Chapter 1IntroductionThis chapter provides a general introduction to the thesis and sets out the motivationfor the research in multimedia group communication. It also outlines the structure of thethesis by giving an overview of other chapters.1.1 BackgroundMultimedia refers to the text, video, audio, graphics, etc., which comprise differentmedia types integrated in one system to convey information to human users. From acomputing perspective, these are means of communication between humans andcomputers - and between humans using computers as communications tools [Herrtwich92]. In a distributed computing environment, this requires network support to providethe multimedia functions.Different media types have different characteristics. For example, some media, suchas text and graphics, have time independent values. These media are called discrete.Other media, such as audio and video, have values that change over time and thesechanges contribute to media semantics. These media are called continuous. However, theterms "discrete" and "continuous" do not refer to the internal data representation in acomputer system, but to the user’s view of the data. When media types are related forsimultaneous delivery, it is necessary that they are synchronised for the media playout.Hence synchronisation of different media types involved in communication is animportant component of multimedia applications. When establishing a multimediaconnection (i.e. a call) between the various end-system devices, it is required that theoperations on applications (programs handling operations on multimedia playout) aremade in synchronous manner without the concern for the behaviour of individual mediainvolved, for effective presentation. This provides the functionality of perception in amore natural way like a TV application. But, unlike a TV application, the computer andmultimedia enable interactive communication between the user and multimedia systems[Steinmetz 92].

2Besides the synchronisation services, another vital requirement for multimediaapplications is the set of data transmission services. The data transmission services areconcerned with connection management between a group of multimedia users, providingappropriate Quality of Service (QoS) for each participant. On the other hand, individualuse of the distributed multimedia resources is entailed in membership managementservices. The basic functionality of group management services is to maintain amembership list.From the foregoing synopsis on multimedia communication it is not surprising thatmultimedia applications have become issues of great interest in research. This is becauseof their potential for conveying information and enhancing communication in distributedcomputing environments. For example, applications such as distance learning,multimedia conferencing, video on demand, computer supported collaborative work, andvarious applications in the world of entertainment e.g. virtual bands, are potentialbeneficiaries of multimedia communications.Many issues have been raised on how best to support multimedia communication.This is because multimedia requires a new communications infrastructure among whichare:¥the ability to integrate media types as well as being able tomanipulate the individual media;¥supporting the spatial and temporal requirements of continuousmedia.¥the ability to support group based multimedia applications.While new high speed networks provide the potential to support high bandwidth formultimedia communications, there is a need to provide mechanisms that would enableintegration of different media types in multimedia applications, especially for grouporiented applications.1.2 Multimedia Multi-user ApplicationsThere are currently numerous distributed group or multi-user applications such asthose described by [Hagsand 91], [Dollimore 92], [Wilde 93], [Kovacs 94],[Pendergast 95], [Muller 96]. These applications often involve only one or two types ofcommunication media, such as text, audio, video, combined audio/video, or gamesimulation. Combining invocations of several of these applications forms a distributedmultimedia group session (or call in some literature [Vin 92], [Heijenk 94][Waters 95]),where several users (a distributed group) agree to have a meeting (a session) using an

3array of media types (multimedia) to support their co-operation. As the number of usersand media types increases, there is clearly a need for some form of session-managementfacility. The scope of the thesis focuses on area, i.e. the multimedia group sessionmanagement.. The motivation for this endeavour is discussed in the following section.1.3 MotivationCurrent distributed multi-user (or group) applications manage their own connectionsto achieve the multi-user effect [Garcia 93], [Wilde 94], [Trevor 95]. This often presentsdifficulties when several applications of different types (e.g. video conferencing, virtualwhiteboards) are managed as a single multimedia application. Although several groupapplications may be combined into one (such as a combined video/ audio/ text/whiteboard conferencing system), if the combined application cannot have new mediaadded dynamically, the management problem still remains. The systems are thereforenon-integrated. Session management needs to be dynamically configured to allow newlydeveloped types of media to be incorporated.A number of session management architectures have been defined. These sessionarchitectures rigidly define a session or call as being an object which contains a numberof channels of different media types (called media channels). Media channels arerepresentations of running applications: a video-conferencing channel is an instance of avideo-conferencing application. A single application may manifest itself as severalchannels, such as when an audio-conferencing channel and a video-conferencing channeltogether form a complete audio/video conference.Users that connect to a call may participate in each of its channels in various ways: asa producer, as a consumer, as both, or as neither. The precise rules for connection(protocols and restrictions) vary with each architecture. In some, users must participate incertain ways before any connections take place. The rules are usually configurable, andare fully supported by the architecture.Problems arise with these architectures when external resources, including othersessions or calls, are involved. For example, by adding a video-on-demand (VoD)application to the call (i.e. by adding a new channel), there is now a new user, who is notone of the original users, who provides a video to be played, and could therefore be seenas a (unique) producer of the new channel. This leads to complications. How do originalconsumers become of the new producer.There are also problems with formation of sub-calls and call-call interaction. How doyou merge the calls? And how do you extricate them afterwards? What if the calls involvedifferent sets of media-channel types? These issues are not addressed in the current

