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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-gov@rnmental, in liaison with ISO and IEC, also take part in the work. In the field of infgrmation
technology, 1$0 and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

The main tagk of the joint technical committee is to prepare International Standards.’ Draft Intefnational
Standards adppted by the joint technical committee are circulated to national bodies for voting. Publigation as
an Internatiorjal Standard requires approval by at least 75 % of the national bodies,easting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject gf patent
rights. ISO ard IEC shall not be held responsible for identifying any or all, sueh patent rights.

ISO/IEC 88283-7 was prepared by Joint Technical Committee ~}SO/IEC JTC 1, Information technology,
Subcommitteg SC 7, Software and systems engineering, in céllaboration with ITU-T. The identicql text is
published as |TU-T X.906 (10/2014).

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


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

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 specified by
defining th§ use of the unilied modelling language for the expression of UDP system speciiications.

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 overvigw of ODP,
giving scoping, justification and explanation of key concepts, and an outline of the ODP architecture. It
contains explanatory material on how the RM-ODP is to be interpreted/and’applied by its userp, who may
include standards writers and architects of ODP systems. It also contaitis'a categorization of required areas
of standardization expressed in terms of the reference points for conformance identified in Rec. ITU-T
X.903 | ISO/IEC 10746-3. This part is informative.

- Part 2 [Rec. ITU-T X.902 | ISO/IEC 10746-2]: Foundations, ‘which contains the definition of the concepts
and analytical framework for normalised description-ef.(arbitrary) distributed processing gystems. It
introduces the principles of conformance to ODP staddards and the way in which they are applied. This is
only to a level of detail sufficient to support Ree. ITU-T X.903 | ISO/IEC 10746-3 and fo establish
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 of the
required characteristics that qualify distributed processing as open. These are the constraints to which ODP

standards shall conform. It uses the.deseriptive techniques from Rec. ITU-T X.902 | ISO/IEC 10746-2.
This part is normative.

- Part4 [Rec. ITU-T X.904 | ISOAEC 10746-4]: Architectural semantics, which contains a formialization of
the ODP modelling conceptsidefined in Rec. ITU-T X.902 | ISO/IEC 10746-2 clauses 8 pnd 9. The
formalization is achieved by interpreting each concept in terms of the constructs of one or nore of the
different standardized formal description techniques. This part is normative.

In the samg¢ series as the RM-OBR are a number of other standards and recommendations, and, of these, the chief that
concerns this Recommendation {Hnternational Standard is:

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

0.2 UNHL

The Unified Modelling Language (UML) is a visual language for specifying and documenting the artefacts of systems. It
is a general-purpose modelling language that can be used with all major object and component methods and that can be
applied to all application domains (e.g., 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.

This Recommendation | International Standard defines:

It allows UML tools to be used to process viewpoint specifications, facilitating the software.design process
there is grqwing interest in the use of UML for system modelling. However, there is no widely agreed appr]

structuring

communicdtion between system developers and makes it difficult to relate or merge system specifications wh
a need to inftegrate IT systems.

The RM-O
viewpoints

prescribes feither a notation, nor a model development method.

This Recorpmendation | International Standard provides the necessaryframework for ODP system specifid]

UML. It dg
them using

By defining how UML and UML extensions should be usedt0 express RM-ODP viewpoint specifications, t

enables the

This Recommendation | International Standard contaif$ the following annexes:

These ann€

vii

use of the viewpoints prescribed by the RM-ODP to structure UML system specifications;

rules for expressing RM-ODP viewpoint languages and specifications with UML and(&ML|
(e.g., UML profiles).

of such specifications. This adds to the cost of adopting the use of UML forsystem specificatio

PP defines essential concepts necessary to specify open distributed ‘processing systems from five
and provides a framework for the structuring of specifications for distributed systems. However, th|

the notation, thus providing the basis for model development methods.

ODP viewpoints and ODP architecture to provide the needed framework for system specification y

Annex A: An example of ODP spécifications using UML;

Annex B: An example of the-representation of deontic concepts.

xes are not normative.

extensions

. Currently
oach to the
n, hampers
ere there is

prescribed
e RM-ODP

ation using

fines both a UML based notation for the expression of'such specifications, and an approach for stqucturing of

he standard
sing UML.
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INTERNATIONAL STANDARD

ITU-T

1

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

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 the reference model of open distributed processing (RM-ODP, Rec. ITU-T X.901 to X.904 | ISO/IEC 10746 Parts
1 to 4) and the Enterprise Language (Rec. ITU-T X.911 | ISO/IEC 15414). It covers:

This R4

2

The fol
constity
were v
Recom
edition
valid In
valid Il

2.1

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

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

commendation | International Standard is intended for the following audiences:

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

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

—  modelling tool suppliers, who wish to develop UML-based.tools that are capable of express
viewpoint specifications.

Normative references

owing Recommendations and International Standards contain provisions which, through referenc
te provisions of this Recommendation | International Standard. At the time of publication, the editi
hlid. All Recommendations and Standards are subject to revision, and parties to agreements b
mendation | International Standard are encouraged to investigate the possibility of applying the
of the Recommendations and Standardslisted below. Members of IEC and ISO maintain register
ternational Standards. The Telecommunication Standardization Bureau of the ITU maintains a lis
U-T Recommendations.

Identical Recommendations | International Standards

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

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

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

sing defined

n a graphical
UML system

ng RM-ODP

e 1n this text,
bns indicated
ased on this
most recent

N Recommendation TTTI-T X 904 (1997) | ISO/JAEC 10746-4:-1998 Information techno

of currently
of currently
ogy — Open
ogy — Open
ogy — Open
gy — Open

2.2

Distributed Processing — Reference Model: Architectural semantics.

— 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 Systems
Interconnection — Structure of Management Information — Part 7: General Relationship Model

Additional References

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

function: Specification.

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

Repository Function.

Rec. ITU-T X.906 (10/2
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3

ISO/TEC 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 |
ISO/IEC 10746-2:

abstraction; acfion, activity, architecture; atomicity, behaviour (oI an object); binding;]class; client

3.1.2

This R
ISO/IE

3.2

This R
ISO/IE

33

Viewpoint language definitions

tcommendation | International Standard makes use ofithe following terms as defined in Rec. IT]
" 10746-3:

Definitions from the Enterprise Language

ecommendation | International Standard makes use of the following terms as defined in Rec. IT]
" 15414:

oy . . ap
MWBV

object; communication; composition; component object [2-5.1]; composite object; jcon
objects); conformance point; consumer object; contract; creation; data; decompositi
distributed processing; distribution transparency; <X> domain; entity; environrhent;
contract; epoch; error; establishing behaviour; failure; fault; <X> groupj.identifier;
initiating object; instance; instantiation (of an <X> template); internal actign; interaction
reference point; interface; interface signature; interworking reference ‘point; introductid
location in space; location in time; name; naming context, naming domain; notifica
obligation; ODP standards; ODP system; open distributed proegssing; perceptual refq
permission; persistence; producer object; programmatic referen¢e point; prohibition; propog
of service; reference point; refinement; role; server object; spawn action; stability; state (
subdomain; subtype; supertype; system; <X> template; t&rm; terminating behaviour; trad
an <X>); viewpoint (on a system).

binder; capsule; channel; cluster; community; computational behaviour; computational bi
computational object; computationaliinterface; computational viewpoint; dynamic schema
viewpoint; distributed binding; euterprise object; enterprise viewpoint; <X> federation;
object; information viewpoint;interceptor; invariant schema; node; nucleus; operation; prg
static schema; stream; stub; technology viewpoint; <viewpoint> language.

actor (with.tespect to an action); agent; artefact (with respect to an action); authorization;
community object; declaration; delegation; evaluation; field of application (of a specificati
role}) objective (of an <X>); party; policy; prescription; principal; process; resource (with
action); scope (of a system); step; violation.

guration (of
n; deletion;
environment
information;
interchange
n; invariant;
tion; object;
rence point;
ition; quality
f an object);
ing; type (of

U-T X.903 |

hding object;
engineering
information
tocol object;

U-T X.911 |

ommitment;
n); interface
respect to an

This Recommendation | International Standard makes use of the following terms as defined in ISO/IEC 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

For 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 eifher registered
trad¢marks or trademarks of Object Management Group, Inc. in"the United States or other countries.

5 Conventions

In the tgxt that follows, the following conventions apply.

Rec. ITU-T X.902 | ISO/IEC 10746-2 (RM-ODP Part 2: Foundations) and Rec. ITU-T X.903 | ISO/IEC 1P746-3 (RM-
ODP Part 3: Architecture) are referred.to as "Part 2" and "Part 3" of the RM-ODP, respectively.

Rec. IT|U-T X.911 | ISO/IEC 15414 (RM-ODP Enterprise Language) is referred to as "the Enterprise Language".

The UNIL superstructure specification (see [2.2]) is referred to as "the UML specification". The UML nothation defined
in the YUML specification\is/referred to as "UML".

Referenices to the normative text of this Recommendation | International Standard, to the text of Parts 2|and 3 of the
RM-OIDP, to the(Enterprise Language and to UML are expressed in one of these forms:

[nm] — a reference to clause n.n of this Recommendation | International Standard.
[Part 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;

[E/L—n.n] —areference to clause n.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:

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

6
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Overview of modelling and system specification approach

Introduction

juse provides an introduction to this Recommendation | International-Standard, covering:

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

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

Arrowheads accompanying association names are avoided.

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

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 thee 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 specifications.

rview of the ODP modelling concepts and the structuring rules for their use is given in RM}ODP Part 1
[U-T X.901 | ISO/IEC 10746-1QOverview) and the concepts and structuring rules are formally defined in RM-
arts 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-
arts 2 and 3 are the authoritative standards, and should be followed in case of any conflict between those Parts
clause.

an objeet modelling approach to system specification;
the specification of a system in terms of separate but interrelated viewpoint specifications;
the definition of a system infrastructure providing distribution transparencies for system agplications;

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.

Rec. ITU-T X.906 (10/2014)
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The object modelling concepts cover:

—  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 viev:i;oint (on a system) is an abstraction that yields a specification of the whole system related to a¢atfticular set of
concert}s. Five viewpoints have been chosen to be both simple and complete, covering all the domains.offarchitectural
design.|These five viewpoints (see Figure 1) are:

—  the enterprise viewpoint, which is concerned with the purpose, scope andypolicies gpverning the
activities of the specified system within the organization of which it is a pat;

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

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

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

distribution;
—  the technology viewpoint, which is concerned, Wwith the choice of technology to support system
distribution.
Enterprise
Business Aspects
The purpasg, scope and policies for the
organiZation that will own the system.
What for? why? who? when?
Information

Computatigonal

Infformation System Aspects

Infor
constr

mation handled by the system, and,
ints on the use and interpretation of
that information.

What is it abofit?

Application Design
Functional decomposition of t
objects suitable for dist
How does each bit
ODP

System

Aspects

e system into
ibution.
work?

'l'ecnnology bngineering
Implementation Solution Types & Distribution
System hardware & software and Information required to support

actual distribution.

With what?

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

spec

6.2.3

ifications, due to the new requirements and constraints imposed by the particular selection of technology.

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:

between systems;

access transparency masks differences of data representation and invocation mechanisms for services

ODP sf]
and co{
Thus, aj
standar

6.2.4

The bal
purchag
a syste
specifid

The fra
classes
interch:
CoVvers:

6.2.5
The en

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

andards define functions and structures to realize distribution fransparencies. However, there are
t trade-offs associated with each fransparency and only selected transparencies will be relevant in

n in order to

d in order to

performance
many cases.

conforming ODP system shall implement those transparencies that it supports in accordance with the relevant

s, but it is not required to support all transparencies.

Conformance

sic characteristics of heterogeneity and evolution imply 4€hat different parts of a distributed sy
ed separately, from different vendors. It is therefore verframportant that the behaviours of the diffi
n are clearly defined, and that it is possible to assign responsibility for any failure to meet
ations.

mework defined to govern the assessment of cenformance addresses these issues. RM-ODP Part 2
of reference points: programmatic reference point, perceptual reference point, interworking referen
inge reference point. The reference points/in those classes are the candidate for conformance p

identification of the reference€ points within an architecture that provide candidate confor}
within a specification of'téstable components;

identification of the cenformance points within the set of viewpoint specifications at which
of conformance ¢an’be made;

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

Enterprise language

erprise language prov1des the modelhng concepts necessary to model an ODP system in the ¢

stem can be
brent parts of
the system’s

defines four
ce point, and
oints. Part 2

nance points

observations

the relation

bntext of the

busines

policies of an

ODP system and it prov1des the basis for checking conformance of system implementations. The purpose of the system
is defined by the specified behaviour of the system while policies capture further restrictions of the behaviour between
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,
in one way or another, by information objects in the system. To ensure that the interpretation of these items is consistent,
the infnrmqﬁnn ]qngnqu defines r\nnr\ppfc for the cpphiﬁhqﬁnn of-the mpqrﬁng ofinformation-store. Wlthln, and
manipullated by, an ODP system, independently of the way the information processing functions themselves are to be
implemented.

Informgtion held by the ODP system about entities in the real world, including the ODP systenritself, is modelled in an
informgtion specification in terms of information objects and their relationships and behaviour. Basiq information
elements are modelled by atomic information objects. More complex information is modelled as composit¢ information
objects|each modelling relationships over a set of constituent information objects.

The infprmation specification comprises a set of related schemata, namely, the invafiant, static and dynamic schemata:

—  an invariant schema models relationships between information.objects that must always b true, for all
valid behaviours of the system;

—  a static schema models assertions that must be true at a(Single point in time. A common|use of static
schemata is to specify the initial state of an informatiofi 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 interaction
mecharlisms that enable distribution to occur. The computational specification decomposes the |system into
computptional objects performing individual functions and interacting at interfaces. It thus provides fthe basis for
decisiops on how to distribute the jobs to~be done because objects can be located independently, assuming
commupications mechanisms can be defined.in the engineering specification to support the behaviour at the interfaces
to thosg¢ objects.

The heprt of the computational ldnguage is the computational object model, which constrains the cpmputational
specifidation by defining:

— the form of interface an object can have;
— the way thatinterfaces can be bound and the forms of interaction that can take place at thgm;

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

The computatienal object model provides the basis for ensuring consistency between different engjneering and
technolpgy/specifications (including programming languages and communication mechanisms) since fhey must be
consistéentwith the same putationa j i Sis allows i working and portability of
components 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 into which standardized transparency modules can be placed.
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puting systems with stand-alone operating system facilities plus communication facilities. In practice, th
able from current vendor technology, for example when it offers a CORBA or J2EE enyironment, aly
[ficant elements of the functionality to be covered by the engineering specification.

, the engineering specification is interpreted in this Recommendation | International Stahdard as defining ti
functions required to support distributed interaction between objects in an ODP system, making use of
tionality provided by the specific vendor technology defined by the technology specification.

Technology language

hnology specification describes the implementation of the ODP system in terms of a configuration
modelling the hardware and software components of the,implementation. It is constrained
lity of technology objects (hardware and software produets) that would satisfy this specificatior]
h to implementable standards,which are effectively templates for technology objects. Thus, th
int provides a link between the set of viewpoint specifications and the real implementation, b
s used to provide the necessary basic operations in the-other viewpoint specifications; the aim of th
ation is to provide the extra information needed-for implementation and testing by selecting stand
c components and communication mechanisms.

Overview of UML concepts

fied modelling language (UML).is a visual language for specifying, constructing and documenting
ms. It is a general-purpose modelling language that can be used with all major object and compot
t can be applied to all application domains (e.g., in health, finance, telecommunications, or ae

n all domains or applications. Therefore, the UML specification has a modular structure, with
nly those parts of thelanguage that are of direct interest, and is extensible, so it can be easily cust

L specification defines thirteen types of diagram, divided in two categories that represent, resy

dialectssof UML to customize the language for particular platforms and domains.

support for

'E — The functionality of the virtual machine assumed by the engineering language corresponds, fok &xample, to a set of
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he supporting

f technology
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6.3.1

Structural models

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

and their contents;

may be considered a special case of a class diagram or a communication diagram;

deployment diagrams, which represent the execution architecture of systems. They repr

class diagrams, which show a collection of declarative (static) model elements, such as classes, types,
object diagrams, which encompass objects and their relationships at a point in time. An object diagram

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

esent 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 interaction
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.

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 interaction goes
through during its life in response to events, together with its responses and actions;

6.3.3

Model
model 4

6.3.4

UML p
typical

in the (

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 sequence)of mess
exchanged, along with their corresponding event occurrences ofi the lifeling
communication diagram, a sequence diagram includes time sequenges;but does not i
relationships. A sequence diagram can exist in a generic form (that describes all possilj
and in an instance form (that describes one actual scenario). Sequence diagrams and co
diagrams express similar information, but show it in different ways;

communication diagrams, which focus on the interactiohs)between lifelines where thq
of the internal structure and how this correspond$ with the message passing is
sequencing of messages is given through a sequence’numbering scheme. Sequence (
communication diagrams express similar information, but show it in different ways;

interaction overview diagrams, which represént interactions through a variant of actiy
in a way that promotes overview of the control flow; in these diagrams each node caj
interaction diagram;

timing diagrams, which show the thange in state or condition of a lifeline (representif
instance or classifier role) over.linear time. The most common usage is to show the c}
of an object over time in respgonse to accepted events or stimuli.

