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ernational Organization for Standardization) and IEC (the International
ical Commission) form the specialized system for worldwide standardi-
nal bodies that are members of ISO or IEC participate in the development
nal Standards through technical committees established by the respective
to deal with particular fields of technical activity. ISO and IEC technical
collaborate in fields of mutual interest. Other international organizations,
and non-governmental, in liaison with ISO and IEC, also take part'in the

f information technology, ISO and IEC have established"ajoint technical
SO/IEC JTC1. Draft International Standards adopted by:the joint technical
are circulated to the national bodies for voting. Publication as an Interna-
hrd requires approval by at least 75% of the national bodies casting a vote.

1781 was prepared by Joint Technical Comntittee ISO/IEC JTCI, Infor-
hology, Subcommittee SC24, Computer graphics and image processing.

178consists of the following parts Gnder the general title Information tech-
bmputer graphics and image pfocessing — Presentation Environment for
Objects (PREMO):

t | Fundamentals of PREMO
t 2: Foundation Coniponent
r 3 Multimedia/Systems Services

r 4: Modelling, Rendering, and Interaction Component

arts;may be defined as this work progresses.

Annexes A

hnd-B form an integral part of this part of ISO/IEC 14478. Annex C is for
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only.
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Introduction

The need for a coordinated method for addressing all aspects of the consfruction of,
presentation of, and interaction with multimedia objects has led to the stanfardization
of this Presentation Environment for Multimedia Objects. Multimedia means objects
consisting of still computer graphics, moving computer graphics (animatiop), synthet-
ic graphics of all types, audio, stillimages, moving images (including vid¢o), images
coming from imaging operatiens,/and any other content type or combination of con-

tent types that can be “presented”. ISO/IEC 14478 is extensible and config
allows the separate, inctemental development of additional standardizeq
standardized componegts to meet the needs of application communities.

PREMO currently\consists of the following parts:
Part 1: Fundamentals of PREMO

Contains a motivational overview of PREMO giving its scope, justification
planation of key concepts, describes the overall architecture of PREMO, af
the)common semantics for specifying the externally visible characteristics
objects in an implementation-independent way.

Part 2: Foundation component

This component lists an initial set of object types and non—object types us
construction of, presentation of, and interaction with multimedia inform
conforming PREMO implementation shall support these object types.

Part 3: Multimedia Systems Services Component

Describes objects that provide an infrastructure for building multimedia
platforms that support interactive multimedia applications dealing with sy

urable, and
i and non-

and an ex-
d specifies
bf PREMO

eful for the
ation. Any

computing
chronized,

time-based media in a heterogeneous distributed environment.

Part 4: Modelling, Presentation, and Interaction Component

Describes objects which are needed for advanced computer systems using graphics,
video, audio, or other types of presentable media enhanced by time aspects.

NOTE — Further internationally standardized components are expected to be developed

within ISO/IEC JTC1/SC24 and by other subcommittees.
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Information technology — Computer graphics and image
processing — Presentation Environment for Multimedia Objects
(PREMO) —

Pa

t 1: Fundamentals of PREMO
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Scope

EC 14478 specifies techniques for supporting interactive single, and multiple media applicatigns which recogn

t way, from simple drawings up to full motion video, sound, and virtual reality .environments.

EC 14478 is independent of any particular implementation language, development environment, or execution ef
htegration into a programming environment, the standard shall be entbedded in a system dependent interface fo
ular conventions of that environment. ISO/IEC 14478 provides .versatile packaging techniques beyond the caj
lithic single-media systems. This allows rearranging and extending functionality to satisfy requirements specif}
ipplication areas. ISO/IEC 14478 is developed incrementally, with parts 1 through 4 initially available. Other g
kpected to be standardized by ISO/IEC JTC1 SC24 or othérsubcommittees.

EC 14478 provides a framework within which application—defined ways of interacting with the environment
. Methods for the definition, presentation, and manipulation of both input and output objects are described. A

on of, presentation of, and interaction with'multimedia and hyper—media documents and product model data.

EC 14478 is able to support constructien, presentation, and interaction with multiple simultaneous inputs and oy
ple media. Several such activities'may occur simultaneously, and the application program can adapt its behavi
ise of the capabilities of its enyironment.

EC 14478 includes interfaces for external storage, retrieval and interchange of multimedia objects.

Normative references

ollowing.standards contain provisions which, through reference in this text, constitute provisions of this part
B. Atthe time of publication, the editions indicated were valid. All standards are subject to revision, and partig

ze and em-

ze the interrelationships among user interfaces, multimedia applications, and multimedja information interchanige.

EC 14478 defines a flexible environment to encompass modular functionality and i8.eXtensible through the crefation of fu-
omponents, both within and outside of standards committees. It supports a wide range of multimedia applicatiops in a con-

vironment.
llowing the
abilities of
¢ to partic-
omponents

an be inte-
pplication—

ied structuring of objects is also allowed andx¢an, for example, be used as a basis for the development of toolkits for the

tputs using
ur to make

f ISO/IEC
s to agree-
editions of

b based on this part of ISO/IEC 14478 are encouraged to investigate the possibility of applying the most recent

the standards indicated below. Members of IEC and ISO maintain registers of currently valid International Standards.

ISO/IEC 14478-2:1998, Information technology — Computer graphics and image processing — Presentation Environment for
Multimedia Objects (PREMO) — Part 2: Foundation Component.

ISO/IEC 14478-3:1998, Information technology — Computer graphics and image processing — Presentation Environment for
Multimedia Objects (PREMO) — Part 3: Multimedia Systems Services.
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ISO/IEC 14478-4:1998, Information technology — Computer graphics and image processing — Presentation Environment for

Multimedia

Objects (PREMO) — Part 4: Modelling, Rendering, and Interaction Component.

3 Definitions

For the purposes of ISO/IEC 14478, the following definitions apply.

3.2.111 multimedia object: An object consisting of one or more types of media that can be presented to a Wiser.

3.2.2

include qudio, video, (animated) graphics, images, text.

3.2.3

nnte
puts.

3.24

have a vi
and chanjges in lighting, camera position, orientation, and focus, and even changes of.rendering techniques.

3.2.5
3.2.6
3.2.7
3.2.8

ways from which the most appropriate is chosen.

3.2.9
types of

3.2.9{1 standard component: A component that-is defined in one of the parts of ISO/IEC 14478, or a component
has bgen registered by an approved registratjonauthority, and conforming to the rules defined for components in PREN

3.2.9

3.2.10
configur

embodiegl by the operations defined on its constituent object types.

3.21
whic

3.2.11
ulate the

3.2.1
iour.

3.21
3.2.12

medium (plural media): A means by which information is perceived, expressed, stored, or transmitted. Exam
fdynamic interactive graphics: Graphics applications where the graphics varies in real-tinfe in response to use

tnimation: Series of pictures in a time~ordered sequence to display as a video medium. This covers all changes
ual effect. It thus includes the time-varying position, shape, colour, transparengy, structure, and texture of an ob}

ext: A medium encompassing a character—based encoding only.
audio: A medium encompassing all forms of information transmittéd by sound.
yideo: A medium encompassing a continuous series of pictures.typically depicting motion or time sequenced eve

fo—representation: A representation of information where.the same information is presented in several diffe

h component are clustered into (component) profiles.

rofile: A profile is set of related object types and non—object types from which objects can be instantiated, ar
tion specification which'defines dependencies between object types and other profiles. Profiles offer a set of serv

-1 basic profile (of a component): A mandatory set of object and non—object types for a specific compor
shall be proyided by all complying implementation of a component.

object: An.entity that encapsulates some private state information or data, a set of associated operations that ma
data; and possibly a thread of control so that collectively they can be treated as a single unit.

fomponent: A PREMO component is a set of related-object types and non—object types. The object and non—objj

ples

n-

that
€Ct,

nts.

rent

ect

that
1O.

2 non-standard component: A.component that is not a standard component, but which obeys the rules defined
by PREMO for conforming components.

da
ces

ent

ject type: It defin

1.2 object reference: An object name which reliably denotes a particular object instance. This is a non-object.

state: Information encapsulated within an object that has to be remembered when one operation alters the future

haviour of future operations.

be-

3.2.13 identity (of objects): Objects have a unique, immutable identity which provides a means to denote or refer to the

object in

dependent of its state or behaviour.
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3.2.14 attribute (of objects): A pair of accessor and mutator functions, to retrieve the value of to set the value of the at-
tribute. :

3.2.14.1 retrieve only attribute: An object attribute where the mutator function to set the value, though conceptually
present, does not change the value of the attribute, and raises an exception.

3.2.15 signature (of operations): An operation’s signature consists of a list of parameter types, and a list of result types.
3.2.16 interface (of objects): The set of operation signatures defined for a type.

3.2.17 non-object types: Things that are not objects, e.g., integers, real numbers.

J.2.18 operation: Describes an action that can be applied to an object, using parameters.

