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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
IT/1, Information Systems—Interconnection. This Standard is identical with and has been reproduced
from ISO/IEC 14478-3:1998Information technology—Computer graphics and image processing—
Presentation Environment for Multimedia Objects (PREMBPgrt 3: Multimedia Systems Services

The objective of this Standard is to provide designers of multimedia systems a set of system software
components which marshal lower-level system resources to the task of supporting multimedia
processing so providing a set of common services which can be used by multimedia application
developers.

This Standard is Part 3 of AS/NZS 14478formation technology—Computer graphics and image
processing—Presentation environment for multimedia objedsch is published in parts as follows:

Part 1: Fundamentals of presentation environment for multimedia objects
Part 2: Foundation component

Part 3: Multimedia systems services (this Standard)

Part 4: Modelling, rendering and interaction component

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the annex to which they apply. A ‘normative’ annex is an integral part of a Standard, whereas an
‘informative’ annex is only for information and guidance.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number does not appear on each page of text and its identity is shown only on the cover and
title page.

(b) In the source text ‘this part of ISO/IEC 14478 should read ‘this Australian/New Zealand
Standard'.

(c) A full point should be substituted for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to equivalent Australian or
Australian/New Zealand Standards, as follows:

Reference to International Standard Australian/New Zealand Standard

ISO/IEC AS/NZS

10918-1 Information technology—Digital 4473
Compression and Coding of
Continuous-Tone Still Images (JPEG)

Information technology—Digital
compression and coding of
continuous-tone still images

4473.1 Part 1: Requirements and guidelines

11172 Information technology—Coding of —
Moving Pictures and Associated
Audio for Digital Storage Media at up
to about 1.5Mbit/s (MPEG)

14478 Information technology—Computer 14478 Information technology—Computer

graphics and image processing—
Presentation Environment for
Multimedia Objects (PREMO)

graphics and image processing—
Presentation environment for
multimedia objects

14478-1 Part 1: Fundamentals of PREMO 14478.1 Part 1: Fundamentals of presentation
environment for multimedia objects

14478.2 Part 2: Foundation component

14478.4 Part 4: Modelling, rendering and

interaction component

14478-2 Part 2: Foundation Component
14478-4 Part 4: Modelling, Rendering, and
Interaction Component
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1
AUSTRALIAN/NEW ZEALAND STANDARD

Information technology—Computer graphics and image
processing—Presentation environment for multimedia objects

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 application de-
velopers in a variety of computing environments. The focus is on enabling multimedia applications in a heterogeneous, distrib-
uted computing environment. Throughout this part of ISO/IEC 14478, this component will also be referred to as “Multimedia
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, the Multimedia Systems Services marshals low-
er—level system resources to the task of supporting multimedia processing, providing a set of common services which can be used
by multimedia application developers.

The Multimedia Systems Services encompasses the following characteristics:
a) provision of an abstract type for a media processing node, extensible through subtyping to support abstractions of real
media processing hardware or software;

b) provision of an abstract type for the data flow path or the connection between media processing nodes, encapsulating
low-level connection and transport semantics:

¢) grouping of multiple processing nodes and connections into a single unit for purposes of resource reservation and stream
control;

d) provision of a media datatlow abstraction, with support for a variety of position, time and/or synchronization capabili-
ties:

€) separation of the media tormat abstractions from the dataflow abstraction;

f) synchronous exceptions and asynchronous events:

¢) application visible characterization of object capabilities;

h) registration of objects in a distributed environment by location and capabilities;

1) retrieval of objects in a distributed environment by location and constraints;

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

The Mulumedia Systems Services rely on the object model of ISO/IEC 14478-1 (Fundamentals of PREMO) and the object types
and non-object data types defined in ISO/IEC 14478-2 (PREMO Foundation Component).
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2 Normative references

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

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

ISO/IEC 14478-4:1998, Information technology — Computer graphics and image processing — Presentation Environment for
Multimedia Objects (PREMO) — Part 4: Modelling, Rendering, and Interaction Component.