Model management

management concerns the strictutring of a model, including any extensions used, in terms of the
blements that comprise it. There are three grouping elements:

models, which_ ate used to capture different views of a physical system;

packages, whic¢h are used within a model to group model elements;

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

Extension-mechanisms

ges that are
s. Unlike a
hclude object
le scenarios)
mmunication

architecture
central. The
liagrams and

ity diagrams
n itself be an

1g a classifier
lange in state

eroupings of

the needs of

rovidesta rich set of modelling concepts and notations that have been carefully designed to meet
softwate modelling projects. However, users may sometimes require additional features beyond

tIhose defined

M1 Qper‘iﬁrnﬁnn

UML can be extended in two ways. First, a new dialect of UML can be defined by using profiles to customize the
language for particular platforms (e.g., J2EE/EJB, .NET/COM+) and domains (e.g., 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 applied to a
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:

the entities, and the relationships amongst them, in the UOD being modelled;
the ODP specifications that model that UOD;

There gre three important kinds of relationship between these notions:

This Rgcommendation | International Standard-addresses the three simple relationships described above,
that arel highlighted above are invariably used’to refer to them.

While there are other derived relationships between elements in this chain (e.g., between UOD and UML
otherwise referred to in this Recommendation | International Standard. These relationships are

are not
Figure .

the UML models that express the ODP specifications;

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

first, in the same way that an ODP object models an entity (a concrete orabstract thing o
ODP specification models a UOD. The modeller uses the concepts and structuring rules
Part 2, together with those of the relevant ODP viewpoint languages (RM-ODP Part 3 and t
Language), to produce a specification that models relevant facts)and assertions about thd
exist in the UOD. The rules for this kind of relationship are.stated in Parts 2 and 3 of the K
in the Enterprise Language;

second, each model element (i.e., instance of an ODP viewpoint language concept)
specifications is expressed by one or more UML-élements (instance of a UML metaclass
as necessary through the relevant profile) in a UML model, which is thus an expression
specification. The rules for this kind of relationship are stated in this Recommendation |
Standard,;

third, the UML notation is used to represent, graphically or otherwise, the underlying UM
rules for this kind of relationship areSstated in the UML standard.

UML models

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

Modelling concepts and UML profiles for ODP viewpoint languages-and correspg

7 to 11 of this Recommendation | International Standard are devoted,, in_turn, to each of tl
ints (enterprise, information, computational, engineering, and technologyy.

t subclause of each of these clauses provides an overview of the ODP-modelling concepts for th:
P viewpoint modelling concepts are described using text as well asa simplified set of UML cl3

lity constraints) that may exist between these viewpoint concepts. These diagrams together with th
red as specifying MOF compliant metamodels for the subset/of the ODP viewpoint concepts defir

If the ODP reference model that are used in this Recomimendation | International Standard.

['E 1 — In the case of the Enterprise Language, the metamodel is standardized in Rec. ITU-T X.911 | ISO/1
bduced here; if there is any discrepancy, the EnterpriseZanguage version is definitive.

ond subclause of each of these clauses providesa specification of a UML profile for that ODP viey
DP viewpoint models can be expressed.usimg the notation defined for the UML profile for that vi

DP viewpoint model expressed using the UML profile for that ODP viewpoint satisfies the constra
of the corresponding ODP viewpoint metamodels defined in this Recommendation | International

'E 2 — It is an implementation issue whether the constraints defined in each ODP viewpoint metamodel are en
h construct ODP viewpoint models using that viewpoint's ODP profile.

12 deals with correspandences between viewpoints, and is structured in the same way as clauses 7

General principles for expressing and structuring ODP system specifications usin

huse defines\the structuring style for ODP system specifications, expressed using the UML profil
7 to 12, ef’this Recommendation | International Standard. ODP system specifications that are if
s Recommendation | International Standard will use this structuring style.

The OL

ndences

he five ODP

it viewpoint.
ss diagrams,

thow the major modelling concepts for the ODP viewpoint ds)classes, and binary associations (including

e text can be
ed in Parts 2

EC 15414 and

vpoint. UML
ewpoint.

nts specified
Standard.

forced by tools
to 11.

g UML

s defined in
)\ compliance

P.SyStem specification will consist of a single UML model stereotyped as «ODP_SystemSpecy, that contains a

set of models, one for each viewpoint specification, each stereotyped as «<X> Spec», where <X> 1s the viewpoint
concerned. Each viewpoint specification, which consists of a coherent set of instances of the concepts described in that
viewpoint language, uses the appropriate UML profile for that language, as described in Clauses 7 to 11 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
(expressed by the use of stereotypes);

Rec. ITU-T X.906 (10/2

metaclasses

014) 11


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

ISO/IEC 19793:2015 (E)

exactly one objective" in the enterprise language) is similarly expressed, preferably by meta.

the relationships (meta-associations) between the viewpoint language concepts (e.g., "a community has

-associations

between the corresponding UML metaclasses (e.g., "Class may be associated with Class") or, failing

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

The correspondences between viewpoint specifications are defined in Part 3 of the RM-ODP and in the Enterprise

Language. The text that follows in this clause is abstracted from these standards, which remain the
standards, and should be followed in case of conflicts between this Recommendation | International Stand
standarfls.

A set of specifications of an ODP system written in different viewpoint languages should-hot m3
contradjictory statements i.e., they should be mutually consistent. Thus, a complete specification of a sys
statemdnts of correspondences between terms and language constructs relating one viewpointspecificati
viewpojint specification, showing that the consistency requirement is met.

The key to consistency is the idea of correspondences between different viewpoint specifications, i.e., a s
some tgrms or structures in one specification correspond to other terms and specificdtions in a second
The unflerlying rationale in identifying correspondences between different viewpoint specifications of th
system is that there are some entities that are modelled in one viewpoint speeification, which are also|
another| viewpoint specification. The requirement for consistency between viewpoint specifications is drivi
that whiat is specified in one viewpoint specification about an entity needs'to be consistent with what is s|
same entity in any other viewpoint specification. This includes the cofisistency of that entity's properties,
behaviqur.

The sp¢cifications produced in different ODP viewpoints areeach complete statements in their respectiy

by declaring correspondences-between terms in two different viewpoint languages, stati
meanings relate. This implies that the two languages are defined in such a way that they hay
or at least a related, set of foundation concepts and structuring rules. Such corresponder
languages necessarily”imply and entail correspondences relating to all things of intere
languages are used to model (e.g., things modelled by objects or actions);

by considering the extension of terms in each language, and asserting that particular d
modelled i’ the two specifications are in fact the same entity. This relates the spec
identifying which observations need to be interpretable in both specifications.

The co
Langua
categorj

oe of-the RM-ODP, and in clauses 7 to 11 of this Recommendation | International Standard. They
et

authoritative
ard and those

ke mutually
tem includes
bn to another

tatement that
pecification.
e same ODP
modelled in
en by the fact
hid about the
structure and

¢ languages,
the form of
tlements of a
e the various
stablished in

hg how their
e a common,
ces between
5t which the

ntities being
ifications by

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

fall into two

SUILLIC VUIICDPUIIL}ClleD altc 1Uquilcd ill d‘ll ODP bpcuiﬁuaﬁuub, t}leC dltT bdllcd ICqM!’I cu’ corr
If the correspondence is not valid in all instances in which the concepts related occur, the
simply is not a valid ODP specification;

in other cases, there is a requirement that the specifier provides a list of items in two speci
correspond, but the content of this list is the result of a design choice; these are cal

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
constral

int applied to this link, and is used for checking consistency between viewpoint specifications.

7 Enterprise specification
7.1 Modeliing concepts
An entdrprise specification uses the RM-ODP enterprise language. The modelling concepts and thesstructyiring rules of
the ent¢rprise language are defined in [Part 3 — 5] and expanded upon in [E/L — 6 and 7]. They are summhrized in this
clause. |[n case of conflict between the explanations herein and the text in Part 3 or the Enterprise’ Language, the latter
documgnts should be followed.
The sef of diagrams at the end of this clause (i.c., at [7.1.8]) summarizes a metamodeb for the enterprise language,
defined in Rec. ITU-T X.911 | ISO/IEC 15414.
7.1.1 System concepts
An entdrprise specification describes an ODP system and relevant aspects ofits environment. An ODP System is a kind
of entefprise object. The enterprise objects that interact with a given enterprise object form part of the environment of
that enferprise object.
The ODP System has a scope, which defines the behaviour that the system is expected to exhibit. An enterprise
specifidation has a field of application which describes its usability properties.
These dystem concepts are illustrated in Figure 3.
7.1.2 Community concepts
The fupdamental 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 gpecified in a
contradt, which models the agreement amongst the entities to work together to meet the objective. Thus the contract:
—  states the objective for'which the community exists;
— governs the structure, the behaviour and the policies of the community;
—  constrains the-behaviour of the members of the community;
—  states the tules for the assignment of enterprise objects to roles.
Each epterprise object. models some entity (abstract or concrete thing of interest) in the UOD. A partifular kind of
enterpryse object(is'@’community object, which models, as a single object, an entity that is elsewhere in the thodel refined
as a community:
The configuration of a community is modelled in terms of the way enterprise objects interact in fulfilling|roles, which
identify-hehavionrsintendedto-meetthe obfectiveof thecommunityconeerned:

The community concepts are illustrated in Figure 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;

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

it is a resource with respect to that action.

Rec. ITU-T X.906 (10/2
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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.

The behaviour concepts are illustrated in Figures 4 and 5.
7.1.4 Deontic concepts
The sp¢cification of enterprise behaviour typically involves the expression of deontic constraints such ag obligations,
permisdions and prohibitions. These are incorporated into an object-based model by hntroducing enterprise objects
called deontic tokens. If an active enterprise object has an associated deontic tokefi, then the corresporlding deontic
constrajnt applies to the object's behaviour. However, deontic tokens are not themselves active enterprisg objects and
are not [directly involved in interactions by taking action roles. Each deontic token, is associated with exactly one active
enterpryse object. There are three types of deontic token:
— a burden represents an obligation on the objects with whieh 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 specifio.types of action which are called speech acts.|A speech act
may result in the creation of deontic tokens or the transfer of such tokens between objects playing particular action-
roles inthe speech act. The destruction of a foken at the-end of its lifecycle is also generally performed byla speech act,
although 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 placd and what its
congequences are. For example:
— it may be necessary for an objéctto 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 woulfl otherwise be
permitted by the object’s ¥ole;
—  aburden held by an ghject 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 permits) to the
object to which responsibility is delegated.
A deontic token may be in either an active or a pending state. When it is in an active state, the constrairt it carries is
applied| to control-the behaviour of the active enterprise object that holds it. However, when it is in the gending state,
this corjstraint.issmasked so that it does not affect the current behaviour.
The de¢ntic concepts are illustrated in Figures 4, 7 and 8.
7.1.5 Policy concepts

A policy is a constraint on a system specification foreseen at design time, but whose detail is 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 roles to

enterprise objects. Such a policy is called an assignment policy.

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 constraints in

the policy envelope.

The policy concepts are illustrated in Figure 6

7.1.6 Accountability concepts

Accourftability concepts concern the modelled behaviour of parties. A party is an enterprise object,modelling a natural
person pr any other entity considered to have some of the rights, powers and duties of a natural person, ahd which can
therefofe be considered accountable for its actions. A party may delegate authority to another enterprise object (which
may or [may not be a party), in which case it is referred to as the principal in that action ofdelegation, and the enterprise

object o whom authority is delegated is the agent of that party.

Only pgrties can take part in accountable actions. Such actions may take the following forms:

—  prescription: an action that establishes a rule;
with a rule or perform a contract;

declaration;

—  evaluation: an action that assesses the value*of’something;

The acgountability concepts are illustrated in Figure)7.

7.1.7 Structure of an enterprise specification

An entgrprise specification is structured‘ifi-terms of communities and community objects.

Each cgmmunity 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:

— (~ enterprise objects that fulfil the roles in the community;

</ policies constraining the behaviour;

—  delegation: an action that assigns authgrity; responsibility or a function to another object.

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

—  commitment: an action resulting in an obligation by one or'more of the participants in the 4ct to comply

—  declaration: an action that establishes a state of-affairs in the environment of the objecf making the

—  the behaviouyr of the community, modelled in terms of actions and constraints on the order in which they

—( )processes that model sequences of actions, carried out by one or more enterprise objdcts;

Some enterprise objects may be composite objects and are subclassified as community objects and refined as

communities.

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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Figure 3 — System concepts

'E — The concept of environment was introduced in Part 2 in order to allow description of.the properties of s
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Figure 7 — Deontic and accountability concepts
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Figure 8 — Deontic token lifecycle

UML profile

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

anmllnity

A comi
This is
commu
commu
by an i

unity is modelled in terms of its fype, which is expressed by a component stereotyped as «BEY
included in a package stereotyped as «EV_CommunityContract» that contains the spécifi
nity, i.e., its objective, its behaviour, and any enterprise objects and object types that“are sp
nity concerned (see [7.2.9]). Where a specific entity (e.g., organizational unit) is being/modelled if
stanceSpecification of a component stereotyped as «kEV_Community».

Any co
stereoty
stereoty
behavid

mponent expressing a community will have exactly one association, stereotyped as «kEV_Objective
ped as «EV_Objectiven, that expresses the objective of the community,and a set of realiz
ped as «<EV_CommunityBehaviour», to the UML classifier elements-expressing its roles and tl
ur (interactions, actions, steps and processes).

See alsp [7.2.8] and [7.2.9].

7.2.5 Enterprise object

An enf
«EV_(Q
NO]
whi
ther
clas

brprise object is generally specified in terms of it$\fype, which is expressed by a class st
bject.

'E — The UML concept of class is different to the ODP.Concept of class. A UML class is a "description" of 4
e an ODP class is the set of objects itself. Therefore;the UML concept of class is closer to the ODP conce
e is no UML concept corresponding to the ODPR ‘soncept of class. Therefore, no UML expression for the O
is provided.

Any cla
witha
objects|of that type fulfil the roles.

ss stereotyped as «kEV_Object» maythave any number of associations, each stereotyped as «EV_

Where |an enterprise object is- réquired to represent a specific entity in the UOD, it is expr
instancgSpecification of a class that is stereotyped as «kEV_Object».

7.2.6 Object types and templates as enterprise objects

There gre cases wherethere is the need to model the #type or template of an enterprise object at the instas
examplp is the case,of a generic factory, which is invoked by passing it a representation of a template (W]
template), andreésponds by instantiating the femplate and returning a reference to the created object. To in|
object i derived from a given template, we need to represent both the template object and the instantiated

ommunity».
ation of the
ecific to the
is expressed

Df)» to a class
ations, each
e associated

ereotyped as

set of objects,
bt of type, and
DP concept of

FulfilsRole,

number of classes stereotyped as «kEV_Role» in one or more community, modelling the fact that the enterprise

bssed by an

hce level. An
hich has #ype
Hicate that an
object in the

model. [Likewise for fypes, to indicate that an object conforms to a given type, we need to represent both t

he object and

its object fype in the model.

Both type objects and template objects are enterprise objects, and therefore are expressed by classes that express their
type or template. To distinguish them from other enterprise objects, such classes are stereotyped «kEV_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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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
«EV_CommunityObject», which is, in turn, a specialization of «kEV_Object». This class has a dependency, stereotyped
as «<EV_RefinesAsCommunity». to the component stereotyped as «<EV_Community» which expresses the #ype of the
commuity that refines it.

7.2.8 Objective

An obj¢ctive (of a community) is expressed by a class, stereotyped as «kEV_Objective». This-¢lass has a1} association,
stereotyped as «kEV_ObjectiveOf» with the component, stereotyped as «<EV_Community» that describes the community
being specified.

NOTE — When an objective is refined into subobjectives, the subobjective is alsq expressed by a clags stereotyped
«EV_Objective» and the relationship between objective and subobjectives will be a camposition.

7.2.9 Contract

A contfact for a community specifies the objective of that communitys;and how that objective can be|met (i.c., its
behaviqur and policies). 1t is the specification of that community 4s 1t appears in the enterprise specification. The
expression of contract is by a package stereotyped as «kEV_CommunityContract.

In the name space of the package will be the UML elements expressing the community itself, its objective] its roles and
the assdciated behaviour (actions, interactions, steps and preeesses), and the policy and accountability cong¢epts specific
to the jommunity. Relationships between all these UML €lements may also be included in this package'§ namespace.
The patkage may also contain some or all of the elements expressing the enterprise objects that fulfil its foles. (Those
elemenfs expressing enterprise objects that fulfilyeles in other communities may be contained in any one of the
packagps expressing those communities.)

7.2.10 | Behaviour

7.2.10.1 General

NOTE - In this clause phrases. such as "interactions between roles” and "steps performed by roles” shoyld be read as
"intgractions between enterprise.objects fulfilling roles” and "steps performed by enterprise objects fulfilling roleq" respectively.

A behapiour is a set of actions'with constraints on when they may occur. It is not expressed by any single UML element.
It is expressed by a setyof-elements expressing the behaviour as a set of processes of a community in which the steps
are behfaviours of reles:in the community. Where required, the behaviour of a role can be further detailed|in terms of a
set of elements expressing the behaviour in terms of internal actions of the role and interactions between the role and
other rqles in the.community. Where behaviour needs to be expressed in a more generic way than given below, a state
maching steteotyped as «EV_Behaviour» is used.

Annex .3).

7.2.10.2 Behaviour as processes and 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://iecnorm.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.

