checkpoints and checkpointings.

specifie: Engineering0ObjectTemplate
s
0.1 Checkpointing 1
o.. \4\
0.4 1 s o.*
othetEngObjects EngineeringObject - ~__|Checkpoint
LIS 7 Fiy
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 | specifist
CapsuleTemplate Clu=sterTemplate
1

Figure 31 — Engineering language modél/— 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
4
AuthenticationFunction |
ClusterManagementFunction |1 provide Clusterl'u'lanal;er
IntegrityFunction 1
i 1 provider (CapsuleManager
ConfidentialityFunction CapsuleManagementFunction 1

HonRepudiationFunction

KeyManagementFunction

EventHotificationFunction

CheckpointingAndRecoveryFunction

StorageFunction

DeactivationAndReactivationFunction

InfoymationOrganizationFunction

GroupFanction

RelocationFunction

ReplicationFunction

TypeRepositoryFunction

MigrationFunction

TradingFunction

TransactionFunction

ACIDTrangactionFunction

EngineeringlnterfaceReferenceTrackingFunction

Figure 32 — Engineering language model — ODP functions

10.2 UML profile

The fgllowing subclauses describe how the ODP engineering concepts described in the previous clause are expregsed in
UML |in antengineering specification. A brief explanation of the concepts used in the expression of each congept is
given, together with ajustification of the expron used.

Nd ugh an
example, included in the main body of thls document or in its Annex A. Where no example has been |dent|f|ed 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 a reference of a management domain it may belong to).

Wherg an engineering object is required to represent a specific entity in the Universe of Discourse, it is expresged by
instangeSpecification of a component that is stereotyped as «NV_Object». Basic engineering objects_areparticular
kinds|of engineering objects. Therefore, the stereotype «NV_BEO» that expresses such objects imheritd from
«NV_[Object».

Wher¢ there is the need to express an engineering object type, it is also expressed by a compenent, stereotyped as
«NV_[Object». The attribute isIndirectlylnstantiated of the component stereotyped «CV _Object» shiould be set to fdlse.

When|a component stereotyped as «CV_Object» expresses an engineering object templat€/the attribute is Abstfact of
such a component should be set to false, meaning that the component needs to provide)all the information requjred to
instantiate objects.

10.2. Object types and templates as engineering objects

Therelare cases where there is the need to model the type or template of ,an engineering 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

The r¢lationship between an engineering object'and the object that represents its template, or the object(s) that regresent

EXAMPLE — In some specifications, suctras in the ODP Trading Function specification, there is the need to specify the tyjpe of a
ice, so atrader can locate objects implementing such a service. The diagram shown in Figure 33 represents the specification
of lan engineering object, PrintSenvice, and of its type, PrintServiceType, expressed so that type can be manipuldted by
engineering operations.

==hY_BEC== == _TemplateCbject ==
PrintService +myTemplate |PrintServiceTemplate

Figyre33'— An explicit representation of the type of an engineering object so that the object can accessitsftype

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. Node

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

10.2. Channel

A chdnnel is expressed by an instanceSpecification of a component, stereotyped as «NV_&hannel». The component
stereofyped as «NV_Channel» expresses the channel type or template. It consists of stubs,binders, protocol opjects,
and pgssibly <X> interceptors.
10.2. Stub

A stub is expressed by an instanceSpecification of a component, stereotyped as «NV _Stub». The component stereptyped
as «NYV_Stub» expresses the stub type or template.

10.2.11 Binder

<X> Interceptor

erceptor is expressed by an instanceSpecification of a component, stereotyped as «NV_Interceptors. The
nent stereotyped as «NV_Interceptor» expresses the interceptor type or template.

Protocol object

ocol object is expressed by an instanceSpecification of a component, stereotyped as «NV_Protocol Objectp. The
nent stereotyped as «NV_ProtocolObject» expresses the protocol object type or template.

Communication domain
munication domain islexpressed by a package, stereotyped as «NV_CommunicationDomain».
Communicationinter face

A comunication ‘interface is expressed by a port through which a protocol object is associated with other priotocol
or interceptors for acommunication.

Binding endpoint identifier

nressed by avalueSnecification
T 7 Ll

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».

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


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

1SO/I EC 19793:2008 (E)

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

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

Cloning

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

10.2. Recovery

A recvery is expressed by an activity, an operation, or an action stereotyped as <NV _Recovery».

10.2. Reactivation

A reagtivation is expressed by an activity, an operation, or an action stereotyped as«NV _Reactivation.

10.2. Migration

A midration is expressed by an activity, an operation, or an action stereotyped as «NV_Migration». A migration| as an
ODP function, can also be expressed by an interface (see [10.2.28])s

ction.
More precisely, the following stereotypes extend UMLE metaclass interface to express the corresponding ODP funtion:

«NV _ObjectManagement», «NV_NaedeManagement», «NV _ClusterM anagement»,
«NV_CapsuleManagement», «NV \EventNotification», «NV_CheckpointAndRecovery»,
«NV_DeactivationAndReactivation», «NV_Group», «NV_Replication», «NV_Migration»,
«NV_InterfaceReferenceTracking», «NV_ACIDTransaction», «NV_Transaction», «NV_Storage»,
«NV_InformationOrganization», «NV_Relocation», «NV_TypeRepository», «NV_Trading»,
«NV_AccessControl»;«NV _SecurityAudit», «<NV_Authentication», «<NV_Integrity», «NV_Confidentialfity»,
«NV_NonRepudiation»'and «NV_KeyM anagement».

10.2.29 Summary ofstheUML extensionsfor the engineering language

The ephgineering language profile (NV_Profile) specifies how the engineering viewpoint modelling concepts relpte to,
and are expressed in, standard UML using stereotypes, tag definitions and constraints.

Figure 34 shows diagrammatic representations of this profile.
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==profile==
NV _Profile
s=mataclasss= ==sterentype== This is tempaorary, to allow some tools to sho\!ﬁ
Constraint — ~|NV_InterfaceReferencem tPolic sterectypes on Activities
==metaclags== ==gterentype==
Diagram | NV_Deactivation
==metaclass== ==gtereotype== ’ '\H
— B \
Model E ing_Spec ..\ «shtereotypes=
-.\ "_Checkpointing
==stereotype=» ~
MVY_InterfaceReferenceM tDomain =<rnetaclasss=\ “stereotipes> \\‘\.
“=metaclasss> g ———— L T Activity _Reactivation
Package — - X t - \
i ==sterectype== }iiereo hes 2z
}'w-ﬁ—n— . Her———— mefaclagss>
— o
_CommunicationDomain NN 3 operation
=hstereotypess | — W
==metaclass=» =gt . -
: T e ] stereotype Cloning
ification NV_ BindingEndpointidentifier AN —
==metaclags== e tereotype==
=metaclass== Action D \‘(_ COVery
1

