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Abstract—A communication platform is described that supports  allowing applications developed for one hardware architecture
the fast implementation of networked multimedia applications to be easily ported to other ones. Authoring tools and applica-
with conference character and collaboration features. The plat- tjon development platforms will further ease the design and
form exhibits the notion of a site as one of its main abstractions. A implementation of networked multimedia applications. An
site is a cqllectlon of workstatlon_s, media input and outpu_t devices application development platform is especially necessary in the
that are, in terms of control, tightly coupled. Connection and e .

case where an application is to be offered as a service in a large

application control is centralized within one site, but distributed bli vat twork. Much of th lexity th N
among different sites. The platform exports a programming inter- PUbIIC or private network. viuch ot the compiexity there stems

face with high-level abstractions for session and connection con- ffom the necessity to integrate the application into the network

and user interface design. The platform was implemented in the Vices. Development platforms do exist for the creation of inter-
course of the European Beteus (Broadband Exchange for Trans- active retrieval services on residential cable networks. As the
European Usage) project. A tele-meeting application and a tele- customer access link becomes symmetric, there will be a
teaching application were developed on top of it. Platform compo- demand for multi-point and multi-user services like tele-confer-
nents and applications were tested on the European ATM pilot net- gnces, having life-cycles maybe just as short as those of
work over a period of nine months. The paper first describes ratrieval services. Development platforms for multi-user ser-
platform a_rchltecture a_md programming mterfe_lce;_ it then talks_ vices will have to deal with dynamic connection structures and
about the implementation of platform and applications, and their . . . .
deployment in the harsh environment of a trans-national broad- with m“'?'p'e user interfaces, just to name two sources of added
band pilot network. complexity. .
The platform approach may also be of advantage in areas
other than service provision. The particular problem we were
I. INTRODUCTION faced with was to develop a set of applications for the European
Beteus (Broadband Exchange for Trans-European Usage)
project [1]. The project definition of Beteus focussed on the net-
Today’s collaborative teleconferencing systems are usuallork communication aspects rather than the applications. The
implemented as stand-alone applications with fixed interactiamain requirements on the applications were that one of them be
and communication scenarios. They establish static audio anekle-teaching application, and that they make the best use of
video connection structures among the conference participaiis high bandwidth available on the ATM network that inter-
and employ a specific tool for collaboration. The softwargonnects the project partners in France (Eurécom in Sophia-
architecture of such systems is often highly rigid; since it @ntipolis), Switzerland (CERN in Geneva, EPFL in Lausanne,
designed with the requirements of a single application in mimirHZ in Zurich) and Germany (TUB Berlin). Two applications
it does not automatically support the reuse of its componenisre vaguely envisaged, a tele-meeting application for informal
within other application scenarios. This means that there igy@up meetings, and a distributed classroom application that
new software design and implementation process each tima@uld allow to give a lecture at one site to a virtual classroom
new application needs to be developed, with code reuse beinghat is the combination of classrooms at several Beteus sites.
the library level or lower. It is clear that the standalone syste®ince there was no clear vision for the applications at the begin-
approach to teleconferencing application development will givéng of the project, it was decided to build an application plat-
way to a platform approach. Networked multimedia applicderm rather than stand-alone applications for everyone of the
tions in general will be more and more implemented on top efvisaged application scenarios. The platform should constitute
programming interfaces that provide different levels of contrghe highest common denominator between the envisaged appli-
for media acquisition, transmission and playout, or simply f@ation scenarios and should allow to implement and to incre-
whatever building block is likely to be used by a large numbetentally improve an application scenario with significantly
of applications. Some of these interfaces will be standardizedduced effort as compared to an approach based on stand-alone



prototypes. tion button in the user interface and waited for the professor to
The Beteus platform and the initial application scenaricnnect to him. The professor in turn would see the question on
were designed and developed in the period from August 1994his interface and push the answer button, which would make
April 1995 [2]. In May 1995, the Beteus field trials started ohim visible and audible at the student’s personal workplace. The
the European ATM pilot network. Two application scenariostudent could then share the simulator application with the pro-
were successfully demonstrated to a commission of the Eufessor, and the professor could guide the student remotely to the
pean Union in July [3]. The field trials continued until thesolution of his problem.
beginning of December 1995, with the second major eventin Betel, EPFL and Eurécom were connected with a 34 Mbit/
being the coorganization of a distributed conference on NovemATM link via a cross-connect in Lyon. ATM was not directly
ber 16 and 17 between a main site in Madeira and attached sitsgble to applications; a Betel end-station was connected via a
in Madrid, Brussels and Sophia-Antipolis (IDC'95). Therouter to a network adapter that encapsulated Internet Protocol
deployment of the platform on an experimental trans-nationdP) packets in Switched Multimegabit Data Service (SMDS)
ATM network turned out to be an important, but not alwaypackets before transmitting them over the ATM link. At Euré-
easy experience. com, audio and video of the professor were distributed with an
The paper is roughly divided into an architecture part and analog switch. People that attended the demonstrations were
experience part. The first part starts off with a section about thery much impressed by the dynamic changes of the connection
design issues and constraints that underlie our main architetructure in the classroom, i.e., by the ease with which the pro-
tural decisions (Section 11). It then gives an introduction into thfessor’s virtual presence moved from classroom level to particu-
Beteus application model and a complete description of pld&r students and back. The analog switch was hiding the fact
form architecture and components (Section Ill), followed by that there was at no point more than one digital audio and video
summary of the main session and connection related abstrsiteam in one direction between Lausanne and Sophia-Antipo-
tions (Section 1V). Based on this, the application programmirics.
interface is presented. An extended example demonstrates itBeteus should build on the experience gained with Betel. It
main features as well as the application development methodsitould improve Betel in various respects: it should provide true
ogy (Section V). The beginning of the second part of the papgigital multi-point communication and a minimum of two appli-
is marked by a section discussing implementation details cdtion scenarios. In addition to that, Beteus was to be employed
platform and applications (Section VI). The Beteus networor at least one event involving real users, as opposed to the the-
configuration and the trials are described, with the main emplarical demonstration of Betel. One proposition for this was to
sis on how multicast is provided to applications (Section Vllprganize a distributed summer school for business students
Following a short discussion of related work (Section VIIl), avhere the Beteus platform would be used for formal lectures,
final conclusion presents some ideas for the directions inpanels, group presentations and the like. It was clear that for
which the Beteus platform can be developed in the future.  such an event to be successful the platform would need to have
a degree of maturity that allows non-skilled users to be let alone
[I. OBJECTIVES ANDDESIGNISSUES with it.