ISO/EC 10918-1:1994, Information technology — Digital Compression and Coding of Continuous—Tone Still Images (JPEG ).

ISO/IEC 11172:1992, Information technology — Coding of Moving Pictures and Associated Audio Jor Digital Storage Media at
up to about 1.5Mbit/s (MPEG).

3 Definitions

3.1 PREMO Part 1 definitions

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

3.2 PREMO Part 2 definitions

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

33 Additional definitions

For the purposes of this part of ISO/IEC 14478, the following definitions apply.
3.2.1  configuration objects: Collective name for format, quality of service descriptor, and media stream protocol objects.
3.2.2  jitter: Delay variance.

3.2.3  processing element (for virtual devices): Conceptual entity describing the internal behaviour of virtual device ob-
Jects.

3.24  virtual connection adapter: Conceptual entity describing the configuration process performed by a virtual connec-
tion object.

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

3.2.6  multicast connection: One—to—-many connection: an output port may be connected to several input ports. and an in-
put port may be connected to several output ports.

The following alphabetical list gives the subclause of each definition.
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multicast connection 326
processing element (for virtual devices) 3.23
unicast connection 325
virtual connection adapter 324
4 Symbols and abbreviations
ATM: Asynchronous Transfer Mode.
CATV: Cable TV
DMA: Direct Memory Access.
FSM: Finite State Machine.
IEC: International Electrotechnical Commission.
IS: International Standard.
ISO: International Organization for Standardization.
JPEG: Joint Picture Experts Group.
LAN: Local Area Network
MIDI: Musical Instrument Digital Interface
MPEG: Moving Picture Experts Group.
MSS: Muitimedia 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 conforming implementation of the PREMO Multimedia Systems Services shall comply with the general conformance rules
defined 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) asubtyping diagram. which describes the subtyping hierarchy among MSS objects;

¢) ashort description of the life cycle of Multimedia Systems Services objects.
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EventHandler

Callback

6.2 Object framework

in this standard.
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A somewhat larger example of how the various MSS objects may be used is also given in Annex B.

Connection
4 I 4
——— .
Format
QoSDescripto
Port
Media Stream StreamControl]
—— Protocol
—_—
\ Virtual Device J K Virtual Device
4
Figure 2 — Multimedia system services client interaction

Figure 2 on page 4 summarizes the interactions between Multimedia Systems Services framework objects and a client: Figure 3
on page 6 summarizes the interaction among framework objects. As seen in Figure 2
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

. only a subset of the objects and interfaces

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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5

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 stream control object provides the client with an interface to observe media stream position in various terms (as a function of
media transport. media samples, or logical time; see clause 8). Stream control objects also provide synchronization operations.
Stream 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 or output mechanism for the
virtual device. Ports are framework abstractions that do not have a client-visible interface. Virtual devices provide operations to
select a specific port, using an abstract non—object data type as an opaque handle.

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

The virtual connection provides operations to create a connection between an output port of one virtual device and an input port
of another, tully encapsulating low—level transport semantics. Virtual connections also provide support for multicast connections.
An included stream object provides operations for controlling the dataflow on the virtual connection.

The group object, shown in Figure 2, provides assistance to the client to manage the dataflfow graph of the two virtual devices
and the virtual connection. A group object provides a convenient mechanism for atomic resource allocation and specification of
end-to—end Quality of Service (QoS) values for the whole graph. The group object gives access to a stream object, through which
the client can control dataflow for the encapsulated graph.

Multimedia Systems Services objects are instantiated by factories. A factory provides the client facilities to select among the var-
1ous objects that the factory is capable of creating. A client can also use the factory finder service to find a reference to a factory
capable of Instantiating an object whose properties satisfy a list of constraints.

A client 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).

