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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 i i i Tvity: i ' i utual interest.
Othélr international organizations, governmental and non-governmental, in liaison with ISO and IEC, alsoftake part in the
wor

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Draft
Interpational Standards adopted by the joint technical committee are circulated to national bodies for votjng. Publication
as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Interpational Standard ISO/IEC 10746-1 was prepared by Joint Technical Committee ISO/IEC Idfb@niation
techmology Subcommittee SC 3®istributed application servicesn collaboration with ITU-T. The identica) text is
published as ITU-T Recommendation X.901.

ISO/|[EC 10746 consists of the following parts, under the generalltifid@émation technology — Open Distributed
Processing — Reference Madel
— Part 1: Overview

— Part 2: Foundations

— Part 3: Architecture

— Part 4: Architectural semantics

Anngx A of this part of ISO/IEC 10746 is for information only.
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Introduction

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

The
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EC 10746-4, is based on precise concepts derived from current distributed processing developmery
ble, on the use of formal description techniques for specification of the architecture.

ITU-T Rec. X.901 | ISO/IEC 10746-Dverview: contains a motivational overview of OD
scoping, justification and explanation of key concepts, and an outline of the”ODP architecty
explanatory material on how this Reference Model is to be interpreted and.applied by its u
include standards writers and architects of ODP systems. It also contains a categorization o
of standardization expressed in terms of the reference points for conformance identified

X.903 | ISO/IEC 10746-3. These common texts are not normative.

ITU-T Rec. X.902 | ISO/IEC 10746-Poundations: contains the_definition of the concepts and
framework for normalized description of (arbitrary) distributed processing systems. This is g

specification techniques. These common texts are normative.

ITU-T Rec. X.903 | ISO/IEC 10746-3Architecture. contains the specification of the
characteristics that qualify distributed processing:as open. These are the constraints
standards must conform. It uses the descriptivetechniques from ITU-T Rec. X.902 | ISO
These common texts are normative.

ITU-T Rec. X.904 | ISO/IEC 10746-4rchitectural semantics: contains a normalization of t
modelling concepts defined in ITU-T-Réc. X.902 | ISO/IEC 10746-2, clauses 8 and 9. The
is achieved by interpreting each concept in terms of the constructs of the different stand
description techniques. These common texts are normative.

Recommendation | International Standard contains one annex.

e 6 explains the business benefits of open distributed systems, and how the RM-ODP ang
standards will enable corporations to realize these benefits. This clause states the “promises” of (
building blocks and system integration tools for distributed systems.

es 7 to 10 explain what-RM-ODP and its distributed functions are about. These clauses justify
orts the development.of plug-and-play building blocks and system integration tools for distributed sys

5e 11 shows howODP standards and specifications by other groups can be referenced in an ODP
m. These relationships are key to ODP’s ability to enable integration of disparate technologies.

e 12 contains' examples that demonstrate the use of RM-ODP and the use of underlying principles
ems.
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

INFORMATION TECHNOLOGY — OPEN DISTRIBUTED PROCESSING -

REFERENCE MODEL: OVERVIEW

This

This
vario

2

The
cons|
were
Recq
of th

a)

b)

c)

d)

valid

Scope and field of application

Recommendation | International Standard:

Recommendation | International Standard covers both overview’ ,and detailed explanation, and can
us ways when reading the standards:

Normative references

following Recommendations and International Standards contain provisions which, through referer
fitute provisions of this Recommendation | International Standard. At the time of publication, the ed
valid. All,Recommendations and Standards are subject to revision, and parties to agreement
mmendation | International Standard are encouraged to investigate the possibility of applying the md
b Recommendation and International Standard listed below. Members of IEC and ISO maintain regis
International Standards. The Telecommunication Standardization Bureau of the ITU maintains a |

gives an introduction and motivation for ODP;

provides an overview of the Reference Model of Open Distributed” Processing (RM-Q
explanation of its key concepts;

gives guidance on the application of the RM-ODP.

if you intend to read only this Recommendation | International Standard, to gain a general u
the importance of ODP to your organization, congentrate on clause 6;

DP) and an

be consulted in

hderstanding of

if you intend to study the whole RM-ODP, you should also read clause 6 before njoving on to

ITU-T Rec. X.902 | ISO/IEC 10746-2 andNTU-T Rec. X.903 | ISO/IEC 10746-3;

as you read ITU-T Rec. X.902 | ISO/IEC 10746-2 and ITU-T Rec. X.903 | ISO/IEC 1074
wish to consult clauses 7 to 10x.which give supporting explanation for the various concs
common texts define;

when you have completed.a first reading of ITU-T Rec. X.902 | ISO/IEC 10746-2 and ITU-T|
ISO/IEC 10746-3, read-clauses 11 and 12 which discuss the use of standards in
specifications, and ptaévide some examples of applying the ODP concepts in the specificatio

(-3 you may
pts that these

Rec. X.903 |
ODP system
n of systems.

ce in this text,
tions indicated
5 based on this
st recent edition
ers of currently

st of currently

valid ITU-T Recommendations.

2.1

Identical Recommendations | International Standards

ITU-T Recommendation X.200 (1994) | ISO/IEC 7498-1:198frmation technology — Open
Interconnection — Basic Reference Model: The Basic Model

ITU-T Recommendation X.207 (1993) | ISO/IEC 9545:198fgrmation technology — Open
Interconnection — Application Layer structure

ITU-T Recommendation X.720 (1993) | ISO/IEC 10165-1:19%8&rmation technology — Open
Interconnection — Structure of management information: Management Information Model.

ITU-T Rec. X.901 (1997 E)

Systems

Systems

Systems

1
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2.2

2.3

3

3.1
Ther

3.2

This
ISO/

ITU-T Recommendation X.902 (1995) | ISO/IEC 10746-2:1988ormation technology — Open
distributed processing — Reference Model: Foundations

ITU-T Recommendation X.903 (1995) | ISO/IEC 10746-3:1988ormation technology — Open
distributed processing — Reference Model: Architecture.

ITU-T Recommendation X.904 (1997) | ISO/IEC 10746-4:1988prmation technology — Open
distributed processing — Reference Model: Architectural semantics.

Paired Recommendations | International Standards equivalent in technical content

ITU-T Recommendation X.290 (1995PDSI conformance testing methodology and framework for
protocol Recommendations for ITU-T applications — General concepts

— ISO/IEC 9646-1:1994Information technology — Open Systems Interconnection — Conformance testing
methodology and framework — Part 1: General concepts

International Standards

— ISO/IEC 11578-®: Information technology — Open Systems Interconnection <;Remote Prpcedure Call

Definitions

Definitions in this Recommendation | International Standard

b are no definitions in this Recommendation | International Standard.

Definitions from other Recommendations | International Standards

Recommendation | International Standard makes. use of the following terms defined in ITU-T
EC 10746-2:

(RPC) — Part 2: Interface Definition Notation

ISO/IEC TR 10000-1:1995|nformation technology — Framework andptaxonomy of International
Standardized Profiles — Part 1: General principles and documentation framework

Abstraction;

Action;

Action template;

Activity;

Architecture;

Atomicity;

Base class;

Behaviour (of.an object);
Behavioural.compatibility;
Binding;

Binding behaviour;
Chain (of actions);
Class;

Client object;

COmmumnication;
Compliance;

Composite object;
Composition;
Configuration (of objects);
Conformance points;

1) To be published.

2

ITU-T Rec. X.901 (1997 E)

Rec. X.902 |
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Consumer object;
Contract;

Contractual context;
Creation;

Data;

Decomposition;

Deletion;

Derived class;
Distribution transparency;

Entibg:
=HYS

ISO/IEC 10746-1 : 1998 (E)

Environment (of an object);
Environment contract;
Error;

Establishing behaviour;
Failure;

Fault;

Identifier;

Information;

Initiating object;

Instance;

Instantiation;

Interaction;

Interface;

Interface signature;
Internal action;
Interworking reference point;
Introduction (of an <X>);
Invariant;

Liaison;

Location in space;
Management information;
Name;

Name resqlution;
Naming-domain;
Notification;

Object;

Obligation;

ODP standards;

ObP-systerm;

Perceptual reference point;
Permission;

Persistence;

Policy;

Portability;

Producer object;

Programmatic reference point;

Prohibition;
Quality of service;

ITU-T Rec. X.901 (1997 E) 3
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— Reference point;

— Refinement;

— Responding object;
— Role;

—  Server object;

—  State;

—  Subclass;

—  Subtype;

—  System;

Femplate-class;
—  Template type;
—  Terminating behaviour;
— Thread,
— Trading;
- Type;
— Unbinding;
—  Viewpoint.

This
ISO/

Recommendation | International Standard makes use of the
EC 10746-3:

—  <Viewpoint> language;

— Access control information;
— Access transparency;

— Announcement;

— Basic engineering object;
— Binder;

— Binding object;

— Capsule;

—  Capsule manager;

— Channel;

—  Checkpoint;

—  Checkpointing;

—  Cluster manager;

—  Cluster template;

—  Commuuication interface;
—  Community;

— _€ompound binding action;
—.Computational viewpoint;
~ " Deactivation;

following

terms defined in ITU-T

el Dyllalllib bbi ICITIA4,

— Engineering viewpoint;
—  Enterprise viewpoint;
—  Explicit binding;

—  Failure transparency;
—  Federation;

—  Flow;

— Hide;

—  Implicit binding;

— Information viewpoint;

4 ITU-T Rec. X.901 (1997 E)

Rec. X.903 |
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— Interceptor,;

— Interrogation;

— Invariant schema,;

— Invocation;

—  Location transparency;
—  Migration;

— Migration transparency;
— Node;

— Nucleus;

—  ODP function;

—  Operation interface;

—  Operation interface signature;
— Persistence transparency;
—  Primitive binding actions;
—  Protocol object;

— Reactivation;

— Recovery;

— Relocation transparency;
— Relocator;

— Replication schema,;

— Replication transparency;
—  Security authority;

—  Security domain;

—  Security policy;

— Signal;

—  Signal interface;

—  Signal interface signature;
—  Static schema,;

—  Stream interface;

—  Stream interface(sighature;
—  Stub;

— Target;

—  Technolegy viewpoint;

—  Tenmination;

— «<Transaction transparency;
< Validate.

This Recommendation {intermationat Standard makes use of the fottowng terms defined im ISOHEC 9646.

— Implementation conformance statement;

— Implementation Extra Information for Testing;

— Point of Control and Observation.

This Recommendation | International Standard makes use of the following terms defined in ITU-T Rec. X.200 |
ISO/IEC 7498-1:

— Open System;
—  Abstract syntax;

—  Transfer syntax.
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4 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply:

A-profile Application profile

ACID Atomicity Consistency Isolation Durability
AE(I) Application Entity (Invocation)

ALS Application Layer Structure

AP(I) Application Process (Invocation)

API Application Program Interface

ASO Application Service Object

BEO Basic Engineering Object

CAD Computer Aided Design

CD Compact Disk

CIM Computer Integrated Manufacturing
CMIP Common Management Information Protocol
CMIS Common Management Information Service
DL Definition Language

F-profile Format and presentation profile

FDT Formal Description Techniques

GUI Graphical User Interface

HCI Human Computer Interface

HDTV High Definition TV

ICS Implementation Conformance‘Statement
IDL Interface Definition Langtiage

IT Information Technolagy

IXIT Implementation Extra Information for Testing
MIM Management-Information Model

MMC(S) Multimedia Conferencing (System)

ODP Open-Distributed Processing

OoMG Object Management Group

OMT Object Modelling Technique

OSE Open System Environment

OSF Open Software Foundation

(ON] Open Systems Interconnection

PCO Paint of Control and Observation

QO0s Quality of Service

RDA Remote Database Access

RM-ODP Reference Model of Open Distributed Processing

RPC Remote Procedure Call

T-profile Transfer profile

TINA Telecommunication Information Networking Architecture
ULA Upper Layers Architecture

6 ITU-T Rec. X.901 (1997 E)
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Conventions

The following conventions are specific to this Recommendation | International Standard:

1) The first use in clauses 7 and 8 of formal terms from ITU-T Rec. X.902 | ISO/IEC 10746-2 and
ITU-T Rec. X.903 | ISO/IEC 10746-3 is italicized.

2) Examples in clause 12 use OMT drawing conventions defined in [Rumbaugh 91].

3) Indiagrams:

Objects are represented as ovals or circles.

6.1

The

proc
Thes
acco

Distr
need
betw
poss
work]
systd

The symbol E protruding from an object represents an Interrace.

ODP standardization

Objectives and motivation

bbjective of ODP standardization is the development of standards that allow{the benefits of distribut
bssing services to be realized in an environment of heterogeneous IT reseurces and multiple organiz
e standards address constraints on system specification and the-.provision of a system in
Immodate difficulties inherent in the design and programming of distributed systems.

buted systems are important because there is a growing need.i@ interconnect information processi

arises because of organizational trends such as downsizing, which demand the exchange of
ben groups within an organization and between cooperating: organizations. Advances in technolog
ble to respond to these trends by giving increasing cimportance to information service network
Stations, and by permitting the construction of applications distributed across large configurations of
ms.

In ofder both to manage system distribution and@o exploit it (e.g. use the potential for availability,

depe

ndability and cost optimization), organizations:must deal with a number of key characteristics of systq

RemotenessComponents of andistributed system may be spread across space; interaction
local or remote.

Concurrency: Any component of a distributed system can execute in parallel with any other ¢
Lack of global state_The global state of a distributed system cannot be precisely determined
Partial failures.Any component of a distributed system may fail independently of any other g

Asynchrony: Communication and processing activities are not driven by a single global cl
changes’in a distributed system cannot be assumed to take place at a single instant.

Keterogeneity. There is no guarantee that components of a distributed system are built u

many places: hardware, operating systems, communication networks and protocols,

ng information
ational domains.
rastructure that

ng systems. This
nformation both
y are making it

5 and personal

interconnected
performance,
m distribution:

5 may be either

omponents.

omponents.

pck. Related

5ing the same

technology and the set of various technologies will certainly change over time. Heterogengity appears in

programming

languages, applications, etc.

Autonomy: A distributed system can be spread over a number of autonomous management or control

authorities, with no single point of control. The degree of autonomy specifies the extent to which
processing resources and associated devices (printers, storage devices, graphical displays, audio devices,

etc.) are under the control of separate organizational entities.

Evolution: During its working life, a distributed system generally has to face many changes which are

motivated by technical progress enabling better performance at a better price, by strategic decisions about

new goals, and by new types of applications.

and data may also be moved between nodes, e.g. in order to cope with physical mobility
performance.
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Building such systems is not easy. It requires an architecture and, because a single engineering solution will not meet all
requirements, it must be a flexible architecture. Moreover, since a single vendor will not have all of the answers, it is
essential that the architecture, and any functions necessary to implement the architecture, be defined in a set of standards
so that multiple vendors can collaborate in the provision of distributed systems. Such standards will enable systems to be
built that:

*  Are open — Providing both portability (execution of components on different processing nodes without
modification) and interworking (meaningful interactions between components, possibly residing in
different systems).

* Are integrated — Incorporating various systems and resources into a whole without costly ad-hoc
developments. This may involve systems with different architectures, and different resources with different
performance. Integration helps to deal with heterogeneity.

*  Are flexible — Capable both of evolving and of accommodating the existence and continaed) operation of

legacy systems. An open distributed system should be capable of facing run-time changes -
should be capable of being dynamically reconfigured to accommodate changing circtimstan
helps to deal with mobility.

Are modular — Allowing parts of a system to be autonomous, but interrelated. Modularity is
flexibility.

Can befederated — Allowing a system to be combined with systems from different admirn
technical domains to achieve a single objective.

Are manageable— Allowing the resources of a system to be menitared, controlled and man
to support configuration, QOS and accounting policies.

Meetquality of service needs — Covering, for example, provision of timeliness, availability an
in the context of remote resources and interactions, together with provision of fault toleran
the remainder of a distributed system to continue to.operate in the event of failure of some
of fault tolerance (and of dependability in general)\is necessary within large distributed syste
unlikely that all parts of the system will ever be operational simultaneously.

Are secure— Ensuring that system facilities and data are protected against unauthorized a
requirements are made more difficult totmeet by remoteness of interactions, and mobility
system and of the system users.

Offer transparency — Masking frem applications the details and the differences in mechan
overcome problems caused byddistribution. This is a central requirement arising from the ne
the construction of distributed-applications. Aspects of distribution which should be mask
partially) include: heterogeneity of supporting software and hardware, location and
components, and mechanisms to achieve the required level for QOS in the face of failures (
migration, checkpaintifig, etc.).

- for example, it
ces. Flexibility

the basis for

istrative or

hged in order

d reliability

ce that allows
part. Provision
ms where it is

Ccess. Security
pf parts of the

sms used to
ed to facilitate
pd (totally or
mobility of
p.g. replication,

6.2 Realization
ODP| standardization-tyas four fundamental elements:
e anobject modelling approach to system specification;
* _the specification of a system in terms of separate but interrelated viewpeaitications;
« { the definition of a system infrastructure providing distribution transparencies for system applications;
- A framanowunrle far nccnccoina ocvuctammfarmanecan
aframewerkforassessing-systeanfermance
6.2.1 Object modelling

Object modelling provides a formalization of well-established design practices of abstraction and encapsulation.
Abstraction allows the description of system functionality to be separated from details of system implementation.
Encapsulation allows the hiding of heterogeneity, the localization of failure, the implementation of security and the hiding
of the mechanisms of service provision from the service user.

