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Foreword

ISO (the International Organization for Standardization) and IEC (the Intprnational
Electrotechnical Commission) form the specfalized system for worldwide jtandardi-
zation. National bodies that are members of¥SO or IEC participate in the deyelopment

of International Standards through technical committees established by the
organization to deal with particular fields of technical activity. ISO and IEC

espective
technical

committees collaborate in fields ¢f'mutual interest. Other international organizations,
government and non—governmedtal, in liaison with ISO and IEC, also take part in the

work.

In the field of informatiémn technology, ISO and IEC have established a join
committee ISO/IEC JTC1. Draft International Standards adopted by the join

technical
technical

committees are ciréulated to the national bodies for voting. Publication as ap Interna-
tional Standard requires approval by at least 75% of the national bodies castifig a vote.

ISO/IEC 14478-3 was prepared by Joint Technical Committee ISO/IEC JTC1, Infor-
mation-technology, Subcommittee SC24, Computer graphics and image pricessing.

This/International Standard currently consists of the following four parts under the

general title Information technology — Computer graphics and image proq
Presentation environments for multimedia objects (PREMO):

— Part I: Fundamentals of PREMO
—  Part 2: Foundation Component
—  Part 3: Multimedia Systems Services

— Part4: Modelling, Rendering, and Interaction Component

Annex A forms an integral part of this part of ISO/IEC 14478. Annexes B to
information only.

essing —

D are for
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Introduction
The Multinjedia Systems Services (MSS) component of PREMO provides a standard
set of serviges that can be used by multimedia application developers in a variety of
computing environments. Enabling multimedia applications in a heterogeneous, dis-
tributed cofnputing environment is the design motivation for the MSS. This is an in-
creasingly prevalent computing model, and a solution that meets the needs of this
environmerjt can more easily be scaled to stand-alone systems than vice versa.
The principlal reasons for defining the MSS are:
a) proyide abstractions and mechanisms that make it possible for applications to
deal wilr the problems of distributed multimedia computing successfully;
b) facilitate the implementation of complex applications, suéh as video confer-
encing;
¢) proyide abstractions that make it possible for appli€ations to deal with media
devices [ without regard to specific characteristics—~of the platform, attached
devices,|or the network(s) connecting the platformsand devices;
d) to pfovide a standard methodology, especially for handling “live” data;
e) insdre scalability to large organizafions;
f) insure adequate performance.in adverse conditions;
g) facilitate Quality of Service€.¢ommitments; and
h) congider the time critical'nature of the data.

The primary goal of the MSS is to provide an infrastructure for building multimedia

computing

platforms.that support interactive multimedia applications dealing with

synchronized, time=based media in a heterogeneous distributed environment. Opera-

tion in a dis

t[ibuted environment is important because of significant trends in the com-

puter industly tewards client/server and collaborative computing Another significant
trend is towards multimedia enabled computing. The inevitable result will be an inter-
section of these trends to produce a distributed multimedia environment with a topol-
ogy similar to Figure 1.

The MSS is intended to address a broad range of application needs. It extends the mul-
timedia capabilities of stand-alone computers to capabilities that are usable both local-
ly and remotely. The Multimedia Systems Services gives applications the ability to

handle:

Vi
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1) live data remotely;
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Figure 1 — Distributed multimedia environment
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To provide support for remote media device control and remote media access that de-
rive from the above application scenarios, the Multimedia System Services uses two
distinct mechanisms. To support interaction with remote objects, the Multimedia Sys-
tems Services depends upon an underlying object model and infrastructure, as de-
scribed in ISO/IEC 14478-1 (PREMO). To support the media independent streaming
of time critical data, the Multimedia Systems Services defines a Media Stream Con-
trol.

The MSS does not address:

n) encryption and security;

© ISO/IEC

o) inteflectual property rights and accounting;:
p) scripting;
q) uset interfaces; or

r) shafing of data between applications.

viil
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Information technology — Computer graphics and image
processing — Presentation Environment for Multimedia Objects

(PREMO) —

Part 3: Multimedia Systems Services

1 Scope

This part of ISO/IEC 14478 defines a standard set of multimedia system services that can be used by multimedia appljication de-

velopgrs in a variety of computing environments. The focus is on enabling multimedia applications in a heterogeneo

s, distrib-

uted domputing environment. Throughout this part of ISO/IEC 14478, this component will-also be referred to as “Nlultimedia

Systems Services”, and abbreviated as MSS.

The Multimedia Systems Services constitutes a framework of “middleware” — system software components lying in the region

between the generic operating system and specific applications. As middleware, thie'Multimedia Systems Services ma

rshals low-

er—leyel system resources to the task of supporting multimedia processing, providing a set of common services which dan be used

by myltimedia application developers.
The Mlultimedia Systems Services encompasses the following charaoteristics:
a)| provision of an abstract type for a media processing node, extensible through subtyping to support abstracti

media processing hardware or software;

b)| provision of an abstract type for the data flow path or the connection between media processing nodes, end
lop—level connection and transport semantics;

¢)| grouping of multiple processing nodes andconnections into a single unit for purposes of resource reservation
cantrol;

d)| provision of a media dataflow abstraction, with support for a variety of position, time and/or synchronizatio|
tigds;
e)| separation of the media fotmat abstractions from the dataflow abstraction;

)| synchronous exceptipns-and asynchronous events;

g)| application visiblé-Characterization of object capabilities;

h)| registration of.objects in a distributed environment by location and capabilities;
1)| retrieval©fiobjects in a distributed environment by location and constraints;

J)| definition of a Media Stream Protocol to support media independent transport and synchronization.

ns of real

apsulating

hnd stream

h capabili-

The Nlultimedia Systems Services rely on the object model of ISO/IEC 14478-1 (Fundamentals of PREMO) and the o

bject types

and non-object data types defined in ISO/IEC 14478-2 (PREMO Foundation Component).


https://standardsiso.com/api/?name=c6793d10713961490c7d37a0330c1a2e

ISO/IEC 14478-3:1998(E)

2

Normative references
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The following standards contain provisions which, through reference in this text, constitute provisions of this part of ISO/IEC
14478. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agree-
ments based on this part of this international standard are encouraged to investigate the possibility of applying the most recent
editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid International Standards.

ISO/IEC 14478-1:1998, Information technology — Computer graphics and image processing — Presentation Environment for

Multimedia
ISO/IEC 14

Objects (PREMO) — Part 1: Fundamentals of PREMO.

478-2:1998. Information technology — Computer graphics and image processing — Presentation Environmen

t for

Multimedia

ISO/IEC 14
Multimedia

ISO/IEC 10

ISO/IEC 11
up to about

3 )

3.1

This part of

3.2
This part of]
3.3 A

For the purj

3.21
3.2.2

3.23
jects.

3.24

tion obj¢

3.2.5

PREMO Part 1 definitions

PREMO Part 2 definitions

Objects (PREMQO) — Part 2: Foundation Component.

178-4:1998, Information technology — Computer graphics and image processing — Presentation Envifonmen
Objects (PREMO) — Part 4: Modelling, Rendering, and Interaction Component.

018-1:1994, Information technology — Digital Compression and Coding of Continuous—Tone Stillimages (JP}

172:1992, Information technology — Coding of Moving Pictures and Associated Audio for Digital Storage Med,
1.5Mbit/s (MPEG).

Jefinitions

ISO/IEC 14478 makes use of all terms defined in ISO/IEC 14478-1 (Fundamentals of PREMO).

ISO/IEC 14478 makes use of all terms defined in-ISO/IEC 14478-2 (PREMO Foundation Component).

dditional definitions

oses of this part of ISO/IEC 14478, the following definitions apply.

configuration objects: Colléctive name for format, quality of service descriptor, and media stream protocol obj

jitter: Delay variance,

virtual connéction adapter: Conceptual entity describing the configuration process performed by a virtual con
ct.

unicast connection: One—to—one connection; an output port may be connected to one input port only, and an 1
be‘connected to one output port only.

processing element(for virtual devices): Conceptual entity describing the internal behaviour of virtual devicg

t for

£G).

ia at

ects.

nec-

nput

port ma

3.2.6
put port

multicast connection: One—to—many connection; an output port may be connected to several input ports, and an in-

may be connected to several output ports.

The following alphabetical list gives the subclause of each definition.

configuration objects

jitter

3.2.1
322
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multicast connection 3.2.6
processing element (for virtual devices) 323
unicast connection 325
virtual connection adapter 324
4 Symbols and abbreviations
ATVE Asynchronous Tramsfer Mode:
CATYV: Cable TV
DMA: Direct Memory Access.
FSM: Finite State Machine.
IEC: International Electrotechnical Commission.
IS: International Standard.
I1SO: International Organization for Standardization.
JPEG: Joint Picture Experts Group.
LAN: Local Area Network
MIDI: Musical Instrument Digital Interface
MPEG: Moving Picture Experts Group.
MSS: Multimedia Systems Services
PREMO: Presentation Environment for Multimedia Objects.
QoS: Quality of Service.
TCP: Transmission Control Protocol.
UDP: User Data Protocol.
RTP: Real-Time Protocol
5 Conformance
A corfforming implementation of\the PREMO Multimedia Systems Services shall comply with the general conformance rules
defingd in clause 5 of ISO/IEC _14478-1 and the component specification in clause 11 of This part of ISO/IEC 14478
6 Overview of the Multimedia Systems Services
6.1 Introduction

This clause presents several comprehensive views of the Multimedia Systems Services, which, taken together, represent a broad,

architectural summary. These views include:

a) an object interaction diagram, which characterizes the dynamic relationships among instantiated objects and to illustrate

client visible interfaces;

b) a subtyping diagram, which describes the subtyping hierarchy among MSS objects;

¢) ashort description of the life cycle of Multimedia Systems Services objects.
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Figure 2— Multimedia system services client interaction

A somewhdt larger exampl€ f how the various MSS objects may be used is also given in Annex B.

6.2 Qbjectframework

Figure 2 on'page4 surmarizes-thethteraetions-betweenr Multimedta Systems-Servicesframework objectsandacient; Figure 3
on page 6 summarizes the interaction among framework objects. As seen in Figure 2, only a subset of the objects and interfaces
are actually visible to a client of MSS. In particular, much of the interaction between the virtual connection and other objects in
the framework is not client visible. This part of ISO/IEC 14478 is concerned primarily with client visible interfaces; implemen-
tations may extend these interfaces for implementation—specific reasons, to comply with the behaviour of the objects, as defined
in this standard.

Figure 2 is suggestive, rather than realistic, since the objects shown are abstract types, rather than concrete types which would
normally be instantiated. Also, object creation and destruction are not shown in this diagram.
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In Figure 2, the client is communicating with a small dataflow graph, comprised of two virtual devices and a virtual connection.
A group object, which assists the client, is also shown. The client interacts with the objects indicated by the arrows. Each of these
objects may be local or remote.

Each virtual device is a processing node in the dataflow graph. The nature of the processing (capture, encoding, filtering, etc.)
varies according to the specific object (and is implemented by subtyping). Each virtual device contains a stream control object
and one or more format objects shown by the boxes in the shaded areas. Virtual connections and groups also have an associated
stream object and this association is represented similarly. These associations are referred to as inclusion. Although not explicitly
shown in the diagram, the client interacts directly with the included stream and format interfaces.

A streasn-control nhjpnr prnuiﬂnc the chient with-aninterface to observe media stream positionin-various-terms (as a function of
* r

mediaf transport, media samples, or logical time; see clause 8). Stream control objects also provide synchronizatidi-@perations.
Streami control objects do not perform the effective transfer of media data; they merely act as an entry for the clients|to control
media flow.

In addition to a stream control, a virtual device also contains one or more ports, describing an input oroutput mechan{sm for the
virtua] device. Ports are framework abstractions that do not have a client-visible interface. Virtual deyices provide opgrations to
selectfa specific port, using an abstract non—object data type as an opaque handle.

Just ag the stream control object allows a media stream control abstraction which is separable from media processing, fthe format
object provides an abstraction of the details of media formatting which is separate fronmboth processing and flow—cpntrol. For
example, the details of a frame—dependent video encoding, like MPEG, would be represented by a subtype of format

The vfrtual connection provides operations to create a connection between an pufput port of one virtual device and an|input port
of andther, fully encapsulating low—level transport semantics. Virtual connegtitns also provide support for multicast cdnnections.
An in¢luded stream object provides operations for controlling the dataflofy on the virtual connection.

The gfoup object, shown in Figure 2, provides assistance to the cliént’to manage the dataflow graph of the two virtdal devices
and the virtual connection. A group object provides a convenient fiiechanism for atomic resource allocation and speciffication of
end—tp—end Quality of Service (QoS) values for the whole graph.‘The group object gives access to a stream object, through which
the clfent can control dataflow for the encapsulated graph.

Multipnedia Systems Services objects are instantiated by factories. A factory provides the client facilities to select amopg the var-
ious objects that the factory is capable of creating. A¢lient can also use the factory finder service to find a reference tp a factory
capabje of instantiating an object whose properties satisfy a list of constraints.