3.2.18.1 operation invocation: Activation of an object’s action, by describing its parameters, possibly-¢ausing results to
be returned.

3.2.18.2 operation request: Synonym for operation invocation.
3.2.18.3 operation dispatching: The selection process which selects a specific operation imiplementation for execution.

3.2.18.4 operation overloading: The implementation of an operation defined for a desived interface supers¢des the im-
plementation of the same operation defined for a base interface. This effect is called Operation overloading.

3.2.19 client: (of another object) An object issuing an operation request.
3.2.20 exception: Information returned if an error condition has occurred during the execution of a request of ah operation.

3.2.21 controlling parameter: Special parameter conceptually present'for all operations, used to control the|way opera-
tions are dispatched. It refers to the object type on which the opération is defined.

3.2.22 subtyping: A relationship between types. It defines thetles by which objects of one type are determined to be ac-
deptable in contexts expecting another type.

3.2.23 subtype: A type S is a subtype of another type T if any object of type S can be used in any context tha} expects an
bject of type T.

3.2.23.1 immediate subtype: A type S is an(immediate subtype of another type 7, if T is the immediate supgrtype of S.
3.2.24 supertype: A type T is a supertype of S, if S is a subtype of T.

3.2.24.1 multiple supertype: An object type can have more than one supertype; they are referred to as multiple super-
types.

3.2.24.2 immediate supertype: A type T is an immediate supertype of type S, if it is a supertype of S, and thefe is no type
Q such that Q is a supertype of S and T is a supertype of Q.

(98]

.2.25 direct instance:-An object is a direct instance of a type T, if it is an instance of T and not an instance of finy subtype
f 7.

@]

.2.26 immediate type: The type of the direct instance of an object instance.

3
32.27 type‘graph (of a type): The set of all supertypes of a type (including the recursively defined supertypks) plus the
type itself:

3.2:28 inheritance : A notational mechanism for defining operation reuse. It is a relationship on interfaces.

3.2.28.1 multiple inheritance: A notational mechanism for defining operation reuse on multiple base interfaces.
3.2.28.2 single inheritance: As opposed to multiple inheritance; denotes an interface having only one base interface.
3.2.29 derived interface: If the interface P inherits from Q, P may also be referred to as a derived interface.
3.2.30 base interface: If the interface P inherits from Q, Q is a base interface (of P).

3.2.31 abstract object type: Non—instantiable object type.
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3.2.32 operation request semantics: A finer control an object has to service an operation request.
3.2.32.1 operation receptor: A holder conceptually assigned to each operation in which operation requests are placed.
3.2.32.2 operation receptor mode: An immutable characteristics of an operation receptor.

3.32.2.1 synchronous operation receptor mode: One of the three possible modes of an operation receptor; callers
are suspended on operation requests.

3.32.2.2 asynchronous operation receptor mode: One of the three possible modes of an operation receptor; call-
ers are not suspended on operation requests, and the request’s arguments are stored.

3132.2.3 sampled operation receptor mode: One of the three possible modes of an operation receptor; callerp are
npt suspended on operation requests, and only one requests argument is stored.

3.2.33 |protected operation: An operation which can be invoked from within the object instance only; otheryobject insfanc-
es canndt request this operation.

3.2.34
stroyed.

ife cycle (of objects and references): The mechanisms whereby objects and object references<are created and de-

3.2.34.1 life cycle facilities: The boundary between PREMO and its implementation environment, providing life dycle
related services.

3.2.34.2 create facility: Facility to create objects possibly using initialization variables.
3.2.34.3 copy facility: Facility to create objects as copies of already existing objects.

34.3.1 shallow copy: Version of the copy facility when attribute-yalues are set in the newly created object ysing
e values of the attributes in the original object.

3.34.3.2 deep copy: Version of the copy facility when attribute’values are set in the newly created object using the
values of the attributes in the original object except for objectreferences; in the case of object references, the refgrred
bjects are (deep) copied, and the new reference values are‘used to set the attributes.

3.2.34.4 cast facility: Facility to create an object reference’to an already existing object, referring to a different immegliate
type

3.2.34.5 destroyReference facility: Facility to-destruct an object reference.
3.2.34.6 destroyObject facility: Facility to.destruct an object instance.
3.2.35 |type schema: A notational convention used to describe object types (see clause A.3).
3.2.36 |operation schema: A notational convention used to describe an operation within a type schema.

3.2.37 |component schema: A-notational convention to describe components (see clause A.7).

3.2.38 |profile schema: A\notational convention to describe profiles within a component schema (see clause A.7).

3.2.39 |[generic type(schema): A notational convention used to describe a family of PREMO types, based on the geperal
notationfal conventions of type schema (see clause B).

3.2.40 |formaltypes: Symbols used in generic type schemas to denote non—specified object or non—object types.

3.2.41 |actualization: A notational convention whereby generic type schema are used to define PREMO object types
through replacing formal types by PREMO object or non—-object types.

The following alphabetical list gives the subclause of each definition.

abstract object type 3.2.31
actualization 3.2.41
animation 324
asynchronous operation receptor mode 3.322.2
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attribute (of objects) 3.2.14
audio 3.2.6
base interface 3.2.30
basic profile (of a component) 3.2.10.1
cast facility 32344
client 3.2.19
co-representation 328
component 329
con]fonem schema 3237
confrolling parameter 3221
copy facility 32343
creage facility 32342
deep copy 3.343.2
deriyed interface 3.2.29
destfoyObject facility 3.2.34.6
destfoyReference facility 3.2.345
dire¢t instance 3.2.25
dyngmic interactive graphics 323
excgption 3.2.20
fornpal types 3.2.40
gendric type (schema) 3.2.39
identtity (of objects) 3.2.13
immediate subtype 3:2.23.1
imnjediate supertype 32242
imnjediate type 3.2.26
inhefritance 3.2.28
intefface (of objects) 32.16
life ¢ycle (of objects and references) 3.2.34
life ¢ycle facilities 3.2.34.1
medjum (plural media) 322
mul{imedia 3.2.1
mulfimedia object 3.2.1.1
mulfiple inheritance 3.2.28.1
mulfiple supertype 3.2.24.1
nontobject types 3.2.17
non4standard component 3292
objeft 3.2.11
objeft reference 3.2.11.2
objefttype 3.2.11.1
operation 3218
operation dispatching 3.2.183
operation invocation 3.2.18.1
operation overloading 3.2.184
operation receptor 3.2.32.1
operation receptor mode 32322
operation request 32.182
operation request semantics 3232
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operation schema 3.2.36
profile 3.2.10
profile schema 3.2.38
protected operation 3.2.33
retrieve oniy attribute 3.2.14.1
sampled operation receptor mode 33223
shallow copy 3.34.3.1
signature (of operations) 32.15
single inheritpnce 3727282
standard component 3.209.1
state 3.2.12
subtype 3.2.23
subtyping 3222
supertype 3224
synchronous pperation receptor mode 3.32.2.1
text 325
type graph (of a type) 3.2.27
type schema 3.2.35
video 327
4 Symbols and abbreviations
CAD/CAM: Computer-Aided Design / Computér-Aided Manufacturing.
IEC: International Electrotechnical Commission.
IS: International Standard.
ISQ: International Organization for Standardization.
JTC: Joint Technical Cofmmittee.
PREMO: Presentation Environments for Multimedia Objects.
2.5p: Two and a-half dimensional.
2D Twordimensional.
3D Three-dimensional.
5 Conformance
A componenf is defitned in PREMO to be a set of related object types and non—object types and a set of profile specifications| A
component i considered to offe; a set of services, embodied by the operations on the objects, and may also depend on serviges
provided by ethef components

PREMO defi

nes conformance with respect to components as follows:

a) PREMO specifies conformance rules that shall apply for any definition of a conforming component;

b) PREMO specifies conformance rules that shall apply for any implementation of a conforming component;

¢) PREMO specifies conformance rules that shall apply for any implementation of a conforming PREMO system.
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6.2 Extensibility
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ISO/IEC 14478 is extensible in that it makes provisions for extending the functionality specified in the standard via a number of
standardized mechanisms. In particular, additional components may be developed which respond to the needs of specific appli-

cation areas. See also clause B in ISO/IEC 14478-2 for further details on the way PREMO objects may be extended.

Many aspects of ISO/IEC 14478 are extensible by an ISO-administered registration mechanism, so that a uniform description of

the extension is available to all implementations.

6.3 Cénfigurability

The need for{configurability arises because different application areas have different demands on the task of presenting their data.
PREMO embodies a configurable system design which offers a foundation from which specific requirements for ‘object support

and interrelafionships can be realized. This configurable system design is based on the concepts of component$and profiles

see

clause 7.3.4 hnd clause 9). In a configurable system, profiles can be chosen according to the special needs 0f particular appljca-

tions. The advantages of a configurable system design are:

a) Applications do not reference the whole system but only the specific component profiles<hey require. For example} an

applicatipn might need only an audio or video profile.

b) When introducing new techniques, e.g., shading methods within a graphics systent;Or a special purpose graphics dlata
storage, fhere is no need to implement a completely new graphics system for the realization of these new approaches. They

can be integrated as new object types that fit within the existing foundation.

