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Abstract—A communication platform is described that supports  the implementation process.
the fast implementation of netvorked multimedia applications While the situation is maybe not as drastic as it is depicted
with conference character and collaboration featues. The plat- gpoye, it is clear that the monolithic system approach to tele-
form exhibits the notion of a site as one of its main abstractions. A conferencing application delopment will gie way to a plat-
site is a cqllection of wrkstations_, media input and output_de/ices form approach; neterked multimedia applications in general
that are, in terms of contol, tightly coupled. Connection and will be more and more implemented on top of programming

application control is centralized within one site, bt distributed . terf. that de dif t laels of trol f di
among different sites. The platbrm exports a programming inter- Interiaces that prade drfierent l&/els of control Tor media

face with high-level abstractions br session and connection con- acquisition, transmission and playout, for media storage and
trol, allowing application developers to concentrate on scenario Fetrieval, for connection control, session management, or sim-
and user interface design. The platfrm was implemented in the ply for whatever kuilding block is likely to be used by a iger
course of the Euppean Beteus (Boadband Exchange ér Trans- number of applications. Some of these irstees will be stan-
European Usage) poject. A tele-meeting and a tele-teaching appli- dardized, allwing applications desloped for one hardave
cation were developed on top of it. Platbrm components and appli-  architecture to be easily ported to other ones [1]. Authoring
cations wee tested on the Euopean ATM pilot network over a  tgols and application gelopment platforms will further ease
period of nine mont_hs. _The paper first describes plaﬁrm architec- design and implementation of nettked multimedia applica-
::trice;:r;? pﬁ?fﬁnr:,mgﬂﬂ 'Zterﬂigﬁgﬁéh?fﬁiﬁbﬁgtE%gﬂ'ﬁ?fﬁg tions [2][3]. An application deslopment platform is especially
h P P NN Py necessary in the case where an application is tofeeedfas a
arsh ervironment of a trans-national boadband pilot network. o . i
service in a lager public or prate network. Much of the com-

plexity there stems from the necessity to grae the applica-
tion into the netwrk infrastructure and to makt interwork or
coexist with other services. The widopment platform emulates
the runtime platform and is service creatiowiemnment and

Todays collaboratie teleconferencing systems are usualltest-bed at the same time. Such platforms>dst éor the cre-
implemented as stand-alone applications withdiinteraction ation of interactie retrieal services on residential cable net-
and communication scenarios. Vhestablish a static audio andworks [4]. As the customer access link becomes symmetric,
video connection structure among the conference participatiiere will be a demand for multi-point and multi-user services
and emply a specific tool for collaboration. The soéixe like tele-conferences, Viag life-cycles maybe just as short as
architecture of such systems is often highly kifiee; since itis those of retrieal services. Deelopment platforms for multi-
designed with the requirements of a single application in minder services will hee to deal with dynamic connection struc-
it does not automatically support the reuse of its componetises and with multiple user intades, just to name twsources
within other application scenarios. This means that there iofiadded compbety.
new software design and implementation process each time arhe platform approach may also be of @ubage in areas
new application needs to beddoped, with code reuse being abther than service pvision. The particular problem we were
the library level or lower. faced with vas to deelop a set of applications for the European

The success of a tele-conferencing application depends tBeteus (Broadband Exchange forais-European Usage)
high dgyree on its ability to makdistances shrink and to bringproject [5]. The project definition of Beteus focussed on the net-
people together in their dailyosk. It is impossible to deelop a work communication aspects rather than the applications. The
successful tele-conferencing application withouvifg user only requirements on the applications were that one of them be
feedback at all stages of system gnaion. Rapid prototyping a tele-teaching application, and thatytmeale the best use of
is a must, and the design of an application needs ®itd&i the high bandwidthailable on the &AM network that inter-
account that important application scenario changes, egpnnects the project partners in France (Eurécom in Sophia-
changes in connection structures, may occuratiare during Antipolis), Switzerland (Cern in Gewe, Epfl in Lausanne,
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Ethz in zZilrich) and German(Tub Berlin). Wo applications Trans-European Links) tele-teaching project in whiclo o
were \aguely ewmisaged, a tele-meeting application for informathe Beteus partners, Eurécom and Epfl, weraged) [8]. Betel
group meetings, and a distuted classroom application thatimplemented a tele-tutoring application scenario: a professor in
would allov to give a lecture at one site to a virtual classroorhausanne supervises the laboratoxgreises of students in a
that is the combination of classrooms at the Beteus sites, inclathssroom at Eurécom in Sophia-Antipolis. Both professors and
ing the local one. Since thereagvno clear vision for the appli- students hae personal wrkstations that are equipped with
cations at the lggnning of the project, it as decided tolld an  microphone, spea&k camera and anxtrnal video screen.
application platform rather than stand-alone applications fdihere is additional equipment on classroonelea lage screen
everyone of the ensaged application scenarios. The platfornin front of the student arkplaces, a camera thateslooks the
would constitute the highest common denominator between ttlassroom, a speakand a microphone. A typical session starts
ervisaged application scenarios anduld allov to implement with the professor ging an introduction into the laboratory
and to incrementally impx@ an application scenario with sig-exercise. He is visible and audible at classroovelland wer-
nificantly reduced ébrt as compared to an approach based dooks the whole class. The students then starbti with some
stand-alone prototypes. software, in this case an intelligent netk simulatoy and the
The Beteus platform and the initial application scenarigzofessor will vait for questions to come up, or go from student
were designed and deoped in the period from August 1994 toto student. A student who has a question will push the question
April 1995 [6]. In May 1995, the Beteus field trials started obutton in the user inteste and it for the professor to connect
the European M pilot network. Two application scenarios to him. The professor in turn will see the question on his inter-
were successfully demonstrated to a commission of the Euface and push the answaerttion, which maks him visible and
pean Union in July [7]. The field trials continued until theaudible at the studest’personal wrkplace. The student may
beginning of December 1995, with the second majeené then share the simulator application with the professmd the
being the aganization of a distribted conference Nember 16 professor can guide the student remotely to the solution of his
and 17 between a main site in Madeira and attached sitegpioblem.
Madrid, Brussels and Sophia-Antipolis. In Betel, Epfl and Eurécom were connected with a 34 Mbit/s
The ease with which the twapplication scenarios could beATM link via a cross-connect inybn. ATM was not directly
implemented justifies thexwa efort that went into the delop-  visible to applications; a Betel end-statiomsyconnected via
ment of the platform. The scope of the platform is wejidoel FDDI to a routerwhich in turn connected via HSSI to the net-
the project for which it ws deeloped; it is a aluable long-term work adapter that encapsulated IP pskin SMDS paakts
investment around which maiof our research agities can be before transmitting them via AAL 3/4. At Eurécom, audio and
centered. The deplment of the platform on arnxperimental video of the professor were distniied with an analog switch.
trans-national AM network turned out to be an importanyjtb People that attended the demonstrations wergy \much
not alvays easygerience. impressed by the dynamic connection structure changes in the
The paper is roughly dided into an architecture part and arclassroom, i.e., by the ease with which the professortual
experience part. The first part start§ with a section about the presence mad from classroom el to particular students and
design issues and constraints that underlie our main architback. The analog switchas hiding thedct that there as at no
tural decisions (Section 1). It thervgs an introduction into the point more than one digital audio and video stream in one direc-
Beteus application model and a complete description of pldien between Lausanne and Sophia-Antipolis.
form architecture and components (Section Il), feéd by a Beteus should wild on the &perience gined with Betel. It
summary of the main session and connection related abstrsieeuld impree Betel in arious respects and pide
tions (Section 1ll). Based on this, the application programming
interface is presented. Arxtended gample demonstrates its
main features as well as the applicationad@ment methodol-
ogy (Section V). The lggnning of the second part of the paper
is marled by a section discussing implementation details of In addition to that, Beteusas to be empieed for at least one
platform and applications (Section VI). The Beteus nelw €vent involving real users, as opposed to the theatrical demon-
configuration is described, with the main emphasis enrhal- ~ stration of Betel. One proposition for thissito oganize a dis-
ticast is proided to applications (Section VII). Theperience tributed summer school foubiness students where the Beteus
gained with the deploment of platform and applications as parlatform would be used for formal lectures, panels, group pre-
of the network trials is summarized, and a noxhaustve Sentations, bsiness gmes and informal meetings. Iag/clear
description of problems encountered during the testsviangi that for such anvent to be successful the platfornowid need
(Section VIII). A final conclusion presents some ideas for tH@ have a dgree of maturity that alles non-skilled users to be
directions into which the Beteus platform can beettgped in €t alone with it.
the future.