Beteus is a follow-up to the Betel (Broadband Exchange ovgl' The Beteus ATM Network
Trans-European Links) tele-teaching project in which two of
the Beteus partners, Eurécom and EPFL, were engaged [4]. Al the beginning of the project it was not clear how exactly
overview of Betel is given in order to clarify the historical backthe project partners would be interconnected with each other. It

ground of Beteus. was assumed that the majority of the project partners would
have access to the European ATM pilot network, but at least in
A. The Betel Project the case of Eurécom it looked a long time as if access would be

. . L . SMDS as in Betel. It was a clear objective to have ATM access
Betel implemented a tele-tutoring application scenario

hich ¢ L ised the laborat or all project partners since such an access was supposed to be
which a prolessor ih Lausanne supervised the faboralory eXgiGq aple for multipoint communication. The network configu-

cises of students in a classroom at Eurécom in Soph|aTAnt|ggﬁon that was finally reached is qualitatively depicted in Fig. 1.
lis. Both professors and students had personal workstations tRﬁnBeteus project partners had ATM LANs. The ATM LANS of
were_equped with mmrophone,_gpeaker, camera and an ex&ﬁlrbartners but ETHZ connected to the ATM pilot via 34 Mbit/s
nal video screen. There was additional equipment on classro W terfaces. ETHZ is the only project partner that had a 155

level: a large screen in front of the student workplaces, a Camefaic STM 1 link to the ATM pilot. The ATM pilot itself is a

that overlooked the classroom, a speaker and a m|crophoneC ection of ATM cross-connects in various European coun-

typical session started with the professor giving an introductighiag “peteys ran over cross-connects in Paris, Cologne, Geneva

into the laboratory exercise. He was visible and audible at clag%-d Zirich as far as can be judged from the scarce information
room level and saw and heard himself the whole class. The

Yovided by the network operators.

dents then started to work with some application, in this case a%lthough the resulting network was a pure ATM network it

intelligent network simulator, and the professor waited for AUeSias never seriously considered to use any network protocol for
tions to come up. A student who needed help pushed the q

Yhe application platform other than the Internet Protocol (IP



LAN user terminal as standard endpoint equipment, whereas the sec-
ond uses a collection of workstations and media input and out-
put devices to assemble a classroom. None of the scenarios was
clearly specified at the beginning of the project, and it was not
even sure if both would be retained. It was assumed that the

ATM LAN application scenarios would evolve in the course of the project

:X: as tests are performed and experience is gained.

These considerations led to the decision to implement a real
conferencing platform rather than stand-alone systems for

ATM LAN everyone of the envisaged application scenarios. The conferenc-

ATM PILOT NETWORK

155 Mbit/s

ETHZ (CH)

34 VDTS :X: ing platform should offer a high-level application programming

ATM LAN interface (API) with which the effort to implement an applica-

X EPFL (CH) tion scenario could be kept at a minimum, with this minimum
ATM LAN CERN (CH) being not much more than the effort to implement the graphical
:X: user interface (GUI). In addition to basic audio and video sup-

port the platform should also contain a collaboration tool. It was
therefore decided to integrate a shared window system into the
Fig. 1. The Beteus ATM network. platform. It was also decided to integrate a light-weight direc-
tory service that provided a run-time framework for the applica-

tion scenarios. Users would log formally into the platform; once

?r:/e:BATIL\A?' and ?(n)t/ n?_tt\wmork profgrammlr;g m;_r::/?ce other th%gged they could consult the directory service to see who is
€ DErkeley SoCkels. The Uuse of proprietary programmlrﬂﬁere’ and then start or join applications or just remain passive.

interfaces was not considered, first because this would haVEAt a later stage of the project it turned out that the official
defeated platform portability, and then because of the perf%

bl that imol ati ¢ h interf vent of the project would be a distributed conference, and not
ZX?]?EE problems that Implementations ot such interfaces summer school. Since the distributed conference could be

handled with the tele-meeting the decision was taken to post-

pone the implementation of the distributed classroom scenario

and to implement instead a third scenario, the tele-tutoring sce-
The broadband ATM network interconnecting the projectario, which is a replication of the Betel application on the

partners was a key aspect of Beteus. The Beteus applicatiBeseus platform.

were supposed to demonstrate the high quality of human com-

munication and interaction that can be achieved when bard- Basic Software Architecture

width is not a limiting fa_ctor._ The people that were brou_ght An important design issue was the control architecture of the

together by a Beteus application should communicate and mg

EURECOM (F) CC = cross-connect

C. Application Scenarios

¢ as freel it th itting togeth d atable | fatform. In terms of control, the platform could be completely
act as reely as I they were sitting together around a tab'e gy 5jized or completely distributed. The centralized solution

conferc_ence room [5]._Th|_s s only possible if the qgallty of thﬁ/as declined, first because there would be a single point of fail-
audiovisual communication and of the coIIaboratlc_)n tools (e, then because of performance and scalability considerations.
such that geograpmcz_ally dlspersgd Users are perceived as b%'lr}tgit was felt that control should be centralized within the net-

present at every implicated location. In addition to that, a USFbrk of a project partner. This is because it was assumed that an

{nus:[ttrr:ave t?e |TpresT||on that hﬁ_ IS seen an(;j heardr;] ?e %BE) ication endpoint will not be a single multimedia worksta-
rustthe system to really convey his image and speech 10 ol , but rather a logical unit that is assembled from a collection

USErs. _ . ._of resources including workstations, multiple screens, cameras,
With a possible summer school event in mind, two applic

i ) isioned at the beginni el %%)eakers and microphones, digital and analog switches. A com-
lon scenarios were envisioned at the beginning, a tele-meeifig, ;i ¢ equipment is found in the distributed-classroom sce-
scenario and a distributed classroom scenario. The teIe-meeH

: ; . . gio, but it is also interesting for the realization of personal
scenario should be a rather informal meeting environmej

h | toqether for di . d collab I)rkplaces like in the tele-meeting scenario where a single
where people can come together for discussion and cofla rkstation processing multiple audio and video streams may
tion. The distributed classroom scenario should combine cla;

) ; . : gg'sily run into performance problems. Some of this equipment,
rooms at different sites to a single virtual classroom.