6.4 Incremental, separable development

ISO/IEC 14478 is described and structured in such a way that it can be developed incrementally. The chosen architecture prov

a foundation for an evolvable family of standards.

6.5 Simplicity

Aspects, such as portability and maintenance, are greatly.-enhanced by keeping underlying concepts simple. Simplicity means

des

that

PREMO is hased on a general architecture under which various sets of objects may be utilized. Objects are defined in terms of
their externglly visible behaviour, thereby hiding implementation details. Hierarchical structuring of and within objects is pgssi-

ble, thereby pllowing more complex entitiesto be assembled from simpler parts.

6.6 Ease of use

PREMO is dasy to use for at {east the following classes:

a) end users (indiyiduals or groups), who work with information processing applications based on PREMO;
b) progijammersywho use PREMO components to build applications;

¢) vendfrs; who develop, sell, and service implementations of PREMO; and

d) system administrators, who control and manage multimedia systems.
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6.7 Other influences
6.7.1 Application development environment

ISO/IEC 14478-1:1998(E)

PREMO takes advantage of an object—oriented design philosophy. This aspect is differentiated from different kinds of language
bindings addressed below. Thinking in terms of objects leads to a natural description of the functionality of distributed multime-
dia systems entailing:

a) uniform mechanism to access passive or active entities;
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) aclear understanding concerning the concurrent existence of objects that the user may freely select and‘mod

) the definition of different objects with equivalent behaviour as instances of a common type.

y benefits of the object—oriented approach taken by PREMO can be realized without requiring/that applicatio
ed in object—oriented or object-based languages. PREMO can be bound to both object—oriented and non obj
ages. However, the functionality of PREMO is defined so that the advantages of object—oriented environments -
ping and inheritance and the ability to define mutual communication between application objects and multim
n be used. Subtyping and inheritance offer mechanisms to extend PREMO functionality and to adapt it to sped
ications, whereas mutual communication supports a stronger symmetry betweén)input and output. Notwith
e, one main goal for describing the functionality is that it is not limited to only-cbject—oriented environments.

2

Execution environment

MO allows applications to take advantage of distributed environments. It allows distribution of functionalities 3
rocessors. Where and when applicable, PREMO is compatible with, or is defined in terms of, other internation

Functionality

| Introduction

MO supports the construction of, presentation of, and interaction with objects consisting of still computer graph
puter graphics (animation), audio, text,-stilFimages, moving images (including video), images coming from imj

, and any other media type or combination of media types that can be presented.

/ Computer graphics
objective of PREMO is t0 ¢onsider the evolving needs of the computer graphics and applications communities.

REMO provide avisible route which the community can follow to take advantage of ISO/IEC 14478. This sha
ed by providing simple yet extensible functionality in a well-defined manner.
J Usen.interfaces

MO“goes beyond the presentation and interaction requirements of simple graphical user interfaces by support

fy; and

s be imple-
ect—oriented
— especially
edia objects
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tanding the
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ics, moving
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ncreasingly

means catering to theintégration of computer graphics in multimedia applications. The underlying concepts and functionality

| be accom-

ng the inte-

grat

pd use of multiple media, for example, through simultaneous presentations.

6.8.4

Dynamic interactive graphics

PREMO provides for real-time control and presentation of dynamic interactive computer graphics applications, where the graph-
ics varies in real-time in response to external inputs. It allows an application to integrate dynamic computer graphics with other

med

1a.
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6.8.5

Animation
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PREMO provides for real-time control of media presentation, including the presentation of time—varying information, e.g., slide
shows, smoothly moving objects. It allows an application to integrate animation with other media. PREMO provides mechanisms
that can be used to create animated audio-visual applications.

6.8.6 Audio

PREMO proYides Tor real-time control of both analogue and digital audio information presentation. It allows an application] to
integrate audjo with other media.

6.8.7 Video

PREMO proyides for real-time control of the presentation of both analogue and digital video informationThis includes b{th
single frame and time—varying video data. It allows an application to integrate video with other media.

6.8.8 Othjer and future media

PREMO supports media besides the ones listed in this clause. PREMO is extensible to support-dny media type or combinatifon
of media typefs that can be presented. Examples of such media include haptic and thermalsensory presentations.

6.8.9 Co-representations

PREMO supports co-representations. That is, the same information can be presented in several different ways from which fhe

most appropr
available. It a|
suitable can b

6.8.10 Coq

PREMO supp
operation bet

7 Arnchitecture of PREMO
7.1 Introduction
PREMO can he conceptually.described in at least three different ways. These three architectural perspectives each have their o

way of descri

The three arch

ate is chosen. For example, PREMO allows a modeller to choose’the most appropriate renderer from among thd

e chosen based on the application’s needs and the capabilities of available devices.

veen different media and the exchange of\single media and multimedia objects.

lows information to be represented in a variety of media ={for example audio and video — from which the m

perating applications

orts real-time exchange among applications coOperating in interaction with the same scene. This includes both ¢

bing the parts of PREMO and their interrelations.

itectural perspectives are:

a) the stal

Tdards perspective; winctrexptaims trow PREMOTsorganized a5 @ mutti—part standard,

N

pst

vn

b) the functional perspective, which introduces the organization of PREMO as a collection of components, profiles, and
object and non—object types. It also includes types related to non-presentation functionalities. Emerging ISO and other object
technology standards — such as standardized object description techniques, object request brokers, traders, and object serv-
ices — should be influenced by PREMO requirements and provide capabilities that PREMO can utilize.

c) the system perspective, which explains what systems may result from PREMO implementations and how different
PREMO implementations shall interoperate. It explains what aspects of an environment should be brought under control of
PREMO as opposed to transparent aspects (e.g., distribution). This architecture also allows precise formulation of portability
and interoperability requirements for PREMO implementations.
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7.2 The standards perspective

PREMO envisages a broad scope of functionality which cannot be covered by a single activity. Therefore, PREMO has been
designed as a multipart standard. The first part (ISO/IEC 14478-1) explains key concepts, describes the overall architecture of
PREMO, and specifies the common semantics for specifying the externally visible characteristics of PREMO objects in an im-
plementation—independent way. The second part (ISO/IEC 14478-2) defines those objects that any conforming PREMO imple-
mentation shall support. The third part (ISO/IEC 14478-3) defines a Multimedia Systems Services component which provides an
infrastructure for building computing platforms that support interactive multimedia applications dealing with synchronized,
time—based media in a heterogeneous distributed environment. The fourth part ISO/IEC 14478-4) defines a Modelling, Presen-
tati and Interaction component which is targeted at providing paradisrm independent support for high—level m de]]ing and
prespntation, enhanced by time control and interaction, and using various media.

Further parts are anticipated that will be appropriate for specific application areas. For example, a PREMO-based mppping from
exisfing computer graphics standards will allow many existing applications to be integrated into multimedia presentations. Also,
the development of toolkits and highly interactive and portable authoring tools for the generation andpresentation off multimedia
documents could be defined based on functionality specified by other international standards committees.

7.3 The functional perspective
7.3. Introduction
The|functional perspective groups presentation and interaction functionality in terms familiar to an application programmer

(e.g} aspects of time, geometry, etc.) and functionality necessary to achieve& certain effects, where the programmer is possibly
unaware of the underlying techniques used to achieve these effects (e.g¢ forms of anti—aliasing, colour representatigns, structur-
ing ¢f presentation data).

The [functional architecture is restricted to a conceptual description of the functionality, leaving further detail or realigation to the
foundation and non—foundation components. It identifies the fanctional areas common to all media components, but possibly hav-
ing dlifferent realizations in each environment.

The [functional architecture explains the nature of the rules for components and profiles such that they can be combiped (config-
ured) and linked to other standardized or external nen—standard components. The selection of components to assemble the func-
tionglity needed for a given application and in ©yder to be able to run on a target platform is based on criteria such ak:
+ how components can interface to one another,

+ how new components may peusg parts of older components, and

+ how components can be realized on the corresponding part of the implementation platform.
7.3. Description techniques

PREMO functionality.i§ described in terms of object behaviour. Each PREMO object is specified by giving:

q) a definition of its interface;

) a.description of the object’s behaviour. Such a description specifies the object’s visible behaviour, the effeqts of opera-
tjonis,on the object’s internal state, the output parameters of each operation request it is capable of receiving, and the input

£l pel)
paramcters ot tese requests

The notational conventions used for object specifications are described in clause A.3 and Annex B.