Figure 3 shows the internal connections between MSS objects. For the most part, the client is unaware that these connections
exist. and this part of ISO/IEC 14478 will not focus on the low-level details of these connections and their relevant interfaces.
They are shown here to help explain the Multimedia Systems Services architecture. The primary purpose of most of the internal
connections is to off—load work from the client. Note, for example. that the virtual connection interacts with the formats of both
the source and target virtual devices. This allows the virtual connection to match those formats without client intervention. The
group and the stream assoctated with the group provide similar assistance to the client; the group can assist in resource allocation,
while the associated stream can assists in stream control. The dashed arrows show that the objects send events to the 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.
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Figure 3 — Multimedia system services internal interfaces

The types in the diagram will be discussed in detail elsewhere in this part of ISO/IEC 14478 For the time being the only important

characteristic to note is that all types defined in MSS are subtypes of EnhancedPREMOObject (see ISO/IEC 14478-2), thereby
inheriting all features described in the Foundation Component of PREMO. Also,

all objects are subtypes of Propertylnquiry,
which is further described in 8.1.2 of ISO/IEC 14478-2 (part 2 of PREMO).

6.4 MSS object 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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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 configuration objects are subtypes of PropertyConstraint objects (see 8.1.3 of ISO/IEC 14478-2), and the various parameters
they provide to other objects are stored and manipulated through the property constraining mechanism which characterize the
PropertyConstraint objects. Typically, configurable MSS objects (e.g.. resource objects, see clause 9) contain several instances
of configuration objects, whose references can be accessed by the external clients; through the constrain, select. etc.. operations
these clients can then set the required values for the configuration objects.

Usage of configuration objects is the basic mechantsm 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 of ISO/IEC 14478-2) may
restrict these values. The algorithms for constraining the possible values (within the limits defined by the capabilities and the
native property values of the configuration objects) depend on the client and is not standardized by PREMO. These algorithms
may take into consideration the full set of configuration objects associated to the same VirtualResource instance. Note that further
subtypes of configuration objects may be defined with an inherent constraint algorithm, which is made available through the se-
lect operation of the configuration object (see again 8.1.3 of ISO/IEC 14478-2).

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

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

¢) Quality of Service objects.
7.2 Format objects

The role of the Formar object type is to represent the details of the media format (that is, the organization of the bitstream) at a

particular port of a device (see clause 9). The characteristics of a specific media format are described in form of object properties
defined on the corresponding Formar object.

NOTE — For cxample. the organization of data in an MPEG data strcam is different from the organization of data in an a-law audio stream.
The Format object 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 Formar object to negotiate the details of the bitstream 1o be passed between virtual device ports.

The Multimedia Systems Services do not define specific format objects; instead, it defines a general architecture which makes
such a specification possible. However, the (informative) Annex C of this part does describe a hierarchy of format and device
objects which provide a 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 n order to interoperate.

The purpose of the Transport and Media Stream Protocol (MSP) objects 1s to provide information on how media data is conveyed

among processing nodes. It is not the role of MSS to give a detailed specitication 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 nodes 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.

To allow for future revisions, the MSP properties include a protocol version number.

7.4 Quality of Service Descriptor objects

In order for a virtual resource to be usetul, it must obtain the physical resources required for it to do its job. Resources include
both system resources that are typically not multimedia specific, such as those provided by the CPU, memory, and network sub-
systems. as well as specialized multimedia resources such as audio and video devices.

Because the quality of service that can be provided by many resources varies considerably, the client must also specify the desired

quality of service when requesting a resource; this is done by setting the properties of a special information depository object in
MSS. called the QoSDescriptor object.

Though quality of service can take on many meanings, many of them media and device specific, the Multimedia Systems Services
defines a core set of QoSDescriptor properties that can be used by a client to specify the quality of service of interest. The core
QoSDescriptor characteristics defined by the Multimedia Systems Services are:

a) guaranteed level (key “GuaranteedLevelK"): provides options for “Guaranteed” service, “‘BestEffort” service or
“NoGuarantee” service:

b) reliable (key “ReliableK™): the delivery of data is reliable or not;

¢) delay bounds (key “DelayvBoundsK’’): the minimum and maximum delay;

d) jitter bounds (key “JirterBoundsK'): the minimum and maximum Jitter (delay variance):
e) bandwidth bounds (key “BandwidthBoundsK™): the minimum and maximum bandwidth.