_ . . . especially workstations and analog switches, would be shared
professor can give a lecture in one classroom in which rem

. i . ; Yy many logical application endpoints, making it necessary to
Classrooms participate. Every classroom is equipped W'th MURGve some central connection management entity. The scope of
pll% screfetr;]s thatf show all dother ICIaS_i’rr](_)OZ]_if andt p?ssmly % central connection management entity is limited to the local
siides of the prot ess_(:rr], an hpet(;]p € Wld 't?] ' er;en ¢ a'_ssroornétwork, with the exact composition of an application endpoint
can communicate with each other an € protessor in a ing hidden to the outside. The establishment of a connection
similar to a panel discussion. The two scenarios differ fundg—

) . ._Dbetween the networks of two project partners must therefore
mentally from each other in that the first one assumes a SiNgle Ve some communication between the respective connec-
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tion management entities. The resulting control architecture is o
thus semi-distributed: control is centralized on the level of Fi9-3- Application model.
local network, but distributed on the level of the interconnectio

network. exotic or unique as the application itself. The logical device

names shown in Fig. 2 are likely to be employed by more than
one application, simply because the node configuration itself is

This section describes the platform architecture. It introduc@ite common. To illustrate the concept of logical device
the main abstractions and an application model and discusBgg"es, we could add to this node a camera that captures the
the main building blocks of the platform from a functional poinYiew from a laboratory window, and calMfindowCamera
of view. The description of implementation details is left to
later section.

I1l. PLATFORM ARCHITECTURE

B. Application Model

] The Beteus application model introduces the abstractions of a
A. Sites and Nodes sessiopasession verteand asession applicatianA session is

For the total amount of tightly coupled equipment within ththe abstraction for one instance of a distributed application that
network of a project partner the abstraction dfita is intro- 'Uns on tqp of the platform. A session comprises, from a logical
duced. The abstraction ohadeis introduced as the applicationPOint of view, a set of nodes as session members. From a com-
dependent mapping of equipment onto a logical applicatthat'Qnal point of view, a session conS|sts of a set of session
endpoint. Connection and session control within a site is p&ndpoints, called session vertices, which are processes that run
formed by a central entity that knows about the application sp&? the session nodes. The ensemble of session vertices within a
cific node mapping from a configuration file. Fig. 2 shows $£SSION constitutes the session application. In the following, we
possible node mapping for the personal workplace. The noffél use the term session application interchangeably with
shown uses different workstations for audio and video proceggPlication or application scenario. If we want to refer to a pro-
ing and for the actual application process. The GUI of the apph€SS running at a node within the framework of a session appli-
cation is displayed on a terminal rather than a workstatiGtion. we will explicitly refer to it as session vertex. _
screen. Video is displayed separately from the GUI on a second @rticipantsare humans or groups of humans that register
screen. The media input and output devices in Fig. 2 have fR&r name and node with the platform. Once registered they can
logical namesPersMicrophonge PersSpeakerPersCameraand ~ Participate in sessions. F_or every session in whlch they partici-
PersScreenSuch names are used by the application to denorRte .th_ere will be a session vertex running at their node. Note
nate connection endpoints. The site configuration file contaiff§t it is the session vertex rather than the person that is the
for every node a list of endpoint entries, with each entry coﬁgtlﬂal session participant; the hgman participant appears as an
taining a logical name and its mapping onto a physical addred§ribute or name tag of the session vertex. .

This configuration information is used by the connection man- Fig. 3 shows three sites with each of them having three nodes
agement for the establishment of audio and video connectiof§fined in the site configuration file. An application is indicated
Logical device names are in general application specific; thgiﬁ‘t spans .aII three sites, Wlth three nodes belng mvolyed at site
describe the context in which a device like a camera or a micfd-One at site B, and two at site C. In fact, there is no limitation
phone is used within a specific application, and they can befxthe location of the nodes that form a session; they can all be



within a single site, or all within different sites. It is therefore « connection management

also completely hidden to the session vertex on a node if the endpoint control

session in which it participates spans remote sites or if it is. gpplication sharing

local. Session vertices always interact with their local site con-« messaging service

trol, but the processing of a session vertex request may trigger directory service

inter-site communication, which is the case whenever connec- . .

tions need to be established in-between sites. The group comz°Me of the services offered by the platform will only be

munication module indicated in Fig. 3 provides the messagnged ?)r/] the hcorrlltrol _paﬂel, an_d (lnlthers onI%/ Ipy_thg session vertl-
services required for inter-site communication. CES, a.t oug t ere ISt goretlca y no such Imitation.
Participants register with the platform via the control panel.

C. Site Architecture The site management keeps a list of all registered participants
and of all ongoing sessions. Participants can create new sessions
The three principal layers of the site architecture are depictgdjoin ongoing sessions. When a participant creates or joins a
in Fig. 4. The top layer is an application layer containing gession the control panel forks the session vertex that corre-
generic control panel and application processes - the sessigBnds to the session application. In case the session is created,
vertices. In the middle there is the site control Iayer which COithe forked session vertex will automatica”y becomesession
prises the site manager, the connection manager and the stafi@8ter The session master has certain rights with respect to the
agents. The site manager implements the functionality offerggssion that other session vertices do not have. This includes for
at the API, whereas the connection manager performs physiggtance the right to delete nodes from a session, or to kill the
connection establishment in collaboration with the statiofession. The session master is also the coordination center for
agents. The communication layer finally contains the audige distributed application; it is the session master who config-
video and application-sharing software as well as the groyges the session at the beginning and who initiates connection
communication entity that supports the exchange of contigttucture changes later on. Other session vertices communicate
messages between site managers and between connection aR-the session master via the messaging services of the plat-
agers. form. Most of what the session master does will be in direct
The shaded architecture components in Fig. 4, i.e., the si#8ponse to messages received from other session vertices, or to
manager, the connection manager and the group communicatigdut from the local GUI. The session master role can be trans-
entity, have only one instantiation within a site. Station agerfisrred to another session vertex, which is especially necessary
on the contrary are daemons that are found on every machinepign the participant whose session vertex bears this role wants
the site network that may be source or sink of audio or vidg9|eave the session. Note that the session master functionality is
connections or that may run application-sharing software.  not necessarily visible at the GUI of the respective session ver-

. tex - this is an application design choice.
D. Site Management

The site manager offers the platform services to the sessﬁjn Connection Management

vertices that run on top of it. Platform services are The connection manager receives connection control and
« session management endpoint control requests from the site manager. Connection
control comprises connect and disconnect requests and is only
performed by the connection control of the session master; end-
point control stands for the setting of device parameters like

| User |nterface| | User Interface audio volume and video saturation.
Application i ; ; ;
Control Panel || Session Vertex ' The connection manager maps the logical endpoint hames in
site manager requests to physical addresses. Endpoint control
“““““““““““““ APl requests can then be forwarded to the corresponding audio or

video processes. Connect requests result in immediate connec-
tion establishment if all of the connection endpoints are local. If
an endpoint is remote, the connection manager of the session
master asks the remote connection manager to establish the
respective endpoint. The site manager requests only point-to-
point connections from the connection manager, but every con-
nect request is accompanied by a hint as to whether the respec-
tive connection is part of a multipoint connection structure, in
which case the connection manager may use IP multicast [6] if
available.