D Descriptions of the objects’ behaviour, using formal description techniques, are being developed separately and may be published as accompanying technical
reports.
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7.3.3 The object model

An object—oriented description technique is used to specify PREMO functionality. The object—oriented terminology and formal-
ism constitute an object model in which objects and object types are composed and made to interact. The manner in which PRE-
MO is described is independent of both the techniques used to construct PREMO implementations and the languages to which
those implementations may be bound. PREMO can be bound to, and implemented in, both object—oriented and non object—ori-

ented programming languages. The object model is described in clause 8.

7.3.4
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Thie system perspective

Configuring PREMO-based applications

is a collection of profiles where specific profiles are defined to offer particular sets of functionality in the form
n—object types. Each profile is defined in terms of its dependencies on other profiles (either internal, i.e.,"depe
iles belonging to the same component, or external, i.e., dependencies on profiles belonging to another.compone
and non—object types it provides for other components.

s for components and profiles are given in clause 9 with the notational conventions describedin clause A.7 of t
les form the basis for the properties of configuration, customization, extensibility, and interoperability.

lity of PREMO is realized by a set of object types. The PREMO arthitecture provides mechanisms for creati
ending the standardized object types and non-object types.

example, in a PREMO implementation that provides traditional computer graphics functionality, there could be modelling :
ions with different capabilities. Modellers range from powerful*géometric modellers which perform union and intersect|
fegular and free form 3D bodies to simple 2D graphics modellers. Renderers can include high performance renderers

mages and generators for an animated sequence of images, from key frames as well as generators for 2D business graphii

7.4.2 Dis|

Instances of PREMO object types are conceptually\lacation independent. There are no inherent constraints on the location

these object i
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Communication in PREMO
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stances, thus allowing a PREMO‘implementation to be easily distributed.

xample, an application built using PREMO might create a multi-user interface in a virtual reality setting where several play
manipulating within the same sCene. Each player uses his/her own renderers with his personal viewing parameters to gener
the scene, hears his/her’personal version of sound associated with the objects in the scene, and activates his/her own in
municate with the common scene. If this example were realized in a distributed environment, different renderers might
hote processes eachi with a copy of the scene. In this case, scene updates could be performed in such a way that the differ
ene remain consistent with each other.

D supports distributed applications, as well as multiple processor implementations, the invocation of PREMO {

of
nd-

his

ng,

on
for
ics

of

£crs
hte
but
be
Ent

p_

erations may

avalua n ' Ob s 1 £ L. ol > ok 1 1 1 1 5 . o 1
VO C O a it atoT—CojetsCanear o cac i ONeT S TCXTSICNTT AU TITVOKT ©aciT OtIel s Operdations. SYTTIT

0O-

nization may be provided, since two objects could invoke operations on a third object concurrently. Communication among
PREMO objects and between PREMO objects and their client applications requires the use of underlying support facilities that
are not addressed in this standard.
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8 Object model

8.1 Introduction

This clause describes the common semantics for specifying the externally visible characteristics of PREMO objects in an imple-
mentation—-independent way. It specifies the common features that all conforming systems shall support. It includes a formal
model of types, operations, and subtyping.

PREMO uses an object model to support design portability and reuse of object definitions. The use of an object-oriented design
leadf to a natural description and provides, in particular, a way for explaining extensibility and configuration aspects [for PREMO
objets. It should be noted that the description techniques used in this document focus on design and allow different bindings of
an opject’s interface (i.e., the declaration of its operations) to programming languages, communication techimques| and imple-
menfations. Although the PREMO Object Model defines types and operations as concepts, systems that conform with the model
need not provide objects that correspond to these concepts (e.g., if PREMO was implemented using,&hon object—driented pro-

granmpming language, like Fortran).

It mpst be emphasized that the requirements described in this clause are valid for PREMO objects only, i.e., for objects defined
in this or subsequent parts of ISO/IEC 14478. Even if PREMO is implemented in an object oriented environments, i{ is nof man-

datefl that all objects in this environment behave exactly as described in this clause, only th6se which are defined by PREMO.

8.2 Basic concepts

The PREMO Object Model is based on a small number of basic concepts: bbjects, object types, and subtyping. Ap object can
modgl any kind of entity, e.g., a person, a ship, a document, a graphic Segment, or a colour value. A basic charactpristic of an
objegt is its distinct identity, which is immutable, persists for as long ag-the object exists, and is independent of the prpperties and
behaviour of the object.

Opefations are applied to objects. Thus, for example, to deterinine the colour of a graphic segment, the colour opetation might
be applied to the segment object. As another example, inza windowing system a relationship between two windows|may be de-
fineq as an operation parent, which, when applied to one'window object, returns another window object. The operatjions associ-
ated [with an object collectively characterize its behaviour.

Objects are created as instances of object types-(e.g., person, colour, segment). An object type defines the behavidur of its in-
standes by describing operations that can be.applied to those objects. Types can be related to one another through sugertype/sub-
type frelationships.

Statq is required in an object systeny; because it captures internal information that may affect the outcome of operatipns. For ex-
ample, an operation serColoyr-might take a segment object and a colour object as input arguments and produce sidg effects on
the Ihtter object. State captres these side effects, and a subsequent application of the colour operation will presumfbly yield a
result that differs from aprevious invocation. In the PREMO Object Model, operations are used to model the exterral interface
to state.

An opject typecantalso be described in terms of attributes. Attributes represent a notational convention only; an attribjute is func-
tionglly equivalent to declaring a pair of accessor and mutator operations, to retrieve the value of the attribute and to set the value
of the attribute. As a further notational convenience, attributes may also be labelled as “retrieve only”, which means that the mu-
tatorfoperation, though conceptually present, does not change the value of the attribute. In other words, the correspopding value
can Oty be changed by the object ftself, based on the object s internal state transition, or through other, dedicated operations.

8.3 Non-object types

Things that are not objects are called non-objects. These do not have an object reference, and therefore cannot be the controlling
parameter for an operation request (see 8.6). Each non—object can be considered to belong to a type, called a non—object (data)
type. This is analogous to objects being instances of types. Non-object types, however, do not belong to the PREMO object type
hierarchy. Examples of non—objects are, e.g., an integer or a real number.
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Object types

EC

Objects support only certain operations. The object type defines these operations, and thus characterizes the behaviour of objects.
Objects are created as instances of their object types, and, in the PREMO Object Model, objects shall not change their type.

Each operation has a signature, which consists of a list of input and output parameter types (see 8.6). The set of operation names
with their respective signatures, defined for a type, is called the interface of that type, which is a distinct notion from the type
itself. The interface includes signatures that are inherited from supertypes (see 8.7). The interface of a type can be applied to all
instances of that type.

Types are anlanged into a type hierarchy that forms a directed, acyclic graph. PREMO objects inherit from type PREMOQb;]
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ct or its subtypes. Having a single root allows programs to declare a parameter that takes an object of any type
t of all object types is referred to as OTypes.

Object identity and object reference

O Object Model, an object reference is an object name which reliably denotes a particuldr object. Specifically

ct reference.

nces are represented in PREMO by opaque non—object types. For each object of type T, an object reference ty
bject instances of type T, automatically exists in PREMO. As a notatiogial convention, RefT denotes the non—ob,
t reference referring to object instances of type 7.

erence referring to no object instances has a distinguishable value, which is referred to as NULLObject. Operati
among those defined for PREMO objects in general to check whether a reference has a NULLObject value or n

berations

describes an action that can be applied to an‘ebject, using parameters. An operation invocation, also called an
st, specifies the operation and parameters,possibly causing results to be returned.

ences of a request can include:

mediate set of results;
ffects, manifested as changes-in the state of the object; and

tions.

operation € hasthe signature:

O (X 10X 00, .., X, :0,) (Y P Y2 Py s Yyt Pyy)

e flame of the operation. The operation signature specifies n = | input parameters with names x; and types o;

T

ct,

5 the basic operations required for all objects in PREMO. Applications may introduce new types by subtyping fiom

IS a

an

hce identifies the same object each time the reference is used in a request. The type ‘of the object may be infeqred

pe,
ect

pns

hnd

m 20 outpuf parameters with names y; and types p;.

In the PREMO Object Model, operations are always specified with a special parameter called the controlling parameter, which
is used to control the way operations are dispatched: its role is to differentiate among several possible implementations of an op-
eration with the same name and signature (see 8.7.4). For discussion purposes in this clause, we assume that the first parameter
x is the controlling parameter, although this choice is not required by the model. Each object type T € OTypes has a set of op-

etations:

Ops(T) = {QlT, Q2T, U
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An operation is part of the interface of the type T of its controlling parameter and of all subtypes of T (see 8.7). An operation is
defined on the type of its controlling parameter; e.g., Q is defined on ¢ . All operations defined on a type have either distinct
names or, if names are identical, have a distinct signature. In the PREMQO Object Model an operation is defined on a single type
(the type of the controlling parameter), so there is no notion of an operation independent of a type, or of an operation defined on
two or more types.