Class

==gterentypes==
NY_InterfaceReference

=metaclass==

==gterentype==

k=stereotype==
Q\X_lnstamiation

\

Port - MY _Communicationinterface \
==stergotype== | #=metaclags==
=stereatype== Nv/Rligration Interface
MY_Channel
=stereotype== -x‘“\a\\h ==gtfreotype== ==stereotype=4
W/ Node |—0 = T~ M/ \Ohject < NV_TypeObject
JE—— B ==metaclass== « {selfbaseCompthentdsindirectlyinstantiated = false}
NY_Cluster " Component +deployedMNade : String 1 ==stereotype=+
+securityDawtain : String NY_TemplateOhjgct
=gtereotype== — +managetmentComain : String
NY_Capsule ﬂl
==gtereotype== |
NY_Checkpoint ==sterentypa== xstereotype== ==sterentype== ==stereotype== ==stereotypes=f
checkPaintTime : date NY_CommunicationAuthority NV _CapsuleManager NY_Stub NV _Interceptor NY_BEOQ
[Companent]
==stereotypes== ) ==gtereotype== <<Stereotype>_> ==stereotype== —<slerentypes>
HY_ClusterCheckpoint MY _ClusterManager MY_ProtocolObject NY_HNucleus -
MY_Binder
| checkPointTime : date
=gtereotype== ==gtereotype== ==gtereatype== | | ==stereotype== ==gterentypes== ==gtereotype== ==gtereotype== ==gtereotypef=
NY_Group __N_\f_NudeManagement MY_Reéplication | [MY_Transaction | |NV_ACIDTransaction NY_Storage NV_CIusterManagemf‘r!td_ | _|NV_Relocatipn
«=gtarentypess e 1 «=gtereotypes=
WY_ObjectManagement | MY_InterfaceReferenceTrackihg
==gtareotype== ==metaclags== ==gtereotype==
HY_CapsuleManagement Interface NY_InformationOrganizatign
==gtereotype== -— ==gterentype==
Hv_CheckpointingAndRecovery MY_EventHotificatipn
==stergotype== ==stereotypes==
WY _DeactivationAndReactivation | NY_TypeRepositoyy
==giereglype== ==gterentypes== ==gtareotype== ==gterentype== ==gtereotype== ==gtereotype== ==gterentypes== ==gtereotypef=
IrV_KeyManagement NY_MonRepudiation | [NV_Confidentiality MY _Integrity | |NV_Authentication | |NV_Securityfudit | |NV_AccessControl | | NY_Tradin
|

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.

Thisincludes:
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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.

gineering specification models a system in terms of :

— aconfiguration of engineering objects, structured as clusters, capsules and nodes (that will be expressed
with UML component diagrams, including instanceSpecification of component for capsule, clusters,

basic engineering objects, capsule manager, cluster manager, and nucleus);
— the activities that occur within those engineering objects (that will be expressed with UML A

ctivity

diagramsy),

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

—  channd rules [Part 3—8.2.1], interface reference rules [Part 3 —8.2.2], distributed bifiding rules [P
8.2.3] and relocation rules [Part 3 — 8.2.4] for the provision of distribution transparent interaction
engineering objects;

configuration of engineering objects;
— failurerules[Part 3-8.2.9].
rules will be expressed with UML or OCL constraints for relevant elemerits.

ne elements expressing the Engineering specification will -be) defined within a model, steres
heering_Spec». Such amodel contains packages that express:

— the structure of a node, including nucleus, capsules,‘capsule managers, clusters, cluster managery
binder, protocol objects, interceptors, and basic engineering objects, with a component diagram;

—  channels, with component diagrams and a package;
—  domains, with apackage;
— interactions among those engineering,objects, with activity diagrams, stateMachines and inte

diagrams.
Viewpoint correspondences fer’the engineering language

Contents of this clause

lause describes the correspondence concepts for the engineering language, but not how they are expres
The latter is covered in Clause 12.

Engineering andycomputational viewpoint specification correspondences

TE — The correéspondence between an engineering specification and a computational specification can be derive]
1.4].

Engineering and technology viewpoint specification correspondences

engmeermg object corresponds to a set of one or more technology objects. The correspondenc

— theinteractions of those engineering objects (that will be expressed with UML Sequence diagrams).

prt 3 —
hmong

—  cluster rules [Part 3 —8.2.5], capsule rules [Part 3 — 8.2.6] and node rules fPart 3 — 8.2.7] governing the

bty ped

, Stub,

action

sed in

H from

e and

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

111

Technology Specification

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.

1111

A tem

Implementable standard

plate for a technology object.

11.1.2
A pro
11.1.3

Impleimentation eXtra Information for Test.
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descri
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11.2

The fgllowing subclauses describe how ‘the' ODP technology concepts described in the previous clause are expreq
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11.2.1

A technology object is generally specified in terms of its type, which is expressed by an artifact or anode, stereotyf
Dbject»,~Technology object types can be used to characterize the different kinds of technology objects that are

«TV_
used i

exImpIe, included in the wain body of this document or in its Annex A. Where no example has been identified, the
C
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IXIT

Summary of the technology language metamodel
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Figure 35 —Mode of the technology language

UML profile

in a technology specification.A\brief explanation of the UML concepts used in the expression of each con
together with ajustification of the expression used.

TE — In this clause UML (expressions are only defined for those concepts for which use has been demonstrated thrg
erned is mentioned{byt'no UML expression is offered.

Technology obj ect

n atechnology specification (such as PCs, application servers, LANs, WANS, etc.).

35 below illustrates the concepts of the technology language and the retationships between them.
btions of the concepts have been given above. The descriptions of the relatiohships between the concepts are

The
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instanceSpecification of an artifact or anode that is stereotyped as «TV_Object».

11.2.2

Object typesand templates as technology objects

by

There are cases where there is the need to model the type or template of a technology object at the instance level. An
example is the case of atechnology object, which needs to know the types of the objects it interacts with in order to fix

the ap

propriate 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.§ Summary of the UML extensionsfor the technology language

The tgchnology language profile (TV_Profile) specifies how the engineering viewpoint modelling conceptsrgatefo and
are expressed in standard UML using stereotypes, tag definitions, and constraints.

Figurg¢ 36 shows diagrammatic representations of this profile. See clause [A.6] for a detailed/specification of the
stereotypes described here.

