An Architecture for Flexible MultimediaGroup Management ServicesSilvester Namuye, Steven Simpson, David HutchisonComputing Department, Lancaster University, Lancs LA1 4YR, UKEmail:<namuye, ss, dh> @comp.lancs.ac.ukAbstractAn architecture for connection management of distributed group applications is presented in this paper. Thearchitecture is intended to encourage a uniform appearance to all group applications to assist in their collectivemanagement, whilst being sufficiently flexible to cope with all likely multicast mechanisms upon which suchapplications may be based. The concept of a media channel is introduced as the application-independent instance of asingle application, and becomes the basic unit of management in a group user-agent which therefore managesmultiple applications.Keywords: group management, multimedia, media channel, session management.1 IntroductionThere are currently numerous distributed group or multi-user applications, e.g. as described by [Hagsand˚91],[Dollimore˚92], [Wilde˚93], [Pendergast˚95],[Gay˚95], [Muller˚96]. These applications ofteninvolve only one or two types of communicationmedium, such as video, combined audio/video, or gamesimulation. Combining invocations of several of theseapplications forms a distributed multimedia groupsession (or call in some literature [Heijenk˚94]), whereseveral users (a distributed group) agree to have ameeting (a session) using an array of medium types(multimedia) to support their co-operation. As thenumber of users and medium types increases, there isclearly a need for some form of session-managementfacility.In the current literature [Heijenk˚94], it is commonlystated that a multimedia group session involves a set ofusers orthogonally registered against a set ofapplications, and all the users can participate in all theapplications. In this paper we attempt to show thatcurrent models are too restrictive for some of the lessobvious configurations, particularly sub-sessions. Wepresent an architecture to model sessions in terms ofapplications, where the session management is definedto be one such application, in order to avoid potentialproblems with other models.2 MotivationCurrent distributed multi-user (or group) applicationsmanage their own connections to achieve the multi-usereffect [Garcia˚93], [Trevor˚95]. This often results indifficulty when several applications of different types(e.g. video conferencing, virtual whiteboards) aremanaged as a single multimedia application. Althoughseveral group applications may be combined into one,such as a combined video/ audio/ text/ whiteboardconferencing system, if the combined application cannothave new media added dynamically, then themanagement problem still remains. These systemstherefore present non-integrated applications. Sessionmanagement needs to be dynamically configurable (withregard to usable media) to allow new media types to beincorporated into existing session-management systems.A number of session architectures have been defined,e.g. [Heijenk˚94]. These rigidly define a session or callas being an abstract object which contains a number ofchannels of different media types (which we call mediachannels). Users that connect to a session mayparticipate in each of its channels in various ways: as aproducer, as a consumer, as both, or as neither. Theprecise rules for connection (protocols and restrictions)vary with each architecture. In some, users mustparticipate in certain ways before connections take place.Problems arise when external resources, including othersessions or calls, are involved. For example, by adding avideo-on-demand (VoD) application to the call (i.e. byadding a new channel), there is now a new user, who isnot one of the original users, who provides a video to beplayed, and could therefore be seen as a (unique) producerof the new channel. This requires exceptions to be madein the model.There are also problems with formation of sub-calls andcall-call interaction. How do you merge the calls? Andhow do you extricate them afterwards? What if the callsinvolve different sets of media-channel types? Theseissues are not addressed in the current architectures.Furthermore, the existing architectures often define therules of participation, preventing more complex rulesfrom being used.The architecture we describe is designed to be open: onlythe interface for participating is defined - thepermissions and constraints are left to the programmers.Also, we do not formally define a session or call (as isthe case in [Heijenk˚94]), merely the media channelsthat constitute one (although we do define a session inthe form of another media-channel type). We aim tocope with both focused and unfocused applicationtopologies (Figure 1), as well as differing multicastmechanisms. ˚