«EV_ Artefact.

the artefacts that are referenced in the steps are expressed by objectNodes, stereotyped as

In geneyal, the complete behaviour for a role is modelled by the actions for that role in a number of procd

7.2.10.3 Behaviour as interactions between roles

The defailed behaviour of individual roles may be expressed by the following combination of\UML elem

one or more classes each having one or more associations with the class stereotyped as «E
expresses the role being specified. Each of these classes is stereotyped as «EV_Inter
relationship is expressed with an association, stereotyped , as
«EV_InteractionResponder» as appropriate;

each class stereotyped as «EV_Interaction» will have associjations with classes that are s
«EV_Role», where there is an interaction between these, roles. An «EV_Interactiony is
signals, each also stereotyped as «EV_Interaction». Enferprise objects that are refer
interactions are represented by the values of the properties of the signals;

each class stereotyped as «EV_Interaction» shall thave an operation +occur():void tha
behaviour that takes place when the interactioh, occurs. It can also be used to specify p
conditions on the interaction, which can be réprésented as OCL constraints on the occur() of
operation links the static, template-like, viéw of interactions with the occurrences of the 1
the community behaviour;

one or more stateMachines for whieh'the context is the class stereotyped as «EV_Roley, t}
constraints on the receiving and.sending of information by an enterprise object fulfilling]
any associated internal actiens)of the enterprise object. Each of these stateMachines show]
and receiving of the signals, each stereotyped as «kEV_Artefact», associated with the interq
role, and thus shows_the-logical ordering of these interactions, and defines the internal g
role in terms of the behaviors associated with the states.

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

The intprnal actions identified in (the states of) the stateMachines for the «<EV_Role» correspond to the
activitylPartition expressing the role in the corresponding activityDiagrams, and the properties of the signa
to the dbjectNodes n the corresponding activityDiagrams.

7.2.10.4 Interface role

An inteyface role is expressed by a class stereotyped as an «EV_InterfaceRole», which inherits from «EV

«EV _Interaction]nitiator»

sses.

ents:

V_Role» that
actiony». The
or
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composed of
bnced in the

defines the
re- and post-
eration. This
nteraction in

nat define the
the role and
5 the sending
ctions of the
ctions of the

actions in an
s correspond

[ Rolex». The

the hehaviour identified by the inferface role that takes place with the parficipation of one or

part of

hore external

objects (objects that do not form part of the decomposition of the community object that is refined by that community)
is modelled by an interaction with a role that identifies the required behaviour of the external objects. This behaviour
is expressed by a class stereotyped as «kEV_Interaction» that has associations with 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;

—  inan examination of the process model, the presence of an «kEV_Step» in an «kEV_Role» activityPartition
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 cohcept artefact is also a relationship between an enterprise object and an action. In an interactipn model, an
artefact referenced in an action is expressed by a signal stereotyped as «EV_ Artefacty», which has'two as$ociations:

— one association, stereotyped as «EV_ArtefactRole», will be with the «EV [Object» class ekpressing the
enterprise object that is an artefact with respect to the action;

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

In a prqcess model, it is possible to express each instance of artefact with a single UML element, namely gn objectFlow
stereotyped as «kEV_Artefacty.

7.2.11.3 Resource (with respect to an action)

No spegific UML metaclass is extended to express this concept:df required, the fact that some behaviout requires the
existenge of an enterprise object as a resource may be stated dn'a 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 stereotyped as
«EV_Burden».

The prgsence of an obligation is implied by the representation of a burden. If a less specific expression is|required, the
fact that some behaviour places or(fulfils an obligation may be stated in a constraint stereotyped as «EV| Obligation»
on that pehaviour.

NOTE — The specifier seleetsian appropriate level of detail for the specification. Obligations are either reified|as burdens or
reprgsented as constraints, but the style chosen in a particular specification should be consistent.

7.2.12.2 Permit

A pernit is exptessed in UML either as a class stereotyped as «EV_Permit» or as an ObjectNode stereotyped as
«EV_Pprmit».

The pr¢sence of a permission is implied by the representation of a permit. If a less specific expression is|required, the
fact thatSOTE befiavionr TSqUITES OF CITates a permission May be stated I a Constraimt Stereotyped as «E vV Permissiony
on that 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 stereotyped as

1. ) 1 R . 1 n 1 1 1.
«EV_P PDIIC Y LITVCIOPCUINUIT? TAPITSS1ITE UIC TAallgl DCTTHIUCU TOT UIC POULICY.

Each p¢licy value is expressed by a class stereotyped as «kEV_PolicyValue» which has the role "current value" in an
associgtion with the «kEV_PolicyDeclaration» class that expresses the policy. In this way, the policy’allows the policy
envelogle to restrict the current policy value.

zEV_Processs
Set Policy A by Process —.____
<EV._PolicySettingBehaviours e’gﬂ
S

|
]

iEV_PoIi::yEmrelopeRule -!

«EV_PolicyDeclarations

—E{parmiﬂed=from list of
vl
- Policy A |values}
&= D
mm)c'/_PolicySettingBehaviours
=BV _Interaction=
Set Policy A by Interaction .
«EV_Roles
1
-
-
-~
<EV_AffectedBehaviours
Fa
Burrent - ==EV_Processs
i ~ T
T, : - — -
. b A - — =BV _AffectedBehaviours
EV_Policy/alueRule H_ —  —=EY_PolicyYalues
{priority == high} curremnt T e
' - {priorty == high} S =

Gp | 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 [policy value,
this is fnodeled by roles identifying behaviour that may be detailed as processes or interactions, with pssociations,
stereotil;)ed as’ «<EV_PolicySettingBehaviour», between the classes expressing the policy envelope and the classes
expressingthe behaviour.

The relationships between a policy and the behaviours that it constrains are expressed by one or more dependencies,
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 party participates.
NOTE — Where this construct is used for a process th1s only 1nd1cates that the role i is accountable for those steps that it performs,
and pro TpT cdby c c a TST M yen, as it is not
posgible 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 «EV\ “Authorizjtion», which
is a spefialization of «kEV_Behavioury.

7.2.14.4 Delegation

A Deldgation is expressed in UML by an association, stereotyped as «EV\ 'Delegation», between [two classes
stereotyped as «EV_Object» with association ends showing the party which-is.the principal and the entdrprise object
which i the agent to whom the delegation is made.

7.2.14.5 Principal

A pringipal is an enterprise object modelling an entity responsible’ for the acts of its agent in consequ¢nce of some
delegatjon. 1t is expressed in UML by an instanceSpecification of a class stereotyped as «EV_Principalp, which is a
specialfzation of «kEV_Object».

7.2.14.6 Agent

An agept is an enterprise object modelling an entity performing acts on behalf of a principal in consequgnce of some
delegatjon. It is expressed in UML by an instahceSpecification of a class stereotyped as «kEV_Agentp, which is a
specialization of «kEV_Object».

7.2.14.7 Prescription

A presdription is expressed in UMLby an instanceSpecification of a class stereotyped as «kEV_Prescriptipny», which is
a speciglization of «<EV_Behayiour».

7.2.14.83 Commitment

A commitment is expressed in UML by an instanceSpecification of a class stereotyped as «kEV_Commitinent», which
is a spegializationef.«EV_Behaviour».

7.2.14.9 Declaration

A declgration is expressed in UML by an instanceSpecification of a class stereotyped as «<EV Declaratign», which is
a specialization 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 14 — Constraints
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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.
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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

7.4.1

Viewpoint correspondences for the enterprise language

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.

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 elements of its

informgtion specification. However, the information viewpoint shall conform to the policies of the enterpr
and, lilkewise, all enterprise policies shall be consistent with the static, dynamic, and invarianthsch
informgtion specification.

Where

7.4.3

Not all|the elements of the enterprise specification of a system need to correspond to elements of its ¢
specifidation. In particular, not all states, behaviours and policies of an enterprise specification need to ¢
states apd behaviours of a computational specification. There may exist transitional computational states
of computational behaviourwhich are abstracted as atomic transitions in the enterprise specification.

Where

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

Enterprise and computational viewpoint specification correspondences

there is a correspondence between enterprise and computational elements, the specifier shall prov

for each enterprise object in the enterprise specification, a list of those information object:
model information or information processing concerning the entity medelled by that enter

for each role in each community in the enterprise specification,-a\list of those information
(if any) that specify information or information processing of-an-enterprise object fulfillin,

for each policy in the enterprise specification, a list of the invariant, static and dynamic
information objects (if any) that correspond to the enterprise objects to which that poliqg
information object is included if it corresponds to theenterprise community that is subject t

for each action in the enterprise specification, the information objects (if any) subject
schema constraining that action;

for each relationship between enterprise objects, the invariant schema (if any) which cons
in that relationship;

for each relationship between enterprise roles, the invariant schema (if any) which const
fulfilling roles in that relationship:

for eachr enterprise object in the enterprise specification, that configuration of computation
anly))that realizes the required behaviour;

se viewpoint
emata of the

se object and

(if any) that
brise object;

object types
b that role;

schemata of
applies; an
o that policy;

0 a dynamic

rains objects

rains objects

bmputational
orrespond to
within pieces

de:
al objects (if

for each interaction in the enterprise specification, a list of those computational ingerfaces and

operations or streams (if any) that correspond to the enterprise inferaction, together with a

statement of

7.4.4

whetherthis-correspopdence-appliesto-all-occurrences-ofbtheinteraction—arisaunalified-ba
wHetHStHS-coreSponaeRceapPpIesStoaoceHreRceS O tReHHEFAEHoR o S-qHateas

a predicate;

for each role affected by a policy in the enterprise specification, a list of the computational object 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 b
types (if any) that are constrained by the enterprise interaction;

inding object

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.

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

In accordance with [Part 2 — 15.5] and [Part 3 — 5.3], an implementer provides, as part of the claim of conformance, the
chain of interpretations that permits observation at conformance points to be interpreted in terms of enterprise concepts.
While there may be spect OTTCSPOTITT i T CITCTPTIST 7 T techT fewpoi ffications that
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the use of particular technologies, there are neither required correspondences nor required, €or
nts.

'E — Although there are no required viewpoint correspondences between enterprise and technologyspecificati

hology. Such examples include enterprise policies covering performance (e.g., response time)reliability, an

Information specification
Modelling concepts

pformation language are defined in [Part 3 — 6]. They are‘summarized in this clause. Except whg
n case of conflict between the explanations herein and thedext in Part 3, the latter document should|

of diagrams at the end of this clause (i.e., at [8.1.10{)-Summarizes a metamodel for the informatio

brmation viewpoint is concerned with informdtion modelling. It focuses on the semantics of inft
tion processing in the ODP system. The indiyidual components of a distributed system must sha
hnding of the information they communicate when they interact, or the system will not behave
tems of information are handled, in one-way or another, by one or more objects in the system. T|
rpretation of these items is consistent] the information language defines concepts for the specifi
o of information stored within, ahd-manipulated by, an ODP system, independently of the way thg
ing functions themselves are-to;be implemented.

DP reference model, the information language uses a basic set of concepts and structuring rules, in
irt 2 of RM-ODP, andithree concepts specific to the information viewpoint: invariant schema, s
amic schema.

Information-object

ition held by the ODP system about entities in the real world, including the ODP system itself, is
'matipiispecification in terms of information objects, and their relationships and behaviour.

respondence

bns, there may
r a choice of
| security.

rmation specification uses the RM-ODP information languagg, The modelling concepts and the strycturing rules

re otherwise
be followed.

n language.

rmation and
e a common
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cation of the
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hforpration elements are modelled by atomic information objects. More complex information is

, as any other ODP object, exhibit behaviour, state, identity, and encapsulation.

Information

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

8.1.2

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.

30
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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.
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Invariant schema

riant schema is a set of predicates on one or more information objects which must always be true. T|
n the possible states and state changes of the objects to which they apply.

riant schema can also describe the specification of the #ypes of one or more information-objects, th
fied by whatever behaviour the objects might exhibit.

Static schema

schema is a specification of the state of one or more information objectsy at some point in time,
nts of any invariant schemata.

Dynamic schema

mic schema is a specification of the allowable state changés of one or more information objects,
nts of any invariant schemata. A dynamic schema specifies how the information can evolve a
5. In addition to describing state changes, dynamic scheémata can also create and delete informatio
pclassifications of instances from one #ype to anothert Furthermore, in the information language, a
hg a set of objects can be regarded as an inferaction between those objects. Not all the objects in
ion need to change state; some of the objects\may be involved in a read-only manner.

Structure of an information specifi¢ation

rmation specification defines the s€émantics of information and the semantics of information pro
stem in terms of a configuration of information objects, the behaviour of these objects, and
ts for the objects in the systemxMore precisely, an information specification is structured in terms

a configuration of information objects, described by a set of static schemata,

the behaviour-efthose information objects, described by a set of dynamic schemata; and

the constraints that apply to either of the above (invariant schemata).

ferent schemiata may apply to the whole system, or they may apply to particular domains within it
and rapidly)evolving systems, the reconciliation and federation of separate information domains ¥
or tagk§ 10 be undertaken in order to manage information.

he predicates

t will always

ubject to the

ubject to the
s the system
objects, and
state change
volved in the

Cessing in an
environment
of:

Particularly
ill be one of

re also some considerations that need to be taken into account when specifying the information vig

wpoint of an

ODP syster:

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;

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 clguse specifies how the ODP information concepts described in the previous clause are expressed ih UML in an
information specification. A brief explanation of the UML concepts used in the expression of each congept is given,

togethe
NO]
exar
beer

8.2.1

An inf
«IV_Ol

Where
instanc

I with a justification of the expréssion used.

[E — In this clause UML expressions are only defined for those concepts for which use has been demonstrajed through an
hple, included in the maingbody of this Recommendation | International Standard or in its annexes. Where np example has
identified, the concept.Concerned is mentioned, but no UML expression is offered.
Information object

rmation object is generally specified in terms of its #ype, which is expressed by a class stereotyped as
hjecty.

an, information object is required to represent a specific entity in the UOD, it is exprgssed by an
bSpecification 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 femplate 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 type objects and template objects are information objects, and therefore are expressed by classes that express their
type or template. To distinguish them from other information objects, such classes are stereotyped «IV_TypeObject»
or «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)
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Information action and action types

praction is expressed by a signal sent or received by the stateMachines of the information objects c
ype is expressed by a signal stereotyped as «IV_Action».

information viewpoint, actions are mainly used for describing events that cause state chal
lenting communications between objects, i.e., flows of information.

formation specification, an internal action is expressed by an internaltransition of a state of the
nformation object concerned.

Relationships between information objects and between information object types

onship between information object types, when modelled)as’part of the state of the objects of thqg

ress the relationships between the information objécts!

ssociations between information objects are modelled in ODP as invariant schemata, the UML
in clause 8.2.5 apply.

Invariant schema
it schemata may impose different Kinds of constraints in an information specification.

variant schemata can provide-the’specification of the #ypes of one or more information objects, tha
fied by whatever behaviourthe objects might exhibit. This kind of invariant schema may be e}
ackage stereotyped as «tV_InvariantSchemay, which specifies a set of object types (in terms of the
ress such object types)ytheir possible relationships (expressed by associations), and constraints of
n their relationships;“and possibly on their behaviours (expressed by the specification of the c
chines). The association multiplicities and the constraints on the different modelling elements will
p states and State changes of the elements to which they apply.

'E 1 — OCL s the recommended notation for expressing the constraints on the modelling elements that fq
. expreSsion of an invariant schema. However, other notations can be used when OCL does not provide eno
er, oris/not appropriate due to the kind of expected user of the specification. For example, a temporal logic

ncerned. An

nges, or for

stateMachine

se fypes, can

essed by an association between the classes expressing, those #ypes. Instances of these associations (i.e., links)

expressions

t will always
kpressed in a
bet of classes

those object
brresponding
constrain the

rm part of the
igh expressive
formula or an

Eng

ish'teéxt can be used for expressing a constraint that imposes some kind of fairness requirement on the be

haviour of the

system (€.g., "Objects of class X will produce requests to objects of class Y, no later than a given time 1 atter condition A on

obje

cts 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.

Rec. ITU-T X.906 (10/2

014 33


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

ISO/IEC 19793:2015 (E)

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.

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).

8.2.7 Dynamic schema

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

and received on transitions of the stateMachines.

pts relate to,

the notation

8.2.8 Summary of the UML extensions for the information language
The information language profile (IV_Profile) specifies how the information viewpoint modelling\concd
and 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
providdd by UML.
==profile==
IV _Profile
==gterentype==
_|M_TemplateOQbject
==metaclass== ==stereutyfpe>=:§) K
Class * _Ohject
N {{sterenh,rpe”;f.-
N_TypeOhject
2=2metaclass== *SSIBIBOYPE> >
signal “« N_Action
==metaclass== <<stere_0type>= m
StateMachine N_DynamicSchema
<emeaciase ==sterentype== ¥
metactays IV_StaticSchema
Package -
— +locationinTime © date
—
==gtereotype=> 3
ssmetaclass== 4 N _InvariantSchema
Constraint
==metaclass== ==gtereotype==
Modal ol Information—Spac
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_StaticSchema» packages with object diagrams will express the state of the system,
or parts of it, at specific locations in time that may be of interest to any of the system stakeholders. The
classifiers of the 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;
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Fally, a set of «I'V_InvariantSchemay constraints will impose turther constraints on the e
the previous packages. Such constraints can be either directly attached to the correspendi
establishing an implicit context by attachment, or they can form part of a separate piece of
in which the context of each constraint is explicitly established by naming.

Viewpoint correspondences for the information language

Contents of this clause

huse describes the correspondence concepts for the information language, but not how they are

The latter is covered in clause 12.