In the PREMO Object Model, operations can only be defined on object types, not on non—object types. The controlling parameter
type shall be an element of OTypes. All other parameters are restricted to be non—object data types. Note that references to objects

are expressed by non—object data types; hence, this restriction does not introduce a limitation on functional expressiveness.

An
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Tat ' : €CT Model does not specify anytling about the execution or
3 g

s. For example, whether or not callers issue requests sequentially or concurrently and whether or not requests
hentially or concurrently is not part of the PREMO Object Model. Although the PREMO Object Model does not
for multi—process synchronization, it does allow several styles of operation request semantics (see 8.9).

ne PREMO Object Model operations are not objects, neither are requests (i.e., operation invocations).

E — In line with a common practice, the object issuing an operation request is also referred to as a'client (of the object wh
voked).

er for opera-

get serviced
specify sup-
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8.7 Subtyping and inheritance

8.7.1 Overview

Subpyping is a relationship between types, based on their interfaces. It{defines the rules by which objects of one type are deter-
minkd to be acceptable in contexts expecting another type. Inheritance is a mechanism for reuse; as a notational cgnvenience a
typ¢ may be defined in terms of another type. This clause defines thetwo concepts separately, but then explicitly states how they
are felated in the PREMO Object Model.

8.7.2 Subtyping

Thel PREMO Object Model supports subtyping fer.object types. Intuitively, one type S is a subtype of another type T, if S is a
spegialization or a refinement of 7. Operationally; this means that any object of type S can be used in any context that expects an
objgct of type T. In other words, objects of typeS are also of type T. Subtypes can have multiple supertypes, with thg implication
thatfan object that is an instance of a type'$is also an instance of all supertypes of S. The relationships between tylpes define a
typd hierarchy, which can be drawn_a$.a directed, acyclic graph (see Figure 1; see also clause C for the graphical |conventions
used in the figures in ISO/IEC 14478).

An pbject is a direct instancg of-a type T, if it is an instance of T and not an instance of any subtype of 7. The PREMO Object
Modlel restricts objects to,be_direct instances of exactly one type. That one type is the immediate type of the object. The PREMO
Object Model has no mlechanism to change the immediate type of an object.

An pbject type Tiis‘an immediate supertype of S, if it is a supertype of S, and there is no type Q such that Q is a supertype of §
and|T is a sup€rtype of Q.

In the PREMO Object Model, the type designer is required to declare the intent that a type S is a subtype of 7. For mally, if S is
declafed to be a subtype of T, then for each operation Q7 € Ops(T) there exists a corresponding operation Q°c Dps(S) such
that the following conditions hold:

a) the names of the operation match;

b) the number and types of the parameters shall be the same (except that the controlling parameter types shall differ);

¢) the number and types of the results shall be the same.

Thus, for every operation in T there shall be a corresponding operation in S, though there may be more operations in Ops(S) than
in Ops(T).

15
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supertypes of a type, including the recursively defined supertypes, plus the typeitself, form the type graph of
mple, if the object type D is a subtype of B and C, and both B and C are subtypes of A (see Figure 1), the set
B, C, and D forms the type graph of D. The PREMO Object Model does ot provide a name—conflict resolu
hor does it allow subtypes to redefine inherited operation signatures (although it is allowed to add operations in
identical name but a different signature).

ping rules prevent two types that have an operation with the same name but different signatures from having ac
. Supertypes are used to characterize functionality that is common to their subtypes.

5 a notational mechanism for defining operation reuse. If a type S inherits from another type T then the definitio
the operations of 7 and may provide other operations. Intuitively, inheritance means that the operations defined
fined for, and can be used by, S. When inheriting an interface, type S may include its own implementation fo
erited from T or, alternatively, may rely ‘onthe implementation provided with T. The choice among the various
s of an operation when the operation.is‘inivoked is referred to as operation dispatching, as is described in more dg

be P inherits from Q, P may(also be referred to as derived interface, whereas Q is the base interface (of P).

Object Model relatessubtyping and inheritance. If S is declared to be a subtype of 7, then S also inherits from

s (see 8.7.2);

a relationship between types. Inheritance can be applied to both interfaces and implementations; i.e., both interfs
ntationscan be inherited.

Object Model supports multiple inheritance, which is a notational mechanism for the definition of inheritancg
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Operation dispatching

When an operation request is issued, a specific operation implementation is selected for execution. This selection process is called
operation dispatching.

16
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Figure 2 — Example for operation dispatching

selection mechanism is based on the name and the signature of the operation®th¢ name of the operation and th
s used as actual parameters used at the operation invocation (except for thegontrolling parameter) shall match
e operation specified for the object whose operation is invoked. An exception to this rule applies for parameter
rence type. If the signature of an operation is:

®: (X 10, X):05, .., %,:0,) 3O 1P Y2 Py s Y i P

say, 0, is of type RefT where T is an object type, and § is a subtype of 7, the actual parameter x; is permitted
b when invoking the operation w. Also, if, say, P, is oftype RefQ where Q is an object type, and R is a subtype of|
rned value for parameter Yj is permitted to be of type RefR when the operation w returns.

process of selecting which operation to invgke is based on the type of the object supplied as the controlling par:
al call. The operation of the given name-defined on the immediate type of the controlling argument is chosen fo
bme cases this choice can be done at cempile time with no loss of flexibility, whereas in others it must be delay
on time.

effect of this selection mechanism is as follows. From the perspective of the object which requests an operatio
inheritance is of importance. However, from the perspective of the object which implements the operation, b
ritance and implementation inheritance are of importance. In the PREMO Object Model the implementation o
face supersedes (St-gverloads) the implementation of the base interface. For example, if type S is a subtype

rface of both S and T contains the operation , then for all instances of type § the implementation of operation @

S will prevailgven if used in an operational context that expects an object of type T.

'E — Afexample will clarify the selection mechanism (see also Figure 2). Let A and B be PREMO object types, such that
; furthermore let the operation f be defined both in A and in B, i.e., both types provide an implementation for this o}

e non—object
the signature

of an object

to be of type
0, the actual

meter of the
I invocation.
ed until exe-

h, only inter-
oth interface
f the derived
bf T, and the
mplemented

B is a subtype
eration. As a

conyention, the two implementations will be denoted by A.f and B.f, respectively. Let P be another PREMO type, and p an igstance of this
typer 1t i T - t T —Ft ; bpose that the
implementation of P.g issues an operation request on the operation f using its argument of type RefA. The operation dispatching rules

determine which of the possible implementations of f (i.e., A.f or B.f) will be invoked. Following the rules above, the operation p.g may be
invoked with actual parameters of non—object types of both RefA and RefB. In the former case the implementation of p.g invokes the operation
f on the referred object instance: the selected implementation should be A.f (case ‘a’ in Figure 2). In the case when p.g is invoked with an

actu

al parameter of type RefB, the selection mechanism described above will choose B.f (case ‘b’ in Figure 2).

17
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In the case an operation wishes to have a finer control over the selection mechanism, it can inquire the immediate type and the
type graph of the object referred to by its argument (see clauses 7.2 and 9.4 of ISO/IEC 14478-2), and it can use the cast facility,
(see 8.11). In the example above, if the implementation of p.g needs to access A.f in any case, it should inquire the type of the
object the actual parameter refers to and, if necessary, should generate a new object reference of type RefA with the help of the
cast facility.

These rules do not disambiguate all possible situations in the case of multiple inheritance. For example, let B, C, and D be types
such that D is a subtype of both B and C (see Figure 1). Let B and C have an implementation for the operation f (with identical
signature, except for the respective controlling parameter). Finally, let D simply inherit the operation f, without providing an im-
plementation. In this case, when using an object reference RefD, there is no unambiguous choice between the two possible im-
plementatioss of the operation f. In the PREMO Object Model, an exception is raised when no unambiguous choice exists, Note
that some enjvironments may also offer compile time checking for such cases.

8.8 Abstract Types

An abstract fype in PREMO is a non—instantiable type, i.e., if T is defined to be abstract, then no PREMO/object may be a difect
instance of T (see 8.7.2). Usage of abstract types makes the specification of object type hierarchies clearer and more succipct,
allowing the specifications to “abstract out” identical interfaces without forcing implementations to/previde realizations for these
objects in isglation.

8.9 Operation request semantics

The external[behaviour of PREMO objects is based on the operations defined for.the)object. Requests for operations provide|the
only means ¢f information transfer among PREMO objects. All requests are delivered at most once to the object.

Internally, an object has a finer control over the actions it has to perform tg service the request. Conceptually, each operation has
an operation|receptor, and an operation request amounts to putting a reguiest into this receptor. Each receptor of an operation rhay
be in one of fhree modes: synchronous, asynchronous, or sampled. This mode is specified as part of the operation specificafion
and is immufable during the lifetime of the object. The default mode is synchronous (see also clause A.3 for the notational cpn-
ventions usedl to define operations). The detailed semantics of the three modes are as follows:

— The operation receptor is synchronous. This medns-that the request is placed in the operation’s receptor and the callef is
then suspended until the callee has serviced the request. Data may be associated with the request, and the request may hpve
return values. The PREMO Object Model makes-no assumptions on the order of servicing of these requests if there are sev-
eral waiting to be serviced.