4architectures. Furthermore, the existing architectures often define the rules ofparticipation, preventing more complex rules from being used.From the current literature, it is stated that a multimedia group session involves a setof users registered against a set of applications, and all users participate in all applications[Heijenk 94]. However, this approach is too restrictive for some of the configurationssuch the individual participants requiring to participate in a session in certain ways. Aparticipant may wish to join a session as a consumer, a producer, or both for only certainmedia types involved in the multimedia group session. There is also the need to formsub-group sessions with the same sets of media types and users. Therefore, a flexibleapproach to multimedia group session management is desired.Therefore this aims at designing an open architecture for multimedia groupmanagement services whereby only the protocol for participating is defined - thepermissions and constraints are left to the programmers of multimedia applications.1.4 The Structure of the ThesisThe general group communication and group based activities are reviewed in Chapter2. This is done with the aim of analysing the various group mechanisms and functionsthat have been used for group communication and to discern the extent to which themodels derived from group communications support may be applied to multimedia groupapplications. The chapter also discusses past and ongoing activities in the area of groupcommunication.The review of group based activities gives pointers to the requirements for support ofmultimedia group based applications. These requirements are analysed in Chapter 3. Theaim of the analysis is to identify the multimedia group management services, and theirfunctions in a distributed computing environment.In Chapter 4, abstract services for multimedia group management are defined.Subsequently, a design of a model for the services and the mechanisms used for by theservices is obtained. The architecture of the model is contrasted against the existingarchitectures, which are obtained from a review of related work elsewhere.Chapter 5 presents an implementation of the model. A protocol for communicationsamong objects of the model is defined. This implementation provides the user with a setof library functions which can be configured for application-specific needs. In Chapter 6,performance of the model is evaluated. Also scenarios where the model could be appliedare discussed.The conclusion in Chapter 7 summarises the issues discussed in the thesis,pointing out the novel contributions of the research, as well as directions of possiblefurther work.

5Chapter 2A Review of GroupCommunications ActivitiesAs explained in Chapter 1, this thesis is about management services for the supportof group communications in distributed multimedia applications. However, it isimportant to give an overview of group concepts and group communication in order todiscern the various approaches used to effect group communication. In addition, thischapter also examines some of the past and ongoing activities in the area of groupcommunications with the purpose of verifying how these activities have been employedfor group communications.Group communication, especially in an environment employing multimedia, hasbecome an active area of research. As will be described later, in Chapter 3, multimediaapplications requires the support of both the real-time media transmission, so calledcontinuous media type, of which category are audio and video sequences, as well as thesupport for non-continuous media types such as text and graphic images.Group applications such as computer aided learning, video conferencing, ComputerSupported Co-operative Work (CSCW), joint editing, and group decision making requirethe use of multimedia to augment communication and hence enhance the collaborativeactivity. A further characteristic of collaborating entities, be it machine processes orhuman beings, is that the entities will normally be geographically distributed, but requireto exploit multimedia communications to bridge distance, time and space. But the use ofmultimedia imposes a variety of demands on communication systems, ranging from themode of communication by group members (i.e. whether synchronous or asynchronous,which requires certain predictions about resource reservation), to presentation or mediaplay-out, of which the latter relates to the quality of service, synchronisation of variousmedia types, and group management.While it is true that management services are well known in distributed computingsystems, multimedia group communication poses new challenges since there are moreplayers and various media types involved in the communication. In reviewing the general