A clignt can register interest in receiving specific events produced by the various objects. This is done using the callback mech-
anism] and the event model as described-in ISO/IEC 14478-2 (part 2 of PREMO).

Figur¢ 3 shows the internal connections between MSS objects. For the most part, the client is unaware that these cpnnections
exist, Jand this part of ISO/IEC. 14478 will not focus on the low-level details of these connections and their relevant [interfaces.
They pre shown here to help.explain the Multimedia Systems Services architecture. The primary purpose of most of the internal
connegtions is to off—lead-work from the client. Note, for example, that the virtual connection interacts with the formpts of both
the sdurce and targe€virtual devices. This allows the virtual connection to match those formats without client intervention. The
group|and the streani associated with the group provide similar assistance to the client; the group can assist in resource pllocation,
while|the assqciated stream can assists in stream control. The dashed arrows show that the objects send events to th¢ client via
the event handler.

6.3 Subtyping diagram

Another view of the MSS Architecture is given in Figure 4 on page 7. This is a simplified subtyping diagram for the MSS objects
which does not contain all object types defined in this part of ISO/IEC 14478 neither their full type graph; the reader should refer
to Annex A for a more complete diagram.


https://standardsiso.com/api/?name=c6793d10713961490c7d37a0330c1a2e

ISO/IEC 14478-3:1998(E) © ISO/IEC

i
A
I
I
|
I

Callback

- al
4

/ \
/ \

N

StreamControl

Group

StreamControl

Virtual
Connection

i ]

-~

C
N

StreamControl

Media Stream
] Protocol

Virtual Device j K Virtual Device j

Figure(3 s— Multimedia system services internal interfaces

The types ir| the diagram will bé-djscussed in detail elsewhere in this part of ISO/IEC 14478. For the time being the only important
characteristjc to note is thatalltypes defined in MSS are subtypes of EnhancedPREMOObject (see ISO/IEC 14478-2), thereby
inheriting ajl features descfibed in the Foundation Component of PREMO. Also, all objects are subtypes of Propertylngyuiry,
which is fufther described in 8.1.2 of ISO/IEC 14478-2 (part 2 of PREMO).

6.4 SS ebject life cycle

Figure 5 on page 7 gives a schematic view of the life cycle of an MSS object and its reference. Beyond the basic life cycle of
PREMO objects, as described in ISO/IEC 14478-1, all MSS objects rely on the concepts of factories and factory finders defined
in the extended profile of ISO/IEC 14478-2 (see 8.2.1 of ISO/IEC 14478-2 for a detailed description of these facilities), which
encapsulate normal object and object reference creation. The client has the ability to create objects through these factories by
specifying constraints on the capabilities of the object to be created (e.g., media formats it can process, quality of service it can
provide, etc.). The client receives from the factory an object reference to an object obeying these requirements. This object ref-
erence goes then through the life cycle as described in 8.11 of ISO/IEC 14478-1.
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EnhancedPREMOObject

\

Propertylnquiry

\ Format
PropertyConstraint 4 QoSDescriptor
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Legend:
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Figure 4 — Subtyping diagram

@ 1. Client requests a reference to a fgctory

. capable of satisfying a capability l[st
Client
< m passed as parameter.
Factory
Finder

N

‘k Factory Finder returns a Factory refer-
ence
3. Client requests the creation of an ¢bject

from the Factory, with a constraint|ist on
the object to be created.
Factory possibly creates the objedt...

...and returns the reference to its tlient.
Later, the client destroys the reference,
which eventually leads to the destriiction
of the object.

Figure S — MSS Object life cycle
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7 Configuration objects

7.1 Introduction

The various MSS object types, categorized as configuration objects, are used as information depositories for other objects. Con-
figuration objects do not provide complicated behaviour to their clients; instead, their role is to act as placeholders for the neces-
sary parameters which allow other objects to function properly. Configuration objects are not used in isolation; they are always
associated with an object of type VirtualResource object (see 9.1) whose behaviour they affect.

All configu[atiom objects are Subtypes of ProperTyConSTTainT ODJECTS (SeE 8-1.3 0t ISO7/IEC 12424782, and the various paramgters
they providg to other objects are stored and manipulated through the property constraining mechanism which characteriZ¢ the
PropertyCanstraint objects. Typically, configurable MSS objects (e.g., resource objects, see clause 9) contain several instgnces
of configuration objects, whose references can be accessed by the external clients; through the constrain, select efc,, operafions
these clientg can then set the required values for the configuration objects.

Usage of cqnfiguration objects is the basic mechanism for configurability in PREMO. Clients may inquire the key—value pairs
associated With these objects and, through the property constrain and selection mechanism (see 8.1.3 ofNISO/IEC 14478-2)may
restrict these values. The algorithms for constraining the possible values (within the limits defiped By the capabilities angl the
native propgrty values of the configuration objects) depend on the client and is not standardized\by PREMO. These algorithms
may take info consideration the full set of configuration objects associated to the same VirtualResource instance. Note that fufther
subtypes of|configuration objects may be defined with an inherent constraint algorithm, which is made available through the se-
lect operatipn of the configuration object (see again 8.1.3 of ISO/IEC 14478-2).

The MSS hps three categories of configuration objects, described below:

a) Format objects;
b) Tranlsport and Media Stream Protocol objects;

¢) Quality of Service objects.

7.2 Format objects

The role offthe Formar object type is to represent the details of the media format (that is, the organization of the bitstream) at a
particular pprt of a device (see clause 9). The characteristics of a specific media format are described in form of object propeties
defined on the corresponding Format object.

NOTE — Fgr example, the organization of data-in an MPEG data stream is different from the organization of data in an a-law audio stijeam.
The Format gbject allows the client to specify-as little or as much about a particular encoding as it wants. When a connection is made to a|port,
the virtual connection interacts with the Fotmat object to negotiate the details of the bitstream to be passed between virtual device ports.

The Multinfedia Systems Services do not define specific format objects; instead, it defines a general architecture which mpkes
such a spec|fication possible~However, the (informative) Annex C of this part does describe a hierarchy of format and ddvice
objects whith providea,good example of how this general architecture should be used.

7.3 Transport and Media Stream Protocol objects

When a virtual connection determines that two virtual devices cannot be directly connected (often because they are on different
machines), it creates a virtual connection adapter to transport media data between them (see 9.3). The virtual devices may reside
in different implementations of the Multimedia Systems Services, so the virtual connection adapter must share a common proto-
col in order to interoperate.

The purpose of the Transport and Media Stream Protocol (MSP) objects is to provide information on how media data is conveyed
among processing nodes. It is not the role of MSS to give a detailed specification of the various possible communication proto-
cols, only references to existing protocol specifications are made here. In MSS, MSP objects have two subtypes:
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a) IntraNodeTransport, which refers to communication among rodes taking place through shared memory (e.g., two nodes
processing in the same address space of a workstation using, e.g., DMA)

b) InterNodeTransport, which refers to communication among nodes taking place over a network, or through some inter—
process communication means. The various protocol names which can characterize these protocols include IPC, UDP, RTP,
ATM, or NETBIOS.

The virtual connection determines the format of the media data, including its bit-level representation, by negotiation with the
relevant Format objects (see 7.2) and perhaps with client intervention. Similarly, the client will conduct negotiations on the detail
of the transfer protocols, using the MSP objects. From the point of view of MSP objects the media data is an opaque entity. Nei-
ther the virtual connection adapter nor the underlying network transports know how to extract information from the media data.
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Quality of Service Descriptor objects

er for a virtual resource to be useful, it must obtain the physical resources required for it tod®’its job. Resourg
ystem resources that are typically not multimedia specific, such as those provided by the CPU, memory, and ne|
ns, as well as specialized multimedia resources such as audio and video devices.

se the quality of service that can be provided by many resources varies considerablyjthe client must also specify
of service when requesting a resource; this is done by setting the properties gf@ special information depositor
called the QoSDescriptor object.

rh quality of service can take on many meanings, many of them mediaanddevice specific, the Multimedia Systen|
s a core set of QoSDescriptor properties that can be used by a cliefit' td specify the quality of service of interes
escriptor characteristics defined by the Multimedia Systems Services are:

guaranteed level (key “GuaranteedLevelK”): provides @ptions for “Guaranteed” service, “BestEffort”
oGuarantee” service;

reliable (key “ReliableK”): the delivery of data is.réhable or not;

delay bounds (key “DelayBoundsK”): the minimum and maximum delay;

jitter bounds (key “JitterBoundsK”): the minimum and maximum jitter (delay variance);

bandwidth bounds (key “BandwidthBowndsK”): the minimum and maximum bandwidth.

ient specifies the desired QoSDescriptor properties by accessing the quality of service information from a Virtug
, and manipulating the property values with the property management operations.

haranteed level property (is an indication of the performance required of the virtual connection (see 9.3 for a mo
tation of virtual connettions). A “Guaranteed” connection will reserve resources appropriate to handle worst—
b media transfer inOrder to make sure that the data always arrives and is on time. A “BestEffort” connection w
5t possible performance while using optimistic amounts of resources. This may produce situations where the data
rives late. “NoGuarantee” uses the minimum amount of resources for the connection and do as well as possibl

liability\property indicates whether the application is willing to suffer data loss.

issthe amount of time between the transmission of the data and the receipt of the data. Different applications
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different requirements. For instance, an audio conference would be unwilling to live with a 2 second delay, whereas a non-inter-

active

video playback application might find it acceptable.

Bandwidth is the amount of data per unit time that the connection will be required to support or, in the case of an input port, to
expect. For example, a video conference might require 384 Kbits/second while an MPEG stream might require 1.5 Mbits/second.
By defining the range of the bandwidth required, the connection will understand the maximum burst that it must handle.
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Jitter is the amount of delay variance. For example, an ISDN channel that presents a “slot” of data every 125 microseconds has
ajitter of 0, since there is no variance in the arrival time of the data. If an application requests a jitter close to 0, then the connection

will try to find an isochronous network connection between the two virtual devices.

Subtypes of QoSDescriptor objects may extend the QoSDescriptor management with additional characteristics.

8 Stream Contrels

The Strea
a media type
objects whse role is to monitor and control stream progress for the overall resource. Various virtual resource objectsneed
types of thq stream objects defined in MSS to cope with the various media-dependent characteristics, e.g., details of media
entation. The MSS gives a formal specification of two objects only, namely the StreamControl and the SyncStreamControl g
types; semntic details of the various subtypes are beyond the scope of MSS and are not considered in This’part of ISC
14478.

- PO O O © g4 €0 Vi a a BTO

NOTE — Fiirther PREMO components may define subtypes of the StreamControl and SyncStreamControl objects.

-ty A Hbtype A-SHRE ¢ : 8 A SFESS 1N
independent way. StreamControl objects are never created in isolation; they are included objects of VirtualResgurce

sub-
pres-
bject
/IEC

The StreanyControl type provides operations to observe and control media position. A complication is that different objecs re-

quire diffefent concepts of position:

a) Trampsport aware object: the object might understand transport packets, but not understand the structure of the rhedia

stream.|The object can only report the stream address, that is the byte count since the stream began to flow.

b) Media Stream aware object: the object might understand media samples, but not how media samples translata
stream fime. The object can report the stream sample count.

into

¢) Timp aware object: the object understands how to extract streaf’time from the media stream. The object can repoft the

stream fime.

To answer fo these concerns, the StreamControl object is definéd-in MSS to be a subtype TimeSynchronizable, described in dletail
in 7.9 of ISO/IEC 14478-2. Inheriting the behaviour of these objects, clients of StreamControl objects have the ability to afcess

and contro] the stream position in terms of:

d) Media stream data: The internal progressionjspace of the object (i.e., index of a sample).

e) Relgtive time: The time elapsed from an origin, settable by the client. One can achieve effects like “pause at 100ms
origin”

Synchronization elements can be put-at various points of the stream, using either media stream data or relative time. This n
that a StredqmControl object will s€adevents when these points are crossed. Such synchronization elements can be set perio
ly, i.e., one[can achieve effectslike “send an event at each 100ms”.

Stream conftrol objects do 1ot perform the transfer of media data; they merely act as an entry for the clients to control media
Conceptually, media data transfer is done by the processing element of the VirtualDevice object and, hence, is opaque to th)
ent.

from
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The StreamGontrol object does not specify further the internal progression space of TimeSynchronizable (which is a géf
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actualize the StreamControl objects they use by making this decision.

8.1 StreamControl objects

The StreamControl object adds a finer media control to its supertype TimeSynchronizable. This finer control is achieved thr
the refinement of the finite state machine governing the behaviour of TimeSynchronizable.
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Figure 6 — State transition diagram for a TimeSynchronizable object

6 depicts the finite state machine of TimeSynchronizable, as defined in ISO/JEC 14478-2 (not all state transition
esent on the figure, only the most important ones); for a detailed discusSion on the behaviour of TimeSynchron
hge 12) of ISO/IEC 14478-2. Figure 6 gives a rough overview of thefinite state machine of a StreamControl oh
ng some details (the detailed state transition table is in 10.6.1).

treamControl object adds three new states to the state machine of TimeSynchronizable, namely MUTED, PRIN
VING. Three new operations are also defined, which control the state transitions to and from these new states: m
ain.