« true digital multi-point communication
« group collaboration on documents/saiter
* a minimum of tvo application scenarios

A. Application Scenarios

II. OBJECTIVES AND DESIGNISSUES A key aspect of Beteus is that the project partners were to be

Beteus is a folla-up to the Betel (Broadband Exchangern interconnected via a broadband netkv The Beteus applica-



tions are supposed to demonstrate the high quality of humaithin different classrooms could communicate with each other
communication and interaction that can be agdevhen band- and the professor in aay similar to a panel discussion. The
width is not a limiting &ctor The people that are broughttwo scenarios digér fundamentally from each other in that the
together by a Beteus application shall communicate and interfiuctt one assumes a single user terminal as standard endpoint
as freely as if thewere sitting together around a table in a corequipment, whereas the second uses a collectionod{sta-
ference room [9]. This is only possible if the quality of théions and media input and outputvites to assemble a class-
audiovisual communication and of the collaboration tools immom. None of the scenariosaw clearly specified at the
such that geographically dispersed users are perteis being beginning of the project. It as assumed that the application
present at\ery implicated location. In addition to that, a usescenarios wuld evolve in the course of the project as tests are
must hae the impression that he is seen and heard; he mpstformed and>gerience is gined. Since the requirements of
trust the system to really cogy his image and speech to othethe taget virtual community were onlyaguely knavn it was
users. not even clear if both of the scenarioowd be retained, or if

High video quality requires: other ones were to be added.

These considerations led to the decision to implement a real
conferencing platform rather than stand-alone systems for
everyone of the ansaged application scenarios. The conferenc-
ing platform should dér a high-leel programming inteefce
with which the efort to implement an application scenario

* high frame rate

* high resolution

* low playout jitter

* low end-to-end delay

* low losses . . L .
could be lept at a minimum, with this minimum being not much
Accordingly, high audio quality is achied with: more than the &rt to implement the graphical user integé.
« large pass-band It was also decided touid a light-weight directory service
« low end-to-end delay into the platform that wuld provide a run-time frameork for
« low noise the application scenarios. Usersuld formally log into the
« low echo platform; once logged tlyecould consult the directory service
* no losses to see who is there, and then start or join applications or just

. . . , remain passe.
For optimum communication, audio and video should be syn- p; 4 |ater stage of the project it turned out that tHieiaf

chronized on playout, i.e., the end-to-end delay of an audio 89 of the project muld be a distribted conference, and not

a video stream originating at the same location should be ideRtis summer school. The decisiorasvtalen to postpone the
cal at agy playout location.

e ] ) ] implementation of the distrited classroom scenario and to
For the Beteus application scenarios the notion waifrtaial

! ! . ' . implement instead of that a third scenario, the tele-tutoring sce-
community was retained. A virtual community can be descrlbeﬁlario, which is a replication of the Betel application on the

as a group of people that interact for some common purP@§igeys platform. The practical consideration behind this deci-
over a longer period of time by means of one or moreow®d o yas that the tele-tutoring scenario could be demonstrated

applications. The terroommunity implies that the members of j, ihe testbed without grchanges to the hardwe configura-
the communicating group either alreadyéa certain relation-

ship with each otheror that such a relationship isvadoped

through the multiple use of the communication platform. Ap. Collaboration

example for a virtual community is the aforementioned group of o )

business students that use the platform for preparation and pré2ne of the objectes of Beteus @s to intgrate a collabora-

use the platform to discuss technical issues or ganze Petween an application kka shared white-board that has inte-

events. grated multi-user support, or a shared windystem that repli-

It was foreseen that some of the application scenaogdw Cates the user intee of a single-user application. The latter
be used by more than one virtual commynithereas others Was chosen pecause it al®to use a wide range of appllgatlons
would need to be tailored to a specific virtual communifigh for collaboration, and then also because one of the project part-
a possible summer schooleat in mind, tvo application sce- Ners had already deloped such a system [10].
narios were erisioned at the lggnning, a tele-meeting scenario
and a distribted classroom scenario. The tele-meeting scenaﬁ:o
is supposed to be a rather informal meetingrenment where At the beinning of the project it @s not clear he exactly
people could come together to talk and possibly collaborate @@ project partnersauld be interconnected with each otHer
some document. The distuted classroom scenario shouldyas assumed that the majority of the project partnensidv
combine classrooms at fiifent sites to a single virtual class-have access to the EuropealiM pilot network, kut at least in
room. A professor could g a lecture in one classroom inthe case of Eurécom it loe# a long time as if the accessuid
which remote classroomsowld participate. Esry classroom pe SMDS as in Betel. It @ a clear objest# to hae ATM

would be equipped with multiple screens thatvetedl other access for all project partners since such an accasssup-
classrooms and possibly the slides of the professat people

Network



posed to be moreforable for multipoint communication. Network

vt

D. Basic Software Architecture e
X11 Protocol —
An important design issueas the control architecture of the
platform. In terms of control, the platform could be completely X-Terminal Video Screen Network

centralized or completely distrited. The centralized solution
was declined, first because thereuld be a single point o&fi-
ure, then because of performance and scalability considerations.
But it was felt that control should be centralized within the net-
work of a project partnefhis is because itas assumed that an
application endpoint will not be a single multimediarista-
tion, kut rather a logical unit that is assembled from a collectio

vt

Host B
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Network

PersCamera ¢ T

of resources including evkstations, multiple screens, cameras, (((’ g HostA
spealers and microphones, digital and analog switches. Some ‘ PersSpeaker
of this equipment, especiallyorkstations and analog switches, PersMicrophone

would be shared by marogical application endpoints, making
it necessary to @ some central connection managemerFig. 1. Node mapping example
entity. The scope of this central connection management enti

is limited to the local netork, with the &act composition of an 4sion to denominate connection endpoints. The site configura-
application endpoint being hidden to the outside. The establigfys, ije contains for eery node a list of endpoint entries, with
ment of a connection between the rerke of tvo project part- o0k entry containing a logical name and its mapping onto a
ners must therefore unlve some communication between the,n qjca| address. This configuration information is used by the
respectie connection management entities. The resulting coggnnaction management for the establishment of audio and
trol architecture is thus semi-distuled: control is centralized video connections. Logical diee names are in general applica-
on the leel of a local netark, but distributed on the leel of the 5y gpecific; thg describe the contein which a deice like a
interconnection netork. _ , o camera or a microphone is used within a specific application,
A combination of equipment is found in the distited-class- 5 the can be aswotic or unique as the application itself. The
room scenario, Ut it is a]so interesting for the reahzqnon of per1ogical device names shvan in Fig. 1 are likly to be emplped
sonal vorkplaces lile in the tele-meeting scenario where g'rqre than one application, simply because the node configu-
single vorkstation processing multiple audio and video streamg;io, jtself is quite commonoillustrate the concept of logical
may easily run into performance problems. device names, we could add to this node a camera that captures
the viev from a laboratory winde, and call itMndowCamera.
During the Beteus project, windoviews were sometimes