The client specifies the desired QoSDescriptor properties by accessing the quality of service information from a VirtualResource
object, and manipulating the property values with the property management operations.

The guaranteed level property is an indication of the performance required of the virtual connection (see 9.3 for a more detailed
presentation of virtual connections). A “Guaranteed” connection will reserve resources appropriate to handle worst—case needs
for the media transter in order to make sure that the data always arrives and is on time. A “BestEffort” connection will provide
the best possible performance while using optimistic amounts of resources. This may produce situations where the data occasion-
ally arrives late. “NoGuarantee™ uses the minimum amount of resources for the connection and do as well as possible.

The reliability property indicates whether the application is willing to suffer data loss.
Delay is the amount of time between the transmission of the data and the receipt of the data. Difterent applications will have
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 Controls

The StreamControl type, and its subtypes, provide a single point of focus for all inquiry and control of media stream progress in
amedia type independent way. StreamControl objects are never created in isolation; they are included objects of VirtualResource
objects whose role is to monitor and control stream progress for the overall resource. Various virtual resource objects need sub-
types of the stream objects defined in MSS to cope with the various media-dependent characteristics, e.g., details of media pres-
entation. The MSS gives a formal specification of two objects only, namely the StreamControl and the SyncStreamControl object

types; semantic details of the various subtypes are beyond the scope of MSS and are not considered in This part of ISO/IEC
14478.

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

The StreamControl type provides operations to observe and control media position. A complication is that different objects re-
quire different concepts of position:

a) Transport aware object: the object might understand transport packets, but not understand the structure of the media
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 translate into
stream time. The object can report the stream sample count.

¢) Time aware object: the object understands how to extract stream time from the media stream. The object can report the

stream time.

To answer to these concerns, the StreamControl object is defined in MSS to be a subtype TimeSynchronizable, described in detail
in 7.9 of ISO/IEC 14478-2. Inheriting the behaviour of these objects, clients of StreamControl objects have the ability to access
and control the stream position in terms of:

d) Media stream data: The internal progression space of the object (i.e.. index of a sample).
e) Relative time: The time elapsed from an origin, settable by the client. One can achieve effects like “pause at 100ms from

origin’.

Synchronization elements can be put at various points of the stream, using either media stream data or relative time. This means
that a SrreamControl object will send events when these points are crossed. Such synchronization elements can be set periodical-
ly, i.e.. one can achieve effects like “send an event at each 100ms”.

Stream control objects do not perform the transfer of media data; they merely act as an entry for the clients to control media flow.
Conceptually, media data transfer is done by the processing element of the VirtualDevice object and, hence, is opaque to the cli-
ent.

The StreamControl object does not specify further the internal progression space of TimeSynchronizable (which is a generic

type). i.e.. whether the internal progression is done in the integer, real, or time domain. Specific VirtualDevice objects have to
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 TimeSvnchronizable. This finer control is achieved through
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

Figure 6 depicts the finite state machine of TimeSynchronizable, as defined in ISO/IEC 14478-2 (not all state transition operations
are present on the figure. only the most important ones); for a detailed discussion on the behaviour of TimeSynchronizable, see
7.9 (page 12) of ISO/IEC 14478-2. Figure 6 gives a rough overview of the finite state machine of a StreamControl object, again
omitting some details (the detailed state transition table is in 10.6.1).

The StreamControl object adds three new states to the state machine of TimeSynchronizable, namely MUTED, PRIMING, and
DRAINING. Three new operations are also defined, which control the state transitions to and from these new states: mute, prime,
and drain.