Site
Control

Station Agent

Communication{Audio ||Video || Share

Fig.4. Site architecture. F. Inter-Site Communication

Both the site manager and the connection manager communi-



cate with remote peer entities, as is indicated in Fig. 4. with respect to other members of the session. An example for
Site managers need to communicate as part of the directtinis would be the role of a momentary speaker in a panel discus-
service, the messaging service and the session managementssan- The application programming interface itself does not dif-
vice. The communication between site managers is asynchferentiate between static and transient roles. This is more a
nous and consists of the reliable transfer of a message from onacept that the application designer needs to keep in mind
site manager to one or more other site managers. As part of Wien analyzing an application scenario.
directory service, a site continuously broadcasts to all otherApplications use role names rather than session vertex names
sites a list of logged participants and a list of sessions of whioh IP addresses to define the endpoints of a connection struc-
it is the master site. The messaging service of the site manaee. An application specifies audio, video and application shar-
allows session vertices to send messages to one or more otfgrconnection structures once on session start-up; later on it
session vertices, requiring the reliable delivery of a messagél transfer roles inbetween session vertices when it wants to
from one site manager to a limited set of remote site managearsange the connection structure. A typical example for this
The session management service deals with session membemld be the aforementioned speaker role at the root of an
ship. A site indicates a new session vertex with a join messagealio and a video multicast connection. The infrastructure will
to the site management of the session master. The session raatematically rebuild this multicast connection whenever the
ter returns a message containing the session membership listgeaker role is passed from one session vertex to another.
the joining site and an update message to the other sites in the
session. The procedure for leaving session vertices is similarB. Bridges

i E .ontnecyton managfe s niedfto commumcatﬁ In orc:jer t.o teStabThe introduction of the role abstraction already provides con-
ISt |tr)1|.e[]—s:je connectllolvs. TE or now, ctqnnec lon endpoin ;’ &ftierable comfort for application development in that it allows
establisned sequentially. € connection manager sendsa roup connection endpoints. In addition to this the platform
establishment request and receives an acknowledgment oncept'}a ides abstractions for connection structuresritige is a

remote connection manager has established the endpoint. single-medium connection structure among session vertices. A

;h;ahcommunlctgtlon requirements rei!sed“by t:; site r;abna ?rdge has source and sink endpoints that are given as role
an € connection manager are optimally addressed by es. The nature of the bridge is determined by the cardinali-

Rehable. Multicast Protocol (RMP) [7]. RMP supports t_he r,e“fies of the roles at its endpoints, and may be anything between a
able delivery of messages toal members ofa group with diff oint-to-point and a multipoint-to-multipoint connection struc-
ent levels of service ranging from unreliable delivery to totall {ure. Up to now it was not necessary to introduce another end-
) %oint addressing scheme than the role-based one. The role-
group members that are not multicast capable to be reachedvaged addressing scheme might become awkward when an
UDP. application scenario employs an excessive number of point-to-
point connections, but no such scenario has been identified until
now.

This section presents the abstractions that are used at th&he concept of a medium bridge hides the underlying net-
application programming interface to describe connections aw@rk from the application. The connection management real-
connection structures. Connection types are audio, video dA@S bridges with whatever transport the network offers. It

IV. MAJORCONNECTIONABSTRACTIONS

application-sharing. knows the connection types and is thus able to handle media
specific endpoint issues. In a multipoint-to-multipoint audio
A. Roles bridge it will automatically establish an audio mixer at every

sink node, whereas it will launch separate receiver processes for

An application scenario is implemented within a single ex%'very stream in the case of an equivalent video bridge.

putaple. _The session vertices of an application are thereforel.he bridge abstraction can also be applied to X11 application
identical in terms of code, but they behave according to dynagﬁaring. The majority of shared window systems intercept the
ically taken or assignerbles The already introduced Master affic between an X11 client and server, which allows them to

role and a generalarticipantrole are the only roles which exist plicate the GUI of the application at var,ious displays by dupli-

by defaglt —.aII other rolgs are defined by the gppl?cation itse ting the client’s drawing requests towards the connected serv-
An a_pphcaupn may define as many roles as it wishes to, _agﬁs and by combining events evolving from these servers into
session vertices may also hold multiple roles at the same ti fie event stream towards the client [8]. A bridge models the
A session vertex will adapt the GUI that it produces to the ro oup of endpoints on which the GUI of an application is repli-

or roles that it takes. Rolgs fall into tWQ categoriﬂat_icroles . cated, with the client application as source endpoint and the
andtransientroles. A static role determines the main behawo'r mote displays as sink endpoints. The actual connection struc-

. . e
of th? session vertex and is usually not transferred to anott&?e it represents is a combination of point-to-multipoint (draw-
session vertex. Examples for such roles would be the profes requests) and multipoint-to-point (events)

role and the student role in the Betel tele-tutoring scenario.
Transient roles are created, assigned and deleted as needed; they
model whatever ephemeral position a session vertex may have



they need it.

(User interfacel| | [User interface The main event naotifications are:
Application Control Panel |y,  Session Vertex
Tel Interpreter] [__TclInterpreter » Receive a message from another session vertex
__Rec|| |event_RPC|| _ _[Event__ _ » Join: there is a new session vertex in the session
h 4 A 4 o Left: a session vertex left the session

Cg;}gol ____ clnterpreter « Kill : the session got killed or disrupted
» RoleAdd: a role is assigned to the session vertex

* RoleDel a role is removed from the session vertex

Fig. 5. Procedure calls and event notification at the platform interface. .
g P API procedure call usage and event occurrence are illustrated

in Fig. 6. Two session vertices A and B are shown; A creates a
C. Bridge Sets session that is joined by B. This session is killed by A when B

: . . ., leaves again. The lifetime of a session stretches from the point
A number of bridges, typically an audio and a related V'd%q time when it is announced to the point of time when it is
bridge, can be assembled to fornbradge set An application kiI}t

b he platf . ith 2 d o ed. The three principal states of the sessionaargunced
configures the platform on session start-up with a description; ;- i;ing andongoing An announced session is a session that
the bridge sets that it uses. During the session, only one bri

