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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 part|C|pate in the development of Internatlonal Standards through technical comm|ttees
establish f g ]
technical
and nonigovernmental, in liaison with 1ISO and IEC, also take part in the work. In the fleId of information
technology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

The maip task of the joint technical committee is to prepare International Standards. Draft Internatignal
Standards adopted by the joint technical committee are circulated to national bodies\fér' voting. Publication as
an Internptional 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 documént may be the subject of pajent
rights. ISO and IEC shall not be held responsible for identifying any or all.such patent rights.

ISO/IEC B825-7 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technolagy,
Subcomeittee SC 7, Software and systems engineering, in cellaboration with ITU-T. The identical text is
publishedl as ITU-T X.906 (10/2014).
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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). It
creates an architecture within which support of distribution, interworking and portability can be integrated. This
architecture provides a framework for the specification of ODP systems.

The reference model of open distributed processing 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 Recommendation | International Standard refines and extends the definition of how ODP systems are spéciffed by
definipg the use of the unified modelling language for the expression of ODP system specifications.

0.1 RM-ODP

The RM-ODP consists of:

—  Part 1 [Rec. ITU-T X.901 | ISO/IEC 10746-1]: Overview, which contains a motivational overview of ODP,
giving scoping, justification and explanation of key concepts, and an outline/of the ODP architecqure. It
contains explanatory material on how the RM-ODP is to be interpreted and‘applied by its users, whio may
include standards writers and architects of ODP systems. It also contairis’a categorization of required areas
of standardization expressed in terms of the reference points for.Conformance identified in Rec. [TU-T
X.903 | ISO/IEC 10746-3. This part is informative.

—  Part2 [Rec. ITU-T X.902 | ISO/IEC 10746-2]: Foundations,'which contains the definition of the copcepts
and analytical framework for normalised description.of (arbitrary) distributed processing systejms. It
introduces the principles of conformance to ODP standards and the way in which they are applied. This is
only to a level of detail sufficient to support Rec:, ITU-T X.903 | ISO/IEC 10746-3 and to esfablish
requirements for new specification techniques. This part is normative.

—  Part 3 [Rec. ITU-T X.903 | ISO/IEC 10746-3]: Architecture, which contains the specification jof the
required characteristics that qualify distributed processing as open. These are the constraints to which ODP
standards shall conform. It uses the descriptive techniques from Rec. ITU-T X.902 | ISO/IEC 10[/46-2.
This part is normative.

—  Part4 [Rec. ITU-T X.904 | ISO/EC 10746-4]: Architectural semantics, which contains a formalization of
the ODP modelling concepts-defined in Rec. ITU-T X.902 | ISO/IEC 10746-2 clauses 8 and 9. The
formalization is achieved\by interpreting each concept in terms of the constructs of one or more [of the
different standardized-forimal description techniques. This part is normative.

In the|same series as the RM-QDP-are a number of other standards and recommendations, and, of these, the chig¢f that
concefns this Recommendatjen.|International Standard is:

—  The Enterprise Language [Rec. ITU-T X.911 | ISO/IEC 15414], which refines and extends the entgrprise
language defined in Rec. ITU-T X.903 | ISO/IEC 10746-3 to enable full enterprise viewpoint specification
of an @DP system.

0.2 UML

The Unified' Modelling Language (UML) is a visual language for specifying and documenting the artefacts of syst¢ms. It
iS a g\/ll\zl a}-})ulyub\, lllUdb}};llé llausuasb that vall b\/ Ubbd W;tll q‘l} lllale Ubj\zbt aud bUllllJUll\allt lllbth\}db aud tllat uan be
applied to all application domains (e.g., in health, finance, telecommunications, or aerospace) and implementation
platforms (e.g., J2EE, CORBA®, NET).

The version of UML currently adopted as an International Standard (ISO/IEC 19505) is UML 2.4.1. 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 addition, UML
incorporates extension mechanisms that allow the definition of new dialects of UML (managed using UML profiles) to
customize the language for particular platforms and domains.

Rec. ITU-T X.906 (10/2014) vi
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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

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

a) five viewpoints, called enterprise, information, computational, engineering and technology, which provide

a basis for the specification of ODP systems;

b) a viewpoint language for each viewpoint, defining concepts and rules for specifying ODP systems from

the corresponding viewpoint.
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ecommendation | International Standard defines:
— use of the viewpoints prescribed by the RM-ODP to structure UML system specifications;

— rules for expressing RM-ODP viewpoint languages and specifications with UML andUML exte
(e.g., UML profiles).

s growing interest in the use of UML for system modelling. However, there is no widely agreed approach
iring of such specifications. This adds to the cost of adopting the use of UML forsystem specification, ha
unication between system developers and makes it difficult to relate or merge system specifications where t
to integrate IT systems.

M-ODP defines essential concepts necessary to specify open distributed processing systems from five pres
bints and provides a framework for the structuring of specifications for-distributed systems. However, the RM
bes neither a notation, nor a model development method.

fecommendation | International Standard provides the necessary framework for ODP system specification|
It defines both a UML based notation for the expression of such specifications, and an approach for structut
ising the notation, thus providing the basis for model deyelopment methods.

fining how UML and UML extensions should be usedito express RM-ODP viewpoint specifications, the st
s the ODP viewpoints and ODP architecture to provide the needed framework for system specification using

leccommendation | International Standard contains the following annexes:
—  Annex A: An example of ODP specifications using UML;

—  Annex B: An example of the tepresentation of deontic concepts.

annexes are not normative.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

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

Scope

015 (E)

This Recommendation | International Standard defines use of the unified modelling language (UML 2.4.1 superstructure
specification, ISO/IEC 19505-2, for expressing system specifications in terms of the viewpoint specifications defined

by
11

T

2

Th
co
W
R4
ed|

A%

Vjid International Standards. The Telecommiunication Standardization Bureau of the ITU maintains a list of ¢|

A Identical Recommeéndations | International Standards

the reterence model of open distributed processing (KRM-ODF, Kec. ITU-T X.901 to X.904 [ ISOU/IEC 107/
0 4) and the Enterprise Language (Rec. ITU-T X.911 | ISO/IEC 15414). It covers:

a) the expression of a system specification in terms of RM-ODP viewpoint specifications using
UML concepts and extensions (e.g., structuring rules, technology mappings, etc.);

b) relationships between the resultant RM-ODP viewpoint specifications.

is Recommendation | International Standard is intended for the following audiences:

—  ODP modellers who want to use the UML notation for expressing their OQDP specificationsina g
and standard way;

—  UML modellers who want to use the RM-ODP concepts and mechanisms to structure their UML
specifications;

—  modelling tool suppliers, who wish to develop UML-based%ools that are capable of expressing R|
viewpoint specifications.

Normative references

e following Recommendations and International Standards contain provisions which, through reference in t

16 Parts

defined

raphical
system

M-ODP

his text,

hstitute provisions of this Recommendation | International Standard. At the time of publication, the editions ipdicated

re valid. All Recommendations and Standards ‘are subject to revision, and parties to agreements based
commendation | International Standard are encouraged to investigate the possibility of applying the mos
ition of the Recommendations and Standards-listed below. Members of IEC and ISO maintain registers of ¢

id ITU-T Recommendations.

—  Recommendation ITU-T X.901 (1997) | ISO/IEC 10746-1:1998, Information technology
Distributeéd-Processing — Reference Model: Overview.

—  Recommiendation ITU-T X.902 (2009) | ISO/IEC 10746-2:2010, Information technology
Distributed Processing — Reference Model: Foundations.

— ~Recommendation ITU-T X.903 (2009) | ISO/IEC 10746-3:2010, Information technology
Distributed Processing — Reference Model: Architecture.

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

on this
t recent
prrently
urrently

- Open

- Open

- Open

- Open

— Recommendation ITU-T X.911 (2012) | ISO/IEC 15414:2013, Information technology — Open

distributed processing — Reference model — Enterprise language.

—  Recommendation ITU-T X.725 | ISO/IEC 10165-7, Information Technology — Open
Interconnection — Structure of Management Information — Part 7: General Relationship Model

2.2 Additional References

—  Recommendation ITU-T X.950 (1997), Information technology — Open distributed processing —
function: Specification.

Systems

Trading

—  Recommendation ITU-T X.960 (1999), Information Technology — Open Distributed Processing — Type

Repository Function.

Rec. ITU-T X.906 (10/2014)
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3

—  ISO/IEC 19505-2:2012, Information Technology — OMG Unified Modeling Language — Superstructure.

Definitions

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

3.1

3.1.1

Definitions from ODP standards

Modelling concept definitions

This Recommendation | International Standard makes use of the following terms as defined in Rec. ITU-T X.902 |

ISP/IEC 10746-2:

3.1.2

abstraction; action; activity; architecture; atomicity; behaviour (of an object); binding; clas$; client
object; communication; composition; component object [2-5.1]; composite object; configuration (of
objects); conformance point; consumer object; contract; creation; data; decomposition; deletion;
distributed processing; distribution transparency; <X> domain; entity; envitonment; envifonment
contract; epoch; error; establishing behaviour; failure; fault; <X> groupi\identifier; infofmation;
initiating object; instance; instantiation (of an <X> template); internal action; interaction; intefchange
reference point; interface; interface signature; interworking reference‘point; introduction; irffvariant;
location in space; location in time; name; naming context; naming domain; notification;| object;
obligation; ODP standards; ODP system; open distributed processing; perceptual referencg¢ point;
permission; persistence; producer object; programmatic referenée point; prohibition; propositionf quality
of service; reference point; refinement; role; server object;,spawn action; stability; state (of an [object);
subdomain; subtype; supertype; system; <X> template;tefim; terminating behaviour; trading; fype (of
an <X>); viewpoint (on a system).

Viewpoint language definitions

THis Recommendation | International Standard makes use\otf'the following terms as defined in Rec. ITU-T|X.903 |

ISP/IEC 10746-3:

3.2

binder; capsule; channel; cluster; comthunity; computational behaviour; computational binding object;
computational object; computational interface; computational viewpoint; dynamic schema; engneering
viewpoint; distributed binding; &nterprise object; enterprise viewpoint, <X> federation; information
object; information viewpoint; interceptor; invariant schema; node; nucleus; operation; protoco| object;
static schema; stream; stub; technology viewpoint; <viewpoint> language.

Definitions from the Enterprise Language

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

ISP/IEC 15414:

3.8

actor (with-fespect to an action); agent; artefact (with respect to an action); authorization; comnpitment;
comimunity object; declaration; delegation; evaluation; field of application (of a specification); ipterface
roles-objective (of an <X>); party; policy; prescription; principal; process; resource (with respdct to an
action); scope (of a system); step; violation.

Definitions from the Unified Modeling Language

This Recommendation | International Standard makes use of the following terms as defined in ISO/TEC 19505¢2:

abstract class; action; activity; activity diagram; aggregate; aggregation; association; association class;
association end; attribute; behaviour; behaviour diagram; binary association; binding; call; class;
classifier; classification; class diagram; client; collaboration; collaboration occurrence; comment;
communication diagram; component; component diagram; composite; composite structure diagram;
composition; concrete class; connector; constraint; container; context; delegation; dependency;
deployment diagram; derived element; diagram; distribution unit; dynamic classification; element; entry
action; enumeration; event; exception; execution occurrence; exit action; export; expression; extend;
extension; feature; final state; fire; generalizable element; generalization; guard condition;
implementation; implementation class; implementation inheritance; import; include; inheritance; initial
state; instance; interaction; interaction diagram; interaction overview diagram; interface; internal
transition; lifeline; link; link end; message; metaclass; metamodel; method; multiple classification;

Rec. ITU-T X.906 (10/2014)
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multiplicity; n-ary association; name; namespace; node; object; object diagram; object flow state; object
lifeline; operation; package; parameter; parent; part; partition; pattern; persistent object; pin; port; post-
condition; pre-condition; 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; 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.

4 Abbreviations

Fdr the purposes of this Recommendation | International Standard, the following abbreviations apply.

BEO Basic Engineering Object

IXIT Implementation extra Information for Test
MOF Meta Object Facility

OCL Object Constraint Language

OoDP Open Distributed Processing

OMG Object Management Group

QoS Quality of Service

RM-ODP  Reference Model of Open Distributed Processing
UML Unified Modeling Language

uoD Universe Of Discourse

XMI XML Metadata Interchange

NOTE - UML, CORBA, XMI, MOF, OMG, Object Management Group, and Unified Modeling Language are either rggistered
trademarks or trademarks of Object Management Group, Inc.“inrthe United States or other countries.

5 Conventions
Infthe text that follows, the following conventions apply.

Rgc. ITU-T X.902 | ISO/IEC 10746-2 (RM-ODP Part 2: Foundations) and Rec. ITU-T X.903 | ISO/IEC 107463 (RM-
ODP Part 3: Architecture) are referred to as "Part 2" and "Part 3" of the RM-ODP, respectively.

Rdc. ITU-T X.911 | ISO/IEC 15414 (RM-ODP Enterprise Language) is referred to as "the Enterprise Languagp".

THe UML superstructure spegification (see [2.2]) is referred to as "the UML specification". The UML notation|defined
infthe UML specification-rs referred to as "UML".

Rdéferences to the normative text of this Recommendation | International Standard, to the text of Parts 2 and B of the
RM-ODP, to theEnterprise Language and to UML are expressed in one of these forms:

[na] — a reference to clause n.n of this Recommendation | International Standard.
[Rart 2 —n.n] — a reference to clause n.n of RM-ODP Part 2;
[Part 3 —n.n] —a reference to clause n.n of RM-ODP Part 3;

[EfC—=nmn] —arcference 1o ctause m.n of the ENterprise Language,

[UML —n.n] - areference to clause n.n of the UML specification;

For example, [Part 2 — 9.4] is a reference to subclause 9.4 of Part 2 of the RM-ODP; and [6.5] is a reference to clause 6.5
of this Recommendation | International Standard. 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 typeface 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 »).

The following conventions apply to the UML diagrams:
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—  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, but starting in lower
case.

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

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

—  Nouns are used in association end names, rather than verbs.

—  Class names representing ODP concepts start with upper case.
—  Arrowheads accompanying association names are avoided.

— Icons associated with stereotypes are used in some of the UML figures in this Recommendation |
International Standard. This is done to aid understanding, but the icons are not notmative.

6 Overview of modelling and system specification approach

6.1 Introduction

THis clause provides an introduction to this Recommendation | International Standard, covering:
— 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 (universes of
discourse), and the UML models that express the ODP models;

—  an overview of the structuring principles for system specifications defined in the document;

— an explanation of the concept of correspondences (relationships) between viewpoint specificatipns.

6.p Overview of ODP concepts (extracted from RM-ODP Part 1)

An overview of the ODP modelling concepts and the structuring rules for their use is given in RM-ODR Part 1
(Rlec. ITU-T X.901 | ISO/IEC 10746-1: Overview) and the concepts and structuring rules are formally defined{in RM-
ODP Parts 2 and 3. The text that follows (i.e., the rest of [6.2]), is abstracted from the text in RM-ODP Part{1. RM-
ODP Parts 2 and 3 are the authofitative standards, and should be followed in case of any conflict between those Parts
and this clause.

THe framework for systefh-specification provided by the RM-ODP has four fundamental elements:

—  an objecbmodelling approach to system specification;

the spécification of a system in terms of separate but interrelated viewpoint specifications;
— ¢the definition of a system infrastructure providing distribution transparencies for system applicdtions;

~. a framework for assessing system conformance.

6.2.1 Object modelling

Object modelling provides a formalization of the well-established design practices of abstraction and encapsulation:

—  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.
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—  basic modelling concepts: providing rigorous definitions of a minimum set of concepts (action, object,
interaction and interface) that form the basis for ODP system descriptions and are applicable in all

viewpoints;

—  specification 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, obligation, 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 asparticul
copcerns. Five viewpoints have been chosen to be both simple and complete, covering all the domains.of arch
design. These five viewpoints (see Figure 1) are:

distribution;

distribution.

Information

Information System Aspects
Information handled by the system and:
fonstraints on the use and interprefatipn of
that information.

What is it about?

Technology

Lmplementation
T

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

—  the information viewpoint, which is concerned with the kinds of information handled by the sys|
constraints on the use and interpretation of that information;

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

—  the engineering viewpoint, which is concerned with the{infrastructure required to support

—  the technology viewpoint, which is concerned with the choice of technology to support

Enterprise

Businless Aspects
The purposeé, scope and policies for the
organjZation that will own the system.
What for? why? who? when?

Computationa

Application Design Aspe
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System
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Solution Types & Distribution

System hardware & software and
actual distribution.

With what?

Information required to support
distribution.
How do the bits work together?

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
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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 fechnology 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.

6.2.3 Distribution transparency

Distribution transparencies enable complexities associated with system distribution to be hidden from applications
where these complexities are irrelevant to the application's purpose. For example:
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between systems;

—  location transparency masks the need for an application to have information about location in
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
provide reliability and availability.

DP standards define functions and structures to realize distribution transparencies. However, there are perfi
d cost trade-offs associated with each transparency and only selected transparencies will be relevant in man
us, a conforming ODP system shall implement those transparencies that it suppOrts in accordance with the
ndards, but it is not required to support all transparencies.

.4 Conformance

e basic characteristics of heterogeneity and evolution imply that ‘different parts of a distributed system
rchased separately, from different vendors. It is therefore verydimportant that the behaviours of the different
system are clearly defined, and that it is possible to assign responsibility for any failure to meet the §
ecifications.

e framework defined to govern the assessment of coriformance addresses these issues. RM-ODP Part 2 defi
sses of reference points: programmatic reference point, perceptual reference point, interworking reference p
erchange reference point. The reference points’in those classes are the candidate for conformance points
vers:

— identification of the referéng¢e points within an architecture that provide candidate conformanc|
within a specification of testable components;

—  identification of the.conformance points within the set of viewpoint specifications at which obse
of conformance can’be made;

—  definition of classes of conformance point;
—  specification of the nature of conformance statements to be made in each viewpoint and the
between-them.

.5 Enterprise language

e enterpris¢ language provides the modelling concepts necessary to model an ODP system in the contex
siness'of organization in which it operates. An enterprise specification defines the purpose, scope, and polic
DP.system and it provides the basis for checking conformance of system implementations. The purpose of thg
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the system and its environment, or within the system itself related to the business decisions of the system owners.

NOTE 1 — An enterprise specification of a system may therefore be thought of as a statement of the "requirements" for the
system. However, it must be emphasized that it is not fundamentally different from any other element of the specification for the

system.

In an enterprise specification, the system is modelled by one or more enferprise objects within the communities of
enterprise objects that model its environment, and by the roles in which these objects are involved. These roles model,
for example, the users, owners and providers of information processed by the system.

NOTE 2 — There is a question of modelling style to be considered that has particular significance for an enterprise specification,
which is intended to be approachable for a subject matter expert. This is concerned with whether to name model elements in
terms of instances or types. Thus it is common practice to express an enterprise specification in terms of anonymous objects,
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named by their fpe, 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, fulfils the role applicant".

An important aspect of an enterprise specification is the expression of deontic constraints, such as obligation,
permission and prohibition. Concepts are included to simplify the expression of the dynamics of these constraints by
representing them as objects that can be transferred between communities, allowing the description of delegation and
of transfer of responsibility.

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,
injone way or another, by information objects in the system. To ensure that the interpretation of these items iscCopsistent,
th¢ information language defines concepts for the specification of the meaning of information stored witlin, and
mgnipulated by, an ODP system, independently of the way the information processing functions themselves qre to be
injplemented.

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

THe information specification comprises a set of related schemata, namely, the inyariant, static and dynamic schemata:

—  an invariant schema models relationships between information<objects that must always be trug, 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 pf static
schemata is to specify the initial state of an information, object;

—  adynamic schema specifies how the information{can evolve as the system operates.

6.2.7 Computational language

THe computational viewpoint is directly concerned with the distribution of processing, but not with the intpraction
m¢chanisms that enable distribution to occur. The computational specification decomposes the syst¢m into
copnputational objects performing individual fufictions and interacting at inferfaces. It thus provides the Hasis for
decisions on how to distribute the jobs tor b&é done because objects can be located independently, agsuming
communications mechanisms can be defined.in the engineering specification to support the behaviour at the infferfaces
to[those objects.

THe heart of the computational language is the computational object model, which constrains the compytational
spgcification by defining:

—  the form of jnterface an object can have;
— the way thatyinterfaces can be bound and the forms of interaction that can take place at them,;

—  the getions an object can perform, in particular the creation of new objects and interfaces, [and the
establishment of bindings.

THe computational object model provides the basis for ensuring consistency between different engineerjng and
te¢hnology~specifications (including programming languages and communication mechanisms) since they ust be
copsistent with the same computational object model. This consistency allows open interworking and portability of
compenents in the resulting implementation.

The computational language enables the specifier to model constraints on the distribution of an application (in terms of
environment contracts associated with individual interfaces and interface bindings of computational objects) without
specifying the actual degree of distribution in the computational specification; this latter is specified in the engineering
and technology specifications. This ensures that the computational specification of an application is not based on any
unstated assumptions affecting the distribution of engineering and technology objects. Because of this, the configuration
and degree of distribution of the hardware on which ODP applications are run can easily be altered, subject to the stated
environment constraints, without having a major impact on the application software.

6.2.8 Engineering language

The engineering language focuses on the way object interaction is achieved and on the resources needed for it to take
place. It defines concepts for describing the infrastructure required to support selectable, distribution transparent
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interactions between objects, and rules for structuring communication channels between objects, and for structuring
systems for the purposes of resource management. These rules can be modelled as engineering templates (for example,

an engineering channel template).

Thus the computational viewpoint is concerned with when and why objects interact, while the engineering viewpoint
is concerned with how they interact. In the engineering language, the main concern is the support of inferactions
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 o wiic Stadardized transparency oduies car be praced:

THe engineering language assumes a virtual machine that corresponds to a platform offering minimal sup
distribution.

NOTE - The functionality of the virtual machine assumed by the engineering language corresponds, for, example, td
computing systems with stand-alone operating system facilities plus communication facilities. In ptactice, the fun
available from current vendor technology, for example when it offers a CORBA or J2EE enyirenment, already
significant elements of the functionality to be covered by the engineering specification.

Thus, the engineering specification is interpreted in this Recommendation | International Standard as defining the me
and functions required to support distributed interaction between objects in an ODP system, making use of the sy
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 fec
olfjects modelling the hardware and software components of thesimplementation. It is constrained by ¢
avpilability of technology objects (hardware and software products) that would satisfy this specification. Th
copnform to implementable standards,which are effectively templates for technology objects. Thus, the tec
vigwpoint provides a link between the set of viewpoint spetifications and the real implementation, by lis
stqgndards used to provide the necessary basic operations in thie other viewpoint specifications; the aim of the tec
spgcification is to provide the extra information needed.for implementation and testing by selecting standard s
for basic components and communication mechanisms:

6.8 Overview of UML concepts

THe unified modelling language (UML) S a-visual language for specifying, constructing and documenting the 4
of[systems. It is a general-purpose modelling language that can be used with all major object and component 1
and that can be applied to all application domains (e.g., in health, finance, telecommunications, or aerosp3
inplementation platforms (e.g., J2BEE, CORBA, .NET). However, not all of UML modelling capabilities are ned
uspful in all domains or applications. Therefore, the UML specification has a modular structure, with the a
select only those parts of the language that are of direct interest, and is extensible, so it can be easily customizg

The UML specificationydefines thirteen types of diagram, divided in two categories that represent, respectiy
stdtic structure of the)objects in a system (structure diagrams), and the dynamic behaviour of the objects in g
(bghaviour diagrams). In addition, the UML specification incorporates extension mechanisms that allow the dq
oflnew dialects,of UML to customize the language for particular platforms and domains.