This section describes the platform architecture. It introduciignsmitted when the laboratory personal took a break.
the main abstractions and an application model and discusses .
the main hilding blocks of the platform from a functional point B." Application Model
of view. The description of implementation details is left to @ The Beteus application model introduces the abstractions of a
later section. session, asession vertex and asession application. A session is
the abstraction for one instance of a disti#al application that
A. Sitesand Nodes runs on top of the platform. A session comprises, from a logical

For the total amount of tightly coupled equipment within th&0int of view, a set of nodes as session members. From a com-
network of a project partner the abstraction ofit® is intro- putational point of vie, a session consists of a set of session
duced. The abstraction ohade s introduced as the application€ndpoints, called sessioertices, which are processes that run
dependent mapping of equipment onto a logical applicatiéi the session nodes. The ensemble of sessitinas within a
endpoint. Connection and session control within a site is p&€Ssion constitutes the session application. In thenfioigp we
formed by a central entity that kwe about the application spe-Will use the term session application interchangeably with
cific node mapping from a configuration file. Fig. 1whoa @application or application scenario. If wemt to refer to a pro-
possible node mapping for the personafrkplace. The node C€SS running at a node within the framoek of a session appli-
shawvn uses dferent vorkstations for audio and video processcation, we will eplicitly refer to it as sessiorevtex.
ing and for the actual application process. The user auerdf ~ Participants are humans or groups of humans thgister
the application is displayed on a terminal rather thaorksta- their name and node with the platform. Onagistered the can
tion screen. Vdeo is displayed separately from the user inteRarticipate in sessionsoFevery session in which tigepartici-
face on a second screen. The media input and outpicedén  Pate there will be a sessiorrtex running at their node. Note
Fig. 1 hae the logical name®ersMicrophone, PersSpeaker,  that it is the sessionevtex rather than the person that is the
PersCamera andPersScreen. Such names are used by the appli@ctual session participant; the human participant appears as an

I1l. PLATFORM ARCHITECTURE



SITEC on the contrary are daemons that are foundveryenachine on
the site netwrk that may be source or sink of audio or video
connections or that may run application-sharing saféw

SITEA

Node A2
Sv3

D. Ste Management

The site manager fefrs the platform services to the session
vertices that run on top of it. Platform services are

Site Control C

Group Communication

Site Control A

Group Communication

* session management

* connection management
(R RN N R AR N RN RN RN RN RN} Ld endpo'nt Control

« application sharing

* messaging service

« directory service

Site Control B

Some of the services fefed by the platform will only be
used by the control panel, and others only by the sessitin v
[oaeEs) /s ces, although there is theoretically no such limitation.

Participants rgister with the platform via the control panel.
The site managemeneé&ps a list of all gastered participants
and of all ongoing sessionsarfcipants can createwesessions
Fig. 2.  Application model. or join ongoing sessions. When a patrticipant creates or joins a
session the control panel forks the sessiertex that corre-
sponds to the session application. In case the session is created,
the forled sessionartex will automatically become thgession
er. The session master has certain rights with respect to the
ession that other sessiocertices do not hee. This includes for
instance the right to delete nodes from a session, or to kill the
session. The session master is also the coordination center for
the distrituted application; it is the session master who config-
ures the session at thegirning and who initiates connection

attribute or name tag of the sessiartex.

Fig. 2 shavs three sites with each of thenvimg three nodes
defined in its site configuration file. An application is indicate
that spans all three sites, with three nodes beiraivied at site
A, one at site B, and twvat site C. Indct, there is no limitation
on the location of the nodes that form a sessioly, ¢he be all
within a single site, or all within dérent sites. It is therefore

also completely hidden to the sessigrt on a node if the structure changes later on. Other sessenmices communicate

session in which it participates spans remote sites or if i'[\Aﬁth the session master via the messaging services of the plat-
local. Sessionertices alvays interact with their local site CON-¢orm. Most of what the session master does will be in direct

.trol, bl,Jt the processing of ah§ehs§|0e‘rr11\e( reques;mmay trigger response to a message reedifrom another sessiomrnex, or
Intersite communication, which is the case whameconnec- input from the local user intade. The session master role

thﬂS. negd to be es'tab.hshed .|n-b.etwee_n sites. The 9roup CQIl; he transferred to another sessierter, which is especially
munication module indicated in Fig. 2 pides the messaging
services required for intesite communication.

C. SteArchitecture User Interface| | User Interface
- . . . Applicati
The three principle layers of the site architecture are depicted ppiication Control Panel || Session Vertex
in Fig. 3. The top layer is an application layer containing a

generic control panel and application processes - the session
vertices. In the middle there is the site control layer which com-
prises the site managehe connection manager and the station
agents. The site manager implements the functionaligreaf
at the high leel interface tovards the applications, whereas the
connection manager performsygical connection establish-
ment in collaboration with the station agents. The communica-
tion layer finally contains the audio, video and application-
sharing softwre as well as the group communication entity that
supports thexehange of control messages between site manag-
ers and between connection managers.

The shaded architecture components in Fig. 3, i.e., the site
managerthe connection manager and the group communicatifig. 3.  Site Architecture.
entity, havze only one instantiation within a site. Station agent

Station Agent

Communication{Audio || Video ||Share




necessary when the participant that is behind the session masiterand an update message to the other sites in the session. The

wants to lege the session. Note that the session master fumrocedure for ledang session ertices is similarMore compli-

tionality is not necessarily visible at the user irgteef of the cated is the transfer of the master role from one site to another

respectie sessionertex - this is an application design choice. The site manager of the actual session master first sends a mes-

sage containing the session state to themaster and enters a

E. Connection Management state where it waits for the ne& master to announce himself to

d the session members as thevreession masteOnce this has
happened it forards messages for the session master that it

control comprises connect and disconnect requests and is o eved in the meantime to the wanaster Some additional

performed by the connection control of the session master; efffLe has to be tak to &oid race condmons_and deadlock;. .
point control stands for the setting ofvite parameters lik Connection managers need to communicate to establish inter

audio wlume and video saturation. The connection managls-)'lle connections. As for mp connection endpoints are estab-

maps in a first step the logical endpoint names in the site marned sequentéally with r?ntllc')t?] proctedure catlls: tr:je connection
ager requests to phical addresses. Endpoint control reques@"’l‘(nag?rd Sen f an estha 'S m(in reques;. andvescein h
are then fonarded to the concerned audio or video process@sc. haviedgment once he remote connection manager has