==profile==
TV Profile
==metaclags==
Artifact — =<stareotypes=
T [==stereotyper> |, ANV TypeObject
__— TV_Object |
2emetaclass== |g—" —_X

v =astereotypes=

Node TV_TemplateObject

=<metaclasse= <=sterentype==
Component TV_ImplémentableStandard
==metaclass== ==gtaraotypes=
Comment TV_IXIT ==metaclass==

__y  Diagram

==metaclags=» =<stareotypes> |— -
Activity - TV _Implementation N
==metaclasgss ==sterantype== This is temparary, to allow
Model t " |Technology Spec some tools to show
W= stereotypes on Activities

Figure 36 — Graphieal T epresentation of the technology language profile (using the UML notation)

The fpllowing restrietions apply to the elements depicted in Figure 36. They are derived from the corresppnding
constriints on the elements shown in Figure 35 and on their relationships:

— _Every technology object type is associated with at least one implementable standard.

= \VEvery implementation standard is associated with (or is implemented as) one or more techpology
objects.

—  Every implementation Is assoclated with (or produces) one or more technol ogy obj ects.

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 thal express.

— the structure of a node instance, including node instances within anode instance, artefacts, and.netyvorks,
using a deployment diagram, and

— communication links among nodes, using a deployment diagram.

114 | Viewpoint correspondencesfor thetechnology language

This ¢lause describes the correspondence concepts for the technology language, but not how they are expregsed in
UML {The latter is covered in clause 12.

A sef| of one or more technology objects correspond to an engineering abject; and they implement specified
functipnality in corresponding engineering object in technology specific way.

NQTE 1 — The choice of specific technology in the technology viewpoint may constrain the possible architecture/platform
styles/patterns and deployment patterns in the engineering viewpoint specification.

NQTE 2 — A wide variety of factors, including procurement policy, extrasfunctional requirements, etc., may influence thechoice
of fechnology, and therefore the technology specification.

12 Correspondences specification

12.1 M odelling concepts
A colr-lespondenc&s specification is composed of(a'set of correspondence specifications.

A conpplete specification includes six correspendence 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'computational specification and the information specification;
—  betweertthe computational specification and the engineering specification; and

—  between the engineering specification and the technology specification.

1211 Correspondence specification

A corfespondence specification is composed of a set of correspondence rules and a set of correspondence lipks. It
describes-consistency relationships between terms belonging to two specifications based on different viewpaints,

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.

12.1.4 Summary of the correspondences metamodel

The nmjodelling concepts introduced for a correspondences specification are summarized in Figure 37.

[~

CorrespondenceSpecification  |0.°

-
.
0.* 0.*

CorrespondenceRule (0.1 0.* |CorrespondenceLink

ViewpoinmtSpecification

+expression | Constraint

2
CorrespondenceEndpoint

1.4
Term

Figure 37 — Correspondences specification concepts

122 UML profile

The fpllowing subclauses describe how the modelling concepts for correspondences specification are expregsed in
UML.

12.2.1  Correspondence specification
A corfespondence specification is'expressed by a package, stereotyped as «CorrespondenceSpecification».

The rélationship between-a correspondence specification and the models expressing the viewpoints involved|in the
corregpondence specification is expressed by ausage dependency, stereotyped as «CorrespondingSpecification».| There
are expctly two such‘dependencies for each correspondence specification.

12.2.2 Correspondencerule

A corfespondence ruleis expressed by a constraint, stereotyped as «CorrespondenceRul e».

NQTE > The constraints expressing constraints defined in ODP standards may be defined outside the package expresgng the
COITESPONTENCE SPEcHTITCAIoON 10 enablie Telse among MUtipie Speciticarions.

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
==sierdotype==
==metaclags== Correspondencelink
— .
Class +en@foint!  Element 1.4
*ehdPoint2 - Element [1.7]

Figure 38 — Graphical representation‘ef-the UML profilefor correspondences specifications

13 Modelling conformancein-ODP system specifications

131 M odelling confor mance concepts

Confgrmance relates an implementation to a specification. Any proposition that is true in the specification must Ipe true
for its|implementation. Acenformance statement is a statement that identifies conformance points of a specificatipn and
the behaviour which must be satisfied at these points. Conformance statements will only occur in specificationsjwhich
are infended to constrain some feature of a real implementation, so that there exists, in principle, the possibifity of
testing.

The RM-ODP:[Part 2 — 15] identifies certain reference points in the architecture as potentially declaraple as
confolmanee'points in specifications. That is, as points at which conformance may be tested and which will, thefefore,
need L be accessible for test. However, the requirement that a particular reference point be considered a conforfnance
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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possible to 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

14

141

Level
suppo,

NQ

14.2

Speciffications claiming compliance with.this document shall:

Comp
Part 3
UML

==metaclasg== ==gterentype==
Element 0ODP_ReferencePoint
. ==gterentype==
== ==
TE 3t 38? g ODP_ConformanceStatement
s {=zelf baseComment.annotatedElement extension0DP_ReferencePoint-=sizef=1}

Figure 39 —UML profilefor conformance

Conformance and complianceto this document

Conformance

5 of conformance may vary. At the least, implementations of tools claiming conformance to this documen
1

— oneor more of the UML profiles for viewpoint languages'defined in clauses 7 to 11; further confor
may be claimed if the tool concerned supports policing-or enforcing of the constraints specified
stereotypes defined in the relative profiles;

—  specification of the correspondences, as defined\in clause 12, between ODP modelling elements
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 specifications defined in [6.6].
TE — Claims of conformance to the metamodel s alone are outside the scope of this document.

Compliance

— usethe structuring style)defined in [6.6];
structuring rulesfor which they are defined,;

tracing.fechanisms defined in [7.4], [8.4], [9.4], [10.4] and [11.4];
—  specifyrthe conformance using the UML profile for conformance defined in clause 13.

iance te-this document does not preclude the use in a specification of concepts and structuring rules in Parf

[ must

mance
or the

in the

— usethe UML profiles for the viewpoint languages defined in clauses 7 to 11 to express the concegts and

—  specify the_eorrespondences between ODP modelling elements in different viewpoint models usipg the

2 and

and inrthe Enterprise Language that are not covered by this document and the definitions of the corresppnding

profile elements.
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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 i
systen
Librar
loans.
return

N(

lib
Instea
defing
differg

Al2
Theb

N that supports the operations of a University Library, in particular those related to the borrowing jrocess

The library system will be used by the library staff (librarian and assistants) to help ,them record
5, etc. The borrowerswill not interact directly with the library system.

ary operations, while the library will refer to the businessitself, i.e., the environment of the system!

0 of a general and abstract library, this example is based on the regulations,that rule the borrowing g
d at the Templeman Library at the University of Kent at Canterbury, a library.that has been previously u
et authors for illustrating some of the ODP concepts.

Rules of operation of the Library

hsic rules that govern the borrowing process of that Library are as follows:

(1) Borrowing rights are given to all academic staff, and, t0-postgraduate and undergraduate students|
University.

(2) Library booksand periodicals can be borrowed:

(3) The librarian may temporarily withhold the'circulation of Library items, or dispose them when th
no longer appropriate for loan.