6group communications concepts and seeing how they have been hitherto exploited insupport of groups, it should be possible to verify why multimedia group communicationrequires different management strategies.The chapter is structured as follows: Section 2.1 introduces general concepts ongroup communications both literally and technically. In Section 2.2, aspects of groupcommunications are discussed, while Section 2.3 discusses the models and toolkits usedto design group applications. Section 2.4 presents some of the recent related work onmultimedia group communications. The implications of this review work are discussed inSection 2.5, while the summary of the chapter is presented in Section 2.6. Section 2.7 isthe conclusion, which sets the motivation for the research in multimedia groupmanagement in distributed computing systems.2.1 General Group Communications ConceptsThe meaning of the word group is used to identify a set of individual objects whichare related in some definite way differentiating them from others. In communicationsystems this cluster of objects (e.g. set of users, object entities, a set of peers,processors, etc.) shares common services and facilities accessible through high levelabstract interfaces. The purpose of introducing groups into communication is to allow acollection of processes to be dealt with as a single abstraction [Tanenbaum 92]. This isdesirable in a distributed computing environment where several co-operating processesare involved in communication and hence should be managed as one entity. This idea isoften employed in distributed operating systems where we have client groups on the onehand and server groups on the other, for example, the Interface Groups described by[Oskiewicz 1990]. The Interface Groups are divided into server and client groups asshown in Figure 2.1 The server group enables a collection of interfaces to provide asingle service at a single interface. Server groups mask replication and distribution byhiding the details of addressing, parallel execution, consistency and error recovery, fromclients. On the other hand, client groups are means by which a group of objects appearsto be a single entity to the server group, since a service is provided at a single interface.Therefore, the Interface Group application mechanisms provide group transparencies, aclient treats a group’s service as if it were provided by a single server, i.e. a single call ismade and a single result may be obtained from the server group. Also a member of theserver group may not know the existence of the other co-servers. The key objective ofsuch an arrangement is to make the network transparent to the user or automated object,who both assume that they are continuously interacting with a single stand-alone system.The group transparency exhibited in distributed systems include communicationtransparency, reply-handling transparency, naming transparency, failure transparency

7and real-time systems transparency.On the other hand, group members who interact, and who would be typically atdifferent distinct locations, do so through abstract interfaces. The abstract interfacesencapsulate the group’s internal state, provide location transparency, and hide how thegroup members interact. Figure 2.2 illustrates group member interactions at abstractinterfaces. ˚ interface server group client group

Figure 2.1: Interface Group abstraction

˚˚ communication system

group member group member group member abstract interface

Group

Figure 2.2: Abstract interactions of group membersThe following sections describe group characteristics. As will be seen, characterisinggroups provides us with the means by which to model applications that apply groupcommunications concepts and subsequently to develop appropriate technologies for suchapplications for different group communication domains. In fact, this is essential to thethesis: it is necessary to examine the general concepts of group characteristic features andsee to what extent they can be applied to support multimedia group management.

82.1.1 Group Characteristics and FeaturesIn order to develop group communication abstractions, there are certain basic groupcharacteristics to consider as they influence both design and implementation decisionsmade to support specific applications. Groups have distinct features. The group featuresrefer to the way groups are organised; this covers attributes characterising the group as anentity, how group members interact among themselves or with a central object. Thisinteraction is referred to as a group session. A session is an instantiation of an activegroup. In [Cocquet 95a], an active group consists of group members that have acceptedto participate in a group-association, and who should have initially enrolled with thegroup. While members of a given group interact with one another, it is also possible tohave inter-group interaction or communication. This may be seen in a situation wherebytwo or more groups are engaged on the same task but on different aspects of the task. Insuch a case, the session consists of sub-sessions and usually there will be sessionmanagers responsible for each session. The session managers provide the interfaces forinter group communication. Figure 2.3 illustrates this situation.

˚˚ member member member member

member member managers

session Figure 2.3: Composite group sessionThe characterisation of group communication has been recently a subject of muchdeliberation in the Multi-peer Taxonomy forum [Cocquet 95a] as a work item with theCIO project1. The objective of this activity is to be able to formulate a consistent groupcommunication taxonomy that applications developers of group communication servicescan use at all levels of communication. An outline of the group features is as follows.2.1.1.1 Group MembershipAn entity becomes a member of a given group when it subscribes to the group or