MUTED and PRIMING are refinements of the STARTED state of TimeSynchronizable. The additional semantics in these states
is related to the notion of data presentation. In describing the STARTED state, ISO/IEC 14478-2 refers to data presentation in very
general terms only. as one abstract processing step of the object at that level of abstraction. This abstract step is performed through
the invocation of a protected operation, called processData. The specification leaves the semantic details of what presentation
means to the various subtypes of Syachronizable. Although the StreamControl object does not specify what presentation means
either (and leaves the details to the subtypes of StreamControl), the specitication of MUTED and PRIMING gives a somewhat
tiner control 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 words. pro-
gression on the stream occurs (i.e., all synchronization actions are performed) but the processData operation, which repre-
sents the abstract notion of processing media data, is not invoked. The operation mute is analogous to the operation start,

inhented trom TimeSynchronizable, the only difference being the target state of the transition (MUTED instead of
STARTED).

-~ PRIMING: no presentation occurs while the object is in this state, and the media data are buffered in an internal buffer. In
other words. progression on the stream occurs (i.e., all synchronization actions are performed) and the media data are stored
internally instead of being presented, i.e., instead of calling the processData operation. The operation prime is analogous to
the operation stari. inherited from TimeSvnchronizable. the only difference being the target state of the transition (PRIMING
instead ot STARTED). If the internal butfer 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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Figure 7 — State transition diagram for a StreamControl object

A transition to STARTED state from both PRIMING and DRAINING states is possible: conceptually, the internal bufters are to
be instantaneously emptied before the normal media flow is resumed.

Notc that, as a subtype of Synchronizable, the StreamControl object also inherits the possibility to have state transitions moni-
tored by other objects (using the callback mechanism, see also 7.9.1.2 of ISO/IEC 14478-2). In 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 Propertylnguiry. 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
the same way as StreamControl objects refine the behaviour of TimeSynchronizable objects.

NOTE — The SyncStreamControl type provides the client with a variely of options with respect to setting up how synchronization is to be
achieved. For example, a video display device can be synchronized with an audio display device by setting up the appropriate relationship
between their associated StreamControl objects. Assuming the video device supports a SyncStreamControl type. the audio device's
StreamControl object can be made the master of the video device's SyncStreamControl object.

In another situation. the client may want to synchronize two displays 10 a common time reference. In this case. both displays would have to
support the SyncStreamControl type. The client would make the StreamControl object associated with the time reference the master of the
StreamControl objects associated with both the display objects.

9 Devices, Resources

9.1 Virtual Resources

A virtual resource is an abstraction of a physical resource that provides the client developer a consistent programming model,
independent of the details of specific implementations. The notion of a virtual resource makes applications more portable across
a variety of systems, while at the same time making the transparent sharing of physical resources possible.

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

a) virtual devices, which abstract media processors;
b) virtual connections, which abstract connections between virtual devices;
¢) groups, which provide a convenient way to interact with a collection of virtual devices and connections;

d) logical devices, which provide 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 categories. This
clause describes this object type in more details.

9.1.1 Configuration objects on virtual resources

The externally visible aspects of virtual resources are described primarily in terms of a set of associated configuration objects
(although subtypes of VirtualResource add additional operations which modify the behaviour of virtual resources. t0o). These
configuration objects are created and contained by the VirtualResource object instance. i.e., these objects are nor created by an
external client. Also. the object references of these configuration objects are not directly visible to the client; instead, 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,
1o 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
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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 handier 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 media data
through a device or across a connection can be thought of as a stream. In order to monitor or control the progress of the (possibly
abstract) stream, an overall StreamControl object (see clause 8) is associated to a VirtualResource object. This stream control
object is created and contained by the VirtualResource object instance, i.e.. this object is not created by an external client.

A client can get a reference to the StreamControl object associated with a VirtualResource by accessing the stream attribute of
the object. Once the client has obtained a reference to a StreamControl object, it may be able to cast its reference to one of the
more capable StreamControl subtypes.

It should be noted that not all virtual resources have a notion of stream control. In these cases, the resource’s stream attribute may
have a value of NULLObject (this may occur, for example, when the VirtualResource in question is abstracting an external device
such as a CATV wner, which would have no notion of stream control).