D and PRIMING are refinements of the STARTFED state of TimeSynchronizable. The additional semantics in t
ted to the notion of data presentation. In describing the STARTED state, ISO/IEC 14478-2 refers to data presentat
I terms only, as one abstract processing step of the object at that level of abstraction. This abstract step is perform
ocation of a protected operation, called)processData. The specification leaves the semantic details of what pi
to the various subtypes of Synchronizable. Although the StreamControl object does not specify what presenta
(and leaves the details to the subtypes of StreamControl), the specification of MUTED and PRIMING gives a
ontrol on the behaviour of the StreamControl object with respect to presentation. This refinement is as follows

MUTED: no presentation-occurs while the object is in this state, and the media data are disregarded. In other v
Ession on the streamp-gecurs (i.e., all synchronization actions are performed) but the processData operation, wi
pts the abstract nOtion of processing media data, is not invoked. The operation mute is analogous to the oper4
terited from_FimeSynchronizable, the only difference being the target state of the transition (MUTED
UWRTED).

PRIMING: no presentation occurs while the object is in this state, and the media data are buffered in an interna
er swords, progression on the stream occurs (i.e., all synchronization actions are performed) and the media data|

3:1998(E)
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ernally instead of being presented, i.e., instead of calling the processData operation. The operation prime is an

plogous to

the operation start, inherited from TimeSynchronizable, the only difference being the target state of the transition (PRIMING
instead of STARTED). If the internal buffer of the object is full, i.e., no stream data can be stored any more, the object makes

an

internal state transition to PAUSED.

The third additional state, DRAINING, is the counterpart of PRIMING in buffer control. When set to this state, the object empties
the buffer filled up by a previous PRIMING state; when the buffer is empty, the object makes an internal state transition to
PAUSED. While emptying the buffer, presentation of data also occurs. The operation drain is defined to set the StreamControl

object

into DRAINING state.
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Figure7 — State transition diagram for a StreamControl object

A transitionfto STAREEE state from both PRIMING and DRAINING states is possible; conceptually, the internal buffers afe to

be instantangously emptied before the normal media flow is resumed.

Note that, a} @subtype of Synchronizable, the StreamControl object also inherits the possibility to have state transitions mjoni-
tored by otherobjectstustmg-thecattback mectranistm; seeatso 7912 of ISONEC 12447827 Tn particular, clients can be notified
if internal buffers become full or empty while priming, respectively draining (in both cases an internal state transition to the state
PAUSED takes place, which may be monitored).

Subtypes of StreamControl may add additional semantics to buffer control. As a typical case, if the streams are aware of their
position within a dataflow network, some of the operations, like prime or drain, may also generate private control flow among
the streams in this network. For example, prime on a StreamControl may also generate a control information to the StreamControl
object “up-stream”, i.e., the stream providing the data. Whether such additional protocol is defined or not depends on the sub-
types of the StreamControl object.
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StreamControl objects are also subtype of Propertylnquiry. This means that subtypes of StreamControl objects may also take
part in complex negotiations based on properties, as described in 8.1 of ISO/IEC 14478-2 (part 2 of PREMO).

8.2 SyncStreamControl objects

The SyncStreamControl type is designed to permit the synchronization of multiple media streams. The client specifies a second
StreamControl object to provide a master position reference to the SyncStreamControl. This functionality is achieved by inher-
iting the behaviour of the TimeSlave objects, defined in 7.9.3 of ISO/IEC 14478-2. SyncStreamControl is defined as a (multiple)
subtype of both the StreamControl and the TimeSlave object types, thereby refining the finite state machine of a TimeSlave object

th Q (P4 Val teal abiacte rafing thao baobav oy of TV o O ohyonizabls obhioctc
e sape-wayas-StremControt-obtectsrefinethe-behaviour ot TimeSynehronizable-objects-

NOTH — The SyncStreamControl type provides the client with a variety of options with respect to setting up how synchrgnization is to be
achievpd. For example, a video display device can be synchronized with an audio display device by setting up the appreptiate felationship
betwedn their associated StreamControl objects. Assuming the video device supports a SyncStreamControl typey“the audio device's
Strean{Control object can be made the master of the video device's SyncStreamControl object.

In anolher situation, the client may want to synchronize two displays to a common time reference. In this,case. both displays wduld have to
suppoft the SyncStreamControl type. The client would make the StreamControl object associated with~the time reference the mpster of the
Strean|Control objects associated with both the display objects.

9 Devices, Resources

9.1 Virtual Resources

A virfual resource is an abstraction of a physical resource that proyides the client developer a consistent programm|ng model,
indepgndent of the details of specific implementations. The notion of a virtual resource makes applications more portgble across
a varipty of systems, while at the same time making the tran§parent sharing of physical resources possible.

The Nlultimedia Systems Services defines four basic subtypes of virtual resources:

a)| virtual devices, which abstract media procéssors;
b)| virtual connections, which abstract copnections between virtual devices;
¢)| groups, which provide a conveanignt way to interact with a collection of virtual devices and connections;

d) logical devices, which proyide-a possibility to build a hierarchy of virtual devices.

The MSS defines a VirtualResource object type, which serves as a common, abstract supertype for these three categpries. This
claus¢ describes this object.type in more details.

9.1.1 Configuration objects on virtual resources

The ¢xternally-wiSible aspects of virtual resources are described primarily in terms of a set of associated configuratjon objects
(althdughesubtypes of VirtualResource add additional operations which modify the behaviour of virtual resources, o). These
confifuFation objects are created and contained by the VirtualResource object instance, i.e., these objects are not crgated by an
external CHient, AlSo; the object Teferences of these comfiguration objects are ot directty visibte to-thechent; trstead; the virtual
device object publishes (through a property with key “ConfigurationNamesK) information on the semantic name (which is a
string) and the type of the various configuration objects it includes. Although it is possible, through a special resolve operation,
to get access to the real object reference of these configuration objects, most of the operations defined on the VirtualResource
type and its subtypes are defined in terms of the semantic names of the configuration objects, rather than object references. This
mechanism provides an extra protection against configuration errors and makes implementation of virtual resource objects more
effective. Also, most of the application should be able to be properly configured with the configuration objects (and the setting

13
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of their properties) as provided by default by the virtual resource object. On the other hand, through the object reference returned
by the resolve operation, clients can also implement more complicated configuration procedures, using all the facilities of prop-
erty control described in 8.1 of ISO/IEC 14478-2.

The static properties of configuration objects (see clause 7) are bound by the VirtualResource object when acquiring resources
(through the VirtualResource.acquireResource operation) by internally invoking the bind operation on all these configuration ob-
jects. Static properties are unbound when the resources of the VirtualResource object are released.

Virtual resources can also act as event sources; an attribute of type RefEventHandler is associated to the object, hence the client
can set the event handler for the events raised by a specific virtual resource.

9.1.2 Stream control

Typically, Virtual resources are involved in the generation, consumption, or transport of media data. The flow of\medial data
through a dgvice or acress a connection can be thought of as a stream. In order to monitor or control the progress of the (possibly
abstract) stfeam, an overall StreamControl object (see clause 8) is associated to a VirtualResource object/This stream cqntrol
object is cr¢ated and contained by the VirtualResource object instance, i.e., this object is not created by anjexternal client.

A client can get a reference to the StreamControl object associated with a VirtualResource by accéssing the stream attribyte of
the object. Dnce the client has obtained a reference to a StreamControl object, it may be able to.&&st its reference to one df the
more capaljle StreamControl subtypes.

It should bq noted that not all virtual resources have a notion of stream control. In these cases, the resource’s stream attributel may
have a valup of NULLObject (this may occur, for example, when the VirtualResource inquestion is abstracting an external de¢vice
such as a CJATV tuner, which would have no notion of stream control).

9.1.3 Resource management

When a virfual resource is requested to acquire resources, one or morg.¥ésource managers, which are responsible for mandging
the access tp physical resources necessary to realize the virtual resource, get involved in the resource allocation process. Degend-
ing on the Multimedia Systems Services implementation, there may be one resource manager per managed resource, or there may
be one resqurce manager per group of resources or per system) From the point of view of PREMO, these resource managers are
purely cong¢eptual entities, and this part of ISO/IEC 14478(does not contain a detailed specification of these. However, this ab-
straction is|useful in describing the externally visible behaviour of virtual resource objects.

When the WirtualResource.acquireResource operation is executed, the VirtualResource object communicates with the apprpri-
ate resourcg manager(s) to request allocation ¢o resources. The resource manager(s) which are contacted by the virtual resqurce
are dependent on the type of virtual resoureesand the Multimedia Systems Services implementation; typically, virtual resofirces
are created [with the information necessaryto contact the appropriate resource manager(s) at resource allocation time. Sonje re-
source man@gers may have a generiginterface for specifying resources, essentially providing a direct reflection of the acquifeRe-
source opefation. Other resource (managers may provide a more specific interface appropriate to the resource being mangged;
virtual resources requesting thé-use of such resources would by their nature understand the necessary vocabulary for making re-
source reqyests.

The resour¢e manager(s)'may allow multiple virtual resources to share a given physical resource, so long as the desired copfig-
uration of the virtual-resource, e.g., quality of service, can be met. See 9.1.4 below for details on quality of service managerhent.

NOTE — Figlre,& on page 15 depicts a possible resource management configuration. As presented on the figure, resource managery may
work in conjurctioT withra resonrce poticy agernt, wiose task 1S to PerTit te USer 10 get Mvoived with the TCSouTce atfocaton decistons,; much
in the same way as a window manager allows the user to make window size and placement decisions in a window system. When a resource
manager has had a resource policy agent registered with it, resource management requests are redirected to the resource policy agent. The
resource policy agent may get the user involved in the process, and it then resubmits a potentially modified request on the client's behalf back
to the resource manager. This mechanism is similar in style to that used in the X Window System.
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Figure 8 — A possible resource management scenario

9.14 Quality of Service Management

In ordpr for virtual resources to be useful, physical resources have to be acquired. Because the available physical resojurces may

vary cpnsiderably, and the variation may be dynami6,:it is necessary to match the requirements of an application to the physical
resourges available, and to modify this matching-of expectations dynamically.

This part of PREMO encapsulates this matching and modification process in Quality of Service (QoS) facilities. Hool

s are pro-
vided for supporting QoS management, but no particular approach to QoS management or policy is imposed.

Four aspects of QoS may be distinguished.

a

=

expression of QoS requirements;
b) | negotiation of ap-agreed QoS between provider and clients;
¢) |mechanism for{réporting violations of the agreed QoS;

d) | mechanism for adapting behaviour in response to QoS violations.

The ejpression of QoS requirements is supported by QoSDescriptor objects (see 7.4).

The setting of the configuration objects for a virtual device 1s done through separate operations. By doing so, it may happen that
the requirements specified by these configuration objects cannot be satisfied, e.g., the quality of the service has to be degraded.
The VirtualResource object defines an operation, called validate. This operation informs the invoker whether a given set of re-
quirements can be satisfied, and if they cannot, then it attempts to suggest alternatives that can be satisfied.

Depending on the subtype of a virtual resource, QoS management can be attached to an individual port of a virtual device (see
9.2.2) or to the virtual resource as a whole.
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Notification of QoS violations is supported by a callback mechanism, using PREMO events; if a VirtualResource identifies a
QoS violation, it will send an event to a registered Callback object. This could be used to invoke a QoS manager, though QoS
managers are not standardized by this part of PREMO. The format of QoS violation events is as follows:

— the name of the event is “QoSViolation”,

— the event data should contain the key—value pairs whose requirement have been violated;

— if the QoS management is attached to a port of a virtual device (see 9.2.2), the key “PortID”, with a value identifying the
port, should be added to the event data.

L0 00 allll 10 UIC CVOnt

Specific subtypes of VirtualResource objects may add additional event data to this event.

The behavigur of a resource can be modified in response to a QoS violation by changing the QoSDescriptor and reinvoking the
negotiation jprocess. This part of PREMO does not standardize specific mechanisms and object types for doing this!

NOTE — A example for a possible policy is as follows. When a resource manager detects that it cannot satisfy tHe-quality of sefrvice
requirements| of its virtual resource clients, usually in response to a new request to share a physical resource, it may\have to pre—etpt a
running virtupl resource. When this happens, an event is sent to the virtual resource notifying it that it has lost accessyto the physical resource;
the virtual repource, in turn, generates an event with the name “Resource Lost”, notifying an event client that it has been pre—empted [At a
later time, ifthe resource manager detects that it can meet the needs of a pre—empted virtual resource, it/may/send an event to the v{rtual
resource notifying it that it has gained access to the physical resource; the virtual resource, in turn,\générates an event with the pame
“Resource A¢quired”, notifying the client that it has regained use of its resources.

9.2 Viirtual Devices

A VirtualDgvice is a subtype of VirtualResource that abstracts interaction proc€ssing or presentation capabilities. These deyices
may be hardware devices, such as capture and display cards, complex mediatenderers (see, e.g., the subtypes of VirtualDgvice
defined in I$O/IEC 14478-4, part 4 of PREMO), or they may be software “devices” such as compressor/decompressors. A viftual
device may [represent a resource internal to a system, such as an audiocapture device, or it may represent a resource externfl to
a system, sych as a CATV tuner.