1 CIO: Coordination, Implementation and Operation of Multimedia Services (A RACE 2060 project)

9qualifies for a given membership criteria. The criteria are defined a priori as membershiprules or group (management) policy. Group membership may be defined as static ordynamic. Within a static group, the group membership remains permanent throughout thegroup�s lifetime, while in a dynamic group, members are free to join and leave the group.Members of a group may be active or inactive. Group members may also belong to othergroups. Some members may be involved in performing specific group activities. Thesemembers may be classified as group masters, initiators, managers , etc.In general, a group member identifies with the group by means of a groupname(group id) and all group members can be reached by a single group address.2.1.1.2 Characteristic Features of GroupsAll attributes concerned with group organisation and group membership make up agroup’s characteristic features. As noted before, group members that may potentiallyparticipate in a group communication form an active group. A group where currently nocommunication can take place is called a passive group. Groups that allow a change inmembership during their lifetime are called dynamic groups, otherwise they are staticgroups. In open groups non-group members can take part in the communication whereasin closed groups only members are allowed to send or receive group messages.Restricted groups restrict communication to members of the group. Unrestricted groupsallow the communication of their members with other individuals or groups. Groups canbe permanent (e.g. directory services), long-term groups (e.g. application groupscomprising a long-term co-operation) or short-term groups (i.e. a group is just setup fora session). In determined groups individual members are known to each other. Partially-determined groups refer to groups where a sub-group of members is known to one ormore other members. In anonymous groups single group members are unknown to eachother; an e-mail list is an example of such a group. Figure 2.4 shows the simple groupstructure, while Table 2.1 summarises the group features.Participants in a group communication can be related through different roles andrights in the group, the kind of data exchanged, and through interaction and operationsaffecting the group or individual participants. Further, a distinction can be made amonggroup members by their different roles, i.e. initiator, master, voters (members who haveto give a vote for certain operations), acting and non-acting participants, etc. Participantscan be active, i.e. currently participating in the group communication and able to receivethe exchanged data, or passive. These features are regarded as group interrelationships.A further dimension of interrelationship is the notification of operations on sharedobjects and of changes in the state of the group and its members. To be aware of otherparticipants it is necessary to notify the whole group or a sub-set of participants of

10operations and actions of single participants (i.e. joining, leaving, etc.). Operations thathave to be notified are called noticeable operations, participants that have to be notifiedare called affected participants. Table 2.2 shows the interrelationships among groupparticipants.

˚˚

Group Features

Group Type Membership Lifetime- permanent- long term- short term

Sub-groups

- names

- addresses

Static

- closed

- restricted

- etc. Dynamic

- closed/open

- unrestricted

- etc. Tranparency

- determined

- partially deter.

- anonymous Status Group IDs

- names

- addresses

Rights

- sender

- receiver

-sender/ receiver Roles- initiators

- masters

- acting

- non-acting State- active

- passive

- acting

- non-acting

Figure 2.4: Group StructureFeaturesParameters stateactive, passive constitutional propertiesstatic, dynamic; open, close; restricted, unrestricted lifetimepermanent, long-term, short-term membership transparencydetermined, partially-determined, anonymous

Table 2.1: Group FeaturesThe kind of interaction which might occur between participants is the mode ofcommunication. Interaction between entities can be asynchronous (participants do nothave to be present at the same time) or synchronous (all participants have to be present atthe same time). In the synchronous case interaction can be either unrestricted or restrictedthrough certain mechanisms (e.g. floor control or token mechanism). This can apply tothe whole group or to a sub-set of participants. Uncontrolled interaction allowsunrestricted sending of data in that all participants are allowed to send data at any time.Controlled interaction refers to a restricted data exchange between participants. Rightstowards data exchange can change during the lifetime of the application (dynamic) or bedefined for the whole communication (static). Changes in group interactions arecontrolled and restricted by rules or conditions. If only a sub-set of participants hasdistinctive rights for data exchange we have sub-controlled interactions. The membershipin a sub-set can be variable or fixed.

11InterrelationshipParameters affiliationgroup member, non-member roleinitiator, master, acting, non-acting; voter stateactive, passive notificationaffected, non-affected