6.3.1 Structural models
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Stfuetural models specify the structure of objects in a model. They are represented in:

— class diagrams, which show a collection of declarative (static) model elements, such as classes, types,

and their contents;

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

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

system

artefacts as nodes, which are connected through communication paths to create network systems of
arbitrary complexity. Nodes are typically defined in a nested manner, and represent either hardware

devices or software execution environments;
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—  composite structure diagrams, which depict the internal structure of a classifier, including the int

eraction

points of the classifier to other parts of the system. They show the configuration of parts that jointly

perform the behaviour of the containing classifier;

—  package diagrams, which depict how model elements are organized into packages and the dependencies

among them, including package imports and package extensions.

6.3.2 Behavioural models

Behavioural models specify the behaviour of objects in a model. They are represented by:

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

cases;

—  state machine diagrams, which specify the sequences of states that an object or an interacti
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 model;
—  interaction diagrams, which emphasize object interactions and can be one of the following:

— sequence diagrams, that depict interactions by focusing on the sequenée)of messages
exchanged, along with their corresponding event occurrences on the lifelines. U
communication diagram, a sequence diagram includes time sequeneess-but does not includ
relationships. A sequence diagram can exist in a generic form (that'deScribes all possible sc
and in an instance form (that describes one actual scenario). Sequence diagrams and commu|
diagrams express similar information, but show it in differenhf ways;

—  communication diagrams, which focus on the interactions between lifelines where the arch
of the internal structure and how this correspondswith the message passing is centy
sequencing of messages is given through a sequence’numbering scheme. Sequence diagr:
communication diagrams express similar infortnation, but show it in different ways;

—  interaction overview diagrams, which represent interactions through a variant of activity d}
in a way that promotes overview of the.eontrol flow; in these diagrams each node can itsg
interaction diagram;

—  timing diagrams, which show the ¢hange in state or condition of a lifeline (representing a g
instance or classifier role) over linear time. The most common usage is to show the changg
of an object over time in response to accepted events or stimuli.

6.5.3 Model management

Mbpdel management concerns the structuring of a model, including any extensions used, in terms of the grouj
m¢del elements that comprise it. Fhere are three grouping elements:

—  models, which areused to capture different views of a physical system;
—  packages, which are used within a model to group model elements;

—  subsystems;, which represents behavioural units in the physical system being modelled.

6.3.4 Extensionvmechanisms

UML providesya rich set of modelling concepts and notations that have been carefully designed to meet the 1
typical softwafe modelling projects. However, users may sometimes require additional features beyond those
injthe WML specification.
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UML-can be extended in two ways. First, a new dialect of UML can be defined by using profiles to custoi

hize the

language for particular platforms (e.g., J2EE/EJB, NET/COM+) and domains (e.g., in health,

finance,

telecommunications, or aerospace). Alternatively, a new language related to UML can be specified by reusing part of
the UML InfrastructureLibrary package and augmenting it with appropriate metaclasses and metarelationships. The
former case defines a new dialect of UML, while the latter case defines a new member of the UML family of languages.

A profile is a kind of package that extends a reference metamodel. The primary extension construct is the stereotype,

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

specific

terminology 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 appl
model element, the values of the properties are referred to as tagged values.
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Constraints are frequently defined in a profile, and typically define well-formedness rules that are more constraining,
but consistent with, those specified by the reference metamodel. The constraints that are part of the profile are evaluated
when the profile has been applied to a package, and need to be satisfied in order for the model to be well formed.

6.4

Universes of discourse, ODP specifications and UML models

In using the techniques described in this Recommendation | International Standard, it is necessary to understand the
relationships between the subject of a model, i.e., its universe of discourse (UOD), ODP specifications for that UOD,
and how those ODP specifications are expressed in UML.

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

1LIOD 3

THh

T}
t

W
ar
Fi

=

bure 2.

ere are three important kinds of relationship between these notions:

is Recommendation | International Standard.addresses the three simple relationships described above, and t
it are highlighted above are invariably used’to refer to them.

hile there are other derived relationships between elements in this chain (e.g., between UOD and UML mod
b not otherwise referred to in this\Recommendation | International Standard. These relationships are illustrated in

1l 4t = I N laotzoncl 129 4+ 11 13-4l bainag o dallad.
the-entitiesand-the-relattonshipsamonesttheminthe HOB-beinsmodeHed:
the ODP specifications that model that UOD;

the UML models that express the ODP specifications;

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

first, in the same way that an ODP object models an entity (a concrete.0r abstract thing of inte
ODP specification models a UOD. The modeller uses the conceptyand’ structuring rules of R
Part 2, together with those of the relevant ODP viewpoint languagé€s(RM-ODP Part 3 and the Ex
Language), to produce a specification that models relevant fa¢ts ‘and assertions about the enti
exist in the UOD. The rules for this kind of relationship are stated in Parts 2 and 3 of the RM-(
in the Enterprise Language;
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second, 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, spd
as necessary through the relevant profile) in a UML model, which is thus an expression of t
specification. The rules for this kind of relationship are stated in this Recommendation | Inter|
Standard,;

third, the UML notation is used to represent, graphically or otherwise, the underlying UML mo
rules for this kind of relationship arestated in the UML standard.
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Universe
of Discourse
(UOD)
models
(seeRM-ODP)
ODP expresses UML
specification [ (described here) —| model
represents
(seeUML spec)
The UML
notation

Figure 2 — Relationships between UOD, ODP specifications, and UML models

6.p Modelling concepts and UML profiles for ODP viewpoint languages.and corresponde

Clauses 7 to 11 of this Recommendation | International Standard are devoted,/in\turn, to each of the fiy
Viewpoints (enterprise, information, computational, engineering, and technology):

THe first subclause of each of these clauses provides an overview of the ODP,modelling concepts for that vid
THe ODP viewpoint modelling concepts are described using text as well.as a simplified set of UML class di
which show the major modelling concepts for the ODP viewpoint-as/classes, and binary associations (i1

nces

re ODP

wpoint.
agrams,
cluding

cafdinality constraints) that may exist between these viewpoint concepts. These diagrams together with the text can be

copsidered as specifying MOF compliant metamodels for the subset-of the ODP viewpoint concepts defined i
and 3 of the ODP reference model that are used in this Recommendation | International Standard.
NOTE 1 — In the case of the Enterprise Language, the metamedel is standardized in Rec. ITU-T X.911 | ISO/IEC 1]
reproduced here; if there is any discrepancy, the Enterprise-language version is definitive.

THe second subclause of each of these clauses provides a specification of a UML profile for that ODP viewpoi
based ODP viewpoint models can be expressed using the notation defined for the UML profile for that viewpg

Aty ODP viewpoint model expressed using the UML profile for that ODP viewpoint satisfies the constraints s
injeach of the corresponding ODP viewpoint metamodels defined in this Recommendation | International Stan

NOTE 2 — It is an implementation issue whether the constraints defined in each ODP viewpoint metamodel are enforced
which construct ODP viewpoint medels using that viewpoint's ODP profile.

Clpuse 12 deals with correspondg¢rces between viewpoints, and is structured in the same way as clauses 7 to 1

6.p General principles for expressing and structuring ODP system specifications using U

THis clause defines\the structuring style for ODP system specifications, expressed using the UML profiles dé
Clpuses 7 to 12.0f this Recommendation | International Standard. ODP system specifications that are in con
with this Regdmimendation | International Standard will use this structuring style.

THe ODP.system specification will consist of a single UML model stereotyped as «ODP_SystemSpecy, that cq
sef of models, one for each viewpoint specification, each stereotyped as «<X> Spec», where <X> is the vi

Parts 2

414 and

t. UML
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Hard.

by tools
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copcerned. Each viewpoint specification, which consists of a coherent set of instances of the concepts describe

d in that

viewpoint language, uses the appropriate UML profile for that language, as described in Clauses 7 to 11

of this

Recommendation | International Standard. There will also be a set of correspondence specifications (see clause 12).

In this Recommendation | International Standard, 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);

Rec. ITU-T X.906 (10/2014)

11


https://standardsiso.com/api/?name=8b869cdfd41ce53f9e8e60fc38c4d2fe

ISO/IEC 19793:2015 (E)

— the relationships (meta-associations) between the viewpoint language concepts (e.g., "a commu
exactly one objective" in the enterprise language) is similarly expressed, preferably by meta-asso
between the corresponding UML metaclasses (e.g., "Class may be associated with Class") or
that, by use of specific additional UML elements.

This is done in a way that is consistent with the semantics of the UML metamodel.

6.7 Correspondences between viewpoint specifications

6.7.1 ODP Correspondences

nity has
ciations
, failing

The correspondences between viewpoint specifications are defined in Part 3 of the RM-ODP and in the Enterprise
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nguage. The text that follows 1n this clause 1s abstracted from these standards, which remain the auth
ndards, and should be followed in case of conflicts between this Recommendation | International Standard-a
ndards.

set of specifications of an ODP system written in different viewpoint languages should mot make 1

tements of correspondences between terms and language constructs relating one viewpoint Specification to
bwpoint specification, showing that the consistency requirement is met.

e key to consistency is the idea of correspondences between different viewpoint speeifications, i.e., a staten
ne terms or structures in one specification correspond to other terms and specifications in a second speci
e underlying rationale in identifying correspondences between different viewpoint specifications of the sar
ktem is that there are some entities that are modelled in one viewpoint specification, which are also mod
pbther viewpoint specification. The requirement for consistency betweenlyviewpoint specifications is driven by
it what is specified in one viewpoint specification about an entity needs to be consistent with what is said a
me entity in any other viewpoint specification. This includes the consistency of that entity's properties, struc
haviour.

e specifications produced in different ODP viewpoints are‘€ach complete statements in their respective lan
th their own locally significant names, and so cannot™be related without additional information in the

rrespondence statements that make clear how constraints from different viewpoints apply to particular elemg
gle system to determine its overall behaviour. The ¢orrespondence statements are statements that relate the

0 ways:

— by declaring correspondences-between terms in two different viewpoint languages, stating h
meanings relate. This implies that the two languages are defined in such a way that they have a ¢
or at least a related, set of foundation concepts and structuring rules. Such correspondences 1

languages are uSedto model (e.g., things modelled by objects or actions);

— by considering the extension of terms in each language, and asserting that particular entitig

identifyinig which observations need to be interpretable in both specifications.

e correspondencCe statements to be provided in a system specification are specified in Part 3 and in the Ef
nguage ofthd RM-ODP, and in clauses 7 to 11 of this Recommendation | International Standard. They fall
egories;
—  some correspondences are required in all ODP specifications; these are called required correspor
If the correspondence is not valid in all instances in which the concepts related occur, the spect

ritative
nd those

hutually

ntradictory statements i.e., they should be mutually consistent. Thus, a complete specification\of a system includes

another

ent that
fication.
he ODP
elled in
the fact
bout the
ure and

guages,
form of
nts of a
various

ferent viewpoint specifications, but do not formrpart of any one of them. The correspondences can be established in

w their
bmmon,
petween

languages necessarily imply and entail correspondences relating to all things of interest which the

s being

modelled in' the two specifications are in fact the same entity. This relates the specifications by

terprise
nto two

dences.
fication

12

simply 1s not a valid ODP specitication;

—  in other cases, there is a requirement that the specifier provides a list of items in two specificati

ons 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]).
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]);
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—  between enterprise and engineering ([E/L — 11.4]).

6.7.2 Expressing ODP correspondences in UML

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

7 Enterprise specification

7. Modelling concepts

A1 enterprise specification uses the RM-ODP enterprise language. The modelling concepts and the Stsucturing|rules of
th¢ enterprise language are defined in [Part 3 — 5] and expanded upon in [E/L — 6 and 7]. They are’summarizefl in this
clguse. In case of conflict between the explanations herein and the text in Part 3 or the Enterprise’ Language, the latter
ddcuments should be followed.

THe set of diagrams at the end of this clause (i.c., at [7.1.8]) summarizes a metamodélfor the enterprise language,
deffined in Rec. ITU-T X.911 | ISO/IEC 15414.

7.1.1 System concepts

A1 enterprise specification describes an ODP system and relevant aspectsf its environment. An ODP System 1s a kind
oflenterprise object. The enterprise objects that interact with a given eaterprise object form part of the environment of
thait enterprise object.

THe ODP System has a scope, which defines the behaviour that the system is expected to exhibit. An enterprise
specification has a field of application which describes its usability properties.

THese system concepts are illustrated in Figure 3.

7.1.2 Community concepts

THe fundamental concept of the enterprise language is a community, which is a configuration of enterprise |objects,
formed to meet an objective. Any objective @may be refined into a set of subobjectives. A community is specified in a
copitract, which models the agreement amongst the entities to work together to meet the objective. Thus the coptract:

—  states the objective for which the community exists;

— governs the structure, the behaviour and the policies of the community;
—  constrains the behiaviour of the members of the community;

—  states the@ulés for the assignment of enterprise objects to roles.

Edch enterprise object-models some entity (abstract or concrete thing of interest) in the UOD. A particular|kind of

enferprise objectis-a‘community object, which models, as a single object, an entity that is elsewhere in the mode] refined
as|a communit))\

THe configuration of a community is modelled in terms of the way enterprise objects interact in fulfilling role§, which
identify Behaviours intended to meet the objective of the community concerned.

The_community concepts are illustrated in Pigﬂre 4

7.1.3 Behaviour concepts

A behaviour is a collection of actions (things that happen), with constraints on when they occur. An enterprise object
may be involved in (play roles in) an action in one or more of the following three ways:

— if it participates in the action it is an actor with respect to that action;
— ifiitis referenced (i.e. mentioned) in the action, it is an artefact with respect to that action;

— ifiitis essential to the (performance of) that action, and requires allocation or may become unavailable,
it is a resource with respect to that action.
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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 has to be viewed in the context of the corresponding behaviour of the objects with which it interacts.

Communities may be open or closed; that is they may or may not interact with their environment. Where a role that is
in (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 interface role.

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.

A piolation is a specific behaviour of an enterprise object that is prohibited in a community contract. The coptipct may
specify some specific behaviour that is to take place when a violation occurs.

THe behaviour concepts are illustrated in Figures 4 and 5.

7.1.4 Deontic concepts

THe specification of enterprise behaviour typically involves the expression of deontic constraints such as oblilgations,
pefmissions and prohibitions. These are incorporated into an object-based model by¢introducing enterprise| objects
called deontic tokens. If an active enterprise object has an associated deontic token) then the corresponding|deontic
copstraint applies to the object's behaviour. However, deontic tokens are not themselves active enterprise objgcts and
ar¢ not directly involved in interactions by taking action roles. Each deontic token1s associated with exactly orle active
enferprise object. There are three types of deontic token:

— a burden represents an obligation on the objects with which-it is associated;
— apermit represents a permission held by the objects:with which it is associated;
— an embargo represents a prohibition affecting the objects with which it is associated.

THese deontic constraints are created or modified by specifie types of action which are called speech acts. A sppech act
may result in the creation of deontic tokens or the transfer of such tokens between objects playing particular action-
rofes in the speech act. The destruction of a foken at the-end of its lifecycle is also generally performed by a spdech act,
alfhough fokens may destroy themselves as a result of a timeout or other trigger.

NOTE - The set of tokens held by the objects concerned determines whether a speech act can take place and|what its
consequences are. For example:

— it may be necessary for an objéct 10 hold a permit before it can perform a speech act;

— having an embargo may prevent an object from performing a speech act, even though the action would othdrwise be
permitted by the object’s role;

—  aburden held by anrobject may be discharged as a result of its performing a speech act;
—  the performance of a delegation speech act may transfer a group of tokens (for example, burdens and permis) to the
object to which-tesponsibility is delegated.

A [deontic token may.be in either an active or a pending state. When it is in an active state, the constraint it cprries is
applied to control'the’behaviour of the active enterprise object that holds it. However, when it is in the pending state,
this constraint is;masked so that it does not affect the current behaviour.

THe deontieeoncepts are illustrated in Figures 4, 7 and 8.

7.1.5 Policy concepts

A policy 1s a constraint on a system specification foreseen at design time, but whose detail 1s determined subsequent to
the original design, and capable of being modified from time to time in order to manage the system in changing
circumstances. It identifies the specification of behaviour, or constraints on behaviour, that can be changed during the
lifetime of the ODP system, or that can be changed to tailor a single specification to apply to a range of different ODP
systems.

The specification of a policy includes:
—  the name of the policy;
—  the rules, modelled as obligations, permissions, prohibitions and authorizations;

— the elements of the enterprise specification affected by the policy;
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— the policy envelope that constrains the possible restrictions or behaviours that are acceptable as policy

values;
— any behaviour for changing the policy;
— adefault policy value to be used until any explicit initial change takes place.

Where there is a requirement to model dynamic policy setting, a policy can be changed by a behaviour.

A policy may also constrain the structure (configuration) of a community, by governing the assignment of
enterprise objects. Such a policy is called an assignment policy.

roles to

NOTE - For a given policy envelope, only one policy value is in force at a point in time. This policy value may be selected from

a set of values defined in the policy envelope or it may be a statement in a policy language that is consistent with cons

the po jge; envelope
r

traints in

THe policy concepts are illustrated in Figure 6.

7.1.6 Accountability concepts

Agcountability concepts concern the modelled behaviour of parties. A party is an enterprise objéct thodelling
pelrson or any other entity considered to have some of the rights, powers and duties of a natural’person, and wl
thgrefore be considered accountable for its actions. A party may delegate authority to another enterprise objec
mgy or may not be a party), in which case it is referred to as the principal in that action efdelegation, and the erf
olfject 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 a rule;

—  commitment: an action resulting in an obligation by oneor,more of the participants in the act to
with a rule or perform a contract;

— declaration: an action that establishes a state of affairs in the environment of the object mal
declaration;

—  evaluation: an action that assesses the value«f something;

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

THe accountability concepts are illustrated in Figure 7.

7.1.7 Structure of an enterprise specification
A1 enterprise specification is structured injterms of communities and community objects.

Edch community is modelled in terms of the following concepts and the relationships between them:

—  the objective and subobjectives (of the community);

may occut~Behaviour can be structured to emphasize:

— roles tulfilled by enterprise objects that interact as members of the community;

—</~processes that model sequences of actions, carried out by one or more enterprise objects;
— {enterprise objects that fulfil the roles in the community;

=\ policies constraining the behaviour;

Sdnmie~enterprise objects may be composite objects and are subclassified as community objects and ref

natural
nich can
(which
terprise

comply

king the

—  the behaviourof the community, modelled in terms of actions and constraints on the order in whiich they

ined as

COTMTITTIITCS.

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

7.1.8 Summary of the enterprise language metamodel

The diagrams below (Figures 3 to 8) illustrate the concepts of the enterprise language and the relationships between

them.
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ODPSystem
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Scope

describedSystem |1..*

1

in any model.

1

EnterpriseSpecification

context | FieldofApplication

1.

*

Figure 3 — System concepts

NOTE - The concept of environment was introduced in Part 2 in order to allow description @fithe properties of some
object by introducing a representation of all the other elements in a model with which it might interact, directly or indir
such, in particular, it represents some abstraction of the other objects in the model, but this abstraction relationship is n

articular
ectly. As
t visible
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Figure 4 — Community concepts
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Figure 7 — Deontic and accountability concepts
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Figure 8 — Deontic token lifecycle

NOTE — This Recommendation | International Standard defines UML expressions for concepts likely to be found in concrete
elements within practical specifications. Some of the ODP concepts are abstract, expressing the categorization of the practical
concepts. The abstract concepts are mentioned, but no UML expression is offered.

This clause specifies how the ODP enterprise concepts described in the previous clause are expressed in UML in an
enterprise specification. A brief explanation of the UML concepts used in the expression of each concept is given,
together with a justification of the expression used.

7.2.1

ODP system

An ODP System is an enterprise object. It is expressed in UML by an instanceSpecification of a UML class stereotyped
as «kEV_ODPSystemp», see [7.2.6]. That class expresses the enterprise object type. Note also that modelling purposes
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may require that an ODP system be further detailed as a community, in which case the enterprise object that models it

is classified as a community object and refined as a community, see [7.2.4].

7.2.2 Scope

The scope of an ODP system is the set of behaviours that the system is expected to exhibit, e.g., its roles. It is not,

therefore, expressed by any single UML element, but by the set of elements that express its behaviour.

7.2.3 Field of application

The field of application is a property of the enterprise specification as a whole, and is expressed by a tag definition of
stereotype «Enterprise Spec». This tag definition is named EV_FieldOfApplication, and is of type string. That string

contains the description of the field of application of the enterprise specification

7.2.4 Community

A lcommunity is modelled in terms of its #ype, which is expressed by a component stereotyped as «EV/Comrl
This is included in a package stereotyped as «EV_CommunityContract» that contains the Specification
copnmunity, i.e., its objective, its behaviour, and any enterprise objects and object types that are specifi
copnmunity concerned (see [7.2.9]). Where a specific entity (e.g., organizational unit) is beingumodelled it is e
by| an instanceSpecification of a component stereotyped as «kEV_Community».

y component expressing a community will have exactly one association, stereotyped as’«EV_ObjectiveO» t
greotyped as «EV_Objectiven, that expresses the objective of the community,/and a set of realization
greotyped as «EV_CommunityBehaviour», to the UML classifier elements éxptessing its roles and the as
aviour (interactions, actions, steps and processes).

also [7.2.8] and [7.2.9].

«

NOTE — The UML concept of class is different to the ODP:¢oncept of class. A UML class is a "description" of a set o
while an ODP class is the set of objects itself. Therefore;the UML concept of class is closer to the ODP concept of
there is no UML concept corresponding to the ODP ‘concept of class. Therefore, no UML expression for the ODP ¢
class is provided.

ny class stereotyped as «kEV_Objecty maythave any number of associations, each stereotyped as «EV_Fulfil
with any number of classes stereotyped as KEV_Role» in one or more community, modelling the fact that the en
olfjects of that type fulfil the roles.

ere an enterprise object i§ vequired to represent a specific entity in the UOD, it is expressed|
ingtanceSpecification of a class that is stereotyped as «kEV_Object».

7.2.6 Object types andtemplates as enterprise objects

THere are cases where-there is the need to model the #ype or template of an enterprise object at the instance I
pmple is the caSe.of a generic factory, which is invoked by passing it a representation of a template (which

template), and responds by instantiating the femplate and returning a reference to the created object. To indicat
olfject is detived from a given template, we need to represent both the template object and the instantiated obje]

hunity».
of the
to the
pressed

aclass
s, each
sociated

yped as

[ objects,
hpe, and
ncept of

sRoley,
terprise

by an

vel. An
has type
e that an
ct in the
ject and

ess their

type or template. To distinguish them from other enterprise objects such classes are stereotyped «EV TypeObJect» or

«EV_TemplateObject», respectively. Both stereotypes inherit from «EV_Objecty.

The relationship between an enterprise object and the object that represents its template, or the objects that represent

its types can be expressed as an attribute of the class that expresses the enterprise object.

For example, in some specifications, such as in the ODP trading function specification, there is the need to specify the
type of a service, so the trader can locate objects implementing such a service. The diagram shown in Figure 9 represents
the specification of an enterprise object, PrintService, and of its type, PrintServiceType, expressed so that the object
is able to know and access its #ype (i.e., the type of the object is accessible as part of its metadata, by means of an attribute

of the class that expresses its specification)
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==E%_Ohject== :E E
PrintService f#
PrintServiceType

+myType © PrintServiceType

Figure 9 — An explicit representation of the type of an enterprise object so that the object can access its type

7.2.7 Community object

A community object is an enterprise object that is refined in the model as a community. Like any other enterprise object
a community object is modelled in terms of its type, which is expressed by a class stereotyped as
«HV_CommunityObject», which 1s, in turn, a specialization of «kEV_Object». This class has a dependency, sterfeotyped
as|«EV_RefinesAsCommunity», to the component stereotyped as «EV_Community» which expresses the.syfje of the
copnmunity that refines it.