The virtual dlevice abstraction is designed to provide a commomWway for clients to use a wide variety of capabilities in many Kinds
of operating environments. Some of the key considerationscthat influenced the VirtualDevice interface design are:

a) Resoprce management: Almost all devices require some system resources, such as CPU and memory, to perform fheir
function} Some require the use of specialized hardware, access to which needs to be managed. In order to permit sharirjg of
resourcefs among several simultaneously active clients, multiple virtual devices may use a single physical resource af the
same time. However, the client is insulat8d‘from the details of resource sharing and can largely behave as if it has exclysive
access t¢ the resource.

b) Stredm position control: Devices typically operate on a stream of media data. The client interacts with a virtual device's
StreamClontrol objects (see clauSe 8) to determine stream position and to control various aspects of stream progress. |The
degree t¢ which a device canfeport or control the position in the data stream is determined by the subtype of StreamControl
type with which it can be ‘associated.

c) Devige abstraction: Physical devices can vary substantially from manufacturer to manufacturer. Not only are the s¢t of
functiong often different, but the way in which they are combined and accessed is commonly different. Yet an applicdtion
writer dges potywant to write specialized code to operate on each manufacturer's device: a set of common abstractiofs is
needed.

d) Media format abstraction: The format of media data processed by devices also varies considerably. There are many dif-
ferent kinds of audio encodings, and even more video encodings. Some encodings are quite complex, requiring a plethora of
details to be properly negotiated to interpret the data correctly. The abstraction of media data may also encompass for com-
plex, time-based descriptions of multimedia presentation data, see, e.g., ISO/IEC 14478-4, part 4 of PREMO. The client is
typically interested in few (if any) of these details, whereas the Multimedia Systems Services framework must necessarily be
concerned with all of them.
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e) Virtual devices can also be used to allow modelling, rendering, and interaction to be uniformly integrated into a network
of objects for managing the production and utilization of multimedia data. See, e.g., ISO/IEC 14478-4, part 4 of PREMO for
further examples of such devices.

The construction of the Multimedia Systems Services VirtualDevice type has been designed to address these considerations while
providing an expressive, flexible framework into which a large spectrum of media devices may be cast.

The following subclauses describes the roles of the various components that make up a virtual device. (These components are
also depicted on Figure 9; note that only the shaded boxes, and their client—visible interfaces, are standardized by PREMO) All
of these elements work together to provide the client a useful abstraction of a physical device. Separating the various functions

] t to-aaartnal daosiiog toen diceio g 0 oo0 oo vada ooty of obhcioanl doss to-h tad ol Al
relateg-e-a—virtual-devicetto-distinet-types-permitsa-wide—varie

Ty O Py SToaTr OtV ICC ST DO TOPTOSCrtCa—Creatiry -

9.2.1 Processing element

The pjocessing element is an abstract representation of the part of a virtual device that performs the operations’which arg abstract-
ed by p particular VirtualDevice type. It is the functionality of this virtual device component that detefmines a particylar virtual
devicd's position in the VirtualDevice type hierarchy. From the point of view of PREMO, processing‘elements are pprely con-
ceptudl entities and clients never directly interact with them. A particular virtual device may havé.a complex internal structure.
Consefyuently, this part of ISO/IEC 14478 does not contain a detailed specification of their interfaces. However, this gbstraction
is useful in describing the externally visible behaviour of virtual device objects.

9.2.2 Ports

The pfocessing element gets its input data from and sends its output data to ports. For example, an MPEG decomprepsor could
be deflined as having a single input port and two output ports (one audio,and)one video). From a client's perspective} ports are
distinguished by an abstract non—object data type, identifying individual ‘ports. The port itself is not normally accesged by the
client|It exists to perform data movement operations needed the Multintedia Systems Services framework.

9.2.3 Streams

The client can focus all inquiry and control methods congéfning data stream position at the StreamControl interface. [Che client
can oHtain a reference to the virtual device's overall StreamControl object by through the (inherited) stream attribute.

In addjition to the overall StreamControl object, StreamControl objects may be available to interact with the stream position at
indiviglual ports. The VirtualDevice type proyides a getPortPortConfig operation that can be used to get references to the Stream-
Contrdl object associated with individual ports. The StreamControl objects associated with individual ports are subtypes of the
overall StreamControl object associated With the virtual device itself.

The immediate type of the StreamCohtrol objects associated to the port(s) of the virtual device shall be a subtype of the device’s
overall StreamControl object. Viitual device may differ from one another in the choice of StreamControl object whidh they as-
sociat¢ either on an overall 1€vel and/or on a port—by—port basis.

NOTE|— For example¢a virtual device for an MPEG decoder may declare a subtype of StreamControl, say, MStreamControl, Which is the
immedjate type of itsioverall StreamControl. This requirement says that all StreamControl objects, exported by the MPEG decodet, shall be a
subtypg of MStredmGontrol.

A partjculdr Virtual device may decide not to associate a StreamControl object to one of its ports, i.e., the object refergnce refers
to NULLEODject; the same is valid for the device’s overall StreamControl object. Also, the same reference for a StreqmControl
object may be returned for multiple ports and for the overall StreamControl.

NOTE — For example, a virtual device, simply interpreting an audio file and sending the audio data on its output port, might be realized with
a single output port defined for the device. In this case, the overall StreamControl and the StreamControl associated to that single output port
might be the same, i.e., the object references would refer to the same object instance.
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Figure 9 — Virtual Device type

ort configurations

e of VirtualResource, a virtual device object is described through a set of associated configuration objects. In the
device, some of these configuration objects are,grouped around ports. More specifically, each port has the follo

quence of Format objects, ordered in fime. Media information flowing through the port (and controlled by a St

e also 7.9.2 of ISO/IEC 14478-2)-~The choice of the specific subtypes of Format object may be the only visibl
among various virtual devices:

otocol object, describing the media—independent aspects of the communication through the port.
oSDescriptor object; setting quality of service requirement on the port.

ference to a Callback object, which acts as a handler for port—specific events.

bcessarysoperations to access these structures and to set and/or retrieve their structure tags.

Device object, as a subtype of VirtualResource, inherits the validate operation (see 9.1.4), which checks whethg
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idate operation, which performs a similar check on the configuration assigned to a specific port.

Note that not necessarily all configuration objects, associated to a virtual device, are also directly associated to a port. Separate
operations are defined to access the configuration objects which are defined on the virtual device level only.
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9.3 Virtual Connections

The virtual connection is an object that represents the application’s abstract view of media transport between virtual devices. A
virtual connection does not actually transport the media; this functionality is the responsibility of the appropriate virtual device(s).
A virtual connection is responsible for negotiating the connection “agreement” between the virtual devices and to provide a focal
point for command and status information of the actual connection.

Description of a virtual connection object uses the concept of a virtual connection adapter; this is a framework internal concept
that the virtual connection will instantiate to transport the media between the two virtual devices. PREMO does not standardize
the exact behaviour of this entity. This adapter is required when the virtual devices are on separate systems or the virtual device
ports[are incompatible Tor direct media transier. Ihe virtual connection adapter 1s a private construct of the virtual jconnection
and ig not visible to the client.

9.3.1 Examples for connection agreement

As arf example, the virtual connection in Multimedia Systems Services may constitute an “agreement \on the followjng:

a) Media type to be transported between the two virtual device ports (including media master)

Each port in a virtual device will have an associated Format object which defines whdrniedia types can be supported (i.e.,
produced or consumed). It is possible for the Format object to support multiple media\types. For example, the DigitalAudio-
Fprmat supports ulaw, alaw, linear and ADPCM encodings. An agreement of the,media type is reached when the Format
object of the source virtual device and the Format object of the target virtual device have equal characteristic Yalues. The
Fprmat object is a subtype of EnhancedPREMOObject and, as such, providés’a matchProperty operation which ¢an be used
to|compare the characteristic values of one Format object with another~For setting the characteristic value, the interface of
Format provides the appropriate methods inherited from the interfac€ ofPropertyConstraint (see 9.12.2 of ISO/JEC 14478-
2).

The setting of the characteristic values in the source and target.Format objects can be accomplished in the followjing ways:

1) Client media master: The client sets the characteristic- values of both Format objects. In this case, the virtgal connec-
tion is only responsible for insuring that the two Forizat objects are compatible.

2) Device media master: The client sets one of\the Format objects (the media master) and the virtual connection will
negotiate the setting of the other Format objegt)

3) Connection media master: The clientSets neither and the virtual connection will negotiate the settings of bpth Format
objects by first querying their respective capabilities and then using the appropriate operations on both objects to find a
match.

b\ Type of connection

These connections will generally be of one of four types:
1) hardware,

2) direct,

3) local, ot

4) network.

The virtualconnection will determine the appropriate connection type.

Edchiport will identify its characteristics, some of which can be retrieved by the virtual connection accessing the port config-
uration structure and some of which must be retrieved by the virtual connection using a private port access (i.e., through
means not standardized by PREMO). These characteristics may include such things as master/slave, PIO/DMA/shared
memory/LAN/WAN, etc. The virtual connection will also determine if the virtual devices are in the same address space, in
separate address spaces but on the same machine, or on separate systems. The virtual connection will use this information to
determine the optimum type of connection which can be made. Examples of various connection settings can be found in
Annex B.

A virtual connection adapter is required when a separate entity is needed to transport the data from one virtual device to
another. This occurs in the following cases:
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1) When the virtual devices are on separate machines.

5) When the virtual devices are on the same machine but can’t agree on who drives the data movement.

6) When the virtual devices are on the same machine but in different processes with incompatible buffer managers.

© ISO/IEC

In the case where the virtual connection adapter crosses system boundaries, the virtual connection adapter will be responsi-
ble for interfacing with the appropriate networking facilities to transport the data. This will require selecting a virtual con-
nection adapter that is appropriate (network protocol wise) for both systems. An implementation of Multimedia Systems
Services will offer several classes of virtual connection adapters in order to support a variety of networking protocols. Vir-
tual connection adapters could be implemented to use any of the following network transports: TCP(UDP)/IP, NETBIOS,
ATM, etc.

c) Quality of Service

The conp

partly by
ated with

d) Strealn & Synchronization capabilities

The parafneters in this area of agreement describe the:

1) dd

2) tipe, and
3) sypnchronization mechanisms and policies.

The virtual connection will determine if the virtual devices can agree onacommon data exchange mechanism. The vir

ection will also constitute an agreement on the quality of service. The QoSDescriptor parameters are, an)inte
part of the virtual connection and are a reflection of the expectations of the application. This quality of service is dire

ta exchange mechanism,

the QoSDescriptor object associated with the virtual connection, and partly by the QoSDescriptor objects assp

ral

ted

Ci-

the ports of the connection. Based on the various quality of service property values at all tHese"QoSDescriptor
objects, the virtual connection object can establish the optimal quality of service it can honour. See 7.4\fof a further explg
tion of the various quality of service parameters.

na-

ual

connectigqn will also determine the type of StreamControl object associdted with each virtual device as well as with the don-
nection pprts. Using this information, the virtual connection will, if dééessary, instantiate the appropriate virtual connection
adapters.

9.3.2 Connection establishment

Once the virual connection is created, the client can condect the two virtual devices by calling the connect operation of the |

tualConnecti
— C

devi
port,
devi

port

bnnect

Master;,: Port

eMaster;,: RefVirtualDevice

FeSlave,,: RefVirtualDevice

blave,,: Port

The order of
arguments id
used as the n
the connectig

the parameters does not signify the direction of the media flow (i.e. who is the source and who is the target).
entify the-media master, which allows the client to specify to the virtual connection which Format object should
ediamaster. Once the port characteristics have been obtained, the virtual connection will negotiate the format 4
nitype. A virtual connection object can manage only one connection at a time.

A client can disconnect the virtual devices by invoking VirtualConnection.disconnect operation.

9.3.2.1 Unicast and multicast

The Multimedia Systems Services provides two types for virtual connections: unicast and multicast.

20

Vir-
n. Arguments of this operations are the\reférences of the virtual devices and the respective ports on these devides:

'he

be
nd
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Virtual
Connection

Virtual
Device

9.3.2.1.1 Unicast

The VirtualConnection is the base type for virtual connections and provides tlie support for unicast connections. It prpvides the
base mjethods for creating and destroying a connection between two virtual.deyices, namely connect and disconnect as|described
above] An example of a unicast connection is shown in Figure 10.

9.3.2.1.2 Multicast

The Multimedia Systems Services also provides a VirtualCongtectionMulticast type for supporting multicast connectiops. A mul-
ticast ¢onnection differs from the unicast connection in thatthe (master) output port provides a single instance of the data for all
the copnections, or a (master) input port may receive data:from several connections. An example is shown in Figure 1.

The V{rtualConnectionMulticast class provides theé-new operations to attach and detach new ports to connections. The¢se opera-
tions grovide support for dynamic multicast connections, that is, connections may be added or dropped as the stream ifs flowing.