(4) For requesting aloan, the borrower must hand the books or periodicalsto a Library assistant.

(5) There are prescribed periods of-10an and limits on the number of items allowed on loan to a borrg
any one time. These rules nay, 'vary from time to time, the Librarian being responsible for setti
chosen policy. Typical limits are detailed below:

—  Undergraduates smay borrow eight books. They may not borrow periodicals. Books nj
borrowed for four-eeks.

—  Postgraduates ‘may borrow 16 books or periodicals. Periodicals may be borrowed for one
Books may be borrowed for one month.

— Teaching staff may borrow 24 books or periodicals. Periodicals may be borrowed for one
Books may be borrowed for up to one year.

(6) Items borrowed must be returned by the due day and time which is specified when the item is borrd

(7). Borrowers who fail to return an item when it is due will become liable to a charge at the rates pres
until the book or periodical is returned to the Library, and may have borrowing rights suspended.

5 an example of an ODP specification of a Library system, using UML. The example is about the compulerized

of the

y items. The system should keep track of the items of the University Library, its borrowers, and their outstgnding

loans,

TE — In the following, the library system (or the system, for short) will refer to the computerized system that suppgrts the

rocess
bed by

of the

ey are
wer at
ng the
ay be
week.
week.

wed.
cribed

lue on

(8) Rarrowersreturning items must hand them in to an assistant at the Main | can Desk Any charges
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
1
==CarrespondenceSpecification== " P~ = P A :
| ==CorrespondingSpecification=» LibrarySystem (E Spec) le. <=CorrespondingSpecification== ==CarrespondenceSpediiicafion==
L|brarySystem (E-C Corr) ST T T = LibrarySystem({E ofr)
T ; <<Corresponding8pe‘c'|fic_a_tio;1;>

- ==Information_Specs= AF T

<<CorrespondithpeET|cat|on>> . em (1 Spec)

o ko A
P _ «CorrespundmgSpecmca_tlon?_: — | g=arrespondencespecificafion==|
. ) ,-n—| I\, LibrarySystem (I-C Cogr)
==CorrespondipgSpecifications== ==
- ==Computational_Spece= A ==CarrespondingSpecificationss=
P < LibrarySystem (C Spet)
- (_

-~ <<C5r-resTaontiingSpacific;gﬁon>> —
P — — _ | ==CorrespondencesSpecificafion=:
| < _| Librarysystem (C-H Cofr)

— ==Engineering_Specs=  zaCerresportingSpacification=s
s=CorrespondenceSpecification==| _conespondingSpecifications== LibrarySystem (H Spec) A spomtingp
UbrarySystem (EHCorry [ — — — — & T T 7 = ~
[ — o
==Larresporitingspecification==
—| - - ==CarrespondenceSpecificafion==
zzTechnology_Specss A e e e == — LibrarySystem (H-T Cofr)

LibrarySystem (T Spec) < ==CaorrespondingSpecification==

Figure A.1-UML specification of the ODP system

A2 Enterprise specification in UML
A.2.1| Basicenterpriseconcepts

The efterprise viewpoint is an abstraction of the system that focuses on the purpose (i.e., objective), scope and pplicies
for that system and its environment. dt-describes the business requirements and how to meet them, but without haying to
worry| about other system considesations, such as particular details of its software architecture, its computational
procegses, or the technology used to implement it.

Four Key concepts of the enterprise language are: system, scope, enterprise specification and field of application.|In the
first place, the system tobe specified is a computerized system that supports the operations of a University Librpry, in
particlilar those relatéd-to the borrowing process of the Library items. This system has a name "The Templeman Library
Systen" (or "TLS!\for short).

The stope of the TLS system describes its expected behaviour, i.e., the way it is supposed to work and interact with its

envirgnment'in the business context. In the enterprise language, the scope of the system is modelled as the set of fjolesit
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.

ITU-T Rec. X.906 (11/2007) 65


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

1SO/I EC 19793:2008 (E)

«EV_Community»

«EV_Objective»

«EV_Object»

«EV_CommunityObject»

«EV_ODPSystem»

The d
specif
it will

DDP Enterprise Language specification does not* prescribe any particular method for building the ent
cation of a system, as the approach taken wilkdepend very much on the system being specified, the busine
support, and the constraints that arise framthe environment in which the system will operate. For this ex
the following process has been followed:

«EV_Role»

«EV_Interaction»

«EV_Process»

«EV_Step»

«EV_Artefact»

«EV_PalicyEnvel ope»

«EV_PolicyVaue» =

Figure A.2 — Enterprise languageicons

brprise
s that
bmpl e,

1. ldentify the communities, with which the system isinvolved, and their objectives.

2. Define the behaviourrequired to fulfil the objectives of the communities. This may be in the form of
processes, their carresponding actions, and the participant roles in them. Objects may participate in
actions as actors\(if they participate in or perform the action), artefacts (if they are referenced|in the
action), and.respurces (if they are essential to the action and may become unavailable or used up).

3. In additien,’depending on the modelling objectives, behaviour may be modelled in the fgrm of
interactions between objects fulfilling roles. This approach is appropriate when it is required to model a
behaviour in detail.

4. _ldentify the enterprise objects in each community (either as typical instances of a type, or as finique
instances) and how they fill the roles.

5." ldentify the policies that govern the behaviour.

6. ldentify 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).

7. ldentify the actions that involve accountability of the different parties, and the possible delegations.

8. ldentify any behaviour that may change the structure or the members of each community during its

lifetime, and the policies that govern such behaviour.

Of course, the order of these activities need not necessarily be linear, and nor will al activities be appropriate for all
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.

==Erterprizse_Spec==

LibrarySystem (E Spec)

Enterprise Ohjects (global) |

S

==E%_CommunityOhject== ==E%_CommunityChject== =<EY_ODPSystem==

<<Enterprise_Specy > Library Academic Community University admin system
EV_FleldOfApplication = "This W\

specification assumes an Academic - .
envirgnment, such a University, in |

==E%_RefinesdsCommunity== ==E%_RefinaddsComnunity==
whicl a Library maintains a collection - 7 |
of hopks and periodicals which can T i
4] C . ==:EV_Commun'rtyCantract>=’H <<E\4¢C0mmunrtycorrtractz==f@
be bgrrowed by the different kind of Lib = Academic Community
univelsity members, and that uses a ihraryl

N
computerised system to track library

{4 \
iterng, borrowers and loans” H\
e X

==E%_Community== ==BE%_Community==
Library Academic Community

Figure A.3—UML Entérprise specification of the Library System

The figld of application of the enterprise specification describes the properties that the environment of the ODP gystem
must have for the specification to be used. It is expressed in a tagged value of the package, stereotyped as
«Entefprise_Spec» that contains theenter prise specification of the system.
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::EV_CDmmunﬂyContrad»‘H

Library
==E%_RefinesissCommunity == ﬁ
—————————————————— -1 B
==E% _CommunityObject== -] Tfu*
Library ==EW_Comtnunity==
|\—\- Library

<4Bw Objectiver:
description="To allow
the use, by authorised
harrowers, ofthe varying
L.U::th;ull UI‘L;IGIGIT
items, as fairly and
efficiently as possihle.”