Enterprise and information viewpoint specification correspondences

ral, not all the elements of the enterprise specification.@f)a system need to correspond to elg
tion specification. However, the information viewpoint shall conform to the policies of the enterpr
ewise, all enterprise policies shall be consistent with the'static, dynamic, invariant schemata of thg
ation.

there is a correspondence between informationand enterprise elements (e.g., between an enterpri
rmation 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 c

for each enterprise role, action and process in the enterprise viewpoint, the corresponding
invariant schema defiitions in the information viewpoint that specify that behaviour;

for each enterprise policy in the enterprise viewpoint, the constraints in the corresponding
implement it,.§ince enterprise policies may become constraints in any of the schemata.

'E — In the case of afiotiohal incremental development process of the ODP viewpoint specifications, whereby t
ifications are developed taking into account the previously defined enterprise specifications, information d
bvered through,examination of an enterprise specification. For example, each artefact referenced in any actiol
P System parti€ipates will correspond in some way with one or more information objects.

Information and computational viewpoint specification correspondences

Not all

configuration of information @bjects (if any) that model them in the information viewpointj,

ements of all
ng elements,
specification

expressed in

ments of its
se viewpoint
t information

e object and

brresponding

4

dynamic and

chemata that

he information
bjects may be
s in which an

the €lements of the information specification of a system need to correspond to elements of its ¢

bmputational

specification. In particular, not all states of an information specification need to correspond to states of a computational
specification. There may exist transitional computational states within pieces of computational behaviour that are
abstracted as atomic transitions in the information specification.

Where an information object corresponds to a set of computational objects, 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
environment 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.
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utational specification uses the RM-ODP computational language. The modelling concepts and’tH
the computational language are defined in [Part 3 — 7]. Some of the concepts in Part 2 of RM-
hen defining the computational language concepts. The concepts and structuring rules arelsumm
Except where otherwise stated, in case of conflict between the explanations herein and, the text in
r document should be followed.

of diagrams at the end of this clause (i.e., at [9.1.22]) summarizes a metamodel for the computatio

'E — Another partial metamodel for the computational language can be found in Rec, TTU-T X.960|ISO/IE
bsitory Function, which is concerned with the storage and management of computational type systems. Thaf
pfore a partial view concentrating on the computational type system, rather than.on system design in general. |

a) cardinality constraints on types are not, in general, the samig*as the cardinality constraints on
interface must be associated with an object, but an interfaee type can be defined independently of
b) the different focus there leads to different choices of primary relations, so that some relations thaf

that metamodel are derived in this representationy, and vice versa.
bre is any ambiguity, statements in this Recommendationt[\nternational Standard take precedence.

Computational object

bet is a model of an entity. An object is ¢haracterized by its behaviour and, dually, by its state.
from any other object. An object is encapsulated, i.e., any change in its state can only occur as
[ action or as a result of an interactiomwith its environment.

s with other computational gbjects. Since it is an object, it has state and behaviour, and interaction
interfaces.

Interface [Part 2—=8.4]

rface is an abstraction of the behaviour of an object that consists of a subset of the interactions
I with a set of ¢onstraints on when they can occur.

Interaction [Part 2 — 8.3]

e structuring
DDP are also
irized in this
Parts 2 or 3,

hal language.

 14769: Type
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Instances — an
hn object type;
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h result of an

utational object is an object as Sgen in the computational viewpoint. It models functional decomposition and

are achieved

bf that object

raction’ is one of two defined kinds of actions. Action itself is defined as something that happe

action

funferest for modelling purposes is associated with at least one object. The set of actions asso

J

clated with an

s, and every

object is partitioned into internal actions and 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.

9.14

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 co

36

nstraints include:

temporal constraints (e.g., deadlines);

b

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]

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

The Sp eeTfIeation lauguagc T usedetermmmes—theconstraimts—that Ty bemodetted—Comstraimts Ty include, for
examplp, sequentiality, nondeterminism, concurrency or real-time constraints.

Behavipur may include internal actions.

The acfions that actually take place are restricted by the environment in which the object is plaged.

9.1.6 Signal [Part 3 — 7.1.1]

A signdl 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]

An opdration is an interaction between a client object and a server object which is either an interrdgation or an
annourcement.

9.1.2 Announcement [Part 3 —7.1.3]

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

9.1.9 Interrogation [Part 3 —7.1.4]

An inteyrogation 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.a server object, requesting a function to be performed by the servir object;

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

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

9.1.10 | Flow [Part 3 {7.1.5]

A flow[is an abstragtion' of a sequence of interactions, resulting in conveyance of information from a prgducer object
to a cofjsumer object.

NOTE — A_flow may be used to abstract over, for example, the exact structure of a sequence of interactions, or ovdr a continuous
inte1action including the special case of an analogue information flow.

9.1.11 —Sigmatimterface {Part3—7.1-6}

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

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]

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

Each agnouncement signature is an action template containing the name of the invocationand the numbdr, names and
types of its parameters.

Each ifterrogation signature comprises an action template with the following elements:

9.1.18
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the name of the invocation;
the number, names and types of its parameters;
a finite, non-empty set of action templates, one for each possible termination type of the inv

containing both the name of the fermination and the-tdmber, names and types of its param

Stream interface signature [Part 3 —7.1.13]

n interface signature is an interface signature for a‘stream interface. A stream interface compris
n templates, one for each flow type in the streqminterface. Each action template for a flow conta
ow, the information #ype of the flow, and an indication of causality for the flow (i.e., producer or

Binding object [Part 3 — 7.1.14]

ng object is a computational obje¢t that supports a binding between a set of other computational d

Binding [Part 2 — 13.4, Part 3 — 7. 2.3]

ng behaviour is an establishing behaviour between two or more interfaces (and hence between thg
. The contractual caontext, resulting from a given establishing behaviour, is called a binding.

B, binding is defined with reference to binding actions. Use of such actions is called explicit bindi
ds of bindingactions: primitive binding actions and compound binding actions. A primitive binding
hputational objects directly. A compound binding action can be expressed in terms of primitive bi
two or«aiore computational objects via a binding object.

bcation, each
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iohis which have no terms for expressing binding actions, binding is implicit. Implicit binding {

. . ence-model
W#LF@%@GS—&S&%GF@@M@—F@@ Heeoaet-

Transparency schema [Part 3 — 16]

A transparency schema identifies those transparencies required by a computational specification. These transparencies
are constraints for a mapping from the computational specification 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.

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


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

9.1.22

ISO/IEC 19793:2015 (E)

Structure of a computational specification

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
actions, effect control functions upon binding objects, delete computational interfaces or delete computational objects.

The coputational language defines a set of rules that constrain a computational specification. These conpprise:

9.1.23
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—  interaction rules, binding rules and type rules that provide distribution transparent interwo
—  template rules that apply to all computational objects and computational interfaces;

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

Summary of the concepts of the computational metamodel

| 9 illustrates the concepts of the computational language and the relationships between them. The
oncepts have been given above. The descriptions of the relationshipS‘between the concepts are in|
ion of the concepts.

'E — Some of the relationships between computational language concepts are not shown in Figure 19, e.g., t
een interface and signature, since they are related through their supertypes.
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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 interfaces associated with an operation interface signature are operation interfaces [9.2.9], and all its
constituent interaction signatures are announcement, interrogation, invocation or termination signatures:

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(ocllsTypeOf(StreamInterface)

context StreamlInterface inv StreamInterfaceSignature:
self.specifier->forAll(oclIsTypeOf(StreaminterfaceSignature))

9.2 UML profile

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

NOTE 1|— In this clause UML expressions areouly defined for those concepts for which use has been demonstratefl through an
example] included in the main body of this Re¢ommendation | International Standard or in its annexes. Where no exanjple has been
identifiefl, the concept concerned is mentioded, but no UML expression is offered.

NOTE 2 — The concepts and rules of the) computational language concern the decomposition of the system's funcfionality into
computational objects performing individual functions and interacting at interfaces and thus provide the basis for decigions on how
to distrifjute the tasks to be done.This level of abstraction deals with aspects related to the software architecture of thq system, and
thereforg the appropriate UML_mechanisms for modelling software architectures are used in this text (components, ports, and
interfacep).

NOTE 3|- The computational viewpoint assumes that the specifier selects a certain level of refinement below which the use of the
concept jof computativnal object ceases to be essential; these lower level specification concerns, such as the realifation of the
behavioyr of conmiputational objects, are outside the scope of the profile described here, and are addressed by other ppecification
techniques and languages, including the direct use of UML concepts and rules. Thus, this profile covers the spegification of
computdfiofial objects at the level of UML components that interact through their ports, but leaves open to the specifigr the way in
which thee intérnal 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 type or template To d1st1ngulsh them from other computational ob]ects such components are stereotyped
«CV_Type 2

The relatiopship between a computational 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 specifies the computational object.

For example, in some specifications, such as in the ODP Trading Function specification, there is'the need to|specify the
type of a sefvice, so the trader can locate objects implementing such a service. The diagram shewn in Figure 2() represents
the specifiqation of a computational object, PrintService, and of its type, PrintServiceType, e€xpressed so that type can
be manipulpted by computational operations.

==Y _TypeChject== E]

MY THRE printServiceType

==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 binding |object is a kind of computational objecty and is expressed by an instanceSpecification of a ¢omponent,
stereotyped as «CV_BindingObjecty, that represerits its fype or template.

The follow|ng two restrictions apply to binding objects, and therefore to components stereotyped «CV_BindingObject»:
- Any binding object is associated with at least two different objects;
- Any binding object binds two or more objects through the same #ype of interface (signal, annpuncement,
interrogation, or flow).
9.2.4 Hnvironment contract

An envirdnment contpact of a computational object is expressed by a set of constraints (ptereotyped
«CV_EnvifonmentContract») applied to the component that expresses the computational object.

9.2.5 Siignal

A Signal i PYprPQQPd by a message QfPrPﬂTVpP{‘] as «CV Qigrm]» sent bv an initiating nhjam‘ and redeived 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.

9.2.10 Computational interface signature

A computqtional interface signature is expressed by an interface, stereotyped «CV_SignallnterfacefSignature»,
«CV_OperationInterfaceSignature» or «CV_StreamlInterfaceSignature» depending on the type of interfice signature
(signal, op¢ration or stream).

9.2.11 d(omputational signature

A computdtional signature can be expressed by a reception, an operation, or an interfa¢e,~depending on|the sort of
signature. IReceptions are used to express signatures of computational interactions which are expressed by individual
signals (signals, announcements, invocations and terminations). Operations can.b¢ used to express inferrogation
signatures [that are composed of an invocation signature and a termination signature. Finally, interfaces qre used for
expressing fflow signatures [9.2.18].

9.2.12  Signal signature

A signal sjgnature is expressed by a reception, stereotyped as «C€V) SignalSignature». This stereotypefl reception
expresses an action template which includes the name for the signalythe number, names and types of its parameters, and
indication ¢f whether it is initiating or responding.

9.2.13  Announcement signature

An announfement signature is a signature for an announcement. An announcement signature is expressed by h reception,
stereotyped as «CV_AnnouncementSignature». ThisiStereotyped interface expresses an action template which includes
the name f¢r the invocation, the number, names and'types of its parameters, and an indication of whether it i§ a client or
a server.

9.2.14 Invocation signature

An invocatfon signature is a signature, for an invocation in an interrogation. An invocation signature is expyressed by a
reception, $tereotyped as «CV _InvocationSignature». This stereotyped reception expresses an action template which
includes th¢ name for the invecation, the number, names and types of its parameters, and an indication of whether it is a
client or a derver.

9.2.15 Terminationsignature

A terminatjon signature is a signature for a termination for interrogation. A termination signature is expfessed by a
reception, §tereotyped as «CV_TerminationSignature». This stereotyped reception expresses an action template which
includes thg narhe for the termination, the number, names and types of its parameters, and indication of whther it is a
client or a server.

The Stereotype «CV_TerminationSignature» has a tag definition, 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:

«CV_OperationinterfaceSignature» O «CV_OperationinterfaceSignature» O
an_}inn.ﬂ Qm.n
+op() +op1()
+0p2() +0p2()
+op3()

Figure 21 — Two operation interface signatures

Then, the diagram shown in Figure 22 represents an explicit primitive binding betwetn the corresponding igterfaces of
computatiopal objects ClientA and Server:

=20 _Object== @ ==Y _Ohject== @
Clienta, Server
{]_ _ o ==CY PrimitiveBinding ==~ 0 {}
G [EErviced, = Servige
==C%_Operationinterface== ==C%_Cperationinterface=»
causality=client causalty=server

Figure 22 — An explicit priniitive binding between two interfaces

As another|example, assuming the specification of\operation interface signatures ServiceA and Service ag above, the
diagram shown in Figure 23 represents an<‘explicit primitive binding between the corresponding inferfaces of
computatiopal objects ClientA and Server, bt showing explicitly the interface signatures of both interfaces (stereotypes
and tag valfies of the ports representing such-interfaces have been omitted for clarity).

=20y _Object== @ =20 _Ohject== Eg
ClientA ==CW_PrimitiveBinding== - Server
__________ > 11
g Berviced Service s :Service
o Serfices,

Fig res

The follow

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

— If they connect ports, then: (a) these ports are stereotyped «CV_Signallnterface»,
«CV_Operationlnterface» or «CV_StreamlInterface», (b) their stereotypes coincide, and (c) the interface
expressed by the client port is compatible with the interface expressed by the server port, according to the
primitive binding rules defined in [Part 3 — 7.2.3];

—  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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Figure 24 — An implicit primitive binding between two interfaces

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

objects.

9.2.18 Flow

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

The name

f the property expresses the name of the flow. The type of the property expresses the flow signdtu

e, which is

expressed by an interface, stereotyped as «CV_FlowSignature». The causality of the flow (consumer 0t producer) is

expressed |
Enumeratig

For examp

of two kinds of computational objects (Presenter and Partic

The Presdnter object provides one operation interface for control (expressed” by the port ctrl,
hitionInterface», whose signature is expressed by the interface IControDsand one stream interface
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by the port
Stream intg
consuming
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audio).
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interface.
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n type whose literals are producer and consumer).

e, the diagram shown in Figure 25 represents the software architecture of a teleconference system|
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(expressed
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IControl

==C%_FlowSignatures== O

==Y _Flow Signature== O

Audio Video

+ztart()

+stop()

==C%_SireaminterfaceSignsture==
AVConference

O
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O

=20y _Flowes==+v ; Video{causality = producer}
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==CY_Ohject=»
Presenter

==C% _Ohject==
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[]

- A Partininant Stream

ctrl : IContral

e
—
—~—

c: ICortral

P

—
o

9.2.19

~——

<<CV_Operationlntél"ffaceSignature::
IControl

Figure 25 — An example of the specification of flows

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.

aprofiles ‘
CV_Profile
T . X
«stereot}-'pe» .,:' Metaclasss zsterectypes
CV_Object — CV_Transparency
{self baseComponent isindirectlyinstantiated = true} {required} Componert +accessTransparency - Boolean = i
§] T +locationTransparency : Boolean=tu

+failureTransparency : Boolean
+replicationTransparency : Baolean
+migrationTransparency | Boolean
+persistenceTransparenty. . \Bdolean
+relocationTransparericy | Boolean
+transactionTransparency : Boolean

eMetaclasss

|: zMetaclasss
Lifeline Model

“enumerations
OperationCausality
client
semner

asterectypes

asterectypes @ asterectypes
Computational_Spec

CV_BindingObject CV_TemplateObject

esterectypes
CV_TypeObject

asterectypes
CV_Streaminterface

B

agnumerations
SignalCausality
initiator
responder

(2]

Metaclasss asterectypes
nstraint CV_EnvironmentContract
asterectypes
«hilg
M

zMetaclassz
Port

zsterectypes
CV_Operationinterface

CV_Signal

faclasss
Essage

asterectypes
CV_Invocation

asterectypes
CV_Signallnterface

agnumerations
FlowCausality

zMetaclasss
consumer
AR YR Dependency asterectypes producer
CR-Termination CV_PrimitiveBinding
sterectypes =sterectypes Metaclasss asterectypes
CV_SignglinterfaceSignature CV_A it CV_InterrogationSignature
stereotypes «(r;detar;lta_ss»
CV_StregminterfaceSignature peration estereotypes
Metdclasss CV_SignalSignature
Interface 4
stereot
‘cv operafi ellnet Y.-rpe» Signat 7 g asterectypes R
L FEFRONHRE I CE R i Mnnouncemen‘lsignmure —p cMetaclasgs
- i /J Receptio
asterectypes . ™
= These extensions are temporary, -
B_Flowmgnature because many tools do not support ‘\’{«S{a ?o’(yp—e» /'
"Reception”. Therefore we temporarily CV_InvocationSignature
aMgtaclasss asterectypes |ﬁg?;::|ta2ess'%ﬂ:|l-:1?;ﬁe?§;° extend
Pyoperty CV_Flow i ‘ asterectypes

CV_TerminationSignature

Figure 26'—'Graphical representation of the computational language profile (using the UML n0t;1ti0n)

The followimg tonstramts apptly totheetermentsof the profite:

—  The constraint baseComponent.isIndirectlylnstantiated=true means that the component is defined at
design-time, but at runtime (or execution-time) an instance specified by the component does not exist, that
is, the component is instantiated indirectly, through the instantiation of its realizing classifiers or parts;

— 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:

9.4

94.1

This clausqg describes the correspondence concepts for the computational language, but not how they are e
UML. The [atter is covered in clause 12.