— The dperation receptor is asynchrohous. In this case, the request is placed in the operation’s service receptor but [the
caller is pot suspended. Data may.-be associated to the request, but the request shall not have return values. The PREMO
Object Mlodel makes no assumptions on the order of servicing of these requests.

— The operation receptor is'sampled. In this case, the receptor may hold ar most one request; if several requests arrive at fthe
receptor without being serviced, their respective requests overwrite one another. The caller is not suspended. Data may| be
associatedl with the request, but the request shall not have return values.

While suspepded, arobject can receive operation requests from other objects. These requests are managed in accordance with
the behaviouf described above. A suspended object may also carry out internal processing, but shall not access information |re-
lated to its oyn-Operation receptors.

NOTE — The ability of objects for continuing internal processing while being suspended is important for the support of multimedia
synchronization (see 7.9.1 of ISO/IEC 14478-2).

Apart from having several outstanding service requests on the same operation of an object, there may be several operation re-
quests on different operations waiting to be serviced. In this case, the object chooses one of these requests non—deterministically.
An object has also means to control which requests it wishes to service, depending on its internal state.
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An object instance can also issue an operation invocation to one of its own operations. In this case, all receptors are bypassed,
and the implementation of the operation is immediately invoked, i.e., deadlock shall not occur.

A subtype may provide a new implementation for an inherited operation. However, the operation request mode of an operation
shall not be changed in the subtype.

8.10 Protected operations

An operation may be declared to be protected. The name and signature of a protected operation is part of the interface of the
objeft type just as with any other operations. However, for any object Instance, a protected operation can only be invjoked by the
instance itself; no other object instance can invoke such an operation. Being part of the interface of the objectg ity possible to
modjfy the behaviour of a protected operation in the subtype of the object, thereby specializing the object’s,behiaviqur. The fact
whether an operation is protected or not is an immutable characteristics of the operation during the lifetime of the gbject. Also,
a subptype cannot declare an inherited protected operation to be unprotected.

Attributes can also be declared to be protected; this simply means that the accessor and mutator operations for attribuites are pro-

tectdd.

8.11 Object and object reference life cycles

PREMO objects are created and destroyed by facilities which are part of the boundary between PREMO and its environments.

Objgcts may be created through the use of the create facility. If successful, this facility returns an object reference]
of the requested type. If the creation is successful, it can be safely assumed that this object reference refers to an exjsting object
instdnce of the type specified by the argument of the create facility.Using this object reference, operations on thg object may
be ithmediately requested. This facility shall also invoke the (protéoted) initialize operation of the newly instantiated object (see
claupes 7.2 and 9.4 in ISO/IEC 14478-2), which is available for-dl PREMO objects; this invocation is done prior to the return of
the gbject reference to the caller. Parameters of the create facility include the necessary initialization parameters| Creation of
an opject might be unsuccessful; it is environment dependent how the caller of the facility is notified about this and it is the re-
sporlsibility of the caller to check the success of object.creation.

to an object

NOTE — The create facility may, for example, retitn NULLObject in the case of an unsuccessful object creation.

Objgcts may also be copied through the use.of the copy facility. copy also returns a reference to a new object, but it 3lso receives

a reference to an already existing object. The newly created object has the following characteristics:

L It has the same immediatetype as the object referred to by the argument of copy.

L The initialize operation)is not invoked on the new object; however, another (protected) operation is de
PREMO objects, calledZnitializeOnCopy, which is invoked by the copy facility. The signature of initializeOn¢
f any arguments,

L If copy is shallow, all attributes of the new object are set to the values as retrieved from the object referr
rgument of*copy.

d

L If copy is deep, all attributes of the new object, except object references, are set to the values as retriey
bjeCt referred to by the argument of copy. For object reference attributes, a deep copy is made for all refe
(recursively) and the corresponding reference attributes of the newly created object will refer to these new objed

fined on all
Copy 1s void

ed to by the

ed from the
rred objects
ts.

NOTE — If the implementation of PREMO is based on a distributed environment, the caller of the create and copy facilities may also
control “where” the new object is created.

An object reference is of a non—object type and, as such, can be included as a parameter for other operation requests. The defini-
tion of operations shall specify whether the reference is used directly (in which case, conceptually, each such call constitutes the
creation of a new instance of these object references), or whether new objects and object references should be created by a (deep
or shallow) copying of the referred object. Whether this copying is performed by the caller (i.e., before the invocation of the op-
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eration) or the callee (i.e., as a first action of the operation being invoked) is dependent on the implementation environment and
the programming language. This part of the operation specification is conceptually part of the signature of the operation, i.e., sub-
types cannot change this in the case of overloaded operations.

NOTE — An implementation may have a finer control over argument copying. For example, it may decide to copy part of a structure only, or
to stop recursive copying at some level. These decisions may be based on the semantics of the operation and/or the particularities of the
implementation. PREMO standardizes the minimum level of copying only, i.e., most of the time only shallow copy is required.

The facility cast can also be used to create new object references. This facility receives an object reference and an object type
as parameter, and creates an object reference which still refers to the same object instance, but of the type given as parameter.

PREMO req
a new refere

NOTE — Son
cast facility
of the object
appropriate (s

Object referg
struction, the
ment passing
implementat
ence exist fo
erences also

The specific
mentation la

these facilitid

NOTE — To
objects as speq

8.12

When servicing a particular request, a PREMO object may detect error conditions which make it impossible to fully service

request. In sy
special data g

Details of ho
specification
however, son

— Ifan ¢

— Differ
the detailg
may be ex

rres-thrattf type ATS bubtypc of Brorsamrmstance of A amd-the reference to o 15 given T the form of RejB, T
ice, of type RefA and referring to the same instance, can be created using a and A.

le object environments may offer richer casting facilities, but PREMO does not rely on those. An example for the usage of]

hnd using the cast facility using a type appearing on this type graph, the caller may create an object, feference with

Femain vahd.

pguage, development environment, or execution environment. For integration into a programming environmg

Exceptions

s when the caller receives an object reference to a type which is the supertype of the expected type. By inquiring the type gi
b)type.

nces may conceptually be destroyed using the destroyReference facility. As a résult of this conceptual
object instance is no longer accessible through this object reference. Other object references created, e.g., by ar
or the usage of cast, may still be used to refer to the object instance. It is ingumibent on the application or

them any more, but not before. In other words, the PREMO specification rhakes the assumption that all valid

tion of the facilities create, copy, cast, and destroyRefefetice is independent of any particular img
s shall be realized through an appropriate language binding.

ncrease the efficiency of the implementations, some programiming languages may choose to implement some categorie
ial data types and not as objects.

ch a case the PREMO object shall, instead of servicing the request, raise an exception. Exceptions are defined
tructures which may convey additional information on the error condition leading to the raise of the exception.

exceptions are raised are part of the boundary between PREMO and its environment (see also 8.11). The detai
depends on a particularimplementation language, development environment, or execution environment. There 4
e simple rules which'shall always apply:

xception is raised by an object, the state of the object shall not change.

ent error conditions result in different exceptions; the set of possible exceptions for a specific operation is part
d specification of the operation. When operations are redefined through subtyping, the set of possible excepti
tended’with new exceptions.

— Faciliges'shall be available for the caller of an operation to detect whether an exception has been raised when the ope

nen

the

aph

the

de-

gu-
the
on to delete object references which are no longer in use. Objects are automati€al]y destroyed when no valid ref;

of

he
as

1e,

tion was executed or not, as well as to access the information stored in the exception data structure.

A special case is when an error condition occurs through the initialize or the initializeOnCopy operations of an object, i.e., when
the object is created (see 7.2.1 of ISO/IEC 14478-2). In such a case the corresponding exception is raised by the facilities man-
aging the object life cycle (see 8.11), the object is not created, and the create or the copy facilities shall return a NULLObject.
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9 How PREMO components are described

Fundamentally, a component in PREMO is a set of related object types and non—object types that comply with the PREMO Ob-
ject Model. Components organize these object and non—object types in terms of profiles, whereby some set of the types defined
in the component are collected together for a particular view of their usage. A profile may be tailored towards a particular con-
stituency or application domain, for example.

A component may contain one or more profiles, one of which shall be designated as the basic profile for the component. The

basic profile of a component represents the minimal and hence mandatory set of types provided by the component implementa-

t' Al atb o £1 dafs 4 b PR'S Y t cbaoll bha daf: =i AN tta sl PR N £:1
10N . AT otriet Proc s acTT O Wit e C O POTIC T ST O O U IO U W It TUS PTU T TO IO COTTPOTIC T ST UasSTCpPTroTiiTs

The ppecification of a profile shall make explicit the dependencies that the profile has with respect to other profiles’within its own
component and with profiles defined in other components. These dependencies between profiles is expressedias follows.