video video

conference conference

unfocussed shared shared

document document focussed users

Figure 1: Application topologies

3 DesignOur architecture is built using the basic element, themedia channel. This, in turn, is built using streams,which we describe first.3.1 StreamsA stream is an object of communication between aproducer and multiple consumers, distributed across anetwork. The producer produces a sequence of data (thestream) in a defined format, and this is multicast to eachof the consumers, who are expecting the data to be ofthat format. Each consumer may, independently of theothers, ask to receive only a subset of the data byissuing Quality of Service˚(QoS) requests in theopposite direction to the stream, so that intermediatenodes in the network may filter out the unwanted data.The stream may also stop and start, but always

according to rules that the consumers are aware of. ˚˚^{producerproducer}

consumers consumers

QoS D- state

Figure 2. Stream modelThese rules and the data format define the media type ofthe stream. An alternative view of a stream is that it isthe communication of a state stored by the producer, andthere is enough information in the stream such that eachconsumer can maintain an accurate (if imprecise orincomplete) copy of the state (a mirror). The media typethen defines the interpretation of the state, or any of itscopies, and how changes in the producer’s state areexpressed as messages which are communicated to theconsumers (we call these messages delta-statemessages). It must also define the form of the QoSmessages. The stream model is illustrated in Figure 2.3.2 Media channelsWe define a media channel to consist of a set ofproducers (which we call sources), a set of consumers(sinks) and a media type. Each source produces onestream of the channel’s media type, while each sinkconsumes multiple streams - one per source. Therefore,each source is multicasting its stream to each sink. Themedia channel’s state is the aggregate of its sources’states, plus the number of sources. Each sink istherefore maintaining a state which is composed of the(partial) copies of each of the sources, plus the numberof sources. All sources registered with the channel mustproduce state and change-in-state messages that conformto the syntax of the media type of the channel.Similarly, the sinks must be able properly to interpretthose messages.The main requirement of a media channel is that all thesources must send to all the sinks, and conversely, allthe sinks must receive from all the sources. We use amedia channel manager (MCM) to maintain a register ofsources and sinks, in a single channel, and this isresponsible for ensuring that all (and only) theappropriate streams are established. Sources and sinksconnect to the manager to indicate their participation ina channel.The main aim of the media channel is for each sink tohave a mirror of all the sources’ portions of thechannel’s state. For each individual sink, the mirror ofany of the sources’ state does not have to be perfect: thesink can instruct the source to give it only enoughinformation for a lower-quality mirror, independently ofthe other sources and sinks - it is able to have themessages filtered.3.3 StrategyWe define the source-manager and sink-managerinterfaces so that all group applications may appear thesame, whilst being sufficiently flexible to cope withdifferent transport multicast mechanisms. This allowsthe further development of call-management applicationswhich handle multiple media types. Also, by allowingthe media channel model to run as a stand-alonearchitecture (i.e. not relying on a call-managementapplication), we are free to allow channels to form partof multiple calls or to be used as independentapplications. Writing new distributed group applicationsnow involves defining new media types.4 Media Channel Configuration andUsageAccording to the model defined so far, users mayparticipate in a group application by registering theappropriate source and sink programs with the mediachannel that represents that applications. A multimediagroup application is instantiated in terms of multiplemedia channels, and participation in such an applicationis achieved by participating in the individual channels.Note that although the organiser of the application, whoset up the channels, interprets those channels as formingthe complete application, the user is free to interpretthem as such, or otherwise. Participation in amultimedia group application does not limit the user tojust those channels that form the application, nor is theuser required to participate in all of them. We describetwo example applications in terms of media channels.4.1 Applications ScenariosVideo Conferencing (VC)A video conferencing application can be implemented bya single media channel whose state consists of theimages that are currently being captured by theparticipants’ desktop cameras. Each participant runs asource program that produces, say, a H.261 streamgenerated from the camera, and also runs a sink programthat can decode and display multiple H.261 streams.Each participant then sees an array of video images ofall participants, including himself.The media type of the channel will specify whichencoding mechanism is used (e.g. MPEG-1, H.261), andwhat levels of quality a sink can select (resolution,frame rate, etc.). It may also specify that some framesmay be ’important’. Sources whose users are currently speaking may mark their frames as important, and userswho only wish to see people who are currently speakingmay select ’important’ as a QoS level.Video-on-Demand (VoD)This scenario involves one source (the VoD server)which is churning out a video stream to multiple sinks(the users). This may be represented by a single channelwhose state is a video frame, and whose delta-statemessages form an encoded video stream, e.g. MPEG-1.Users may specify picture quality levels independentlyof each other. This does not apply to such qualities asplayback speed and which frame to display as this wouldrequire the channel to have multiple states. If users wishto share control of the playback speed, a second mediachannel (the control channel) should be set up to controlthis quality. Sources of this channel have states thatrepresent their users’ choices for this quality, and theseare aggregated in a single sink which is able to control