7.2.8 Objective

A1 objective (of a community) is expressed by a class, stereotyped as «kEV_Objectiven. This.class has an assgciation,
stgreotyped as «kEV_ObjectiveO» with the component, stereotyped as «<EV_Community»that describes the cojimunity
bejing specified.

NOTE — When an objective is refined into subobjectives, the subobjective is alsoy'expressed by a class stdreotyped
«EV_Objectivey and the relationship between objective and subobjectives will be a compesition.

7.2.9 Contract

A [contract for a community specifies the objective of that community;and how that objective can be met [(i.c., its
beaviour and policies). 1t is the specification of that community a4 1t appears in the enterprise specificatipn. The
expression of contract is by a package stereotyped as «kEV_CommiunityContract».

In|the name space of the package will be the UML elements expressing the community itself, its objective, its rples and
th¢ associated behaviour (actions, interactions, steps and processes), and the policy and accountability concepts|specific
to[the community. Relationships between all these UML€lements may also be included in this package's namespace.
THe package may also contain some or all of the elements expressing the enterprise objects that fulfil its roles| (Those
elements expressing enterprise objects that fulfil 7oles in other communities may be contained in any on¢ of the
pgckages expressing those communities.)

o =

7.2.10  Behaviour

7.2.10.1 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" respjectively.

A pehaviour is a set of actibns with constraints on when they may occur. It is not expressed by any single UML g¢lement.
It |s expressed by a set‘of-elements expressing the behaviour as a set of processes of a community in which the steps
ar¢ behaviours of reles.in the community. Where required, the behaviour of a role can be further detailed in tefms of a
sef of elements expressing the behaviour in terms of internal actions of the role and interactions between the jole and
other roles in the~community. Where behaviour needs to be expressed in a more generic way than given below} a state
machine stefeotyped as «kEV_Behaviour» is used.

Annex¢Avillustrates the application of the concepts described in the following clauses (7.2.10.2 and 7.2.10.3).
7.I.l.ﬂl-&shauiau.v-a-qnm;mu“ﬂ steps

Where the behaviour is modelled in terms of processes of a community, a process is expressed by an activity stereotyped
as «kEV_Process» in the namespace of the component, stereotyped as «kEV_Community», that expresses the community
that uses this process to achieve its objective. This activity has a realization link, stereotyped 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 callBehaviorAction,
stereotyped as «EV_Step», that expresses the step, with an activity, stereotyped as «kEV_Process», that
expresses the refinement;

Rec. ITU-T X.906 (10/2014) 21


https://standardsiso.com/api/?name=8b869cdfd41ce53f9e8e60fc38c4d2fe

ISO/IEC 19793:2015 (E)

activityPartitions (stereotyped as «kEV_Role») represent classes (also stereotyped as «EV_Role») 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 the role is specified; similarly,
activityPartitions (stereotyped as «EV_Object») represent classes (also stereotyped as «EV_Object»)
that express the enterprise objects defined as local to the community concerned;

where a step is not refined as a process, the callBehaviorAction, stereotyped as «<EV_Step», that expresses
the step, is associated with an opaqueBehavior specified in the context of the corresponding class
stereotyped as «kEV_Roley that expresses the role of the enterprise object that performs the step;
NOTE — An opaqueBehavior can express, in an appropriate language, any level of detail about the step that is
required to meet the modelling objectives.

the artefacts that are referenced in the sfeps are expressed by objectiNodes stereotyped as

In

7.
Th

Th
adg
to

7.

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

2.10.3 Behaviour as interactions between roles

e detailed behaviour of individual roles may be expressed by the following combination of UML elements:

0.10.4 Interface role

«EV_ Artefact.

one or more classes each having one or more associations with the class stereotyped as «<EV_Rgle» that
expresses the role being specified. Each of these classes is stereotyptd as «EV_Interaction». The
relationship is expressed with an association, stereotyped (as\ «EV _InteractionInitiafor» or
«EV_InteractionResponder» as appropriate;

each class stereotyped as «EV_Interaction» will have associations with classes that are stercofyped as
«EV_Role», where there is an interaction between theseqoles. An «EV_Interaction» is composed of
signals, each also stereotyped as «EV_Interaction». Enterprise objects that are referenced in the
interactions are represented by the values of the properties of the signals;

each class stereotyped as «EV_Interaction» shallrhave an operation +occur():void that deflnes the
behaviour that takes place when the interaction,occurs. It can also be used to specify pre- apd post-
conditions on the interaction, which can be represented as OCL constraints on the occur() operatipn. This
operation links the static, template-like, view of interactions with the occurrences of the interaction in
the community behaviour;

one or more stateMachines for which the context is the class stereotyped as «kEV_Roley, that dgfine the
constraints on the receiving and seénding of information by an enterprise object fulfilling the fole and
any associated internal actions)of the enterprise object. Each of these stateMachines shows thesending
and receiving of the signals) each stereotyped as «kEV_Artefact», associated with the interactions of the
role, and thus shows,the.logical ordering of these interactions, and defines the internal actiorls of the
role in terms of the behaviors associated with the states.

An assignment(policy is expressed in the same way as any other policy; see 7.2.15.

e internal actions identified in (the states of) the stateMachines for the «<EV_Role» correspond to the actiops in an
tivityPartition expressing’the role in the corresponding activityDiagrams, and the properties of the signals correspond
the objectNodesn\the corresponding activityDiagrams.

A1 interfacesrole is expressed by a class stereotyped as an «EV_InterfaceRole», which inherits from «kEV_Role». The

external
munity)
behaviour

is expressed by a class stereotyped as «kEV_ Interactron» that has associations wrth each of the classes (stereotyped as
«EV_InterfaceRole») that express the interface role on the one hand and some roles or local objects within the
community (stereotyped as «kEV_Role» or «kEV_Object») on the other.

7.2.10.5 Violation

A violation is expressed by a state machine stereotyped as «kEV_Violation» that inherits from «EV_Behaviour».
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7.2.11  Action Roles

7.2.11.1 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_Objectr, respectively, taken in combination with the stateMachine that expresses the behaviour of
the relevant role;

—Tmramrexarmmatior ot theprocess modetthepreserce ofamr<E V—Steprmam<E V—RoteractivityPartition
indicates that the enterprise object fulfilling the role is an actor for the step concerned.

7.2.11.2 Artefact (with respect to an action)

THe concept artefact is also a relationship between an enterprise object and an action. In aninteraction mpdel, an
artefact referenced in an action is expressed by a signal stereotyped as «EV_ Artefacty», which(as'two associations:

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

— the other association, stereotyped as «kEV_ArtefactReference», will beywith the «kEV_Interaction» class
that expresses the action or interaction for which the enterprise object is an artefact.

Infa process model, it is possible to express each instance of artefact with a sifigle UML element, namely an objectFlow
stgreotyped as «EV_ Artefacty.

7.2.11.3 Resource (with respect to an action)

N¢ specific UML metaclass is extended to express this conceptilf required, the fact that some behaviour reqyires the
exlistence of an enterprise object as a resource may be stated.inva comment on that behaviour.

7.2.12  Deontic concepts

7.2.12.1 Burden

A |burden is expressed in UML either as a class stereotyped as «<EV_Burden» or as an ObjectNode stereofyped as
«HV_Burden».

THe presence of an obligation is implied by the representation of a burden. If a less specific expression is requjred, the
fagt that some behaviour places ordfulfils an obligation may be stated in a constraint stereotyped as «EV_Obljgation»
on that behaviour.

NOTE - The specifier selects-an appropriate level of detail for the specification. Obligations are either reified as byrdens or
represented as constraints; but the style chosen in a particular specification should be consistent.

7.2.12.2 Permit

A [permit is exptressed in UML either as a class stereotyped as «EV_Permit» or as an ObjectNode stereotlyped as
«HV_Permity:

THe presence of a permission is implied by the representation of a permit. If a less specific expression is required, the
fa¢t that some behaviour requires or creates a permission may be stated in a constraint stereotyped as «EV_Permissiony
on thab behaviour.

NOTE - The specifier selects an appropriate level of detail for the specification. Permissions are either reified as permits or
represented as constraints, but the style chosen in a particular specification should be consistent.

7.2.12.3 Embargo

An embargo is expressed in UML either as a class stereotyped as «EV_Embargo» or as an ObjectNode stereotyped as
«EV_Embargo».

The presence of a prohibition is implied by the representation of an embargo. If a less specific expression is required,
the fact that some behaviour requires or creates a prohibition may be stated in a constraint stereotyped as
«EV_Prohibition» on that behaviour.
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NOTE - The specifier selects an appropriate level of detail for the specification. Prohibitions are either reified as embargos or
represented as constraints, but the style chosen in a particular specification should be consistent.

7.2.13  Policy

Policies are expressed in UML using a combination of elements, which together are used to express the following:

—  the policy itself, including its current value and the envelope that defines the range of values that are
possible;

—  the objects and the behaviour constrained by the policy;

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

THe policy is expressed by a class stereotyped as «EV_PolicyDeclaration», with a constraint ster€otyped as
«HV_PolicyEnvelopeRule» expressing the range permitted for the policy.

Edch policy value is expressed by a class stereotyped as «kEV_PolicyValue» which has the role "current value" in an
aspociation with the «kEV_PolicyDeclaration» class that expresses the policy. In this way, the palicy allows the policy
enpelope to restrict the current policy value.

zEV_Processs

Set Policy A by Process—___ [
«E\-"_PnlicySetl‘i;E_EEmqur» @fgﬂ EY_PRalicyEnvelopeRule !
i T T
=EV_PolicyDeclaration= — | Efpﬂi:gl;l‘l}ed—from list of
— Policy A
o W
mm)c'/_PolicySettingBehaviours
=BV _Interaction=
Set Policy A by Interaction .
«EV_Roles
=
-
-
-~
<EV_AffectedBehaviours
Fa
SEur -~
Lrpent - ==EV_Processs
+ -~ . 5
™ = -~ — T
- b2 =i . - <EV_AffectedBehaviours
EV_Policy/alueRule = . _«EY_PolicyValue=
{priority == high} curremnt T e
AN {priority == high} o= ¢

e T
=EY _AffectedBehaviours BV Interaction:s

Figure 10 — Pattern for UML expression of a policy

Where the enterprise specification includes elements modelling the behaviour concerned with setting the polidy value,
th{s is modelted by roles identifying behaviour that may be detailed as processes or interactions, with assogiations,
stgreotyped-as’ «<EV_PolicySettingBehaviour», between the classes expressing the policy envelope and the|classes
expressing-the behaviour.

THe telationships between a policy and the behaviours that it constrains are expressed by one or more depenflencies,
stereotyped as «<EV_AffectedBehaviour», from the classes expressing the behaviours to the class expressing the policy.

Unless the set of policy values is pre-determined, a set of constraints stereotyped as «EV_PolicyEnvelopeRule»
expressing rules governing acceptable policy values is attached to the «kEV_PolicyDeclaration» class.

Attached to each «EV_PolicyValue» class is a set of constraints stereotyped as «EV_PolicyValueRule», 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.

The pattern for expression of policy and its impact on other parts of an enterprise specification is shown in Figure 10.
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7.2.14  Accountability concepts

7.2.14.1 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».

7.2.14.2 Accountable action

An action may be accountable when it is part of the behaviour identified by a role fulfilled by a party. This is 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 parfy participates

NOTE — Where this construct is used for a process, this only indicates that the role is accountable for those steps thatitgerforms,
and not for those performed by some other role. This is a limitation of the semantics of the UML approach chosen; ag it is not
possible to associate a classifier with the element expressing steps.

7.2.14.3 Authorization

An authorization is expressed in UML by an instanceSpecification of a class stereotyped as «BV ~Authorizationp, which
is p specialization of «kEV_Behavioury.

7.2.14.4 Delegation

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

7.2.14.5 Principal

A |principal is an enterprise object modelling an entity responsible’ for the acts of its agent in consequence pf some
ddegation. 1t is expressed in UML by an instanceSpecification of a class stereotyped as «EV_Principal», which is a
specialization of «kEV_Object».

7.2.14.6 Agent

A1 agent is an enterprise object modelling an entity performing acts on behalf of a principal in consequence pf some
defegation. It is expressed in UML by an instanceSpecification of a class stereotyped as «kEV_Agent», which is a
spgcialization of «kEV_Object».

7.2.14.7 Prescription

A prescription is expressed in UMby an instanceSpecification of a class stereotyped as «kEV_Prescription», which is
a gpecialization of «<EV_Behayiour».

7.2.14.8 Commitment

A lcommitment is expressed in UML by an instanceSpecification of a class stereotyped as «kEV_Commitmenty, which
is p specializationof«EV_Behaviour».

7.2.14.9 Declaration

A Weclargtion is expressed in UML by an instanceSpecification of a class stereotyped as «kEV_Declaration», ywhich is
a §pecialization of «kEV_Behavioury.

7.2.14.10 Evaluation

An evaluation is expressed in UML by an instanceSpecification of a class stereotyped as «EV_Evaluation», which is a
specialization of «kEV_Behaviour».

7.2.15  Summary of UML extensions for the enterprise language

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

The following diagrams (Figures 11 to 15) show a graphical representation of the UML profile for the enterprise
language, using the notation provided by UML.
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Figure 11 — Model management
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Figure 15 — Relationships
7.3 Enterprise specification structure (in UML terms)

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

28 Rec. ITU-T X.906 (10/2014)


https://standardsiso.com/api/?name=8b869cdfd41ce53f9e8e60fc38c4d2fe

ISO/IEC 19793:2

015 (E)

Within each «kEV_CommunityContract» package, there is a single component, stereotyped as «kEV_Community» and
a single class, stereotyped as «kEV_Objectivey, as well as other elements, packaged as convenient, expressing behaviour
(roles, processes and interactions), and enterprise objects that are local to the community.

7.4 Viewpoint correspondences for the enterprise language

7.4.1 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.
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7.4.2 Enterprise and information viewpoint specification correspondences
In| general, not all the elements of the enterprise specification of a system need to correspond to elemén
information specification. However, the information viewpoint shall conform to the policies of the enterprise viewpoint
and, likewise, all enterprise policies shall be consistent with the static, dynamic, and invariant sciematg of the
information specification.
Where there is a correspondence between enterprise and information elements (e.g., between an enterprise object and
th¢ information object that stores the relevant information about it), the specifier shall provide:
—  for each enterprise object in the enterprise specification, a list of those«information objects (if 3
model information or information processing concerning the entity modelled by that enterprise
—  for each role in each community in the enterprise specification, a list of those information obje
(if any) that specify information or information processing of amenterprise object fulfilling that
—  for each policy in the enterprise specification, a list of thelinvariant, static and dynamic sche
information objects (if any) that correspond to the enterprise objects to which that policy apy
information object is included if it corresponds to thé.enterprise community that is subject to thaj
—  for each action in the enterprise specification, the¢”information objects (if any) subject to a ¢
schema constraining that action;
—  for each relationship between enterprise abjects, the invariant schema (if any) which constrains
in that relationship;
—  for each relationship between enterprise roles, the invariant schema (if any) which constrains
fulfilling roles in that relationship:
7.4.3 Enterprise and computational viewpoint specification correspondences
Not all the elements of the enterprise specification of a system need to correspond to elements of its compt
spgcification. In particular, not alkstates, behaviours and policies of an enterprise specification need to correg
stqtes and behaviours of a computational specification. There may exist transitional computational states withi
of|computational behavioup-which are abstracted as atomic transitions in the enterprise specification.
Where there is a correspondence between enterprise and computational elements, the specifier shall provide:

—  for eaclirenterprise object in the enterprise specification, that configuration of computational ol
any)-that realizes the required behaviour;

— {for each interaction in the enterprise specification, a list of those computational interfa
operations or streams (if any) that correspond to the enterprise interaction, together with a state
whether this correspondence applies to all occurrences of the interaction, or is qualified by a p

jects (if

res and
ment of
edicate;

— for each role affected by a policy in the enterprise specification, a list of the computational objd

ct 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, a list of computational behaviour types (if any) of computational

behaviours capable of carrying out an interaction of that enterprise interaction type.

7.4.4 Enterprise and engineering viewpoint specification correspondences

Not all the elements of the enterprise specification of a system need to correspond to elements of its engineering
specification. Where there is a correspondence between enterprise and engineering elements, the specifier shall provide:
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—  for each enterprise object in the enterprise specification, the set of those engineering nodes (if any) with

their nuclei, capsules, and clusters, all of which support some or all of its behaviour;

—  for each interaction between roles in the enterprise specification, a list 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.

NOTE 2 — The engineering channel types and stubs, binders or protocol objects may be constrained by enterprise policies.

7.4.5 Enterprise and technology viewpoint specification correspondences

Inaecordanee -2 A rHaplementerprovidesras-part-otthe-clatmotcontorm

chpin of interpretations that permits observation at conformance points to be interpreted in terms of enterprise e

nce, the

ncepts.

While there may be specific correspondences between enterprise policies and technology viewpoint specifications that

reqquire the use of particular technologies, there are neither required correspondences nor required’corresp
stgtements.

8 Information specification

8.1 Modelling concepts

ndence

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 speeification or a dhoice of
technology. Such examples include enterprise policies covering performance (e.g., response time), reliability, and secupity.

A1 information specification uses the RM-ODP information language. Thie modelling concepts and the structuring rules
of|the information language are defined in [Part 3 — 6]. They are simmarized in this clause. Except where otherwise

stdted, in case of conflict between the explanations herein and thé\text in Part 3, the latter document should be fq

llowed.

THe set of diagrams at the end of this clause (i.e., at [8.1.10]).summarizes a metamodel for the information language.

THe information viewpoint is concerned with information modelling. It focuses on the semantics of informat
information processing in the ODP system. The individual components of a distributed system must share a g

ion and
ommon

understanding of the information they communi€ate when they interact, or the system will not behave as expected.

THese items of information are handled, in one.way or another, by one or more objects in the system. To eng

ure that

th¢ interpretation of these items is consistent] the information language defines concepts for the specificatioh of the
me¢aning of information stored within, and’manipulated by, an ODP system, independently of the way the information

prpcessing functions themselves aregto be implemented.

Injthe ODP reference model, the information language uses a basic set of concepts and structuring rules, includit
frgm Part 2 of RM-ODP, and‘three concepts specific to the information viewpoint: invariant schema, static
and dynamic schema.

8.1.1 Information“object

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

Bgsic information elements are modelled by atomic information objects. More complex information is mod
compdsite information objects modelling relationships over a set of constituent information objects. Info
oljects, as any other ODP object, exhibit behaviour, state, identity, and encapsulation.

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

8.1.2 Information object type

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

8.1.3 Information object class

A class of information objects is the set of all information objects satisfying a given type.
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8.1.4 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.

8.1.5 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.

8.1.6 Invariant schema

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

A1 invariant schema can also describe the specification of the #ypes of one or more information‘objects, that wil| always
be|satisfied by whatever behaviour the objects might exhibit.

8.1.7 Static schema

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

8.1.8 Dynamic schema

A [dynamic schema is a specification of the allowable state changeslof one or more information objects, subjeft to the
copstraints of any invariant schemata. A dynamic schema spetifies how the information can evolve as thel system
oplerates. In addition to describing state changes, dynamic schémata can also create and delete information objdcts, and
allow reclassifications of instances from one #ype to another.'Furthermore, in the information language, a statq change
inyolving a set of objects can be regarded as an intergction between those objects. Not all the objects involvdd in the
interaction need to change state; some of the objects\may be involved in a read-only manner.

8.1.9 Structure of an information specification

A1 information specification defines the-semantics of information and the semantics of information processifig in an
ODP system in terms of a configuration’/of information objects, the behaviour of these objects, and envifonment
copitracts for the objects in the systein. More precisely, an information specification is structured in terms of:

— aconfiguration of information objects, described by a set of static schemata,

—  the behaviourofthose information objects, described by a set of dynamic schemata; and
—  the constraints that apply to either of the above (invariant schemata).

THe different schemiata'may apply to the whole system, or they may apply to particular domains within it. Parficularly

in|large and rapidly-€volving systems, the reconciliation and federation of separate information domains will bg one of
th¢ major tasks to be undertaken in order to manage information.

THere are also some considerations that need to be taken into account when specifying the information viewpojnt of an
ODP system:

— information objects are either atomic or are modelled as a composition of component information
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 or focus
on distribution in this viewpoint.
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8.1.10

Summary of the information language metamodel

The diagram below (Figure 16) illustrates the concepts of the information 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.
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Figure 16 — Information language concepts
8.2 UML profile
THis clause specifies how the ODP information concepts described in the previous clause are expressed in UML in an
information specification. A brief explafation of the UML concepts used in the expression of each concept i given,
together with a justification of the expression used.
NOTE — In this clause UML expréssions are only defined for those concepts for which use has been demonstrated thfough an
example, included in the main-body of this Recommendation | International Standard or in its annexes. Where no exapnple has
been identified, the concept conéerned is mentioned, but no UML expression is offered.
8.2.1 Information object
An information objéct’is generally specified in terms of its fype, which is expressed by a class stereotlyped as
«IV_Objecty.
Where an <fuformation object is required to represent a specific entity in the UOD, it is expressed by an
ingtanceSpecification of a class that is stereotyped as «IV_Object».
8.2.2 Object types and templates as information objects

There are cases where there is the need to model the #ype or template of an information 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 obje

ct in the

model. Likewise for #ypes, to indicate that an object conforms to a given type, we need to represent both the object and

its object type in the model.

Both type 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_Type
or «IV_TemplateObject», respectively. Both stereotypes inherit from «IV_Object».
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The relationship between an information object and the object that represents its template, or the objects that represent
its fypes, can be expressed as an attribute of the class that specifies the information object.

For example, the diagram shown in Figure 17 represents the specification of an information object, Loan, and of its
type, MyLoanType, expressed so that the object is able to know and access its fype (i.e., the type of the object is
accessible as part of its metadata, by means of an attribute of the class that expresses its specification)

==y _Dhject== ‘D =<l _TypeObject==, 5
Loan MylLoanType

Hype  MyLoanType

Figure 17 — An explicit representation of the type of an information
object so that the object can access its type

8.2.3 Information action and action types

A1 interaction is expressed by a signal sent or received by the stateMachines of the informationobjects concefned. An
adfion type is expressed by a signal stereotyped as «IV_Action».

In| the information viewpoint, actions are mainly used for describing events that cause state changes| or for
inlplementing communications between objects, i.e., flows of information.

In|an information specification, an internal action is expressed by an internaltransition of a state of the stateMachine
for the information object concerned.

8.2.4 Relationships between information objects and between information object types

A Jrelationship between information object types, when modelled.as' part of the state of the objects of those types, can
bej expressed by an association between the classes expressing those #ypes. Instances of these associations (i.¢., links)
will express the relationships between the information objects:

When associations between information objects are modelled in ODP as invariant schemata, the UML expfessions
deffined in clause 8.2.5 apply.

8.2.5 Invariant schema
Inyariant schemata may impose different-kinds of constraints in an information specification.

Fifst, invariant schemata can provide the specification of the fypes of one or more information objects, that wil| always
be] satisfied by whatever behaviour:the objects might exhibit. This kind of invariant schema may be expresped in a
UML Package stereotyped as ¢« VnvariantSchemay, which specifies a set of object types (in terms of the set oficlasses
that express such object types),their possible relationships (expressed by associations), and constraints on those object
types, on their relationshipsy’and possibly on their behaviours (expressed by the specification of the corresponding
stateMachines). The association multiplicities and the constraints on the different modelling elements will consfrain the
pdssible states and state’changes of the elements to which they apply.
NOTE 1 — QCIis the recommended notation for expressing the constraints on the modelling elements that form p3rt of the
UML expression of an invariant schema. However, other notations can be used when OCL does not provide enough ejpressive
power, ords/not appropriate due to the kind of expected user of the specification. For example, a temporal logic formpla or an
English.text can be used for expressing a constraint that imposes some kind of fairness requirement on the behaviopr of the
systenr (e.g., "Objects of class X will produce requests to objects of class Y, no later than a given time T after conditjon A on
objects of classes X, Y and Z is satisfied").