Connect requests result in immediate connection establishmgﬁﬁ]b“Shed the.en(tj.pomt. . ts raised by the sit
if all of the connection endpoints are local. If an endpoint is € communication requirements raised by the site manager

remote, the connection manager of the session master asksR tgle lslorlltpectlol:r’l Tan?ggzwire ﬁpngsllg addrefs?ﬁ byl_the
remote connection manager to establish the respestidpoint. eliable Multicast Protocol ( ) [11]. supports the refi-

Sink endpoints are established before source endpoints. In ﬂ%e delvery of messages to all membefs of a group witle et
case of unicast connections, the request for the creation of _I.e/els Of. SErvice ranging from unrehable. deliy to totally
sink endpoint returns an Internet Protocol (IP) sink address tﬁg§'|'ent delvery. It runs eficiently on IP-multicast, ut a”.ONS

is given to a source endpoint asgetr address. In the case ofdroup members that are not multicast capable. RM® mte-

multicast connections, it is the connection manager that assi%ﬁ ted mdtof th? Beteléftﬁlat:otrrﬂ at adlate(; s(,jtage, th |chy§:w h
an IP multicast address and port number to source and sink € panced features, € totally ordered desry of packts,

points were not gploited. The Beteus sites form one group, and mes-
The site manager requests only point-to-point connectioﬁ%gefwsem to more tthtan one s||te z_atre actlgélzedgltihtoRiﬂeg

from the connection managebut every connect request is site. Viessages sent 1o a singie site are/ with ¥

accompanied by a hint as to whether the resgectnnection remote procedure call mechanism. This mechanism is also used

is part of a multipoint connection structure, in which case tﬁgr connection manager requests.

connection manager may use IP multicasvéilable.

The connection manager reges connection control an
endpoint control requests from the site mana@emnection

G. Evaluation

F. Inter-Ste Communication The platform, as it is implementedwasupports conference-
Lfﬁ}{le communication among a small number of sites with some
sort of static relationship to each oth&xamples for such
FQUPS of sites are

Both the site manager and the connection manager comm
cate with remote peer entities, as is indicated in Fig. 3.

Site managers need to communicate as part of the directd
service, the messaging service and the session management semuniversities with a common tele-teaching program
vice. The communication between site managers is asynchroe laboratories wrking on a common project
nous and consists of the reliable transfer of a message from oneadministratie units of an international enterprise.
site manager to one or more other site managers. As part of th
directory service, a site continuously broadcasts to all othﬁ
'sit'es a list of Iogggd parFicipants and a list of sessiong ,Of WhiP uire a redesign of the directory service and the group com-
it is the master site. This broadcast is also used velifess -

o . : : .munication component.
detection; if a site manager times out on the directory service
broadcast of a remote site it will delete this site from all ses-
sions of which it is the masteand it will locally terminate all
sessions of which the missing site is session masber mes- This section presents the abstractions that are used at the
saging service of the site manager \aosession ertices to application programming intexte to describe connections and
send messages to one or more other sessdicas. This connection structures. Connection types are audio, video and
requires the reliable debry of a message from one site manapplication-sharing.
ager to a limited set of remote site managers. The session man-
agement service deals with session membership. A she Roles
indicates a ng session grtex with a join message to the site
management of the session mask&e session master returns &y
message containing the session membership list to the join|8

The platform is not designed for ad-hoc communication on a
twork with a lage number of sites. Such a dgptent wuld

IV. MAJORCONNECTIONABSTRACTIONS

An application scenario is implemented within a single-e
table. The sessioreftices of an application are therefore
Hntical in terms of codeubthey behae according to dynam-



ically taken or assignedoles. The already introduced master

role and a generghrticipant role are the only roles whiclxist Aoolicat W cu | LUser Interface
. . . . ntre n Session Vert:
by defult - all other roles are defined by the application itself. N e e
An application may define as mamoles as it wishes to, and
. . . . RPC Event RPC Event
session grtices may also hold multiple roles at the same time. B4 il il 4 i I AP

A session ertex will adapt the user inteate that it produces Site - Tcl Interprefer
towards the human user to the role or roles that &saRoles Control —
fall into two catgories:static roles andransient roles. A static
role determines the main befiar of the sessionertex and is
usually not transferred to another sessierter. Examples for
such roles wuld be the professor role and the student role in tt
Betel tele-tutoring scenario. rdhsient roles are created,€very stream in the case of an eqént video bridge.
assigned and deleted as needed; thedel whateer ephemeral ~ The bridge abstraction can also be applied to X11 application
position a sessionevtex may hae with respect to other mem-sharing. The majority of shared windesystems intercept the
bers of the session. Axample for this wuld be the role of a traffic between an X11 client application and sgrwhich
momentary speak in a panel discussion. The application prcallows them to replicate the user interé of the application at
gramming interéce itself does not dérentiate between static various displays by duplicating the clienttiraving requests
and transient roles. This is more a concept that the applicatiyyards the connected serg and by combiningvents &olv-
designer needs to vain mind when analyzing an applicationing from these seers into one \eent stream twards the client
scenario. [10]. A bridge models the group of endpoints on which the user
Applications bind connection endpoints to roles and let ttigterface of an application is replicated, with the client applica-
site infrastructure do the mapping of theegi role to a session tion as source endpoint and the remote displays as sink end-
vertex. All roles, including the master role, can be reassigned B@ints. The connection structure it creates is a combination of
other sessionertices. This allws an application to specify the point-to-multipoint (draving requests) and multipoint-to-point
audio, video and application sharing connection structures ofggents).
on session start-up; later on it will transfer roles in-between ses-
sion \ertices when it ants to change the connection structur&>- Bridge Sets

A typical example for this wuld be the speak role mentioned A nymper of bridges, typically an audio and a related video
abo/g at the root of an audio gnd a video mulncast connectiqiligge, can be assembled to fornbridge set. An application
The .|nfrastructure will automatlca!ly raltd this multicast CoN- configures the platform on session start-up with a description of
nection wheneer the speair role is passed from one sessiofhe prigge sets that it uses. During the session, only one bridge
vertex to another set can be actt at a time. If an application changes thevacti
B. Bridges bridge sejt, the infrastr.ucture' will tearydm ary connection of
: the old bridge set that is not included in thevroe, and estab-
The introduction of the role abstraction alreadyjites con- lish the connections that are missing.
siderable comfort for application widopment in that it alles The number of bridge sets an application defines corresponds
to group connection endpoints. In addition to this the platforta the number of fundamental application states which in turn
provides abstractions for connection structuresbriige is a  corresponds to dérent temporal phases a sessiorverses
single-medium connection structure among sessistices. A  during its lifetime. The programming intede does not directly
bridge can be a point-to-point connection, a point-to-multipoigt/Pport the notion of application statey pplication state is,
connection, a multipoint-to-multipoint connection, or a multilike static and transient roles, a concept that the application
point-to-point connection. The endpoints of a bridge avergi designer has to bevare of.
as role names; the cardinality of a role decides about the nature
of the bridge. Up to nme it was not necessary to introduce V. APPLICATION PROGRAMMING INTERFACE
another endpoint addressing scheme than the role-based on