the video source. Figure 3 illustrates the VoD scenario. ˚˚

"seqctrl" sources

"seqctrl" sources

(controllers)

(controllers)

"MPEG" sinks

(viewers)

"seqctrl" sink

"seqctrl" sink + "MPEG" source

"MPEG" source

VoD VoD

control channel

control channel

"seqctrl"

"seqctrl" video channel

"MPEG"

Figure 3: VoD scenario4.2 User AgentIn order to simplify participation in multiple channels, auser agent may be used to maintain references tochannels that the user has expressed an interest in. It isalso aware of multiple media types in terms of how torun a source or a sink for each type, and this list ofmedia types is user-configurable. The user may indicateto the agent that he wishes to participate in a channel asa source or sink, and the agent will identify the type ofthe channel, and run the appropriate programautomatically (Figure 4). When the user wishes toterminate his participation, the agent simply destroysthe relevant program. ˚

multimedia group application

user

user

MC-1 MC-1

MC-3 MC-3

MC-2 MC-2 user agent configuration source and sink repository

Figure 4: User agentIn summary, the user agent presents a service thatallows the user to: retain a reference to a channel thatthe user may later wish to participate in; to discard sucha reference; to participate in a channel as a source; tocancel such participation; to participate in a channel as asink; to cancel such participation.4.3 SessionsIn order to participate in a multimedia group applicationusing the user agent, the user’s work is considerablyreduced, consisting only of entering the references of therelevant channels into the agent, and then indicatinghow he or she wishes to participate in each of them.This could be made easier by providing a database of thechannels that form a complete application, and alsoindicating how a user should participate in each one (forVC, a source and a sink are recommended; for a VoDvideo channel, only the sink is useful). This databasecan itself be seen as a media channel, i.e. the database isthe state, whose media type we define to be "session".The multimedia group application is now referred to as asession. The database is initially configured andsubsequently altered by connecting a source to thesession channel, and a sink program can show the list ofcomponent channels to the user.By combining the session sink and the user agent,participation in a session now only involves enteringthe address of the session channel, and activating thesink (which is part of the agent). This sink then extendsthe list of channels held by the agent according to thedatabase held by the session channel, and then beginsappropriate participation in each of them automatically.When the user wishes to terminate participation in thesession, he or she destroys the sink, which causes allthe other channels in the session to be removed alongwith their sources and sinks.Note that the session database only offers a suggestionto the agent about how to participate. The user is stillfree to specify an alternate degree of participation.As a session is just another channel, it may form part ofother sessions, allowing sub-sessions to be defined.This is similar to the method used by [Vin˚92] to definenested sessions.4.4 Security and Participation RulesAs the media channel manager is responsible forconnecting the sources and sinks together, it isappropriate to place policies for allowing connectionhere. If a session is expected to have, say, a minimumnumber of participants before any conferencing is totake place, the manager may be programmed to deferconnection of currently registered sources and sinks untila sufficient number have joined. To implement securitywithin a channel, the manager can be given a list ofallowable participants, and may attempt to obtainauthentication from them when they join.Like the session database, the list of permittedparticipants may be implemented as another channel.Sources of this channel are used to alter the list, whilemanagers who need a copy of the list act as sinks. Thisenables several channels, such as those that form asingle session, to share the same access permissions.