9.4 Groups

[t is offen desirable to manipulateymultiple resources as a group. When expressing quality of service requirements, for example,
the clignt often cares more abouf such things as end—to—end delay of a set of connected devices rather than the delay of {ndividual
elements. When controlling-the movement of data through the set of connected devices, it is often more convenient to manipulate
a single object, ratherthan having to manipulate the objects associated with each of the resources.

To address theseand other problems, the Multimedia Systems Services provides a Group object type to allow groupihg of Vir-
tualRefource objects. This supports the grouping of VirtualDevice, VirtualConnections, and Groups (i.e., hierarchichl Groups
are allpwed).

The GronprsTtsetfasubtypeof VirmatResonrceTheadditiomatoperations Ttdefimes are to-add/remove VirmmaiResonrce objects
to/from a Group. A single VirtualResource can be added to or removed from a Group using the addResource and removeRe-
source operations. In addition, it is possible to add or remove an entire graph of resources to a group using the following ad-
dResourceGraph and the removeResourceGraph operations. These operations add or remove a specified resource as well as all
other virtual devices and virtual connections that are currently connected to it by a chain of device—connection data—flow path-
ways.

The role of the Group type is to perform the following operations:

21
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Virtual
Connection

a) resopirce acquisition and end—to—end quality of service, and

b) stred

The definitjon of the Group in the Multimedia Systems Services specification does not provide support for automatic synch
zation of a group of VirtualResource objects.

NOTE — Th

9.4.1 Rlesource acquisition and end-to—end QoS
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Figure 11 — Multicast connection

m control.

is functionality may be added to the Group type in.fdture revisions.

roni-

n where the client has created and,connected several virtual resources to perform a specific function, the resdurce

o group a set of virfual resources and specify a single QoSDescriptor solves this problem for the client.

f virtual resqurces has been added to a group, the underlying physical resources required to realize the entire g
ned by calling the VirtualResource.acquireResource operation of the Group. The QoSDescriptor object assigng
bject (which can be accessed by the client through the VirtualResource.resolve operation) is taken to be the de

objects to m

eet the overall JodDescriptor objective.

ind quality of service specification procedures can be quite complex. While the ability to specify a (possibly diffefent)
tor for each virtual device gnd €ach virtual connection is a very powerful feature, it also places a heavy burden on
understand the intricacies of €ach and to specify the QoSDescriptor accordingly. In many situations, the client would
fy only the end-to—end-guality of service and have the system determine the necessary QoSDescriptor at each rode.

roup

d to
ired

tor fordhe entire group. The group tracks the graph(s) that are contained within it, and the QoSDescriptor requireipent
e the end—to—end specification for all graphs. The group does the work of allocating the QoSDescriptor to individual

Other problems can occur when a client executes the VirtualResource.acquireResource operation of each object independently.
This can lead to resource deadlock or resource under—utilization. If the resources are acquired as a group, the system can help
prevent these problems.
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9.4.2 Stream control

Since the Group is a subtype of VirtualResource, it has an associated StreamControl. Formally, the StreamControl objects asso-
ciated to a group are subtypes of the StreamControl object type in order to perform the special behaviour described below. These
subtypes do not introduce any new operations, i.e., the interface of these subtypes are identical to the interfaces of the Stream-
Control object, and PREMO does not formally introduce new types for these.

The StreamControl object associated to a group provides the client progress and control information on the flow of data within
the group. Once all the members of a group have been defined, the client can get the overall StreamControl object for the group
using the VirtualResource.streamControl attribute.

The SpreamControl objects of the constituent resources can be thought of as children of the (parent) group’s Stream{ontrol ob-
Ject. Qperations invoked on the group object’s StreamControl are forwarded as appropriate to its children: calling pause on a
Group's ControlledStream object causes all of its children to be paused, the same holds for operations like prime, draif, etc. This
allows the client to call a single stream method, and have this command propagated to each stream of the meémbers of{the group.
How ¢xactly the control over the children’s StreamControl objects is done is implementation dependent.

Some|of the operations, like prime or drain, may also generate private control flow among the streams controlled by|the group.
E.g., it a prime request is forwarded by the group to a StreamControl associated to an input pott, the implementatiop may also
genergite a control information to the StreamControl object “up—stream”, i.e., the stream providing the data. Whether[such addi-
tionallprotocol is defined or not is implementation dependent, and is not visible to the €liént of the group.

NOTH— An example for a Group might be an object whose children are a video and an audio device, with the audio device playirjg the sound
track df the video. Using the group, a client may perceive a single media only, with video and audio synchronized; control over thik media can
be dorje by controlling the StreamControl object of the group. How such a contrel is ‘mapped against the control of the separatg video and
audio {s invisible to the client.

Methq¢ds invoked on the child StreamControl objects are not forwarded to the parent object; however, the parent StregmControl
objec{or the state of other children’s StreamControl objects might'change as a side effect. For example, pausing a child's Stream-
Contrpl object would not pause parent or sibling StreamControl-objects, but these objects might enter some kind of sfalled state
as a rgsult of flow control.

9.5 Logical Devices

The LpgicalDevice object type is defined td_provide a mechanism for hierarchically constructing larger, reusable device types
from the set of devices available to an application

Alogical device is a subtype of both a-Group and a VirtualDevice. As a group, the operations needed to add a device to the logical
devicq are already available, and,itcan also control the media stream among the devices within the group.

A logjcal device initially eontdins no ports in its interface. Conceptually, the client has to make the port of a device|contained
within| the logical devicg yisible to the outside through an explicit action which associates this port to a newly created port on the
logical device itself.Gormally, this is done through the definePort operation that takes a reference to a device already|contained
withir] the logical-device, plus a port (which must be valid for the device) and returns the identifier of a new port that is added to
the logical device interface and connected to the specified port of the original device. The port configuration of the newly created
port will be identical to the configuration of the port it has been associated with.
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entification of ports is done, the logical device instance may be incorporated ifitoya network of other virtual de
y added to another logical device instance.

cure 12 shows the possible usage of a logical device. The device contains thre¢\logical devices, denoted by device A, B, a
rt of device A is made visible to the outside, and so is the output port of déyice¢ C. However, the ports of device B, as well

f devices A and C, are not made visible. To the outside world, the logicahdévice behaves as a VirtualDevice with two ports
P output), and the configuration of these ports are identical to the conffiguration of the relevant ports of the devices A and C.

'unctional specification

ntroduction

provides the detailed functional specification of the non—object types and the object types that together defin
iltimedia Systems Services component. The notation used in this clause follows the rules detailed in Annex A of
1.

Additionally to the object type defimition, each MSS type may have a predefined set of properties and/or capabilities. Thes

defined in §
a flag whet
defined in ¢

10.2

Z

pparate tables followingthe type specification schema. These tables include the name of the key, the type of the v
her the property iStead only (R.O.) or not (R/W), and possibly a short description of the property. Capabilitie
separate tablel Subtypes may extend the values of capabilities.

on—object data types

ices,

hd C.
hs the
(one

b the
[SO/

e are
hlue,
5 are

This sub—cl

use also defines all data types used by operations defined on PREMQ MSS object types.

Additional state constants for streams:

MUTED : State | MUTED = 4

PRIMING : State

PRIMING = 5

DRAINING : State | DRAINING = 6

24


https://standardsiso.com/api/?name=c6793d10713961490c7d37a0330c1a2e

© ISO/IEC

Identification of ports within virtual devices:

Port ==

Port types:

PortType == INPUT | OUTPUT

Sema

ntic names of configuration objects in virtual resources:

Conf

g

Indic

R

10.3

This
excefl

The |

C
Iy
I
Iy
Iy

~

¥

SemName == String

guration information tuple, used to identify configuration objects virtual devices:

onfinfo==SemName X ObjectType

htion of whether resources are acquired in a virtual resource or not:

bsourceState == ACQUIRED | RELEASED

Exceptions

ub—clause lists the exception raised by operations defined in PREMO MSS types and which are not defined as
tions defined for ISO/IEC 14478-2 (see 9.3 of ISO/IEC 14478-2),

st of the exceptions raised by operations defined on PREMO, foundation object types are as follows.

onfigurationMismatch == Exception
validAccess == FException
validDevice == Exception
validName == Exception
validPosition == Exception
validPort == Exception
rtMismatch == EXxception
sourceNotAvailable == )Exception

ISO/IEC 14478-3:1998(E)

part of the

25
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10.4  Structures

10.4.1  Port information structure

This structure is used to describe a port configuration.

r: PortConfig
SimplePREMOObject

eventHandler: RefCallback
stream{ontrol: KefStreamControl
gos: Canflnfo

protocof: Conflnfo

formats} seq (Time x Confinfo)

The object types in the tuples refer to subtypes of QoSDescriptor, MultimediaStreamProtocol, and. Pormat
object types, respectively.

== PortQonfig

10.5  (onfiguration object

10.5.1 Fprmat objects

10.5.1.1 Fyrmat object

f: Form) (L bstract

PropertyConstraint

=—— Formpt

Properties flefined:

Key Type of Value R.O or R/'W Description

NameK SemName R.O. Semantic name of the format object

Capabilities defined:

None.
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10.5.2  Transport and Multimedia Stream Protocol objects

10.5.2.1 MultimediaStreamProtocol objects

abstract

f: MultimediaStreamProtocol

PropertyConstraint

te=— MultimediaStreamProtocol

Propdrties defined:

Key Type of Value R.O or R/'W Description
NamgK String R.O. Semantic name€of-the protocol object
VersipnNumberK z R.O. Implementation dependent valpe.
ByteQrderK String R/W
Capabilities defined:
Key Type of Value Values
ByteOrderCK array, String <“LittleEndian”, “BigEndian” >

10.5.2f2 IntraNodeTransport objects

r—‘—- (ntraNodeTransport

MultimediaStreamProtocol

== [ntraNodeTransport

10.5.2{3 InterNodeTransport objects

[: nterNodeTransport

MultimediaStreamProfocol

== [nterNodeTransport

Capalilities defined:

Key Type of Value Values
NameCK seq String <“TCP”, “UDP”, “RTP”, “ATM”,
“NETBIOS” >
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10.5.3

’: QoSDescriptor

Quality of Service objects

© ISO

/IEC

PropertyConstraint
=— QoSDescriptor
Properties defined:
Key Type of Value R.O or R'W Description
NameK String R.O. Semantic name of the QoS descriptr
object.
GuaranteddLevelK String R/W
ReliableK Boolean R/W Delivery of data 1swreliable or not.
The type of(the native property valde is
seq Boolédn:
DelayBouhdsK ZxZ R/W Minimum and maximum delay.
Thetype of the native property valup is
(Zx2Z)x(Zx2)
JitterBourdsK Zx2Z R/W Minimum and maximum jitter (delgy
variance).
The type of the native property valug is
(Zx 2) x (Zx2)
BandwidthBoundsK ZxZ R/W Minimum and maximum bandwidt.
The type of the native property valup is
(Zx2)x (Zx2)
Capabiliti¢s defined:
Key Type'of Value Values
GuardnteedLevel CK seq String <“Guaranteed”, “Best Effort”,
“NoGuarantee”>
DelayBoundsCK (Zx2Z)x(Zx2Z) Delay bounds (range of minimum and
range of maximum values).
JitterBoundsCK (Zx2Z)x(Zx2Z) Jitter bounds (range of minimum and
range of maximum values).
BandwidthBoliids CK (ZxZ)x(Zx2Z) Bandwidth bounds (range of minimum
and range of maximum values).
MutallePropertyListCK seq Key <“Guaranteedl evelK” “ReliahleK”
DynamicPropertyListCK seq Key <“DelayBoundsK”, “JitterBoundsK”,

28

“BandwidthBoundsK" >
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10.6  Stream Controls

10.6.1  StreamControl object

The StreamControl object is described finite state machine. The state transition table below is an extension of the transition table
for Synchronizable objects (also valid for TimeSynchronizable objects) in 9.11.1 of ISO/IEC 14478-2.

From: To: | STOPPED STARTED PAUSED WAITING MUTED PRIMING DRAINING
STOPPED Y Y N Y Y N
STARTED Y Y Y I Y Y Y
PAPUSED Y Y Y N Y Y Y
WAITING Y Y Y N Y Y Y
MUTED Y Y Y I Y Y Y
PRIMING Y Y I I Y Y Y
DRAINING Y Y I N N Y Y
—— PtreamControl[C]

Ptopertylnquiry
TipneSynchronizable[C) redef (start, stop, pause, resume)

stqurt == o(STARTED, STOPPED | STARFED)

stpp == o(STOPPED)

pquse == o(STOPPED, STOPPED) ® o(PAUSED)

refsume == O(STARTED, STARTED | MUTED | PRIMING | DRAINING)

® G(STARTEDTMUTED | PRIMING, WAITING)
@ G(STARTED | MUTED | PRIMING | DRAINING | PAUSED, PAUSED)

mpte == o(MUTED, STOPPED | STARTED | MUTED)
pHime == GS(BRIMING)
dijain =£/G6(STOPPED, STOPPED) @ o(DRAINING)

The eftectot the resume operation when in WAITING or PAUSED states is to restore the state of the object to
whatif Was before it arrived to WAITING or PAUSED state, except if the transition was internal to the object
frpm P RIMING or DRAINING states to PAUSED. In the latter case, resume does not change the state.