There are cases, however, in which an invariant schema in an information viewpoint specification is defined over a set
of concrete information objects. Such a kind of invariant schema may be expressed by a package stereotyped as
«IV_InvariantSchemay, that contains the corresponding set of objects. The constraints on these objects, together with
the specifications of the classifiers of these objects, constrain the possible states and state changes of the objects.

NOTE 2 — The classifiers of the objects will constrain the possible states and state changes of the objects to which they apply
(through the associations, stateMachines, and constraints of these classifiers).

Finally, individual constraints stereotyped as «IV_InvariantSchema» can also be used to express invariant schemata.
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8.2.6

Static schema

A static schema is expressed by a package stercotyped as «IV_StaticSchemay of objects, their attribute links, their link
ends, which have an associated target link end which is navigable, and their classifiers.

8.2.7

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., a link) needs to be expressed, it should be explicitly stated (e.g., by using

constraints attached to the appropriate objects).

Dynamic schema

A dynamic schema is expressed in terms of stateMachines for the information objects in the information specification,

stPrPn‘rvad as «TV_T)vnnmier‘hPma» The actions that relate to the stafe r‘hnngpc are PYprPQQPd hy signals that are sent
and received on transitions of the stateMachines.
8.2.8 Summary of the UML extensions for the information language
THe information language profile (IV_Profile) specifies how the information viewpoint modelling concepts rglate to,
anyd are expressed in, standard UML using stereotypes, tag definitions, and constraints.
Figure 18 shows the graphical representation of the UML profile for the information language, using the hotation
prpvided by UML.
==profile==
IV _Profile
==gterentype==
_|M_TemplateOQbject
==metaclass== ==stereutyfpe>=:§) "
Class /_Object
N {{sterenh,rpe”;f.-
AW - IV_TypeOhject
2=2metaclass== = ereut_fpe &=
signal IY_Action
==metaclass== <<stere_0type>= m
StateMachine N_DynamicSchema
—emetacie ==sterentype== ¥
Metaciesy IV_StaticSchema
Packayge
+locationInTime : date
==gtereotype=> 3
ssmetaclass== 4 N _InvariantSchema
Constraint
==metaclass== ==gtereotype==
Model Information_Spec
Figure 18 — Graphical representation of the information language profile
8.3 Information specification structure (in UML terms)

All the elements expressing the information specification are defined within a model, stereotyped «Information Spec».

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

These packages may be defined and organized as follows:
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— in the first place, a set of «IV_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_StaticSchemay 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 instanceSpecifications of these diagrams should have been previously defined in the
«IV_InvariantSchemay 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;

the previous packages. Such constraints can be either directly attached to the corresponding el
establishing an implicit context by attachment, or they can form part of a separate piece of spec
in which the context of each constraint is explicitly established by naming.

84 Viewpoint correspondences for the information language
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i.1 Contents of this clause

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

.2 Enterprise and information viewpoint specification correspondences

general, not all the elements of the enterprise specification ofra system need to correspond to elemen
formation specification. However, the information viewpoint shall conform to the policies of the enterprise vi

peification.

b information object that stores the relevant information about it), the specifier shall provide:

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

invariant schema definitions in the information viewpoint that specify that behaviour;

implement it, since enterprise policies may become constraints in any of the schemata.

specifications are developed taking into account the previously defined enterprise specifications, information object.
discovered through-€xamination of an enterprise specification. For example, each artefact referenced in any actions in
ODP System participates will correspond in some way with one or more information objects.

.3 Information and computational viewpoint specification correspondences

sp

bcification. There may exist transitional computational states within pieces of computational behaviour

—  Finally, a set of «IV_InvariantSchema» constraints will impose further constraints on the €lements of all

ements,
fication

essed in

s of its
ewpoint

d, likewise, all enterprise policies shall be consistent with the€/static, dynamic, invariant schemata of the infgrmation

here there is a correspondence between information‘and enterprise elements (e.g., between an enterprise object and

bonding

—  for each enterprise role, action and process in the enterprise viewpoint, the corresponding dynamic and

—  for each enterprise policy in the enterprise viewpoint, the constraints in the corresponding schenjata that

NOTE — In the case of anotional incremental development process of the ODP viewpoint specifications, whereby the infprmation

may be
which an

t all the-elements of the information specification of a system need to correspond to elements of its compytational
ecification. In particular, not all states of an information specification need to correspond to states of a compytational

that are

ab

stracted as atomic transitions in the information specification.

Where an information object corresponds to a set of computational objects, the static and invariant schemata of the
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

en

vironment contract of the computational objects.
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8.4.4 Information and technology viewpoint specification correspondences

While there may be specific correspondences between information schemata and technology viewpoint specifications
that require the use of particular technologies, there are neither required correspondences nor required correspondence
statements.

NOTE — There may be cases where part of an information viewpoint specification has a direct relationship with a technology

viewpoint specification or a choice of technology. Such examples include invariant schemata covering performance (e.g.,
response time) or security.

9 Computational specification

9.1 Modelling concepts

A computational specification uses the RM-ODP computational language. The modelling concepts and|the strjicturing
rules of the computational language are defined in [Part 3 — 7]. Some of the concepts in Part 2 of RM-ODP Jare also
uspd when defining the computational language concepts. The concepts and structuring rules_dre summarized in this
clguse. Except where otherwise stated, in case of conflict between the explanations herein and-the text in Parts 2 or 3,
th¢ latter document should be followed.

THe set of diagrams at the end of this clause (i.c., at [9.1.22]) summarizes a metamodelfor'the computational language.

NOTE — Another partial metamodel for the computational language can be found in Rec./ITU-T X.960[ISO/IEC 147p9: 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'en system design in general. Readets should
be aware that:

a) cardinality constraints on types are not, in general, the sdm¢ as the cardinality constraints on instarjces — an
interface must be associated with an object, but an interfae¢ 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 ekplicit in
that metamodel are derived in this representation, and vice versa.

If there is any ambiguity, statements in this Recommendation {International Standard take precedence.

9.1.1 Computational object

A1 object is a model of an entity. An object is characterized by its behaviour and, dually, by its state. An ¢bject is
distinct from any other object. An object is encapsulated, i.e., any change in its state can only occur as a resylt of an
infernal action or as a result of an interaction with its environment.

A lcomputational object is an object as seen in the computational viewpoint. It models functional decomposifion and
inferacts with other computational objects. Since it is an object, it has state and behaviour, and interactions are dchieved
thfough interfaces.

9.1.2 Interface [Part 2 84]

A1 interface is an abstraction of the behaviour of an object that consists of a subset of the interactions of that object
together with a set of constraints on when they can occur.

9.1.3 Interaction [Part 2 — 8.3]

A1 interaction’is one of two defined kinds of actions. Action itself is defined as something that happens, arjd every
adion of mterest for modelling purposes is associated with at least one object. The set of actions associated|with an
out the
ment of

the object.

9.1.4 Environment contract [Part 2 — 11.2.3]

Environment contract is a contract between an object and its environment, including Quality of Service (QoS)
constraints, usage and management constraints.

QoS constraints include:
—  temporal constraints (e.g., deadlines);

—  volume constraints (e.g., throughput);
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— dependency constraints covering aspects of availability, reliability, maintainability, security and safety
(e.g., mean time between failures).

QoS constraints can imply usage and management constraints. For instance, some QoS constraints (e.g., availability)
are satisfied by provision of one or more distribution transparencies (e.g., replication).

An environment contract can describe both:
—  requirements placed on an object's environment for the correct behaviour of the object;

—  constraints on the object behaviour in a correct environment.

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

Bdhaviour of an object 18 a collection o1 acfions with a s€t 01 constraints on when they may occur.

THe specification language in use determines the constraints that may be modelled. Constraints mays inclfide, for
expmple, sequentiality, nondeterminism, concurrency or real-time constraints.

Bdhaviour may include internal actions.

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

1.6 Signal [Part 3 — 7.1.1]

9
A fignal is an atomic shared action resulting in one-way communication from an initiating object to a responding object.

9.1.7 Operation [Part 3 — 7.1.3]

A1 operation is an interaction between a client object and a server object which is either an interrogatidn or an
announcement.

9.1.2 Announcement [Part 3 —7.1.3]

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

9.1.9 Interrogation [Part 3 —7.1.4]

A1 interrogation is an interaction consisting of?

—  one interaction, the invocatign,-initiated by a client object, resulting in the conveyance of information
from that client object to @'server object, requesting a function to be performed by the server ofject;

followed by
— a second interaction; the termination, initiated by the server object, resulting in the conveyance of

information fromm the server object to the client object in response to the invocation.

9.1.10  Flow [Part 3 £7,1.5]

Alflow is an abstragtion’of a sequence of interactions, resulting in conveyance of information from a producdr object
tola consumer object:

NOTE - Aflow may be used to abstract over, for example, the exact structure of a sequence of interactions, or over a cqntinuous
interactionvincluding the special case of an analogue information flow.

9.1.11<_tSignal interface [Part 3 — 7.1.6]

A iatal jutortaco 1a an tntorfaco 1n suhiech all tho Jptoractiane ara cignale
TG HH e AceISaHHerface - WaeH e HH eI CHORSar S-St EHaTS-

9.1.12  Operation interface [Part 3 — 7.1.7]
An operation interface is an interface in which all the interactions are operations.
9.1.13  Stream interface [Part 3 — 7.1.4]

A stream interface is an interface in which all the interactions are flows.

9.1.14 Computational object template [Part 3 — 7.1.9]

A computational object template is an object template which comprises a set of computational interface templates that
the object can instantiate, a behaviour specification and an environment contract specification.
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9.1.15 Computational interface template [Part 3 —7.1.9]

A computational interface template is an interface template for either a signal interface, a stream interface or an
operation interface. A computational interface template comprises a signal, a stream or an operation interface
signature as appropriate, a behaviour specification and environment contract specification.

9.1.16  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 set 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, but not
both) with respect to the object that instantiates the template.

9.1.17  Operation interface signature [Part 3 — 7.1.12]

A1 operation interface signature is an interface signature for an operation interface. An operation interfdace signature
comprises a set of announcement and interrogation signatures as appropriate, one for each operation typp in the
inferface, together with an indication of causality (client or server, but not both) for the interface-as a whdle, with
regpect to the object which instantiates the template.

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

Eqch interrogation signature comprises an action template with the following elements:
—  the name of the invocation;

— the number, names and types of its parameters;

—  afinite, non-empty set of action templates, one for each-possible termination type of the invocatipn, each

containing both the name of the fermination and the.nuimber, 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 a fiinite set
oflaction templates, one for each flow type in the streaniiinterface. Each action template for a flow contains the name
of|the flow, the information #ype 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]
Apinding object is a computational objéctythat supports a binding between a set of other computational objecis.
9.1.20  Binding [Part 2 — 13.4, Rart 3 — 7. 2.3]

A pinding behaviour is an establishing behaviour between two or more interfaces (and hence between their supporting
olfjects). 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. There are
two kinds of binding-actions: primitive binding actions and compound binding actions. A primitive binding actipn binds
two computationtl-objects directly. A compound binding action can be expressed in terms of primitive binding actions
liking two or. more computational objects via a binding object.

In|notatiofis“which have no terms for expressing binding actions, binding is implicit. Implicit binding for other than
sefveroperation interfaces is not defined in the reference model.

9.121—TFranspareney-schema{Part 3—16]
E rt3—16}

A transparency schema identifies those transparencies required by a computational specification. These transparencies
are constraints for a mapping from the computational specification to a specification that uses specific ODP functions
and engineering structures. It defines a combination of distribution transparencies assumed by the computational
specification.

NOTE — As described in [Part 3 — 16], the distribution transparencies include access transparency, failure transparency, location
transparency, migration transparency, persistence transparency, relocation transparency, replication transparency, and
transaction transparency.
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9.1.22  Structure of a computational specification

015 (E)

A computational specification describes the functional decomposition of an ODP system, in distribution transparent
terms, as:

— aconfiguration of computational objects;
—  the internal actions of those objects;
—  the interactions that occur among those objects;

—  environment contracts for those objects and their interfaces.

The set of computational objects specified by the computational specification constitute a configuration that will change
as the computational objects instantiate further computational objects or computational interfaces, perform binding

aq
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yions, effect control functions upon binding objects, delete computational interfaces or delete computational

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

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

.23 Summary of the concepts of the computational metamodel

bure 19 illustrates the concepts of the computational language and the relationships between them. The desd
the concepts have been given above. The descriptions of the relationships(between the concepts are includd
scription of the concepts.

NOTE - Some of the relationships between computational language concepts are not shown in Figure 19, e.g., the rel
between interface and signature, since they are related through their supertypes.

e computational language defines a set of rules that constrain a computational specification. These couiprisg:

—  interaction rules, binding rules and type rules that provide distribution transparent inféesworking}

objects.
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The following restrictions apply to the elements of the diagram shown in Figure 19:
— A binding object is associated with at least two different objects;

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

—  All inferfaces associated with a signal interface signature are signal interfaces [9.2.9], and all its
constituent interaction signatures are signal signatures:

context Signal inv SignalSignature: self.interface->forAll(ocllsTypeOf(Signallnterface))
context Signallnterface inv SignalSignature: self.specifier->forAll(ocllsTypeOf(SignalSignature))

context Signallnterface inv SignallnterfaceSignature:
self.specifier->forAll(oclIsTypeOf(SignallnterfaceSignature))

—  All'inferfaces associated with an operation inferface signature are operation interfaces [9.2.9], and all its
constituent interaction signatures are announcement, interrogation, invocation or termination signgtures:

context Announcement inv AnnouncementSignature:
self.interface->forAll(oclIsTypeOf(OperationInterface))

context Invocation inv InvocationSignature: self.interface-
>forAll(ocllsTypeOf(Operationlnterface))

context Termination inv TerminationSignature:
self.interface->forAll(oclIsTypeOf(OperationInterface))

context Operationlnterface inv OperationlnterfaceSignature:
self.specifier->forAll(ocllsTypeOf(OperationInterfaceSignature))

—  All interfaces associated with a stream interface signature are stream interfaces [9.2.9]:
context Flow inv StreamSignature: self.interface->forAll(oclIsTypeOf(StreamInterface))

context StreamlInterface inv StreamInterfaceSignature:
self.specifier->forAll(ocllsTypeOf(StreamlnterfaceSignature))

9.2 UML profile

This dlause specifies how the ODP computational concepts’described in the previous clause are expressed in UML in a
compytational specification. A brief explanation of the UML concepts used in the expression of each concept is [given,
togethler with a justification of the expression used.

NQTE 1 — In this clause UML expressions are ofly defined for those concepts for which use has been demonstrated through an
exgmple, included in the main body of this Récommendation | International Standard or in its annexes. Where no example has been
identified, the concept concerned is mentioned, but no UML expression is offered.

NQTE 2 — The concepts and rules of‘the ‘computational language concern the decomposition of the system's functionaljty into
computational objects performing individual functions and interacting at interfaces and thus provide the basis for decisions pn how
to dlistribute the tasks to be done. This level of abstraction deals with aspects related to the software architecture of the systgm, and
therefore the appropriate UML mechanisms for modelling software architectures are used in this text (components, poits, and
int¢rfaces).

=]

NQTE 3 — The computational viewpoint assumes that the specifier selects a certain level of refinement below which the us¢ of the
cofpcept of computational object ceases to be essential; these lower level specification concerns, such as the realization| of the
behaviour of compuitational 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 specificafion of
computationabobjects at the level of UML components that interact through their ports, but leaves open to the specifier the[way in
whiich the\internal realization of such components is specified.

9.2.1 Computational object

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

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.

Where a computational object is required to represent a specific entity in the UOD, it is expressed by an
instanceSpecification of a component 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_Objecty. The attribute isIndirectlylnstantiated of the component stereotyped «CV_Object» should be set to true.
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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 all 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 #ype or template of a computational object at the instance level. An
example is the case of a generic factory, which is invoked by passing it a representation of a femplate (which has type
template), and responds by instantiating the femplate 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 #ypes, to indicate that an object conforms to a given type, we need to represent both the object and
its object type in the model.

Both #ype objects and template objects are computational objects. and therefore are expressed by components that express
their {ype or template. To distinguish them from other computational objects, such components are stereptyped
«CV_['ypeObject» or «CV_TemplateObject», respectively. Both stereotypes inherit from «CV_Object».

The rglationship between a computational object and the object that represents its template, or the objects that reresent
its typps can be expressed as an attribute of the class that specifies the computational object.

For eample, in some specifications, such as in the ODP Trading Function specification, there is the need to specify the
type of a service, so the trader can locate objects implementing such a service. The diagram shewn in Figure 20 repiesents
the spgcification of a computational object, PrintService, and of its type, PrintServiceType, expressed so that type can
be mahipulated by computational operations.

==Y _TypeChject== E]

MY THRE printService Type

==Y _Ohject==
PrintService

Figure 20 — An explicit representation.of’the type of a computational
object so that the object\can access its type

9.2.3 Binding object

A binlling object is a kind of computational object,) and is expressed by an instanceSpecification of a component,
stereofyped as «CV_BindingObjecty, that represeits its type or template.

The fqllowing two restrictions apply to binding objects, and therefore to components stereotyped «CV_BindingObject»:
—  Any binding object is asseciated with at least two different objects;

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

9.24 Environment contract

An dnvironment contrqet of a computational object is expressed by a set of constraints (stereptyped
«CV_EnvironmentContract») applied to the component that expresses the computational object.

9.2.5 Signal

A sighal jis ‘expressed by a message, stereotyped as «CV_Signaly», 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 Invocation

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

9.2.8 Termination

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

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

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

In order to express the causality of a signal interface, the stereotype «CV_Signallnterface» has a tag definition, causality,
of type SignalCausality (an Enumeration type whose literals are consumer and producer).

The stereotype «CV_StreamlInterface» does not have any tag definition, because stream interfaces do not have causality.

9.2.100 Computational interface signature

A computational interface signature is expressed by an interface, stereotyped «CV_SignallnterfaceSigngture»,
«CV_DperationInterfaceSignature» or «CV_StreamlInterfaceSignature» depending on the type of ingeiface signature
(signdll, operation or stream).

9.2.11] Computational signature

A computational signature can be expressed by a reception, an operation, or an interface, depending on the g§ort of
signatfire. Receptions are used to express signatures of computational interactions which are expressed by individual
signaly (signals, announcements, invocations and terminations). Operations can-be-used to express interrogation
signatures that are composed of an invocation signature and a termination signature. Finally, interfaces are used for
expregsing flow signatures [9.2.18].

9.2.12]  Signal signature

A sighal signature is expressed by a reception, stereotyped as «CVA. SignalSignature». This stereotyped redeption
expregses an action template which includes the name for the signalithe number, names and types of its parametets, and
indicafion of whether it is initiating or responding.

9.2.13] Announcement signature

An anpouncement signature is a signature for an announcement. An announcement signature is expressed by a recg¢ption,
stereotyped as «CV_AnnouncementSignature». This(stereotyped interface expresses an action template which ingcludes
the nane for the invocation, the number, names and types of its parameters, and an indication of whether it is a cljent or
a Server.

9.2.1 Invocation signature

An inyocation signature is a signatire)for an invocation in an interrogation. An invocation signature is expressed by a
reception, stereotyped as «CV_InvocationSignature». This stereotyped reception expresses an action template [which
includes the name for the invocation, the number, names and types of its parameters, and an indication of whethey| it is a
client pr a server.

9.2.1 Termination'signature

A termiination signature is a signature for a termination for interrogation. A termination signature is expressefl by a
receptjon, stereotyped as «CV_TerminationSignature». This stereotyped reception expresses an action template [which
includes thetname for the termination, the number, names and types of its parameters, and indication of whether{it is a
client pr-a Server.

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

9.2.16 Interrogation signature

An interrogation signature is a signature for an interrogation, which comprises signatures for an invocation and a
termination.

In the case of an interrogation signature comprising one invocation signature and one fermination signature, the
interrogation signature can be expressed by an operation, stereotyped as «CV_InterrogationSignature». 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 fermination's
parameters.
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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 alternative modelling approach may be used, for example, in the case of an interrogation comprising one invocation
and possibly multiple kinds of termination.

9.2.17

Bindings

An explicit primitive binding is expressed by an assembly connector, stereotyped as «CV_PrimitiveBinding». Such a
connector can be defined from a required interface to a provided interface, or from a required port to a provided port.

For example, suppose the following representation in UML of operation interface signatures ServiceA and Service, as
shown in Figure 21:

Then,
compy

As an
diagral
comply
and ta

The fq

«CV_OperationinterfaceSignature» O «CV_OperationinterfaceSignature» O
ServiceA Service
+op() +op1()
+0p2() +0p2()
+op3()

Figure 21 — Two operation interface signatures

the diagram shown in Figure 22 represents an explicit primitive binding between the corresponding interfdces of

m shown in Figure 23 represents ad.'explicit primitive binding between the corresponding interfa
tational objects ClientA and Server, but showing explicitly the interface signatures of both interfaces (stere

tational objects ClientA and Server:
=20 _Object== @ ==Y _Ohject== @
Clienth Server
{]_ _==CY PrimitiveBinding==_ {}
C: Bervicesl = Bervice
==C%_Operationinterface== ==C%_Cperationinterface=»
causality=client causalty=server
Figure 22 — An explicit primitive binding between two interfaces
bther example, assuming the specification«of operation interface signatures ServiceA and Service as aboye, the

es of
btypes

b values of the ports representing such. interfaces have been omitted for clarity).

==Y _Ohject== @ =00 _Ohject== @
ClientA ==CW_PrimitiveBinding== - Server
__________ > 11
g Berviced Service s :Service
=7 SErfices,

Figure 23.~ An explicit primitive binding between two interfaces showing their interface signatures

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

If they connect interfaces, they are both stereotyped «CV_OperationlnterfaceSignature» and the opdration

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_Operationlnterface» or «CV_StreamlInterface», (b) their stereotypes coincide, and (c) the inferface
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];

If they connect ports stereotyped «CV_StreamlInterface», 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 24.
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==i0%_Ohject==
ClientB

& ’L‘ <<C¥ _Oblect=> {3
(= Server
c: Service Service 5 Service

Figure 24 — An implicit primitive binding between two interfaces

15 (E)

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

9.2.18 Flow

The n
expregsed by an interface, stereotyped as «CV_FlowSignature». The causality of the flow (consumer).or’produ
expregsed by the tag definition, causality, of stereotype «CV_Flow». The type of this tag definition,is-FlowCausal

Enum

For ejample, the diagram shown in Figure 25 represents the software architecture of a telecofiference system, conj
of twq kinds of computational objects (Presenter and Participant) interacting at their compitational interfaces.

The Presenter object provides one operation interface for control (expressed. by the port ctrl, stere

«CV_

by thq port ¢, stereotyped «CV_StreamlInterface», whose signature is expressed-by the interface AVConference
streany interface defines four flows, one for producing video frames, twolfor producing audio frames, and o
consuming audio).

The P|

interfgce.

Contr
ie.,n

ime of the property expresses the name of the flow. The type of the property expresses the flow signature, w

pration type whose literals are producer and consumer).

Dperationlnterface», whose signature is expressed by the interface IControl),and one stream interface (exp

hrticipant object offers the dual inferfaces, one for controlling the Participant, and one for binding to its

| interfaces are bound using an implicit binding, whilst the stream interfaces are bound using a primitive bi
binding object is required.