[ [

Roles Policies

==E%_Chjectivef==

W
~ 2K
==EY_Ohjective==
Library objective

[ ]
Library Enterprise Uhjerts‘

Figure A.4 —UML specification of the Library comiiunity

A confmunity is a configuration of objects modelling a collection of entities (€.g., human beings, information progessing
systems, resources of various kinds, and collections of these) that are-Subject to some implicit or explicit cgntract
governing their collective behaviour, and that has been formed for a particular objective.

The plackage containing the specification of the Library community is stereotyped "EV_CommunityContract’, and
contaips the component, Library, stereotyped as «EV_Community» that expresses that community and owhs the
processes of the community, three packages containing, respéctively, the roles in the community, the set of entérprise
objects specific to the community (Library Enterprise Objects, which model its structure), and the policies for the
community, and one class (stereotyped «EV_Objective») which has a tagged value that expresses the co nity
objectjve as follows: "To alow the use, by authorised borrowers, of the varying collection of Library items, ad fairly
and efficiently as possible”". This class has an. association, stereotyped as «EV_ObjectiveOf», with the component
expressing the Library community.

A.2.3 Processes

Procepses specify behaviour in terms\of (partially ordered) sets of steps, and are related to achieving some particular
sub-olpjective within the community., Seps are abstractions of actions, which may hide some of the objects particijpating
in thefactions.

==E% _Community== E‘
Library

=

==E%_Processe==
Borrow item

-- = =

==E%_Processe==
Return tem

=<E%_Process==
Reserve tem

=<E%_Process==
Release item

z

==E%_Processs==
Fine member

==E%_Processs==
Add member

=

==EV_Processz==
Pay fine

==E%_Processe==
Add kem

=

=<E%_Processz==
Re-instate member

==EW_Processe=
Suspend member

==E%_Processe= ==E%_Processe==
Set lending limit policy Remove member
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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 model borrower requests which has the type L oan.

Note that in this example, artefacts have been further detailed by identifying for each, a state jof<the enterprise|object
that the artefact represents a usage of. This is not mandated by the enterprise language but-allows the use of g UML
feature to build an important bridge to the information specification. The resultant stateMachine of the clags that
expresses the enterprise object can form the basis for expressing a dynamic schema.for the associated inforination
object type. For details of the stateMachine for the Loan enterprise object, see Figure’A.16. In this case, the gtefact
represents the 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 request, jwhich
referefices, as an artefact, the enterprise object L oan in the state Requested by assistant. Again, this step, being part of
the hyman behaviour associated with the system's operation, is not further detailed in this model, which is directed
towargls the system's specification. In area life situation, such behavieur would need to be documented, and themodel
may be agood place to do it.

=<E%_Role== q') ==EY_Ruolz== q') ==E%_Roles= ;)
Borrower Assistant Library system

1T

b prowry - . «<EV_Steps> e
( <<EY_Step== I arrower requpsts : Loanfy (=*E¥_step= :::. requests jl.oan (f Validate loan : Loan validation
= -~ [Requested by borrower] [Regquested by assisfart] ) L
Stated loan requirement Check requesi {Time 1o Complete not to exceed rl'sl}

assistant authorised : Lban (i’ T system authorteed : Loan

[ ==E\_Step== E:II [Extant: i %{ “E\f—StEp” E::' e [&uthoriged] Tl authorised]

Accept loan Prepare item for loan

J

/

assistant disqudlified : Loan rff] system disqudlified : Loan rff]

<<EV _Stepr> E?' [Refusdd] ) “<EV_Stepr> 5:3 [Discualfied] ] [eisqualified)
Al:l:epl refusal Refuse loan

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 opagueBehavior owned by the role
Library system, see[A.2.4].

==E%_Role== :]) ==E%_Role== ;]) ==E%_Role== ;J)
Borrower Assistant Library system

==EY_Step== E::,
‘ Refjuest membership {

==EY_Step==
‘ Enter new member details

—

—
entered by ist: Library b ﬁ
[applied for membership]

==EV_Step==
Validate member : Validate member
{Time to Complete not to exceed 305}

==E%_Steps= [OK]
Create member : Create memhﬁ:

[refused]

P el

validated by system : Library memberf;

[eligible] ( <<EV_Step== & )
Refuse new member : Refuse new memhﬁlr
==E%_Step== 1 |
accept new member ) /
J

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.

==E%_Role==

[eligitile]

eligible new member : Library member

‘_l'] ==EY_Role== ;!j
Library system University admin system
) .\
==E%_Step==
Prepare validation request : Prepare validation requeﬁ
AN
request validation : LiBrary member 7
[applied for memershigp]
T ==F%_Step== +

Validate member : Validate member
{Time to Complete not ta exceed SEI?I}

[applicart. Sligakle]

¥

==E%_Slepe== ‘

-~

Azzign category : Asgign t:atrf:gu:n:li!|

L

*,

i ==EY_Step== E::.
return OK ‘

i =<EV_Steps==
return refused

A.2.4 Roles

From
workg
variou

comm

|f ==FY_Step==
L report eligable

i

refused new

-
member : Library member
[refused) ’

.

Figure A.8 — Validate member sub-process

==EY_Step== |:::| A
report ineligable

[applicart ingligakle]

the textual description” of the Library (and, in rea life more importantly, from discussions, interviews and
hops with stakefiolders), we can identify severa roles in the Library community, in particular borrowers with
s privileges, librarians, library assistants, and the computerized system that supports the Library opefations

(Library System).\Figure A.9 shows these Library roles within the package that contains the specification [of the
Linity, each with a realization link to the component that expresses the community.
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example of the (partial) list of behavioralFeatures of the role Library systemys shown in Figure A.10, which shoy
the bghaviour of the role is specified in three opaqueBehaviours, viz: €reate member, Prepare validation rg

and R
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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
— i <
=<=EV_CommurityBehaviour==~
- -~
I
Borrower <<§V_’Co munityBehaviour==
~
-
-
=
University admin system

Figure A.9 —Library community roles

bhaviour identified by aroleis expressed by the set of behavioural features of the class that expressestherd

Efuse new member, and one stateMachine, L oan validation.