: ; S €scheduled for a certain date and time in the future.
set can be active at a time. d an application changes th? aC¥fhounced sessions are visible via the directory service and
bridge seF, the mfrastr_ucture- will tear_ down any connection R Ip people discover each other’s activities. The announcement
t_he old bridge sgt that is not mgluded in the new one, and eStB ase can be skipped by calliggssionlnit right afterSession-
lish the connecuons. that are missing. . Announce. TheSessionlnit call marks the beginning of the ini-
The number of bridge sets an appllcgtlon defines Cprre_Spoﬂgﬁzation phase where the creator of the session configures the
to the number of fundamental application states W.h'Ch In WUke manager for the actual session application. Initialization
correspon(_js _to different temporgl phases a session travercﬁﬁ’ﬁprises role, bridge and bridge set definition. Roles have to
during its I|fet|m_e. The programming interface dqes not dwect% defined before bridges since role identifiers are necessary to
support the notion of application state, but application state é?)ecify bridge endpoints. For the same reason, bridges are
like static and transient roles, a concept that the applicatiagﬁned before bridge sets. With tBessionStart caII,the ses-

designer has to be aware of. sion enters the state ongoing where it can be joined by other ses-
sion vertices. This call contains as parameter the initial bridge
set identifier. The session creator becomes the first session

The API is based on synchronous remote procedure cdll§mber and gets automatically the session master role
(RPC) and asynchronous event notifications as is indicated®#signed. If he takes additional roles he will assign them to him-
Fig. 5. The RPC package chosen for the communicati8flf W|thA'dg|Ro|e calls. _The session master the_n has to wait for
between session vertices and the site manager is Tcl-DP [9], TS 10 join the session. As is indicated in Fig. 6, B finds out
distributed programming package for Tcl/Tk [10]. Since simp/Pout As session via SessionOngoingQuery call. B joins the
applications will mainly deal with GUI issues, it is possible t§€Ssion with a call t8essionJoin, which is indicated to A with
implement them completely in Tcl. More complex application@ Join event notlflcat.lo.n. Connections other thqn those defined
will have C or C++ code in addition to the Tcl/Tk GUI scriptfor the general participant role are not established before the
they will use the C library of Tcl-DP to call site manager proc&€Ssion master A assigns a first role to B. The connection struc-
dures or to register callback functions for event notification. {Ure that is then established between A and B depends on their

The API procedure calls [11] are grouped into the followinfSPective rqles and the active bridge set. The example in Fig. 6
categories: continues with a message transfer from B to A that prompts A
to change the active bridge set. When B leaves the session, the
site management tears down all connections between A and B.
The session is formally finished with A's call$essionKill.

Table 1 shows as example the parameter fields dbdtiee-

Bridge API call. The first two parameter fields identify partici-
pant and session. The type field marks the bridge as audio,
video or shared application bridge. Information granularity is
interpreted as window size in the case of video and as sample
encoding in the case of audio. Similarly, time granularity is
interpreted as frame rate in the case of video and sample rate in

The convenience calls allow session vertices to query the sé¢ case of audio. Source and sink endpoint names define the
sion configuration. Session vertices do not maintain recon@gical devices that terminate the connections of the bridge. The
about actual role assignment, actual bridge set or session pa@édh allows further to define a list of role identifiers for sources
ipants; they retrieve this information from the site manager 88d one for sinks. The connection type is determined by the car-

V. APPLICATION PROGRAMMING INTERFACE

* Registration: user registration and deregistration

» Endpoint handling: audio and video device control

» Session directory directory service related calls

* Session information convenience calls

* Session contral session membership and lifetime control
* Bridge set handling changing the active bridge set

» Messaging communication among session vertices

* Role handling role assignment and removal

* Application sharing: X11 application sharing
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Fig. 6. APl procedure calls during a session with two participants.

for all kinds of teaching purposes at hand, among them a sce-
nario that supports translation work on stage-plays written in a

TABLE 1
THE API BRIDGE DEFINITION CALL

—— — —— — : foreign language. The scenario has four states or phases. In a
DefineBridge pid sid type ginfo gtime srcepname rslist sinkepname rrlist first phase, the professor gives an introduction into the transla-
pid Integer participant identifier tion assignment that was previously distributed by E-mail. Stu-
sid Integer session identifier dents see and hear the professor, and they hear each other,
type Enum{1,2,3} 1=audio,2=video,3=sharedXapp which allows them to hear questions asked to the professor by
ginfo Integer information granularity [0..100] fellow students. In a second phase, the students start to work on
i e time granularity [0..100] the translation of the stage-play. .The prqfessor goes 'from stu-
srcepname | String source endpoint name dent to student .and answers their questlpns. The editor of the
, 4 — current student is automatically shared with the professor. The
rslist Integer list of source role identifiers . . i
_ _ _ _ professor may return to phase one if one of the questions is of
sinkepname String sink endpoint name . . .
. _ et of sink role deni general interest. Once students have finished the translation,
st ntegertist istof sink role identifers phase three begins where students present their results. The pro-
returns: bid | Integer bridge identifier fessor and the momentarily presenting student are visible to all

other students and to each other. The editor of the student is
automatically shared with all others, and audio is like in phase
one. In phase four, students take roles in the stage-play and
¢ NO connection No session vertex holds any of the source recite them. Their image and voice is distributed to the profes-
roles, or no session vertex holds any of the sink roles. ~ sor and to the other students. The professor finishes the course
« point-to-point connectior: one session vertex holds one ofwith some remarks, with the application being again in phase
the source roles, and one session vertex holds one of the 0ne. During the whole session the professor has as the replace-
sink roles. ment of a classroom-view an icon-sized video image with low
« point-to-multipoint connection: one session vertex holds frame rate from every student.
one of the source roles, and multiple session vertices hold The roles that can be identified in this scenario are:
one of the sink roles.
» multipoint-to-multipoint connection : both source and
sink roles are held by multiple session vertices.
» multipoint-to-point connection: only one session vertex
holds one of the sink roles, and multiple session vertices
hold one of the source roles.

dinality of source and sink roles within the session:

* professor. static professor role

* student static student role

« studentSpeaker visible students in phase two, three, four
* master. held by the professor

« participant : professor and students

. . . -~ The transient role studentSpeaker is assigned to the visited

quently be used to include the bridge in one or more bridge sgf§q to the acting students in phase four.
The bridges that need to be defined are shown in Table 2. The
first audio bridge is the all-to-all audio of phase one and three.

An example shall serve to illustrate how application scenafudio bridge 2 and video bridge 6 form a bidirectional audiovi-
ios are translated into role, bridge and bridge set definitiorf$lal connection for phase two. Audio bridge 3 and video bridge
Imagine a distributed school with professors and students &liform the virtual stage of phase 4. The multipoint-to-point
geographically dispersed. Professors have application scenaRggge 5 represents the icon-sized classroom view.