9.4.2

The specifipr shall provide:

If a procesq based approach is taken, the specifier’shall provide:

9.4.3

This Recotpmendation | Intefnational Standard does not prescribe exact correspondences between informa
and compufational objects\In particular, not all states of a computational specification need to correspond to
information specification."There may exist transitional computational states within pieces of computationa
that are abstracted asatomic transitions in the information specification.

Where an |inforimation object corresponds to a set of computational objects, static and invariant sche
information dhject correspond to possible states of the computational objects. Every change in state of an

b’ | 4L 4 4 ey . 1 4 ‘- . L Lo 4 . L
o ject COrT DPUIIUD CIUICT U SUILIC SUL UL 7Icrdciioriy UCLWUUILTL LUIH[JMLML[UHML UUJCLLD Ul WU air ritcrriddil

— 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 computatio

nal objects

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

Viewpoint correspondences for the computational language

(ontents of this clause

Hnterprise and computational viewpoint specification correspondences

- for each enterprise object in the enterprise specification, the configuration of computationa
any) that realizes the required behaviour;

- for each interaction in the enterprise specification, a list of these ‘computational interfaces and
or streams (if any) that correspond to the enterprise interaction, together with a statement of v
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 obj
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 bin
types (if any) that are constrained by the enterprise interaction;

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

for each step in the process,(@list of participating computational objects which may fulfil ong}
actor roles, artefact rolés, Ot resource roles.

Ihformation and computational viewpoint specification correspondences

kpressed in

objects (if

operations
hether this

pet types (if
(ling object

[ modelling

or more of

ion objects
states of an
behaviour

nata of an
nformation

ction of a

computational object. The invariant and dynamic schemata of the information object correspond to the behaviour and
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.

Rec. ITU-T X.906 (10/2014) 47


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

ISO/IEC 19793:2015 (E)

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:

—  computational signature names;

— camputational aperation names:
T I 7

- computational termination names;

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

Except whgre transparencies that replicate objects are involved, each computational binding object control interface has
a corresponjding engineering interface, and there exists a chain of engineering interactionslinking that interfface to any
stubs, binders, protocol objects or interceptors to be controlled in support of the computational binding.

NOTE 2| The set of control interfaces involved depends on the type of the binding object:

Each computational interaction corresponds to some chain of engineering interdctions, starting and ending with an
interaction|involving one or more of the basic engineering objects correspondingto the interacting computatiopal objects.

Each compyitational signal corresponds either to an interaction at an engitieering local binding or to a chain of ¢ngineering
interactionf that provides the necessary consistent view of the computational interaction.

The transpgrency prescriptions in [Part 3 — 16] specify additional‘Cerrespondences.
NOTE 3|- Basic engineering objects corresponding to different comiputational objects can be members of the same cluster.

NOTE 4 — In an entirely object-based computational language; data are represented as abstract data types (i.e., fnterfaces to
computdftional objects).

NOTE 5|~ Computational interface parameters (including those for abstract data types) can be passed by reference, such parameters
correspond to engineering interface references.

NOTE 6|— Computational interface parameters ‘(including those for abstract data types) can be passed by migrating dr replicating
the objedt supporting the interface. In the caselof migration such parameters correspond to cluster templates.

NOTE 7- If the abstract state of a computational object supporting an interface parameter is invariant, the object cpn be cloned
rather thpn migrated.

NOTE § — Cluster templates can\be represented as abstract data types. Thus strict correspondences between c¢mputational
paramet¢rs and engineering intexface references are sufficient. The use of cluster templates or data are important| engineering
optimisations and therefore not'excluded.

10 HEngineeting specification

10.1 Nlodelling concepts

This clause is based on the modelling concepts for use in an engineering specification that are defined, together with the
structuring rules for their use, in [Part 3 — 8]. The explanations of the concepts in the text that follows are not normative
and, in case of conflicts between these explanations and the text in [Part 3 — 8], the latter should be followed.

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 capsule 1s a configuration of engineering objects forming a single unit for the purpose of encapsulation of processing
and storagg.

10.1.1.5 (apsule manager

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

10.1.1.6 Nucleus

A nucleus s an engineering object that coordinates processing, storage and communicdtions functions for us¢ by other
engineering objects within the node to which it belongs.

10.1.1.7 Node

A node is a configuration of engineering objects forming a single unit for-the purpose of location in space, apd that
embodies 4 set of processing, storage and communication functions.

10.1.1.8 Hngineering interfaces and signatures

Engineering objects expose engineering interfaces. The set of related concepts dealing with interface§ and their
correspondjng signatures exactly parallel those defined inithe computational viewpoint for computational ofjjects. They
are signal Interface, operation interface, stream interfage, signal interface signature, operation interface signature and

stream intefface signature.
10.1.2  (hannel concepts

10.1.2.1 {hannel

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

10.1.2.2 Tub
A stub is an engineering)object in a channel, which interprets the interactions conveyed by the channel, and performs
any necessgry transforimation or monitoring based on this interpretation.

10.1.2.3 HBinder

A binder ils_an engineering thippr in a channel which maintains a distributed hinr]ing hetween infprnﬂting basic

engineering objects.
10.1.2.4 <X> Interceptor

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

10.1.3.1 B

A binding
select one

10.1.3.2 E

An engined
domain, fo

10.1.3.3 E

An engined
assigning e

10.1.3.4 E

An engined
of engineer

10.1.3.5 (

A cluster t
objects and

10.14

10.1.4.1 (
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instantiate

10.1.4.2 (

Checkpoint
a pre-condi

10.1.4.3 C

inding endpoint identifier

bndpoint identifier is an identifier, in the naming context of a capsule, used by a basic engineeriy
f the bindings in which it is involved, for the purpose of interaction.

ngineering interface reference

ring interface reference is an identifier, in the context of an engineering interface reference m
an engineering object interface that is available for distributed binding.

ngineering interface reference management domain

ring interface reference management domain is a set of nodes formung a naming domain for the
pgineering interface references.

ngineering interface reference management policy

ring interface reference management policy is a set of perinissions and prohibitions that govern thg
ing interface reference management domains.

luster template

emplate is an object template for a configuration of objects, with any activity required to insta
establish the initial bindings.

heckpointing concepts

heckpoint

nt is an object template derived from the state and structure of an engineering object that can

heckpointing

ing is to create\a checkpoint. Checkpoints can only be created when the engineering object involy
tion stated in‘a checkpointing policy.

luster checkpoint

A cluster c

g object to

anagement

purpose of

federation

htiate those

be used to

inother engineering object, consistent with the state of the original object at the time of checkpoinfing.

ed satisfies

40Pl’pninf is a cluster fpm[nlﬂfp r‘nnfnining Phpﬁlrpninfv of the basic pnginppring nh[iﬂr‘tc in a clusted

10.1.4.4 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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10.1.4.8 Migration

Migration is to move a cluster to a different capsule.

10.1.5 ODP functions in the context of the engineering viewpoint specifications

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

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

function, and capsule management function;

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

reference tracking function, transaction function and ACID transaction function;

Repository functions: storage function, information organization function, relocation fun

ction, type

This clausé
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Security functions: access control function, security audit function, authentication functio
function, confidentiality function, non-repudiation function, and key management funetion;

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

Part 3 is not explicit about the detailed specification of these functions, neither does it explain how the spec
hl functions can be combined to form specifications for components of ODP systems. Ouly two of these fy
pository and the Trading Function, are further refined and more extensively described. {'Rec. ITU-T X.960 | IS
Repository Function" and "Rec ITU-T X.950 | ISO/IEC 13235 — ODP Trading, Function" contain th
tions.

10.1.6 S‘Emmary of the engineering language metamodel
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ngineering Objects
EngineeringObject |0 specifiet | EngineeringObjectTemplate
) 1 Fay
BEO
Stob [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

ClusterManager

CapsuleManager

CommunicationAuthority

Figure 27 — Engineering objects

Rec. ITU-T X.906 (10/2014) 51


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

ISO/IEC 19793:2015 (E)

Engineering0bject specifier EngineeringOhjer.‘tTemplate‘
{=elf nodeManager = self capsule node manager} (o * 9 L
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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 myv SignallntertaceSignature:
self.specifier.ocllsTypeOf(SignallnterfaceSignature)

- All interfaces associated with an operation interface signature are operation interfacés;

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 node sfructure is about structuring of a node with nucleus, capsule, eluster and various engineering obje{ts.

HodeManagementFunction
| g ‘ E.g., a computer

1 -
eus | '
nodemanacd [pucleus | 1 Hade
1 |——L£”a”ager +ocationinSpate ; LocationinSpace

ocledanager
S

1
E.q., an operating Syﬂt&%‘ E.q., an application
server ar an ORB
0.*
7
otherBhgObiects gﬂ: B 0.x ]
etEn etts [Can:
ngineeringObject I R 1 Capsule
avider ¥ 1
_ ] 1
B, & irlual Machine i CapsuleManagementRunction
& process) or a
component containet
0.4

ObjectManagementFunction

ClusterManagementFunction |

E.g., a =egment of wirtual memary
or & CORBA component

E.g., a fail-over and migration manager,
handled by an application server

0.:x
locallyBoundOhject

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 CapsuleManager of
the Capsule that contains the Clusters that the CapsuleManager manages:

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

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

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

The set of other engineering objects that the Capsule owns andsthe set of CapsuleManag

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

10.1.6.3 ({hannels
This clauselis about model elements that enable communication around channels

ChannelTemplate

BindingEndPointldentifier ClientServerChannel
0% 2% T :
""“-~.___ J _— zpecifier
1 sy 0 )
BEO |/endPoint '1 Channel 0. 0.* |ChannelType
2. [~ .
1 h ~ e
" —
/ 1 HHH\\ ST [
\‘* H‘“H A channel supports
,,.-’ \ H\ﬂ\\\ distribution among BECs
/ x T L
0,372
1.k - 2 0.*
Stub Binder ProtocolObject Interceptor
1 1
':i, Hype : String 1
il |
PoURAFTOTOCOlRecT \\
1. 2.t

Communicationinterface

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 BEOs 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 SameChannelStub:
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 conversion must be part df the same
Channel of which the Interceptor is a part:

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

—  Any Interceptor to which a ProtocolObject is related and the Binder to which the ProtocolObjert is related
are part of the same Channel of which the ProtocolObject is‘@)part:

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

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

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

10.1.6.4 Domains

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

ProtocolObject I EngineeringObject
1.

1
CommunicationDomain

-
—_

CommunicationAuthority

Figure 31 — Domains

The following restrictions apply to the model clements depicted in Figure 31:
—  All members of a subdomain are members of its parent domain:

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)

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


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

ISO/IEC 19793:2015 (E)

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

0.*

4
T

EngineeringlnterfaceReferenceManagementPolicy

Figure 32 — Engineering language model — identifiers

10.1.6.6 ({heckpoints

This clause|is about checkpoints and checkpointing behaviour.

specifier Engineering0bjectTemplate
b s
0.1 |checkpointing |1
Q.. 74
H“‘m‘_
0. 1 ] o o.*
otherEnuObiects |FngineeringObject - ___|Checkpoint
0.* — ya
1
BEO BEOCheckpoint
0.*
chekpointTarget |0 0.
"'\-\.._Ht
1 ‘“*\1 1 1
Capsule 0.* |Clster |1 0. ClusterCheckpoint 0.
instartistedCluster =
o.* o.*
1| =pecifier | specifier v
CapsuleTFemplate ClusterTemplate
1

Figure 33 — Engineering language model — checkpoints

10.1.6.7 ODP functions
Figure 34 shows the ODP functions introduced in [10.1.5].
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Figure 34 — Engineering language model — ODP functions

specifies how the ODP*engineering concepts described in the previous clause are expressed in
specification. A brief explanation of the concepts used in the expression of each concept is givg

— In this clatise UML expressions are only defined for those concepts for which use has been demonstrate
included in the main body of this Recommendation | International Standard or in its annexes. Where no exanf
1, the concept concerned is mentioned, but no UML expression is offered.

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

— The concepts and rules of the engineering language concern definition of mechanisms and functions requir

il‘m
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EventHotificationFunction |

CheckpointingAndRecoveryFunction

DeactivationAndReactivationFunction

GroupFunction

ReplicationFunction

MigrationFunction

TransactionFunction |

ACI0TransactionFunction

EngineeringinterfaceReferenceTrackingFunction

UML in an
n, together

 through an
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distributed interaction between objects in an ODP system, something which deals with aspects related to the software architecture
of the system (e.g., distribution or replication) and therefore the appropriate UML mechanisms for modelling software architectures

are used (components, ports, interfaces).

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

10.2.1

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»

Where there is the need to express an engineering object type, it is also expressed by a component, stereotyped as
<<NV_Obje~'r» The aftribute isindirectlylnstantiated of the component qtprpnfvpprl «NV_()thM» shonld he set to false.

When a component stereotyped as «NV_Object» expresses an engineering object template, the attribute isAbstract of such
a componeft should be set to false, meaning that the component needs to provide all the information required t¢ instantiate
objects.

10.2.2  Qbject types and templates as engineering objects

There are dases where there is the need to model the #ype or template of an engineering-object at the instande level. An
example is|the case of a generic factory, which is invoked by passing it a representationof a femplate (which has #ype
template), and responds by instantiating the femplate and returning a reference to,the'created object. To indifate that an
object is dqrived from a given template, we need to represent both the template-object and the instantiated odbject in the
model. Likpwise for #ypes, to indicate that an object conforms to a given type,"we need to represent both thq object and
its object tjpe in the model.

Both type dbjects and template objects are engineering objects, and the€refore are expressed by components, that express
its type of template. To distinguish them from other enginéering objects, such components are ptercotyped
«NV_Typebjecty» or «NV_TemplateObject», respectively. Bothistereotypes inherit from «NV_Object».

The relatiopship between an engineering object and the objecthat represents its template, or the objects that fepresent its
types, can Qe expressed as an attribute of the class that specifies the engineering object.

For example, in some specifications, such as in the @DP trading function specification, there is the need to|specify the
type of a sdrvice, so a trader can locate objects implementing such a service. The diagram shown in Figure 3§ represents
the specifidation of a engineering object, PrintService, and of its #ype, APrintServiceType, expressed so tHat type can
be manipulpted by engineering operations.

+my Type F
y [,
z2py_BED== ==i_TypeChject==
PrintService APrintServiceType

Figure 33 — An-explicit representation of the type of an engineering object so that the object can accegs its type

10.2.3  (luster

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

10.2.4  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. 1t consists of stubs, binders, protocol §bjects, and
possibly <X> interceptors.

10.2.10 Stub

A stub is expressed by an instanceSpecification of a component, stereotyped as «NV_Stub»\The component ptereotyped
as «NV_Sthib» expresses the stub type or template.

10.2.11 HBinder

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

10.2.12 <X> Interceptor

An interceptor is expressed by an instanceSpecification of ascomponent, stereotyped as «NV_Intercgptor». The
componentstereotyped as «NV_Interceptor» expresses the interceptor type or template.

10.2.13 Hrotocol object

A protocollobject is expressed by an instanceSpecification of a component, stereotyped as «NV_ProtocolOpject». The
componentstereotyped as «NV_ProtocolObject» expresses the protocol object type or template.

10.2.14 (ommunication domain

A communication domain is expressed by d-package, stereotyped as «NV_CommunicationDomain».
10.2.15 HEngineering interfaces

10.2.15.1 ommunication interface

A communjcation interface.is expressed by a port stereotyped as «NV_Communicationlnterface», through which a
protocol ofject is associated with other protocol objects or interceptors for a communication.

10.2.15.2 Qperationtinterface

An operatfopdinterface is expressed by a port stereotyped as «NV_Operationlnterface», through whifh a basic

7 3 Vo 42 satadd +4]a ] ] 241l 4]a L, . 2 . L 4
oUfect IS asSoCtatCO— Wit a—Cridititer of-with attotnCr—oastcengiiteertitgODfect:
engineerin

10.2.15.3 Stream interface

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 E

An enginee

10.2.18 E

ngineering interface reference

ring interface reference is expressed by a class.

ngineering interface reference management domain

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

10.2.19 E

ngineering interface reference management policy

An engineering interface reference management policy 1is expressed by a constraint, stere
«NV_InterfaceReferenceManagementPolicy».

otyped as

10.2.20 C

A checkpd
instanceSp

10.2.21 C
A checkpoi

10.2.22 (

A cluster c
The instang

10.2.23 T
A deactiva
10.2.24 (
A cloning 1
10.2.25 R
A recovery)

10.2.26 K

A reactivaf

10.2.27 Mligration

A migratio
ODP functi

10.2.28 (

heckpoint

int is expressed by an instanceSpecification of a component, stereotyped as «NV. Checkp
bcification of a component expresses a checkpointed object's states at the time of checkpointing.

heckpointing
hiting is expressed by an activity, UML operation, and UML action stereotyped as «NV_Checkpoif

luster checkpoint

heckpoint is expressed by an instanceSpecification of a component, stereotyped as «NV_ClusterC

eSpecification of a component expresses a checkpointed cluster(s'state at the time of checkpointin
eactivation

ion is expressed by an activity, an operation, or an action stereotyped as «NV_Deactivationy.
loning

5 expressed by an activity, an operation, or amaction stereotyped as «NV_Cloningy.

ecovery

is expressed by an activity, an operation, or an action stereotyped as «NV_Recovery».
eactivation

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

1 is expressed. by an activity, an operation, or an action stereotyped as «NV_Migration». A migr
on, can alsa Be‘expressed by an interface (see [10.2.28]).