The object modelling concepts cover:

8

Basic modelling concepts — Providing rigorous definitions of a minimum set of concepts, (abjemt
interaction and interface) that form the basis for ODP system descriptions and are applicable in all

viewpoints.
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Specification concepts — Addressing notions such as type and class that are necessary for reasoning about
specifications and the relations between specifications, provide general tools for design, and establish
requirements on specification languages.

Structuring concepts — Building on the basic modelling concepts and the specification concepts to address
recurrent structures in distributed systems, and cover such concerns as policy, naming, behaviour,
dependability and communication.

6.2.2 Viewpoint specifications

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

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

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

the computational viewpoint, which is concerned with the functional decomposition of the gystem 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 viewpointvhich is concerned with the choice of\technology to support system [distribution.

For gach viewpoint there is an associated viewdaiguage which can be used to express a specification gf the system
from|that viewpoint. The object modelling concepts give a comnion: basis for the viewpoint languages and make it
possible to identify relationships between the different viewpoint.spécifications and to assert corresponflences between

the representations of the system in different viewpoints.

6.2.3 Distribution transparency

Distr|bution transparencies enable complexities associated with system distribution to be hidden from apjplications where

they jare irrelevant to their purpose. For example:

access transparency masks différences of data representation and invocation mechanigms for services
between systems;

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

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

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

ODP| standards define,functions and structures to realize distribution transparencies. However, there are [performance and
cost fradeoffs assQéidted with each transparency and only selected transparencies will be relevant in mgny cases. Thus,
conforming ODP\system must implement those transparencies that it supports in accordance with the re|evant standards,

but it is not required to support all transparencies.

6.2.4 Conformance

The Dbasic characternsiics of heterogeneily and evolution Imply that diferent parts of a distnbuied system can be
purchased separately, from different vendors. It is therefore very important that the behaviours of the different parts of a
system be clearly defined, and that it be possible to assign responsibility for any failure to meet the system’s
specifications.

The framework defined to govern the assessment of conformance addresses these issues. It covers:

identification of the conformance points within the set of viewpoint specifications at which observations of
conformance can be made;

definition of classes of conformance point;

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

ITU-T Rec. X.901 (1997 E) 9
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Standards

The Reference Model

The RM-ODP provides the overall framework for ODP standardization. It comprises two main parts:

ITU-

e« ITU-T Rec. X.902 | ISO/IEC 10746-Eoundations which defines the concepts and analytical f
for the description of distributed processing systems, including a general framework for the

conformance;

ITU-T Rec. X.903 | ISO/IEC 10746-&rchitecture, which defines how ODP systems are spe
the infrastructure providing distribution transparencies.

ramework
assessment of

cified and

Rec. X, 904 ! 1ISQ _10746-Lrchitectural semantics r‘nmplnmnnfe these two main pafts hy prn\/idinr} a formal
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6.3.2

Four|

N
di
St
T
p

pretation of the modelling concepts and viewpoint languages in terms of existing formal descriptioncte

RM-ODP is generic, that is, independent of, and equally applicable to, arbitrary application demaing
quiring distributed systems technology. For some specific application domains it will be necessar
alize the RM-ODP to suit particular needs, resulting in:

given in the RM-ODP, and define additional conceptual detall

Telecommunication Information Networking Architecture (TINA);

and specific fun

standards for the realization of specific functions needed for partieular applications and pos
in a specific reference model, e.g. interfaces for telephone callconnection.

use it is generic, the RM-ODP also enables disparate distributed~system technologies to be inte
tive technical system solutions to business requirements. In parficular, in the case of the architectu
Dpen Software Foundation (OSF) and the Object Managemént Group (OMG) to explain how the
fy to support distributed systems fit together, the ODP approach adds value by addressing such iss
parency and system management, and by defining a.fine" grained framework of reference points
ration of functions from different sources.

Specific standards

categories of standards are identified within the overall framework provided by the RM-ODP:

additional architectural frameworks, which complement the RM-ODP in specific areas suc
security and conformance assessment;

notation standards, which-define notations for expressing specifications of different aspq
integration and distrib@ition, and rules for relating different specifications;

component standards, which define a single ODP function or closely interrelated set of G
possibly capableof implementation as a single hardware or software platform;

component tomposition standards, which define the coordinated use of a number of
achieve-some objective of the system as a whole, such as provision of a specific transparen
DTE — Some ‘standards may specify both components and their composition (so that a useful facility can

ectly). Othenstandards may form the basis for a number of component composition standards, for example, §
pndard would be referenced in component composition standards for the provision of location or migration trang

Chniques.

making use of
y to refine and

specific reference models which cover individual types of enterprise, use eencepts and conpmon functions

ctions, e.g.

ibly identified

grated into cost
es published by
functions they

les as federation
to support the

h as naming,

cts of system

DP functions,

omponents to
LY.
be implemented

n ODP Relocator
parencies.

functions which

he RM-ODP provides a framework for component standards and component composition standards for ODP)
erits.a number of different approaches to their realization. This flexibility is necessary if the framework is to h

liff

hleeas

ptime, incorporating new developments as they mature. Thus, a specific standard or set of standards, specifies ane particula

solution to the provision of some ODP requirement, making all the specific choices needed for implementation of open products
to be possible, and there may be a number of such standards, corresponding to different design choices. In time, negstechnologi
will be incorporated, leading to new generations of standards within the one ODP framework.

7

Foundations

ITU-T Rec. X.902 | ISO/IEC 10746-2 defines a set of modelling concepts which provide the foundation for expressing
the architecture of ODP systemdglefined in ITU-T Rec. X.903 | ISO/IEC 10746-3. These concepts fall into three

categories:
«  basic modelling concepts which introduce a general object-based model. In general, an ODP system can be
described as a collection of related, interactibgects
10 ITU-T Rec. X.901 (1997 E)
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specification concepts which are not intrinsic to distributed systems but which allow their user to describe

and reason about ODP system specifications. They place requirements on any specification language that
is used for the specification of an ODP system and, because they are essentially language independent, can

be applied in any given specification language or programming language;

structuring concepts, covering organization, the properties of systems and opgicts, na

ming

behaviourand management, that correspond to notions and structures that are generally applicable in the

design and description of distributed systems.

ITU-T Rec. X.902 | ISO/IEC 10746-2 also provides a general framework for understamtifagmancein ODP
systems, expressed in terms of the general object model. This framework is discussed in clause 9.

7.1

7.1.1

ODP

containsinformationand offers services. A system is composed of interacting objects. An.object is charad
n makes it distinct from other objects andemgapsulationabstractionand behaviour:

whic

Encd
inter

is, an interaction with one object cannot affect dtate of another object without some secondary interactio

obje
or as

Abst
hete

techipologies, enablingortability and interoperability.

Abst|
their

compatible). This approach to extensibility is egssential in large, heterogeneous, distributed environmentg

very
from
prod

The

Basic modelling concepts

Objects

system specifications are expressed in terms of objects. An object is a representagafitgirathe real w|

psulation is the property that the information contained in an object is accessible only ititevagtiors
acessupported by the object. Because objects are encapsulated, there@reno hidden side effects of

t taking place. Thus, any change in the state of an object can only éccur as a reguti¢wfauactionof the
a result of an interaction of the object witkeitgironment

action implies that the internal details of an object are hiddén from other objects and is crucial fg
ogeneity, permitting different services to be impleménted in different ways, using different me

action also builds a strong separation between-ebjects, enabling them to be replaced or modified
environment, provided they continue to support the services their environment expects (i.e. they

nature are continuously evolving. An object model provides modularity and the ability to compose
existing modules: these are capahilities important for building flexible systems and encourage re
ictivity.

DDP object model is general-and makes a minimum number of assumptions. For instance:

objects can be-of-an arbitrary granularity (e.g. they can be as large as the telephone networ
an integer);

objects_can exhibit arbitrary (encapsulated) behaviours, and have an arbitrary level of intern

interactions between objects are not constrained and can include, for example, asy!
multiway-synchronous interactions.

brid. It
terized by that

at the
nteractions. That
N with that
object

r dealing with
chanisms and

vithout changing
are backward
, which by their
new modules
Luse to enhance

k, or as small as

il parallelism;

nchronous and

7.1.2

Interfaces and interaction points

Objects can only interact at interfaces, where an interface represents a part of the object’s behaviour related to a particular
subset of its possible interactions. Each interface is identified with a set of interactions in which the object careparticipat
Note that these interactions do not necessarily occur with other objects: an object can interact with itself. An important
characteristic of the concept of object in the RM-ODP is that an object can have a number of interfaces. The motivations
for considering multiple interfaces are functional separation and distribution. Functional separation can be understood,
for example, in the context of systems management, where management interactions and non-management interactions
are normally separated into different interfaces. When dealing with distributed objects, separation is also necessary where
interfaces constitute points of access to the object that are situated at different locations in space.

As a consequence of defining a number of interfaces for an object, the interactions at any one of the interfaces may be

affec

ted by the interactions at other interfaces, and are not necessarily determined in isolation.
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An interface exists at dnteraction pointwhich, at any point in time, is associated with some point in space. A number of
interfaces may exist at a given interaction point and the interaction point may be mobile. The significance of points in
space and time, and the way in which they are expressed, depends on the language in which a specification is expressed.

7.1.3

Behaviour and state

A behaviour of an object is a collectionaidtionsthat the object may take part in, together with the set of constraints on
when those actions can occur. The object model does not constrain the form or nature of object behaviour. The actions
can be interactions of the object with its environment or internal actions of the object.

State and behaviour are interrelated concepts. The state of an object is the condition of the object at a

dete
state
the g
the ¢

7.2

7.2.1

Com
sped|
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level

The
this ¢
at lo
highg

As a
the G
simp

iven instant that

nvironment is prepared to participate in.

Specification concepts

Composition/Decomposition

position and decompositioncan be used to organize the specification of a distributed system
fications, each one dealing with a different level of abstraction. It pepmits the specification of a com
m to be decomposed into specifications of a number of simpler®bjects which may also be decom
of abstraction.

omposition hierarchy, objecfassest higher levels are-assembled froomfigurationsof component objec

br-level object.

ehaviour of C must be defined so that\it-interacts appropriately with D. The interface between C a

(such as a sequence of interactions where C invokes an operation which returns a result). If C and D are

obje
intert

ace represents an interfaceof'\the composite object.

T0726160-96/d01

mines the potential future sequences of actions that object may be involved in. At the same time, ac
changes and, hence, the current state of an object is partly determined by its past behaviour. Of-c
bject will actually undertake are not entirely determined by its present state; they will also depend o

brocesses of composition and decomposition provide for'a hierarchical specification of a distributed

ver levels. Thus, composition is a powerful modelling'concept in that it permits a subsystem to be trg

h example, the diagram in Figure 1 shows:the composition of two objects, C and D. In order to comn
e as a single interaction (for example;to pass information from C to D), or it may be a more complig

t, then interactions between €. and D are hidden and become internal actionsarhpibsite objectTH

ions bring about
burse, the action:
n which actions

as a set of
lex distributed
ﬁosed at a lower

application. In
classes
ated as a single

1

pose C with D,
nd D may be as
ated behaviour
composed into an
e left

Figure 1 — Object composition

Object composition yields composition of states and behaviours and it is therefore possible to speak of a composite
behaviour and of a composite state.

Composition hierarchy is orthogonal to thgbclasshierarchy discussed in 7.2.3, and should not be confused with it. In
general there is no subclass hierarchy relationship between classes of the component objects and the classes of the
composite object. In fact, examples can be found where the composite object belongs to a subclass of the class to which

12
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a component object belongs (e.g. where the objects represent communications services, with the composite object adding
value to one of its components).

7.2.2

Behavioural compatibility

One object is said to be behaviourally compatible with another object in some environment if the first object can replace
the second, without the environment being able to detect any difference. Any particular interpretagbavidural
compatibilitywill impose constraints on the allowed behaviour of the environment. A common approach is to assume that
the environment behaves as a tester for the original object. That is, the environment should be capable of fully exercising
the original behaviour but should be able to do no more. Such assumptions are essential if behavioural compatibility in
the context of some unknown environment is to be considered.

7.2.3

A tyq

exanpple “is red” is a type. We say that something satisfies a type, or is of the type, if the predicate’hol

Thin
type.

Typ¢g
pres

The
to ta

The
corre
only
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So if
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7.2.4

eis a predicate (that is, it is a property or set of properties) of a collection of things (objects, dnterf

s can be quite dissimilar and still satisfy the same type; they only need to possess the properties
For instance, a particular flag, a particular brick house and a particular sports car might‘all be red.

s implicitly classify things into sets known as classes, where a class is the collection of things with
Cribed by a type.

hotion of type is very general and can be specialized in various ways. It is_useful in any context wher
k about, reason about and verify properties of things (e. gatbng, for binding).

concepts of type and class yield natural class/subclass and type/subtype hierarchies. The class/sy
sponds to the intuitive distinction in set theory between sets and subsets. One class is a subclass
if, the former is a subset of the latter. One type is a subtype.©f)another if the predicates of the first
cates of the second type.

lassing and subtyping go hand in hand. For every type there is an associated class (which may, of ¢

we have two types T1 and T2, then there must be associated classes C1 and C2. T1 is a subtype 0
a subclass of C2.

Templates

!

ces, etc.). For
s for the thing.
rescribed by the
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bclass distinctior
of another if, anc
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purse, be empty)
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A templatedescribes a collection of things (objects, interfaces etc.) in sufficient detail for a new thing to e instantiated

from

Whe

Typi
with

it.

e a template describes a set.of objects, it describes features such as state parameters, operatig
ally, instantiationof an objectientails establishing the initial state, for example, a buffer object mig
bmpty contents.

The
com

A template typés a)préedicate defined in a template. A template type is satisfied by all instantiations from
and,|in general,\;ean be satisfied by other things, where they fulfill the same requirements as the ing
exanpple, a template type may be defined so that objects instantiated from different templates, but satisfy
type,| show-behavioural compatibility.

Eachl template type gives rise téemplate classthe set ofinstancesof the template type. The template class

concept of behavioural compatibility also applies to object templates in the sense that there
atibility between twg-object templates if the objects instantiated from those templates are behaviourg

ns and behaviol
nt be created

is behavioural
lly compatible.
the template,

tantiations. For
ng that template

es can be

organized into subclass hierarchies, in accordance with the type/subtype relationships between template types.

7.2.5

Roles

A role identifies, in a template for a composite object, a behaviour to be associated with one of the component objects.

A role may correspond to a subset of the total behaviour of a component object. When an object is viewed in terms of a

role, only a named subset of its actions is of interest, and other actions are abstracted away, possibly to other roles. A
component object may have several roles at a given time depending upon its interactions, and may take different roles at
different times. These roles may be associated with interfaces.

For example, an object may have its normal functional or mission role (i.e. its purpose), and, for management purposes,
have a management role (i.e. the behaviour needed to monitor and control the mission role behaviour). Each role has its
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own interface, where the mission role is associated with a mission interface and the management role is associated with a
management interface.

7.2.6

Base classes and derived classes

The concepts obase classand derived classare based on a general notion of modification of templates known as
incremental modificationincremental modification is the derivation of a new template through the modification of an
existing template. The new template is called the derived template and the original template is called the base template.
Instances of the original template and the derived template are called the base class and the derived class, respectively.

In general, incremental modification which allows replacement may yield a different hierarchy than the class/subclass

one.

Fori
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7.3

7.3.1

nstance, consider a template class C1 of red cars defined by a template Temp 1 containing the Tollow
DUR=RED.

ose, to give template class C2, this line is replaced by:

DUR=BLUE.

emplate class C2 is derived from C1 and is not a subclass of C1.

me cases, the implementation of a derived class may be based on the impleméntation of the base ¢
own as implementation inheritance, and enables sharing of code in executable programs. Howeve|
ems in a distributed environment, since changes to the base class code_must be propagated to upd
implementations, and therefore ODP systems are not required to support implementation inheritanc

Structuring concepts

Groups and domains

Aqgr

upis a set of objects grouped together for structural\reasons or because the behaviours of the obje

ing line:

ass. This conceg
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features (e.g. in a replication group they can replaceseach other, in a communicating group they participate in the same
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ction). The group concept is generic and allows the specification of different kinds of group that
uted systems for many different purposes,sucfaals tolerance, availability and application suppo
rencing applications).

ainis a particular form of group in-which a particular aspect of the behaviour of objects in the grou

ol to be introduced into distributed systems. The domain concept covers many different needs s
ms use many kinds of domains (e.g. security domains, management duenaimg.domains

Naming

ng is necessaty\to distinguish and access components of a distributed system and is, therefors
ent in distributed system construction.

can be used in
t (e.g. in

p is controlled
objects in
thority and
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e, a fundamental

Context dependent naming améime management is necessary in order to deal with heterogeneity, a

fede

tonomy and

ationgit>brings flexibility and evolution by allowing independent development of name systems gnd arbitrary

combinations of name systems, including existing, independent ones. It also allows heterogeneity in rfame systems at
severallevels, e.qg. forms of names, name assignment, naming policies and strategi®e f@solutiorcan be different

in different systems.

Names are used to refer to entities in a given context. There may be circumstances when a name refers to more than on
entity. A name that refers unambiguously to one entity is callédeatifier.