Class - LibranyXy™&m

= History : ’i‘ Library system :'!_-!-'-.: eman Library::Templeman Lib _:]
’j; Library system " Behaviors \%

2 Documentation/Hyperlinks
tributes

e
==

) el <
=i ENRINIC 224

le. An
Vs that
quest,

| Ports

| Operations

i Behaviors |

| Template Parameters
| Inner Elements

Constraints

Name
= "-‘:"i'-"-'--':
™ Create member
NPrepare validation request
Refuse new member
El State Machine
Loan validation

Type
& Opaque Behavior
@5 Opaque Behavior
& Opague Behavior

[z State Machine

,, Language Properties

Figure A.10 — Behaviour of the Library system role

Intéractions

Behay

our can also be modelled in terms of interactions between roles in a community. Thisis normally appropri

Hte 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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| SO/IEC 19793: 20
==EY_Accountahle==

1 =<EV_Delegation== 4 <<EV_Imeractinnlnitiator}}t) ==EV_InteractionResponder== @

; principal agent [

Assistant Process loan Library system
_

==EY_AnefaciReferences==

08 (E)

Figurg
Libra
signal

assistant, loan: authorised and loan: disqualification respectivelyx

Figurg
loan,

This €

==EY_ApefactReference== ==E_ArefactRe
loan: loan: loan:
requested hy authorised disqualified
assistant 1

1

==EYW_ArefactRaole==

==EY_ArefactRole== ==B¥ ArefactRole==

Figure A.11 — Process L oan interaction

'y System and involves, through associations which are each stereotyped as «EV_ArtefactReference»
5, each stereotyped as «<EV_Artefact», expressing artefact roles-Of the L oan enterprise object: loan: requed

A.12 shows the stateMachine for the behaviour defineddor the role Library system, in the interaction P|
ith the role Assistant.

loan:
requested by
azsistant

[valid loan request] | validating loan request [irevalicd loam recuest]

do §Yalidate loan request

|J preparing loan authorisation ] | preparing loan refusal ]
’ do S Prepare loan autharisation ‘ ‘ do ¥ Prepare loan refusal ‘
s loar:
authorised fi\ dizqualified
2

Figure A.12 — Statediagram for Library system rolein the interaction Process loan

A.11 also shows that the Process L oan interaction isinitiated by therdle Assistant and responded to by the role

three
ed by

[ OCess

xample has defined the behaviour of the Library system role in the Request Item interaction. The co

mplete

behav

involved (see Figure A.10).

A.2.6

Enter prise objects

A.2.6.1 Actors

our of the Library system role is the composition of its behaviours in al of the interactions in which it is

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==

i
University admin system

Li

(E (E

ibrary system Undergraduate Post graduate student Academic member Other member Library Staff

==F

Lilyrary system

A.2.6

Enter
that

contin
artefal
Figurg

A.2.6.

In sun
Libral

wider

."‘ \\
- /
=2EW_FUM[SREEE e mrerme
_Fu|r|SRDIE}} \R - ?(3 W _FulfilsRale== ==Ev_FulfilsRofe===Ev_Fulfilsr:
=<EV_Fulfils elefi\ / !
@ /
5

Librarian

Figure A.13—Actor Rolefulfilment and assignment rules

P Artefacts

odel the relationship that is established between a borrower and an itemswhen he/she requests the iter
ues for a period from either the loan being refused or the item, having,been loaned, being returned. L oan
Ct roles in several actions (from process model, see interaction model, see [A.2.5] above), as shg
A4,

(8] Elements Using €lass Loan

(Bt ez BepafE B @ | FilteedShow All but Di... 3]/ <ALL> 4]
Element N\ Element Type Usage Type
EH B = Loan is used by
7 assistant authorised Central Buffer Node Type
 assistant disqualified Central Buffer Node Type
- assistant reguests Central Buffer Node Type
7 borrower reqLiests Central Buffer Node Type
T system authorised Central Buffer Node Type
— system disqudlified Central Buffer Node Type
= loan: Quthorised Signal Association
—~ loan\disgualified Signal Association
" |gan) requested by assistant Signal Association

Figure A.14 —Loan asan Artefact

3  Summary. of enterprise objects

scope than just the Library community.

mary, the'enterprise objects, and the relationships between them, that have roles (either actor or artefact)
'y community are shown in Figure A.15. Note that the list of such items includes enterprise objects thg have

Borrower Agsistant

rise objects may aso participate in actions by filling artefact roles. In this example, L oans are enterprise gbjects

h, and
5 fulfil
Wn in

in the
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1

Library Enterprise Objects

==E%_Ohject==

Remt

®

|
®

= b

Fay
T [
‘@ «=EV_Ohject=»

. PP Library stenrber

==E%_Party==
==E%_Ohject==
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A

=<E%_CDPSystems==
University admin system

Enterprise Objects (global)

®

==E%_CommunityChject==
Library

®

==E%_Community Ohject==
Academic Community

=
Acad

==

eriodical

Book

ook i

/' _Ohject==
emic member

==F%_Ohject== ==F%_Ohject==
Post graduate student  Undergraduate

ﬁl ]
==EY_ODPSystetm=>-
Library system

==E%_Chject==
Other member

==E%_Chject==
Library Staff

==E%_Ohject==
Loan

A.2.6.

As ng
COITes

Figurg
model

Figure A.15—Enterprise objects

l  Enterpriseobject states

Mote: this diagramrepresents all the
interesting states of the enterprise
object, Loan) Only the unshaded states
are actually recorded in the Library
Systerm{and these are the ones for
which the correspondence rule applies).

loar: request by borrower

ted in [A.2.3.1], it is useful to model the states of the enterprise objects, because they may help specify the
ponding information object types.

A.16 is a stateMachine for the Loan enterprise object ‘and is compiled from consideration of both the Hrocess
(see[A.2.3]) and the Interaction model (see[A.2.5]):

[ Requested by borrower ]

laan:
requested by
aszistant

|J Requested by assistant ]

[[aF=T
authorized

Authorised
|' Extant

loan expired

. laan:

|‘ Disqualified

discjualified

[[aF=T
disgualified

| Archived

Figure A.16 — States of the L oan enterprise object

[~ ——)
Refo=ed

| Returned
-

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 "complete’

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
e
cancel membershi valid ]
7
| 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 Policies
A27[1 Genera

In an enterprise specification the concept, policy is intended to be used where the desired behaviour of the systemn may

be changed to meet particular circumstances.

The Holicies package specifies the community policies, which censtrain the structure and/or the behaviour jof the

commpnity. Therefore, the elements of that package will canstfain the elements of the other two packages
Library Community package (Behaviour and Library Enterprise Objects).