DP funetions

The ODP Tnctions described in [10.1.5] are expressed by interfaces, stereotyped as «NV_X», where X is t

oint». The

1ting.

heckpoint.
o,

tion, as an

he name of

the functiof:

More precisely, the following stereotypes extend the UML metaclass interface to express the corresponding ODP

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,
«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:

a configuration of engineering objects, structured as clusters, capsules and nodes (that will be expressed

with UML component diagrams, including instanceSpecification of component for capsule, clu

sters, basic

An engined

Those ruleg

All the ¢
«Engineeri

10.4 3

1041 (

This clause
The latter 1

104.2 E

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

engineering objects, capsule manager, cluster manager, and nucleus);

the activities that occur within those engineering objects (that will be expressed with“UN
diagrams);

the interactions of those engineering objects (that will be expressed with UML sequence diagt

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

cluster rules [Part 3 — 8.2.5], capsule rules [Part 3 — 8.2.6] and\niode rules [Part 3 — 8.2.7] go|

configuration of engineering objects;
failure rules [Part 3 — 8.2.9].

will be expressed with UML or OCL constraints for releyant elements.

lements expressing the engineering specification will be defined within a model,
g Spec». Such a model contains packages that eXpress:

channels, with component diagrams$-and a package;

domains, with a package;
diagrams.

[iewpoint correspondences for the engineering language

ontents of this 'clause

b coveredhin Clause 12.

ngineering and computational viewpoint specification correspondences

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

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

describesthe correspondence concepts for the engineering language, but not how they are express

L activity

ams).

bs [Part 3 —
tion among

rerning the

stereotyped

gers, stub,
m;

interaction

bd in UML.

NOTE — The correspondence between an engineering speciification 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 process o¢f instantiation whose validity can be subject to test.

11.1.3 Implementation eXtra Information for Test (IXIT)

Provides extra information for testing.

11.14  Summary of the technology language metamodel

Figure 37 below illustrates the concepts of the technology language and the relationships.bétween them. The descriptions
of the congepts have been given above. The descriptions of the relationships between the concepts are inclpded 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 clausq specifies how the ODP techiiglogy concepts described in the previous clause are expressed inff UML in a
technology| specification. A brief explanation of the UML concepts used in the expression of each concept is given,
together with a justification of the éxpression used.

NOTE - In this clause UML ¢éxpressions are only defined for those concepts for which use has been demonstratedl through an

example] included in the main body of this Recommendation | International Standard or in its annexes. Where no exanfple has been
identifiefl, the concept cofteerned is mentioned, but no UML expression is offered.

11.2.1  Technologyobject

A technololy object is generally specified in terms of its #ype, which is expressed by an artefact or a node, stepeotyped as

«TV_Obje¢technology object types can be used to characterize the different kinds of technology objects that are used
in a techno gy Qppr‘iﬁr‘afinn (such as PCs, qpplinqﬁnn servers, LANs WANSg etc )

Where a technology object is required to represent a specific entity in the UOD, it is expressed by instanceSpecification
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.

Rec. ITU-T X.906 (10/2014) 63


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

ISO/IEC 19793:2015 (E)

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

Figure 38 ghows diagrammatic representations ol tiis profiie. Sce clause [A.o] for a detailed specitication of the
stereotypeg described here.

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

Fidure 38 — Graphicalrepresentation of the technology language profile (using the UML notatipn)

The followjing restrictions, apply to the elements depicted in Figure 38. They are derived from the cofresponding
constraints jon the elemerits'shown in Figure 37 and on their relationships:

every(technology object type is associated with at least one implementable standard.

evety implementation standard is associated with, or is implemented as, one or more technololy objects.

every implementation is associated with, or produces, one or more fechnology objects.

11.3 Technology specification structure (in UML terms)

A technology specification defines the choice of technology for an ODP system in terms of:
— aconfiguration of technology objects; and

—  interfaces between the 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;
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— 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 Yiewpoint correspondences for the technology language

This clauseldescribes the correspondence concepts for the technology language, but not how they areféxpress¢d in UML.
The latter i§ covered in clause 12.

A set of ong or more technology objects correspond to an engineering object, and they implement specified fiinctionality
in corresponding engineering object in technology specific way.

NOTE 1|~ The choice of specific technology in the technology viewpoint may constrain the possible architecture or platform styles
(or pattefns) and deployment patterns in the engineering viewpoint specification.

NOTE 2| - A wide variety of factors, including procurement policy, extra-functional.requirements etc., may influende the choice
of technplogy, and therefore the technology specification.

12

~

forrespondences specification

12.1 Nlodelling concepts
A correspopdences specification is composed of a set of egtrespondence specifications.

A completd specification includes six correspondence;specifications:

- between the enterprise specificationand 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 compiitational specification and the engineering specification; and

- between the efiginicering specification and the technology specification.

12.1.1  (orrespondence specification

A correspandence ‘specification is composed of a set of correspondence rules and a set of correspondenge links. It
describes cpnsisténey relationships between terms belonging to two specifications based on different viewpoints.

When a cofrespondence rule and a correspondence link are related, this means that the constraint in the corr¢gspondence
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.

%]

CorrespondenceSpecification  |[J.°

pl
~
0.t e 0L

CorrespondenceRule (0.1 0.* |CorrespondencelLink

ViewpointSpecification

+expression ; Constraint

2
CorrespondenceEndpoint

1.k
Term

Figure 39 — Correspondences specification concepts

12.2 UML profile

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

12.2.1  (orrespondence specification
A correspopdence specification is expressed by @ypackage, stereotyped as «CorrespondenceSpecification».

The relationship between a correspondence-specification and the models expressing the viewpoints invollved in the
correspondence specification is expressed\by a usage dependency, stereotyped as «CorrespondingSpecificatjon». There
are exactly[two such dependencies for €ach correspondence specification.

12.2.2  (orrespondence rulé

A correspopdence rule is expressed by a constraint, stereotyped as «CorrespondenceRule».

NOTE - The constraifits\expressing constraints defined in ODP standards may be defined outside the package expressing the
correspondence specification to enable reuse among multiple specifications.

12.2.3  (orréspondence link

A correspendence link is expressed either by a class, stereotyped as «Correspondencelink» or by a dependency
stereotyped as «CorrespondenceLinky.

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

The stereotype «CorrespondenceLink» has two tag definitions, named endPointl and endPoint2, which specify the two
correspondence endpoints of the correspondence link (see [12.2.4]).

A constraint stereotyped as «CorrespondenceRule» is only applied to a class stereotyped as «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
element (see [12.2.5]) and has a multiplicity of 1..*.

NOTE — As many elements expressing ODP concepts cannot be used directly in a class diagram, tag definitions are used to allow
indirect reference to those concepts.
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Summary of the UML extensions for correspondences specification

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

zprofiles
Correspondence_Profile

zMetaclazs: zsterectypesz
Package —— CorrespondenceSpecification

zMetaclasss zsterectypes
Usage < — | CorrespondingSpecification

zMetaclasss zsterectypes
Constraint 4 — | CorrespondenceRule

zhetaclasss

Dependency ,._____‘_‘_‘_‘_h zsterectypes

CorrespondencelLink

sMetaclasss» g |*endPoint! tElement{h.”]
Class +endPoint2 : Elegientl..*]

[Figure 40 — Graphical representation of the UML profile for correspondences specifications

3:2015 (E)

13 Modelling conformance in ODP system-specifications
13.1 Nlodelling conformance concepts
Conformarice relates an implementation to a spécification. Any proposition that is true in the specification nust be true

for its implpmentation. A conformance statéipent is a statement that identifies conformance points of a specil
the behaviqur which must be satisfied at\these points. Conformance statements will only occur in specificaf
are intendefl to constrain some feature of a real implementation, so that there exists, in principle, the possibilit)

The RM-OPP [Part 2 — 15] identifies'certain reference points in the architecture as potentially declarable as ¢
points in specifications. That.is, as points at which conformance may be tested and which will, therefore,
accessible for test. However, the requirement that a particular reference point be considered a conformance p
stated explicitly in the cofformance statement of the specification concerned, together with the conformance
should be sptisfied at-this point.

13.2

; PP . . A T . o
Reference 'potmts—areTdentifred T the—tMt—xpressiomof —am—ODP—specificatiom by the—use—of—the

UMAL profile

ication and
ions which
of testing.

nformance
need to be
int must be
Lriteria that

stereotype

«ODP_ReferencePoint» (which extends a metaclass element) on the elements that express them. Conformance statements
are expressed by comments stereotyped «ODP_ConformanceStatement», attached to the elements (stereotyped
«ODP_ReferencePoint») that express the corresponding reference points. These comments describe the conformance
criteria that should be satisfied at the reference point. Therefore, conformance criteria are those elements stereotyped
«ODP_ReferencePoint», which have also attached a «ODP_ConformanceStatement» comment. It is 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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==profile==
Conformance Profile

==metaclass== ==gterentype==
Element ODP_ReferencePoint

==stareotypes=
ODP_ConformanceStatement
{selfbazeComment.annotatedElement extension0ODP_ReferencePaoint-=size =11}

==metaclass==
Comment

Figure 41 — UML profile for conformance

(

(

onformance

Claims of conformance to the metamodels alone are outside, the scope of this Recommendation | Internation

ompliance

ns claiming compliance with this Recommendation | International Standard shall:

P to this Recomméndation | International Standard does not preclude the use in a specification of ¢
rules in Part 2 ‘and Part 3, and in the Enterprise Language, that are not covered by this Recomu
] Standard @nd‘the definitions of corresponding UML profile elements.

one or more of the UML profiles for viewpoint languages defined in clauses 7 to 11; further ¢

(onformance and compliance to this Recommendation | International Standalrd

pnformance may vary. At the least, implementations of tools claiming conformanceg to this Recommendation
hal Standard must support:

nformance

may be claimed if the tool concerned supports policing or enforcing, of'the constraints specified for the

stereotypes defined in the relative profiles;

specification of the correspondences, as defined in clause 12, between ODP modelling elenjents in the

viewpoint models supported by the tool, as defined in clauses 7.4, 8.4, 9.4, 10.4, and 11.4;

the structuring style for ODP system specifications defined in clause 6.6.

use the structuring style defined in clause 6.6;

hl Standard.

use the UML profiles for the viewpoint languages defined in clauses 7 to 11 of this Recominendation |

International Standard to express the concepts and structuring rules for which they are defined

specify the correspondences between ODP modelling elements in different viewpoint models using the

tracing mechanisms defined in clauses 7.4, 8.4, 9.4, 10.4, and 11.4;

specify conformanee\using the UML profile for conformance defined in clause 13.
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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.)

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

Ad.1 Introduction

3 1 1 £ ORPR w5 4 £ 1.1 4 - TINAL T1 1 M 1o, vEwn ) 1
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system thaf supports the operations of a university library, in particular those related to the borrowing precess of the
library itenps. The system should keep track of the items of the university library, its borrowers, and(their putstanding
loans. The |ibrary system will be used by the library staff (librarian and assistants) to help them record loans, feturns, etc.
The borrowers will not interact directly with the library system.

NOTE —{In the following, the /ibrary system (or the system, for short) will refer to the computerized system that suppoits the library
operatiofis, while the /ibrary will refer to the business itself, i.e., the environment of the system.

Instead of 4 general and abstract library, this example is based on the regulations that rile-the borrowing prodess defined
at the Templeman Library at the University of Kent at Canterbury, a library that has\been previously used by different
authors for|illustrating some of the ODP concepts.

A.1.2 Rules of operation of the library

The basic rples that govern the borrowing process of that library are as-follows:

(1) Borrowing rights are given to all academic staff, and/to postgraduate and undergraduate students of the
University;

(?) Library books and periodicals can be borrowed;

(3) The librarian may temporarily withhold theé\circulation of library items, or dispose them when [they are no
longer appropriate for loan;

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

(§) There are prescribed periods of loan and limits on the number of items allowed on loan to a horrower at
any one time. These rules may,vary from time to time, the librarian being responsible for setting the chosen
policy. Typical limits arg"detailed below:

— undergraduatesymay borrow eight books. They may not borrow periodicals. Books may b borrowed
for four weeks;

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

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

(¢) Atems borrowed must be returned by the due day and time which is specified when the item is porrowed;

(D >Borrowers who fail to return an item when it is due will become liable to a charge at the rated prescribed
until the book or periodical is returned to the library, and may have borrowing rights suspended;

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

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

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.

==0DP_SystemSpecs= A
TemplemanLibrarySystem
==Correspondencespecification==| =<Enterprise_specs> A
Tese P | ==CorrespondingSpecification== | LibrarySy=stem {E Spec) le ==CorrespondingSpecification== «=Correspondencespecification=x|
LibrarySystem (E-C Corr} = = = - = LibrarySystem {E-1 Corr)

e ) k <<C0rresponding8pe‘c'|fic_a_tio;1>>

= =<lnfarmation_Specss AE T

==CorrespondifgSpecifications=

Libra em {| Spec
N rySystem (I Spec) l 1
-~

s~ <<Correspundmg8pecmcatlon_>_> — | #==Correspondencedpecifications=
. 4n—| \ /) Cibrarysystem|(1-C Corr)
==CorrespondipgSpecification== - - =
-~ ==Computstionsl_Specs= A ==CorrespondingSpecifications=
P < LibrarySystem (C Spec)
S ]
“ g ==CorresportingSpesification== —
P — — _ | ==Correspondencedpecification=:|
-~ ~ _ | \LibrarySystem [C-H Corr)
— ==Engineering_Spec=> _ z=Correspordingshecification==»
=«=Corresponpiencespecification== ==CorrespondingSpecificationss Libra em (H Spec) Al = o5h
LibrarySystem(E-NCory [ — — — — — — — — = rySyst )
= = N\
2=Cdtresparitingspecification==
T —| ==Correspondencepecifications=|
==Technaology_Spec=» AN - = Library3ystem [N-T Corr)
LibrarySystem (T Spec) 5 ==CorrespondingSpecification==

Figure A.1 — UML specification of the ODP system

A2 HEnterprise specification in UML

A.2.1 Basic enterprise concepts

The enterplise viewpoint is an abstraction.ef the system that focuses on the purpose (i.e., objective), scope gnd policies
for that sysfem and its environment. It describes the business requirements and how to meet them, but withoyt having to
worry aboyit other system considerations, such as particular details of its software architecture, its comnputational
processes, ¢r the technology used'te implement it.

Four key c¢ncepts of the enterprise language are: system, scope, enterprise specification, and field of applicdtion. In the
first place, [the system tosbespecified is a computerized system that supports the operations of a university library, in
particular those related\to-the borrowing process of the library items. This system has a name "the Templenpan Library
system" (o "TLS" for_short).

The scope pf the TLS system describes its expected behaviour, i.e., the way it is supposed to work and interact with its
environmentinnthe business context. In the enterprise language, the scope of the system is modelled as the sqt of roles it
fulfils.

In UML, the enterprise specification of the TLS system is expressed by one model, stereotyped «Enterprise_Spec», which
is shown in Figure A.2, and whose contents are further detailed in this clause.

In the figures that follow, to improve the clarity of the diagrams, the icons shown in 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»

«EV_Objective»

«EV_Object»

«EV_TypeObject»

«EV_CommunityObject»

The ODP
specificatid
it will supp
following g

1

REV_ODPSysten»

«EV_Role»

«EV_Interaction»

«EV_Process»

«EV_Step»

«EV_Artefact»

e
«EV_PolicyEnvelope»
ey

«EV_PolicyValue» =

«EV_Burden» J

«EV_Permit»
«EV_Embargo» o

Enterprise Languagespecification does not prescribe any particular method for building the
n of a system, _as.the approach taken will depend very much on the system being specified, the b
brt, and the €onstraints that arise from the environment in which the system will operate. For this e]
rocess has been followed:

enterprise
hsiness that
kample, the

2

Identify the communities, with which the system is involved, and their objectives;

Define the behaviour required to fulfil the objectives of the communities. This may be in llhe form of

processes, their corresponding acfions, and the participant 7oles in them. Ubjects may participate in actions
as actors (if they participate in or perform the action), artefacts (if they are referenced in the action), and
resources (if they are essential to the action and may become unavailable or used up);

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

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;

Identify any behaviours that may change the rules that govern the system, and the policies that govern such
behaviours (changes in the structure, behaviour or policies of a community can occur only if the
specification includes the behaviour that can cause those changes);

Identify the actions that involve accountability of the different parties, and the possible delegations;
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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 to illustrate the pr1nc1ple that at the top level, there may be more than one commumty The Academlc Community
is not furtherdetailed , a-package named as
Enterprise Objects (global) Wthh contams those enterprzse ob]ects that model entltles whose scope is Wider than the
library itself. Examples of such enterprise objects are Person and the University admin system, with which the Library
System haq to interact.

<Enterprise_Specs
LibrarySystem (E Spec)

Enterprise Objects (global) |

<EV_CommunityObjects «EV_CommunityObjects

<EV_ODPSystems

«Enterprise_Specs Library Academic Community University admin system
EV_FigldOfApplication ="This | \
speciffcation assumes an Academic N

enviropment, such a University, in
which p Library maintains a collection - —
of books and periodicals which can he

«EV_ReﬁnesAsk:ommunﬂy» %EV_RefinesAsCommunity=

«E%_CommunityContracts 9

<EV CommunnyCohtl acts ﬁ_J

<EV_Community»

horrowed hy the different kind of i i
fravea oy . Library ! Academic Community
univergity members, and thatuses a N
compyterized system to track library gl’# NE
items, [borrowers and loans” {18 §rh
- - R oy

<EV_Communitys

Library Academic Community

Figure A.2 \UML Enterprise specification of the Library system

The field of application of the entetprise specification describes the properties that the environment of the QDP system
must have| for the specification) to be used. It is expressed in a tagged value of the package, stereotyped as
«Enterprisq Spec» that contains the enterprise specification of the system.