The naming concepts in ITU-T Rec. X.902 | ISO/IEC 10746-2 do not specify a full naming framework for ODP. Such a
framework is a subject for separate standardization.

7.3.3

Contract

A contractis an agreement that governs cooperation among a number of objects, and embodies thehtigasof
permission prohibition and expectationassociated with cooperating objects. Thus, it is a general concept for
characterizing and regulating the cooperation of objects.

14
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Whenever objects cooperate (interact), there is some contract between them. In cases where the contract may be agreed ¢
some time and later terminated, it is a dynamic specification of the configuration of the objects. Though the potential
cooperation between the objects is constant, the rules provided by the contract constrain the potential cooperation to
some current, transitory behaviour.

However, contracts are often derivable from W@wvpoint languageules and do not need to be stated explicitly. For
example, in the case of the computational language, a client is obliged not to invoke an operation which is not defined in
a server’s interface. Only contracts which specify additional constraints need to be expressed explicitly.

As an example, a contract can specify:

« the roles of objects and the obligations applying to roles, i.e. the expected cooperative behaviour;

. the kind of behaviour thatvalidatesthe contract.

An epvironment contrads a particular kind of contract that applies between an object and its environment| This contract
describes the requirements placed by the object on its environment and vice versa. In particular, it is|concerned with
Qualjty of Service (QOS) constraints.

7.3.4 Liaison and binding

Bind|ng behaviourestablishes aontractual contexta binding) between interfacessand enables object codperation. A
binding can exist at several levels of abstraction.

A liaison is the relationship that exists between the objects cooperating uader the auspices of a binding. \When the liaison
is in|place, an object knows that the other objects in the liaison obey. the’ contract. An object can be invplved in several
simujtaneous liaisons: for each of these liaisons there is a corresponding contract.

NPTE — The following terms, used in the example in the next paragraph, belong to the OSI terminology: Bind, |Bind Response,
Uhbind, and Application Context.

An ekample of liaison establishment is provided by the OSIAssociation binding behavioastdibleshing behayious

provided by a Bind operation which includes the sending.of contract parameters by the initiating applicatipn object to the
resppnding application object. Thesponding objectesponds with a Bind Response operation (with possibly different
contact parameters), thereby establishing the liaison. The contractual context for the liaison is given by|the Application
Context agreed through the Bind and the Bind Response exchange. When either party wishes to termingte the liaison, it
initiafes theterminating behaviouby invoking. the-dnbind operation.

8 Architecture

ITU-T Rec. X.903 | ISO/IEC 10746-3 makes the prescriptive statements which must hold for a system to he characterized
as amn ODP system. Using the concepts and terminology defined by ITU-T Rec. X.902 | ISO/IEC 10746-2,|it defines:

< an architeetural framework for structuring the specification of ODP systems in terms of the concepts of
viewpointsandviewpoint specificationsanddistribution transparencies

» aset‘olanguagesn terms of which the different viewpoispecifications can be expressed;

« a'system infrastructure providimistribution transparenciefor system applications.

8.1 Architectural framework

Distributed systems can be very large and complex, and the many different considerations which influence their design
can result in a substantial body of specification, which needs to be given structure if it is to be managed successfully. A
good framework should allow different parts of the design to be worked on separately if they are independent, but should
identify clearly those places where different aspects of the design constrain one another. In order to achieve this, two
main structuring approaches are used in the ODP architecture: the definition of viewpoints and the definition of
transparencies.

8.1.1 Viewpoints

A viewpoint is a subdivision of the specification of a complete system, established to bring together those particular
pieces of information relevant to some particular area of concern during the design of the system. An ODP system is
anything of interest, so that, for example, it may equally well be an information processing system of an organization, or
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a particular component (hardware or software) of such a system. The viewpoints are not completely independent: key
items in each are identified as related to items in the other viewpoints. However, the viewpoints are sufficiently
independent to simplify reasoning about the complete specification.

Each of the viewpoints in the set can be related to all the others. They do not form a fixed sequence like a set of protocol
layers, nor are they created in a fixed order according to some design methodology. The architecture is expressed in terms
of the complete set of related viewpoints, without laying down how a complete specification is to be constructed for any
given system.

The RM-ODP defines five viewpoints. These are:
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a) Theenterprise viewpointA viewpoint on the system and its environment that focuses on the purpose,
scope and policies for the system.

b) Theinformation viewpointA viewpoint on the system and its environment that focuses-on the semantics
of the information and information processing performed.

c) Thecomputational viewpointA viewpoint on the system and its environment \that enables [distribution
through functional decomposition of the system into objects which interact atjnterfaces.

d) The engineering viewpointA viewpoint on the system and its environment that focuges on the
mechanisms and functions required to support distributed interaction between objects in the|system.

e) Thetechnology viewpointA viewpoint on the system and its environment that focuses on the choice of

technology in that system.

Her to represent an ODP system from a particular viewpoint,-it\is necessary to define a structured s
5 of which that representation (or specification) can be expressed. This set of concepts provideg
g specifications of systems from that viewpoint, and such a‘specification constitutes a model of a sys
oncepts. The terms of eadbwpoint languageand the rules applying to the use of those terms, are d
bject modelling concepts defined in ITU-T Rec. X.902 ISO/IEC 10746-2. Baplafe has sufficient ex
r to specify a®DP function application or policy from the corresponding viewpoint. Where system sj
rm to these languages, the systems designed. are ODP systems, at least from an architectural point

e RM-ODP, the various viewpoint languages differ in the strengths of the constraints their use
point languages concerned with organizing distribution and providing common solutions to its
utational and engineering viewpoints) place a significant number of constraints that must be obseg
, give guarantees of interworking between, and portability of, components. On the other hand, since
ric, there are few rules to be stated in the enterprise and information languages, and these are limite
ppts and guidance about the scope of enterprise and information modelling for distributed systems.

extensive constraints_will be defined for the enterprise and information languages when these
fication of systems. within particular fields of application and specific enterprises. For example, f
m the enterprise.@nd information specifications are constrained by the provisions of the Trader stand

Distribution transparencies

N designing a distributed system, a number of concerns become apparent which are a direct result o
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yStem components are heterogeneous, they can fail independently, they are at different and, ﬂ:ossibly, varying

; : ; andard solutions
can be selected, based on best practice.

If standard mechanisms are chosen, the application designer works in a world which is transparent to that particular
concern; the standard mechanism is said to providestabution transparencyApplication designers simply select
which distribution transparencies they wish to assume and where in the design they are to apply.

The distribution transparency approach can lead directly to software reuse. Selection of distribution transparencies in the
system specification can lead to the automatic incorporation of well established implementations of the standard solutions
by the system building tools in use, such as compilers, linkers and configuration managers. The designer expresses systen
requirements in the form of a simplified statement of the system required and the distribution transparency properties that
it should possess.
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The distribution transparencies defined in the RM-ODP are:

a) access transparencwhich masks differences datarepresentation andvocationmechanisms to enable
interworking between objects. This distribution transparency solves many of the problems of interworking
between heterogeneous systems, and will generally be provided by default.

b) failure transparencywhich masks from an object the failure and posgibt®veryof other objects (or
itself) to enable fault tolerance. When this distribution transparency is provided, the designer can work in
an idealized world in which the corresponding class of failures does not occur.

¢) location transparencywhich masks the use of information abtmgation in spacevhen identifying and
binding to interfaces. This distribution transparency provides a logical view of naming, independent of
actual physical location.

d) migration transparencywhich masks from an object the ability of a system to change the ledation of that
object. Migration is often used to achieve load balancing and reduce latency.

e) relocation transparengywhich masks relocation of an interface from other interfaces bpund to it.
Relocation allows system operation to continue even when migration or replacement of| some objects
creates temporary inconsistencies in the view seen by their users.

f)  replication transparencywhich masks the use of a group of mutually behavieurally compatible objects to
support an interface. Replication is often used to enhance performance-and availability.

g) persistencdransparencywhich masks from an object tldeactivationandreactivationof other gbjects
(or itself). Deactivation and reactivation are often used to maintaipéisistenceof an object when the
system is unable to provide it with processing, storage and commiunication functions continupusly.

h) transaction transparengywhich masks coordination of activities amongst a configuration of objects to
achieve consistency.

In any system specification, the definition of the transparencyinvolves both a set of requirements angl a distribution

trangparency that satisfies it. The set of requirements states.where the distribution transparency is ngeded (i.e. which
interactions it affects). This may simply be a statement that, it applies throughout a system, or may be @ more selective
statgment involving specific interfaces and defining, fer. example, the interactions which make up a|transaction or

seledting the objects and interfaces to be supported-by replication. The solution takes the form of a|set of rules for
trangforming the specification of the distribution transSparency requested into a specification in which seleqted interactions
or oljjects are expanded to include mechanisms.which provide that transparency.

8.2 Enterprise language

The pnterprise language introduces\basic concepts necessary to represent an ODP system in the context of the enterpris
in which it operates. The aim of-an' enterprise specification is to express the objectives and policy copstraints on the
systgm of interest. In order todao-this, the system is represented by one or more enterprise objectsowithiméyof

entefprise objects that represents the enterprise, and by the roles in which these objects are involyed. These roles
reprgsent, for example, the-users, owners and providers of information processed by the system. Crgating a separate
viewpoint to convey this.information decouples the specification of the objectives set for a system from the way in which
that $ystem is to be fealized.

One [of the key.ideas in the enterprise language is that of a contract, linking the performers of the vafious roles in a
cominunity and.expressing their mutual obligations. A contract can express the common goals and respgnsibilities which
distinguish:¥oles in a community, such as a business and its customers or a government organization gnd its clients, as
being related in particular ways in a single enterprise.

Where appropriate, an enterprise specification will also express aspects of ownership of resources and responsibility for
payment for goods and services in order to identify, for example, constraints on accounting and security mechanisms
within the infrastructure which supports the system.

One particular kind of community is a federation, which is a coming together of a number of groups answering to
different authorities (and thus representable as distinct domains) in order that they may jointly cooperate to achieve some
objective. Since the evolution of distributed systems will repeatedly result in the merging of existing, separately managed
sub-systems to share information or support commercial interests, specification awédtien of federations, and
expression of the rules which are to govern them, form an important part of system specification in the enterprise
viewpoint.

The domains concerned in a federation may be administrative domains (each subject, for example, to particular security
or management controls) or technology domains (each subject, for example, to common choices of system hardware or

ITU-T Rec. X.901 (1997 E) 17


https://standardsiso.com/api/?name=9e26e6ca11bb35bca39bcabb3d438737

ISO/IEC 10746-1 : 1998 (E)

software). The specification of federation involves specification of the objectives for interworking between different
domains and of the policies governing that interworking.

Federation of administrative domains relates to interworking between domains in the same or different enterprises in
order to provide sharing, integration or partitioning of resources and applications across different systems and locations in
response to user needs. Federation of technology domains is concerned with integration of different system architectures,
and of systems with different resources and different performance; it provides modularity that allows incremental growth
without impacting existing applications. The two kinds of federation often coincide, since differences in administration
can lead to differences in choice of technology.

Between administrative domains, either or both administrations may wish to impose their own access controls for such
purposes as security, accounting, and monitoring, in addition to controls imposed by the objects themselves.
Administrative boundaries are also the points where changes of management responsibility take place for such things as

Ll 1 acl dalilit +
reSG HTLT Alfuvativurt armu UC'JCI IUClIJIIII.y Hual AlfntcTo.

Poligies governing the operation of federation involve policies governing interworking. Thus, specificatior] of federation
can [elate to the need for specificationirterceptorfacilities in the engineering description, and the-objectives and
policy for federation establish constraints on the provision of interceptor facilities.

An gnterprise specification defines the policies governing the behaviour of the communities that it specifies. These
policles determine the actions of the enterprise objects that comprise those communities, and are copcerned with the
placing and fulfilling of obligations (e.g. requesting delivery; making a delivery), and'the permitting or jorbidding of
actions (e.g. authorizing or rejecting access to system facilities). Policies may relate(to:

a) The structuring of the community in terms of roles and the assignment of roles to enterprige objects. For
examplecommunity rules may state:

» assignment of roles and responsibilities to enterprise objects within the community;
* how enterprise objects are related in the community.structure (e.g. hierarchy or isocracy).
An enterprise specification may also incluuesiness ruleshat express:
» the enterprise as a business entity;

e accounting requirements;

» evolution of the business in order tosulfill its objectives.

b) Permitted interactions between enterprise objects holding different roles (i.e. access control). For example,
security rules may define:

» the roleactivity-object relationships, and their integrity and confidentiality requirements fpr activities
and objects;

« the rules for detection of security threats;
« the rules for pfotection against security threats;
e the rules or limiting any damage caused by any security breaches.

c) The responsibility delegated to enterprise objects. For exadefileeation of authority rules are ysed to
assign;

» privileges to enterprise objects (trust);
*./ permission or prohibition of actions of enterprise objects.

d)7~'Accounting for resource usage. For exampdspurce usage ruleglefine the constraints that| may be
imposed by external:

e regulatory bodies;

*  market demands;

* environment,

depending on whether the resource usage is:
*  public;

e private;

e third-party.

e) The ownership of resources. For exampiansfer rules may state the exchange of ownership and/or
responsibilities for resources between enterprise objects.

18 ITU-T Rec. X.901 (1997 E)


https://standardsiso.com/api/?name=9e26e6ca11bb35bca39bcabb3d438737

ISO/IEC 10746-1 : 1998 (E)

f)  The membership of federations. For example, an enterprise specification can thwhgie@ rules that

specify:
» the membership rules of a domain;
the interaction rules between domains of the same type;

the domain naming rules.

It is expected that there will be different notations for expressing enterprise specifications for specific

organizational

structures and business practices. The RM-ODP requires that an appropriate specification be generated, but places few

constraints on the form that organizations should take.

Assgssment of conformance to the enterprise specification of a system involves relating the requiremehts
time [for fulfilling an obligation) expressed in the specification to sets of observations of the behaviour of
conformance point&gentified in the engineering and technology specification, and assessing the.degree
betwgen the requirements and the observations.

8.3 Information language

The |individual components of a distributed system must share a common understanding of the in
communicate when they interact, or the system will not behave as expected..'Some of these items of
handled, in one way or another, by many of the objects in the system. To ensure that the interpretation
consjstent, the information language defines concepts for the specificationof the meaning of informatio
and manipulated by, an ODP system, independently of the way the information processing functions the

impleémented.
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Just|as in familiar data modelling, the informatiofi’specification comprises a set of related schemat
invariant, staticanddynamicschemata.

mation held by the ODP system about entities in the real werld, including the ODP system itself, is re
ation specification in terms of information objects, and their relationships and behaviour. Bas
nts are represented by atomic information objects:, More complex information is represented
ation objects each expressing relationships over a:set of constituent information objects.

An invariant schemaexpresses relationships:-between information objects which must always be true
behgviour of the system. Thus, an invariant schema for a bank account might specify that the balance mu
negdtive as the bank does not offer an overdraft facility.

A static schemaxpresses assertions which must be true at a single point in time. A common use of statid
specffy the initial state of an information object. For example, the initial state of a bank account object
accopunt balance of $0 and the amount withdrawn on that day which is also $0. Another static schema n
ibe how the amouht)withdrawn that day is $0 at midnight every night; note that this static sch
restr|ction on the account'balance at that point.

A dyhamic schemapecifies how the information can evolve as the system operates. For example, a bank
requlre a dynamic schema for depositing money, withdrawing money, paying interest, and charging 3
dynamic schema might be applicable only in certain circumstances (which could be specified by the
schema) For example, the dynamic schema for withdrawing $N might specify that the account balance is
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In addition to describing state changes, dynamic schemata can also create and delete component objec

ts. This allows ar

entire information specification of an ODP system to be modelled as a single (composite) information object.

These schemata may apply to the whole system, or they may apply to particular domains within it. Particularly in large
and rapidly evolving systems, the reconciliation and federation of separate information domains will be one of the major

tasks to be undertaken in order to manage information.

Schemata for composite information objects do not need to reference all components of the information object. Schemata

for composite information objects can be composed from schemata for their component objects,

provided such

composition is meaningful. Encapsulation of information objects is related to the level of abstraction of the description
concerned. Thus, at an appropriate level of abstraction, schemata for composite information objects can reference the
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internals of their component objects, although at a higher level of abstraction, this may not be possible. This permits the
specification of such complex noun phrases as “the phone numbers of the customers with accounts that withdrew over
$400 today”.

Some elements visible from the enterprise viewpoint will be visible from the information viewpoint and vice versa. For
example, an activity seen from the enterprise viewpoint may appear in the information viewpoint as the specification of
some processing which causes a state transition of an information entity.

Different notations for information specifications model the properties of information in different ways. Emphasis may be
placed on classification and reclassification of information types, or on the states and behaviour of information objects. In
some specification languages, atomic information objects are represented as values. The approach to be taken will depenc
on the modelling technique and notation being used.

ts expressed in
at conformance
points identified in the engineering and technology specification, and assessing the degree of consistehcy between the

The |computational viewpoint is directly concerned with the distribution of processing but not with the interaction
mechanisms that enable distribution to occur. The computational specification”decomposes the system into objects
perfgrming individual functions and interacting at well defined interfaces. It thus provides the basis for degisions on how
to digtribute the jobs to be done, because interfaces can be located independently, assuming communications mechanism
can e defined in the engineering specification to support the behaviour at those interfaces.