The role-based addressing scheme might becomevard
when an application scenario emysoan &cessve number of synchron_oys remote prqcedure C"?‘”S .(RPC) and asynchronous
event natifications as is indicated in Fig. 4. The RPC package

point-to-point connections,ub no such scenario has been iden: S -
tified until now. chosen for the communication between sess@tioes and the

The concept of a medium bridge hides the underlying nest'-te manager is Tcl-DP [12], the distred programming pack-

N . age for Tcl/Tk [13]. Since simple applications will mainly deal
work from the application. The connection management reevith user interdice issues, it is possible to implement them com-
izes bridges with whater transport the netwk offers. It ' P b

. : letely in Tcl. More compbe applications will hae C or C++
knows the connection types and is thus able to handle medid, "~ " . . .
o o o o .code in addition to the Tcl/Tk user intack script; thewill use
specific endpoint issues. In a multipoint-to-multipoint audi

: L ) . . ) ﬂne C library of Tcl-DP to call site manager procedures or to
bridge it will automatically establish an audio mixat eery . : e

. S . register callback functions fowent notification.
sink node, whereas it will launch separate resrgdrocesses for

Fig. 4. Procedure calls and event notification at the platform interface.

?he application programming intade (API) is based on



The API procedure calls [14] are grouped into the Valhg
catayories:

* Registration: user rgistration and dergstration

« Endpoint handling: audio and video dece control

* Session directory: directory service related calls

* Session startup: session initialization and startup

* Session infor mation: corvenience calls

* Session control: session membership and lifetime control
* Bridge set handling: changing the aaté bridge set

* Messaging: communication among sessioertices

* Role handling: role assignment and rena

* Application sharing: X11 application sharing

The conwenience calls all session grtices to query the ses-
sion configuration. Sessiorerices do not maintain records
about actual role assignment, actual bridge set or session pa
ipants; thg retrieve this information from the site manager a
they need it.

The main gent notifications are

» Recelve: a message from another sessierex

« Join: there is a n@ session grtex in the session
* Left: a sessionertex left the session

« Kill: the session got killed or disrupted

» RoleAdd: a role is assigned to the sessiente&

* RoleD€l: a role is remeed from the sessiorevtex

API procedure call usage aneeat occurrence are illustrated
in Fig. 5. o session ertices A and B are shm; A creates a
session that is joined by B. This session is killed by A when

TABLE 1
THE API BRIDGE DEFINITION CALL

DefineBridge pid sid type ginfo gtime srcepname rslist sinkepname rrlist
pid Integer participant identifier
sid Integer session identifier
type Enum({1,2,3} 1=audio,2=video,3=sharedXapp
ginfo Integer information granularity [0..100]
gtime Integer time granularity [0..100]
srcepname String source endpoint name
rslist Integer list of source role identifiers
sinkepname String sink endpoint name
rrlist IntegerList list of sink role identifiers
returns: bid Integer bridge identifier

help people disa@r each othes actvities. The announcement
phase can be skipped by calligssionlinit right afterSession-
Announce. The Sessioninit call marks the kgnning of the ini-
tializing phase where the creator of the session configures the
site manager for the actual session application. Initialization
comprises role, bridge and bridge set definition. Roles Ia

be defined before bridges since role identifiers are necessary to
specify bridge endpoints.oF the same reason, bridges are
defined before bridge sets.ittWthe SessionStart call the ses-
sion enters the state ongoing where it can be joined by other
session egrtices. This call contains as parameter the initial
Bridge set identifierThe session creator becomes the first ses-

leaves agin. The lifetime of a session stretches from the poigion member and gets automatically the session master role
of time when it is announced to the point of time when it iassigned. If he tas additional roles he will assign them to him-

killed. The three principal states of the sessionaar®unced,

self withAddRole calls. The session master then hasad for

initializing andongoing. An announced session is a session thathers to join the session. As is indicated in Fig. 5, B finds out
is scheduled for a certain date and time in the futurabout As session via &essionOngoingQuery call. B joins the
Announced sessions are visible via the directory service agession with a call t8essionJoin, which is indicated to A with

a Join event notification. Connections other than those defined
for the general participant role are not established before the
session master A assigns a first role to B. The connection struc-
ture that is then established between A and B depends on their
respectie roles and the ag# bridge set. Thexample in Fig. 5



continues with a message transfer from B to A that prompts
to change the ae® bridge set. When B lees the session, the
site management tearsvdo all connections between A and B

TABLE 2
EXAMPLE BRIDGE DEFINITIONS

The session is formally finished withsAcall toSessionKill. No. | Medium | Source Roles Sink Roles
Tablel shavs as anxample for an API procedure call the | 1 |audio participant participant
parameter fields dbefineBridge. The first tvo parameter fields 2 audio professor,studentSpeaker | professor,studentSpeaker
identify participant and session. The type field marks the bric 3 audio studentSpeaker participant
as audio, video or shared application bridge. Information grar | 4 g professor e
larity is mterpr_etec_j as wineosize in Fhe case pf videoand a | 5 |yigeo A e
;amp_le enCOdmg in the case Of. audio. Slmljaﬂge granUIar_ 6 video professor,studentSpeaker | professor,studentSpeaker
ity is interpreted as frame rate in the case of video and san _ -
. . . R 7 video studentSpeaker participant
rate in the case of audio. Source and sink endpoint names de . horedx | studentSoeak .
. . . . . share studen eaker roressor
the logical deices that terminate the connections of the bridg ) P ) profes
The call allovs further to define a list of role identifiers for | 2 |sharedX | studentSpeaker participant

sources and one for sinks. The connection type is determine«

the cardinality of source and sink roles within the session: ~ Image and wice is distrinited to the professor and to the other

students. The professor finishes the course with some remarks,
with the application being agn in phase one. During the whole
session the professor has as the replacement of a classroom-
view an icon-sized video image withwdrame rate from\eery
student.

The roles that can be identified in this scenario are:

* N0 connection no sessionartex holds ag of the source
roles, or no sessiorertex holds agy of the sink roles.

* point-to-point connectiorn: one sessionartex holds one of
the source roles, and one sessiertex holds one of the
sink roles.

* point-to-multipoint connection: one sessionertex holds
one of the source roles, and multiple sessimntices hold
one of the sink roles.

» multipoint-to-multipoint connection : both source and sink
roles are held by multiple sessioertices.

» multipoint-to-point connection: only one sessionevtex
holds one of the sink roles, and multiple sessienices
hold one of the source roles.

* professor static professor role

* student static student role

* studentSpealer: visible students in phaseawthree, four
» master. held by the professor

* participant : professor and students

The transient role studentSpeaks assigned to the visited
student in phase tw to the presenting student of phase three,

The DefineBridge call returns an identifier that can conseand to the acting students in phase four
quently be used to include the bridge in one or more bridge setsThe bridges that need to be defined arevshia Table2. The
first audio bridge is the all-to-all audio of phase one and three.