==C_OperationinterfaceSignature== O ==C%_FlowSignatures== O ==Y _Flow Signature== O
IControl Audio Video
+ztart()
+ztop()
==C%_SireaminterfageSignsture== O ==C%_StreaminterfaceSignature== O
AVConference AVParticipantStream
=20y _Flowes==+v | VideoiCausality = producer} =20y _Floves==+v ; Videojcausalty = consumer}
=2y _Flowe==+frenchs’ Audio{causalty = producer ==Y _Flowe==+french : Audio{causalty = consumer }
==CY_Flowe==+englizh . LAudio{causality = producer} ==C%_Flowe==+englizh © Audio{causalty = consumer}
==CY_FlowEzsfuestions ;| Audio{causality = consumer}| [==C%_Flows==+questions : Audio{causality = producer}

ped as
hich is
er) is
ty (an

posed

typed
ressed
. This

he for

tream

nding,

==Y _Ohject== a) ==2CY_Ohject== a)
Presenter Participant
==CY_PrimitiveBinding== []
¢ AW Conference P AWPartigipantStream
cirl - IControl CoACootrnl
— ]
T L
o .-.\'--—_____.-o-'

<<CV_Operationlntél"ffaceSignature::
IControl

Figure 25 — An example of the specification of flows

9.2.19 Transparency schema

A transparency schema is expressed by a stereotype «CV_Transparency» defining a set of tags applied to a model that is
stereotyped as «Computational Specy», a «CV_Interface» or a «CV_Object». There is one tag for each of the
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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.

9.2.20

Summary of the UML extensions for the computational language

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

The following shows diagrammatic representations of this UML profile.

21 :

eMetaclasss
Maodel

aprofiles
TV _Profile
«stereot}-'pe» .,:' Metaciasss asterectypes
CV_Object [required} Component CV_Transparency
{self baseComponent isindirectlyinstantiated = true} requre +accessTransparency : Boolean = tyll

zMetaclasss
Lifeline

+locationTransparency : Boolean =tu
+failureTransparency : Booleap
+replicationTransparency : Boolsan
+migrationTransparency | Baolsan
+persistenceTransparency, Bdolzan
+relocationTransparency | Boolean
+transactionTranspérency : Boolean

‘ esterectypes asterectypes

CV_BindingObject

9|

CV_TemplateObject

esterectypes
CV_TypeObject

asterectypes

asterectypes
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CV_EnvironmentContract ‘
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CV_Signal

asterectypes
CV_Invocation

«Metaclassz
Message

zsterectypes
CV_Termination

zsterectypes

zsterectypes
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i _SignalinterfaceSignature CV_A

‘ =sterectypes

=]

zsterectypes
C)_StreaminterfaceSignature

[

esterectypes
CV| OperationinterfaceSignature

asterectypes
CV_FlowSignature
asterectypes
EV_Flow

zMetaclasss
Property

=Metaclasss
Interface

CV_Streaminterface
CV_Operationinterface

CV_Signalloterface

asterectypes zenumerations
Computational_Spec OperationCausality
client
semner

zMetaclassz
Port

agnumerations
SignalCausality
initiator
responder

agnumerations
FlowCausality

Dependency asterectypes producer
CV_PrimitiveBinding
aMetaclasss csterediypes
‘C\l_lnterrogationﬁignature
«Metaclasss
Operation esterectypes
CV_SignalSignature
7’
< esterectypes ™
A Mnnouncemen‘lsignmure —p cMetaclasss
T e Reception

These extensions are temporary,
because many tools do not support
"Reception”. Therefore we temporarily
allow these sterectypes to extend

metaclass "Operation" too

asterectypes
CV_TmvocationSignature

P

asterectypes
CV_TerminationSignature

The fqllowing constraints apply to the elements of the profile:

Figure 26.~Graphical representation of the computational language profile (using the UML notation

hed at

<~ The constraint baseComponent.isIndirectlylnstantiated=true means that the component is defi

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;

— 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 19) 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.
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Computational specification structure (in UML terms)

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

— a configuration of computational objects with dependencies among those objects using required and

provided interfaces and signatures they provide, with a component diagram;

—  structure of computational objects including composition and decomposition of computational objects,

with a component diagram;

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

—  interactions between computational objects, and interactions between composed computational objects

within a computational object, with UML activity diagrams, state charts, and interaction diagrams.

9.4
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9.4.2
The s
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9.4.3
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Viewpoint correspondences for the computational language

Contents of this clause

lause describes the correspondence concepts for the computational language, but not how theyare expreg
The latter is covered in clause 12.

Enterprise and computational viewpoint specification correspondences

ecifier shall provide:

—  for each enterprise object in the enterprise specification, the configufation of computational objd
any) that realizes the required behaviour;

—  for each interaction in the enterprise specification, a list of thos¢ computational interfaces and oper
or streams (if any) that correspond to the enterprise interaction, together with a statement of wheth
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, a list of the computational object t)
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
types (if any) that are constrained by the enterprise interaction;

—  for each enterprise interaction type, a list of computational behaviour types (if any) capable of mod
(i.e., acting as a carrier for) the enterprise interaction type.

pcess based approach is taken, the specifier'shall provide:
—  for each step in the process, a'list of participating computational objects which may fulfil one or n
actor roles, artefact rolesy or resource roles.

Information and computational viewpoint specification correspondences

fecommendation | International Standard does not prescribe exact correspondences between information
mputational objects: Ta-particular, not all states of a computational specification need to correspond to state

inforr:Lation specificatiohy“There may exist transitional computational states within pieces of computational beh

that a

Whersg
inforn|
object

abstracted asiatemic transitions in the information specification.

an information object corresponds to a set of computational objects, static and invariant schemata
ation object correspond to possible states of the computational objects. Every change in state of an infor
cortesponds either to some set of inferactions between computational objects or to an internal actio

sed in

cts (if

ations
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pes (if
object
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b of an
viour
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comp

tational object. The invariant and dynamic schemata of the information object correspond to the behavio

environment contract of the computational objects.

9.4.4

Computational and engineering viewpoint specification correspondences

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.
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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 engineering interface is identified by any member of a set of one or more engineering interface references. Thus,
since a 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 objects)
corresponds to either an engineering local binding or an engineering channel. This engineering local binding or channel
corresponds only to that computational binding. If the computational binding supports operations, the engineering local
binding or channel shall support the interchange of at least:

= computalionarl Signatire names,
—  computational operation names;
—  computational termination names;

—  invocation and termination parameters (including computational interface identifiers @nhd computqtional
interface signatures).

Except where transparencies that replicate objects are involved, each computational binding object control interfdce has
a corrgsponding engineering interface, and there exists a chain of engineering interactionsAinking that interface fto any
stubs, |binders, protocol objects or interceptors to be controlled in support of the computational binding.

NQTE 2 — The set of control interfaces involved depends on the type of the binding object.

Each pomputational interaction corresponds to some chain of engineering interactions, starting and ending with an
interaftion involving one or more of the basic engineering objects corresponding to the interacting computational opjects.

Each domputational signal corresponds either to an interaction at an engineering local binding or to a chain of enginpering
interaftions that provides the necessary consistent view of the computational interaction.

The trhnsparency prescriptions in [Part 3 — 16] specify additional correspondences.
NQTE 3 — Basic engineering objects corresponding to different computational objects can be members of the same cluste

NOTE 4 — In an entirely object-based computational language, data are represented as abstract data types (i.e., interffices to
computational objects).
NQTE 5 — Computational interface parameters (includirig those for abstract data types) can be passed by reference, such pargmeters
cotfrespond to engineering interface references.
NQTE 6 — Computational interface parameters.(including those for abstract data types) can be passed by migrating or replicating
the object supporting the interface. In the case of migration such parameters correspond to cluster templates.
NQTE 7 — If the abstract state of a computational object supporting an interface parameter is invariant, the object can be|cloned
rather than migrated.
NQTE 8 — Cluster templates can be’represented as abstract data types. Thus strict correspondences between compufational
patameters and engineering interfice references are sufficient. The use of cluster templates or data are important engifeering
opfimisations and therefore not-excluded.

10 Engineering specification

10.1 Modelling concepts

This dJlatse is based on the modelling concepts for use in an engineering specification that are defined, together wjth the

t t : 1 £ thai st Poet 2 Ql T1. 1 41 £ 141 taaaa tloo ¢ 4ot £o11 4 t
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and, in case of conflicts between these explanations and the text in [Part 3 — 8], the latter should be followed.

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 [10.1.5]) summarizes a metamodel for the engineering language.
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10.1.1  Basic concepts
10.1.1.1 Basic engineering object
A basic engineering object is an engineering object that requires the support of a distributed infrastructure.

10.1.1.2 Cluster

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

10.1.1.3 Cluster manager

A cluster manager is an engineering object that manages the basic engineering objects in a cluster.

10.1.1}4 Capsule

A capkule is a configuration of engineering objects forming a single unit for the purpose of encapsulation of procqssing
and stprage.

10.1.1{5 Capsule manager

A capkule manager is an engineering object that manages the engineering objects in a capsule.

10.1.1{6 Nucleus

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

10.1.1£7 Node

A nodg is a configuration of engineering objects forming a single unit forthe purpose of location in space, and thgt
embodies a set of processing, storage and communication functions.

10.1.1}8 Engineering interfaces and signatures

Engingering objects expose engineering interfaces. The sét of related concepts dealing with interfaces and their
corresponding signatures exactly parallel those defined in(the computational viewpoint for computational objects| They
are signal interface, operation interface, stream interface, signal interface signature, operation interface signatufe and
strean] interface signature.

10.1.2]  Channel concepts

10.1.211 Channel

A chapnel is a configuration of stub$, binders, protocol objects and interceptors providing a binding between a sef of
interfdces to basic engineering objedts, through which interaction can occur.

10.1.2l2 Stub

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

10.1.213 Binder

A binfler 4s\@n engineering object in a channel, which maintains a distributed binding between interacting| basic
engingering 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>
interceptor:

—  performs checks to enforce or monitor policies on permitted interactions between basic engineering objects
in 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, capsules, or nodes).

10.1.2.6 Communication domain
A communication domain is a set 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

10.1.3l11 Binding endpoint identifier

A bindling endpoint identifier is an identifier, in the naming context of a capsule, used by a basic engineering objject to
select jone of the bindings in which it is involved, for the purpose of interaction.

10.1.3l2 Engineering interface reference

An engineering interface reference is an identifier, in the context of an engineering interface reference management
domaip, for an engineering object interface that is available for distributed binding.

10.1.313 Engineering interface reference management domain

An engineering interface reference management domain is a set of nodes forming a naming domain for the purpose of
assignling engineering interface references.

10.1.3t4 Engineering interface reference management policy

An enlineering interface reference management policy is a set of permiissions and prohibitions that govern the feddration
of englineering interface reference management domains.

10.1.3l5 Cluster template

A cluster template is an object template for a configuration of objects, with any activity required to instantiatd those
objectp and establish the initial bindings.

10.1.1 Checkpointing concepts
10.1.41 Checkpoint

A cherkpoint is an object template(derived from the state and structure of an engineering object that can be used to
instanfiate another engineering objedt, consistent with the state of the original object at the time of checkpointing.

10.1.42 Checkpointing

Chechpointing is to create-a checkpoint. Checkpoints can only be created when the engineering object involved sdtisfies
a pre-¢ondition statedin'a checkpointing policy.

10.1.43 Cluster, eheckpoint

A cludter gheckpoint is a cluster template containing checkpoints of the basic engineering objects in a cluster.

10.1.44=Deactivation

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

10.1.4.5 Cloning

Cloning is to instantiate a cluster from a cluster checkpoint.

10.1.4.6 Recovery

Recovery is to clone a cluster after cluster failure or deletion.

10.1.4.7 Reactivation

Reactivation is to clone a cluster following its deactivation.
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tion is to move a cluster to a different capsule.

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

—  Management functions: node management function, object management function, cluster management

function, and capsule management function;

—  Coordination functions: event notification function, checkpointing and recovery function, deactivation and
reactivation function, group function, replication function, migration function, engineering interface

reference tracking function, transaction function and ACID transaction function;
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—  Repository functions: storage function, information organization function, relocation function
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’;

lause is only concerned with expressing the engineering specification of these ODP functigns.

TE — Part 3 is not explicit about the detailed specification of these functions, neither does it explain how the specificati
ividual functions can be combined to form specifications for components of ODP systems, Only two of these functig
be Repository and the Trading Function, are further refined and more extensively described,"Rec? ITU-T X.960 | ISO/IEQ
['ype Repository Function" and "Rec ITU-T X.950 | ISO/IEC 13235 — ODP Trading Function" contain their cg
cifications.

Summary of the engineering language metamodel

agrams below (Figures 27 to 34) illustrate the concepts of the engingering language and the relationships bg
The descriptions of the concepts have been given above. The deseriptions of the relationships between the co
luded in the description of the concepts.

L1 Engineering Objects

EngineeringObject |0 specifiet | EngineeringObjectTemplate
) 1 Fay
BEO
Stub [0 1 |stubTemplate
specifier
Binder |0.* 1 Binder Template
specifiet
ProtocolObject |+ 1 |ProtocolObjectTemplate
+Hype © String specifiel wyne : String
Interceptor |0..* 1 |Interceptor Template
specifier

Hucleus

type

egrity

bns for
ns, the

14769
mplete

tween
hcepts

ClusterManager

CapsuleManager

CommunicationAuthority

Figure 27 — Engineering objects
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Engineering0bject specifier EngineeringOhjer.‘tTemplate‘
{=elf nodeManager = self capsule node manager} (o * 9 L

awner |1
1.* 1.

mtedam specifier InterfaceSignature
o 1

Signalimterface | ‘Operatiunallnterface | ‘Streamlrrterface ‘ |SignallnterfaceSignature ‘ |0peratiunlnterface£ignature ‘ ‘Streamlnterfaceﬁgnature

Figure 28 — Engineering interfaces

The following restrictions apply to the elements of the diagram shown in Figure 28:

—  Allinterfaces associated with a signal interface signature are signal interfaces:

context Signallnterface inv SignallnterfaceSignature:
self.specifier.ocllsTypeOf(SignallnterfaceSignature)

—  All interfaces associated with an operation interface signature are operation interfaces:

context Operationlnterface inv OperationlnterfaceSignature:
self.specifier.ocllsTypeOf(OperationInterfaceSignature)

—  All interfaces associated with a stream interface signature are stream interfaces:

context StreamlInterface inv StreamInterfaceSignature:
self.specifier.ocllsTypeOf(StreamInterfaceSignature)

10.1.6.2 Node structure

The npde structure is about structuring of a node with nucleus, capsule, eluster and various engineering objects.

HodeManagementFunction
| g ‘ E.g., a computer

1

1
nodeManacet [pucleus | 1 Hade
1 manager

+HocationinZpace | LocationinSpace
nodeMshager  —
1 S

E.q., an operating Syﬂt&%‘ E.q., an application
server ar an ORB
0.*
7
otherBhgObiects gﬂ: o) 0.x ]
r— Ly ects [Can:
Engineering0bject -y 1 Capsule
[UEET
provider ¥ 1
1
E.g, & Virlual Machine CapsuleManagementFunctign
8 process) or a
component contsinet f
04

ObjectManagementFunction ‘

ClusterManagementFunction |

E.g., a =egment of wirtual memary \
or & COREA component 0 0.

0.* | BED |o.2 handled by an application server
locallyBoundOhject

I,

E.g., & fail-over and migration managerj

BEO- Basic Engineering Object

Figure 29 — Engineering language — basic concepts

The following constraints apply to the elements of the engineering language shown in Figure 29:

—  In order for two basic engineering objects (BEOs) to be locally bound to each other, they must reside in

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

A BEO binds to the node management interface provided by the Nucleus associated with the Node that

contains the Capsule that contains the Cluster that contains the BEO:

context BEO inv NodeManagerDerivationRule:
self.nodeManager = 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 NodeManagerDerivationRule2:
self.nodeManager = self.capsule.node.manager
—  The Capsule 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 CapsuleMand
the Capsule that contains the Clusters that the CapsuleManager manages:

ger of

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 ClustefManagers that the Cupsule

owns are disjoint:
context Capsule inv NoOtherEOisClusterManager:
self.otherEngObject->intersection(self.clusterManager)->isEmpty( )

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

Capsule owns are disjoint:
context Capsule inv NoOtherEOisCapsuleManager:
not self.otherEngObject->includes(self.manager)

10.1.6.3 Channels
lause is about model elements that enable communication“around channels.

This ¢

ChannelTemplate

ClientServerChannel
1

BindingEndPointldentifier

0% 2% T -
“"“-u.___% J _— zpecifier
1 N o _—
i "--|—V— 0.*
BEQ |fendPoirt Channel |0 __{ChannelType
3 2E 0.* : -
PRV N THHH T
. N ™ -
f \‘* H‘“H A channel supports
/ \ T~ distrioution among BECs
/ ™~
3 / 2 e 0*
1.k - 2 0.*
ProtocolObject Interceptor

Binder

1

\ ,

Communicationinterface

Stub
1 1 R
0. Hype : String
1
baundPratocolJbject

Figure 30 — Engineering language model — channels

The following constraints apply to the concepts illustrated in the diagram of Figure 30:

Each Stub to which a BEO is related must be part of a Channel to which the BEO is related:

context BEO inv SameChannel:
self.stub->forAll (stub | self.channel->exists (channel | channel = stub.channel))
For each Channel to which a BEO is related, the BEO must be related to exactly one Stub that is part of
that Channel:
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context BEO inv OneStubPerChannel:
self.channel->forAll (channel | self.stub->select (stub | stub.channel = channel )->size () =1)

The collection of BEOs that are the end points linked by a Channel is derived by adding to the collection,
for each Stub in the Channel, the BEO to which the Stub is related:

context Channel inv EndPointDerivationRule:
self.endPoint->includesAll(self.stub.bEO) and self.stub.bEO->includesAll(self.endPoint)

The BEO:s constituting a Channel's endpoints must each reside in different Clusters:

context Channel inv EndPointsInDifferentClusters:
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 a part:

context-Stub inv Qamn(—‘hannn]an]—\:

10.1.6
This ¢

The fq

14 Domains

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

llowing restrictions apply to the model elements depicted in Figure 31:

self.bEO.channel = self.channel and self.binder.channel = self.channel

The Stub to which a Binder is related, and the ProtocolObjects to which the Binder is related;.are all parts
of the same Channel of which the Binder is a part:

context Binder inv SameChannelBinder:
self.protocolObject->forAll (po | po.channel = self.channel) and self.stub‘channel =
self.channel

The ProtocolObjects for which an Interceptor provides protocol conversiofi. must be part of thg same
Channel of which the Interceptor is a part:

context Interceptor inv SameChannellnterceptor:
self.protocolObject->forAll (po | po.channel = self.channgl)

Any Interceptor to which a ProtocolObject is related and the Binder to which the ProtocolObject is felated
are part of the same Channel of which the ProtocolObjectis apart:

context ProtocolObject inv SameChannelPO:
self.interceptor->forAll (i | i.channel = self'channel) and self.binder.channel = self.channgl

In order for two ProtocolObjects to be associated; they must be of the same #ype:

context ProtocolObject inv SameType:
self.boundProtocolObject->forAlkfpo | po.type = self.type)

ProtocolOhject I EngineeringObject
1C¢

1
CommunicationDomain

-
—_

CommunicationAuthority

Figure 31 — Domains
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context Domain inv SubDomainlsSubSet:
self.subDomain->forAll (subDomain | self.member->includes(subDomain.member) )

Controlling objects should be associated to the corresponding domains:

context SecurityDomain inv ControllingObject:
self.controllingObject.ocllsTypeOf(Security Authority)

context ManagementDomain inv ControllingObject:
self.controllingObject.ocllsTypeOf(ManagementAuthority)

context AddressingDomain inv ControllingObject:
self.controllingObject.ocllsTypeOf( Addressing Authority)
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context NamingDomain inv ControllingObject:
self.controllingObject.ocllsTypeOf(NamingAuthority)

10.1.6.5 Identifiers

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

EngineeringlnterfaceReference

0.
1

EngineeringinterfaceReferenceManagementDomain

1. 1. Hode

+HocationlhSpace ; LocationinSpace

X

1
EngineeringlnterfaceReferenceManagementPolicy

Figure 32 — Engineering language model — identifiers

10.1.66 Checkpoints

This clause is about checkpoints and checkpointing behaviour.

specifier Engineering0bjectTemplate
b s
0.1 |checkpointing |1
.. T
H“‘m‘_
0. 1 ] o o.*
otherEnuObiects |FngineeringObject - ___|Checkpoint
0.* — ya
1
BEOQ BEOCheckpoint
0.*
E‘h‘éekpgirﬂarget g -
1 M 1 1
Capsule 0.* |Clster |1 0. ClusterCheckpoint 0.
instartistedCluster =
o.* o.*
1| specifier | specifier v
CapsuleTemplate ClusterTemplate
1

Figure 33 — Engineering language model — checkpoints

10.1.67.-ODP functions

Figure 34 shiows the ODP Tunctions introduced in [10.1.5].
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justification of the expression used.

TE 2 — Coneepts are presented in the order in which they appear in Part 3.

are used (components, ports, interfaces).

Figure 34 — Engineering language model — ODP functions

lause specifies how the ODPR-engineering concepts described in the previous clause are expressed in UML
ering specification. A brief explanation of the concepts used in the expression of each concept is given, to

TE 1 — In this clatise UML expressions are only defined for those concepts for which use has been demonstrated thro
mple, included ip/thé main body of this Recommendation | International Standard or in its annexes. Where no example h
ntified, the coneept concerned is mentioned, but no UML expression is offered.

TE 3 -+ /The concepts and rules of the engineering language concern definition of mechanisms and functions required to
ributed interaction between objects in an ODP system, something which deals with aspects related to the software archi
o IS _ e UM . . i .

in an
oether

ugh an
hs been

upport
tecture
Pctures

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

wh

10.2.1

ich the internal realization of such components is specified.

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_Objectr.
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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 a reference to a node where an engineering object is deployed);
—  securityDomain: String (defines a reference of a security domain it may belong to);
— managementDomain: String (defines a reference of a management domain it may belong to).
Where an engineering object is required to represent a specific entity in the UOD, it is expressed by instanceSpecification

of'a component that is stereotyped as «NV_Object». Basic engineering objects are particular kinds of engineering objects.
Therefore, the stereotype «NV_BEO» that expresses such objects, inherits from «NV_Object»

Wherg¢ there is the need to express an engineering object type, it is also expressed by a component, stereotyped as
«NV_Dbject». The attribute isindirectlylnstantiated of the component stereotyped «NV_Object» should be set'to fdlse.

Whenfa component stereotyped as «NV_Object» expresses an engineering object template, the attribute jsAbstract qf such
a component should be set to false, meaning that the component needs to provide all the information requiréd to instantiate
object.

10.2.2  Object types and templates as engineering objects

There|are cases where there is the need to model the #ype or template of an engineering objéct at the instance leviel. An
examyyle is the case of a generic factory, which is invoked by passing it a representation of a template (which hgs type
templqte), and responds by instantiating the femplate and returning a reference to, thé.ereated 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
modell Likewise for #ypes, to indicate that an object conforms to a given typé, we need to represent both the objdct and
its objlect type in the model.

Both fype objects and template objects are engineering objects, and therefore are expressed by components, that express
its type or template. To distinguish them from other engineering objects, such components are stereptyped
«NV_['ypeObject» or «NV_TemplateObject», respectively. Both(stereotypes inherit from «NV_Object».

The rdlationship between an engineering object and the objectthat represents its template, or the objects that repregent its
types, [can be expressed as an attribute of the class that spe€ifies the engineering object.