The heart of the computational language is the object model which defines:
« the form of interface an object can have;
« the way that interfaces can be bound and the forms of interaction which can take place at thgm;

« the actions an object can perform, in particular the creation of new objects and interfaces, and the
establishment of bindings.

The fomputational object model provides the basisfor ensuring that specification languages, programming languages and
comlmnication mechanisms all perform in acconsistent way, thus allowing open interworking and |portability of
components.

The fomputational language enables thie ;specifier to express constraints on the distribution of an applicgtion (in terms of
environment contracts associated with individual interfaces and interface bindings) without specifying thi actual degree
of distribution. This ensures that. applications contain no unstated assumptions affecting the distrilpution of their

components. Because of this, the configuration and degree of distribution of the hardware on which ODP |applications are
run ¢an easily be altered, subject to the stated environment constraints, without having a major impadt on application
software.

The fomputational language does not preclude the use in a distributed environment of software designed for centralized
systgms. It allows.for)encapsulation of existing applications as (non distributed) components of a larger, distributed
application. This.permits an evolutionary approach to the provision of distribution, thereby protecting investments in
exist|ng software.

Interactions-between computational objects are essentially asynchronous and can take three forms:

«  operationsthat are similar to procedures, and are invoked on designated interfaces;

« flows that are abstractions of continuous sequences of data between interfaces;
« signals that are elementary atomic interactions.

Operations reflect the client/server paradigm. An operation is an interaction betalgmnt abjectand aserver object
which requests (an invocation) the performance of some function by the server. There are two types of operation:

e aninterrogation in which the server returns a responstminatior to the client request;
< anannouncemenin which there is no response to the client request.

The notion of termination generalizes results and exceptions as found in many object-based and non-object-based
programming languages.
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The performance of operations is extended in space and time. Consequently, when an operation fails, the failure need not
occur for all the participants and may be observed by them at different times. The ability of the client to observe and take
action on failures is different for interrogations and announcements.

In the case of an interrogation, the two-way handshake ensures both that the client has confirmation that the requested

function has been performed, and that, if a cltan¢ad of activity invokes achain of interrogations, the requests are
responded to by the server in the order that they were issued by the client.

In the case of an announcement, any guarantees of the performance of requests, and the order of performance, are
determined by the environment contracts that apply to the operations.

Flows can be used to model, for example, the flow of audio or video information in a multimedia application or in voice-
based telecommunication services, or the continuous flow of periodic sensor readings in a process control application. A
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ntics of flows is left undefined in the computational model. In fact there can be many different semg
nding on the application domain.

his are the lowest level of description of interactions between computational objects. A signal is a

t (in this context “responding” means “accepting the communication”). This means:

that the signal occurs at a defined point in time and, hence, is a point of reference fof
purposes (e.g. in QOS observations);

that a failure is identical for, and visible to, all participants.

pny cases a signal will correspond, in implementation terms, to an_observable event at some p
ver the definition of the concept does not preclude the implementation of signals through transact
N give the necessary behaviour guarantees.

peration or a flow can be explained in terms of a combination' of several signals. An interrogation, fd
hderstood as a sequence of signals: invocation emission (by the client object), invocation receip
t), termination emission (by the server), termination receipt (by the client). In contrast, since the exd
is not given in the computational model, their mapping on signals is not defined. Modelling operatig
5 of signals becomes necessary in order to define end-to-end QOS characteristics, and the opera
ng and bindings between different kinds of interface (e.g. streapetation interfacéindings).

Computational interfaces
mputational interface is characterized:by a signature, a behaviour; and an environmental contract.
signature depends on the interface type which can be operation, stream or signal:

An operation interfacehas a signature that defines the set of operations supported at the
whether the interface has the role of client or server for that set of operations.

A stream intérfacehas a signature that defines the set of flows supported at the interface
flow, whéether the interface has the role of producer or consumer.

A signal interfacehas a signature that defines the set of signals supported at the interface
signal, whether the interface has the role of initiating or responding.

behaviour is described by the allowed sequences of actions of the computational object that are as|
ace.\The behaviour can include internal actions of the object and will be constrained by the envi

ged. The exact
ntics for flows,
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Importantly, each interface specification also contains an environment contract which specifies a set of Quality of Service
(QOS) constraints placed on a computational object and its environment. If the environment (other computational objects

and the supporting infrastructure) delivers the required level of QOS, then the object itself is guaranteed (by design) to
provide a certain level of QOS. The QOS specified for an interface expresses both its requirements on its environment,
and the QOS exhibited by the object in an environment that meets the requirements. The particular notation for specifying
quality of service is not prescribed by the computational language.

8.4.2 Binding model

Interactions between given computational interfaces are only possible if a binding (i.e. some communication path) has
been established between them. The computational language speqifieg bindingactions for both operation and
stream interfaces. In the case of operation interfaces, it also specifies that bindingropliciein order to allow the
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use of notations that do not provide for the expression of bind actiopBcit binding can only occur for operation
interfaces since in other cases it is not self evident where the initiative in the binding is placed relative to subsequent
interactions.

Where binding is implicit, an invocation by the client object results in the binding of an appropriate client interface to the
server interface and the occurrence of the operation (interrogation or announcement). The computational language leaves
undefined whether or not the client interface is deleted at the end of the process. It should be noted that implicit binding
has no provision for reference to an environment contract for the binding.

Where binding is explicit, it is defined in terms of two kinds of binding actiprisiitive binding action@ndcompound
binding actions These binding actions are only applicable in the context of explicit binding.

A primitive binding action allows the binding of two interfaces of the same or of different computationall objects. The
interfaces must be of the same type, but can be operation, stream or signal interfaces. A primitive binding|action is carried
out iy one of the objects concerned and has the effect of establishing at each interface thejinformatipn necessary for
intergction to take place, i.e. the identity of the other interface concerned. No requirement isseen for deflning an explicit
unbindingaction, but deleting either interface, obviously, deletes the binding as well. A primitive binding aftion requires
that the interfaces concerned are of the same kind and have complementary signaturetype and roles (4.g. one is a clien
and the other a server).

A compound binding action allows the binding of two or more interfaces of the\same or different type by means of a
binding object(see Figure 2).

Control interface

Computational
object

Computational
object

Bindig@@?

+ (/

T0726170-96/d02

Computational
object

Figure 2 — Compound binding

The pctigntcan be carried out by one of the computational objects involved in the binding or by a computational object
rate from the binding. It has the effect of instantiating a computational object to support the binding (the binding
obje gle]] jectd i ' i it gle]] fors to bind them to
the interfaces to be bound. It also instantiates a set of control interfaces through which its operations can be controlled
and returns the interface identifiers for the interfaces to the initiating computational object.

Behaviours of binding objects reflect the communication semantics they support and the computational model does not
restrict the types of binding object, reflecting the fact that there is multiplicity of possible communication structures
between objects. Nevertheless, useful classes of binding object may be standardized depending upon classes of
applications. In particular, binding objects can specify the operation of multiway bindings and of complex bindings (e.g.
between operation and stream interfaces of different types, and between operation interfaces and stream interfaces).

As with any other object, binding objects can be qualified by QOS assertions that further constrain their correct behaviour
(e.g. to bound end-to-end communication delay or end-to-end delay jitter at a recipient interface). Where such
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QOS assertions are made, the interfaces involved in the primitive bindings of a binding object must be signal interfaces,
since the atomic nature of signals makes it possible to specify of the points in space and time at which QOS observations
can be made.

Control interfaces for a binding object allow fieletionof the binding and can also allow control of its operation and of
the QOS that it offers. Examples of the facilities that could be provided are:

a) Control ofnotification of errors that disrupt the binding object: This would allow specification of an
interface at which the object invokes a notification operation if failures disrupt the binding.

b) Control of a dynamic multicast binding, allowing the addition of nhew consumers and removal of existing
consumers.

o H A | & a Lis s, i +l lal > y) WPy i 1 l
C) Grotup—mvocator,  Makmg—atomic—martcastmMvocatons—avatadre—M—tne—compttatonar—nguage and

allowing members to be added to, or subtracted from, the group.

d) Control of the QOS associated with the binding, allowing manipulation of specific QOS characteristics:
This form of control would be particularly useful for stream bindings for multimedia 'applications.

e) Notification of events of interest to the application, for example, an event might‘be signalled at the start or
end of a period of silence in an audio flow.

In the case of binding of stream interfaces, the binding may abstract from application’ specific stream composition rules.
In the¢ simplest case, the binding will represent a single flow from a producer interfaCe to a consumer intgrface (e.g. from
an atidio filing system to a speaker). However, the composition rules may be_more complex:

a) A full duplex path may be created and managed as a single_binding; the resultant flows link the producer
aspects of the interface on each computational object with’the consumer aspects of the interface on the
other.

b) A number of full duplex interfaces may be linked: by a binding object which encapsulates the rules of a
conference system for allowing the flow from a selegiediucer(the current talker) to be delivefed to all
consumers. Varying degrees of application control might be exercised via the binding contrjol interface to
provide explicit flow control.

c) Flows from a number of producers may be combined to provide a composite flow to a single consumer.
For example, a video flow from one-source and an audio flow from another, might be combined into a
single television flow as image<and associated commentary. Here the control interfaceé might allow
manipulation of engineering flow-synchronization mechanisms as part of the provision of lip $ynch.

An interface can be multiply bound. In‘the case of implicit binding, multiple binding of an interface requjres that each
binding be identified by the server interface involved. In the case of explicit binding, multiple binding reqyires that each
binding be identified by the binding-object involved.

8.4.3 Typing and subtyping for computational interfaces

Interfaces in the computational language are strongly typed to maximize early consistency checking of distributed
progfams conformirg to the ODP computational language. Interface types are related by a subtyping relgtion that defines
the minimal conditions to impose in order to provide for meaningful object interaction.

The [signaturestype of an interface defines the form and kind of interactions available at the interface, and signature

subtyping ‘specifies minimum requirements for one interface to substitute for another. The rules arg based on the

intergction semantics of computational interfaces, and are sufficient to ensure that a substituted interface| can consistently
etthe e-of any-interactions-that-e is—of-course g-heee or-rterfaceste-mateh in éerms of th

semantics of data transferred but general rules cannot be defined for carrying out such matching.

A signal interface signaturdefines, for each signal in the interface, its name, the parameters and whether the interface
concerned is thénitiator or responder. Aroperation interface signatureefines, for each kind of operation in the
interface, the name of the operation, the number and types of its arguments, as well as, for interrogations, the set of
possible outcomes for the operation, (terminations). For each termination, the name of the termination, together with the
number and types of its arguments are defined.

Subtyping rules for signal and operation interfaces signatures are defined in Annex A of ITU-T Rec. X.903 |
ISO/IEC 10746-3. Note that the interaction semantics for other interfaces types in addition to operation and stream can be
expressed in terms of signals, since signals provide the basic building blocks from which to model any higher level
interaction types.
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A stream interface is typed in terms of a set of component flows, each of which has a basic type capable of being
supported by the available underlying mechanisms. Examples of basic types are individual audio or video flows. Each
component flow has a unique direction, either into or out of the binding. The component flows are organized by the type
description into a stream signature (just as arguments are organized in a signature in an operation interface). A stream
interface may consist of a number of related flows, either in one single direction or in opposite directions. In the case of
streams, however, the interface type can itself be used to represent a more complex flow, so that in types constructed in a
series of stages the flows may form a multi-level hierarchy.

Examples of stream interfaces types are:

The

pairs

and
shor

Any stream interface type system will have an associated set of subtyping rules. These differ from the su
opergtional interfaces in that they are constructed to allow commupication between computational objec
interfaces offer different capabilities. For example, an audio interface might be considered as a subtype

audi
The
of th

In g8

Itis
inter

8.4.4

The
thes
mac

Diffe
com
sup

!

a) asingle audio flow from an audio source;

b) a single audio flow into an audio sink;

¢) a full duplex speech type in which there is one inward and one outward flow, to represent
the audio aspects of a telephony service;

d) a composite television signal consisting of both audio and video components;

e) a more complex application-oriented type in which several audio and video-flows are

represent flows in a virtual reality system.

fact that the flows in a stream interface each have a direction implies that intérface types will, in g
which are related by reversal of all the flows involved. However, if the interfacétype has an equivale

hand for asserting this, or for definition of the two related forms simultaneously.

and video interface, so as to allow a remote telephoneuser to communicate with a user of a vid
bptimum form of subtyping will depend on the application; 50 that selection of a suitable variant of sy
b design process.

neral, the stream subtyping rules can be divided_into two steps:

a) identification of correspondences between primitive flows in the two types, and decision 0

correspondences found are sufficient for a subtyping relationship to exist;

b) comparison of the types of each of the primitive flows, including comparison of QOS aspects

whether a subtype relationship exists.

ctions that are abstracted.in the definitions of the streams concerned.

Portability

computational language defines the actions an object can perform, and enumerates the possible
actions. Thus,the computational language defines an object based programming model for
ine that is realized by the engineering and technology rules.

e

g

rent sets of portability rules can be defined, each of which specifies a particular subset of the action
utatiohal programming model. A set of portability rules identifies the requirements on a computatio

A user view of

combined to

eneral, exist in
nt set of inward

putward flows, the two related types themselves become equivalent. A stream interface definition notation may allow

htyping rules for

s whose stream
of a composite
bophone system.
btyping is part

n whether the

, to determine

ot possible to define completely~general subtyping rules for stream interfaces since these depend upon details of the

failure modes of
generic virtual

5 defined by the
hal notation to

ftthe portability of objects between different environments that provide implementations of those

r|ules. The RM-

ODPitself defines a basic portability environment and a complete portability environment, depending on the sets of
actions supported.

8.5

Engineering language

The engineering language focuses on the way object interaction is achieved and on the resources needed to do so. |
defines concepts for describing the infrastructure required to support selective distribution transparent interactions
between objects, and rules for structuring communicatimnnelsbetween objects and for structuring systems for the
purposes of resource management.

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 ptiné clinteractions between
computational objects. As a consequence, there are very direct links between the viewpoint descriptions: computational

24

ITU-T Rec. X.901 (1997 E)


https://standardsiso.com/api/?name=9e26e6ca11bb35bca39bcabb3d438737

ISO/IEC 10746-1 : 19

objects are visible in the engineering viewpointbasic engineering objectand computational bindings,
implicit or explicit, are visible as either channels or local bindings.

98 (E)

whether

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.

8.5.1 Clusters, capsules and nodes

The engineering language deals with the basic engineering objects and with various other engineering objects which

support them. It relates these objects to the available system resources by identifying a nested series of g

roupings.

resources by grouping them

policy — one operating system.

The |node is under the control ofnacleuswhich is responsible for initialization, for creating>groups of e
objec¢ts, for making communications facilities available, and for providing basic serviceslike timing and
unigyie identifiers.

Withjn a node, there may be a numbercapsules A capsule owns storage and‘@-share of the node’s
resolirces. It can be thought of in terms of a traditional protected process, with\its own address space.

the Unit of protection and is generally the smallest unit of independent failureZsupported by the operating

a special engineering object, called tapsule managefassociated with each“capsule, and for descriptive

capsple is controlled by interactions with this manager.

A capsule will typically contain many engineering objects; the grouping of objects into capsules is done to
of ohject interaction. This is because communication between traditional processes is slow and expensiv

can be anything
a whole. Thus a
g and allocation

ngineering
the source of

processing
A\ capsule is thus
bystem. There is
purposes, a

reduce the cost
b, because of the

checks which need to be performed; however, the compiling“\tools that build capsules can be truadtddteand

strucdture the interactions between closely related engineering objects to a sufficient extent to let them
Resqurces within a capsule will be controlled by some kind-of language specific runtime system.

The smallest grouping of engineering objects is into @ set of clusters within a capsule. The objects in a cly
together in order to reduce the cost of manipulating them. Clusters, capsules and nodes are shown
engimeering objects in a cluster candmeckpointegogether, transferred to persistent storage, reactivated
another node altogether. This manipulation.of Complete clusters as a single operation opens the way to
of very fine grain object-based systems-at reasonable cost. For example, a geographical informatio
consjder data about individual points oh_a map to be engineering objects, but could not sustain the cost

Share resources.

ster are grouped
n Figure 3. The
br moved to

the management
n system might

bf giving each of

thes¢ objects a completely separate ‘existence. Communication between engineering objects in a clusfer can be highly

optinpized, since the objects are created together, in the same language, and are expected to stay togethd

Inter

Clusters are controlled and)actions on them are initiated by interaction with an assbeséEdnanageobject.

8.5.2 Channels

Whe
the @
othe
whic

N engineering objects in different clusters interact, there is a need for a good deal of supporting me
bjects arevcurrently within the same capsule or node, mechanisms are needed to cope with the po

of them, terminating, failing or moving elsewhere. The set of mechanisms needed to do this cons
n is.made up of a number of interacting engineering objects (see Figure 4).

hction within a cluster might'therefore be supported by a simple local method invocation or equivalent.

=

hanism. Even if
Esibility of one or
itute a channel,

The engineering objects within a channel are divided into three types, based on the job thatShéysde con

cerned

with the information conveyed in an interactitwmdersare concerned with maintaining the association between the set

of basic engineering objects linked by the channelpaothcol objectsnanage the actual communication.