Provi ( ing an independent and modular specification of spalicies will enable the definition and implementation of

a systém, we need to be able to list all the elementsaffected by a given policy, and all the policies that constrain g
element, in case there is a change in the spegification's elements or policies. But such independent expresy

in the

some
ion of
given
on of

enterprise policies may also alow the definition of correspondences between these policies and other related elgments
from gifferent ODP viewpoints (such as information invariant schemata). We expect UML modelling tools to ¢xploit

policy

in the

Accorfing to the considerations above, in order to be properly specified, policies need to identify the relevant entgrprise

elements to which they/apply: roles, objects, actions, processes, communities, as well as their relationships
elements are precisely those described in the two other packages that form part of the enterprise specification
system: Enter prise Objects and Behaviour.

elements that comprise the specmcatlon of an enterprise pol icy inthe Enterprlse 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;

Such
of the

to the

— 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 |

Lending policies

<<EV_PolicyValue==>
Lending limit

<<EV_PolicyValue=>
Loan duration

Other policies

Figure A.18 — Structure of.the Policies package

Details of the Lending Policies are shown in Figures:A.19 and A.20, which for illustrative purposes offer both
behav|oural modelling styles (i.e., with processes and interactions). From this, it can be seen that the L ending|Limit
Policy is set by a process Set lending limit policy (located in the Administrative Processes package), and impacts on
therole Library System, when taking part in.theprocess Borrow Item, or the interaction of the same name.

Similarly the L oan Duration policy is set by’the interaction Set loan duration policy (located in the Administfrative
I nteractions package), and impacts on'the role Library System, when taking part in the process Fine Borrower, or
the inferaction 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

\

\
<<EV_AffectedBshavisurss

$ ==E%_ControlingBehaviour== ! g 7 TasBv_AffectadBehaviourss Ea
1 1 - -
==EY% Process== j;fﬁ: S _<<I§\-" Role==
e . 1 - =<E%_PolicyEnvelope== Lib -
Set lending limit policy ___f______-—- Lending limit policy < _ ibrary system
— 1 T ® = -
"" ! ~ e
I| . * - ==E_AffestedBehaviours=
f .I “ ~ -
| I \ e =0
| . ~ P
N : N <<EY_fiectedBehaviours= FeEY_Procgsse=
0. | p ~ Fine memnjber
B 1 ,» | N i ™
e I =:{EV_AffectedBQhavmur=} .
— ~
«<E%_Palicyvalue==  Current value 1 \ .
Lending limit | "\ Y
S
! N ~
: NS 3
{Lending limit rulest {Rules for setting lending limt rules} =sEVAInteraction== <=<E¥_Process»
Process loan Borrow item

Figure A.19 — Examples of policy expressions_Lending limit policy

There are prescribedyperiods of loan. These rules may vary frot time to time, the

Likrarian being responsible for setting the chosen policy . Typical limits are detailed

kel

B - Undergraduates may borrowe books for up to four weeks.
- Postgradustes may borrowy items for up to one month.

- Teaching staff may borrow items for up to one year.

ules for zefting loan duration policy values}

o
—
. r

A

—

L. ra i
==E%_ControlingBebhaiour== - e ==Fv_AffectedBehaviour== =
= = i_;f;uﬁf —-— - - = - — -
==E%_Role==

=:=:EV_P:incyEnveInpe:=:=
Loan duration policy - Library system

S

==E%_Interaction==
Sef loan duration policy

——

L
1 - =<EV_AffectedBehaviours=
\ T
<=:EV_Af}EQtEdEiehaviour:=:= =<EV Processss
w Fine member
- - = _ ertrele————— ==B%_Irteraction==
Loar duration values} ==Ev_Palicyvalle== Fine horrower
T Tom

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.

principal agert @

Li H I
T ==EY _Delegation== 1T Assistant ==EY_Accouniable==
\iﬁEV_Interactiunlnitiatnrbb

=

Process loan

w_lnteractiunl?espunderw
""‘-\-x ;

Librargsystem

Figure A.21 — Example of delegation

A3 I nformation specification in UML

A3.1 Overview

The ipformation viewpoint is concerned with informationnmiodelling. An information specification defings the
semaritics of information and the semantics of information processing in an ODP system, without having to worry| about
other $ystem considerations, such as particular details of itsimplementation, the computational process, or the najure of
the digtributed architecture to be used. The information\specification in this subclause defines both the basic concepts
for inflormation used in this specification, and the invaviant, static and dynamic schemata.

In thel figures that follow, to improve the clarity,of the diagrams, the icons shown in Figure A.22 have been Used to
represent instances of the corresponding stereatypes.

«lV/ Object»

«IV_Action»

«lV_InvariantSchema»

«lV_StaticSchema»

«1V_DynamicSchemay :; i

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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InformationObjects InformationActions

==Y _StaticSchemma== Tv:j ==V _StaticSchemss== i\{j

TheSystemAtTheBeginning TheSystemAtYearEnd i

A.3.2 Basic elements

From
specif

In ad
betw

assistgnts.

==l _InvariantSchema==
InformationObjects

B

Figure A.2Z3 — SITuctur € of the Infor mation Viewpoint Specification of the Library System (excer pt)

the textual regulations of the Library, and from the objects, roles and artefacts identifiedyin’ the ent
cation, several information object types can be identified, namely Borrowers, library Items, Librari
Library Assistants. They describe the information stored and handled by the Templeman Library’ System abou
ition, a Calendar object should model the passage of time, and Loan objects will ymodel the relatio
Borrowers and ltems. Figure A.24 shows a class diagram with all the baSiC-object types used In this
infornpation specification. UML class Person contains the personal information about the library users, librarial

brprise

s and
them.

hships

hs and
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migsing +auspended ; boalean ; .
onl oEn +iacutty : String +returnedDate : date +status : ftem3tatus
weilhheld +atatus | BorroveerStatus +status | LoanStatus AlE S Siing
ottfer T {cisioirt,
complete}
=erdmnetation== T {elizjoint,
BorrowerStatus COmpIEte ; —<Iv_Ohie d»i’i} ==Iv_Object== 3
applied Periodical Book
ligilk e
i @ @ @ +ISSN - String +ISBN : String
vl +valutne © it +edition : int .
delsted =alv_Object=> ==V _Ohbject== ==Iv_Ohject== +nurmber ; int +authar : String
archiverd Undergrad Postgrad AcademicStaff +aciuistionDate | 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 Iht:\rinrk for the different kinds of users.

there ifs no need to represent the computerized system itself (as happened in the enterprise viewpoint specification
is onelnotable difference between the enterprise and the rest of the viewpoints. The'enterprise viewpoint focusesjon the
systenp and its environment (and therefore the system needs to be modelled &s one of the enterprise objects|in the
specif|cation), while the rest of the viewpoints focuses on the information,fufctionality, distribution and technolpgy of
the sygtem itsalf.

The class diagram in Figure A.24 also expresses constraints on thewkinds of objects and the kinds of links that can
appear in a valid object configuration of the information specification. Such restrictions on the classes, their attrfbutes,
and the multiplicity of the associations specify someinvariant schemata of the information specification (see [A.3.5]).