A. Example Scenario



TABLE 2

EXAMPLE BRIDGE DEFINITIONS

Four bridge sets are defined according to the four phase

the application scenario:

* bridge set one audio bridge 1, video bridges 4+5
- bridge set twa audio bridge 2, video bridge 5+6, sharedX side supports both stream selection and mixing. Both sender

bridge 8

* bridge set three audio bridge 1, video bridges 5+7,

turned out that the structure of the Beteus network is a hostile
environment for IP multicast, which would be the natural choice

for multipoint communication. This is why the audio and video

No. | Medium | Source Roles Sink Roles sender components implement simple stream duplication in

1 audio participant participant addition to IP multicast. The connection managers that control

2 audio professor,studentSpeaker | professor,studentSpeaker the establishment of connections over the network may employ

3 audio studentSpeaker participant whichever scheme is possible.

4 video professor student .

5 video student professor B. Audio

6 video professor,studentSpeaker | professor,studentSpeaker The multipoint nature of audio in Beteus requires some sort

7 video studentSpeaker participant of processing on multiple incoming audio streams at the receiv-

8 sharedX | studentSpeaker professor ing side, which can be either stream selection or mixing. Both

9 sharedX | studentSpeaker participant stream selection and mixing require silence detection at the

sending side and support for talkspurt transmission at sender
SaBg receiver. The Beteus audio component implements silence
detection at the sending side with an adjustable threshold value
and is built on top of the Real-time Transport Protocol (RTP)
[12], which in turn uses UDP for transmission. The receiving

and receiver generate activity events that can be graphically dis-
played on the GUI. The sender indicates begin and end of talk-

sh.aredx bridge 9 o _ . spurt to the local user, whereas the receiver indicates activity for
* bridge set four: audio bridge 3, video bridge 5+7 each of the incoming streams on which it listens. The two audio

Connection control during the session consists of changicodings that are supported are 8kHz/8bit and 16kHz/16bit.

between bridge sets and assigning the transient role Séu'Vd
dentSpeaker. - video
Video transmission is built around the XVideo board from

Parallax. The compression of the Parallax board follows the
The example scenario already illustrates some aspectsJBFC standard for the compression of still images [13]. On con-
application development on top of the Beteus API. Startiftfction s_etup, the video sender allows to specify a target dgta
point is the invention of an application scenario. Then comed&{€ that is consequently enforced by means of a control loop in
problem analysis phase during which the roles, bridges afffich maximum and measured data rate are constantly com-
bridge sets within the application scenario are identified. ThisRred, with the JPEG compression factor being modified
an iterative process because the analysis of the scenario @fOrding to the result of this comparison. Such a mechanism
likely influence the scenario itself. The following design phad¥as clearly necessary in the case of Beteus where there are data
comprises the dimensioning of bridge parameters, the specifit@€ restrictions per video stream and traffic policing within the
tion of the messages that are exchanged between session Vifi¥ork. The video receiver adapts automatically to the actual
ces, and the specification of the functionality to be put into t§@MPression factor as it also adapts to frame rate and window
graphical GUIs. The final implementation phase is mainly cofilZe: Care' was taken to have a constant _frame rate W|th|n.'ghe
cerned with the development of the GUIs. The tight matdgceiver window because the human eye is extremely sensitive
between scenario analysis methodology and API functionm@frame.rate irregularities. The benefit of thl; is that the subjec-
reduces greatly the effort needed to implement the connectff¢ duality of the Beteus video component is excellent even at

management part of a teleconferencing application. frame rates as low as five frames/s.

B. Application Development

VI. IMPLEMENTATION D. Application Sharing

The application sharing component of the platform is
edge from project partner ETH Zirich [8]. Xwedge is a dis-
il juted shared window system that has agents running at all
implicated client and server sites. X11 clients connect to the
local Xwedge agent which in turn communicates via the Trans-
mission Control Protocol (TCP) with remote agents and the
local X11 server. The Beteus API offers three calls for applica-

Both audio and video are built on top of the User Datagrafidan sharing control: a session vertex can get a list of sharable
Protocol (UDP). One of the biggest issues in Beteus was howaisplications, which are the clients that are momentarily con-

implement multipoint communication with audio and video. lhected to the Xwedge agent, and it can share and unshare an

This section describes the implementation of the Beteus plgt
form and of the applications that have been developed so
Platform and applications run on Sun workstations under Sun
4.1.3 and are developed in C++ and Tcl/Tk.

A. Audio and Video Transmission
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application. Sharing means that the interface of the chosen
application is replicated at the sink endpoints of the currently

active X11 bridge. As for now, the platform does not implement

the rich set of floor control mechanisms that Xwedge offers.

The platform uses the default floor control mode where the floor
follows mouse clicks and keyboard input.

Trminals ssrses : |-

E. Site Control

The persistent components of the platform are the site man- amuagen : | ‘weer gerstim I8 2F m vy Bl
ager, the connection manager, the group communication com- L
ponent and the station agents. A station agent launches audio : ) -
and video processes and Xwedge agents and relays operaFig. 9. The userinterfaces for the tele-tutoring application (professor/student).
requests from the connection manager to these processes
operation results and asynchronous events back to the conned-he tele-meeting scenario is a simple framework for work
tion manager. The connection manager is forked by the siteeetings that can be used within many environments. The audio
manager and establishes TCP control connections to all statéml video connection structure is all-to-all, i.e., everybody sees
agents when coming up. The site manager exists in two vend hears everybody else. There are simple GUIs for a chairman
sions: the normal runtime version and a development versiamd a normal participant, with the chairman being able to assign
The development version of the site manager forks a dumrhe role of a presenter to one of the session participants. The
connection manager that reads the site configuration file ameésenting person can share one of its X11 applications with the
returns positive responses to site management connect and eliser participants. The chairman interface allows to transfer the
connect requests. This allows to test session vertices in ershairman role to another participant, in which case this partici-
lated sessions on a single screen and without establishing ayghat gets his interface exchanged for a chairman interface. The

and video connections. tele-meeting scenario is implemented with a single bridge set
o containing an all-to-all audio bridge, an all-to-all video bridge
F. Applications and a one-to-all application-sharing bridge with the presenter

The applications that have been developed so far are fRle as source. Connection management gets active only when
generic control panel, a tele-meeting application and a tef@-e presenter role is assigned, or when participants join or leave
tutoring application the session, in which case their connection endpoints are added