Audio bridge 2 and video bridge 6 form a bidirectional audio

A le shall to illustrate h licati . sual connection for phasedwAudio bridge 3 and video bridge
h examplée shall See1o TUStrate hey application SCenarnos 7 ¢, e virtual stage of phase 4. The multipoint-to-point

are translated into role, bridge and bridge set definitions. Im%ﬁi'dge 5 represents the icon-sized classroom.vie

ine a distrilnted school with professors and students all geo- Four bridge sets are defined according to the four phases of
graphically dispersed. Professor¥éapplication scenarios for the application scenario:

all kinds of teaching purposes at hand, among them a scenario

that supports translationonk on stage-plays written in a for- * bridge set one audio bridge 1, video bridges 4+5

eign language. The scenario has four states or phases. In a firsbridge set two: audio bridge 2, video bridge 5+6, sharedX
phase, the professorvgs an introduction into the translation  bridge 8

assignment that @ preiously distrituted by E-mail. Students  © bridge set three audio bridget, video bridges 5+7,

A. Example Scenario

see and hear the professand thg hear each othemwhich
allows them to hear questions egkto the professor by fello
students. In a second phase, the students starbrto am the

sharedX bridge 9
* bridge set bur: audio bridge 3, video bridge 5+7

Connection control during the session consists of changing

translation of the stage-playhe professor goes from student tqyetyween bridge sets and assigning the transient role stu-
student and answers their questions. The editor of the CU”&@ﬁtSpeakr.

student is automatically shared with the profes§he profes-

sor may return to phase one if one of the questions is of general
interest. Once studentsueafinished the translation, phase three
begins where students present their results. The professor andihis section describes the implementation of the Beteus plat-
the presently presenting student are visible to all other studei®gn and of the applications thatueabeen deeloped so dr.

and to each othefThe editor of the student is automaticallyPlatform and applications run on Sunrkstations under SunOs
shared with all others, and audio iselilh phase one. In phase4.1.3 and are deloped in C++ and Tcl/Tk.

four, students takroles in the stage-play and recite them. Their

VI. IMPLEMENTATION



Beteus Control Panel 7
= Ereus Con L L= =| Beteus session directory EE
User Session Options Help ot Time__Phasa Priac 2 Nas
Audio Settings A/ Jul 03,95 | 18:29 Ongoing | Private | WP3
‘ A” ‘ ‘((ED)\)‘ ‘)\,J ‘ O . lD . :. Aug 03, 95 10:0011 Announced | Public | WP4 tests
Volume | ﬁ Description: BETEUS WF3 Tele- Meeting
Threshhold | = type: Tete
reshnoid | 25
50 Initiator: schaller
Gain EE Anthohized users: molva, dubois, schaller
Video Settings Actual users: schaller.nelke.eurecom |
@‘ @]‘ G’ . Join... | Create... | Delete | Rescan | Dismiss ﬁ
Brightness ! ;;
- = Fig. 7. Directory service window of the control panel user interface.
Contrast | -
127
Saturation | L = Beteus Tele Teaching EE
Professor View
Logged Users
[ schaller.nelke.eurecom State: | Global view
Classroom view Questions
Talk | Dismiss | Answer | Delete

Fig. 6. Control panel user interface. nelke.eurecom | | Answrer Next || Delete Al

— giorcelli lirio.eurecom

giorcelli.lirio.eurecom | jaunin.iris.eurecom

A. Audio and Video Transmission

Both audio and video areuitt on top of the User Datagram
Protocol (UDP) and the Internet Protocol (IP). One of the big- lerminate session
gest issues in Beteusaw hav to implement multipoint commu-
nication with audio and video. It turned out that the structure of
the Beteus netark is a hostile enronment for IP multicast,
which would be the natural choice for multipoint communica-

= Beteus Tele Teaching EE
Student’s View

Professor is: molva.astier.eurecom

tion. This is wly the audio and video components implement in Question : Ask | Delete question
addition to IP multicast simple sender based stream duplication. Messages: | Yourquestionis #2 in my list
The connection managers that control the establishment of con- 3 Leave |
nections wer the netwrk may emplg whicheser scheme is
; Fig. 8. The user interfaces for the tele-tutoring application (professor/stt
possible.
B. Audio The two audio encodings that are supported are 8kHz sampling
rate with 8bit resolution and 16kHz sampling rate with 16bit

The multipoint nature of the audio communication ek resolution
necessary to use some sort of combination of multiple incoming '
audio streams at the reaig side. This combination could be = \jgeg
done either by a stream selector or aeniXJsing a stream
selector requires silence detection at the sending side and soméideo transmission isuit around the XWeo board from
support for talkspurt transmission at sender and veceh Parallax. The compression of therBllax board follas the
stream selector chooses an\actudio stream from the set of JPEG standard for the compression of still images [16]. On con-
incoming streams for output wheme the talkspurt of the cur- nection setup, the video sender atoto specify a tget data
rently chosen stream is finished. A mixcould manage contin- rate that is consequently enforced by means of a control loop in
uous audio on all incoming streams as well as talks sputts, Which maximum and measured data rate are constantly com-
using talkspurt audiovaids the situation where there is a sunpared, with the JPEG compressioactbr being modified
of the background noise of multiple remote sites in theerisix according to the result of this comparison. Such a mechanism is
output signal. The audio component implements silence detétgarly necessary in cases where there are data rate restrictions
tion at the sending side with an adjustable threshallsevand is  per video stream and tfaf policing within the netwerk. The
built on top of the Real-time rainsport Protocol (RP) [15], Video recerer adapts automatically to the actual compression
which in turn uses UDP for transmission. The reiogi side factor as it also adapts to frame rate and winsiae. Care as
supports both stream selection and audio mixing. Both sendi@ken to hae a constant frame rate within the reeeiwindav
and receier generate asfity events that can be graphically dis-because the humaryee is etremely sensitie to frame rate
played on the user intexde. The sender indicateggbeand end irregularities. The benefit of this is that the subjectuality of
of talkspurt to the local usewhereas the reaar indicates the video component ieellent &en at frame rates aswoas
activity for each of the incoming streams on which it listendive frames/s; people tend twevestimate the frame rate when



asled for a guess. its X11 applications with the other participants. The chairman
interface allovs to transfer the chairman role to another partici-

D. Application Sharing pant, in which case this participant gets his iaisgfechanged

igor a chairman intedce. Wthin the tele-meeting scenario, con-

The application sharing component of the platform ) .
Xwedge from project partner ETH Zirich. Xwedge is a distrigh€ction management gets getionly when a presenter shares
.an application, or when participants join ondedhe session, in

uted shared windwo system that has agents running at all impli=" " X : ’ ;
cated client and seev sites. X11 clients connect to the Iocawh'ch case their connection endpoints are added or 0

Xwedge agent which in turn communicates via than$mis- automatically from the audio and video bridges.

sion Control Protocol (TCP) with remote agents and the Iocgll—he tellet—ftutorm_giha;ﬁplZ:;tlon 'Stﬁ trezm;lof tBeteI on the h
X11 senrer. The Beteus API &drs three calls for application eteus platiorm wi € derence, that students are geograpn-

sharing control: a sessioenex can get a list of sharable appli—Ically dispersed. Fig. 8 s the user intesces of professor

cations, which are the clients that are momentarily connecteaattg)d student. The application can be in the sgiabal anditalk.