Exceptions raised:

WrongState The state transition operation is issued in an unallowed state.

l: StreamControl
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10.6.2  SyncStreamControl object

© ISO/IEC

': SyncStreamControl[C]

TimeSlave|C]
StreamControl

L Sync§reamControl
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10.7

Devices, resources

10.7.1  VirtualResource object

—

Pr

VirtualResource

abstract

opertylnquiry

streamControl: RefStreamControl [Retrieve Only]

=)

eV
at
fo
st
N

pe virtual device may act as an event source, through resourceEventHandler, for resource management
ents. If the value of resourceEventHandler is NULLObject, all events are ignored. The initial value of the
ribute is NULLObject. The possible event names are “Resource Lost” and “Resource Acquired”. Sée 9.1
r further details.

eamControl identifies the StreamControl object instance associated to the virtual resource. Itsvalue may be
llObject.

IsourceState: ResourceState [Retrieve Only]

re|

“

@
4

<

sourceState indicates whether the resources are currently acquired or not.

resolve

nanticName;,: SemName

iRef,,.: RefPropertyConstraint
ceptions. {InvalidName}

ie operation returns the reference to its associated\Configuration object whose semantic name is semantic-

”Tl(fl'”.

(ceptions raised:

InvalidName No configuration object with name semanticName,, is associated
to this object.

)
o

acquireResource

ceptions. { ResourceNotAvailable )}

TH

E

e resource(s){ managed by the virtual resource object, are acquired. In the case the resource can be allocated,
e bind opexation for all associated configuration objects is also invoked.

ceptions raised:

ResourceNotAvailable The required resource could not be allocated.

ISO/IEC 14478-3:1998(E)
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— releaseResource

The resource(s) managed by the object are released. The unbind operation for all associated configuration ob-
jects is also invoked.

Exceptions raised: None.

— validate

valid,, .- Boolean

our:

/ W ac —Cad Q ANY
valid Tutes =seqtSentNameseqgikerseqtetre))

The objgct validates whether the configuration requirements, associated with the VirtualResource, can be sat-
isfied or[not. The result is returned in valid,,,,,. In the case where this return value is FALSE, the object attempts
to propose a replacement for the configuration objects, i.e., a sequence of key—value pairs for a sequence/of
configurption objects. This proposed replacement attempts to satisfy the original settings as far as this fs. pos-
sible. The client is responsible to set these values, if accepted. If no alternative is possible, the names are’empty.

Exceptiqns raised: None

—— VirtuafResource

Properties defined:

Key Type of Value R.O or R/W Description

T

ConfigurationNamesK seq Conflnfo R Q¢ Semantic names and types of all ass
ciated configuration objects.

The type of the native property valug
is analogous to the property type.

Capabilitieq defined:

None.
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10.7.2  VirtualDevice object

) .
[,: VirtualDevice ,pg 00t

VirtualResource

resourceEventHandler: RefEventHandler

ports: seq Port [Retrieve Only]
streamControl: RefStreamControl [Retrieve Only]
configurations: seq ConfInfo

Thiis resourceEventHandler attribute is inherited from VirtualResource. Additionally to the possible eveng
naes specified for VirtualResource, a virtual device may also raise events with the names:

“State Changed Event” and “Format Changed Event”.

polts list all port identifiers which are available on the device. streamControl is inherited from VirtualRe-
sofrce; it identifies the stream control object which is not associated to any port. configurations identities the
copfiguration objects which are not associated to any port.

— getConnection

polt,,: Port

copnection,,,,. RefVirtualConnection

<

e.

>

reptions: {InvalidPort}

A feference to the VirtualConnection object, associated to a port, is retutned. This information may be provided
to the device by a virtual connection through an operation whichgig\iot visible to the client.

E

L

ceptions raised:

InvalidPort port;, doesnot identify a port on that object.

— portValidate

poft;,: Port
f

valid

matName,: String

~
S

- Boolean
validTuples,,,,: seq(SemName & seq(Key x seq Value))

exgeptions: {InvalidName,@nyalidPort}

THe object validateswhether the protocol and quality of service requirements, associated with the port identi-
tied by port,,, can be'Satisfied with the format identified by formatName,,. The result is returned in valid,,,,. In
th¢ case where this return value is FALSE, the object attempts to propose an optimal replacement for the asso-
cigdted protoeod¥and quality of service descriptor objects, based on the global configuration objects associated
to the virtwal device object and based on the previously defined values for the port configuration objects. If ac-
cepted, the client is responsible to set these values. If no alternative is possible, the return sequence is empty.

Exceptions raised:

InvalidName No configuration object, with name formatName,, is associated
to this object

InvalidPort port;, does not identify a port on that object.
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— getPortConfig

portld,,: Port

portConfig,,..: RefPortConfig [Shallow Copy]
portType,,,.: PortType

exceptions: {InvalidPort}

The operation returns a port configuration structure for the port identified by portld,,.

Exceptions raised: None.

— setPdrtConfig

port;,: Port

portCotfig;.: RefPortConfig [Shailow Copy]
exceptipns: {InvalidName, InvalidPort, InvalidPosition}

The opgration replaces (if no exceptions are raised) the port configuration associated to port porti, by the struc-
ture poftConfig,,,.

Exceptipns raised:

MvalidName No configuration object, with name s¢manticName,,, is associ-
ated to this object

KwalidPort port;, does not identify a port 6n that object.

walidPosition A position value, associated to a format, is invalid.

== VirtuglDevice

Properties defined:

Key Type of Value R.O or R/'W Description

InputPortK Z R.O. Number of input ports on the device

OutputPontK V4 R.O. Number of output ports on the devick.

InputFormatTypesK seq(-Port X seq Conflnfo) R.O. Types of Format objects which can be
associated to specific input ports.

OutputFormatTypesK seq(Port X seq Conflnfo) R.O. Types of Format objects which can e
associated to specific output ports.

GlobalFornatTypesk: seq Conflnfo R.O. Types of Configuration objects which

can be associated to the global configu-
ration objects (i.e., which are not assp-
ciated to any port)
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Capabilities defined:
Key Type of Value Values?
InputPortCK V4 maximum
OutputPortCK Z maximum
InputFormatTypesCK seq ObjectType Allowed input format types in object
OutpuFormatTypesCK seq ObjectType Allowed input format types in object
GlobalFormatTypesCK seq ObjectType <QoSDescriptor, Format>

a. The values for the capabilities are finalized in the specification of the various subtypes of VirtualDevice:
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10.7.3  Virtual connections

10.7.3.1 VirtualConnection object

[: VirtualConnection

abstract

VirtualResource redef (acquireResource)

— connect

deviceMaster,: RefVirtualDevice

© ISO/IEC

portMaster——Peort

deviceSlqve;,: RefVirtualDevice

portSlave,,: Port

exceptiofs: { ConfigurationMismatch, InvalidPort, PortMismatch, ResourceNotAvailable)

The operjation connects two virtual device ports. The port details negotiation starts with the port specified<with
deviceMgster;, and portMaster;,. The input and output port is determined by the type of port connebtted.

Exceptigns raised:

CpnfigurationMismatch The configurations cannot be reconciled—~TFhe exception data
lists the conflicting configuration objects. It Contains a sequence
of tuples, each tuple being a pair of CdpifInfo tuples (i.e., seman-
tic name and object type). The first'€lement of the tuple refers to
the configuration object on th€)master, and the second on the

slave.
InvalidPort The port is invalid on the virtual device.
PprtMismatch Both ports are either output or input.
RpsourceNotAvailable The connectionrcould not be established, e.g., because the object

already marrages a connection, or because some other resource is
not available.

— disconpect

The connections are broken. The operation does an implicit release.

Exceptiopns raised: None.

— getEndpointinfoList

info,..- skq (RefVirtualDevice X Port X Boolean)

An information is returned on all connected ports: reference to the virtual device, its port identification, and a
ﬂag to identify_whether the port 1S a master POkt (value TRUE-or-pot (‘:a!ue CALSE

A}
e ==r =y 0

Exceptions raised: None.

—— VirtualConnection
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Properties defined:
Key Type of Value R.O or R/'W Deséription
TransportTypeK seq ObjectType R/W Protocol object used by the object
instance.
Capabilities defined:
Key Fype-of-Value Vatues
TransportType CK seq String <TCPTransport, UDPTranspart,
RTPTransport, DMATransport,
NETBIOSTransport, ATMIranspont>
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10.7.3.2 VirtualConnectionMulticast object

|: VirtualConnectionMulticast ;pr 0t

VirtualConnection

— attach
device;,: RefVirtualDevice

port;,: Port

exceptions: { ConfigurationMismatch, InvalidPort, PortMismatch, ResourceNotAvailable)

The opgration attaches a new slave port to the connection. This operation can be used once the initial connec-
tion is gstablished using VirtualConnection.connect.

Exceptjons raised:

ConfigurationMismatch The configurations cannot be reconciled. The exception data
lists the conflicting configuration objects. It contains a sequence
of tuples, each tuple being a pair of ConfInfo tuples/(i.e., seman-
tic name and object type). The first element of\thé tuple refers to
the configuration object on the master, and/the second on the

slave.

InvalidPort The port is invalid on the virtual device.

PortMismatch The new port is of an incompatible type (should be either input if
the master is of output type, or output if the master is of input
type).

ResourceNotAvailable The connection could 'not be established.

— deta¢h

device),: RefVirtualDevice
port;,:|Port
exceptions: { PortMismatch]

The operation detaches a port from,the multicast. Detaching the source port tears down the connection.

Exceptions raised:

PortMismatch The port was not attached to the connection.

=—VirtdalConnectionMulticast
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10.7.4  Group object

— Group, abstract
|

VirtualResource

resource;,: RefVirtualResource

The operation adds a new resource to the group.

e

kceptions raised:
None.

— |removeResource

<

dsource,,: RefVirtualResource

Q

ceptions: { ResourceNotAvailable)

The operation removes the resource from the group.

oSl

kceptions raised:

ResourceNotAvailable The resource is not part of the group.

— |addResourceGraph

rdsource;,: RefVirtualResource

The operation adds a new resource and all resources to;which it is connected to the group.

Ekceptions raised: None.

— |removeResourceGraph

rdsource;,: RefVirtualResource
eXceptions. {ResourceNotAvailable}

The operation removes theresource and all resources to which it is connected from the group.

Ekceptions raised:

ResourceNotAvailable The resource is not part of the group.

— |getReSpurceList

resources,,,,. seq RefVirtualResource

The operation returns all resources connected to the group.

Exceptions raised: None..

=— Group
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10.7.5  LogicalDevice object

,: LogicalDevice gyt

VirtualDevice
Group

— definePort

resource

- RofViptualDevice
e pice
in- Pprt
- Port

exceptions: {InvalidPort, InvalidDevice}

port

IIGVV[)OFI( ut”

The inpyt to this operation is a reference to a virtual device and a port. The designated port is added |to the
interface|of the device. The value of newPort,,,, shall be used to identify the newly created port in siibSequent

operation calls involving port identifiers.

Exceptions raised:

IvalidDevice The designated device is not contained in the logicaldevice
InvalidPort The resource is part of the device, but does notpfovide a port with the speci-
fied name.

t=— LogicqlDevice
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11 Component specification

ISO/IEC 14478-3:1998(E)

The basic profile of MSS contains the media independent types, i.€., the fundamental building blocks MSS defines to achieve
interoperability. A number of applications, as well as further PREMO components, may rely on this profile only to define their
own, media-specific functionality. The various specific devices defined by MSS are grouped into a separate profile.

— MSSComponent

= Ibasic

prqvides service

QdSDescriptor, IntraNodeTransport, InterNodeTransport, Format,
StreamControl, SyncStreamControl,
Grpup

prdvides type

PoftConfig, ImageAOl,

QdSDescriptor, MultimediaStreamProtocol, IntraNodeTransport, InterNodeTransport] Format,
StreamControl, SyncStreamControl,

ViftualResource,

VitualDevice, VirtualConnection, VirtualConnectionMulticast, Group, LegicalDevice

~

requires service

Cojnponent FoundationComponent Profile Extended

requires type

Cojnponent FoundationComponent Profile Extended.

I— MSSComponent
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Annex A
(normative)
Overview of PREMO MSS objects

This annex gives an overview of all PREMO Object types defined in this part. This Annex does not add any new information,
and is here for easier reference only.