A profile P belonging to component A may depend on profile Q of the same component if thereare object types in P that
arre either:

o8]

1) subtyped from object types defined within Q (type dependency), or

2) whose behaviour depends on operations defined by object types in Q (service depéndency).

=

his form of dependency is referred to as internal dependency.

H) A profile P belonging to component A may depend on profile R of component B if there are object types in P that are
either:

1) derived from other object types defined within R (type dependéncy), or
2) whose behaviour depends on services provided by object types defined within R (service dependency).
This form of dependency is referred to as external dependency:

The parious possible dependencies are non—-exclusive; a component profile may have internal and external dependendies that may
be i) terms of both type and service dependencies.

(¢’

The [specification of a profile also includes the list of types which can be used to resolve type or service dependendjies by other
proflles or by applications in general. A profile can thereby restrict the usage of a type to, e.g., as a service provider gnly, i.e., the
operptions of the type are available for operdtion requests, but no subtyping of this type is possible. The PREMO specification
alsolincludes restrictions describing which part of the full PREMO object hierarchy can be used to resolve type depenflencies (see
7.5 ¢f ISO/IEC 14478-2).

NOTIE — Language bindings to PREMO shall provide details on how these notions are mapped onto a particular programming pnvironment.
In sofne cases the programming environment may not make it possible to enforce the difference between service and type dependlencies.

The [notational conventiens.used for component and profile specification are defined in clause A.7.

The profile specification of a PREMO component makes provision for PREMO implementations to offer automatic|configuring
mechanisms. Such’‘mechanisms may allow for an implementation of a component and/or a profile to interoperate with other com-
pongnt implementations.
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ata type construeters. Values of these types for various programming languages are deter-
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data type.construction is often referred to as “‘enumeration”

in various programming languages.

Constant vaipes may be specified as foiilows:

~

The definitiops of operations i

)

his

Jx

Data types which consist of sets of values of another type are defined usin

J

State == Integer


https://standardsiso.com/api/?name=452cf92e4d12a84bf35a2f921abc6a94

© ISO/IEC

means that values of type NameSet consist of sets of values, each of type GenName.

ISO/IEC 14478-1:1998(E)

Data types which consist of subranges of other data types are defined using a set comprehension construct. The general form of
this construct is:

TypeName == {declarations | predicate e expression}

The values of TypeName are just those values of ‘expression’ which satisfy the condition expressed by ‘predicate’. The ‘decla-
ration’ part declares the types of the variables used in the predicate and expression parts. For example, to define a tuple whose

comy

onents are restricted values of other types:

This
predi
ly po

WCOrd==R
PatSize == {x,y: WCOrd | x>0Ay>0e(x,y)}

cate x > 0 A y > 0. This approach is used in preference to the equivalent approach of defining'asubtype of WCO
kitive ordinate values and then defining PatSize as a Cartesian product on this data type,

Another example is:

This
itive

For d
If thg
ordet

Here

Fung

This

The

Whe
the p

(i,]

COrdPos=={r:WCOrd | r>0er}
declares WCOrdPos to be a subtype of WCOrd. WCOrdPos consists of those values of the data type WCOrd wh
imple cases, shorthand forms of the declarations are used. If the predicate is omitted, the default predicate true

expression is omitted, the default is the characteristic tuple,of the declaration part (the tuple of declared vari
in which they are declared). For example, the type WC@7dPos could be written as:

VCOrdPos=={r: WCOrd | r>0}

the expression is omitted and the characteristic-tuple of the declaration part (r) is assumed.

tions are defined using the notation:

elects == SelectCritType —SelectCrit

defines Selects as a functien.from values of type SelectCritType to values of type SelectCrit.

et of all functions mapping the set X to set ¥ can be expressed as:

-Y

e it is necessary to define a function whose source data type is the subtype of some other data type, a further ¢

redicate notation is used. For example, the notation (i, j) = m means that the value m is associated with the g
.(Adso:

states that the values of the data type PatSize consists of pairs of values each of type WCOrd, x\WCOrd which

satisfy the
d for strict-

ch are pos-

s assumed.
hbles in the

xtension of
rdered pair

Matrix23=={i,j :N,m:R | i<2,j<3 e (i,j) > m}

defines a subtype of:

Matrix==NxN —- R

which describes a matrix of dimension p X g . For thisMatrix23 the first index of the source is restricted to the values {1, 2} and
the second to the values {1,2,3}.
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In order to describe some of the PREMO operations in a concise manner, it is convenient to define data types which may take
any of the values of other types.

A.2.2.1 Tuples

Ordered tupl

Constra

es are defined using the Cartesian product constructor ‘x’. For example:

int == String X ConstraintOp

defines valu
A.2.2.2 Di

One such co

IntegerVal

The definiti
The constru
because in s
tion. Types
only one of
component

The main us

Integer

1¥

The type Int
the names of

A.2.2.3 Se
The construd

CharSt

defines valu
length 0. An

s of the data type Constraint to consist of a pair of values, the first of type String, the second of type Constrdin
scriminated unions

pstruction is the (discriminated) union. An abbreviated example is:

ues = short «Short »

| long«Long »

l unsignedShort«UShort »

n states that the values of the data type IntegerValues are either of thedype Short, Long, or values of type USH
tor names ‘short’, ‘long’, ‘unsignedShort’ are chosen to destribe usage of the type following. This is d
bme cases, the type name alone either does not provide an adequate 8xplanation, or provides an ambiguous expl4
Hefined in this way are disjoint unions of the component types,.A'given value of the type corresponds to a valu
the component types. Thus in the example here, a value of the data type IntegerValues arises from only one of
lata types Short, Long, and Ushort.

pge of such union types is exemplified by the following:

Types = SHORT | LONG | UNSIGNEDSHORT

teger ==IntegerTypes — IntegerValues

pger 1s a function from the source data type IntegerTypes to range data type IntegerValues. The source type den
various variants of integers and.the data type Integer associates a value with each of these integers.

quences and arrays
tor ‘seq’ defines a type whose values consist of a sequence of values of some other type, for example,
ing == seq Char

s of type CharString to consist of sequences of values each of type Char. The constructor ‘seq’ allows sequence
additional family of sequence constructors is provided by the following forms (for an arbitrary type X and non—nj

ative integer

Op.

tes

5 of

ny.

seq, X == {f:seq X | #f>n}

seq X =

={f:seq X | #f mod2=0n#=>1)}

seq, X == {f:seq X | #f mod2=1A#21}

where the op

24

erator # delivers the length of the sequence.
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Final

ly, a family of array constructors is defined with the following forms (for an arbitrary type X and size i):

array, X == {f:seq X | #f = i}

where i is a non—negative integer.

Specific sequences and arrays will also be denoted in the text as:

<

Element, Element,,...,Element >

---------- [ =tE 3rets

ISO/IEC 14478-1:1998(E)

~

Type Name

uperTypel redef (RedefinedOperationl, RedefinedOperation2)
uperType2

hort description of the type in natural language

ttributel : AttributeType
ttribute2: AnotherType [Retrieve Only]

[

A~ S~ Tt~ S~

escription of the attribute(s) in natural language

operation

arameterl;,: TypeOfParameter]

arameter2,,,,: TypeOfParameter2

arameter3;,: TypeOfParameter3 [Shallow Copy]
arameterd;,: TypeOfParameter4 [Deep Copy]

xceptions: { ExceptionValuel, ExceptionValue2}

[

)i

ehavioural description in natural language

Exceptions raised:
ExceptionValde Description.

The
and

Type Nare

hame of the type appears on the top and the bottom lines of the schema; these lines enclose the set of inheritance 1
bperation definitions which constitute the type specification. If the type is defined to be abstract (see 8.8), the K

stra

t appears as a subscript of the type name in the top enclosing line.

bsed in type

elationships
eyword ab-

A type schema encloses the following units:

— inheritance relationships: this follows the top enclosing line, and is a list of PREMO types, one per line, specifying the
set of immediate supertypes for the newly defined type. A simple listing of type names indicates that all operations defined
in these supertypes are inherited by the new type without change; if the new type provides new implementations for some
operations, these shall be listed between a pair of brackets, and this list shall be preceded by the keyword ‘redef’ (see the

S

chema above).

25
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There are some other, more succinct ways of\defining operations, too. These are further described in clause A.6.

A4 Degfinition of finite state machines

—— short description of the type: a short description, comment, etc., which applies to the type as whole, in English prose.
This unit is optional.

— attributes: a separate sub-schema shall be used for attributes, which is functionally equivalent to declaring pairs of

accessor and mutator operations, to retrieve the value of the attribute and to set the value of the attribute, respectively. Each
attribute shall be defined with its type. Exceptions may also be present in this sub-schema, denoting exceptions raised when

oule oC Ac WCOPUIONS Ay alsO DC PROSCIL 2 UIS SUD-sLCint &, UTHUULNE CACTPUUIS TAlSTCU Wil

setting the corresponding attribute value. The type name in an attribute may be followed by the remark [Retrieve Only],
which means that the operation to set the attribute, although conceptually present, does not change the value of the attribute.
In other words, although the attribute value may be changed by the object itself depending on its state and semantics, the
value cannot be set by other objects, or only through dedicated, and separate, operations which are to be defined explicitly.