Stubs interact directly with the basic engineering objects they support, and perform functions such as the
unmarshalling of parameters, or the logging of information about the interaction being performed. Thus

marshalling and
the stubs need

access to information about the type of the interaction, or, more generally, the type of the interface that is being
supported. This distguishes them from binders and protocol objects, which transfer complete messages without concern

for their internal structure.

Depending on the design of the system, a stub may be directly associated with a particular basic engineering object, or it

may be shared between a number of such objects. Sharing generally implies the need to transfer
information to identify, and thus distinguish between, the objects being supported.
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node
cluster
capsule
capsule
T0726180-96/d03
cpm Capsule manager object
clm Cluster manager object

Figure 3 — Capsules, clusters and nodes
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Figure 4 — An example of a client-server channel
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Binders are responsible for solving many of the problems of distribution. The binder establishes the binding when the
channel is created and subsequently maintains the end-to-end integrity of the channel. This means that it handles change:
of configuration and communication or object failures, and keeps track of the other endpoints if objects move or fail and
are replaced (the process of object relocation). Binders are thus involved in the provision of many of the distribution
transparencies.

The protocol objects provide for communication of sufficient quality and reliability between the binders they serve. In
addition to handling whatever peer protocols are in use, they provide access to supporting services, such as directory
services for translating addresses, where necessary.

Any of these three kinds of engineering object may itself need to communicate with other parts of the system, in order to
obtain the information it needs to do its job, or to suppanagement informatioto other engineering objects. Such
communication may itself need the various distribution transparencies, and so the communication from these objects to

else
basi

the ¢

In ca
or trd
later
acco,
on th

For
supp
supp

supp
resp

obje

man{ged. For example, a protocol object may provide a control interface through which the target qualit

here is by means of a channel; from this point of view, the engineering objects within one channel
engineering objects in another. Similarly, any of these objects can support control interfaces, viaywil

hannel can be adjusted.

ses where the channel crosses some technical or organizational boundary, there may be a need for
insformations to match the requirements on the two sides. These functions are perfermed by interc
in 8.5.7), which form part of the channel. They may need to perform format or protecol conversion,

Linting or access control checks. An interceptor may be built up from protocol abjects, binders and S
e nature of the job it has to do.

orting a single channel between two basic engineering objects. Hawever, in general, such a corn
ort channels between multiple pairs of basic engineering objects (see Figure 5), or channels with
orting various forms of group communication (see Figure 6)~\6r multicast. In this latter case, t
bnsible for coordinating communication, but the multicast meChanisms may be provided by either bin
ts, depending on the technology available. Multi-endpoint:channels are used to support replication tr
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Figure 5 — An example of a multiple channel configuration
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Figure 6 — An example of a group channel configuration

8.5.3 Interface references

Whep an interface is created, ap~interface reference for it is generated. The nucleus is involved in this process, so as to
make the reference unambiguous; and sufficient resources are allocated and initialized for the engineerigg objects in that
nodgq to participate in bindings if asked to do so.

The |nterface reference is the key for access to a large amount of information. Given such a reference/| it is possible to
discqver the type-of the interface, a communications address at which binding to it can be initiated, and ofher information
aboyt the expécted behaviour of stubs, binders and protocol objects within the channel, which is needed|for a subsequent
binding to_succeed. It is also the starting point for calling upon the functions needed to handle errors; khowledge of an
interfacecréference makes it possible to contact an appro@iatator.

This does not imply, however, that the information is all encoded as part of the interface reference; to do so might make it
a very big item to manipulate. The architectural requirement is that there should be some prescription for obtaining the
necessary information, starting from the interface reference, but the exact prescription, in terms of decoding and enquiry
from other engineering objects, can be chosen differently in different system designs.

In addition to these design variations, there can also be variations arising from the existence of multiple naming domains
and the allocation of references with respect to these domains. For both these reasons, it can be necessary for interceptor:
or other engineering objects in the channel, to transform interface references when they are passed across domain
boundaries.
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8.5.4 Binding

98 (E)

There are two kinds of engineering binding. Within a cluster, or between the engineering objects which cooperate within
a node to provide a channel, there are local bindings, which are provided by system-specific mechanisms. Such bindings
are regarded as primitive in the architecture. On the other hand, the bindings supported by channels provide appropriate

distribution transparencies; these are called distributed bindings, and creating them will generally
interaction between a number of nodes to establish the channel.

8.5.5 Channel establishment

involve some

In order to establish a bmdlng between englneerlng objects it |s necessary to be able to |dent|fy and describe the

An engineering object which wishes to pass an interface reference to one of its interfaces; asks its nuc
interface reference (via an operation on its hode management interface). An interface reference identif
and provides the information necessary to create a binding to it.

The [type of an engineering interface conveys the computational interface typedhat it implements in
channel configuration of stubs, binders, protocol objects, and interceptors (described later in 8.5.7) need
Wheh engineering interfaces with compatible computational interface types, are bound together, the bindir
negdtiates the exact configuration of the channel needed to support all tHe interfaces it encompasses. It
to ofdtimize this configuration. For example, if the interfaces support the same representation of data, then
for the channel to be configured with engineering objects to convert-bétween the data representations, alt|
be ngcessary to marshal a copy of the arguments or results into afnessage.

Bind|ngs between interfaces are created through the interaction of the nucleus objects (usually, those ng
interfaces are located). Therefore, when a nucleus creates.an interface reference, it supplies sufficient ins
to bg contacted in order to establish a binding to the, referenced interface. In engineering language te
identifies thecommunication interfag¢e) at which the-nucleus-nucleus interaction must occur. The identif
cominunication interface might require information\about the communication protocols supported at that
interface.

ally, the nucleus nominates one of'its-own communication interfaces for binding-establishment inte
general approach is also permitted. The communication interface (and its communication protog
hg-establishment interaction do not imply anything about the communication interface (and g
col) used to support the binding once it is created. An analogy is that a telephone conversation can
ending of paper documents;through the postal system.

Typi
more
bindi
protd
the s

The
deta

interface reference ‘eonveys highly complex information which is interpretable throughout the OD
led structure of an-interface reference is, therefore, the subject of separate standardization. The R
pres¢ribe whether the)interface reference physically contains the information described here, or is simpl
accebsing this information through interaction with other engineering objects (e.g. a name to be reso
server).

As a
This

N example of channel establishment, consider the establishment of a streanbeltaeraltwo engineering

ace in sufficient
practions betweer
o that interface

eus to create an
es the interface

pddition to the
ed to support it.
g establishment
might be possible
there is no need
hough it will still

des at which the
tructions on how
fms, the nucleus
cation of a
Communication

ractions, but a
ol) used in the
ommunication

e used to initiate

P system. The
M-ODP does not
a key used for
ved by a name

objects.

takes place in several steps.

*Step 1

One of the two engineering objects initiates the configuration of a channel by interaction with its nucleus.
syntax may have the following format:

InitChannel (StreamChanneproducer/consumetFPC1, result IFrefStreamchanngl

where StreamChannelis of type ‘StreamChannél and Streamchannelis the type of channel to be

The interaction

created;

producer/consumeindicates that the concerned engineering object will have both a producer and consumer role for the

stream channelFPCL1 is the interface of the engineering object to be bound to the stream channel.
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When this interaction occurs, the nucleus creates a stub object, a binding object and a protocol object corresponding to
the channel type and the role. These engineering objects are bound to create a first part of a stream channel. The
presentation interface of the stub object is bound tdRRE1 interface. The stub object is then bound to the binding

object that is bound to the protocol object. The result of this interaction is an interface reférei€tréamchanngl

The interface reference will be communicated to the engineering objects that want to bind to the channel.

* Step 2

The interface reference of the channel is communicated to the second engineering object. This object interacts with its
nucleus to bind to the channel by means of the following interaction:

BindChannel (StreamChanneproducer/consumetFPC2, IFrefStreamchanngl

wher

both

streg

The
obje
obje

e StreamChannek the type of channepiroducer/consumeindicates that the second engineering objec
a producer and consumer role for the stream chdRR&2 is the interface of the second object tobé-ba
m channel.

hucleus determines from the interface referdffStreamchannelthe channel type and legation of thg
ts for the other participants in the stream channel. The nucleus creates a stub object)a binding obje
t corresponding to the channel type of the other participants and the role. These labjects are bound

will have
und to the

protocol
ct and a protocol
to the part of the

streg
each

m channel already established and to the second engineering object. Then the,binders in the chahnel interact with

other to enable communication across the channel.

* Stelp 3

Othefr objects may bind to the existing channel using the Bamd€hannelA) interaction.

8.5.6 Management interfaces

Only
mod

mangagement application.

Resq

an object can modify its own behaviour. An object may respond to requests from a managemen
fy its behaviour and may, in consequence, delegate responsibility for some part of its mang

urce management requires that it should be\possible to invoke management operations on individ

engi
and

8.5.7

Inter

The node that supports the capsule.

eering objects that contain them, the clustén that contains the engineering object, the capsule that cq

Interceptors

Ceptors are specified to meet\requirements, identified in an enterprise specification, for the federatig

t application to
gement to the

ual services, the
ntains the clustel

n of technology

bjects which

or aﬂministrative domains. Intérceptors correspond to the notions of “gateway”, “agent”, or “monitor” g
Mministrations that

stangl between two domains~and enable or permit interactions on the basis of a contract between the Ad
specjfies the basis for their-federation.

With{n a technology. domain, the nucleus objects have identical data representations and functionalify of protocols,
naming and addreSsing. When two technology domains meet, there is an opportunity to merge the| domains — i.e.
computational-objects in each domain are extended to use both their own and the foreign domain’s technology (or both
switgh to a.more generic common technology). Where this occurs, the technology boundary dissolyes and access
trangparency'is sufficient. Interceptors cover the case in which it is not possible to modify the technology of one or both
of the domains and, in consequence, interception must occur at the boundary, providing protocol convgrsion and name
tranglation

Protocol and data translation over technology boundaries are carried out by in-line interceptors and these are involved in
all object interactions over the boundary. For efficiency, only one in-line interceptor would be used for each technology
boundary (see Figure 7).

Administrative boundary interceptors exist entirely within an Administration and fulfill protection responsibilities for an
Administration. For instance, an administrative boundary interceptor could be used in the translation of security
information containing permissions. Such an interceptor could be used before an interaction by the invoking
computational object infrastructure. An administrative interceptor may communicate with the similar interceptor in the
other domain to exchange information, such as cryptographic keys, and to check administrative information before
translating it (see Figure 8). The translations carried out by administrative interceptors may be used by several successive
interactions between computational objects without further use of the interceptor.
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T0726220-96/d07

Boundary

Figure 7 — In-line Interceptor — Technology boundary

Interceptor Interceptor

T0726230-96/d08
Boundary

Figure 8 — Split Interceptor,—Administrative boundary

Whefe an administrative and a technolegy boundary coexist, then both in-line and off-line interceptors |would be used
(compination of Figures 7 and 8)%Alternatively, the in-line interceptor may be split, so that there afe two in-line
inter¢eptors, one in each administrative domain to support the trust relationships (see Figure 9).

Interceptor Interceptor

AN RSN
NI

T0726240-96/d09

Boundary

Figure 9 — Split Interceptor — Combined technology and administrative boundary
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In general, boundaries are N-way because more than two subsystems may meet at the same location, logically however ar
N-way boundary can always be modelled as N 2-way boundaries and thus, architecturally, only the 2-way interceptor case
needs to be considered.

Special conditions arise where federation requires that the traders in each domain be linked. If a trader is accessible
through an in-line interceptor, then that trader can be used to access subsequent traders, but the interceptor must provide
special initialization functions to allow access to at least an initial trader across itself in both directions. Thiatioitializ

can be done by having the interceptor federate traders on either side of its boundary, by having the interceptor become a

proxy trader, or by building a trader into the interceptor itself.

8.5.8
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The yarious interfaces involve different kinds of conformance. The interface between protocol objects is an interworking
confgormance point, providing for familiar methods, like OSI testing, based on observation of the communication
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Technology language

echnology specification describes the implementation of the, ODP system in terms of a configuratio
ts representing the hardware and software components ‘of the implementation. It is constrain
hbility of technology objects (hardware and software products) that would satisfy this specificatio

conform to implementable standards which are effectively ‘templates for technology objects. Thus,
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boint provides a link between the set of viewpoint specifications and the real implementation, by listin
to provide the necessary basic operations in the“other viewpoint specifications, and the aim of
fication is to provide the extra information needed for implementation and testing by selecting standa
components and communication mechanisms. Such a selection is necessary to complete the sys
largely divorced from the rest of the designyprocess.

b are consequences of the technolegy selection, however. One area in which the selections in
fication feed back to other aspects)of the system design is in the provision of a specific quality

tions in the technology viewpoint determine the performance costs of interactions and thus, indirectl
Ce which can be achieved by-the behaviour defined in other viewpoint specifications.

echnology specification,pfays a major role in the conformance testing process. It identifies the conf
b real system at which-a tester can make observations of its behaviour and it supplies the inforn
bret the observations-a tester can make in terms of the vocabulary and concepts used in the other
m specificationS:For example, it allows valid interactions to be recognized, so that their appropr

bmentation.Extra Information for Testing (IXIT).

Consistency between viewpoints

re modules; they
terfaces to

Al conformance
5 assessed for

h of technology
bd by cost and
n. These may
he technology
) the standards
the technology
Ird solutions for
tem specification

the technology
pf service. The
y, the quality of

ormance points

ation needed to
viewpoints of the
ateness can be

ked against some specified technology object behaviour. The information required for this pufpose is called

The five viewpoint specifications for a system are linked by statements defining the relations between key terms in them
and establish that:

the specifications relate to a single system and are not independent;

the specifications are self consistent;

in the other viewpoint specifications.

observable behaviour at conformance points in the technology specification can be related to requirements

Many of the links needed will be provided implicitly by the notations used, resulting from correspondences between

names. However, some of the key constraints need to be stated explicitly. In the architecture, constraints are placed on the
relations between terms in the viewpoint languages themselves, establishing some limits on the mappings which can
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be established. Most of the constraints placed are between terms in the computational and engineering languages, and ar
defined so as to create consistent interpretations when system components, such as those supporting the ODP functions
are specified separately.

Clear mappings between viewpoints are necessary if the processes of identifying interfaces and of providing
transparencies are to be supported automatically by development tools. For example, a computational object may be
realized as a set of linked engineering objects, but a single engineering object cannot represent multiple computational
objects; a computational interface cannot be divided into separate engineering interfaces except where they are related by
replication functions; computational interfaces are identified unambiguously by engineering identifiers. These kinds of
constraint help to ensure that common engineering mechanisms will be able to support the full range of possible
computational behaviours.

In orfer to illustrate the nature of the correspondences that may apply, suppose, for example, that e_cerfain specification
of a given system may be represented as a set of interacting Viewpoint 1 (V1) objects, as represented in Figure 10.

T0726250-96/d10

Figure 10 —AV1 view of a system

The same system might be described from another Viewpoint (V2) as a different set of different interacting V2 objects, as
reprgsented in Figure 11.

oD

T0726260-96/d11

Figure 11 — A V2 view of a system
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Since these are two descriptions of the same system, it is possible to group objects in the two preceding pictures, in order
to verify that the correspondence rules are satisfied between groups. This process is depicted in Figure 12.

Q\\ Q V1 view
Q\@/ —
\ \ Correspondences
\ \
O Q V2 view

7
AN
~\
C D
i
R

Figure 12 — Correspondences between different viewpoints of a system

T0726270-96/d12

If sugch a correspondence cannot be established, then the two different descriptions are not consisterjt, and should be
refingd until a correspondence can be demonstrated.

Confjgurations of objects that are.€empared (the configurations of boxes in Figure 12) are, in general, deflned for the sole
purppse of finding a correspondence between two specifications.

In other words, in order to-compare a specification SpecA written in a given viewpoint language L1, and another
specjfication SpecC ofthe-Same system, written in another viewpoint language L2, in the general case it i$ necessary to:

a) Transferm SpecA into another specification in L2. Call this specification SpecB. Note that the RM-ODP
does notdefine any transformation algorithms.

NOTE — It may sometimes be convenient, in order to carry out this transformation, to derive from [SpecA another
specification of the same system, still written in L1, that is equivalent to SpecA, in order to| better verify
correspondences. This corresponds, for example, to grouping the objects defined in the system ¢f Figure 12 into
othrer-objects(theboxes):

b) Verify that there are no conflicts between SpecB and SpecC.

Correspondences apply between specifications expressed in different viewpoint languages, not between terms of those
languages. In other words, there is no direct translation from one viewpoint language into another one.

8.7.1 Enterprise viewpoint consistency with other viewpoints

The enterprise language should serve as the basis for specifying enterprise goals which must be reflected directly or
indirectly in all other viewpoint specifications. The enterprise viewpoint describes, explicitly, the objectives of the system
in the context of the organization in terms of members, roles, actions, purposes, usage and policies.
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Therefore, an information, computational, engineering or technology viewpoint specification is consistent with an
enterprise specification if all the roles, activities, and policies described in the enterprise specification, are correctly
reflected. For instance, dynamic schemata defined in an information specification must obey the policies described in the
enterprise specification. Different roles identified in the enterprise specification may be supported by different
computational objects, having different transparency requirements. Thus, transparency needs for each role in the
enterprise specification should be reflected by the use of the corresponding transparency mechanism in the engineering
specification. A flexibility requirement or policy in the enterprise specification can lead to the choice of specific
technologies for implementation of a distributed system.