A community is a configuration of objects modelling a collection of entities (e.g., human beings, information| processing
systems, rdsources_¢f Various kinds, and collections of these) that are subject to some implicit or expli¢it contract
governing fheir collective behaviour, and that has been formed for a particular objective.

The package‘¢ontaining the spemﬁcatlon of the lerary commumty is stereotyped «EV CommumtyCor tract», and
contains tH ; , ; v yr—th 0 owns the
processes of the commumty, three packages containing, respectwely, the roles in the community, the set of enterprise
objects specific to the community (Library Enterprise Objects, which model its structure), and the policies for 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 —[ ==E% _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
Roles Policies

Library Enterprise Ohjens‘

==E%_OhjectiveOf==

Figure A.3 — UML specification of the Library community

A.2.3 Processes

Processes $pecify behaviour in terms of (partially ordered) sets of steps, and are related to. achieving somg particular
subobjectivie within the community. Steps are abstractions of actions, which may hide some of the objects parficipating in
the actions

=E%_Community= ‘i‘
Library

rerrh

zEV_Processs
Borrow item

zEV_Processs
Fine member

zEV_Processs
Add member

zEY_Processz
Return kem

¥

zEY _Prpeesss
Pay fine

zEY_Processz
Add kem

<EY_Processs
Reserve item

Lo o=
Ly

zEY_Processs
Suspend member

zEY_Processs

.‘?__F_.r

zEV_Processz
Release item

zEY_Processs
Re-instate member

=BV _Processz

Set lending limit policy Remove member

Figure A.4 — Processes

The procesges of-the"Library community are expressed by a set of activities stereotyped as «EV_Process» that have the
component/that expresses it as their context, as shown in Figure A.4.

Each of these activities has associated with it an ACUVITy Diagram that expresses the sieps ol the process, and identifies the
roles involved in these steps (either as actor or as artefact roles). Actor roles are expressed by the activityPartitions
(stereotyped «EV_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

borrower requdsts : Loan g1 - 5 i T Loan yor

( <EV_Steps S
’ ; ) ; \ Validate loan : Loan validation "
BV Ep_» ’_AL' [Reguested by Borrower] «EV_Steps '_:_' [Requested by assistant] .
State loan rpquirement Check request {Time'ta'Gomplete not to exdeed ?ﬁ}

. assistant authoriged : Loan ,ﬁ' —_——— system authoriged : Loan ,ﬁ'

[ eev step] [Extart] &{ <EV_Stepa = [Authorigkd] auttoris

Accept loaj Prepare item for loan

]

f

[, 5 i i tLoan g ————— system disqudlified : Loan 7'

/ ; e [ ; n i ) )

/ v _Steps B [Refusd <EV Steps e [Disqualified] ldisqualifiec]
Accept refusal Refuse loan

Figure A.5 — Borrow item process

Next the eterprise object Library system (filling the role-Library system) performs the step Validate loan. This step,
which may|be more or less complex, depending on thesrules of the library, and is constrained by the Lending policies
(see Figure|A.18), is not detailed at this level. Instead; as can be seen from the small forked symbol under the pame of the
step, the mgdel element is linked, using the callBehavior feature, to a stateMachine which expresses the detailed behaviour
of the role Library system, in this process..See Figure A.11 for this detail.
NOTE —{ The role Library system is filled by’an enterprise object with the same name. It is a fact of life that in enterprise models,
enterprige objects and the roles they fulfil bften have the same name. This is due to the natural tendency of people toname things
by the thjngs they do, or to name behaviour by the thing that exhibits it. Since a key objective of an RM-ODP enterprise ppecification
is to be gpproachable to the stakehelders it is not considered desirable to introduce artificial new names, and instead tp make clear
whether Ja role or an enterprige'object is being referred to.

The remainder of Figure A%, is largely self-explanatory and is not detailed further in textual form. It should bg¢ noted that
the states |of the entefprise object Loan, identified in the various arfefacts, are not exhaustive. Other |states, see
Figure A.1%, may also be discovered from considerations of other behaviour. For example, the sub-states of Lpan extant,
Valid and Qverdue; are discovered from consideration of Fining interactions or Fining processes.

A.2.3.2 Add'member process

As a further example of process modelling, Figure A.6 shows the top-level process involved when a prospective new
member of the library applies to join. The diagram is largely self-explanatory, but it can be seen that through the use of
artefacts a number of states of the Library member enterprise object (but by no means all of them), have been identified.

In this process, the Library system has 3 steps, which are detailed in two different ways. The simple 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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The step Vplidate member is refined as a process, alse\named Validate member, which is owned by the p
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Figure A.6 — Add‘member process

t is unfortunate that there is no visual medns of indicating which of the different detailing approac

e behaviour required.) The step is;performed, at the high level, by the Library system (enterprisg
is example, for the purposes\of illustration, it has been assumed that because appropriate ted
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<EV_Roles a <EV_Roles a
Library system University admin system
<EV_Steps r‘Ll
Prepare validation req t : Prepare validation req H‘1
req t validation : Liljrary b ﬁ
[applied for memiership] -
<EV_Steps r:“]
Validate member : Validate member
{Time to Complete not to exceed 3gﬁ}
[applicant eligible] \
( <>
N
<EV_Steps e
Assign category : Assign categ rl‘;
[applicant ineligible]
eligible new member : Library member [ <EV_Step»
[eligible] " report eligible
<EV_Steps /
return OK
<EV_Steps 4 refi d new ber : Library. b o AR r‘:—1
- . report ineligibl
return refused [refused]
Figure A.7 — Validate member subprocess
A24 Roles
From the tejxtual description of the library (andyinireal life more importantly, from discussions, interviews and|workshops
with stakeholders) we can identify severallzoles in the Library community, in particular borrowers wjith various
privileges, [librarians, library assistants,"and the computerized system that supports the library operations (Library
System). Flgure A.8 shows these Library roles within the package that contains the specification of the community, each
with a realigation link to the compongent that expresses the community.
Roles
Librarian
{Max Librarians = 3}_
b ~
<EV_Commun|tyBehaviours
Interactions Assistant_~ — = =
«EV_Communit‘&eh_a_yiuurx ~ N " .
s . Sod
«EV_Com nunithehaviguB o :D
G- -——"1 " = _ «EV_Community=
Library system - - Library
(EV?Curﬂmuwt'Elehaviuu/r»’
fagl - ~ g
Borrower §EV: ommunityBehaviours
. .
~
>
University admin system

76

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:
Process loan in which A551stant and Library System are 1nvolved The relatlonshlp is expressed with an association,
stereotyped—as : 3 ; d as—a at,—w delegated
authority fijom the lerarlan role, the Ass1stant role is performlng an Accountable action, in performmg it$ actions as
part of the Process loan interaction.

‘1 «EV_Delegations 1‘ «EV_ Accountable» h «EV_ImeractionResponder»‘

Librarian prncipal L Assistant Process loan Library system

«EV_ArtefactRleferences
«BEY_ArtefactReferances

i i)

loan: loan: loan:
requested by authorised disqualified
assistant 1 1

1

«EV_AntefactRoles
1

L 4

Loan
<EV_AntefattRoles <EV_AntefactRoles

Figure A.9 — Process loan interaction

Figure A.9)also shows that the \Brocess loan interaction is initiated by the role Assistant and responded to|by the role
Library System and invelves, through associations which are each stereotyped as «EV_ArtefactReferepce», three
signals, ea¢h stereotypedas «EV_Artefact», expressing artefact roles of the Loan enterprise object: loan: [request by
assistant, Ipan: authorized and loan: disqualification respectively.

Figure A.10 shows the stateMachine for the behaviour defined for the role Library system, in the Process loan
interaction| with the role Assistant.
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loa:
requested by
axsistant

[valid loan request] | validating loan request [itrvalic! loan reguest]
do ¥ Yalidate loan request

|' preparing loan authorisation | | preparing loan refusal |
‘ do ¥ Prepare loan authorisstion ‘ ‘ do ! Prepare loan refusal |
loan: In_an: .
authorized ,—i\‘ dizcjualified
el

This example has defined the behaviour of the Library system role in the Request Item interaction.\The complete
behaviour ¢f the Library system role is the composition of its behaviours in all of the interactions infwhich it|is involved
(see A.4).

A.2.6 Hnterprise Objects

A.2.6.1 Actors

Roles are fplfilled by enterprise objects. The fulfilment of actor roles in a community~by enterprise objects 1s governed
by assignmient rules. Using UML, the fact that an actor role may be fulfilled by aw'enterprise object is exprgssed by an
association} stereotyped as «EV_FulfilsRole», between the classes that express the objects and the roles|concerned.
Assignment rules can be constrained by the policies of the system, in whicl{case there would be links betwe¢n the roles
and elemerjts expressing the policies. Figure A.11 shows the UML expression of the basic (i.e., unconstrained by any
policies) assignment rules of the Library community.

@

Person

Universityfadmin system

sRoles a

Library member

<EV_FUri

Universityfadmin system

Libragy s;vs‘(em Undergraduate ~ Post graduate student Academic member Other member Library Staff
\ |l|'I \\

T ﬂ{." \

\\&EV_Ful RAEY_FulfilsRoles .

«Ev_mamle» / «EV_FulfilsRoles «EV_FuIﬂIiR les <EV_FulffsRoles

<EV_Fulfilsk 5 !
O o
Library|system Librarian

Borrower Assistant

/

Figure A.11 — ACTOr role 1uliiment and assignment rules

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.

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


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

ISO/IEC 19793:2015 (E)

|
Library Enterprise Objects Enterprise Objects (global)
<EV_Partys <E%_CommunityOhjects
=BV _Ohjects Library
Person
<EV_Objects A
Kom «EV_CommunityObjects
Academic Community
| |
' ‘ «EV_Objects «E\’_ODPéystem»
<EV_Objects «EV_Objects Library membar University admin system
Periodical Book
=BV _Chjectz <EV_Object= =EV_Objects <EV_Objects <EV_Ohjects
Academicimember Post graduate student Undergraduate Other member Library Staff
«EV_ODPSystems «EV_Objects
Library system Loan
Figure A.12 — Enterprise objects
A.2.6.4 Hnterprise object states
As noted in A.2.3.1, it is useful to model the states of the enterprise’dbjects, because they may help specifying the
corresponding information object types.
Figure A.1B is a stateMachine for the Loan enterprise object and*is compiled from consideration of both the Process
model (see|A.2.3) and the Interaction model (see A.2.5).

MNote: this diagram represents all the
interesting states ufthe enterprise
ohject, Loap=Onlythe unshaded states
are actuallyvecorded in the Library
System (gnd these are the ones for
which'the correspondence rule applies).

loan: request by borrower

[ Requested by borrower ]

loan:
requested by
assistant

ted by assi ]

loan:
authorised

Authorised

loan:
disqualified

Disqualified

[ B ] -
loan expired disqualified
[ Returned Refused |

/

®

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
olicies
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to meet particular circumstances.

s package specifies the community policies, which constrain the structure or the behaviour of the
erefore, the elements of that package will constrain the elements of the other two packages in t
y package (Behaviour and Library Enterprise Objects).

n independent and modular specification of policies will enable the definition and implementati
mechanisms, both between and within viewpoints. Within the UML expression of the enterprise sj

we need to be able to list all the elements affected by a given policy, and all the policies that const
case there is a change in the specification's elements or policies. But such independent expression o
y also allow the definition of correspondences bétween these policies and other related elements fra
oints (such as information invariant schemata). We expect UML modelling tools to exploit such
s, checking for absences of policies forysome of the modelling elements, and also for policy ¢
cies at various levels
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rules regarding borrowing permissions((see A.1.2 rule (5)).
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In this exai
elements th

fo the considerations above, in order to be properly specified, policies need to identify the relevan
which they apply: roles; objects, actions, processes, communities, as well as their relationships. Su
y those described in the two other packages that form part of the enterprise specification of
Objects and Behaviour.

xpressing @QDP policies in UML

hple we 'will express policies using the pattern shown in clause 7.1.5 and Figure 10, which corres
at‘ecomprise the specification of an enterprise policy in the Enterprise Language [E/L — 7.9.2]:

ystem may

community,
he Library

bn of some
pecification
fain a given
f enterprise
m different
traceability
nflicts and

t are in the

t enterprise
h elements
he system:

onds to the

description: text with the description of the policy in natural language;
controllingAuthority: an authority that controls the policy (in this case, a role);
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

Policies

[ 1

Lending policies

<«EV_PolicyValues

Lending limit

<EV_PolicyValues
Loan duration

[ 1

Other policies

Figure A.15 — Structure of the policies package

Details of the Lending Policies are shown in Figures A.16 and A.17 4yhich for illustrative purposes offer both behavioural
modelling $tyles (i.e. with processes and interactions). From thisitcan be seen that the Lending Limit Policy is set by a
process Set lending limit policy (located in the Administrative/Processes package), and impacts on the rqle Library
System, wlhen taking part in the process Borrow Item, or the’interaction of the same name.

Similarly the Loan Duration policy is set by the inferdction Set loan duration policy (located in the Adnjinistrative
Interactions package), and impacts on the role Libravy System, when taking part in the process Fine Borrgwer, or the
interaction|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.

\ «EV_AffectedBehavieurs

~ «EV_AffectedBehaviours

1 «EV_ControllingBehaviours .
YE

«EV_PoIicyEnvéIope»

<EV_Processs»

«opagues
Validate loan request

<EV_Role»
Library system

Set lending limit policy

Lendinglimitgolig\y T ~

-~

Lending limit Current value |
\

1
5 = S
<EV_Interactions
Process.Joan

{Rules for setting lending limit rules}
Borrow

{Lending limit rules}

Figure A.16 — Examples of policy expressions: Lénding limit policy
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- Postgraduates may borrow items for up to one month.
- Teaching staff may borrow items for up to one year.
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Figure A.17 — Examples of policy expressions: Loan duration policy
A28 Accountability

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= =BV _Accountahles
x'm‘hlnteractinnlnitiatnr»

«EV‘ctinnF{espnnder»

Library system

Process loan

Figure A.18 — Example of delegation

A3 Information specification in UML

A3.1 Qverview

The information viewpoint is concerned with information modelling. A information specification defines thg semantics
of informatjon and the semantics of information processing in an ODP-system, without having to worry about other system
consideratipns, such as particular details of its implementation, the computational process, or the nature of the|distributed
architectur¢ to be used. The information specification in this clause defines both the basic concepts for inforrhation used
in this specfification, and the invariant, static and dynamic schemata.

In the figurgs that follow, to improve the clarity of the diagrams, the icons shown in Table A.2 have been used fo represent
instances of the corresponding stereotypes.

Table A2~ Information language icons.

«IV_Objecty

«IVi-TypeObject»

«IV_Action»

«IV_InvariantSchema

S| N 16

E':!.

«IV_StaticSchema»

«IV_DynamicSchemay %

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)
==I%_InvariantSchemas== ]";‘] ==l%_InvariantSchemas== Tt;']
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)

A.3.2 Basic elements

From the fextual regulations of the library, and from the objects, roles and artefacts identified in thq enterprise
specificatiqn, several information object types can be identified, namely Borrowers, library Items, ‘Librarians and
Library Agsistants. They describe the information stored and handled by the Templeman Library system abqut them. In
addition, a|Calendar object should model the passage of time, and Loan objects will model th@nrelationships between
Borrowery and Items. Figure A.20 shows a class diagram with all the basic object types, used in this jnformation
specificatiqn. UML class Person contains the personal information about the library users, librarians and ass{stants.

<IV_InvariantSchemas» tEﬂ
InformationObjects
«IV/_Objects
«lV_Objects ‘ 0.1 «l'V_Objects @ «IV_Objects ‘ LibraryPolicyValues
Person 1 —— Librarian Calendar’ +academicMaxLoans : int
+name : String e +onDuty : boolean -t +academicPeriodicalLoanPeriod : int
+address : String . +now _ e +academicBookLoanPeriod : int
+phone : String 0. clock +postgradMaxLoans : int
+e-mail : String +postgradPeriodicalLoanPeriod : int
4 +postgradBookLoanPeriod : int
' Obi 1 +undergradiaxLoans : int
o pICHang % Obect / +undergradPeriodicalLoanPeriod : int
«enumerations Assistant K7y Rect» L4 +undergradBookLoanPeriod : int
LoanStatus +onDuty : boolean ———y_\Library +dailyCharges : Money
requested +isOpen : boolean
disqualified +credit : Money
extant
returned O\*
: 0.1
archived »
oV _Objects > 0.4 0. «V_Objects @ «dataTypes
«enumerations Borrower e Kem Identifier
ftemStat «lV_Object> @ +id : Identifier
S +id : Identifir, Loan +location : String
i +horroyediterhs : int s
z’:zosed +pendingFines : Money e +issueDate : date 0.1 +publicationDate : date AeERex
missin +suspended : boolean +dueDate : date publisher.;:String Money
g freouty : String +returnedDate : date +status : temStatus
withheld wstatus | BorrowerStatus +status : LoanStatus e Siring
other
{disjoint,
complete
«enumerations {disjoint,
BorrowerStatus complete } «lV_Objects @ «lV_Object> @
applied Periodical Book
ligibl : Stri
sl +ISSN: String +ISBN : String
valid +volume : int +edion :int
deléted «IV_Objects «IV_Objects «IV_Objects +number : int ::t:n(::ﬁ]siiif;gna?e' s
drchived Undergrad Postgrad AcademicStaff )

Figure A.20 — Object types of the information viewpoint specification of the library system

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 specification.
Please notice that the information specification captures the information handled by the Templeman Library system, and
there is no heed to represent the computerized system itself (as happened in the enterprise viewpoint specificption). This
is one notaple difference between the enterprise and the rest of the viewpoints. The enterprise viewpoint'focpises on the
system and| its environment (and therefore the system needs to be modelled as one of the enterpiisé objects in the
specificatiqn), while the rest of the viewpoints focus on the information, functionality, distribution{and technqlogy of the
system itself.