- H )e N £l o
opergtton SCHEHITES (unc Per-operaftony—Cach OperatronrSencmacontams—tnemame o tn pClallUll omtire top trreof the
N nty 3 rimtinn ~AF tha ~aan 1,«.. P R B S i = Lo
schema,|followed by the signature of the operation, the semantic description of the upcmtlu. nd the list of exceptiong the

- The signature consists of a list of parameters, each with its type (using the declaration notation, seg,clatse A.3).|The
keywords in or out, appearing as a subscript to the parameter name, denote whether the parameter is 4n input or an oyt

OTUDS y-.u;u. Y

pararpeter, respectively. Note that the controlling argument (see 8.6) does not appear in thlS list.

The {ype specification of an argument may be followed by the remark [Deep Copy] or [Shaiidbw Copy], in the cas¢ the
type jis an object reference type. These remarks specify whether the object, referred to by.the argument, shall be copied
on the call or not and, if yes, whether the copy is deep or shallow (see 8.11). If no remadrk)is present, the object is not fop-
ied, gnd the value of the object reference shall be used by the operation.

The list of parameters is followed, if applicable, by a set of exceptions which cafibe raised by the operation.
- The semantics description of the operation, in English prose.

- The semantics of each exception which can be raised by the operation. Unless stated otherwise the data assigned to
exceptions are empty; if this is not the case, the detailed information on the returned data is part of the semantics of the
exception.

The request semantics of the operation (see 8.9) appears’in the name of the operation in the operation schema: a char-
acfer a or s in the subscript of the name denotes an asynchronous or sampled operation, respectively. If none off the
twlo character appears as subscript, the operation is synchronous.

-

k]

The name of the operations may be preceded.by the symbol ‘=
for the definition of protected operations):

which denotes that the operation is protected (see $.10

The behaviour of objects in PREMO are sometimes defined in terms of states and state transitions of finite state machines. This

clause defings the notational conventions used in the PREMO Standard for the specification of finite state machines.

State transitions are.defined through state transition tables:

The symbol in the i row and j

26

.- Statel State2 State3

Statel Y I Y
State2 N N I
State3 Y Y Y

™ column can be either Y’, ‘N’, or ‘I’, and the meaning is as follows.
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— ‘Y’ means that a transition from state i to state j is possible, and this transition can be requested by a client;

i.e., only the object may perform such a state transition internally;

— ‘N’ means that the state transition from state i to state j is not allowed.

The n

ame of the initial state is underlined.

ISO/IEC 14478-1:1998(E)

‘I’ means that a transition from state i to state j is possible, but this transition cannot be explicitly requested by a client,

States are specified in the functional specification of the objects using constant with integer values (although type synonyms may
be used to make the specification more readable). This makes extensions of finite state machines easy to describe.

AS

In sofe cases, e.g., to make the behavioural descriptions or various examples more concise, it is necessary.to have a clg
to refer to an operation of an object type or an object instance. In PREMO, the following notation is used.

S)

q

<

isl
m
!

C4d

=
.

S

S

In th
(ie.,
to as

—| If the symbol A refers to an object type, an object instance, or an object reference (depending on the conte)
ofitput arguments of the operation may also be given by listing them in a pair of bracketsy€ach name followed by

nlue. This convention is analogous to the one used in the type schemas. For example:

d¢notes an operation with two input arguments (arg_one and arg_twa) and one output argument (arg_three). Th

oply those which are relevant in the context. Finally, if no argument notation is required for the context, the pair

ively. The symbol A.a may also be used as@shorthand for A.a-retrieve. Because A.a-set may have only one arg

Reference to operations and objects

mbol frefers to the name of an operation, the symbol A.f will be used to denote this operation on A. If necessary

ut’ subscripts to denote whether it is an input or output argument respectively, followed by a colon and the cor|

A.flarg_one;, : 1234, arg_two,, : 3.456, arg_three,,,, : output_value)

invoked by assigning the values /234 and 3.456 to the two inputarguments, respectively, and the value of the o
ent is fed into output_value. The names of the arguments appéaring between brackets shall be present in th

n be missing altogether.

L If the symbol A refers to an object type, an pbject instance, or an object reference (depending on the conte;
mbol a refers to an attribute of the object, A.a*set and A.a-retrieve refer to the mutator and the accessor functig

obvious argument name, it is not necesgary to add the name or the argument if the bracketed notation is used,
A.a-set(6.789)
acceptable, although the notation:
A.a-set(a;, : 6.789)
also correct (though redundant).

e behavioural ‘description of objects, the following notational convention is also used. Types and instances of
the actual-active objects) are distinguished as follows. If Foo is an object type or a generic type definition, the typg
the £Fgo object type” or “Foo type”, while a specific instance of a type is referred to as a “Foo object”.

ar notation

(t), and the
, input and
he ‘in’ and
responding

e operation
utput argu-
e operation

ecification schema of the object: the order of the argument'is not significant. It is not necessary to list all the arguments,

of brackets

(t), and the
ns, respec-
iment with
€.,

hose types
is referred

A.6

Shorthands for operation specifications

Using the notations for the references to operations and for finite state machines it is possible to define alternative ways of spec-
ifying operations in type schemas; these are presented in this clause. These shorthands are merely shorthand for the operation
specification schemas as described in clause A.3, and do not represent any new concepts. However, using these shorthands, the
object type specifications become more succinct.
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A.6.1 St

ate transition operations of finite state machines

© ISO/IEC

Objects implementing finite state machines may also have operations to perform state transitions. Although it is possible to de-
scribe such operations with operation schemas and a semantic description in English, the following notation is also possible:

I: Type Name

SuperType

transitionOp

o(TargetStateName ;) @

o(TargetStateName,, StateName | ... | StateName,)) ®
o(TargetStateNames | ... | TargetStateName,,, StateNames | ... | StateName,,):

remarks

— Type

This defineq
separated by
state transiti

on table), it is performed and the operation terminates. Each specification of a staté transition operation may b
the form:

— O(TafgetStateName ): means a state transition of the object to state TargetStafeName;
— o(TafgetStateName,, StateName | ... | StateName,,): state transition of the)object to state TargetStateName,, provided
current sfate is one of the range StateName, ..., StateName,,.
— O(TafgetStateNames | ... | TargetStateName,,, StateName; | ... | StateName,): state transition to one of the states in
range TapgetStateNames, ..., TargetStateName,,. The choice among-the various possibilities for the target state depend
the genefal behaviour of the object; the semantic details for this, transition are described by the additional (English) te
the schemne.

If the operat

on the transition operations in natural language (if necessary)

Name

transitionOp to be an operation which may perform one of various possible state transifions (the possibilities
the character ‘®’). The alternatives are taken from left to right; if a state transition is'possible (i.e., is allowed by

on is invoked but none of the state transitions.ate permitted, the operation raises the exception WrongState, defi

in 9.3 (page|29) of ISO/IEC 14478-2.
A.6.2  Sequential composition of operations
The schema
[: TypeMame
SuperType,;
SuperType,
operatiop ==\.dperation; 5 operation,
remarks pn’the operation in natural language (if necessary).

are
he
e of

—

the

the
on
tin

ned

—— TypeName

defines operation as a sequential composition of operation; and operationy. Both operation; and operation, may be either oper-

ations defined elsewhere in the type specification schema of TypeName or may be, for example, of the form SuperType;.op, i.e.,
referring to an inherited operation.
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Sequential composition means that the operations are performed sequentially in left to right order, unless one of the operations
is interrupted by raising an exception. In the latter case the whole operation is interrupted and raises the same exception. Only
operations without arguments are specified this way in PREMO.

Although the definition above describes the sequential composition of two operations it is possible, by natural extension and, if
necessary, through the usage of parentheses as delimiters, to extend the composition to an arbitrary number of operations. Also,
the formalism can be used with one operation without real sequential composition, meaning simply an identification of opera-
tions.

A.7 —Specification-of components-and-profiles

Components and profiles are defined through component schemas. Each component shall contain one and oply one pomponent
scherpa:

r— Name

— | Basic

plrovides service

~

tpel, type2, type3
rofile Q1

Provides type

~

typel, type2, type3
Brofile Q2

requires service

(omponent R1 Profile P1

3

pquires type

(Gomponent R2 Profile P2

—| Advanced

Hrovides service

tppel, type2, type3
Rrofile O3

Hrovides type

thpel, type2-type3
RFrofile Q4

r]equires service

[
Component R3 Profile P3

requires type

Component R4 Profile P4
Profile Basic

I— Name
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