the Xwedge agent, and it can share and unshare an applicattgr{he state global, _the professor has a video winii e/ery
Sharing means that the intack of the chosen application iSstudent, and can himself be seen and heard by all students. In

replicated at the sink endpoints of the currentlyvact11 the talk state, the professor talks to a single studentuio

bridge. As for nw, the platform does not implement the rich se‘?nd video of both professor and student are did&ibto all

of floor control mechanisms that Xwedgdeo$. The platform Other students so thavezybody can foll_w t_heir dis_cussion.
uses the dellt floor control mode where the floor folls The student can also share an X11 application te sifwork.

mouse clicks anddyboard input. The tele-tutoring application is syll a simple apphcatpml; i
already has much more connection structure dynamics than the

E. Ste Control tele-meeting scenario.

The persistent components of the platform are the site mas- BeCool Application Compiler

ager the connection managee group communication and the . .
station agents. A station agent launches audio and video prol-F was realized that the delopment of more adnced appli-

cesses and Xwedge agents and relays operation requests ﬁ8H9nS thand.tff;e ontez |mpI§mTInted qntuvgoe.l, appllgatlcgs
the connection manager to these processes and operation regﬁlfgé ma?b |_deren ¢ ynamically assighe rsles a? aear
and asynchronousrents back to the connection managdére NUMDET Of bridge Sets, may pose Some problems Tofpene

connection manager is fa# by the site manager and estab?nCecj programmers. Itas therefore decided taildl a devel-

lishes TCP control connections to all station agents when coPrP—ment tool that compiles an application description language
ing up. The site managexists in to versions: the normal to a C++ sessionertex skeleton that then has to be filled out by

runtime \ersion and a delopment ersion. The deslopment the programmerThe resulting BeCool (Beteus Cooperai

version of the site manager forks a dummy connection mana &nguage) cqmpner [171[18] as used fo.r thg gelopment of
that does not do gthing else than reading the site configura- N 'Fele_-meetlng and tele-tutorlng appllcatlons, although both
tion file and returning posite responses to site managemen?lppl'c"’monS could he been easily implemented in Tel/Tk
connect and disconnect requests. Thisaslto test sessiorer- alone
tices in fiked sessions on a single display and without establish-

ing audio and video connections. VII. THE BETEUSNETWORK

The implementation phase which started irvé&ober 1994
went hand in hand with the planning of the ratwfor the field

The applications that ke been deeloped so dr are the trials. The Beteus partners in Gerrynamd Syvitzerlaqd had
generic control panel, a tele-meeting application and a teMg'y quickly ngotiated an access to their nationalMApilots,
tutoring application. whereas Eurécom had a hard timevincing France &lecom

Fig. 6 shavs the main winde of the control panel with the that a direct AM access s absolutely necessary for its partic-
audio and video déce control fields and the list of logged userdPation in the field trials. The solution initially proposed by
at the bottom. From this windothe directory service wingo ~France ®lecom vas the one of Betel, i.e., FDDI access to an
shawn in Fig. 7 can be ioked. The directory service windo SMDS service with a translation toTM in Paris. Apart from
lists ongoing and announced sessions anavajlamong other the neative impact that such a solutiorould hare had on tran-
things, to join or create sessions. sit delay and transit delay jitteit would hare made an AVI-

The tele-meeting scenario is a simple framek for work ~based solution to the multicast problem impossible right from
meetings that can be used by martual communities. The the b@inning. When it became clear thaeybody else in the
audio and video connection structure is all-to-all, i.eerye ~ Project vas on the EuropeanTM pilot, France lecom gve
body sees and heanseeybody else. There are simple user intef’ and ofered Eurécom direct access tdM three months
faces for a chairman and a normal participant, with tHefore itactually wnted to preide such a service.
chairman being able to assign the role of a presenter to one ofig- 9 depicts the Beteus netwk. All project partners he
the session participants. The presenting person can share orl@@ ATM LANs on the basis of éfe Systems ASX-200

F. Applications



ASX200 « one high quality video stream (25fps): < 2 Mbit/s
:X: « one audio stream: 64 kbit/s or 256 kbit/s
« control and application sharing:giigible

ATM PILOT NETWORK TUB (D)
It was decided to resea maximum bandwidth of 3 Mbit/s

for every PVP

ASX200

The most important problem to be sadvwas multicast. It
:X: was clear that multicasting had to be done within the local net-
ETHZ (CH) works of the project partnersvgin that the AM pilot does not

support ag form of multicasting. At the lggnning there \as
the hope thatdére’s proprietary SBNS signalling could be tun-
:x: nelled through the M pilot, and that then eitherofe’s native

ASX20!

34 Mbit's = EPFL (CH) ATM multicast or its implementation of IP multicast could be
a4 Mbive\ ASX200 :X: used. This does notask because the actuabféThought 3.0
:x: CERN (CH) switch software does not support more than one signalling
channel at a gen netvork interface port. Since a Beteu3 M
EURECOM (F) switch accesses thélM pilot via a single E3 port it is not pos-

sible to establish signalling tunnels with more than one remote
site, which is, there is noay to establish a fully meshed net-
work of signalling channels between the Beteus switches.

ATM-based multicast itself turned out to be hard if not
impossible to achiee. The ASX-200 switch does not allan
switches [19]. The switches of all project partn@rsEthz con-  incoming cell stream to be duplicated intootstreams that
nect to the AM pilot via 34 Mbit/s E3 intedces. Ethz is the |eave through the same output port, as it is required in Beteus.
only project partner that has a 155 Mbit/s STM 1 link to thehis is a natural restriction if one considers that output ports of
ATM pilot. The ATM pilot itself is a collection of AM cross-  switches are usually connected to input ports of other switches
connects in arious European countries. Beteus rues @ross- o to host interces. In both cases, there is no need for multicast
connects in &ris, Cologne and Zirich aarfas can be judged in intermediate switches - multicast is only performed by
from the scarce information prigled by the netark operators. switches situated at the endpoints of multicast branches. A solu-
The only service praded so &r by the AM pilot is the inter-  tjon proposed by éte was to let the switch multicast an incom-
connection of bidirectional permanent virtual paths (PVP) Qﬁg stream to as manswr[ch output ports as there are final
semi-permanent virtual paths (SPVP). The PVP servifg@sof destinations, and loop the streams back into the switch and then
connectiity over a longer period of time, whereas SPVHinally out via the E3 intedfce. This proposal as not further
requires occasional or periodic resstion. Beteus @s most of pursued because such a solutiosuld hare monopolized the
the time using the SPVP service and had conngctn Tues-  Beteus switches of which some where used in parallel for other
day mornings from 8:00 to 12:00. In addition to that, the Swiggojects.
project partners were once in a while running tests on otherThe only solution that remained aftefM-based multicast
week-days. had fallen avay was a multicast on applicatiorvéd. One possi-