Fig. 7 shows the main window of the control panel with thar removed auto_matically frolm the audio and video bridges.
audio and video device control fields and the list of logged users,The tele-tutorm_g apphcgtlon is a remake of Betel on the
at the bottom. From this window the directory service Windo\ﬁeteus.platform W'Fh the difference, that students are geograph-
shown in Fig. 8 can be invoked. The directory service windolf@!y dispersed. Fig. 9 shows the GUIs of professor and stu-

lists ongoing and announced sessions and allows, among offigit: The application can be in the stafiedal andtalk. In the
things, to join or create sessions. state global, the professor has a video window for every student,

and can himself be seen and heard by all students. In the talk



state, the professor talks to a single student, but audio and video
of both professor and student are distributed to all other students
so that everybody can follow their discussion. The student can
also share an X11 application to show his work. The roles,
bridges and bridge sets defined for this scenario resemble th
ones described in the example scenario of Section V. The tele-
tutoring application is still a simple application, but it already E3
has much more connection structure dynamics than the tele- __><__
meeting scenario.

Site Eurécom

eATM Pilot Network
(CC PARIS)

34Mbit/s

VII. THE BETEUSNETWORK

CC = cross-connect

A global view of the Beteus network was already shown in
Fig. 1. Fig. 10 provides additional information on the local site
configuration used during the tests. Every project partner hasFig. 10.  Site configuration at Eurécom.
ATM LAN on the basis of a Fore Systems ASX-200 switch [14

that connects via a 34Mbit/s E3 interface to the ATM pilot neEupport any form of multicasting. At the beginning there was

wor:: an(_j via thOMbit/; T’?‘XI interfaczs to tchJZ_Sug Sparcl(ﬂ,'e hope that Fore Systems’ proprietary SPANS signalling
wo_lthstatlolnst at_ toget e_rd o(;m onfe ng er(]seiﬂ\'/?‘ I) is th could be tunnelled through the ATM pilot, and that then either
. € only service provided so far by t € pilot Is thg-q, Systems’ native ATM multicast or its implementation of IP

interconnection of bidirectional permanent virtual paths (Pvprhulticast could be used. This did not work because the then

or semi-permanent virtual paths (SPVP). The PVP serviggy o ForeThought 3.0 switch software did not support more

offers connectivity over a longer period of time, whereas SPV{ﬁ?n one signalling channel at a given network interface port.

requ?res oc_casional or periodi_c reservation. Beteug was mosighl -e 4 Beteus ATM switch accessed the ATM pilot via a single
the time using the SPVP service and had connectivity on Tugs; port it was not possible to establish signalling tunnels with

day mornings from 8:00 to 12:00. more than one remote site, which is, there was no way to estab-

The issue that came up after the interconnection problem Yi&h a fully meshed network of signalling channels between the
solved was the topology of the Beteus SPVP overlay netwo steus switches

Two extreme proposals were full interconnection and Se”aIATM-based multicast itself turned out to be hard if not

alignment. It was possible to arrange the project partner LA possible to achieve. The ASX-200 switch does not allow an

in a chain starting at Eurécom a_nd going over_CERN, EPFL a oming cell stream to be duplicated into two streams that

ETHZ to the TUB in Berlin. While such a conflgurauon_woul ave through the same output port, as was required by Beteus.

have had a minimal number of PVPs on the ATM p|Iot_ aN%his is a natural restriction if one considers that output ports of

therefore a cost advantage as compared to ofch_er SO!Ut'onSSV\}hches are usually connected to input ports of other switches

would have forced every project partner to participate in eve% to host interfaces. In both cases there is no need to send one
8

test ar_wd it wou_ld have mac_ie a possib_le poinF of_failure_out Il stream twice over the same link. A solution proposed by
every intermediate ATM switch on the line, which is why it wa ore Systems was to let the switch multicast an incoming

declined. The topology that was finally adopted was the fully o, 16 55 many switch output ports as there are final destina-

meshed network where a given project partner has PVP CONNEGis, and loop the streams back into the switch and then finally

tions to every other one. . . ._out via the E3 interface. This proposal was not further pursued
Another issue was the dimensioning of the PVP connectio cause such a solution would have monopolized the Beteus
The calculation of the maximum bandwidth for a PVP is bas(nS itches of which some where used in parallel for other

on the following assumptions about the traffic originating frorBrojects
a Beteus site: '

The only solution that remained after the ATM-based multi-

« one low quality video stream (12fps): < 1 Mbit/s cast alternative was discarded was multicast on application
« one high quality video stream (25fps): < 2 Mbit/s level. One possibility for this was to have one central multicast

* one audio stream: 64 kbit/s or 256 kbit/s daemon running on one site, with each of the other sites having
« control and application sharing: negligible a point-to-point connection to the daemon machine. Such a con-

uration is similar to the multipoint control units found in N-
DN conferencing systems. Another possibility was to distrib-
ute the multicast functionality onto all sites and have one multi-
A. Multicast cast daemon per site. None of the two solutions was adopted
because it was thought to be awkward to have delay sensitive
The most important problem to be solved was multicast. dfedia streams pass four times through the UNIX user space.
was clear that multicasting had to be done within the local nathe solution that was finally implemented was source-based
works of the project partners given that the ATM pilot does netream duplication whereby audio and video senders transmit

It was decided to reserve a maximum bandwidth of 3 Mbit;l%q
for every PVP.



streams to more than one destination. While this multicastaluate and improve the tele-meeting and tele-tutoring applica-
scheme missed any elegance, it seemed to be the best of all pos-scenarios, as it was foreseen at the beginning. The two sce-
sible compromises. It might appear to be a drawback of sourcerios were demonstrated to the European Union as they were
based stream duplication that it sends identical streams over dhiginally conceived, i.e., without having traversed a cycle of
same network link, but note that this would have been equatiyadual improvements as it is supported by the platform API. It
the case in an ATM-based solution. A real drawback of souras-therefore also the audiovisual transmission that received most
based stream duplication is the extra load it puts on the souodghe feedback during the network trials, and not the platform
machine, but this did not really matter in the case of Beteitself.
where media streams were sent to a very limited number of des-
tinations. The platform architecture takes such performance VIII. RELATED WORK
issues into account and allows machines that are dedicated t(lz -

he Beteus platform features an API for multipoint telecon-

audio and video transmission. Stream duplication avoids addi- such AP first found in the Touring Machi
tional processes and thus additional points of failure, and grences. uch an was Tirst found in the 1ouring Viachine

terms of end-to-end delay it is almost as optimal as ATM-bas gveloped at Bellcore [17]. The Touring Machine API reflects
multicast the limitations of the underlying analog network, and does not