For ejample, in some specifications, such as in the @DP trading function specification, there is the need to spec]fy the
type off a service, so a trader can locate objects implethenting such a service. The diagram shown in Figure 35 reptesents
the spgcification of a engineering object, PrintService, and of its #ype, APrintServiceType, expressed so that type can
be mahipulated by engineering operations.

+HyType F
Rl hE
by _BEC== ==i_TypeChject==
PrintService APrintServiceType

Figure 35 — An_explicit representation of the type of an engineering object so that the object can access its ftype

10.2.3] Cluster

A clufter.1s expressed by an instanceSpecification of a component, stereotyped as «NV_Cluster». The component
A mnlate m at] L [

stereobpred—a SHS SXPreSSeS—tH1E e—BHpe—o PG - cHHaesS—a—c0H

objects and has bindfngs to required channels for communication.

10.2.4  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.

10.2.5 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.
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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_CapsuleManager» expresses the capsule manager type or template.

10.2.7 Nucleus

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

10.2.8 Node

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

10.2.9 Channel

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

10.2.10 Stub

A stul} is expressed by an instanceSpecification of a component, stereotyped as «NV_Stuby,/Te component stereptyped
as «NV_Stub» expresses the stub type or template.

10.2.11 Binder

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

10.2.12 <X> Interceptor

An inerceptor is expressed by an instanceSpecification of a,_component, stereotyped as «NV_Interceptory. The
compgnent stereotyped as «NV_Interceptor» expresses the interceptor type or template.

10.2.13 Protocol object

A profocol object is expressed by an instanceSpecification of a component, stereotyped as «NV_ProtocolObjectp. The
compa@nent stereotyped as «NV_ProtocolObject» expresses the protocol object type or template.

10.2.14 Communication domain

A comlmunication domain is expressed by a.package, stereotyped as «NV_CommunicationDomainy.

10.2.15 Engineering interfaces

10.2.15.1 Communication interfdace

A communication interfaceNs expressed by a port stereotyped as «NV_Communicationlnterface», through which a
protodol object is associatéd with other protocol objects or interceptors for a communication.

10.2.15.2 Operation interface

An operatigriinterface is expressed by a port stereotyped as «NV_Operationlnterface», through which a| basic
engingering gbject is associated with a channel or with another basic engineering object.

1 0.2.1 J.3 Stl CTdIIr ;lltUl fa\,t:

A stream interface is expressed by a port stereotyped as «NV_StreamlInterface», through which a basic engineering object
is associated with a channel or with another basic engineering object.

10.2.15.4 Signal interface

A signal interface is expressed by a port stereotyped as «NV _Signallnterface», through which a basic engineering object
is associated with a channel or with another basic engineering object.

10.2.15.5 Engineering interface signature

An engineering interface signature is expressed by an interface, stereotyped «NV_SignallnterfaceSignaturey,
«NV_OperationInterfaceSignature» or «NV_StreamlInterfaceSignature» depending on the type of interface signature
(signal, operation or stream).
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10.2.16 Binding endpoint identifier

A binding endpoint identifier is expressed by a valueSpecification.

10.2.17 Engineering interface reference

An engineering interface reference is expressed by a class.

10.2.18 Engineering interface reference management domain

An engineering interface reference management domain is expressed by a package, stereotyped as

«NV_InterfaceReferenceManagementDomainy.

10.2.19 Engineering interface reference management policy

An dngineering interface reference management policy 1s expressed by a constraint, stereotypq
«NV_[nterfaceReferenceManagementPolicy».

10.2. Checkpoint

A chéckpoint is expressed by an instanceSpecification of a component, stereotyped as «NV\ Checkpointy.

instanfeSpecification of a component expresses a checkpointed object's states at the time of chegkpointing.

10.2.2fl Checkpointing

A chegkpointing is expressed by an activity, UML operation, and UML action stereotyped as «NV_Checkpointingy.

10.2. Cluster checkpoint

A cludter checkpoint is expressed by an instanceSpecification of a component;stereotyped as «NV_ ClusterCheckj
The instanceSpecification of a component expresses a checkpointed clustef's state at the time of checkpointing.

10.2. Deactivation

A deattivation is expressed by an activity, an operation, or an actign stereotyped as «NV_Deactivation».
10.2. Cloning

A cloning is expressed by an activity, an operation, or an‘action stereotyped as «NV_Cloningy.

10.2.25 Recovery

A recdvery is expressed by an activity, an operation, or an action stereotyped as «NV_Recovery».
10.2.26 Reactivation

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

10.2.2f7 Migration

A migration is expressedrby~an activity, an operation, or an action stereotyped as «NV_Migration». A migration
ODP function, can alse(bg€xpressed by an interface (see [10.2.28]).

function:

«NV_ObjectManagement», «NV_NodeManagement», «NV_ClusterManagement»,
«NV_CapsuleManagement», «NV_EventNotification», «NV_CheckpointingAndRecovery»,
«NV_DeactivationAndReactivation», «<NV_Group», «NV_Replication», «NV_Migrationy,

«NV _InterfaceReferenceTrackingy, «NV_ACIDTransaction», «NV_Transaction», «<NV_Storage»,
«NV _InformationOrganization», «NV_Relocation», «<NV_TypeRepository», «NV_Tradingy,

d as

The

ointy.

as an

me of

ODP

«NV_AccessControl», «NV_SecurityAudit», «NV_Authentication», «NV_Integrity», «NV_Confidentiality»,

«NV_NonRepudiation» and «NV_KeyManagement.
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10.2.29 Summary of the UML extensions for the engineering language

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

Figure 36 shows diagrammatic representations of this profile.
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Figure 36 — Graphical representation of the engineering language profile (using the UML notation)

NOTE 1 — In the diagrams above, 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.
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10.3 Engineering specification structure (in UML terms)

An engineering specification defines the infrastructure required to support the functional distribution of an ODP system.
This includes:
— identifying the ODP functions required to manage physical distribution, communication, processing and
storage;
— identifying the roles of different engineering objects supporting the ODP functions (for example the
nucleus).

NOTE - Some ODP functions have been standardized, others have been defined only in outline. Where a suitable definition exists,
it can be brought into the engineering specification.

An engineering specification models a system in terms of:

- d L«UllﬁguldliUll Uf engineering Ubje(/lb, buuuuwd ad> Llubl(f’b, (/Ll[lbbil'(fb dlld HUU’GA U.hdt Wlll bC CX Ussed
with UML component diagrams, including instanceSpecification of component for capsule, clustérs| basic
engineering objects, capsule manager, cluster manager, and nucleus);

—  the activities that occur within those engineering objects (that will be expressed with, UML aftivity

diagrams);
—  the interactions of those engineering objects (that will be expressed with UML sequence diagrams),.
An engineering specification is constrained by the rules of the engineering language. Thesg comprise:

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

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

—  failure rules [Part 3 —8.2.9].
Those{rules will be expressed with UML or OCL constraints for relévant elements.

All the elements expressing the engineering specification will be defined within a model, stereptyped
«Engiheering_Spec». Such a model contains packages that express:

—  the structure of a node, including nucleusycapsules, capsule managers, clusters, cluster managers, stub,
binder, protocol objects, interceptors,and basic engineering objects, with a component diagram;

—  channels, with component diagrams-and a package;
—  domains, with a package;

—  interactions among thosg eungineering objects, with activity diagrams, stateMachines and interjaction
diagrams.
104 Viewpoint correspondences for the engineering language

10.4.1 Contents of thiS-clause

This cJause describes the‘correspondence concepts for the engineering language, but not how they are expressed in UML.
The latter is coveredrin Clause 12.

10.4.2] Engineering and computational viewpoint specification correspondences

NQTE™=The correspondence between an engineering specification and a computational specification can be derived from [9.4.4].

10.4.3  Engineering and technology viewpoint specification correspondences

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

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

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

11.1 Modelling concepts

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

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

11.1.1 Implementable standard

A template for a fechnology object.

11.1.2] Implementation

A progess of instantiation whose validity can be subject to test.
11.1.3] Implementation eXtra Information for Test (IXIT)
Provides extra information for testing.

11.1.4 Summary of the technology language metamodel

Figurd 37 below illustrates the concepts of the technology 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.

ImplementableStandard 1t 1k TechnologyObject
1.% | product
0.2
4] L 0." limplementation

Figure 37 — Model of the technology language

11.2 UML profile

This dlause specifies how the ODP technology concepts described in the previous clause are expressed in UM[L in a
technalogy specification. A brief explanation of the UML concepts used in the expression of each concept is fgiven,
togethler with a justification of the,expression used.

NOTE - In this clause UML expressions are only defined for those concepts for which use has been demonstrated through an

exgmple, included in the main-body of this Recommendation | International Standard or in its annexes. Where no example hjs been
identified, the concept cencerned is mentioned, but no UML expression is offered.

11.2.1] Technologylobject

A technology objést is generally specified in terms of its #ype, which is expressed by an artefact or a node, stereotyped as
«TV_Dbjectw=TFechnology object types can be used to characterize the different kinds of technology objects that are used
in a tephnalogy specification (such as PCs, application servers, LANs, WANS, etc.).

Wherg atechnology object is required to represent a specific entity in the UOD, it is expressed by instanceSpeciflcation
of an artefact or a node that is stereotyped as «TV_Object».

11.2.2  Object types and templates as technology objects

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

Both #ype objects and template objects are technology objects, and therefore are expressed by nodes or artefacts, that
express its #ype 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».

The relationship between a technology object and the object that represents its template, or the objects that represent its
types can be expressed as an attribute of the node or artefact that specifies the technology object.
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11.2.3 Implementable standard
An implementable standard is expressed by a component, stereotyped as «TV_ImplementableStandard».
11.2.4 Implementation

An implementation is expressed by an activity, stereotyped as «TV_Implementationy.
11.25 IXIT
An IXIT is expressed by a comment, stereotyped as «TV_IXIT».

11.2.6  Summary of the UML extensions for the technology language

The technology language profile (TV_Profile) specifies how the engineering viewpoint modelling concepts relate to, and
are expressed 1n, standard UML using stereotypes, tag definitions, and constraints.

Figurqd 38 shows diagrammatic representations of this profile. See clause [A.5] for a detailed specification pf the
stereotypes described here.

==profile==
TV Profile
=zmetaclass== <<sterentg.rpe>>§
Artifact — ==5terent5fpe>>:® I— TV _TypeObject
TV_Object ;’r
wametaclass=> g—-" e <eterentypes= m
Node ¥ _TemplateObject
=zmetaclags== ==gtareotype==
Component | TV_ImplementableStandard
==metaclagg== ==giereotype==
.
Comment T'U'_IKIT ==metaclass=»
___—¥ Diagram
==metaclasss= ==sterent5fpe>? B .
Activity R TV _Implementation
This iz termporary, to allow
=«metaclass== sesteraotypes== some tools to show
Model - Technology_Spec sterentypes on Activities

Figure 38 — Graphical-representation of the technology language profile (using the UML notation)

The fpllowing restrictionssapply to the elements depicted in Figure 38. They are derived from the correspqnding
constrpints on the elements shown in Figure 37 and on their relationships:

— everydeehnology object type is associated with at least one implementable standard.
—  eyexy implementation standard is associated with, or is implemented as, one or more technology oljects.

— «every implementation is associated with, or produces, one or more technology objects.

11.3 _’]:ggh_n_gl_ggéLspgci_ﬁcaﬁnn structure (in UML fnrme)

A technology specification defines the choice of technology for an ODP system in terms of:

— aconfiguration of technology objects; and

—  interfaces between the technology 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.
A technology specification states:

—  how the specifications for an ODP system are implemented, which may be modelled with component
instances and the relationships between them with text explanation;

64 Rec. ITU-T X.906 (10/2014)


https://standardsiso.com/api/?name=8b869cdfd41ce53f9e8e60fc38c4d2fe

ISO/IEC 19793:2015 (E)

— a taxonomy of such specifications, which may be provided with names of implementable standards
described in stereotyped comments attached to a deployment diagram including a component instance
diagram;

information required from implementers to support testing, which may be specified with a stereotyped
comment describing IXIT.

NOTE - Software architecture styles, such as SOA, MVC 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 a model contains packages that express:

— the structure of a node instance, including node instances within a node instance, artefacts, and networks,
using a deployment diagram; and

— communication links among nodes, using a deployment diagram.

11.4 Viewpoint correspondences for the technology language

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

A set of one or more technology objects correspond to an engineering object, and they implemment specified functignality
in corfesponding engineering object in technology specific way.

NOTE 1 — The choice of specific technology in the technology viewpoint may constrain the possible architecture or platforn styles
(o1 patterns) and deployment patterns in the engineering viewpoint specification.

NOTE 2 — A wide variety of factors, including procurement policy, extra-functional réquirements etc., may influence the|choice
of fechnology, and therefore the technology specification.

12 Correspondences specification

12.1 Modelling concepts
A corfespondences specification is composed of a set of .correspondence specifications.

A conjplete specification includes six correspondence-specifications:

—  between the enterprise specificatiod-and the information specification;
—  between the enterprise specification and the computational specification;
between the enterprise specification and the engineering specification;
between the computational specification and the information specification;

—  between the computational specification and the engineering specification; and

—  between the engineering specification and the technology specification.

12.1.1] Correspondence’specification

A corfespondence sspecification is composed of a set of correspondence rules and a set of correspondence lipks. It
descripes consistency relationships between terms belonging to two specifications based on different viewpoints.

When|a corféspondence rule and a correspondence link are related, this means that the constraint in the corresporjdence
rule must be enforced by the set of terms referenced by the correspondence link.

12.1.2  Correspondence rule

A correspondence rule is expressed by a constraint that must be enforced by a set of ferms belonging to two specifications
from different viewpoints.

A correspondence rule may be:

— acorrespondence statement as defined in clauses 7.4, 8.4,9.4, 10.4, or 11.4;

some other consistency rule resulting from a design choice.

12.1.3  Correspondence link

A correspondence link is established between two specifications from different viewpoints. Each end of the
correspondence link is called a correspondence endpoint.
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12.1.4

Correspondence endpoint

A correspondence endpoint is composed of terms involved in the consistency relationship.

12.1.5

Term

A term is 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 - From the definition extracted from [Part 2 — 5], an ODP ferm is analogous to a UML element.

12.1.6

Summary of the Correspondences metamodel

The modelling concepts introduced for a correspondences specification are summarized in Figure 39.
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Figure 39 — Correspondences specification concepts

UML profile

lause specifies how the modelling concepts for correspondences specification are expressed in UML.

Correspondence specification
respondence specification is expressed by @ package, stereotyped as «CorrespondenceSpecificationy.

plationship between a correspondence-specification and the models expressing the viewpoints involved
pondence specification is expresséd by a usage dependency, stereotyped as «CorrespondingSpecificationy.
hetly two such dependencies foreach correspondence specification.

Correspondence rule

respondence rule is expressed by a constraint, stereotyped as «CorrespondenceRuley.

Corréspondence link

respondence link is expressed either by a class, stereotyped as «CorrespondenceLink» or by a depen
yped'as «CorrespondenceLink».

It may be constrained by a constraint expressing the applicable correspondence rule.

in the
There

TE — The constraifits-€xpressing constraints defined in ODP standards may be defined outside the package expressjng the
cofrespondence specification to enable reuse among multiple specifications.

dency

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 «CorrespondenceLinky.

12.2.4

Correspondence endpoint

A correspondence endpoint is expressed by a tag definition of stereotype «CorrespondenceLink», which gives references
to the elements expressing the terms involved in the correspondence relationship. Thus, this tag definition is typed by an

eleme

nt (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 allow
indirect reference to those concepts.
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Summary of the UML extensions for correspondences specification

40 shows a graphical representation of the UML profile for correspondences specifications.
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Figure 40 — Graphical representation of the UML prafile for correspondences specifications

Modelling conformance in ODP system-specifications

Modelling conformance concepts

rmance relates an implementation to a spécification. Any proposition that is true in the specification must }
implementation. A conformance statément is a statement that identifies conformance points of a specificati
haviour which must be satisfied at these points. Conformance statements will only occur in specifications
ended to constrain some feature 6fa real implementation, so that there exists, in principle, the possibility of t

M-ODP [Part 2 — 15] identifie§ certain reference points in the architecture as potentially declarable as confor]
in specifications. That fs,)as points at which conformance may be tested and which will, therefore, need

explicitly in the corformance statement of the specification concerned, together with the conformance criten
be satisfied atthis/point.

UML. profile

nce‘\points are identified in the UML expression of an ODP specification by the use of the ster
| ReferencePoint» (which extends a metaclass element) on the elements that express them. Conformance staté

e true
n and
which
bsting.

mance
to be

ible for test. However,the requirement that a particular reference point be considered a conformance point njust be

ia that

potype
ments

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 possible to attach
multiple «KODP_ConformanceStatement» comments to one element stereotyped «ODP_ReferencePoint», thus declaring
several conformance criteria at the same reference point.

Figure 41 shows a diagrammatic representation of this UML profile.
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Figure 41 — UML profile for conformance
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Annex A

An example of ODP specifications using UML

(This annex does not form an integral part of this Recommendation | International Standard.)

15 (E)

The following example illustrates the results of use of UML for expressing ODP system specifications. This annex is not
normative.

Al

The Templeman Library system

A.l.1
This i

mroaucton

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

systenp that supports the operations of a university library, in particular those related to the borrowing process

library
loans.
The b

Nd

op
Instea
at the

items. The system should keep track of the items of the university library, its borrowers, and 'their outst:
The library system will be used by the library staff (librarian and assistants) to help them recofd Teans, returr
rrowers will not interact directly with the library system.

TE — In the following, the /ibrary system (or the system, for short) will refer to the computerized system that supports the
brations, while the library will refer to the business itself, i.c., the environment of the system.

1 of a general and abstract library, this example is based on the regulations that rtile the borrowing process d
Templeman Library at the University of Kent at Canterbury, a library that has’been previously used by dif

authogs for illustrating some of the ODP concepts.

A.1.2
The b

Rules of operation of the library

isic rules that govern the borrowing process of that library are as:follows:

(1) Borrowing rights are given to all academic staff, and.to0 postgraduate and undergraduate students
University;

(2) Library books and periodicals can be borrowed;

(3) The librarian may temporarily withhold the<irculation of library items, or dispose them when they
longer appropriate for loan;

(4) For requesting a loan, the borrowerymust hand the books or periodicals to a library assistant;

(5) There are prescribed periods ef\loan and limits on the number of items allowed on loan to a borro
any one time. These rules may-vary from time to time, the librarian being responsible for setting the ¢
policy. Typical limits are'detailed below:

—  undergraduates.may borrow eight books. They may not borrow periodicals. Books may be bor
for four weeks;

—  postgradaates may borrow 16 books or periodicals. Periodicals may be borrowed for one week.
may be.borrowed for one month;

—  teaching staff may borrow 24 books or periodicals. Periodicals may be borrowed for one week.
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 borrg

(1) 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;

erized
of the
nding
s, etc.

library

efined
ferent

of the

are no

wer at

hosen

rowed

Books

Books

wed;
cribed

(8) Borrowers returning items must hand them 1in to an assistant at the main loan desk. Any charges
overdue items must be paid at this time;

(9) Failure to pay charges may result in suspension by the librarian of borrowing facilities

uc on

In the following, we will refer to these rules as the "textual regulations" of the library system. They will be the starting
point for the ODP specifications below.

It is important 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.13 Expressing the library 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.

LibrarySystem {l Spec)

==0DP_SystemSpecs= A
TemplemanLibrarySystem
1
==CQrrespondenceSpecification== " T L !
b ECC | ==CorrespondingSpecification== | LibrarySy=stem {E Spec) le ==CorrespondingSpecification== «zCorrespondencespediiisafon=x|
rarySystem {E-C Corr) T LibrarySystem {E:| Corr}
T ; <<Corresponding8pe‘c'|fic_a_tio;1;>
~ < zanfortation_Specss e — 7
==CorrespondifgSpecifications= =P A
T = — " -
Ch o at
Pl . ==lorespon mgSpecmc_lon_:f — | €=CarrespondenceSpecificafion=:|
. 4n—| LibrarySystem {I-C Cofr)
==CorrespondipgSpecification== Y
-~ ==Computstionsl_Specs= A ==CorrespondingSpecificationss
P < LibrarySystem (C Spec)
S ]
- . ==CorresportingSpecification== —
P — — _ | ==CorrespondenceSpecificafion=:|
| -~ - LibrarySystem {C-H Cofr}
P ==Enginesring_Spec=» _ z=CarresporingSpecification=»
==Carrespondencespecification== ==CorrespondingSpecificationss Libra em (H Spec) Al = o3p
UbrarySystem(E-NCory [ — — — — — — — — = rySyst )
F —
==LatrezparitingSpecification==
- - ==CorrespondenceSpecificafjon==
==Technaology_Spec=» AL L L - = Library3ystem (N-T Cofr)
LibrarySystem (T Spec) < ==CarrespondingSpecification==

A2 Enterprise specification in UML
A.2.1 Basic enterprise concepts
The e

for thg
WOITy
proceg

Four K
first p|

particrl:
systenp" (or "TLS" fof, short).

The s4
envir
fulfils

Figure A.1 — UML specification of the ODP system

ey concepts of the enterptise language are: system, scope, enterprise specification, and field of application.
ace, the system to(e specified is a computerized system that supports the operations of a university library, in
lar those related\to the borrowing process of the library items. This system has a name "the Templeman Lfibrary

iterprise viewpoint is an abstraction-of the system that focuses on the purpose (i.e., objective), scope and pplicies
t system and its environment. It«deScribes the business requirements and how to meet them, but without haying to
about other system considetations, such as particular details of its software architecture, its computd
ses, or the technology used to/implement it.

tional

In the

ope of the\PLS system describes its expected behaviour, i.e., the way it is supposed to work and interact with its
nment:;inthe business context. In the enterprise language, the scope of the system is modelled as the set of foles it

InU

is shown in Figure A.2, and whose contents are further detailed in this clause.

L, the enterprise speciiication o1 the LS system 1s expressed by one model, stereotyped «Enterprise_>Specy, which

In the figures that follow, to improve the clarity of the diagrams, the icons shown in Table A.1 have been used to represent
instances of the corresponding stereotypes.
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Table A.1 — Enterprise language icons

«EV_Community» s

«EV_Objective»

«EV_Object»

«EV_TypeObject»

«EV_CommunityObject»

15 (E)

The (
specif]
it will
follow

«EV_ODPSystem»

& ®

«EV_Role»

«EV_Interaction»

vl

SN

&

LS
L =72

«EV_Process»

«EV_Step»

«EV_Artefact»

«EV_PolicyEnvelope»

«EV_PolicyValue»

«EV_Burden»

«EV_Permit»

«EV_Embargo»

OO o il ke (Gl

DP Enterprise Language”specification does not prescribe any particular method for building the entq
cation of a systemyas\the approach taken will depend very much on the system being specified, the busine
support, and the Constraints that arise from the environment in which the system will operate. For this examp
ing process has/been followed:

1. Identify the communities, with which the system is involved, and their objectives;

2.Define the behaviour required to fulfil the objectives of the communities. This may be in the f{
processes, their corresponding actions, and the participant roles in them. Objects may participate in d

rprise
5s that
le, the

rm of
ctions

as actors (if they participate in or perform the action), artefacts (if they are referenced in the actioj

), and

resources (if they are essential to the action and may become unavailable or used up);

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

detail,;

4. Identify the enterprise objects in each community, (either as typical instances of a type, or as unique

instances) and how they fill the roles;

Identify the policies that govern the behaviour;

6  Identify any behaviours that may change the rules that govern the system, and the policies that govern such

behaviours (changes in the structure, behaviour or policies of a community can occur only
specification includes the behaviour that can cause those changes);

if the

7  Identify the actions that involve accountability of the different parties, and the possible delegations;
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8. Identify 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 needs not necessarily be linear, and nor will all activities be appropriate for all
modelling situations.