PREMOODbject )

TimeSynchronizable[C]

C SimplePREMOObject )
TimeSlave[C]

VAN K Propertylnquiry \

PortConfig inquireNativePropertyValue
type
eventHandler
Stream
qos

protocol
formats

ce

StreamControl[C]

c/c

SyncStreamControl[C] I

Figure 13 — PREMO MSS object types (structures, stream control)
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-

Propertylnquiry

~

inquireNativePropertyValue

A

ISO/IEC 14478-3:1998(E)

PropertyConstraint

constrain
select

bind
unbind

A

N J

Figure 14 — PREMO MSS object types, cont. (configuration objects, virtual resources)

QoSDescriptor MultimediaStreamProtocol
[ RN E
Format InterNodeTransport IntraNodeTransport
VirtualResource \
resourceEventHandler
stream
resourceState
resolve
acquireResource
releaseResource
K validate J
VirtualDevice / VirtualConnection \ Group W
resourceEventHandler connect addResourc:
ports disconnect removeResoufce
stream getEndpointinfoList addResourceGraph
configurations removeResourceGraph
i getResourcel|st
getConnection
getPortConfig
setPortConfi
k pon‘Validateg J / VirtualConnectionMulticast \
attach
detach
/ LogicalDevice \
definePort
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Annex B
(informative)
A typical example scenario for MSS usage

Here the actions of a client using the Multimedia Systems Services to perform a simple distributed multimedia action — capturing
audio with a microphone on one system and playing through a speaker on another system — are traced, in a simplified form.

a) First, the client declares and initializes the PREMO Multimedia Systems Services client-side environment.

/ CIemn

PREMO/MSS

b) Now,|the client builds a location—-based capability for a microphone, and creates an instance of MidkephoneDevice on|the
correct system, using a FactoryFinder and a Factory instance. The location of the microphone is-expressed in the propgrty
constrainf passed to the Factory.

System A

FactoryFinder Factory

g "/!——// > MicrophoneDevice

Client

PREMO/MSS

c) The client follows a similar process to create a SpeakerDepire on a different system.

System B

FactoryFinder Factory

*1/// - SpeakerDevice

Client

PREMO/MSS

d) The client creates a VirfuglConnection capable of connecting the two VirtualDevices on the two separate machines.

FactoryFinder Factory

e _ \‘

| > VirtualConnection

PREMO/MSS
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e) The client connects the two devices by sending a VirtualConnection.connect request.

Client

PREMO/MSS

VirtualConnection

LN

MicrophoneDevice

SpeakerDevice

) [The client creates a Group, then adds all VirtualResources in the graph to the Group by sending the Group.add|

Grgph request.

Group

-

Client

PREMO/MSS

¢) [The client causes the Group to acquire resources by-8ending a VirtualResource.acquireResource request, to d

exgmple, a reliable connection.

h) [The client gets the StreamControl object forcthe Group by through the a VirtualResource.streamControl atty

theh starts the media stream.

O

MicrophoneDevice

VirtualConnection

)

-

Client

PREMO/MSS

SpeakerDevice

T

MicrophoneDevice

StreamControl ]
Group
VirtualConnection

Resource-

btain, for

ibute and

& SpeakerDevice
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Annex C
(informative)
Basic Devices

This annex describes a full hierarchy of format and virtual device objects which describe a set of basic multimedia devices. The
subtypes defined in this annex do not intend to provide an exhaustive set of all possibilities to define, e.g., video access. The object
types defined in this annex are of course usable as they are, but they should rather be considered as general patterns. More spe-
cialized specifications may be defined by other standardization bodies and various vendors to encompass particular needs. Espe-
cially, other components of PREMO may define further subtypes for some special use, e.g., computer graphics rendering.

A quick oyerview of the types defined in this Annex is given in Figure 15. The types in the diagram will be discussed‘indetail

VideoDevice

Video AVDevice

MicrophoneéDevice
AudioDevice

SpeakerDevice

FileDevice
Audio

CDPlayer
CATVTuner
VirtualDevice

MiIDiDevice

VideoConnectorFormat

ConnectorFormat <
AudioConnectorFormat

MPEGVideoFormat

DigitalVideoFormat JPEGVideoFormat
Format

PseudoColourVideoFormat
DigitalAudioFormat DynamicDigitalAudioFormat

CATVFormat

MIDIFormat

Figure 15 — Subtyping diagram for specific devices

later. For the time being, look at Figure 15 and identify the following features of the diagram to see the broad organization of the
Multimedia Systems Services interfaces:
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VideoConnectorFormat
ConnectorFormat <
AudioConnectorFormat

ISO/MTEC 14478-3:1998(E)

C.1

This 4
derstd
about
Figur
super

the sp

The fi
C.1.1

This £
video

C.1.1

MPEGVideoFormat
DigitalVideoFormat JPEGVideoFormat
Format PseudoColourVideoFormat
DigitalAudioFormat DynamicDigitalAudioFormat
\ CATVFormat
MIDIFormat

Figure 16 — Format subtypes

pes of other types (Audio, Video, etc.) which specify operations required byteal devices.

The diagram shows increasingly media and device specific types froth left to right. These types are meant
mple types that can be supported by the Multimedia Systems Serviées 4nd are not meant to be the final word in
ic interface abstraction.

Note the varieties of Format and Stream interfaces. These are discussed in subsequent clauses.

Format objects

Annex defines a hierarchy of Format types that.can be used to describe a variety of media formats. Each Form
nds the details of a particular kind of mediaformat and, through the property mechanism, has methods to set and
its encoding.

e 16 gives the hierarchy of the varieus format objects defined in this Annex. The Format objects proper acts as
ypes for all format objects; it d€fines only two general properties: byte order for the bitstream, and name of the
ecific features are left to the various subtypes.

llowing sub—clauses give only a short overview of the various format objects defined in this Annex.

Video formats

Annex defines'several video Format types. These types are used to encapsulate the video formats which can flo
virtual dévices.

1~"Digital video format

In the region of the diagram descending from VirtualResource, the descendants’ of VirtualDevice are often myltiple sub-

o illustrate
media-spe-

at type un-
get details

a common
format. All

W between

The DigitalVideoFormat type is the simplest video format. The type defines a property to describe the raster size, common colour
space, and frame rate. There are properties for the video components to characterize the ordering and sub—sampling of the com-
ponents.

The PseudoColourVideoFormat type provides information to specify the colour table for video devices with an indexed colour
space. The colour table translates the index colour space into a true colour space.
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The JPEGVideoFormat type defines the segment keys which this compression technique requires. These segment keys represent
in—band control messages. For example, the key JPEGVideoFormat::DqtK defines the quantization table. This video format il-
lustrates how the format object can encapsulate dynamic formats which encode commands into the data stream.

The MPEGVideoFormat interface defines properties for this compression technique. The list of keys is extensive. The allocation

of these details to the format type, however, consolidates the conventions to one interface.

C.1.1.2 External video format

This Annex defines some additional external video format properties. These format keys anticipate the integration of device con-

trol into the

virtual devic
provides a v
the formats 4
SC’, “PAL”

C.1.2

This Annex
connections

e would describe the video stream which it can export in terms of a video format object. Assume the framewotk
deo capture device. Since both virtual devices describe video formats, the client (or the connection object)can've
re compatible. For example, the key “Encoding K™ for the VideoConnectorFormat object may have the valu€ of
“SECAM”, “RGB”, “YUV”, “AUTO” to describe the various available formats for digital and analogue video.

Avdio formats

ffers three audio specific format types. These types are used to abstract the format of audio data that can tlow ac
and be produced or consumed by audio-capable virtual devices.

C.1.2.1 Digital Audio Format

The DigitalA
fully specify

The special
tions occur:

a) The g

b) The ¥
source 0Of

The reason fj
of changes i
destination f
and could c4

The reason f
tings of the

service contijact is established; changing the constraint on the properties of a format object may cause this contract to be violaf

udioFormat type is intended to abstract the set of audio formats. Its characteristics are those that are necessar
a digital audio bitstream, and they include such things as encoding, sample rate, and bits per sample.

properties of the DigitalAudioFormat are such that they cannot bechanged once either of the following two co

ort with which it is associated is connected to another virtual device (see clause 9) via the connect operation; o

irtualDevice, VirtualConnection, or Group with whieh it is associated has its resources acquired via the acquird
eration.

br the first condition is that the data format abstracted by DigitalAudioFormat does not define any in-band signal
h its characteristics, such as sample ratexThe VirtualConnection establishes an agreement between the source
brmat objects; changing the value of. a‘eharacteristic of one of the format objects on the fly violates this agreen
use data flowing through the connéction to be misinterpreted.

br the second condition is that the resources required to process or transport the audio data are dependent on the
DigitalAudioFormat chafasteristics. Once the VirtualResource.acquireResource operation is invoked, a quality

C.1.2.1.1 Dyjnamic Digital Audio Format

The Dynami
it is intended
such as samy

DigitalAtdipFormat type is a subtype of the DigitalAudioFormat type. It defines no new methods or properties,

le rate§ on the fly.

ramework Assume someone provides a virtnal device ohject which pravides the type ta contral a VCR device The
.

hlso
rify
INT-

[OR

hdi-

Re-

ing
and
ent

bet-
of

but

to abstract audio data formats that provide the in—band signalling necessary to change values of its characteristics,

Because of t

he in—band signalling capability, the conditions that prevented the characteristic settings of a DigitalAudioFormat

object from being changed do not prevent the characteristic settings of a DynamicDigitalAudioFormar object from being
changed. However, the client should be careful to constrain the range of characteristic settings to those it expects to use in order
to improve the chances of a successful connection and to prevent over—allocation of resources.
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C.1.2.2 Audio Connector Format

The AudioConnector interface abstracts audio formats that are made external to a computer system, such as line, headphones,
and microphone level analogue signals. The properties of this format are used to determine the compatibility of data types in the
same way as for internal digital audio data types. For example, it is possible to determine that a port that uses a line level cannot
be connected to a port that uses a headphones level.

The AudioConnectorFormat is an example of a Format type that is associated with VirtualDevice ports that model physical con-
nections to a device. Exposing the physical connectors of a device as ports and describing the data that can flow across them as
Formats permits external devices to be modelled in exactly the same way as internal devices.

C.13 CATY format

CATV]is the acronym for Cable TV. The CATVFormat object gives a standardized way to describe access t0"CATV network
informption.

C.14 MIDI format

MIDI is the acronym for Musical Instrument Digital Interface, used to interface synthesizers, sequencers, rhythm machines, etc.
All MIDI communication is achieved through multi-byte messages which are defined in séparate specifications. The MIDIFor-
mat objject gives a standardized way to interface such devices.

C.2 Digital stream controls

All deyices, described in this Annex, use digital stream control. This meansthat the generic SyncStream and SyncStreanControl
objecty, as defined in clause 8, are actualized so that their progression space is defined to be Z,,, and all virtual device pbjects in
this Arfnex used these objects instead of the general ones.

C3 Video and audio processing

C.3.1 Video processing

The basic video specific processing interfaceisdetined by the Video type. This is an abstract base type that is “mixed in” with
the VifualDevice type through multiple subtyping to create the VideoDevice interface.

The Vifleo type was made a distinct typentself, rather than defining its methods directly in the VideoDevice type defined later, in
order tp allow adding video proces§ing operations to other types of devices (such as an audio/video device) without encpuntering
ambiglious multiple subtyping{This approach ensures that there is exactly one path from a VirtualDevice subtype th its base

types.

The inferface of the typ&.allows the client to manipulate standard video controls. Since devices often provide additional controls,
the intgrface casts the‘controls as a property list. With this syntax it is straightforward to define additional KeyValue pairs, and
still inherit the openations found in the video type. Note that since the operations includes the stream position, the cliefit can en-
queue nethod$which modity the controls as a function of the steam time.

The infeffacé of the Video type provides an operation to set the Area Of Interest within the source raster. The structure| to define
an area O INTETest descTibes e orTgim (X, y) amd SI7e {Widri, et g Wit e SOUTCE Taster WITICIT Te Object 15 1o process. Note
that the width and height can assume negative values. The four combinations of positive and negative values allow the client to
reflect the image across either or both of the vertical and horizontal axes.

The operation which specifies the area of interest (set/mageAOI) also takes a stream position (i.e., stream relative time) argument
to allow for changes in the area of interest as the stream flows. The current value of the area of interest can also be inquired. Also,
since the region within the source raster can be larger than the target raster, there is a property to specify whether the object is to
clip or scale.
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Figure 17 — VirtualDevice subtyping hierarchy
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the VirtualDevice type through multiple subtyping to create the AudioDeyice interface.

The Audio

order to all

type was made a distinct type itsel, rather than defining\its methods directly in the AudioDevice type defined |

ambiguouq multiple subtyping. This approach ensures that there is exactly one path from a VirtualDevice subtype to i

types.

The interfg

input(s) to

C4

o .Y

the output(s) of an audio device.

ppecific devices

In this subclause, several useful subtypes of VirtualDevice will be described:

a) vid¢o,

b) aud
c) file

01

and

d) extgrnal‘device.

judio specific processing interface is defined by the Audio type. This is an abstract base type that is “mixed in’] with

ater, in
pw adding audio processing operations to other typesof devices (such as an audio/video device) without encounfring
ts| base

ce of Audio is very simple: it only defines a properties for both the gain and the attenuation of the signal frofn the

These types will demonstrate how abstractions of real world devices can be realized within the Multimedia Systems Services
model. The types used here are examples only. Additional devices may be defined by registration.

C4.1 Defining a device

When addi

ng a new device type, it is necessary to evaluate the device's capabilities with respect to the following criteria:

a) What processing does the device perform on its data?
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b) What types of data can be processed? What characteristics define them?