8.7.2 Correspondences between computational and engineering specifications

A co’trespondence exists between the computational specification and an engineering specification ta)bg executed. This
engimeering specification exhibits the behaviour described in the computational specification. Figurey&3 i$ an example of
this ¢orrespondence.

Computatienal
object

Computational Binding object

object

Computational
Engineering
Capsule Cluster : T Ciuster Capsule
Basic Basic
Engineering Engineering
Object Channel Object

controller

@ Channel @

protocol I @ l protocol

Node 1 Node 2

T0726280-96/d13

Cluster
manager

Capsule
manager

Cluster
manager

Capsule
manager

Figure 13 — Example of correspondence between computational and engineering viewpoints

The basic engineering objects correspond to computational objects. Basic engineering objects are grouped into clusters
that could represent, for instance, executable pieces of code in T o€lDsters are organized into a capsule that could
represent, for instance, a UNIX process. The capsule is bound to a nucleus object (representing, for instance, a particular
operating system) that belongs to a node (representing, for instance, a work station). Basic engineering objects are
supported by additional engineering supporting objects as shown in Figure 13.
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The refinementof computational templates into engineering templates corresponds to the nattwnpifng programs
to produce object code. The refinement of engineering templatesliuster template€orresponds to the notion of
linking modules to form an executable program image. The concept of capsule corresponds to the adtioessf
spaceor processn most operating systems.

The binding object in the computational specification represented in Figure 13 corresponds to a channel configuration in
the engineering specification. The environments constraints specific to the interfaces that are being bound (e.g. security,
QOS) are taken into account while establishing a channel between the basic engineering objects concerned.

The control interface of the binding object in the computational specification corresponds to interfaces to stubs and
binders in different nodes in the endineering representation. A channel controller object could be introduced that is in
charge of the dispatching of the control operations. The communication between the channel controlief object and the
stub|and binders takes place through channels established for this purpose (not shown in Figuneppf@ngSu
engimeering objects may be created (e.g. synchronization objects) to manage and control a set of interrelgted channels.

Morg generally, a computational specification describes the functionality of a system as a_set«of interacting computational
obje¢ts. The engineering specification is constrained by the computational specification®in that it has| to respect the
computational objects and their interfaces. Each computational object must be représented as one Rasic engineering
obje¢t or as a group of basic engineering objects. In the simplest case, a single Jengineering object|is equated to a
computational object. For example, an application program, when compiled, cofrésponds to an engineeting object to be
loadé¢d as a load module in a cluster, after link-editing with other engineering objects like stub, binglers, etc. This
configuration is depicted in Figure 14.

Computational
Object

Corresponds to

Cluster

Engineering
Object

Capsule

T0726290-96/d14

Figure 14 — One-to-one correspondence

For each computational interface there must be one corresponding engineering interface, except where transparencies
which replicate objects are involved. In this case, the same computational interface can be associated with different
engineering interface identifiers, so allowing replication, e.g. for performance reasons. The computational interface is
associated with a set ehgineering interface referencegrresponding to different engineering objects. The activities of

these engineering objects must be coordinated by replication objects in order to ensure that the system maintains a
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consistent global state. An example of this case is in Figure 15, which shows two basic engineering objects, located in
two different nodes, that replicate the functionalities offered at a computational interface. Since the engineering objects
are in different nodes, replication coordination is ensured by two replication objects, one on each node, that communicate

throu

gh a channel.

Computational
Object

/N

The
the i
spec
them
appr

Give
full ¢
basigq
prov

Corresponds to

/

Cluster

Engineering
Object

Engineering

Object Cluster

Node B

Capsule Capsule

Channel

Node A

Replication
Object

Replication
Object

T0726300-96/d15

Figure 15 — Many-to-one correspondence

refinement process between-the computational specification and the engineering specification may ¢
entification of suitable supporting objects to populate channels that represent binding objects in th
fication. In other cases, -there may be significant transformation of the templates for the compu
selves, replacing declarative statements about behaviour (e.g. synchronization constraints) with
bpriate ODP functions (e.g. the transaction function).

h sufficiept-khowledge of the system’s configuration, particular optimizations can be engineered back]
enerality~0f the engineering structure is not required. Thus, an implementor can short-circuit intera

engifeering objects at the same node (for example, by using local procedure calls for increas
ded that such short-circuits do not affect the interworking through interfaces visible to objects at othe

imply consist of
b computational
fational objects
explicit use of

in cases where
Ctions between
bd performance)
r nuclei. In this

way,

the” architecture copes with distribution without I"qulll"lhg a mlllflhllmh/ of mechanisms tao cater for logc

| and remote

interactions, and yet W|thout sacrificing execution efficiency.

8.8

ODP functions

ITU-T Rec. X.903 | ISO/IEC 10746-3 provides outline descriptions of a set of ODP functions. These functions are either
fundamental or widely applicable to the construction of ODP systems. Detailed specifications for these functions will be
the subject to specific standardization activities and the resultant standards may combine specifications of ODP functions
to provide specifications for components of ODP systems.
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The complete set of ODP functions is divided into four groups:
a) management functions;
b) coordination functions;
c) repository functions;

d) security functions.

8.8.1 Management functions

The management functions comprise:

< the node management function;

*—the object management function;
e the cluster management function; and
e the capsule management function.

The pode management function is provided by the nucleus of a node, and is concerned with control of prgcessing, storage
and communications functions within a node. It provides for:

e management of processing threads;

« clock access and timer management;

»  channel creation and the handling of engineering interface references;
« capsule template instantiation and capsule deletion.

The |object management function is provided, where required, hy~any object and allows for the checkpointing and
deletion of the object.

The tluster management function is provided by a cluster manager and allows for the checkpointing, recqvery, migration,
deadtivation or deletion of the cluster.

The fapsule management function is provided by a capsule manager and allows for the instantiation (in¢luding recovery
and feactivation), checkpointing, deactivating or deleting of all clusters in a capsule, and deletion of the cgpsule itself.

8.8.2 Coordination functions

The toordination functions comprise:

« the event notification function;

» the checkpoint and recovery function;

« the deactivation @and reactivation function;
e the group fungtion;

* the replication function;

e the migration function;

« .the transaction function; and

- \7~the engineering interface reference tracking function.

The gvent notification function records and makes available event histories. Event producers interact with the function to
create event histories and the function notifies registered event consumers of the availability of event histories.

The checkpoint and recovery function coordinates the checkpointing of clusters and the recovery of failed clusters from
checkpoints It is governed by policies covering when clusters should be checkpointed and where the associated
checkpoints should be stored, when and where clusters should be recovered, and which checkpoint should be recovered.

The deactivation and reactivation function coordinates the deactivation and reactivation of clusters. It is governed by
policies covering when clusters should be deactivated and where the associated checkpoints should be stored, when anc
where clusters should be reactivated, and which checkpoint should be used for reactivation.

The group function provides the necessary mechanisms to coordinate the interactions of objects in a multiparty binding.

The replication function is concerned with the special case of a group in which the objects in the group are behaviourally
compatible. It provides the necessary mechanisms to ensure that the group appears to other objects as if it were a single
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object and also allows the membership of the group to be increased or decreased. The function can be used at the level o
a cluster, in conjunction with the group function, to form a coordinated set of replica groups where the objects in each
cluster form a replica group.

The migration function coordinates the migration of a cluster from one capsule to another. It can operate either by
replicating the cluster, making use of the replication function, or by deactivating the cluster and reactivating it in another
cluster, using the deactivation and reactivation function.

The transaction function coordinates and controls a set of transactions to achieve a specified level of visibility and
permanence, subject to policies that determine the actions of interest for the transaction. The ACID transaction is a
special case of the transaction function for which the transactions have the properties of being atomic, consistent, isolated
and durable.

The naeaearna-intarfaca trackina function-maonitors-tha trancfar af anaimearina intarfaca rafarancas hata en en |neer|n
PRgHHeeHRg e ee ek g ReHO RO ISHeHaRSe - e-eRgie eHRgihiterHiace+retere Ree SHetmeC]

obje¢ts in different clusters in order to determine when the supporting infrastructure for the referenge is no longer
requfred because no object in any other cluster can bind to the referenced interface.

8.8.3 Repository functions

The fepository functions comprise:

e the storage function;

e aninformation organization function;
« the relocation function;

e the type repository function; and

e the trading function.

The gtorage function stores data.

The |nformation organization function manages a repository ‘of-information described by information schgma and allows
modification and updating of both the schema and the repository, and querying the repository.

The [relocation function manages a repository of lgcations for interfaces and management functiops for clusters
supplorting those interfaces.

The fype repository manages a repository of typée specifications and type relationships.

The [rading function supports the exportsgfvice offersby service providers in the form of information @bout the
interface at which the service is pravided, and the import by service users of service offers majching specific
requfrements.

8.8.4 Security functions
Secyrity functions address fequirements for confidentiality, integrity, availability and accountability. They cpmprise:
» the accegs control function;
e the security audit function;

» the‘authentication function;

*-the integrity function;

e the confidentiality function;

e the non-repudiation function; and
e the key management function.
The access control function prevents unauthorized interactions with an object.

The security audit function monitors and collects information about security related actions, and allows the analysis of the
information to review policies, controls and procedures.

The authentication function provides assurance of the claimed identity of an object.
The integrity function detects and/or prevents the unauthorized creation, alteration or deletion of data.

The confidentiality function prevents the unauthorized disclosure of information.
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The non-repudiation function prevents one object in an interaction from denying its involvement in the interaction.
The key management function provides facilities for the management of cryptographic keys.

The functions provide services that can be applied both to objects themselves and to the interactions between objects. The
mechanisms for providing security services themselves require protection, since an intelligent and malicious threat is a
characteristic of environments in which security is required. Engineering encapsulation can help to provide such
protection. In many cases security services can be provided without requiring reference in computational specifications.

8.9 ODRP distribution transparencies

As described in 8.5, engineering objects interact with one another via stubs, binders, protocol objects, interceptors and
nuclgi. The engineering objects cooperate to provide a transparency by bringing uniformity to somg aspect of the
distripution of the basic engineering objects they support. For example, they may translate invocations, into exchanges of
messages using a common data format to mask differences in data encoding.

Somg forms of transparency require supporting functions. For example, if engineering objects can
locatjon to another, a means of recording and discovering the current location of a component is require

ove from one
| (the relocation

function).

Supporting functions may themselves have transparency requirements. For example, a relocation function may be
repli¢ated to increase its availability.

Supporting functions are modelled as engineering objects so that the arChitecture provides the maxjmum degree of
configuration flexibility and reuse of architectural concepts in defining the distribution of these fungtions. In an
implgmentation, supporting functions may be, for example, collocated with one another for efficient |interaction or
repli¢ated for reliability.

Distrlbution transparency is the property of hiding the properties*of distribution from end users and specifiers in the
entefprise, information, and computational languages. “Companent composition” standards will contain [precise recipes
for uging functions and other base components to provide transparencies.

8.9.1 Access transparency

Accgss transparency enables interworking across heterogeneous computer architectures and programmirjg languages.
Accdss transparency is critical in building distributed systems using heterogeneous computer architecturgs, programming
langliages, etc.

8.9. Failure transparency

Failure transparendyidesfrom @ computational object the failure and possible recovery of other computational objects

or the object itself, to enable fault tolerance. It can be provided by an appropriate infrastructure.
supported by the checkp6int and recovery function or by the replication function, together with the relocati

A sefvice which relies)on checkpointing alone for failure transparency must provide, as part of that ser
clienfs to detect.that there has been a restart from a checkpoint and that state information held by the
service may be,‘out-of-date. If there is a requirement for consistency between multiple computationg
trandaction transparency should be specified.

8.9. Location transparency

therwise, it is
pn function.

ice, means for
client about the
| objects, then

Location transparency hides from a computational object the locations in space at which the computational objects with
which it interacts reside. This implies that interfaces can be identified and accessed without specifying their location in
space.

8.9.4 Migration transparency

Migration transparency hides from a computational object the fact that it has moved. It is supported by the migration
function.

Migration transparency may be combined with persistence transparency or with failure transparency, so that a cluster is
not reactivated at its original site but the cluster template is transferred directly to the new location and the cluster is
reactivated there.
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8.9.5 Persistence transparency

Persistence transparency hides from computational objects the allocation and deallocation of resources to clusters or their
templates, and provides for the sharing of resources. It is supported by the reactivation and deactivation functions.

A basic engineering object in a cluster can interact with other objects. When the cluster is deactivated, the basic
engineering object is saved in a cluster template, with its activities frozen, and cannot interact with other objects.
Persistence transparency hides the deactivation and reactivation of cluster templates, so that basic engineering objects
always appear to be available for interaction. This implies that an object has a lifetime of its own, independent of its
supporting environment.

8.9.6 Relocation transparency

Relofafion fransparency hides from a computafional object the fact that inferfaces to which that objec} is bound have
changed their location. This implies the ability to re-establish binding if necessary. The relocation‘tfansparency is
supported by the relocation function.

8.9.7 Replication transparency

Repllcation transparency masks the use of a group of computational objects to support a-single computatjonal interface. It
is supported by the replication function and the relocation function.

8.9.8 Transaction transparency

The foordination of transactions involves the scheduling, monitoring, and recavery of the actions of interg¢st within those
trandactions. To achieve this control requires interaction between the computational objects involved in the execution of
the gctions of interest and the computational objects that realize the, transaction function. It is not generally possible to
coorglinate the actions of interest simply by configuring engineering.@bjects in the channels to intercepf the actions of
intergst. In particular, internal actions such as the start and complgtion of a transaction are not detectabje by monitoring
the ipteractions between computational objects.

Thergfore, transaction monitoring and control will usually® require computationally visible interactipns between
computational objects representing the information objeCts or dynamic schemata (i.e. application objefts) on the one
hand, and computational objects providing the transaction function on the other hand. However, transactipn processing is
very |complex and it is undesirable to complicate the specification of application functionality by the afdition of the
complex interactions needed for transaction controh

Tranpaction transparency is the provision ‘gf.an automatic process that refines a computational specfification without
trandaction control into a computational specification with transaction control.

The pature of the refinement, and the extent of involvement of the specifier in the refinement process, will depend on the
particular transaction mechanismioibe used. Typically, there will be the need for additional computatior]al interfaces to
be bpund to the computational‘objects involved in the transaction function with interactions on these| computational
interfaces to coordinate the.scheduling, monitoring and recovery of actions of interest to the transaction function. The
computational object’s behaviour will need to be extended to add recovery actions and the interfaces gijng access to its
normal functionality might-be extended or replaced.

9 Conformance assessment

9.1 €onformance assessment and the development process

Product development extends from the initial realization of one or more requirements for an ODP system to the final
provision of an example of an ODP system that fulfils those requirements. The development process potentially involves
the production of a number of specifications. One specification may be responsible for the generation of a number of
subsequent specifications using one of a number of types of step (“transformations”) including:

« translation; and
. refinement.

Specifications are expressed in some natural or formal language. Translation produces a specification with the same
meaning (usually in a different language). Refinement, on the other hand, produces a specification with new details that
serve to define the product more closely. If each specification is characterized by the set of potential products that it
could specify, translation leaves the set unchanged but refinement results in a subset.
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After installation and commissioning, an instance of the ODP system then enters a phase of operational use, during which
it should meet the needs expressed in the document specifying its requirements. The product’s ability to do so depends
upon a number of practices during each of these development phases. Standards for providing “quality” describe
consistent sets of such practices along with the organization of people, documentation, and life cycle stages to which they
apply. Typically, some measurement of quality is made at each phase and changes are made if the quality is found to be
lacking. Conformance assessment provides such a measure of quality, usually in the phase during which the
implementation specification is realized. However, it may also be used in or have implication for other phases.

9.2 Conformance assessment: Relevant relationships

The relationships between specifications and real implementations that are relevant to conformance are divided into two

als

grou

i)
i)

relationships between specifications and real implementations (conformance); and

relationships between specifications alone (compliance, refinement, consistency and interna

Confprmance is a relation between a specification and a real implementation, such as an example of a
when specific requirements in the specification (the conformance requirements) are) met by the i
Confprmance assessment is the process through which this relation is determined.

Compliance is a relation between two specifications, A and B, that holds when.spécification A makes req(
are dll fulfilled by specification B (when B complies with A).
Confprmance of a real implementation is not always assessed adainst the “lowest level” (i.e. in

specjffication in a product’s development process. It is possible for a-*higher level” specification to be use
the ¢ne whose refinement resulted in the implementation specification). In either case, the correspo
consgcutive specifications can be important. One such correspondence is determined by the rules of refin

validity).

product. It holds
mplementation.

irements which

nplementation)

i (for example,
ndence between
ement.

Two [specifications are related by the refinement relation when one is a refinement of the other and all the products that

conform to the refinement also conform to the specification from which it was refined. This ensu
constraints of the more generic specification are present in the refined one.

Spedifications are not always related by being-derived from the same set of requirements. Sometimeg
develloped from two or more quite separate points of view (e.g. separate viewpoint language specificatio
consjstency between the specifications can bé an issue — it is important that the requirements of one sp
contfadict those of another. Consistengy is'a relation between two specifications that holds when it is pog
one ¢xample of a product to exist that-can conform to both of the specifications.