As a consequence of the chosen multicast scheme and $ﬁ8r high-level abstractions comparable to those of Beteus.

lack of signalling, Beteus hosts needed to be interconnected v,?a{s dis fﬁ;ﬁ"ylgue_r?r tgetAPI (%T th‘? LAI\I/TESh_pIatfor(rjnL(f&/(éIé
a fully meshed network of permanent virtual circuits (PVC) o ped a [18]. e beteus, founng Machine an
which the endpoints were mapped to IP addresses. This m gs are complete in that they offer both session and connec-

the ATM network pilot transparent to the Beteus platform th:%lpn management funct|or_1al|ty_. More recently, object—orlen_ted
runs on top of IP. rameworks for multimedia middleware have been described

that concentrate on connection and configuration management
B. Platform Deployment and that are much more flexible than monolithic APIs. One

example for this is the Medusa platform developed at Olivetti

A never ending source of problems was the administration @f9]. Another example is the multimedia system services (MSS)

the Beteus overlay network. Every project partner had to marifchitecture of the Interactive Media Association (IMA) [20]. A
ally configure four PVPs, sixteen permanent virtual channeigatform similar in spirit to IMA, but with a complete session
and sixteen IP/ATM address mappings for a trial. At many sitegamework, is currently being developed at Eurécom [21].
Beteus interfered with other projects that used the same equifigh-level APIs like the one of Beteus can be implemented as
ment and that had their own configuration. It often happengsbikits on top of a lower-level multimedia middleware.
that machines were not available for the tests, or were replaceg\nother important point about the Beteus platform is that it is
at short notice by others, for instance because of hardware faisigned to be deployed on a high-speed WAN with multipoint
ures. The general configuration file that was used by the projgginmunication support. It may be compared with standalone
partners was therefore often not up-to-date, or if it was it coudghplications like ISABEL [22] or JVTOS [23] that were also
happen that switches or interfaces were badly configuregeployed on the European ATM pilot. What Beteus distin-
Another error-prone procedure was the reservation of the ATflishes from these applications is that it allows more complex
pilot connections that had to be done for every irregular evegbnnection structures, and that it allows dynamic changes to the
During the project we gained some experience in detecting agshnection structure. Most teleconferencing applications,
solving connectivity problems, and made extensive use of ngicluding those found on the Internet MBone [24], establish

work management tools to this purpose. static connection structures.
The performance of the network was excellent. The round
trip time measured between Eurécom in France and the Swiss IX. CONCLUSION

sites was around 30ms. The Swiss sites among themselves mea-

sured round trip times of as low as 4ms [15]. A network man- The platform, as it is implemented now, supports conference-
agement platform tailored to Beteus was monitorin§y/® communication among a small number of sites with a
performance at levels from the ATM layer up to the video argjatic relationship to each other. Examples for such groups of

audio application processes. An example measurement for fH&S are

bit loss rate at ATM level is 3.03x£(/16], which indicates a universities with a common tele-teaching program
very reliable network. The quality of the network was directly e laboratories working on a common project

visible at the application level. Audio and video had low lossese administrative units of an international enterprise.
and low latency.

The platform is not designed for ad-hoc communication on a
The complete platform ran more often on the local test-bed

r’iiétwork with a large number of sites like the MBone. Such a

Efurecom tt_handorg the ATM p|_Iot. L w?s_tmostlygldue toAthgeployment is imaginable, but it would require a redesign of at
atorementioned time-consuming connectivity probiems. AS |8, the directory service and the group communication com-
result of this the main attention of the project shifted away frogiﬂanent

the applications to basic aud|0y|sual commumcatpn. Althou The main emphasis of the design of the Beteus platform is on
the platform was up and running, there was no time to really



the application. The platform exports an API that consideratii?] Internet Engineering Task Force,"RTP: A Transport Protocol for Real-
reduces the effort it takes to implement a multipoint tele-confer-  Time Applications, Internet-Draft, March 1995.

. . . . . . ] G. K. Wallace,"The JPEG Sitill Picture Compression Stand@athmuni-
encing application. The platform is also a runtime environment™ .~ "~ ACMApril 1991.

for such app"(_:ationS; it a”_OWS applications to run in parall@h] E. Biagionie, E. Copper, and R. Sansom,"Designing a Practical ATM
and offers a directory service that informs logged users about LAN", IEEE Network March 1993.
what is happening on the platform. [15] T. Walter, M. Brunner and D. Loisel,"The BETEUS Communication Plat-

The main emphasis of the field trials should also have been form”. Proceedings of the First International Distributed Conference IDC

P : : . '95, Madeira, November 1995.
on the applications, but this goal was not achieved. The exp?{g M. Besson, K. Traore and Ph. Dubois,"Control and Performance Monitor-

ence of Beteus is that the_broadbfand network needs to be MUChig of a Multimedia Platform over the ATM PiloProceedings of the
more transparent than it is now in order to support advanced First International Distributed Conference IDC '9Bladeira, November
multipoint applications. The configuration effort necessary to 1995. _ _ o

allow for connectivity on IP level in a network as small as tHé?] M. Arango etal.,"The Touring Machine Systel@mmunications of the
one of Beteus was perceived as a major obstacle. ACM. vol. 36, no. 1, pp.68-77, January 1993.

. . [18] IBM Lakes Team,"IBM Lakes: An Architecture for Collaborative Net-
The Beteus platform is now being deployed on France Tele- working", R. Morgan Publishing, Chislehurst, 1994.

com’s ATM WAN in Sophia-Antipolis that became operationato] s. wray, T. Glauert and A. Hopper,"The Medusa Applications Environ-
at the beginning of 1996. Work on it will continue in various ment",|[EEE Multimedia vol. 1, no. 4, Winter 1994.
directions. In a general move to shorten communication paff@ Interactive Multimedia Association,"Multimedia System ServicBdA

and to increase distribution within a site, we started to reimple— Recommended Practice Drafivailable via ftp://ima.org/pub/mss, 1995.

. 1] C. Blum and R. Molva,"A Software Platform for Distributed Multimedia
ment our platform on top of the Common Object Request BI’B- Applications", inProceedings of the 1st IEEE International Workshop on

ker Architecture (CORBA) [25]. A future version of the APl puttimedia Software Developme#erlin, March 1996.
will be defined in CORBA's interface definition language IDL. [22] J. Quemada et al.,"Tele-Education Experiences with the ISABEL Applica-
tion", in Proceedings of the First International Distributed Conference
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[23] Technical University of Berlin,"CIO JVTOS (Joint Viewing and Teleoper-
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