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Aims and Scope

Multimedia systems publishes original
research articles and serves as a forum

for stimulating and disseminating
innovative research ideas, emerging

technologies, state-of—the-art methods
and tools in all aspects of multimedia
computing, communication, storage,
and applications among researchers,
engineers, and practitioners. Theoreti-
cal, experimental, and survey articles
are all appropriate to the journal.

Specific areas of interest include:

1 integration of digital video and audio"
capabilities in computer systems

2 Multimedia information encoding
and data interchange formats

3 Operating system mechanisms for
digital multimedia ‘

4 Digital video and audio networking
and communication

5 Storage models and structures

6 Methodologies, paradigms, tools,
and software architectures for sup-

porting multimedia applications

7 Multimedia applications and applica-
tion program interfaces, and multi-
media endsystem architectures
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guage without the consent of the copyright
holders.

All articles published in this journal are pro-
tected by copyright, which covers the ex-
clusive rights to reproduce and distribute
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this journal may be reproduced photogra-
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data bases, video disks, etc., without first
obtaining written permission from the pub-
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The use of general descriptive names, trade
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even if not specifically identified, does not
imply that these names are not protected
by the relevant laws and regulations.

While the advice and information in this

journal is believed to be true and accurate
at the date of its going to press, neither the
authors, the editors, nor the publisher can
accept any legal responsibility for any errors
or omissions that may be made. The pub-
lisher makes no warranty, express of im-
plied, with respect to the material contained
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last page numbers of each article copied.
The copyright owner’s consent does not in-
clude copying for general distribution, pro-
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cases, specific written permission must first
be obtained from the publisher.
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Fig. 1. Flow of control information

tridge 1992). Peer connection managers work to negotiate

a suitable corniguration by relying on interactions between

each connection manager and its media agents, and between

each media agent and the underlying network services.

For example, in the simplified scenario in Fig. 1, an ap-

plication asks the connection manager for highmquality au-

dio and adequate—quality video over moderate-speed links

for moderate cost. The configuration directory service is

consulted by the connection manager and identifies media

agents that both meet the specifications and are available. In

this case, the configuration directory service translates qual-

ity, speed and cost into media agents that provide specific

encoding/data rate capabilities. Once notified, the initiator’s

local media agents may opt to reserve any devices (carn-

eras, codecs, etc.) and network bandwidth upon which they

will rely. The initiator’s connection manager then communi-

cates the reqnest to the other participants’ connection man-

agers, negotiating particulars as needed. At this stage, the

remote connection managers go through the same process

of _locating appropriate media agents and reserving the re-

quired resources. Finally, each connection manager instructs

its local media agents to begin sending data, which means

that the media agents estabiish real-time transport sessions

(Schulzrinne 1992b). In a more optimistic scheme, the me

dia agents would wait to reserve resources until all members

have actually responded to the initial participation request;
delayed reservation however may lead to service denial.

2 The problem of scale

Most experimentation with packet teleconferencing systems

has been conducted within local area network (LAN) set~

tings, with few users and with a modest degree of support for

simultaneous conferences. In Fig. 2 we display a sampling of

these systems. The :z;—axis denotes users per conference, the

y—axis the locality of the users 1LAN vs wide area network

(WAN)], and the z~axis depicts concurrency, or the degree to

3

which each system supports simultaneous teleconferencing
sessions.

Although shared workspace applications, such as MIVL
Conf, function across WANs, they perform markedly better

within LANs (Crowley 1990). This comes as no surprise

since to maintain an actively changing global view of the

workspace, these applications require reliable communica-

tion among all users. Typically the application is built on

top of an N-by-N collection of TCP/IP streams, which can

be problematic within the general Internet (Postal 1981; Pos-

tel 1980). A badly timed network outage or routing problem

between one pair of conferees might lead to inconsistency in
the shared view. To reconstitute the state, a WAN—sensitive

session protocol might be layered above the transport to de«

teet and correct peers that are out of synchronization.

Real~time teleconferencing systems, such as Etherphone

and Phoenixphone, the CAR project and various CoDesk

applications, support digital media over a LAN with central~

ized conference management (CM) (Eriksson E992; Hand-

ley 1992; Swinehart 1990; Vin et al. 1991). In contrast, the

Touring Machine and Rapport represent a class of systems

that combine analog media with centralized computer—based

session control (Ahuja et al. 1988; Arango 1992). In both

cases, concurrency is supported, but only as much as the

media crossbar switches or the LANs can physically sup-

port. To approximate WAN conferencing, analog systems

use a proxy to link two distinct LAN communities through
a commercial codec.

The second row of diagrams shows systems that are well-

equipped for certain aspects of WAN operation by virtue of
their decentralized architectures (Chen et al. 1992; Schooler,

in press; Schulzrinne 1992a; Turletti 1993). In addition, the

multimedia conference control program (MMCC) was de-

signed to accommodate the likelihood in a WAN environ-

ment of heterogeneity at the end systems and the need to

provide robust sessions across the network (Schooler, in

press). Popular IETF tools, such as the visual audio tool

(vat) from Lawrence Berkeley Laboratory, Xerox PARC’s

network video program (nv), the INRIA videoconferencing

system (ivs), the network voice terminal (nevot) from Uni-

versity of Massachusetts, and Bolt, Beranek and Newman’s

desktop video conferencing program (dvc), specifically use

a lightweight session model to support larger conferences of

widely distributed participants (Schulzrinne 1992a; Turletti

1993). All of these systems, however, are bound in varying

degrees by the number of users per conference. None provide

explicit support for large numbers of concurrent conferences,
due to the Internet’ s lack of infrastructure for real-time media

and wide—scale rnulticast addressing. These last two classes

of systems, formally differentiated by their style of session

moderation, will be contrasted in a later section.

As can be seen in all five diagrams, even projects that

scale in one dimension typically have architectural defi—

ciencies in the other dimensions. To understand the prob-

lem space better, we analyze how conference requirements

change as we travel along each axis of scale.
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