9.1.3 Resource management

When a virtual resource is requested to acquire resources, one or more resource managers, which are responsible for managing
the access to physical resources necessary to realize the virtual resource, get involved in the resource allocation process. Depend-
ing on the Multimedia Systems Services implementation, there may be one resource manager per managed resource, or there may
be one resource manager per group of resources or per system. From the point of view of PREMO, these resource managers are
purely conceptual entities, and this part of ISO/IEC 14478 does not contain a detailed specification of these. However, this ab-
straction is usetul in describing the externally visible behaviour of virtual resource objects.

When the VirtualResource.acquireResource operation is executed. the VirtualResource object communicates with the appropri-
ate resource manager(s) to request allocation to resources. The resource manager(s) which are contacied by the virtual resource
are dependent on the type of virtual resource and the Multimedia Systems Services implementation: typically. virtual resources
are created with the information necessary to contact the appropriate resource manager(s) at resource allocation time. Some re-
source managers may have a generic interface for specifying resources, essentially providing a direct reflection of the acquireRe-
source operation. Other resource managers may provide a more specific interface appropriate to the resource being managed:

virtual resources requesting the use of such resources would by their nature understand the necessary vocabulary for making re-
source requests.

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

NOTE — Figure 8 on page 15 depicts a possible resource management configuration. As presented on the figure. resource managers may
work in conjunction with a resource policy agent, whose task is to permit the user to get involved with the resource allocation decisions. much
in the same way as a window manager allows the user to make window sizc and placement decisions in a window system. When a resource
manager has had a resource policy agent registered with it, resource management requeslts 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
1o 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 order for virtual resources to be useful, physical resources have to be acquired. Because the available physical resources may

vary considerably, and the variation may be dynamic, it is necessary to match the requirements of an application to the physical
resources 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. Hooks 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 an agreed QoS between provider and clients:
¢) mechanism for reporting violations of the agreed QoS;

d} mechanism for adapting behaviour in response to QoS violations.
The expression of QoS requirements is supported by QoSDescriptor objects (see 7.4).

The setting of the contiguration objects for a virtual device is done through separate operations. By doing so, it may happen that
the requirements specified by these configuration objects cannot be satistied, e.g.. the quality of the service has to be degraded.
The VirnualResource object defines an operation, called validate. This operation informs the invoker whether a given set of re-
quirements can be satistied. 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™;

b}

— 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.

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

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

NOTE — An example for a possible policy is as follows. When a resource manager detects that it cannot satisfy the quality of service
requirements of its virtual resource clients, usually in Tesponse 10 a new request to share a physical resource, it may have to pre—empt a
running virtual resource. When this happens, an event is sent to the virtual resource notifying it that it has lost access to the physical resource;
the virtual resource. in turn, generates an event with the name “Resource Lost™, notifying an event client that it has been pre—empted. At a
later time, if the resource manager detects that it can meet the needs of a pre-empted virtual resource, it may send an event to the virtual
resource notifying it that it has gained access to the physical resource: the virtual resource, in turn, generates an event with the name
“Resource Acquired™. notifying the client that it has regained use of its resources.

9.2 Virtual Devices

A VirtualDevice is a subtype of VirtualResource that abstracts interaction processing or presentation capabilities. These devices
may be hardware devices, such as capture and display cards, complex media renderers (see. e.g.. the subtypes of VirtualDevice
defined in ISO/IEC 14478-4, part 4 of PREMO), or they may be software “devices™ such as compressor/decompressors. A virtual
device may represent a resource internal to a system, such as an audio capture device, or it may represent a resource external to
a system, such as a CATV tuner.