The class diagram in Figure A.20 also expresses constraints on the kinds of objects and the kinds of links that|can appear
in a valid dbject configuration of the information specification. Such restrictions on thelclasses, their attribufes, and the
multiplicity pf the associations specify some invariant schemata of the information specification (see [A.3.3])

==Y _|hvariant Schemas= i“;']
InformationActions

==l _Action== i ==V _Action== i ==%_Action== i ==l _Action== i ==V _Action=3
addMember ArchiveMember addPeriodicalCopy withholditem SetLendingLimitPoligyYalues
+U: Person +14 . Borrovwer +#1 : Periodical +i: e +academicBookLoanPediod ; int

+academichaxLoans | it
+academicPeriodicallognPeriod | int
+l: Librarian

==l _Action== i ==I%_Action== i ==l _Action=s i ==l%_Action== i

fineMember suspendMember addBookCopy releaseliem +postgradBookLoanPertad ; int
+a Assigant +a Assistart +b: Bdal +i: em +postaradiacloans it
+amrt - Mpney +h - Borrower +postaradPeriodicallLaahiPeriod : int
+u1 - Borrokver Sihen ~date - - +undergradBookloanPgrion © int
' i ==V _Action=s G| |==lY_Actioh== +undergradhlaxLoans : jnt
- - borrowhtem payFine +undergradPeriodicalLopnPeriod © int
== _action== ¢“L ==%_A&ction== @ o P .
cancelM¢mbership relnstateMember : iy Y ==lv_Action== ¢k
+u . Barrawer +u : Barroweer SetDailyCharges
+11 . Borrofeer +a&  Azsiztabt 9
+b : Borpawer - i + : Librarian
==l _Action== i == _Action== i
: +avhen s date - . i g
==V _Actibnee g returnitem dizposeltem el ChEEES: oy
Archiveljoan - -
+i: tem +i: ftem
+l: Loan +u ;. Borrower

Figure A.21 — Action types of the information viewpoint specification of the library system

The information acziorns of This Viewpoint specitication are e ones descrived in Figure A.21. 1nese actions have been
identified from the processes and interactions defined in the enterprise viewpoint specification of the system. In the UML
information specification, the information actions are expressed using a package that expresses the 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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A.3.3 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:

bl e

(9}

Both library users and items should have unique identifiers in the system;

No item can be simultaneously referenced by two loans in the system;

The number of pending loans in the system should be consistent with the sum of the values
borrowedlItems of all the Borrower objects;

Borrowers who do not pay their fines will be eventually suspended;

There should be at most one Librarian and at least one Assistant on duty while the library is open;

of attribute

Suspended borrowers who settle their debts will eventually be reinstated, and their borrowing rights

restored

Please note
structure (S
invariant 2

Other inva
specificatid
system. Th

Invariant 2
invariant h

Invariant 3

Invariant 4
with the sul
class:

Other inval
predicates 1
to specify t
this case w

how some of these invariants have been incorporated into the UML class diagram that describes
hown in Figure A.20) in terms of the multiplicity of the associationEnds. This is the case, for
which is represented by a multiplicity "1" in the corresponding associationEnd).

iants can be naturally expressed in UML by associating OCL constraints to some of the elem
n. For example, invariant 1 imposes that the identifiers of users and Library items should be ug
s 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)

imposes that no item can be simultaneously referenced by twe loans in the system. As mentioned
s been implemented by a multiplicity "1" in the corresponding association end.

states that there should be at most one Librarian and-atleast one Assistant on duty while the libr

-- Invariant 3
context Library inv AtMostOnekibrarianAndAtLeastOneAssistantWhileLibraryOpq
self.isOpen implies
(self.librarian->select(onDuty)->size()<=1) and
(self.assistant->select(onDuty)->notEmpty())

which imposes a consistency che¢k on the system, such that he number of pending loans should b
n of the number of pending loans of each user, can be also expressed by an OCL constraint on |

-- Invariant 4
context Library inv ConsistentNumberOfLoans:
( self.borrower.borrowedItems->sum() ) = ( self.loan->select(status=extant)->size()

iants may need 'to be expressed using different notations. In fact, invariants 5 and 6 can be co
n a given(diserete linear temporal logic that imposes some fairness constraints. OCL is not expres§
hem, although we can always either use a textual description of such predicates, or use any other

e will.consider an extension of OCL with the temporal logic operators "always" and "eventually"):

the system
nstance, of

ents of the
lique in the

before, this

hry is open.

b consistent
he Library

nsidered as
ive enough
hotation (in

-- Invariant 5: Borrowers who do not pay their fines will eventually be suspended

context Borrower inv: eventually always (fines = 0) or always eventually (suspende

-- Invariant 6: Suspended borrowers who have paid their fines will eventually be released

d = true)

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:

86

context Library inv OpeningTimes:

(hour(self.clock.now) >= 8) and (hour(self.clock.now) <5) implies self.isOpen = true

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


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

ISO/IEC 19793:2015 (E)

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 system policies,
as described_i_n_ﬂ;e_tevfnq] rpgn]aﬁnnc ofthe ]i]’\rqry

==l _StaticSchemas== 1":'1
TheSystemAtTheBeginning
{locatiopInTime = "2007-01-01, 00:00:00 CEST"}
=<l _Object== ;:Q
<<y _Objectss 3 Templeman : Library <=y _Objectss ::9
currentPdlicywalues : LibraryPolicyValues librarian = L1 — TheClock : Calendar
library = Templeman assistant= At _ now< " "2007-01-01, 00:00:00 GCEST""
academifBookLoanPeriod = 365 libraryPolicies = currentPolicyvalues library= Templeman
academi¢MaxLoans = 24 isOpen = false
academifPeriodicalLoanPeriod = 7 clock = TheClock
dailyChafges = "0.05" credit="0"
postgradpookLoanPeriod = 30 7 b
postgradMaxLoans =16 ==\ _Ohject== 3 ==\ _Ohject== ‘9
postgradPeriodicalLoanPeriod =7 A1 : Assistant L1 : Librarian
undergradBookLoanPeriod = 365 T I
undergradMaxLoans =8 <<IV_Object>>;® =<lv_Dhject=» s
undergrafdPeriodicalLoanPeriod =0 Eve : Person Emerald : Person

Figure A.22 — Static schema with the initial state of the Library system

Similarly, lhe UML object diagram shown in Figure A.23 expresses a static schema that models the state off the system
at a momeijt in time (namely, at year end, When the state of the system should be recorded to serve as an inyentory), in
which ther¢ are only two Borrowers (John and Mary), one Librarian (Emerald), two Assistants (Eve and Pete), three
Books (ong copy of Ulysses and tworcopies of Dubliners), and one Periodical (today's edition of The Timef). There is
only one Lpan (Mary borrowed one copy of Ulysses in March).
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T e = ysses status = extant
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Figure A.23 — Static schema with the configuration‘of the Library system at day 95

in terms of a set of dynamic schemata. They describe the allowed state changes of the system or o

presents dynamic information schemata that describe changes of state associated with the
1 A.3.2. In this case, such action types’have been expressed by signals stereotyped «IV_Actiony.

It is worth noting here that some authors have proposed the use of UML operations for expressing action typ
oach presents some limitations. For example, it forces actions to be owned by one object (i.e., the object
is assigned). In general, it may-be the case that more than one ODP object might be related to a single ac
ractions are pieces of shared behaviour, with no necessarily single owner or initiator. However, the interact
is based on message exohange between objects, which forces all UML operations to be assigned to only one
nformation actions(are expressed by UML operations, the system designer has to decide, for every action,
operation expressing the ODP information action type is assigned. This is in general a difficult decision, &
ctical applications are required in order to identify a set of guidelines or patterns to support the practising

b ODP actjon, types to UML classifiers.

e system evolves is dictated by the behaviour of the’ objects of the system, which in the information viewpoint

fany subset

ction types

bs. However,
to which the
ion, because
on model of
bject. Thus,
the object to
nd therefore
modeller in

ified. These
ignal causes

changes in all stateMachlnes that define a transmon for it. In this way we can model, in a natural manner, the fact that an
ODP interaction may cause a state change in all objects related to that interaction, i.e., an ODP interaction is a piece of
shared behaviour. This would be very difficult to do if ODP interactions were expressed by operations.

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
[=elf borrower oclsKindOflAcademicStatt) implies
zelf horravweer horrowedtems =
self library libraryPolicies academicMaxLoans] and

(=elf barrower oclieKindOfiPostgrad) implies borrowrttem
self horrowver borroweditems = )
zelf library libraryPolicies postgradiaxLoans) and | Requested by Assistant

[=elf borrower ocllzKindOf Undargrad) implies
zelf horravwer horrowedtems =
self library libraryPolicies undergradilaxLoans)) [elze]

lztMslidloanRequest "  ishotValidloanReguest

[ Extant
{status=extant}
Disqualified

returniterm {status=disqualified}

[ Returned
{statuz=returned}
Archiveloan W]
{statuz=archived}

{status=requested}

Archiveloan

®

Figure A.24 — StateMachine of the Loan information object

Likewise, Figure A.25 shows the stateMachine of the Borrower information object, based on the cofresponding
stateMachipe of the Member enterprise object depicted in Figure A.14-In the information specification, two ¢f the states
of the enterprise object, Valid and Suspended, have been refined (défining them as composite states) to show the effects
of fines imposed by the assistants and debt settlements (FineMember and PayFine actions). Figure A.25 als¢ shows the
transitions petween the states, and the valid actions accepted in‘¢ach one.

|’ Applied for membership alidMembershi ( Eligible
| {status=applied} {status=eligible}

addhgmber

Valid

Invalid Membershi i
{ embprshi] payFine [amrt = pendingFines] / {=tatus="alid}
pendingFines ;= pendingFines - amnt

finehember §

,_f' pendingFines = PendingFines + amnt

" Hormal _— | Fined
cancelsghe]shia {SUSPBEE’BE:: fa'fg. ) {pendingFines = 0,
pendingFines=07} — — suzpended = falze}
sy Fire: [;mnt_= pendingﬁeg] i
‘ Refused Deleted relnstatehernber suspendflermber
{statuz=refusgd} {atatuz=deleted}
\ 7
'\ ,'" Suspended
'-\ {atatus=valid}
\ Archivefyiember finehermber
\q / pendingFines ;= pendingFines + atnnt
Archivehtetmier / | Suspended - . FinedAndSuspended
! {zuspended = true, = T {suspended = true,
|| cancelbembership | pendingFines=0} — — pendingFines =0}
Archived I e
payFine [amnt = pendingFines]
{statuz=archived}
payFine [armnt = pendingFines] N
Lt - it fineMernber |
pendingFines := pendingFines - amrt 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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( Loaned
{status = onLoan}
barrosetetn returnittern
[ Available diznoseftem [ Disposed
{ztatus = free} {=tatus = dispozed}
withholditem
releasettem

[ withhold
{ztatusz = withheld}

Figure A.26 — StateMachine of an Item information object

NOTE —{The previous diagrams show not only the effect of the actions on the corresponding information objects, but also the states
in whichj the actions are allowed, serving as pre- and post-conditions for those actions.

A.3.6 (orrespondences between the enterprise and the information specifications

Correspondences between the Enterprise and Information specifications are expressed in the'\corresponding package
LibrarySyptem (E-I Corr), as shown in Figure A.1. Correspondences are expressed using.the correspondgnce profile
(see [12.2]).

Figure A.2] shows an example of a correspondence between Loan enterprise and\ipiformation objects. Thdre is a top-
level corregpondence, LoanCorrespondence, which links these two types of ebjects. Such a correspondenge is broken
down into 3 set of correspondences, which establish particular details of it.

Thus, correspondence LoanInstances establishes that the sets of Loan instances in the enterprise and information models
should be donsistent. This is specified by stating that the set of names‘ofi the instances of enterprise loans should include
the set of names of the instances of information loans.

Similarly, [correspondence CheckLoanAuthorization establishes a correspondence between the opagueBehavior
ValidateLopnRequest of the LibrarySystem role (see Figurés)A.5, A.10 and A.16), and the transitions between states of
the Loan information object (see Figure A.24).

==Correspondencespecification==

LibrarySystem (E-l Corr)

AN

LoanCorregpondence
(Al owned elements and usages of the

¢gBemespondencelink>>  — —  — | By nan are to be consistent with the
endRoint! = (Eiloan ovvnied elements and usages of the
endPoint2 = ::i;l_oan IWLoan except where otherwise stated

inthe Erterprize Specification}
1 /
1

=qCorrespondencelink==
ChpckhoanAuthorization

Loaninstances
c d Licd {z== Thiz constraint iz for illystration purposes ool

B i e <<Comespondencelink: | et EVL [ ionc d Link endpaint?[0] §
endPointt = &yvalidate loan request - p nan = zelf extensionCorrespondencelink. endpoint1[0] in
dPoint2 = ! a endPoint1 = E Loan let VLoan = self extensionCarrespondencelink endpaint2(0] in

&n '?m N endPaoint? = {iiLoan EvLosn allnstances)-=caollect{name) includes Al Loan allnstances()-=collect(name])

AisAvalidLoanRequest 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
viewpoints, identifying the basic operations first and grouping them into interfaces. These interfaces define operations
which handle data, as part of their parameters and refurn values The fypes of these parameters are specified in the
DataTypeq package. Finally, the computational objects that own these interfaces are specified in the Objee{Templates
package.

==Computstional_Spec== N
LibrarySystem (C Spec)

1 1
ObjectTemplates InterfaceTemplates

1] 1
DataTypes InterfaceSignatures

Figure A.28 — Basic structure of the computationalyiéwpoint specification of the Library syst¢ém

It is interegting to note that the decomposition of the sysfem functionality into computational objects tha{ interact at
interfaces frovides the software architecture of the appligation. In UML, we express such architecture using afcomponent
diagram thpt describes the computational object templates and the computational interface templates at which these
objects intdract.

In the librafy system example, the software anchitecture of the application is composed, at the highest level, of three main
components: one that describes the basic.funetionality of the system (LibrarySystemMainFunctionality), and other two
(InterfaceToAssistant and InterfaceToLibrarian) which specify the user interfaces that the application Will offer to
assistants apd librarians to interact with it, respectively. This is shown in Figure A.29.

In the figurgs that follow, to improve the clarity of the diagrams, the icons shown in Table A.3 have been used fo represent
instances 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 — Component diagram with computational object templates and interface signatures of the system

o
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«CV_OperationinterfaceSignatures
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&CV_Announcement Signatures
+archiveMember( id : Memberldentifier )
+cancelMembership( id : Memberldentifier )
+re-instateMember( id : Memberldentifier )
+suspendMember( id : Memberldentifier )

/_interrogation Signatures
+addMember( detail : Member ) : Memberldentifier
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ILibraryMngt

O

«CV_Interrogation Signatures

+addAssistant( a : Assistant ) : Boolean

+addLibrarian( | : Librarian ) : Boolean

+getCredit() : Money

+getCurrentDailyChargesPolicy'/alues() : DailyChargesPolicy'/alues
+getCurrentLendingLimitPolicy'/alues() : LendingLimitPolicyalues
+removeAssistant( a: Assistant ) : void

+removeLibrarian( | : Librarian ) : void

+setDailyChargesPolicies( pol : DailyChargesPolicyValues ) : Boolean
+setLendingLimitPolicies( pol : LendingLimitPolicyValues ) : Boolean

JCV_ Interrogation Signatures

«CV_Interrogation Signatures

«CV_OperationinterfaceSignatures O

IFine

«CV_OperationinterfaceYignatures O

+getAllLoans(]: Loan [0.4] +addLoan( lo : Loan ) : Integer IFineinfo
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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).
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Figure A.32 — Data types handled by the computational objects

A4.3 Behaviour

Apart from the structural aspects, we need«to_specify the behaviour of the elements of a computational specification.
StateMachines can be used to express the internal behaviour of computational elements: ports, components ahd realizing
classifiers. [The way to use stateMachines to represent that behaviour has already been illustrated in the enferprise and
information specifications.

In case we [want to specify objdctinteractions, activities can be useful because they are abstractions of the mgny ways in
which mespages are exchanged between objects. Alternatively, UML interaction diagrams are more appropriate when
messages ahd interactionsprotocols are the focus of design.

For illustraion purpdses; Figure A.33 shows a sequence diagram with the interactions that occur between the Jomponents
of the computationalspecification during the borrowing process. First, an Assistant issues a loanRequest() operation,
which is regeived by the component that implements it (BorrowingSystem). That component asks the MemberMgr for
the details|of the borrower, and then requests a validation. If the validation fails (reply message nunl;)er 5), the
BorrowingSystem registers and archives the loan in the system (through the LoanManager), and responds to the
InterfaceToAssistant. Alternatively, i.e., if the member is valid (reply message number 11), the 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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