A2.2 Communities

As shown in Figure A.2, 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 «kEV_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 «kEV_CommunityObject» (Library and Academic Community) which expresses the community
object that models the community when considered as a single object. (Note that the Academic Community is included
only t¢ illustrate the principle that, at the top level, there may be more than one community. The Academic Comnpunity
is not [further detailed in this example.) For convenience, these community objects are included in a package narped as
Enterprise Objects (global), which contains those enterprise objects that model entities whose scope isyider than the
library itself. Examples of such enterprise objects are Person and the University admin system, with which the L
System has to interact.

<Enterprise_Specs
LibrarySystem (E Spec)

Enterprise Objects (global) |

<EV_CommunityObjects <EV_Community@bjetts «EV_ODPSystems»
«Enterprise_Specs Library Academic Community University admin system
EV_FieldOfApplication ="This | \
specification assumes an Academic N
environment, such a University, in «EV_ReﬁnesAsk:mnmunhy» «EV_Refines&sCommunitys
\

which a Library maintains a collection - —

of hooks and periodicals which can be { i r ~
borrowed by n‘:p different kind of <EV._CommntyCofiracts &.) A&E\:com‘n \unCnyComl m‘iy =
8 € difrere . \ cademic Communi
university members, and that uses a Library ° N
computerized system to track library ‘:'-l/# NE op
items, horrowers and loans” {18 §rh
- R oy
<E\, Community» <EV_Communitys
Library Academic Community

Figure A.2 <UML Enterprise specification of the Library system

The fipld of application of the enterprise specification describes the properties that the environment of the ODP dystem
must jhave for the specification <to be used. It is expressed in a tagged value of the package, stereotyged as
«Entefprise_Spec» that containsthe enterprise specification of the system.

A comymunity is a configuration of objects modelling a collection of entities (e.g., human beings, information procssing
systenps, resources @f’various kinds, and collections of these) that are subject to some implicit or explicit cqntract
goverfing their collective behaviour, and that has been formed for a particular objective.

The ppckage “containing the specification of the Library community is stereotyped «EV_CommunityContractp, and
contaips the{component, Library, stereotyped as «EV_Community» that expresses that community and owps the
proceysesof the community, three packages containing, respectively, the roles in the community, the set of entdrprise
objects—specitic to the community (Library Enterprise Objects, which model its structure), and the policies tor the
community, and one class (stereotyped «kEV_Objective») which has a tagged value that expresses the community objective
as follows: "To allow the use, by authorized borrowers, of the varying collection of library items, as fairly and efficiently
as possible". This class has an association, stereotyped as «EV_ObjectiveOf», with the component expressing the
Library community.
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<<EV_C0mmun'rtyC0rdract>>ﬁ

Library
==EY_RefinestsCommunity==
—————————————————— L0
==EY_CommunityObject== <] L‘.
Library TN ==<EV_Community==
Library

<<Bv_Objectives:
description =" To allow
the use, hy authorised
borrowers, of the varying | _ N
collection of Library I
items, as fairly and ==EY_Ohjective==
efficiently as possible.”

Library objective
1 1 1

Rotes PollTles Lmrmwmmm‘

Figure A.3 — UML specification of the Library community

==E%_OhjectiveOf==

A.2.3 Processes

Procepses specify behaviour in terms of (partially ordered) sets of steps, and are related“to-achieving some particular
subobjective within the community. Steps are abstractions of actions, which may hide some of the objects participafing in
the acfions.

=E%_Community= ‘i‘
Library

4Rl
i

o

zEV_Processs
Borrow item

zEY_Processz
Return kem

zEY_Processs
Reserve item

zEV_Processz
Release item

e

Rl o
.

} e

zEV_Processs

) zEY_Processs
Fine member

Re-instate member

zEY_ProcesSss zEY_Processs
Pay.fine Suspend member

S o

zEY_Processs =BV _Processz
Set lending limit policy Remove member

zEY_Processz
Add kem

zEV_Processs
Add member

Figure A.4 — Processes

The pfocesses ofthe¢ Library community are expressed by a set of activities stereotyped as «EV_Process» that hgve the
comp@nent that'expresses it as their context, as shown in Figure A.4.

Each ¢f these activities has associated with it an Activity Diagram that expresses the steps of the process, and identiffes the
roles Involved in these steps (either as actor or as artefact roles). Actor roles are expressed by the activityPaftitions
(stereotyped «EV_Roley), and artefact roles are expressed by objectNodes (stereotyped «EV_Artefacty). In this example
we detail the Borrow item and the Add member processes.

A.2.3.1 Borrow item process

In Figure A.5, 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 behaviours in all of the processes in which it is involved.

The process starts with a Borrower (a role filled by a Library member) performing the step State loan requirement.
(The exact mechanism and procedures for doing this are not stated at this time, but it could be as simple as the borrower
taking the item concerned to a desk for processing by the library assistant.) This step implies that a Loan (enterprise
object) has come into existence, and this fact is modelled by an artefact of Loan expressed as an objectFlow, named in
the model borrower requests which has the type Loan.
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Note that in this example, artefacts have been further detailed by identifying for each, a state of the enterprise object that
the artefact represents a usage of. This is not mandated by the enterprise language but allows the use of a UML feature
to build an important bridge to the information specification. The resultant stateMachine of the class that expresses the
enterprise object can form the basis for expressing a dynamic schema for the associated information object type. For
details of the stateMachine for the Loan enterprise object, see Figure A.13. In this case the artefact represents the
enterprise object Loan in the state Requested by borrower.

The Assistant (a role filled by a Person who is of type Library Staff), next performs the step Check request, which
references, as an artefact, the enterprise object Loan in the state Requested by assistant. Again, this step, being part of
the human behaviour associated with the system's operation, is not further detailed in this model, which is directed towards
the system's specification. In a real life situation, such behaviour would need to be documented, and the model may be a
good place to do it.

<EV_Roles o <EV_Roles o <EV_Roles Y
Borrower Assistant Library system

L borrower requdsts : Loan g1 - 5 i T Loan yor

( <EV_Steph, S
- ; N ¥ / \ i Validate loan : 1Yoan validation
BV _Step_» "AL‘ [Reguested by Borrower] «EV_Steps '_:_' [Requested by assistant] 0
te loan requirement Check request {Timg to)Gomplete not to excesd ?ﬁ}

2

assistant authoriged : Loan ,ﬁ' —_——— system authoriged : Loan ,ﬁ'

(fev steps Extart] <EV_Steps = [Authoriged] Tl lauthan
Al cep‘ loan Prepare item for loan
/
f'f

/. . i i ified : Loan —_— system disqudlified : Logn .

/ ; [ ; 7 ) )

I [Refuse] oEV Stepz ela [Disqualfied] Idisqualified]
Accept refusal Refuse loan

b
‘e :-/_
|\.

Figure A.5 — Borrow item process

Next the enterprise object Library system (filling the rof¢-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 pplicies
(see Flgure A.18), is not detailed at this level. Insteadyas 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 behfzviour
of the|role Library system, in this process.(See Figure A.11 for this detail.
NQTE — The role Library system is filled by an enterprise object with the same name. It is a fact of life that in enterprise hodels,
enferprise 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 behayviour by the thing that exhibits it. Since a key objective of an RM-ODP enterprise specification
is fo be approachable to the stakeholders it is not considered desirable to introduce artificial new names, and instead to maKe clear
whiether a role or an enterprisd objéct is being referred to.

The rgmainder of Figure A.5\S largely self-explanatory and is not detailed further in textual form. It should be not¢d that
the stptes of the entefpnise object Loan, identified in the various arfefacts, are not exhaustive. Other statds, see
Figurd A.15, may alse’be discovered from considerations of other behaviour. For example, the sub-states of Loan extant,
Valid|and Overdug; are discovered from consideration of Fining interactions or Fining processes.

A.2.32 Addmember process

tther example of process modelling, Figure A.6 shows the top-level process involved when a prospective new
member of The 1ibrary appiics 1o join. fagram {s [argely scif-explanatory, rougi 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 case is 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.
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Figure A.6 — Addimember process

ep Validate member is refined as a process, alsenamed Validate member, which is owned by the proces
er. (It is unfortunate that there is no visual medns of indicating which of the different detailing approaches i
model, however, querying the model element concerned will show whether the detail of a step is provided
expressing a process, a stateMachine expressing a set of actions, or an opaqueBehavior modelling direc
of the behaviour required.) The step is_performed, at the high level, by the Library system (enterprise objd
In this example, for the purposes_of illustration, it has been assumed that because appropriate technol
ble, the actual check on validity-efan application will be made by the agent best placed to do it, namely an entd
known as the University adimin system (filling the role University admin system), and that a direct link
in order to check an applicant's credentials. The details of this subprocess, as well as the required states
rise object Library member, are shown in Figure A.7. As in other activity diagrams, some of the steps perf]

small forked symbol under the name of the step. In each case they are detailed by an opaqueBehavior, owi
evant role.
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Figure A.7 — Validate member subprocess

he textual description of the library (and;«inreal life more importantly, from discussions, interviews and worlfshops

with dtakeholders) we can identify severdl zoles in the Library community, in particular borrowers with vfarious
privildges, librarians, library assistants, and the computerized system that supports the library operations (Library
System). Figure A.8 shows these Library roles within the package that contains the specification of the community, each

with alrealization link to the compenent that expresses the community.
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Figure A.8 — Library community roles
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The behaviour identified by a role is expressed by the set of behavioralFeatures of the class that expresses the role. For
example, the (partial) list of behavioralFeatures of the role Library system is specified in three opaqueBehaviors, which
are Create member, Prepare validation request, and Refuse new member, and one stateMachine, Loan validation.

A.2.5 Interactions

Behaviour can also be modelled in terms of interactions between roles in a community. This is normally appropriate for
modelling the detail of a particular interaction and the associated behaviour of the roles concerned where a process model
lacks semantic power. In this example, we detail an interaction between the Assistant role and the Library System role,
and the associated behaviour of the Library System role since we are concerned to specify in detail the behaviour which
the Library System is required to provide.

The relationships between the classes expressing the interaction involved in the behaviour of requesting a loan, and those
classes expressing the roles involved in this interaction is shown in Figure A.9. There is one interaction in this case:
Proceps loan in which Assistant and Library System are involved. The relationship is expressed with an assodiation,
stereofyped as «EV_Interactionlnitiator» or «EV InteractionResponder» as appropriate. Note that, with"delggated
authotity from the Librarian role, the Assistant role is performing an Accountable action, in performingts’ actipns as
part of the Process loan interaction.

‘1 «EV_Delegations 1‘ «EV_Accountables h «EV_InteractionResponders ‘

Librarian prncipal L Assistant Process loan Library system

«EV_ArtefactRleferences
<EV_ArtefactReferances

1 il

loan: loan: loan:

requested by authorised disqualified
assistant 1 1

1

«EV_AntefactRoles
1

L 4

Loan
«EV_ArtefactRoles <EV_AntefactRoles

Figure A.9 — Process loan interaction

Figurd A.9 also shows that the Process loan interaction is initiated by the role Assistant and responded to by the role
Librayy System and involves, through associations which are each stereotyped as «EV_ArtefactReference»| three
signal§, each stereotyped as «kEV_Artefacty, expressing artefact roles of the Loan enterprise object: loan: requiest by
assistant, loan: authorized and loan: disqualification respectively.

Figurd A.10 sheWws! the stateMachine for the behaviour defined for the role Library system, in the Proces$ loan
interagtion, withsthe role Assistant.
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Figure A.10 — State diagram for Library system role in the Process loan interaction

xample has defined the behaviour of the Library system role in the Request Item interaction. The coj
our of the Library system role is the composition of its behaviours in all of the interactions imwhich it is iny
4).

Enterprise Objects

are fulfilled by enterprise objects. The fulfilment of actor roles in a communify’by enterprise objects is goy

ation, stereotyped as «EV_FulfilsRole», between the classes that express the objects and the roles cond
ment rules can be constrained by the policies of the system, in which case there would be links between thg
ements expressing the policies. Figure A.11 shows the UML expréssion of the basic (i.e., unconstrained |
s) assignment rules of the Library community.

4

Uniyersity admin system

®

Person

E

Library member

EV_FulfilsRole=

Uniyersity admin system

|
Library system Undergraduate.

-,

BV _FulfilsRoles

@

Library system

Post graduate student

\\QEV_FUI

<EV_FulfilsRotes__ /

Academic member

/
i/

Borrower
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A.2.6.2— Artefacts

Enterprise objects may also participate in actions by filling artefact roles. In this example, Loans are enterprise objects
that model the relationship that is established between a borrower and an item when she requests the item, and continues
for a period from either the loan being refused or the item, having been loaned, being returned. Loans fulfil artefact roles
in several actions (from process model, see interaction model, see A.2.5, above). In this case, the actions are loan:
authorized, loan: disqualified and loan: requested by assistant.

A.2.6.3 Summary of enterprise objects

In summary, the enterprise objects, and the relationships between them, that have roles (either actor or artefact) in the
Library community are shown in Figure A.12. Note that the list of such items includes enterprise objects that have wider

scope than just the Library community.
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A.2.64 Enterprise object states

Figure A.12 —

Enterprise objects

As nofed in A.2.3.1, it is useful to model the states of the enterprise objects, because they may help specifyipg the

corresponding information object types.

Figure

model| (see A.2.3) and the Interaction model (see A.2.5).

MNote: this diagramTepresents all the
interesting states ofthe enterprise
ohject, Loan, Only the unshaded states
are actuallyrEcorded in the Library
Systend {and these are the ones for
whichthie’ correspondence rule applies).

A.13 is a stateMachine for the Loan enterprise object. anad’is compiled from consideration of both the Process

loan: request by borrower

[ Requested by borrower ]

loan:
requested by
assistant
[ Requested by " ]

loan:
authorised

loan:
disqualified

Disqualified

Authorised

loan expired disqualified
l Returned Refused

Archived

Figure A.13 — States of the Loan enterprise object

In a similar fashion, Figure A.14 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 member process
shown in Figure A.6 and Figure A.7. It should be noted that these state diagrams will only be "complete" when all
behaviour that the system under consideration is involved in, has been defined.
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Figure A.14 — States of the Library member enterprise object

Policies

nged to meet particular circumstances.

hunity package (Behaviour and Library Enterprise Objects).

ht, in case there is a change in the specification's elements or policies. But such independent expression of entg
s may also allow the definition of correspondences bétween these policies and other related elements from di
iewpoints (such as information invariant schemata). We expect UML modelling tools to exploit such trace
nisms, checking for absences of policies for some of the modelling elements, and also for policy conflig
istencies at various levels

relatively simple example, the aspects’of the system that are most appropriate for use of this concept are

Hing to the considerations aboye; in order to be properly specified, policies need to identify the relevant entq
hts to which they apply: roles, objects, actions, processes, communities, as well as their relationships. Such elg
ecisely those described-in“the two other packages that form part of the enterprise specification of the s
prise Objects and Behaviour.

2 Expressing/ODP policies in UML

example we)will express policies using the pattern shown in clause 7.1.5 and Figure 10, which corresponds|
hts that €omprise the specification of an enterprise policy in the Enterprise Language [E/L — 7.9.2]:

=\ ' description: text with the description of the policy in natural language;

pnterprise specification the concept, policy, is intended to be used where the desired behaviour of the systen may

plicies package specifies the community policies, which constrain the structure or the behaviour of the community,
h. Therefore, the elements of that package will constrain the elements)of the other two packages in the Library

ing an independent and modular specification of policies will.enable the definition and implementation of some
bility mechanisms, both between and within viewpoints. Within the UML expression of the enterprise specification
stem, we need to be able to list all the elements affected by'a given policy, and all the policies that constrain g given

brprise
Fferent
hbility
ts and

in the

rprise
ments
ystem:

to the

+. 11 Aaatla 14 +lo bz tloot + leitl I Liatlas 1)
bUlllJUlllllunutllulll’_y. alr ﬂulllUllL_y uUlat CUIIUITUILS UIv IJULLL/)/ \111 LIS babb, a7’ ULC},
— relatedBehaviour: an identified behaviour (i.e., role) that is subject to that authority;
— relatedObjects: optionally, an object or objects that may fulfil the roles involved;

—  specificationConstraint: set of constraints on the modelling elements involved;

affectedBehaviour: the subset of the related behaviour that is required, permitted, forbidden, or authorized.

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 elements in 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
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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 policies in the Templeman Library

Figure A.15 shows the structure of the Policies package.

[ 1
[ 1

Lending policies

Policies

<«EV_PolicyValues
Lending limit

<EV_PolicyValues
Loan duration

[ 1

Other policies

Figure A.15 — Structure of the polic¢ies package

Details of the Lending Policies are shown in Figures A.16 and A.17 qwhich for illustrative purposes offer both behayioural
modellling styles (i.e. with processes and interactions). From this itcan be seen that the Lending Limit Policy is s¢t by a
proceds Set lending limit policy (located in the Administrative Processes package), and impacts on the role Library
System, when taking part in the process Borrow Item, or the\interaction of the same name.

Similgrly the Loan Duration policy is set by the inferdaction Set loan duration policy (located in the Administfrative
Intergctions package), and impacts on the role Libravy System, when taking part in the process Fine Borrower |or the
interagtion of the same name.
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There are prescribed limits on the number of items allowed on loan to a borrower at any one time. These rules
may vary from time to time, the Librarian being responsible for setting the chosen policy. Typical limits are detailed
below:

- Undergraduates may borrow eight books. They may not borrow periodicals.

- Postgraduates may borrow 16 books or periodicals. Periodicals may be borrowed for one week.

- Teaching staff may borrow 24 books or periodicals. Periodicals may be borrowed for one week.

«opagues
Validate loan request

\ «EV_AffectedBehavieurs

~ «EV_AffectedBehaviours

1 «EV_ControllingBehaviours .

o .%"ﬁ ]
«E\’._Pro.cefs» ) «EV_PolicyEnvelopes ) «EV_Roles
Set lending limit policy /—‘ Lending limit Rolicy < _ Library system
——— | LE "R
' \ ~ «EV/_AffectedBehaviours
\ ~ e
[ \ ~ = S
~ —
I X ¢E\/’__Affedbd§ehaviour» <EV_Processs
f A R ~ Fine'member
| «EV_AffectedBehaviours X
~
«EV_PolicyValues [ \ N

Lending limit Current value | \

1
5 = S
<EV_Interactions
Process loan

{Rules for setting lending limit rules}

{Lending limit rules}

Figure A.16 — Examples of policy expressions: Lending limit policy

<EV_Process»
Borrow ltem

Librarian being respongible for setting the chosen policy . Typical
helow:

- Undergraduates may borrow books for up to four weeks.

- Postgradugtessmay borrow items for up to one month.

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

AN

There are prescribed periods of loan. These rules may vary from time to time, the

limits are detailec

{Rules for setting loan duration policy values}
~
S
~ s
== \ Y
q I : ¢ =BV _AffectedBehaviours ‘
4 _ . -/
. }
<EV Interactions =BV _ControlingBehaviours ~ ;
sek _d i i <EV_PolicyEnvelopes =EY_Roles
gt loan duration policy Loan duration policy Library system|
1 ® =
5\ «EV_AffectedBehaviours
A -
<EV_AffectedBehaviours .
- d\ =EV_Processs
s ! Fine member
— = =, oot — «EY_Irteractions
Loan diiration values} «EV_PolicyValues Fine borrower
Loan duration
Figure A.17 — Examples of policy expressions: Loan duration policy
A28 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
accountable for the action. Figure A.18 shows an example of the use of such a stereotype, indicating that the Assistant

is the accountable party for the Process loan action.
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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 allow delegated parties to initiate or
participate in actions on behalf of their principals. In particular, Figure A.18 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 agent .

Librarian 1 1

=B _Delegation= x\‘ =BV _Accountahles
|nteractioninitiators

A3

A3.1

The in
of infq
consid
architd
in this|
In the
instan

Process loan

«EV‘ctinnF{espnnder»

Library system

Figure A.18 — Example of delegation

Information specification in UML

Overview

formation viewpoint is concerned with information modelling. An‘information specification defines the sen
rmation and the semantics of information processing in an ODP system, without having to worry about other s
erations, such as particular details of its implementation, the computational process, or the nature of the distr
cture to be used. The information specification in this clause’defines both the basic concepts for informatio
specification, and the invariant, static and dynamic schemata.

figures that follow, to improve the clarity of the diagraims, the icons shown in Table A.2 have been used to rep
bes of the corresponding stereotypes.

Table A:2— Information language icons.

«IV_Objeét»

«IV\_TypeObject»

«IV_Action»

«IV_InvariantSchema

«IV_StaticSchema»

antics
ystem
ibuted
h used

resent

AAVAER AY 1S ol n nd

TV o yratotRoma

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.19 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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==Information_Spec== A
LibrarySy=stem {l Spec)

==Y _|rvariantSchemas== ff;‘] ==Y _InvariantSchemas== T';']
InformationObjects InformationActions

==V _StaticSchemas= T{n ==V _StaticSchermas: i\ﬁ

TheSystemAiTheBeginning TheSystemAtYearEnd i

Figure A.19 — Structure of the information viewpoint specification of the library system (excerpt)

A3.2

From
specif]

Basic elements

the textual regulations of the library, and from the objects, roles and artefacts identified in'the en
cation, several information object types can be identified, namely Borrowers, library Items, Dibraria

tIrprise
s and

Librafy Assistants. They describe the information stored and handled by the Templeman Library system about them. In

additi
Borro
specif]

cation. UML class Person contains the personal information about the library users librarians and assistant.
<IV_InvariantSchemas» tEﬂ
InformationObjects
«IV/_Objects
«lV_Objects ‘ «l'V_Objects @ IV_Objects ‘ LibraryPolicyValues
Rerson 1 o Librasian Calendar +academicMaxLoans : int
+name : String — +onDuty : boolean ™, +academicPeriodicalLoanPeriod : int
+address : String . +now : K +academicBookLoanPeriod : int
+phone : String 0. elock +postgradMaxLoans : int
+e-mail : String +postgradPeriodicalLoanPeriod : int
1 +postgradBookLoanPeriod : int
' Obi 1 +undergradiaxLoans : int
0% e '9b‘ed» & . W OBiect /+undergradPeriodicaILoanPeriod: int
«enumerations Assistant W ect» L4 +undergradBookLoanPeriod : int
LoanStatus +onDuty : boolean —f——Library +dailyCharges : Money
Tequesied +isOpen : boolean
disqquauﬁed oredit; Money
extant
returned 0.1 0.*
archived K >
<IV_Objects_~ g 0.4 1 «lV_Objects  @| | «dataTypes
«enumerations Borrowef " Kem Identifier
«IV_Object> @ e T
ItemStatus - — +id : Identifier
el Idekifien Loan +location : String
i borrowgditems : int it
oo Spendhopiss: Money || 0" [vissueDte:date (0.4 |+publationDate: date| | <(HATVPE>
missin +siispénded : boolean +dueDate : date publisher : String Money
Rl oag efabutty - Stl'fng +returnedDate : date +status : temStatus
withheld +stitus : BorrowerStatus +status : LoanStatus e Siring
other
- {disjoint,
complete
«enumerations {disjoint,
BorrowerStatus! complete } «lV_Objects @ «lV_Object> @
applied Periodical Book
eligible 5 . Qi
+ISSN : String +SBN : String
:;flitased ‘ ‘ ‘ +volume : int +edmon. it
deléted «IV_Objects «IV_Objects «IV_Objects +number : int ::t:n(::ﬁ]siiif;gna?e' s
arehivet! Undergrad Postgrad AcademicStaff )

n, a Calendar object should model the passage of time, and Loan objects will model the telationships bdtween
wers and Items. Figure A.20 shows a class diagram with all the basic object types used in this inforgation

The attributes of each class define the information captured by this specification. Please notice that this information
specification is built considering the elements of the enterprise specification described in clause 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
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 requirements 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 ISSN, its physical location, and its
current status: on-loan, free, withheld (if the circulation of the item has been temporarily withheld), disposed (if the
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item has been sold, donated, recycled, or discarded), missing (if the item is missing), or other (in case the item is in a
status not contemplated by any of the previous options).