The virtual device abstraction is designed to provide acommon way for clients to use a wide variety of capabilities in many kinds
of operating environments. Some of the key considerations that influenced the VirtualDevice interface design are:

a) Resource management: Almost all devices require some system resources, such as CPU and memory, to perform their
function. Some require the use of specialized hardware, access to which needs to be managed. In order to permit sharing of
resources among several simultaneously active clients, multiple virtual devices may use a single physical resource at the

same time. However, the client is insulated from the details of resource sharing and can largely behave as if it has exclusive
access to the resource.

b) Stream position control: Devices typically operate on a stream of media data. The client interacts with a virtual device's
StreamControl objects (see clause 8) to determine stream position and to control various aspects of stream progress. The

degree to which a device can report or control the position in the data stream is determined by the subtype of StreamControl
type with which it can be associated.

¢) Device abstraction: Physical devices can vary substantially from manufacturer to manufacturer. Not only are the set of
tunctions often different, but the way in which they are combined and accessed is commonly different. Yet an application

writer does not want to write specialized code to operate on each manufacturer's device: a set of common abstractions is
needed.

d) Media format abstraction: The format of media data processed by devices also varies considerably. There are many dif-
terent 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
related to a virtual device into distinct types permits a wide variety of physical devices to be represented cleanly.

9.2.1 Processing element

The processing element is an abstract representation of the part of a virtual device that performs the operations which are abstract-
ed by a particular VirtualDevice type. It is the functionality of this virtual device component that determines a particular virtual
device's position in the VirtualDevice type hierarchy. From the point of view of PREMO, processing elements are purely con-
ceptual entities and clients never directly interact with them. A particular virtual device may have a complex internal structure.
Consequently, this part of ISO/IEC 14478 does not contain a detailed specification of their interfaces. However, this abstraction
is useful in describing the externally visible behaviour of virtual device objects.

9.2.2 Ports

The processing element gets its input data from and sends its output data to ports. For example, an MPEG decompressor could
be defined 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 accessed by the
chient. It exists to perform data movement operations needed the Multimedia Systems Services framework.

9.2.3 Streams

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

In addition to the overall StreamControl object, StreamControl objects may be available to interact with the stream position at
individual ports. The VirtualDevice type provides a getPortPortConfig operation that can be used to getreferences to the Stream-
Control 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 StreamControl objects associated to the port(s) of the virtual device shall be a subtype of the device’s
overall StreamControl object. Virtual device may differ from one another in the choice of StreamControl object which they as-
sociate either on an overall level 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

immediate type of its overall StreamControl. This requirement says that all StreamControl objects. exported by the MPEG decoder, shall be a
subtype of MStreamControl.

A particular virtual device may decide not to associate a StreamControl object to one of its ports, i.e.. the object reference refers
to NULLObject: the same is valid for the device’s overall StreamControl object. Also. the same reference tor a StreamControl

object may be returned for multiple ports and for the overall StreamControl.

NOTE — For cxample. 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.c.. the object references would refer to the same object instance.
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Figure 9 — Virtual Device type

As a subtype of VirtualResource, a virtual device object is described through a set of associated configuration objects. In the case

of a virtual device. some of these configuration objects are grouped around ports. More specifically, each port has the following
configuration objects associated to it.

a) A sequence of Format objects, ordered in time. Media information flowing through the port (and controlled by a Stream-
Control) may change the associated format when a specific relative time value is reached (i.e.. time 1s relative to the stream

flow, see also 7.9.2 of ISO/IEC 14478-2). The choice of the specific subtypes of Format object may be the only visible dif-
ference among various virtual devices.

b) A Protocol object, describing the media-independent aspects of the communication through the port.

¢) A QoSDescriptor object, setting quality of service requirement on the port.

d) A reference to a Callback object, which acts as a handler for port—specific events.
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A special structure type. called PortConfig, is defined to describe port configurations (see 10.4.1). The VirtualDevice object pro-
vides the necessary operations to access these structures and to set and/or retrieve their structure tags.

The VirtualDevice object. as a subtype of VirtualResource, inherits the validate operation (see 9.1.4), which checks whether the
requirements set through configuration objects can be met or not. Furthermore, the VirtualDevice object also defines the portVal-
fdate operation, which performs a similar check on the configuration assigned to a spectfic 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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