The issue that came up after the access problasnsated pility for this is to hae one central multicast daemon running
was the topology of the future Beteugeday netvork. TWo  on one site, with each of the other sitesifig a point-to-point
extreme proposals where full interconnection and serial aliggonnection to the daemon machine. Such a configuration is sim-
ment. It was imaginable to arrange the project partner LSAN" jjar to the multipoint control units found in N-ISDN conferenc-

a chain starting at Eurécom and goivgroCern, Epfl and Ethz jng systems. Another possibility is to distrtb the multicast

to the b in Berlin. While such a configuratiorowld hare had  functionality onto all sites and e one multicast daemon per

a minimal number of PVB’on the AM pilot and therefore a sjte. None of the ta solutions vas adopted simply because it
cost adantage as compared to other solutions,dtid have  was thought to bewkward to hae delay sensite media
forced eery project partner to participate imegy test and it streams pass four times through the UNIX user space. The solu-
would hare made a possible point dilire out of gery inter-  tion that was finally implemented as source-based stream
mediate AM switch on the line, which is whit was declined. duplication: audio and video senders transmit streams to more
The topology that as finally adopted as the fully meshed net- than one destination. While this multicast scheme missgs an
work where a gien project partner has PVP connections tglegance, it seems to be the best of all possible compromises. It
every other one. might appear to be a drback of source-based stream duplica-

Another issue as the dimensioning of the PVP connectionsijon that it sends identical streamgepthe same netwk link,

The calculation of the maximum bandwidth for a PVP is baS%t note that this wuld have been equa”y the case in ahMx
on the follaving assumptions about the fiaforiginating from  pased solution. A real dsdvack of source-based stream dupli-
a Beteus site: cation is that it puts anxra load on the source machineit b
« one lav quality video stream (12fps): < 1 Mbit/s this does not really matter in the case of Beteus where media

Fig. 9. The Beteus network (CC==cross-connect).



streams are sent to ary limited number of destinations. Themostly from video windw movements at sending sites; X11
platform architecture tas such performance issues intavindow managers block video transmission while windare
account and alles to hae machines dedicated to audio andnoved on the screen.
video transmission. Stream duplicatiovoi@s additional pro-  The complete platform ran more often on the local test-bed at
cesses and thus additional pointsaifure, and it is in terms of Eurécom than on theTM pilot. This was mostly due to the
end-to-end delay almost as optimal d9VAbased multicast aforementioned conneetiy problems that took quite some
The site configuration during the field trialasvto hae two time at the bginning of eery trial. The result of this as that
Sun Sparc 10 wrkstations connected to th&' M switch that the main attention of the project shiftedasy from the applica-
together formed one node. &y machine had a permanent virtions to basic audidgsual communication. Although the plat-
tual channel connection toary other machine on the neték.  form was up and running, thereas/ no time to reallyvaluate
and impree the tele-meeting and tele-tutoring application sce-
narios, as it ws foreseen at the dianing. The tw scenarios
VIII. T ESTS ANDEVENTS were demonstrated to the European Union ag Weze origi-
nally conceved, i.e., without hang traversed a ycle of gradual

The B(_ateqs netark was in place kginning of May 1995, improvements as it is supported by the platform API. It is there-
The application platform and its components were tested UBlle also the audidsual transmission that regeid most of the

July and presented to a commission of the European Un'onfggdback during the nebsk trials, and not the platform itself.
July 25. The tests restarted after the summer break atdhre be 1 . major gent of Beteus as the aganization of the distrib-

nr:ng O.f Septembgr anld hadi;sdmam ?bqeclm € prep:alranoE_orf] uted panel discussion of IDC’95. The conference itsaff hield
the First International Distritied Conference IDC "95 whic at Madeira, bt all presentations were transmitted to tsites in

was held Neember 16 and 17 in Madeira. The tests then CoN/Tadrid, to Eurécom and to a host of the European Union in

tinued up to the tginning of December 1995. Brussels. The remote sites could aadij participate in the dis-

Af.neve: en(t.“j;]ngt; source of protblemfagl/_tr;]etrl]:ngBaTou?t of cussions that follwed the presentations. The distriéd panel
configuration that &s necessary to establish the BelaEsiay ;¢ ssjon \wuld hare been aneellent opportunity to create a

network. Erery project partner had to manually configure foulrailored Beteus applicationubit was finally decided to use

P(\j/dPs, sixteen _perrr}aneni Y'Fu:: chaptnels ;ntd S|x_tete|TquP/,3 only the audio, video and application sharing components of the
address mappings for a tria. YasIles, Beteus INtertered i, - torm for the eent. The reason for thisas a reduced com-

\t’;']'th other prof!ects chat Ilisef? thi same e dql#]pTem ?Pd that ity of the setup, considering also that the remote sites in
€ir avn configuration. 1t often happened thal machines Weg, \scels did not e ary experience in configuring the Beteus

n?ﬁ a/a'l?bl? f?r the Lests, or w;arhe r;p\)llgfl:ed at _?Eort notlce; latform. The multicast solution during IDC’95aw a central
others, for instance because of haa ilures. The general || o<t serer in Madrid.

configuration file that ws used by the project partneraswv
therefore often not up-to-date, or if i/t could happen that
switch or interfices were badly configured. Another eqpoone
procedure \as the reseation of the AM pilot connections that ~ The main emphasis of the design of the Beteus platform is on
had to be done forvery unrgular trial. As an xample, the the application. The platfornxports an API that considerably
cross-connect indis cut our transmission of IDC’95 right atreduces the &rt it takes to implement a tele-conferencing
the moment when the majovent, a distrinted panel discus- application. The platform is also a runtimevieonment for
sion, should bgin. The reason as that Franceelecom had such applications; it ales applications to run in parallel and
made a mistak in setting the »piration time of our connec- offers a directory service that informs logged users about what
tions. During the project weained some)@erience in detect- is happening on the platform.
ing and solving such connegty problems, and made&nsve The main emphasis of the field trials should alseeHzeen
use of netwrk management tools to this purpose. There weom the applications,ub this goal vas not achieed. The gperi-
also frequently problems withgalar trials where reseed con- ence of Beteus is that the broadband pedtwmeeds to be much
nections were not automatically established by the operatomsre transparent than it iswan order to support adnced
due to some cross-connect satte problem. multi-point applications. The configurationfat necessary to
The performance of the netwk was e&cellent. The round allow for connectrity on IP lesel in a netwrk as small as the
trip time measured between Eurécom in France and the Swose of Beteus as perceied as a major obstacle. What is
sites vas around 30ms. The Swiss sites among theesahea- needed for platforms lkthe one of Beteus to run successfully
sured round trip times of aswoas 4ms [20]. A netark man- is signalling and netark multicast support.
agement platform tailored to Beteus asv monitoring After Beteus, the platform will be depled on France dle-
performance at lels from the AM layer up to the video and com’s ATM WAN in Sophia-Antipolis that is becoming opera-
audio application processes. Araeple measurement for thetional at the end of 1995. &k on it will continue in arious
bit loss rate at AM level is 3.03x1@ [21], which indicates a directions. In a general me to shorten communication paths
very reliable netwrk. The quality of the netwvk was directly and to increase distuion within a site, we started to reimple-
visible at the application Vel. Audio and video hadolosses ment our platform on top of CORB[22]. Station agents are
and lav lateny. The video losses that were obsshresulted replaced by an object request keokhat establishes direct com-

IX. CONCLUSION



munication between the connection manager and the audio, ing of a Multimedia Platformer the AM Pilot", Proceedings of the
video and application sharing processes. A futersign of the First International Distriluted Confegnce IDC '95 Madeira, Noember

. . . . . 1995.
API will be defined in IDL and alle direct connection end- [22] Object Management Group,"The Common Object RequeseBrékchi-

point control. An application stub may then yice Tcl access tecture and Specification”, Johriley & Sons, Inc., 1992.
to API calls and eents.
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