A spkcification is valid when there are no conflicts between its properties and those implicit properties
specffication (e.g. a protocol specification may be expected to be free from deadlock), and when therg
ple of a product that.could conform to it (i.e. it is not self-contradictory).

Conf
chec

prmance assessmient is the determination of these relationships either by testing (conformance) or
king (compliancey refinement verification, consistency checking and internal consistency checking).

9.3 Gonformance points and related concepts

es that all the

they have been
ns). In this case,
bcification do not
sible for at least

required of the
is at least one

by specification

Wheh the conformance of a realization of an ODP specification is assessed using conformance testing

its behaviour is

evaluated (by delivering stimuli and monitoring any resulting events) at specific (interaction) points. The points used are

called “conformance points”, and they are usually chosen from a number of such points whose location is
RM-ODP Architecture. These potential conformance points are termed reference points.

specified in the

In order to comply with the RM-ODP, standard ODP specifications are obliged to contain a conformance statement
which must (amongst other things) state which reference points should be used during conformance testing. It is intended
that every conformance point given in a specification will be one of the reference points defined in the Architecture.

In addition to the concepts of conformance point, reference point and interaction point outlined above, the OSI
conformance testing methodology and framework standard [ISO/IEC 9646] also defines the notion of a Point of Control
and Observation (PCO), which is not the point at which conforming behaviour is defined to exist (i.e. a conformance

point), but the point at which the behaviour at a conformance point is controlled and observed.
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A conformance point is specified in ODP specifications to which conformance is likely to be claimed. A point of control
and observation is specified when documenting a specific means of testing the implementation. Different methods may
involve the identification of different sets of PCOs.

The processing system used to perform testing can be described using ODP nomenclature. It should be noted that PCO:
of the tested application are essentially the conformance points of the system that tests it. The reference points of the
testing system are potential PCOs, that may previously have been specified for consideration when defining a test

method.

The Foundations and Architecture in ITU-T Rec. X.902 | ISO/IEC 10746-2 and ITU-T Rec. X.903 | ISO/IEC 10746-3 do
not define PCOs or potential PCOs separately — the notions of the conformance points and reference points of the testing
system can be used instead. Positioning potential PCOs only at reference points would ensure that testing systems are
themselves ODP systems and would limit the range of test methods that might require specification. As the use of ODP
becomes more widespread, since there will be no practical distinction between potential PCOs and refefence points, the
term|PCO may then become redundant.

9.4 ODP conformance specifications

9.4.1 Level of abstraction

Confprmance testers may require additional information when testing an implementation of some ODP specification.

Such information is called Implementation Extra Information for Testing (IXIT)“\and it includes information that is
requfred to relate the concepts in ODP Implementation Conformance Statements (ICS) to their replization in an
implgmentation.

The
IXIT

evel of abstraction at which a conformance point is specified has implications on the work required to provide an
mapping, the constraints imposed on the implementation procéss, and the amount of implementation|independence:

e There is a requirement for additional extra information about the specification to implementation mapping
at higher levels of abstraction. Since the provision of this information and the implementatioI process both
involve the linking of specification terms to.implementation artefacts, the provision of the IXIT mapping
can require a level of effort proportional to that required in the whole of the implementation| process. For
conformance points defined using. a>;particularly high level of abstraction, this can [represent an
unreasonable cost and may make cahformance testing unattractive.

e ltis also noted that all PCOs must’have some explicit and accessible realization in a real implementation, a
feature not necessarily shared.with other aspects of a specification.

9.4.2

The specification of conformance points (for which PCOs must be allocated) therefore
constraint on the implementation process that will be greater than the larger the number of
The less related to_an implementation a conformance point’s specification is (e.g. the high
abstraction), the_Jgreater the inconvenience of providing an explicit representation
implementation,

The use‘of ‘a lower level of abstraction in the specification of a conformance point impli
detajls“have been “abstracted away” from an implementation and therefore that the spec
implementation-independent. The greater detail also implies that a greater effort may be
conformance assessment process to assess each detail (although less interpretation
providing IXIT).

represents a
points defined.
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Use of multiple reference points

The definition of many, as opposed to a single, conformance points in a specification can be required for purposes other
than simply increasing the number of prescriptive aspects of a specification.

An object’s specification may define a number of different types of interface to its environment. For example, it may have
interfaces to people, to other objects, to communication mechanisms or to storage mechanisms. Each of these can be
characterized by reference points of different classes (perceptual, programmatic, interworking and interchange classes),
each of which has different conformance testing consequences. This implies that different conformance points will need
to be identified when interfaces of these different types are present.

Even when only one type of interface is considered, the implementation of an object may be intended to be accessible at
physically or logically separated points. Associating separate conformance points with each of these recognizes these
details of the implementation and so lowers the level of abstraction at which the conformance points are specified
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(because more details of an implementation are prescribed), which has the implications outlined in 9.4.1 above. Separate
conformance points also make the “intention” to have separate points of access a prescriptive, rather than a descriptive
detail (and thus ensure that the intention is realized).

When an object is specified in terms of a number of components with different interfaces between each other, it is not

always clear whether the internal detail exists to prescribe the external behaviour of the object by implication or whether

it is intended to be prescriptive (mandating the way in which the object should be built). However, when the components

are considered to be a prescriptive detail, additional conformance points need to be defined (e.g. at each of the inter-
component interfaces).

9.5 Conformance implications of viewpoint languages
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« conformance testers are expected to evaluate the effect of specifications in terms.ef the engineering
specification of an implementation under test, which, together with other factors requires extfa information
for testing to be provided by a testing laboratory client, including:

i) IXIT+ICS relating the implementation of the concepts and structuresxof an implementation’s
enterprise specification to the implementation of its engineering specification;

i) IXIT+ICS relating the implementation of the concepts and structures of an implé¢mentation’s
information specification to the implementation of its engineering_ specification;

i) IXIT+ICS relating the implementation of the concepts and ' structures of an implementation’s
computational specification to the implementation of its endineering specification;

iv) IXIT+ICS relating the implementation of the concepts and structures of an impl¢mentation’s
engineering specification to the implementation of.the choices made in its technology| specification
(this is to be provided as part of the technologyspecification);

e each viewpoint language enables the separate.specification of different types of requiremgnt so that, for
example, business goals, system design and-use of technology can be addressed separately — this implies
that parallel development of separate specifications is possible;

» checking parallel development of specifications requires the consistency of specifications tp be evaluated
against each other from time to time.during a development process.

Becguse specifications provided from different viewpoints may be independent and may therefore nof be related by
refingment, refinement checking does not.supply a complete check on the parallel progress of the different specifications
during their development. Some such(check is nonetheless clearly desirable. This requirement is mef by consistency
checking (see 8.7). The objects described by viewpoint specifications are often from the same universe pf discourse: the
information object in an informatien specification may appear as an argument to a function in the |interface to a

comJJnutational object, for example; the conformance points of the enterprise specification may reappear [as conformance
points in the computational and-engineering specifications; and so on.

9.6 Conformanceyassessment activities

The fctivities for_use-during the conformance assessment process include:
- _«efinement checking, between specifications;

« ¥ internal validity checking of a single specification;
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» testing of a realization or animation, between a real implementation and a specification.

10 Management of ODP systems

An ODP system comprises a number of ODP applications together with supporting services. The supporting services

include services like processing, file storage, user access and communications as provided by a traditional operating

system in a centralized system, but they also include services necessary for system distribution such as directory and
name management, trading and the services supporting distribution transparencies. All these services need to be managec
together with the ODP applications: the nature of the management functions needed to do this will depend on the services
or applications concerned.
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Management of an ODP system will itself be carried out by one or more management applications interacting with the
system services and ODP applications through interfaces offering a level of management granularity determined by the
specification of the management application of concern. Where necessary, the management application will interact with
the ODP functions via the management functions defined for them.

Management applications in an ODP system will reflect interrelationships between management functions, for example,
the fact that it may be necessary to perform reconfiguration in order to maintain QOS demonstrates that management
functions are inter-related. Accounting is also normally included in management applications, reflecting the fact that most
services need internal accounting for management purposes even if users are not billed for the service.

Security functions are not included in the set of management functions even though management interactions are
expected to be subject to policy control, for example, authentication and access control are generally essential to prevent

unad

thorized users or manaaers from nerforming manacement actions on - components of a service or-ag
~ Ll ~J ~ Ll

pplication. Thus,

all sq
servi

10.1
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brvices in an ODP environment need the use of a security service just as they need the use of)al
Ce, nevertheless security management is not a generic management service required for managing o

Management domains

Her to cope with the complexity of management and the issues of scale, especially._within large OD
htial to provide a common framework for partitioning overall management. Within the ODP environn
plicity of coexisting management views and boundaries of responsibility, each’based on different stru

Man@agement domains provide a flexible and pragmatic means of specifying boundaries of management r

auth

brity that reflect these different views. A domain identifies a set of-objects, each of which is

charqcterizing relationship to a domain controlling object. The member abjects may be resources, workst
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psses, etc., depending on the purpose for which a particular management domain is defined. The ¢
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related by a
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has @an attribute which identifies member objects. An object is referred to as a member object if its idenfity is known to

the n

hanagement domain controlling object.

Man

gement domains permit a set of managed objects to,be controlled under a common policy, provi

copimg with the complexity of large scale ODP systems:They simplify management activity because po
membership can be modified through interactions with a single object — the management domain cont
rathgr than by forcing managers to interact individually with the multiplicity of managed objects within the ¢

Management domains do not encapsulate thexmember objects — external objects may interact directly w

dom
be p
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in. Management domains are persistent-even if, at some points in time, they do not contain any obj
pssible to create an empty management domain and later include objects in it.

Management policy

erprise terms, the characterizing relation for a domain embodies the policy associated with the

t
Tigement domains provide the means for specifying management policy for a group of managed ob

g to do this for egchindividual object. The overall management objective and external constraints
a national Datd Protection Act), regulations, or higher level policies are two aspects of the policy fof

domdgin. These examples show that it may be difficult to specify some policies formally.

Inter
Thes

hal constraints place restrictions on the operations which can be performed on objects in a mang
e can\be expressed declaratively in terms of obligations on potential members of the domain.
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y perform on the

objects they manage. An access rule is an authority relationship which specifies the set of permitted interactions between
a domain of managers and a domain of managed objects. For example, all members of the domain “SysProgrammers” are
allowed to start and stop the objects in the “DepartmentServices” domain. The permitted interactions may be a subset of
the management interactions defined by the interfaces to the objects in the domain.

10.3 Modelling management structures

Domain relationships can be used to model management structures. Two management domains are defined to be disjoint
if they have no member objects in common. Two management domains overlap if there are objects which are members of
both domains. An example is the shared management of a gateway interconnecting two networks by the management
centres of each network. This can be accomplished by referencing the object from both management domains.
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Implicit overlap may occur between two management domains containing managed objects of different type but referring
to the same real-world entity. An example is scheduling and maintenance domains in which putting a workstation out of
service in the maintenance domain makes it unavailable in the scheduling domain. Implicit overlap is likely to occur
where there is a functional partitioning of management into different management domains.

11

The use of standards in ODP systems

The objective of this clause is to illustrate, by means of a simple example, the use of standards, other than specifically

ODP

standardsin an ODP system and where such use is defined in an ODP system specification. In order to do this, the

example describes, in outline, the content of each viewpoint specification of an example system and, for each viewpoint

The
gene

g are distinct, i.e. subject to separate administrative policies.

example system is illustrated in Figure 16. This represents a server system with a local Qperafor, linked by a
pmmunications facility to a workstation client system with two local operators. The system descriptior) considers one
 server system.

viewpoint descriptions identify requirements for common specifications. Thése common specifications will, in
ral, correspond to standards at different levels.

Operato
2

Server Client

Ope lra\tor system % system

11.1

/

Operato
3

T0726310{96/d16

Figure 16 — Example system configuration

Enterprise viewpoint

11.1.

1 Enterprise specification

Figure 17 illustrates the object model for the enterprise specification of the system represented in Figure 16, where:

46

e Picture user n is an enterprise object representing a person and is fulfilling the role “Picture user n”;

« Picture provider is an enterprise object representing an IT system and is fulfilling the role “Picture
provider”;

« Picture accessor is an enterprise object representing an IT system and is fulfiling the role “Picture
accessor”.
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Figure 17 — Enterprise viewpoint

» the picture information needs of Picture:users 1, 2 and 3;

» the interactions of Picture user 1 with Picture provider;

» the interactions of Picture user2 and Picture user 3 with Picture accessor;

* the interactions betwegn Picture accessor and Picture provider;

< the policies (including security) governing the interactions between enterprise objects;

the QOS reguirements for Picture users 1, 2 and 3.

pbjective of the enterprise represented by the configuration of enterprise objects governs the nature|of the behaviour
Ciated with the roles fulfilled by those objects. For example, meeting the objective might only requir
picture display for Picture users 2 and 3, or it might require that the Picture accessor supports ma
Fe information, addition of picture information and feedback to'Picture provider.

I that there is a
ipulation of the

, the enterprise specification defines the objective of the configuration of enterprise objects, and henge:

b enterpriSe description, common specifications could be developed for industry or business function specifics, such
Securityspolicy that must be upheld in terms of access controls and strength of protection. Such standards would
b tothe business and application area of concern.

11.2

11.2.

Information viewpoint

1 Information specification

The system is visible from the information viewpoint in terms of:

« the information object classes involved in the application;

< the information activities (changes of state of information objects) that constitute the application;

« the constraints on the changes of state that can take place in the information objects.
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The information specification includes:
«  Specification of the information object classes themselves, for example:

— picture information object templates that determine the picture information object classes that are
available;

—  picture display object templates that determine the picture display object classes that can be available.
A picture display object template defines a composition of picture information objects;

— arequest information object template, where a request information object comprises the information
necessary to request a display, including control information (e.g. for security);

— anaccess control informatiombject comprising the information necessary to validate a request
information object.

«  Constraints on the configurations of information objects, for example:

— the set of templatelasses of picture information objects for the Picture accessor is the|same as that
for the Picture provider;

— the set of template classes of picture display objects for Picture user2 is a subset of| the set for the
Picture provider;

— the sets of template classes of picture display objects for Picture’users 2 and 3 are suybsets of the set
for the Picture accessor.

For the system concerned, a (simplified) example of an information activity.could be:
e creation of request information object with status invalidated

e interaction of request information object and access control information object and change of status of
request information object to validated

e interaction of request information object wijth-picture information objects and creation of pitture display
objects.

11.2]2 The application of standards
In the information description, common spegifications could be developed for information objects. Standards would

relatg to the business and application areéa of concern.

11.3 Computational viewpeint

11.3]1 Computational spegification

Figure 18 illustrates the,object model for the computational specification of the system represented in [Figure 16. The
obje¢t model comprisés a configuration of:

e computational objects User 1, 2 and 3, Picture display 1 and 2, Picture compose and Picturg database;

* . \primitive bindings, for which there is no explicit statement of environment contracts, betwden interfaces
of:

— USer rand Picture disptay TP

Users 2 and 3, and Picture display 2>(apd up);

Picture display 1 and Picture compose (pc);

Picture database and Picture compose (dc);

« a compound binding involving a binding object (Binding) between the interfaces of Picture display 2 and
Picture compose, with a statement of the environment contracts;

e the activities specified for the configuration of computational objects that realize the requirements
specified in the enterprise and information specifications. The interfaces are reference points for
conformance in ODP terms.
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Figure 18 — Computational viewpoint

The gystem is visible from the computational viewpoint in terms of:

« specifications of the computational objectsin terms of abstract specifications of the operations and
behaviour that they support at their interfaces;

« aspecification of the binding object template — this includes:
— an abstract specification of the’interface operations involved,;
— a specification of envirdhimental contracts consistent with the enterprise QOS requiremgnts;

e a specification of theabstract data types that correspond to the information objects idenfified from the
information viewpoint;

« specifications.of the activities that can occur to support the application.

11.3j2 The application of standards

In the computational” description, common specifications could be developed for the interfaces identifiel in Figure 18,

and yould bedefined in terms of abstract operations and abstract data types (corresponding to the infornation objects in
the ipformation”description). Standards for the abstract operations could be common to several area$ of application;
standlards for the abstract data types would be defined for the application area of concern. For example¢, a specification
which is-based on OMG/CORBA and is described in OMG/CORBA IDL is a computational description.

11.4 Engineering viewpoint
11.4.1  Engineering specification

Figure 19 illustrates (part of) the object model for the engineering specification of the system represented in Figure 16. In
this object model:

« the basic engineering object User 1 represents Operator 1;

< the basic engineering objects Picture display, Picture compose and Picture database correspond to the
computational objects Picture display, Picture compose and Picture database;
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« the Stub, Binder and Protocol objects comprise part of a channel corresponding to the binding object in
the Computational description;

* Node corresponds to the Server system in Figure 16 (although Figure 19 only illustrates part of the full
configuration of capsules, clusters, channels, etc., for the Node).