Information object LibraryPolicies contains the library system values associated to the policies identified in the
Enterprise Viewpoint specification, such as the details about the daily rates to be charged to late-returners and the current
loan limits and periods for the different kinds of users.

General and common parameters about the library are modelled by another information object (Library). Its attribute
isOpen stores whether the library is open or not to the public, while its attribute credit stores the cumulative credit
obtained by collecting the payment of the fines. The Library object is a composite information object which includes the
information about the current library Borrowers, Items and Loans. It also gathers the information about the rest of the
objects of the system, expressed in terms of associations between this object and the Librarian, Assistants,
LibraryPolicy and Calendar objects.

The classes in Figure A.20 express the ODP information object types of the library system information speciﬁﬁtion.
Pleasq notice that the information specification captures the information handled by the Templeman Library systein, and
there is no need to represent the computerized system itself (as happened in the enterprise viewpoint specifieation). This
is one|notable difference between the enterprise and the rest of the viewpoints. The enterprise viewpoint, focuses pn the
systen} and its environment (and therefore the system needs to be modelled as one of the entexprise objects |in the
specif]cation), while the rest of the viewpoints focus on the information, functionality, distribution{and technology|of the
systeny itself.

The class diagram in Figure A.20 also expresses constraints on the kinds of objects and the'kinds of links that can g§ppear
in a v3lid object configuration of the information specification. Such restrictions on the-elasses, their attributes, and the
multiplicity of the associations specify some invariant schemata of the information speeification (see [A.3.3]).

==Y _|nvariantSchemas= i“;']
InformationActions

=W _Action== i ==V _Action== i ==%_Action== i ==Y _Action== i ==V _Action== =
addMember ArchiveMember addPeriodicalCopy withholditem SetlendingLimitPolicyValjes
+U4 ;| Person +14 . Borrovwer +#1 : Periodical +i: e +academicBookLoanPeriod ; int

+academichaxLoans | int

=P _Action=s (T == _Action==  {fm =<V _ACtonss " (G ==lv_Action== (G :?.Cfiglr?;r:’iil;ieriDdiCalLDanPericd it
FineMember suspendMember addBookCopy releaseliem +p-03tgradEiDDkLDanPeriDd i
+a | Azsistart +a: Azgistart +h: Bolal: + 1 e +postoradiaxloans int
+anjrt : haney +b ° Borroweer +postgradPeriodicalloanPeriof © int
+1 |Borroweer +yrhen - date +undergracdBookloanPeriod © it
' i ==V _Aotion=s G| |==lY_Action== g +undergraditaxLoans © int
borrowhtem payFine +undergradPeriodicalLoanPeripd © int
el _Action== ¢ ==V _Action== 4= : -
cancelMembership relnstateMember :S : “Eizrrnmwer :Emgdrt’;uwnz:’ ==lv_Action== ¢k
i ) SetDailyCh
+u ;| Borroweer +a : Azsistant ailyCharges
+b : Borrovieer - i + : Librarian
==l _Action== i == _Action== i
: +avhen : date - & i :
==y _Action== (& returnitem disposeltem tilslipCEhErgs ome
ArghivelLoan - -
+i: tem +i: ftem
+: foan +u ;. Borrower

Figure A.21 — Action types of the information viewpoint specification of the library system

The irfformation actions of this viewpoint specification are the ones described in Figure A.21. These actions havf been
identified from the processes and interactions defined in the enterprise viewpoint specification of the system. In thdg UML
information specification, the information actions are expressed using a package that expresses the invariant schema that
specifies the action types supported by the information objects of the 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
changes caused in the system by such information actions. Those dynamic schemata will be described later in
clause 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.
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A33

Invariant schemata

An invariant schema is the specification of the fypes of one or more information objects that will always be satisfied by
whatever behaviour the objects may exhibit. The following are examples of invariants that can be defined for the library

system:
1. Both library users and items should have unique identifiers in the system;
2. No item can be simultaneously referenced by two loans in the system;
3. There should be at most one Librarian and at least one Assistant on duty while the library is open;
4. The number of pending loans in the system should be consistent with the sum of the values of attribute
borrowedlItems of all the Borrower objects;
5. Borrowers who do not pay their fines will be eventually suspended;
Suspended borrowers who settle their debts will eventually be reinstated, and their borrowing [rights
restored.
Pleasd note how some of these invariants have been incorporated into the UML class diagram that describes the Jystem
structyre (shown in Figure A.20) in terms of the multiplicity of the associationEnds. This is the cage,-for instarjce, of
invarignt 2 (which is represented by a multiplicity "1" in the corresponding associationEnd).
Other [invariants can be naturally expressed in UML by associating OCL constraints to some of the elements |of the
specif]cation. For example, invariant 1 imposes that the identifiers of users and Library ifems should be unique|in the
systenh. This invariant can be expressed in terms of OCL constraints on the Library class:
-- Invariant 1
context Library
inv Uniqueltemldentifiers: self.item->isUnique(id)
inv UniqueMemberldentifiers: self.borrower->isUnique(id)
Invaripnt 2 imposes that no item can be simultaneously referenced by two‘loans in the system. As mentioned befote, this
invarignt has been implemented by a multiplicity "1" in the corresponding association end.
Invarignt 3 states that there should be at most one Librarian and.at/least one Assistant on duty while the library i open.
-- Invariant 3
context Library inv AtMostOneléibrarianAndAtLeastOneAssistantWhileLibraryOpen:
self.isOpen implies
(self.librarian->select(onDuty)->size()<=1) and
(self.assistant->select(onDuty)->notEmpty())
Invarigint 4, which imposes a consistency chéck on the system, such that he number of pending loans should be conpistent
with the sum of the number of pending loans of each user, can be also expressed by an OCL constraint on the Library
class:
-- Invariant 4
context\Library inv ConsistentNumberOfLoans:
( selfborrower.borrowedltems->sum() ) = ( self.loan->select(status=extant)->size() )
Other |invariants may need/to be expressed using different notations. In fact, invariants 5 and 6 can be considdred as
predidates in a givenddisctete linear temporal logic that imposes some fairness constraints. OCL is not expressive epough
to spetify them, although we can always either use a textual description of such predicates, or use any other notat{on (in
this cqse we will'consider an extension of OCL with the temporal 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 = tfue)

-- Invariant 6: Suspended borrowers who have paid their fines will eventually be released

context Borrower inv: eventually always (fines > 0) or always eventually (suspended = false)

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 determining the value of some of the system attributes, e.g., when the library

is open:
context Library inv OpeningTimes:
(hour(self.clock.now) >= 8) and (hour(self.clock.now) <5) implies self.isOpen = true
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All these invariants are expressed as constraints, and specified in the InformationObjects package, associated with the
corresponding elements.

A3.4 Static schemata

Static schemata provide instantaneous views of information, for example at system initialization, or at any other specific
moment in time that is relevant to any of the system stakeholders. This specification of the instantaneous state of the
objects is precisely the one provided by UML object diagrams (also known as snapshots in some UML dialects).

For instance, the UML package shown in Figure A.22 expresses the initial state of the system, just before the library
opens for the first time, when there are no items, borrowers, or loans. There are, however, one clock, one assistant, and
one librarian registered in the Library at that moment in time. At least one assistant should be present in order for such a
configuration of objects to respect the invariant schemata specified by the multiplicity of the associations in the class
diagram shown in Figure A.20. 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 values of the variables that store the systenrpqglicies,
as desfribed in the textual regulations of the library.

==l _StaticSchemas== 1":'1
TheSystemAtTheBeginning
locationInTime = "2007-01-01, 00:00:00 CEST"}
=<l _Object== ;:Q
<<y _Objectss 3 Templeman : Library <=y _Objectss B
curfentPolicyWalues : LibraryPolicyValues librarian = L1 — TheClock : Calendar
libfary = Templeman assistant= At _ Raw=""2007-01-01, 00:00:00 CEST|"
achdemicBookLoanPeriod = 365 libraryPolicies = currentPolicyvalues lrary= Templeman
achdemicMaxLoans = 24 isOpen = false
acpdemicPeriodicalLoanPeriod = 7 clock = TheClock
dafyCharges ="0.05" credit="0"
pogtgradBookLoanPeriod = 30 7 b
pogtaradMaxLoans =16 ==\ _Ohject== 3 ==\ _Ohject== ‘9
pogtgradPeriodicalLoanPeriod =7 A1 : Assistant L1 : Librarian
unflergradBookLoanPeriod = 365 T I
unflergradMaxLoans =8 <<I\-"_Object>>;® ==l _Ohject== 3
unflergradPeriodicalLoanPeriod =0 Eve : Person Emerald : Person

Figure A.22 — Static schema with the initial state of the Library system

Simildrly, the UML object diagram shown ur Figure A.23 expresses a static schema that models the state of the §ystem
at a moment in time (namely, at year end,.when the state of the system should be recorded to serve as an inventofy), in
which|there are only two Borrowers (John and Mary), one Librarian (Emerald), two Assistants (Eve and Pete)) three
Booky (one copy of Ulysses and tw0 ¢opies of Dubliners), and one Periodical (today's edition of The Times). There is
only gne Loan (Mary borrowed onejcopy of Ulysses in March).
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Figure A.23 — Static schema with the configuration of the Library system at day 95

lause presents dynamic information schemeata that describe changes of state associated with the action
ied in A.3.2. In this case, such action typeshave been expressed by signals stereotyped «IV_Actiony.
TE — It is worth noting here that some authots have proposed the use of UML operations for expressing action types. Hq

approach presents some limitations\For example, it forces actions to be owned by one object (i.c., the object to whiich the
bration is assigned). In general, it/may be the case that more than one ODP object might be related to a single action, Y

P interactions are pieces of shared-behaviour, with no necessarily single owner or initiator. However, the interaction mpdel of
UML is based on message exchange between objects, which forces all UML operations to be assigned to only one object
DP information actionsrare-expressed by UML operations, the system designer has to decide, for every action, the o
ich an operation expressing the ODP information action type is assigned. This is in general a difficult decision, and th|
re practical applications are required in order to identify a set of guidelines or patterns to support the practising mod.

bhaviour of every information object is specified using UML stateMachines, which describe its state chang
juence ef'the occurrence of the signals that express the possible information actions previously specified.
achines-express the dynamic schemata of the ODP information specifications. Please notice how a signal
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In this case, the dynamic schema of the library is specified in terms of the stateMachines of the classifiers that support the
actions defined in clause A.3.2, namely the Librarian, Assistant, Borrower, Loan and Item. Figures A.24, A.25 and

A.26 show some of these stateMachines, for illustration purposes.

The specification of these stateMachines has been developed based on the enterprise specification of their corresponding
objects. Thus, Figure A.24 depicts the stateMachine of the Loan information object, based on the corresponding

stateMachine of the Loan enterprise object depicted in Figure A.13.
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[(nat self borrovwer suspended) and
[=elf temn.status=Tfree) and
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Archiveloan

®

Figure A.24 — StateMachine of the Loan inforxmation object

Likewjise, Figure A.25 shows the stateMachine of the Borrower information object, based on the correspgnding
stateMachine of the Member enterprise object depicted in Figure A.14:In'the information specification, two of thd states
of the fenterprise object, Valid and Suspended, have been refined (defining them as composite states) to show the ¢ffects
of fings imposed by the assistants and debt settlements (FineMember and PayFine actions). Figure A.25 also shofvs the
transitions between the states, and the valid actions accepted inceach one.

’npplied for membership alidMembershi ( Eligible
{status=applied} <} {status=eligible }

addhgmber
Valid
[Invalif Membership] .
payFine [amrt = pendingFines] / {status=ralid}
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finehember §
,_f' pendingFines = PendingFines + amnt
: ‘ Hormal _— -M-“'““: ( Fined
cancehembership {suspenged = falze, ) fpendingFines = 0,
pendingFines=07} — — suzpended = falze}
sy Fire: [;mnt_= pendingﬁeg] i
Refused Deleted relnstatehernber lsuspendietber
{statug=refused} Tatatuz=deleted}
h\ ."r p,
'\ ,'" Suspended
d / fstatds=valid}
\ Archivefyiember finehermber
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Archivehtetmier / | Suspended - . FinedAndSuspended
! {zuspended = true, = T {suspended = true,

|| cancelbembership | pendingFines=0} — — pendingFines =0}

Archived
{statuz=archived}

payFine [amnt = pendingFines]

payFine [armnt = pendingFines]

pendingFines ;= pendingFines - amnt finetember /

pendingFines ;= pendingFines + amnt

Figure A.25 — StateMachine of a Borrower information object

Finally, Figure A.26 shows the stateMachine of the Item information object.
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barrosetetn returnittern
[ Available diznoseftem [ Disposed
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withholditem
releasettem

[ withhold
{ztatusz = withheld}

Figure A.26 — StateMachine of an Item information object

NQTE — The previous diagrams show not only the effect of the actions on the corresponding information objects, but also the states
in Which the actions are allowed, serving as pre- and post-conditions for those actions.

A.3.6 Correspondences between the enterprise and the information specifications

Corregpondences between the Enterprise and Information specifications are expressed in the, corresponding pgckage
LibrafySystem (E-I Corr), as shown in Figure A.1. Correspondences are expressed usifig the correspondence profile
(see [12.2]).

Figurd A.27 shows an example of a correspondence between Loan enterprise and\information objects. There is|a top-
level ¢orrespondence, LoanCorrespondence, which links these two types of objects. Such a correspondence is Broken
down |into a set of correspondences, which establish particular details of it.

Thus, porrespondence LoanInstances establishes that the sets of Loan instances in the enterprise and information models
should be consistent. This is specified by stating that the set of names.of.the instances of enterprise loans should ifclude
the se{ of names of the instances of information loans.

Simildrly, correspondence CheckLoanAuthorization establishes a correspondence between the opaqueBeghavior
ValidgteLoanRequest of the LibrarySystem role (see Figures A.5, A.10 and A.16), and the transitions between states of
the Ldan information object (see Figure A.24).

==Correspondencespecification==
LibrarySystem (E-l Corr)
==Corresponeencelink== & B
LoanCorrespondence
- (Al owned elements and usages of the
¢<Opmespondencelink>>  — —  — | By nan are to be consistent with the
endPoift! = {EiLoan ovvned elements and usages of the
endPdint? = :’j}Loan IWLoan except where otherwise stated
> inthe Erterprize Specification}
1
/ 1
==CarreSQdqgenceLink== ==Correspondencelink== mm B
CheckloanAuthorization Loaninstances -
<¢ Comaspondence Link»> - {--- This conatrairt iz for ilustration purposes only
naPoiht1 = &validate loan request “'::_0"‘959_0'1‘19”"9“”'(” || tet EvLoan = self extensionCorrespondencelink endpoint1[0] in
E o endPoint! = {E}Loan let VLoan = 2elf extensionCarrespondencelink endpoirt2[0] in
n ‘,”" = andPoint2 = 34 oan F'| nan allnstancessl-=colectname) includes Al osn slinstances()-=collect(name])
AisAvalidLoanRequest i 3
AlisMotvalidLoanRequest

Figure A.27 — Example of correspondence between the enterprise and information specifications

Of course, top-level correspondence LoanCorrespondence is composed of more correspondences, not shown here for
the sake of simplicity.
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A4 Computational specification in UML

A4.1 Overview

The computational viewpoint is concerned with functional decomposition of an ODP system in distribution transparent
terms. A computational specification defines units of function as computational objects, and the interactions among those
computational objects, without considering their distribution over networks and nodes. This clause concentrates on the
computational specification in UML of the borrowing process of the library system.

A4.2 Computational objects and interfaces

The basic structure of the computational viewpoint specification of the Library system is shown in Figure A.28. Each
package specifies the corresponding elements, and will be described in the following clauses. The elements of each
package have been defined by making into components the functionality specified in the enterprise and information
viewppints, identifying the basic operations first and grouping them into interfaces. These interfaces define openations
which| handle data, as part of their parameters and return values. The types of these parameters are specified |in the
DataTypes package. Finally, the computational objects that own these interfaces are specified in the ObjectTemjplates
packape.

==Computstional_Spec== N
LibrarySystem (C Spec)

1 1
ObjectTemplates InterfaceTemplates

1] 1
DataTypes InterfaceSighatiures

Figure A.28 — Basic structure of the computationakviewpoint specification of the Library system

It is ifteresting to note that the decomposition of the sysfem functionality into computational objects that intefact at
interfqces provides the software architecture of the appli¢ation. In UML, we express such architecture using a component
diagram that describes the computational object templates and the computational interface templates at whicl these
objectp interact.

In the [library system example, the software atchitecture of the application is composed, at the highest level, of thre¢ main
compg@nents: one that describes the basic functionality of the system (LibrarySystemMainFunctionality), and other two
(InterffaceToAssistant and InterfaceToLkibrarian) which specify the user interfaces that the application will offer to
assistgnts and librarians to interact with it, respectively. This is shown in Figure A.29.

In the [figures that follow, to impreve the clarity of the diagrams, the icons shown in Table A.3 have been used to refresent
instanfes of the corresponding-stereotypes.

Table A.3 — Computational language icons.

«CV_Object»

«CV_BindingObject»

«CV_TemplateObject»

Each computational object is expressed as a component. Object interfaces are expressed as component ports. Finally,
interface signatures are expressed as interfaces. Thus, computational objects interact which each other at computational
interfaces (port instances), which are instantiated from their corresponding interface templates (ports). Each port uses or
implements some interfaces, which specify the corresponding interaction signatures. In Figure A.29, the ports of the
InterfaceToAssistant and InterfaceToLibrarian components make use of the services provided by the ports of the
LibrarySystemMainFunctionality component.

Figure A.30 shows the interfaces that specify the interaction signatures of the Library system. They are all operation
interface signatures, since our interaction mechanisms have been modelled as such. The way to identify these operations
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is by inspecting the enterprise and information specifications, trying to capture and specify as computational operations
the relevant enterprise processes, steps, and actions of the LibrarySystem enterprise object, together with the relevant
actions of the information specification. The way to group them into operation interfaces that provide services depends
on the designer's choice, and is usually based on the similarity of the functionality offered by each operation.

Once the high-level architecture of the application has been defined, the next step is to refine its components, specifying
their internals. Figure A.31 shows the structure of the LibrarySystemMainFunctionality computational object. It has
been refined into 6 computational objects (expressed as six components), each one dealing with a particular piece of
functionality. Each component interacts with the rest through its ports, which express the corresponding computational
interfaces. We can see how each port is of a particular type (described in the InterfaceTemplate package) and implements
or uses several interfaces (which express the corresponding interface signatures shown in Figure A.30). The way to
achieve such decomposition is something that again depends on the designer's choice.
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Figure A.29 — Comiponent diagram with computational object templates and interface signatures of the sy
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Figure A.30 — Interaction signatures
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Figure A.31 — Internal structure of the LibrarySystemMainFunctionality computational object
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The connections between the different components are shown using either the "ball and socket" notation that expresses
implicit primitive bindings between the corresponding computational objects (see [9.2.17]), or some assembly connectors
that express the explicit primitive bindings. We have also used some delegation connectors to map the external view of
the component to its internal view (see [UML — 8.3.1]), specifying how the services provided by an external port are in
fact provided by a port of one of its internal components.

Please note as well how in Figure A.31 we have included further information about the components, such as some of their
internal realizing classifiers. For instance, the LoanMgr component is in charge of managing the loans in the system
(representing, e.g., a database that stores and manages them) and thus contains a realizing classifier (the LoanManager
«focusy class) which specifies its behaviour, and that owns the set of Loans of the systems (that represent the elements
of the database). The structure and contents of such Loans are specified in the DataType package, which is shown in
Figure A.32. These data types have been derived from the corresponding information object types (which in turn came
from the enterprise artefacts, roles and objects).

DataTypes ]
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L. tifier +returnedDate : date +publisher : String 1 1
- +status © LoanStatus +status : temStatus 1
«fm, n:;:wm «enumerations |  [+loaniD : Loanldentifier Hille:3tring «dat@T¥pes
L M Zmemaerid sz PersonalRarticulars
requebted - +item : ftemldentifier :
disquilified disposed +name JString
free +addiEss : String
?:::r?ed missing T cdatfaTy-pe» «dataTypes +phone : String «dataTypes
archided onLoan _ «.at:? YP?’ Periodical Book +e-mail: String Debt
withheld LendingLimitPolicyValues | i35 - string +author : String -member : Memberldeftifier
T 3 other +academicMaxLoans : int +volume : int +edition : int -debt : Money
«engmerations +academicPeriodicalLoanPeriod : int | |+number : Integer |  [+ISBN : String
berStatus +academicBookLoanPeriod : int +acquisitionDate ;/date edataTypes
i +postgradMaxLoans : int Fine
i +postgradPeriodicalLoanPeriod : int «dataTypes =
+postgradBookLoanPeriod : int +amount : Money
:,eaf]il:,s 4 +ﬂnd3‘gl'adl'AaxLoans: int ; «dataTyp.e» Settlement -member : Memberldeftifier
By +undergradPeriodicalLoanPeriod : int | |DilyChargesPolicyValues +member : Memberldentifier +loan : Loanldentifier
archided +undergradBookLoanPeriod : int +dailyCharges Morey +amount : Money +hy : Assistant
+when : date +when : date
Figure A.32 — Data types handled by the computational objects
AA43 Behaviour
Apart|from the structural aspects, we need(to,specify the behaviour of the elements of a computational specifi¢ation.
StateNlachines can be used to express the internal behaviour of computational elements: ports, components and replizing
classifiers. The way to use stateMachines to represent that behaviour has already been illustrated in the enterprife and
infornpation specifications.
In cas¢ we want to specify objéct interactions, activities can be useful because they are abstractions of the many ways in
which| messages are exchaiged between objects. Alternatively, UML interaction diagrams are more appropriatd when
messapes and interaction(pretocols are the focus of design.
For illpstration purpeses, Figure A.33 shows a sequence diagram with the interactions that occur between the comppnents
of the|computational specification during the borrowing process. First, an Assistant issues a loanRequest() opefation,
which|is received\by the component that implements it (BorrowingSystem). That component asks the MemberMgr for
the dgtails, of-the borrower, and then requests a validation. If the validation fails (reply message number %), the
BorrgwingSystem registers and archives the loan in the system (through the LoanManager), and responds [to the
InterfiaceToAssistant. Alternatively, i.e., if the member is valid (reply message numbe he BorrowingSystem

component asks the ItemMgr for details about the item to borrow, and the LoanMgr for the current loans of the borrower.
Two alternative behaviours are possible then, depending on whether the request is valid or not (the conditions correspond
to those specified in the information viewpoint: the loan limits are not exceeded, the item is indeed free, etc. — see Figure
A.24). If the request is not valid then the loan is registered and archived, and a response is issued to the
InterfaceToAssistant. Finally, if the loan request is valid then the item is marked as loaned (through the reserveltem()
operation), the loan is registered in the system, and the Assistant is notified.

Please note how it is possible to incorporate environment contracts in the specification, expressed by constraints
stereotyped «CV_EnvironmentContract». In this case, the duration constraint corresponds to one of the requirements
specified in the enterprise viewpoint, which mandated that the operation should not exceed 5 seconds (see Figure A.5).
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