¢) What stream position and control vocabulary is needed?

The answer to the first question determines the new operations that the new VirtualDevice subtype should have. The answer to
the second question determines what new Format and possibly Protocol type(s) are necessary to configure the ports. The answer
to the third question determines if any new StreamControl subtype or position keys may be needed.

In addition, one should consider what the configuration of the device’s ports should be. Typically, each point to which a connec-
tion can be made (either virtual or physical) should be exposed as a virtual device port. For example, an audio digitizer device
that can input data from a line input and produce a stream of digital data would have one input and one output port; in contrast,
a spegkerdevice that camr mput data fromma digitat stream and-produce Sound would frave one input port and 1o ouipyt ports.

C.4.2)  Video

Mostof the general characteristics of video processing are abstracted in the separate Video object type)(sée Annex [C.3 of this
Part),las well as in the various video related Format types (see Annex C.1 of this Part). No new stream control voabulary is
necespary. This Annex of PREMO defines only one VideoDevice type; the definition of specific sibtypes for varioup operating
envirpnments would go beyond the scope of this Annex and should refer to the special features of°‘these environment.

NOTH — Informal 1SO documents or appendices to this standard may however be published to give.a’general highlight of how this could be
done fpr specific environments.

C4.3 Audio

The afldition of audio devices to this Annex involves the definition of audie specific processing capabilities and medja formats.
No ngw stream control vocabulary is necessary.

C.4.3]1 Audio processing

The bpsic audio specific processing interface is defined by the Audio interface (see Annex C.3.2 of this Part). This|type is an
abstract base type that is “mixed in” with the VirtualDevidetype to create the AudioDevice type. In addition, certain characteris-
tics specific to audio processing are defined, such as the'encoding and sample rate associated with the inputs and oytputs; this
defings a vocabulary sufficient for the client to specify’simple constraints about the type of AudioDevice, such as “an Audio De-
vice that can process 44.1 KHz at its input and produce 8 KHz at its output”.

The AudioDevice interface can be used to represent any device that processes audio and supports the gain and attenugtion prop-
erties] If a device is incapable of affecting the gain, it can either be represented as an AudioDevice with its gain valfie fixed at
unity,|or simply as a VirtualDevice that admits to audio Format objects at its ports (see below).

C.4.3]1.1 Speaker device

The SpeakerDevice is arsubtype of the AudioDevice type. It is used to abstract a built—in speaker device. This device priesents one
input port and has na dutput ports (it just pushes air). It defines no new operations.

The SpeakerDevice type is defined to make an easy distinction for the client between this type of device and, say, an audio display
devicg that drives a line output. Both can be equally well represented by the AudioDevice interface. The SpeakerDevice type pro-
vides h siffiple way for the client to get a speaker, without having to set the appropriate constraints on a generic AudidDevice.

C.4.3.1.2 Microphone device
The MicrophoneDevice is a subtype of AudioDevice. It is used to abstract a built-in microphone device. It presents one output

port and no input ports. Like SpeakerDevice, it is defined as a simple way for a client to obtain a microphone, without having to
set the appropriate constraints on a generic AudioDevice.
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C.4.4

Files
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A pervasive characteristic of multimedia applications is the use of files to store and play back media. Defining a separate device

to describe f

ile processing in a multimedia setting gives a high level of uniformity to multimedia applications.

Common to the processing of most media file types is a core set of operations required by clients for the playback and storage of
media data. These operations include:

settin

a)
b)

g the mode for file access, e.g., read, write;

identifying the file format type;

c)
d)
e)
f)
g)

inqui
settin|
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repet

contr

Files introdu
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connecting t
C.4.5

The CDPlay
format objed

CIp player

[y on file and data characteristics;

o the position within the file for data access;

o ranges within the file to constrain data access;
tive data access; and

blling the speed of playback.

ce no new media formats, but rather use the same Format objects as already defined fér the media-specific de
AudioFormat, DigitalVideoFormat, etc.). The operations unique to particular file formfats are supplied by subtyj
evice type.

characteristics of a file virtual device are determined by the file format type‘which it represents and its mode of
reading or writing. Several approaches are possible for managing the precess of discovering the file’s type
e appropriate file reader or writer device. One fairly simple strategy 45't0 assume that the client has knowledge]
of the type of file it wishes to read or write. The client creates a filéwirtual device by first locating a factory that
bject of the desired FileDevice subtype, then creates an object onthe factory with a constraint list that describes
rements and knowledge of the file. The constraint list minimally includes a file name, open mode, and file typ
hy constraints required by supertypes. It may optionally inehide a location, a temporary file name, and an “autom
” indicator.

h
E

n this approach could utilize a special factory to pérform the task of creating FileDevice objects, rather than the]
er approaches could easily be described for hardling complex file types, such as container files, but this is bey]
the this standard.

pproach is used, as part of the creation_process, a subtype of FileDevice, identified by the file type, is instanti
evice configures itself with the appropriate number and type of ports and associated Format and FileStream objq
ignated for input or output aceerding to the open mode constraint. Formats are defined according to informa
tile, e.g., a header that describesthe media characteristics of the data. The client may inquire about the nature of
ired by using the VirtualDeyice.getPortConfig method. This returns a list of ports which includes associated for

another virtual device.

er is a subtype of the Device object, used to abstract the access to compact disk players. It does not use any partic
ts.
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C46 C/

\TV tuner

The CATVTuner is a subtype of the Device object, used to abstract the access to cable TV information. Its ports are controlled by

the CATVFo
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C.4.7 MIDI device

The MIDIDevice is a subtype of the Device objects, whose input and output ports are controlled by the MIDIFormat objects (see
Annex C.1.4 of this Part). It is used to abstract access to various MIDI hardware, like synthesizers, rhythm machines, etc. It may
have several input and several output ports.

C.4.8 External resources

An important aspect of multimedia in any computer environment, distributed or otherwise, is control of external devices. External
devices such as cameras, microphones, speakers, etc. provide the “eyes” and “ears” and “mouth” of a computer syst
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raction with people. External devices such as VCRs and laser disc players provide source material and inexpe
for analog information; TV or radio tuners provide access to additional analog sources. The list of useful@xtern|
and the Multimedia Systems Services must allow for external device attachment and control.

straction for external devices is the VirtualDevice. As with all virtual devices, the inputs and outputs for extern
osed as ports, which have associated Format objects. Since ports on external devices are usgd to represent ext
, the generic Format type is subtyped from ConnectorFormat. The ConnectorFormat type (se¢€ Annex C.5.2.1 of
those characteristics specific to the type of data that passes through the port. It could b€ used to represent a phy
on an external device or an internal adapter card, such as an audio capture device.

ending the same abstraction used for “internal” devices to “external” devices, thie-Multimedia Systems Services
rt of actions on external devices as on internal devices. For instance, externakconnectors can be connected (althd
tions may be hard wired), external formats can be constrained, queried,etcsy'in the same manner as for internal

bxample, consider the CATVTuner in clause C.4.6. This device takes an’RF analog video input and generates tw

og audio (stereo) output plus one channel of analog video outputyFhus, the CATVTuner admits to one input porf
ports all of which have ConnectorFormats. The input format wéirld actually be a CATVFormat, representing the

[The audio output channels would each be represented by.an@udioConnectorFormat. The video output channel
nted by a VideoConnectorFormat.

pbnsider a video capture adapter. Its output port would’be represented by a DigitalVideoFormat. Its input conned
esented by a VideoConnectorFormat. With thisdesign, the CATVTuner video output port could be successfully

Heo capture device input port to allow capture of the video output of the tuner. It is possible to connect the C
onnectors to one or more audio capture.adapters making similar assumptions.

Id be noted that there are a varietyof ways to realize virtual connections between external devices. Some installa
hysical device inputs and outputsirouted to a switching device, such as an analog crossbar switch. When a Virtug
ject is created, the resourcemanager controlling the crossbar switch could be instructed to connect the appropr
br realization might simphy, b€ to display a message on a user's screen and ask that the appropriate connection
, “persistent” connectiOnsCould be stored in the Registration & Retrieval Service database, permitting a virtual ¢
to determine whethera reference to a requested virtual connection could be made.
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CsS Functional Specification

This clause gives a more formal specification of the objects defined in this Annex. Note that the specifications are here as example
only, hence some of the keys and properties are not fully specified.

C.s.1 Area of interest for video objects

t: ImageAOl

SimplePREMOObject

' X, y, width, height: R
|

=— ImageAOl

C.5.2 Format objects

C.5.2.1 CQonnectorFormat objects

!: ConpectorFormat .,

Formay

t=—— ConphectorFormat
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C.5.2.2 VideoConnectorFormat object

’: VideoConnectorFormat

ConnectorFormat

t=——VideoConnectorFormat

Properties defined:

Key Type of Value R.O or /W Description

EncpdingK String R/W Shorthand name whigh-identifies the
video encoding or syntax.

VidgoSyncStateK String R/W Indicates whetheryvideo is symchro
nized. :

ViddoSyncSourceK String R/W Indicate the source of the vid¢o syn-

chronization signal.

Capabilities defined:

Key Type of Value Values

EncodingCK arrayg String <“NTSC”, “PAL”, “SECAM”,
“RGB”, “YUV”, “AUTO”>

VideoSyncStateCK array 3 String <“GoodSync”, “InvalidSync”,
“NoSync”>

ideoSyncSourceCK array 3 String < “InternalSync”, “ExternalSync|,
“AutoSync”>

MutablePropertyListCK seq Key <“EncodingK”, VideoSyncStateK”

“VideoSyncSourceK” >
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C.5.2.3 AudioConnectorFormat objects

[: AudioConnectorFormat

ConnectorFormat

t—=——= AudioConnectorFormat

Properties defined:

© ISO/IEC

Key . Type of Value

R.O or R/'W Description

EncodingK String

Capabilities defined:

Key Type of Value

R/W

Values

EncodingCK array, String

< “Headphone™,"Line”,
“Microphone”, “Speaker”>
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C.5.2.4 DigitalVideoF ormat object

[: DigitalVideoFormat .

Format

== DigitalVideoFormat

Properties defined:

ISO/IEC 14478-3:1998(E)

Key Type of Value R.O or R/'W Description
WidthK V4 R.O.
HeightK V4 R.O.
AspecfRatioK R R.O.
ColowrSpaceK String R.O.
PeriodK R R.O.
SampleRateK R R.O.
ComppnentCountK Z R.O.
CiTypjeK String R.O.
ClDepthK Octet R.O.
ClSubsamplingXK Octet R.O.
ClSubsamplingYK Octet R.O:
C2TyeK String R.O.
C2DepthK Octet R.O.
C2SubsamplingXK Octet R.O.
C2SubsamplingYK Octet R.O.
C3TypeK String R.O.
C3DepthK Octet R.O.
C3SubsamplingXK Octet. R.O.
C3SubsamplingYK Octet R.O.
C4TyppeK String R.O.
C4DepthK Octet R.O.
C4SubpsamplingXK Octet R.O.
C4Supsampling YK Octet R.O.
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Capabilities defined:
Key Type of Value Values
WidthCK ZxZ <minimum, maximum>
HeightCK Z2x2 <minimum, maximum>
PeriodCK RxR <minimum, maximum>
AspectRatioCK RxR <minimum, maximum>
ColourSpaceCK arrayg String <“RGB_LINEAR”, “RGB_709",
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“YCC LINFAR” “YCC 709"

MutablePropertyListCK

seq Key

“Y_LINEAR”, “Y_709">
<“WidthK”, “HeightK”,
“AspectRatioK”, “PeriodK",
“SampleRateK”,
“ComponentCountK?,
“ClTypeK”, “CiDepthK”,
“ClSubsamplingXK”,
“ClSubsamplingYK”,
“C2TypeK”, “C2DepthK”,
“O25ubsamplingXK”,
“C2Subsampling YK”
“C3TypeK”, “C3DepthK”,
“C3SubsamplingXK”,
“C3SubsamplingYK”
“C3TypeK”, “C3DepthK”,
“C3SubsamplingXK”,
“C3SubsamplingYK” >
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C.5.2.5 MPEGYVideoFormat object

': MPEGVideoFormat

DigitalVideoFormat

te=— MPEGVideoFormat

Properties defined:

Key Type of Value R.O or /W Description

IntraQMatrixK arrayg(arrayg Octet) R/W

IntertQMatrixK arrayg(arrayg Octet) R/W

TimdCodeK array s Octet R/W The values are’(inthis order):(a drop-

Flag, hours, minutes, seconds, pictures.
A dropFlag'value of zero is interpreted
as TRUE and any other valuel|is inter-

preted-as FALSE.
Capabilities defined:
Key Type of Value Values
MutablePropertyListCK seq.Key <“IntraQMatrixK”, “InterQMatnixK”

“TimeCodeK” >

C.5.216 JPEGVideoFormat object

r: JPEGVideoFormat

DjgitalVideoFormat

t—=— |JPEGVideoFormat

Propgrties defined:
None,
Capabilities defined:

None.

C.5.20=PseudoColourVideo-object

f: PseudoColourVideoFormat

DigitalVideoFormat

t—— PseudoColourVideoFormat
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