The information actions of this viewpoint specification are-the ones described in Figure A.25. These actions have been
identified from the processes and interactions defined in-the enterprise viewpoint specification of the system.|In the
UML [information specification, the information actions are expressed using a package that expresses the injariant
schenta that specifies the action types supported by the information objects of the system.

==lv_lnwariantSchermas== Tf;‘]
InformationActions
=% _Action== hi == _Actions= i ==y _Action== hi == _Action== i) ==I%_Action== i
addMember ArchiveMember addPeriodicalCopy withholditerm SetLendingLimitPolicyValugs
+U | Perzon +U BOprovwer +p . Periodical +i: e +academicBookLoanPeriod | ing
+academichaxloans : int
=l _Action== Fi) ==V _Action== {m ==%_Action== i ==V _Action== = :ial.cl?icénragli;ier|DdlcaILDanF‘er|0 it
fineMember suspendMember addBookCopy releaseltem +p.03'tgradEiuokLuanPeriud it
+a || Assistant +a . Aszistant +h : Book + et +pos¢gradMa>_¢anns: s M
+amrt - Money +h © Borrower +postgradPeriodicalloanPeriod): int
+u | Borrovier +ehen - date +undergradBookLoanPeriod : it
| i ==i_Action== g [ |2V _Action== ¢ +undergraditaxLoans ; irt
borrowltem payFine +undergracdPeriodicalloanPericgd : int
F =l Action== Fi S ==I%_&Action== i
cancelMembership relnstateMember # - e #ENL: Haney ==l¥_Action== (G
+1u : Barrowver +1 ;. Borrower SetDailyCharges
+u : Barrower +a . Azziztant 9
+h ; Barrower ; - + : Libwrarian
== _Action== i ==I%_a&ction== i
- het - dat - ~ i .
<=l _Action== T ksl = returntem disposehtem SHElRCHEIERE Lioney
ArchiveLoan - :
+: fem + o fem
+: 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:

Both Library users and items should have unique identifiers in the system.

7. No item can be Smultaneoudly referenced Dy two loans In the System.

3. Thereshould be at most one Librarian and at least one Assistant on duty while the library is.apen

4. The number of pending loans in the system should be consistent with the sum of the values of atfribute
borrowedltems of all the Borrower objects.

5. Borrowerswho do not pay their fines will eventually be suspended.

6. Suspended borrowers who settle their debts will eventually be reinstated, @nd their borrowing|rights

restored.

Pleasg note how some of these invariants have been incorporated into the UML class diagram that describes the $ystem
structdire (shown in Figure A.24) in terms of the multiplicity of the associationEnds./This is the case, for instafce, of
invarignt 2 (which is represented by amultiplicity "1" in the corresponding associationEnd).

Other[invariants can be naturally expressed in UML by associating OCL~cénstraints to some of the elements [of the
specif|cation. For example, invariant 1 imposes that the identifiers of users-and Library items should be uniqudin the
system. Thisinvariant can be expressed in terms of OCL constraints ofixthe Library class:

- Invariant 1

context Library

inv Uniqueltemldentifiers: self.item->isUnique(id)

inv UniqueMemberldentifiers: self.borrower->isgnique(id)

Invaripnt 2 imposes that no item can be simultaneously referenced by two loans in the system. As mentioned efore,
thisinvariant has been implemented by a multiplicity “1" in the corresponding associationEnd.

Invaripnt 3 states that there should be at moest:one Librarian and at least one Assistant on duty while the libfary is
open.

- Invariant 3

context Library inv AtMostOneL ibrarianAndAtleastOneA ssistantWhileLibraryOpen:
self.isOpen implies
(sef librarian=>sel ect(onDuty)->size()<=1) and
(self.assistant->sel ect (onDuty)->notEmpty())

Invaripnt 4, which impeses a consistency check on the system, can be also expressed by an OCL constraint pn the
Library class:

- The number of pending loans should be consistent with the sum of the number of pending loans of each user.
context Library inv ConsistentNumberOfLoans:
(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

Satic
specif

of thelobjects is precisely the one provided by UML object diagrams (also known as snapshots in sorheyUML dial

For in
opens

oneli

prarian registered in the Library at that moment in time. At least one assistant should'be present in order for

schemata provide instantaneous views of information, for example at system initialization, orat) any| other
¢ moment in time that is relevant to any of the system stakeholders. This specification of the instantaneoys state

PCLS).

stance, the UML package shown in Figure A.26 expresses the initial state of the systempjust before the Library
for the first time, when there are no items, borrowers or loans. There are, however, one,clock, one assistant, and

such a

confiduration of objects to respect the invariant schemata specified by the multiplicity-0f ‘the associations in th¢ class
diagrgm shown in Figure A.24. Please note as well how the constraints on the Library object explicitly specify the

multiplicity of the links, and how this static schemata defines the initial valuescof‘the variables that store the $ystem
policigs, as described in the textual regulations of the library.
==l _StaticSchatmes= ide!
TheSystemAtTheBeginning )
locatianinTime = "2007-01-01, 00:00:00 CEST"}
==l _Objacts= 3
==l _Object== I3 Templenvan : Library ==Y _Object=» ;:i)
curfentPolicyValues : LibranyPolicyValues librarian = L1 — TheClock : Calendar
libfary = Templeman assistant =-Al _ now =" "2007-01-01, 00:00:00 CEST"
achdemicBookLoanPeriod = 365 libraryFoffejes = currentFolicyValues library = Templeman
acfdemicMaxLoans = 24 isOpen =false
acfdemicPeriodicalLoanPeriod = 7 clock= Thfmmk
daflyCharges ="0.05" oradit="0
poftgradBookLoanPeriod = 30 7 ~
pogtgradMaxLoans =16 =<y _Object== 3 ==l _Objects= 3
pogtgradPeriodicalLoanPeriod =7 A1: Assistant L1: Librarian
unglergradBookLoanPeriod = 365 I T
unflergradMaxLoans = 8 <<I\f'_0bject>:;:i) ==l _Ohject==
unglergradPeriodicalLoanPeriod = 0 Eve : Person Emerald : Person

Figure A.26 — Static schema with theinitial state of the Library system

Similarly, the UML object diagram shown in Figure A.27 expresses a static schema that models the state of the gystem
at amoment'in time (namely, at year end, when the state of the system should be recorded to serve as an inventd
which|thepe are only two Borrower s (John and Mary), one Librarian (Emerald), two Assistants (Eve and Pete)
Books (one copy of Ulysses and two copies of Dubliners), and one Periodical (today's edition of The Times). T
only one Loan (Mary borrowed one copy of Ulyssesin March).

ry), in
three
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