Userl
Perceptual \/ Programmatic
reference point reference points
J \\
4 A \ N
Picture / Picture \ Picture

display compose database

\_ Capsule . XY
Stub Programmatic
reference points Interworking
— reference point
Binder i
Node

T0726340-96/d19

Figure 19 — Engineering viewpoint (part)

The gystem iswvisible from the engineering viewpoint in terms of:

» \7~specifications of the behaviour of the engineering objects in the channel corresponding fo the binding
object in the computational viewpoint including:

— specification of the protocols at tivgerworking reference poinbetween the protocol objects (or
between protocol object and interceptor);

— specification of the concrete representation of the abstract data types identified in the computational
description;

—  QOS requirements;

« for each reference point, a specification of the syntax in terms of which the behaviour at that reference
point is expressed;

e constraints between the behaviour at the reference points that reflect the specified computational activities.
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11.4.2 The application of standards

In the engineering description, common specifications could be developed for application at the reference points
identified in Figure 19:

« for protocol specifications, and abstract and concrete transfer syntax specifications, that apply at the
interworking reference point within the channel (that corresponds to the binding object in the

Computational description), for example:

— OSI profiles (e.g. an RDA A-profile, an appropriate T-profile and appropriate F-profi
applied for the protocols and for the abstract and concrete transfer syntaxes for the est
maintenance of the channel;

— standards and F-profiles for the abstract and concrete syntaxes corresponding to th

11.5

115

The
syste

Note

System is visible in the technology viewpointiiti-terms of statements by the supplier about the conf

types in the Computational description must be defined for the application area of conce

NOTE — The protocols and concrete syntaxes at the interworking reference point
necessary to establish and maintain the channel as well as those that correspond
operations and abstract data types specified for the binding object.

« for API specifications (including abstract syntax specifications for data) that ‘apply at the
reference points, for example:

les) can be
ablishment and

e abstract data
rn.

include those
to the abstract

brogrammatic

— an SQL profile can be applied at the reference point between Picture compose and Picfure database;

— an API profile for the service supported by the RDA profile ¢an’be applied at the re
between Picture compose and Stub;

— an API profile for a windowing service can be applied-at the reference point bety
compose and Picture display - this could include graphics standards;

» for HCI specifications that apply at tperceptual reference poirta GUI standard for example.

Technology viewpoint

1 Technology specification

m. This will be expressed by:

< identifying conformance points~for the system supplied that correspond to reference
Engineering description;

e stating the extra information for testing the conformance of the system to the behaviour spe
conformance points:

that the supplier need not-be required to make all reference points visible as conformance points.

erence point

veen Picture

ormance of his

points in the

Cified for those

Perceptual
conformance
point \
\ Picture Picture Perceptual
| provision | [ access | conformance
/ POITTS
Interworking
conformance T0726350-96/d20
points

Figure 20 — Technology viewpoint (part)
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11.5.

2  The application of standards

In the technology description:

* animplementation of a specific OSI protocol is an example of the application of OSI standards;

« the conformance points identify the points at which the behaviour of the system can be observed,;

« the standards that apply at those conformance points specify the syntax and order of exchanges in terms of

which the behaviour is expressed.

There are, in addition, constraints placed on the behaviour at the conformance points by the requirement that the
behaviour of the system is consistent with the standards specified for the other reference points in the Engineering

desc

ription.

12

This
Rec.

Examples of ODP specifications

clause describes several examples of the use in system specification of the concepts and rules dg
X.902 | ISO/IEC 10746-2 and ITU-T Rec. X.903 | ISO/IEC 10746-3. The examples are simp

scribed in ITU-T
ifications and

incomplete descriptions of real life systems but they serve to provide insight into the use\of the ODP flamework, they

illust
betw

The
five

ate at a high level the application of key concepts from each viewpoint language ‘and they illustrate
Pen the viewpoint descriptions.

pxample in 12.1 uses RM-ODP concepts and rules to deBgitimedia Conferencing System(MMCS)
viewpoints. The MMCS of concern allows real-time interworking between several users usin

inforination like text, video and audio.

The

MM
spec
view

the relationship

n the
j multimedia

pxample in 12.2 specifiesultiparty audio/video exchangein distributed systems — a specific compomnent of an

S. It uses the “stream binding” concept as a basis for multiparty audio and video flow exchange,
fication using the five ODP viewpoint languages. Special aftention is paid to correspondences b
boint specifications, to ensure consistency between the specifications.

hnd provides a
etween the five

The gxample in 12.3 positionsanagement conceptin the RM<ODP framework.
The gxample in 12.4 gives an overview of specificationis#ributed Database.
The following concepts are illustrated in the different viewpoint specifications of the examples:
Entefprise:
e communication/federation;
e the association of roles with enterprise objects;
e contract, template ‘and policy.
Inforpnation :
e  static schetna;
e dynamic’schema;
e iQvariant schema.
Computational:
e __computational object specification including environment contract, behaviour;
e operation and stream interface specification;
e binding concept;
* interface references and interaction rules;
e  transparencies.
Engineering:
« channel establishment (protocol, binder and stub objects);
e use of the engineering structuring rules and functions to specify the infrastructure compliant with the
enterprise, information and computational specifications.
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nology.
« choices of specific hardware and software components compliant with the other viewpoint specifications;
< identification of conformance points implied by the technology choices.
Multimedia Conferencing System

1 Introduction
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ation like text, video and audio. The service enables a group of persons that are physically-distr|
her on a (multimedia) document and to communicate with one another. During a session new_parti
onference or current participants may leave.

TheFAultimedia Conferencing System (MMCS) allows real-time interworking between several Users_usi

formation type, etc. The MMCS also provides a framework for various applicationsswhich have to cod

cations like video/audio conferencing, joint editing and electronic mail shedld be integrated fro
pective. Extensions to the MMCS should be possible to achieve openness.

MMCS configuration in Figure 21 may consist of workstations for representing video, text and audiq
bras, microphones and a multimedia database (possibly distributéd) are connected to a wide area net

pecify this example, the relevant concepts and rules to specify MMCS will be applied for each ODP
nd the scope of this example to describe all aspects of<a-MMCS but rather to illustrate each viewp
fy an open distributed application or an open distributed system. An object oriented analysis

[Rumbaugh 91] is used to express the ODP enterprise and information specifications.
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Figure 21 — Configuration of a Multimedia Conferencing System
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12.1.2  Enterprise specification

The enterprise specification describes the objectives, policies and requirements of the concerned MMCS. The
requirements and policies of the MMCS service are derived from the parties involved. They can be classified according

to their role:

e User: A person or machine who uses services in order to satisfy some communication needs.
e Customer or subscriber: A person or organization that contracts services offered by Service providers.

e Service provider: An organization that commercially manages services offered to Customers according to
contractual agreement.

To structure the requirements of a particular service according to roles, specialization of the generie rloles introduced
above may be needed. For example, for the MMCS the following two types of Users can be distinghished: session

, the question arises “what should be described for each role involved in the service?”. The RMFODP provides
indicptions which cover a broad range of policies and rules that are of interest for the deSeription of distr|buted services.
Gengric rules and policies of interest are: resource usage, domain rules, conflict resolution rules, ordanization rules,
imess rules, transfer rules, security rules, QOS rules and management rules.

Figure 22 illustrates a simple enterprise specification using ODP enterprise eoncepts and expressed il OMT graphical

Ternary association
] Association attribute
described as a class / User
Customer
(Insurance (Employee)
Company)

Is authorized by

User

\ Community

Service Provider \

(PTT Telegom) Agreement MMCS <«—— Class
Agent
<«—— Attributes
Contract .
<+—— Operation
Information about:
- Accounting; T0726370-9d/d22
Agreement - Maintenance;
between different - Security; ODP
Telecom Operators - QOS; Contract
- Provisioning.
K Telecom Federationj

Figure 22 — ODP Enterprise specification using OMT graphical notation
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A multimedia conferencing service takes place in a number of different countries. This can be interpreted as a number of
Users interacting with their home Telecom Operator (Service Provider). For the purpose of expressing the MMCS in
ODP terms, this can be represented by using the community and federation concepts. It can be stated that the Users exis
in the User community and the Telecom Operators belong to a federation. The relationships and interactions between the
two can be explored and, with respect to MMCS, agreement established by means of a contract.

The User, Service Provider and MMCS can all be described, in ODP terms, as enterprise objects with associated roles.
For example, the User can be engaged in performative actions with the MMCS via the Customer and vice versa. These
interactions change the so-called obligation, permission and prohibition relations between the User and MMCS. The

group of Users interact with each other to form an ODP community because the Users have a common contract of
obligation between roles fulfilled by the enterprise objects and a set of activities.
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engimneering configuration and the technological support.

The
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S—informationspecification
e information specification, the semantics and requirements for the processing of the service i
fied.

is done using thechemaconcept. A local schema for each User role is defined, and a glabal schema,
ation that holds for every User role and represents information concerning the service, is specified
ation specification provides an example for a static schema, but does not previde examples d
Imic schemata.

sing on the MMCS class identified in the enterprise specification, a static'schema for the system at
on exists is represented by the OMT information specification shown intFigure 23.

width allocation, list of registered end-Users enabled to initiate a teleconference, list of option
tered end-Users, etc. Such Customer information can be regarded as attributes of a Customer ir
bl. A User information object is connected to a Customer information object in the sense that it can
brence only if in the Enterprise specification the corrésponding end-User is authorized by the
bmer. The Leading user is the User controlling the canference.

4 Computational specification

information specification is developed to(he consistent with the enterprise and information spedg
bing between information objects and._computational objects is not necessarily one-to-one. T
fication is essentially different from a.computational specification: in particular, computational object

correspondences between thesinformation specification and the computational specification must be
so that consistency betweenr'the specifications can be ascertained. This is an important task to be
ce designer. Figure 24.illustrates the mapping for MMCS.

OMT analysis is used to identify and design the computational objects. Those computational objec

regrouping elements that are functionally linked. The OMT analysis also enables some choices to

grouping.oef classes into computational objects is a decision taken by the service designer not
butionzaspects:

hformation are

hat represents
. Note that this
f invariant and

the time when a

he Customer configuration parameters of MMCS are described.“Also, information is included gbout limits to

s allowed for
an OMT object
participate in a
corresponding

ifications. The
he information
5 are specified

specified in each
performed by the

[s are identified
be made for the

concerned with

the OMT objects, classes and associations concerning the liser and the | eading user are td

ken into account

for the design of the computational User object;

the OMT objects, classes and associations concerning the conference (e.g. MMCS, Sessi
are taken into account for the design of the computational conference object;

on, Subsession)

the OMT objects, classes and associations concerning the connection (e.g. connection manager) are taken

into account for the design of the computational bindings and will be helpful in choosing the engineering

configuration (e.g. multicast facilities).

For each computational object identified resulting from this analysis it is necessary to define interfaces for its interactions
with other computational objects (e.g. conference operations or operations to send audio/video flows). In general, objects

and i

nterfaces can be graphically represented as shown in Figure 25.
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Figure 23 — Information specification
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Figure 24 — Computational configuration of MMCS

Interface 1
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Binding

Interface 4
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Object B

Object A I

Interface 2
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Figure 25 — A computational representation of objects and interfaces

Interface 3
Operations a, b, c...
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Focysing on interactions that are possible via binding objects, these are established by explicit binding aftions that allow
the Wser to specify the binding required between the computational objects. A binding object resulting from explicit
binding can support operation interchangebetween computational objects or a stream if the interchange concerns

contihuous information flows.

Figure 26 shows the graphical notation to represent an explicit binding, in this case a stream binding. Thg binding object
contijols and manages the interactions between the computational objects interfaces it encompasses. (ontrol operations
are gerformed through the binding control interface.

Stream control interface

/

/

Stream interface

Stream

T0726410-96/d26

Figure 26 — Representation of an explicit binding (e.g. stream)
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The computational representation of computational objects involved in audio/video interchange in MMCS is shown in
Figure 27. Two main objects are identified: the User object and the Conference object.
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The

interact with each other via the conference object and other User objects. The User object provides

oper

The

confeérence shared workspace which is in charge,of dispatching audio and video flows between User obje

The

Stream 1 and stream 3 objects represent the audio/video flow from User objects to the shared work

repre
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121

The
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Audio/video
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T0726420-96/d27

Figure 27 — MMCS configuration of objects involved in audio/video interchange

ser object enables the connection of end-Users to the‘Cenference and provides the tools necessar|

htions like joining the conference, editing facilities, tools to exchange video and audio.

conference object contains the functionalities<required for a multimedia conference. It contains,

hudio/video interchange managers are.n charge of sending and receiving audio/video during the con

sents multicasting of audio/video flows to all User objects.

rent control actions onythe flows, like dynamic control of QOS and synchronization between audio ar
erformed through the-stream control interfaces.

5  Engineeritig/specification

com
arch
obje

Ets. Some functions, called ODP functions, common to a broad range of distributed services

ODP engineering language enables the modelling of the service machinepfi@tssthe execution
utational™ specification. Figure 28 shows a simplified engineering architecture. The major el
ecture is the nucleus that controls resource utilization and enables communication between diffe

y for end-Users tt
end-Users with

n particular, a
CtS.

ference.

Epace. Stream 2

d video flows,

of the

bment of this
ent engineering

ike trading or

management functions, are avallable Tor distributed applications.

The distributed service is composed of basic engineering objects that are the run-time representation (e.g. C++ executable
piece of code) of a computational specification. A binding between objects located in different nuclei is reflected by

means of a channel between those objects. Focusing on the audio/video managers and stream 2 of Figure 27, the
corresponding engineering support is represented in Figure 28.

A multipoint channel (engineering representation of the stream) is established between the audio/video interchange
managers. This channel is linked to the nuclei concerned.

The stub objects provide adaptation functions to support distribution transparency (e.g. data format conversion from one
video signal coding to a different one).
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Figure 28 — Engineering support

The |binding objects verify the compatibility of the interfaces to be linked“and maintain the integrity of the binding
betwgen the audio/video interchange managers.

Protgcol objects interact with each other to convey information neeéssary to support distribution transpagent interactions

between the audio/video interchange managers. The protocol objects are chosen to respect the QOS conpstraints (e.g. real
time | security).

Consumer Rroducer Consumer

Audio/video
interchange
manager

Audio/video
interchange
manager

Audio/video
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Binder

Binder

Binder

Protocol Multicast Protocol
object Protocol object
object
W
Multipoint channel
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Figure 29 — Multipoint channel for stream 2
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12.1.

6 Technology specification

The technology specification of MMCS specifies the implementation of the system in terms of hardware and software
components. Reference points identified in the other viewpoint specifications are defined as conformance points at which
the behaviour of the MMCS can be verified.

The technology specification also expresses requirements for adequate workstations to represent video, audio and text.
High speed and Wide Area Networks are required to support the communication needs by providing sufficient bandwidth
to transport video/audio and text to the participants located in different places.

12.2

Multiparty audio/video stream binding

This example is concerned with the specification of the multiparty stream binding used in the system introduced in the
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sponding viewpoint specifications.
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he information specification, a number of relations are introduced between gclasses of the invariant

computational specification, the audio/video controller and dispatcher is introduced to handle
/video stream binding.

the engineering specification, a specialized stream chann€lyis introduced to transport contin
puration of engineering objects is presented for the support‘ef the multiparty audio/video stream bin
ts to control and coordinate multiple stream channels. It\would have been possible to specify the
itcher in a distributed way. However, this additional complexity was not introduced in this example.

implementation described in the technology viewpgint is used to validate the modelling process
boints. It is likely that more specific hardware/software would be used in a operating environment tg
performance requirements on multimedia appli¢ations.

1

exchange of continuous media in distributed multimedia applications is complex. For example,
media conferencing application, the participants are separated geographically and communicate by
video and audio. The audio-visual exchange should be as natural and flexible as possible. T
rements like lip synchronization.and synchronization of display across multiple workstations need t
unt while specifying the mulfimedia conferencing application.

General description

ulfill these requirements;-the multimedia conferencing application has stringent network perf
Nronization requirements on the exchange of audio and video flows. Furthermore, the number of ¢
corresponding quality-can change during the lifetime of the conference. This is due to the fact that
des control operations to join or leave the conference, and to modify the QOS of flows.

Hdress this complex functionality, RM-ODP defines the notion of binding object in the computational |
providescthe theoretical computational concept without the specific refinements required in a given
xample-thié binding object is specified in terms of five ODP viewpoint specifications of a particular k
ultiparty audio/video binding object have been provided [Gay 95]. This object manages the stream i
sed for the real-time multiparty audio/video interactions. Also control operations can be performed o
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Figure 30 shows the computational representation of the multiparty audio/video binding object and its environment.

1) stakeholder is a telecommunication concept that denotes an organization or person that has a commercial or regulaitory interest
telecommunication services.
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The rectangle in the middle denotes the multiparty audio/video binding object. Its environment (gray areas) consists of
application and system parts and the supporting network infrastructurgl Syimebols denote stream interfaces via which
audio/video producers and consumers exchange audio and/or video (1). The multiparty audio/video binding object
manages the interactions between the stream interfaces it encompasses. It encapsulates the mechanisms that are used f
this, and it abstracts away from distribution aspects. [Tlsymbol on top of the rectangle, denotes the stream control
interface of the binding object. Via this interface, the multiparty audio/video binding object provides operations, 3 and 4,

to the environment that controls its functioning.
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Figure 30 — Multiparty audio/video stream binding

12.2.2  Enterprise specification

The enterprise specification provides a description of the requirements and objectives that the environment imposes on
the system to be designed. It justifies the design of a system. The enterprise concepts of enterprise objects fulfilling roles

of performative actiongsre used to describe the multiparty audio/video binding.
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