5 ImplementationImplementation is approached by defining base classesof objects to represent sources, sinks, managers andagents, and allowing them to form a distributed system.These base classes form a library from whichapplication programmers can build and configure theirown objects.From this library, we build some example applicationsto run in the Unix environment: video playback, audioconferencing, and some generic media-channel utilities.A user agent is under development.The utilities consist of a basic MCM which imposes norestrictions on participation, and the generic sinkskeleton which can be configured for a particularapplication at run-time.The video application consists of an MPEG player to becombined with the generic sink, and two MPEG sources- one reads an MPEG video from a file, while the otherencodes an MPEG stream on-the-fly.The audio conferencing application consists of an audiosource and an audio sink that access the Unix device/dev/audio.All code is written in ANSI˚C, using structures torepresent the distributed objects, which communicatewith the manager through TCP/IP or UDP/IP.Communication of the streams is achieved using onlyUDP, and the sources implement multicasting bymaking multiple transmissions of the same data.6 ConclusionsIn this paper, we have described an architecture for aflexible multimedia group management services usingthe media channel model. We have observed that currentarchitectures for multi-user multimedia applications aretoo restrictive, particularly in the formation of sub-sessions. Our media channel model presents a novelapproach that allows us to implement our group sessionmanager as just one more media channel. We have nosense of a privileged user who can control access to the’call’ as is the case in the ’call model’ that hitherto hasbeen presented. This is now just a user that can accessthe participation manager as a source. If there is no suchmanager, then there is also no such special user. Byexpressing the access rights as a media channel, wecould have any number of special users, i.e. we do notassume that there will always be exactly one. Also, byabandoning the rigid definition of a group session (orcall), definitions of subgroups (and sub-sessions) areeasier to define because the channels aren’t exclusivelyassociated with a single session any more.7 Further WorkCurrently the media channel manager is implementedas a centralised management entity. Future plans arethat investigations will be carried out with distributedprocessing techniques, with the objective of designingdistributed media-channel management schemes.The media channel model may need to be extended toallow for inter-channel synchronisation, such as whenan audio-video conference is defined as two separatechannels.AcknowledgementsThis work is based within a wider frame of the GroupCommunications Project (GCommS) funded by theEngineering and Physical Sciences Research Councilof Great Britain. The GCommS project aims toformulate an architecture for transport services tosupport distributed multimedia group applications.Group Management Services Architecture is one of itscomponents.References[Dollimore˚92]˚J.˚Dollimore and G.˚Coulouris,"The Relevance of Object groups and Multicast inShared Distributed Object Systems", In Proc. of FifthACM SIGOPS European Workshop, Le Mont Saint-Michel, France, 1992.[Garcia˚93]˚F.˚Garcia, "Continuous MediaTransport and Orchestration Services", Ph.D. Thesis,Lancaster University, 1993.[ G a y ˚ 9 5 ] G.˚Gay and M.˚Lentini, "Use ofCommunication Resources in a NetworkedCollaborative Design Environment", CornellUniversity, Experimental Report, 1995.[Hagsand˚91]˚O.˚Hagsand, "A Multi User DrawEditor", In Proc. of MutiG workshop, Stockholm,Sweden, 1991.[ H e i j e n k ˚ 9 4 ] ˚G.˚J.˚Heijenk, X.˚Hou andI.˚G.˚Niemegeers, "Communication SystemsSupporting Multimedia Multi-user Applications", IEEENetwork, (January/February), 1994, pp 34 -44.[Muller˚96]˚N.˚J.˚Muller, "Multimedia Over TheNetwork", BYTE, (March), 1996, pp 73 -78.[Pendergast˚95]˚M.˚Pendergast and C.˚S.˚Hayne,"Alleviating Convergence Problems in Group SupportSystems", Computer Supported Co-operative Work(CSCW), 3 (1), 1995, pp 1-27.[Trevor˚95]˚J.˚Trevor, "Infrastructure Support forCSCW", Ph.D. Thesis, Lancaster University, 1995.[Vin˚92]˚H.˚M.˚Vin and P.˚V.˚Rangan, "SystemSupport for Computer Mediated MultimediaCollaborations", In Proc. of 1992, pp. 203 - 209.[Wilde˚93]˚E.˚Wilde, "Multi-User MultimediaEditing with the MultimETH System", In Proc. of 3rdAustralian Multi-media Communications, Applicationsand Technology workshop, Wollongong, Australia,1993.