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Abstract. As the last two meetings of the Internet Engi-
neering Task Force have shown, the demand for Internet
teleconferencing has arrived. Packet audio and video have
now been multicast to approximately 170 different hosts in
ten countries, and for upcoming meetings the number of re-
mote participants is likely to be substantially larger. Yet the
network infrastructure to support wide-scale packet telécon-
ferencing is not in place. These experiments represent a de-
parture from the two- to ten-site telemeetings that are the
norm today. They represent an increase in scale of multiple
orders of magnitude in several interrelated dimensions.
This paper discusses the impact of scaling on our efforts
to define a multimedia teleconferencing architecture. Three
scaling dimensions of particular interest are: (1) very large
numbers of participants per conference, (2) many simultane-
ous teleconferences, and (3) a widely dispersed user popula-
tion. Here we present a sttawman architecture and describe

“how conference-specific information is captured, then con-

veyed among end systems. We provide a comparison of con-
nection models and outline the tradeoffs and requirements
that change as we travel along each dimension of scale. In
conclusion, we identify five critical needs for a scalable tele-
conferencing architecture.

Key words: Packet videoconferencing — Connection archi-
tecture — Scalability — Multimedia

1 Overview of a connection management architecture

We have proposed a multimedia connection architecture that
has served as the basis for discussion on remote conferenc-
ing architectures within the Internet Engineering Task Force
(IETF) (Schooler 1992b). At the core of the modular archi-
tecture is the notion of a connection manager, which resides
at each end system to coordinate the orchestration, mainte-
nance, and interaction of multiuser sessions. Per-site connec-
tion managers communicate with peers by using a distributed
connection control protocol (Schooler 1992a). Conceptually,
the connection manager is separate from user interfaces to

At ofe alunsin it nfFarine carviecee 1in_to the

" University of Southern Califormia/Information Sciences Institute, 4676 Admiralty Way, Marina del Rey, CA 90292, USA

the connection manager from the user interface, conference-
oriented tools avoid duplication of effort. This encompasses
the management of participation, authentication, and presen-
tation of coordinated user interfaces. The connection man-
ager is also separate from the underlying components, so
that it is shielded from the decisions specific to each type of
shared media (audio, video, groupware).

The connection manager acts as a conduit for control
information not only remotely among peer connection man-
agers, but also among other local conference-related compo-
nents as depicted in Fig. 1. Connection managers are loosely
coupled with media agents that implement the media pro-
cessing and data communication functions. With media-
specific details relegated to underlying media agents, func-
tional commonality is distilled in the connection manager.
The connection manager provides general mechanisms for
session-related tasks (connect, invite, etc.) and acts as a bro-
ker to share information across media agents (participant
lists, admission policies, etc.).

Modularity allows dependencies on particular hardware
or communications facilities to be encapsulated within in-
dividual components of the system for easier deployment
into new environments and offers the connection manager
a selection of choices in media agent capabilities. Thus, the
connection manager’s other principal responsibility is con-
figuration management of end-system heterogeneity. End-
system differences include asymmetries in available me-
dia, codec mismatches, variations in bandwidth capabilities,
transport incompatibilities, etc. Accordingly, the connection
manager’s control protocol negotiates a workable set of capa-
bilities among group members (e.g., quality vs cost, MPEG
vs. H.261).

The intent of the architecture is to facilitate interoperation
among users’ teleconferencing implementations across the
Internet. Therefore, the connection manager is used to cap-
ture high-level configuration descriptions from users (e.g.,
the collection of media in which the user is interested, qual-
ity of service preferences, etc.), then conveys the requested
configuration to peer connection Managers. Each connection
manager in turn provides more detailed descriptions to its
media agents. which translate the configuration requests into
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Fig. 1. Flow of control information

tridge 1992). Peer connection managers work to negotiate
a suitable configuration 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 high-quality 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 (cam-
eras, codecs, etc.) and network bandwidth upon which they
will rely. The initiator’s connection manager then communi-
cates the request 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 establish 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
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which each system supports simultaneous teleconferencing
sessions.

Although shared workspace applications, such as MM-
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 (Postel 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-
tect 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 1992; 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 multicast 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-
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