Table 2.2: Interrelationship Characteristics2.1.1.3 Group ServicesIn order to support group communication, many services are provided for specificapplications. These services, as mentioned before, are accessible through high levelabstract interfaces. Three main categories of services exist: these are: group managementservices, group communication services, and synchronisation services [Fortier 88],[Mauthe 94].Group management services deal with general activities relating to the housekeepingof a group which supports a specific application domain. These services implement thevarious policies which provide the group with its own individual properties, hence,making one group distinct from others. Generally, group management is performed by aunique computational object or group member called the group manager. The minimumfunctionality performed by a system of group management services is that of controllingthe group�s population. The management entity maintains a record of the population inthe group, controls changes to this population and may supply information about thispopulation when requested. The record of the population is generally referred to as themember list. Around this list many other management policies specific to the groupcommunication requirements may be established.Furthermore, group management services also relate to group operations. Groupoperations provides the means by which a group is created, group members interact, andby which potential members may subscribe to the group. The operations are usuallyinvoked on a management entity which may or may not be a member of the group. Theseoperations are responsible for the creation of the groups as well as the administration ofgroups and their members.The group operations may involve services that require to create a group, to destroy agroup, to name or identify a group (group addressing).Group membership operations comprise such services as joining a group, leaving agroup, sending messages to group members, receiving messages from group members,

12and notifying group members.In addition to the group and membership operations, there are also query operationson groups and group members. These operations involve querying information aboutgroups and group members, e.g. groups in a given domain, and a group’s membershiplist.The query services are usually manifested as directory services. A directory servicewill normally store static data such as groups characteristic features which may beretrieved on a query. The directory service is one of the major components of a groupmanagement system.On the other hand, group communication services provide abstractions overcommunication protocols which essentially support many-to-many communicationsbetween the group members, while synchronisation services provide real-timesynchronisation between semantically related media streams, and ensure that the deliveryof messages from different users is such that all users see the same ordering of events.The above general principles and concepts on group communication have beenvariously exploited in building group communications applications. A review of some ofthe areas of applications is presented in the next section.2.2 Group CommunicationsGroup communication abstractions form essential building blocks within variousopen system domains spanning client-server network models, distributed processingsystems, computer supported co-operative work (CSCW), and, generally, distributedmultimedia group communications. These communication domains enable groupapplications for interactions among human users on one hand, and process groups forcommunication systems on the other.Group interactions using computer mediated support include applications such asVideo on Demand, Video Conferencing, and co-ordinated work such as joint editing,CSCW, and group decision making (voting). As these are high-level groups, theyrequire only the setting up of communication facilities, assuming that the groupmembership is constrained by the group policy. The basic group member interactions andgroup applications follow the patterns described in the AMIGO project [Smith 89], and in[Benford 92], [Bannon 90]. The AMIGO project conducted research into messaging ingroup communications, focusing on messaging system of X.400 in particular. Althoughthis study was limited to a specific aspect, the modelling of groups within AMIGOprovides a source of basic requirements for group management services [Wilde 94]. Theminimum facilities required to set up such group communications and applications are

13basic conference facilities, which have been employed in projects such as MICE[Handley 93], and MICA [Vonderweidt 91],The process group communication is a well known phenomenon especially in thearea of distributed operating systems such as Amoeba [Kaashoek 91], V-kernel [Cheriton85], and Chorus [Fortier 88]. In these cases the objectives have been to providemechanisms for supporting communicating entities as processes to enhance fault-tolerance, reliability and location transparency (as was mentioned in section 2.1). Thislargely has been the essence of process group and in the literature this was described by[Liang 92]. The process group communication abstractions have been applied indeveloping toolkits such as ISIS [Birman 89], [Davies 94] and the ANSAware[Oskiewicz 1990], [Herbert 94], [Coulson 92], [Bauer 94]. Such tools are commonlyknown as groupware. The term groupware has emerged to signify software systemswhich address the co-operative nature of the work [Hagsand 91], [Williams 92], makingthe user aware that he or she is a member of a group in a distributed system. This co-operative work or the CSCW as it is commonly known, enables people to shareinformation (ideas, files, processes etc.).In summary, this section has outlined the basic group communications concepts. Inthe next section, some of the models and toolkits that have been designed to aid indeveloping group communication support services are presented. The aim is to identifysome of the mechanisms used by the models to provide the required services.2.3 Models and Toolkits for GroupCommunicationA number of group communications models have been proposed in the literature. In[Simon 96], six main paradigms commonly used to structure the nature of co-operatingprocesses have been identified. These are:¥the master-slave model¥the client/server model¥the peer-to-peer model¥the group model¥the distributed object model¥the multimedia streams modelAn overview of these models is as follows:

142.3.1 The Master-Slave ModelIn this model, the master process initiates and controls any dialogue with its slaveprocesses. The slave processes show very little intelligence, only responding tocommands from the single master process. The configuration of the model is shown inFigure 2.5. As can be inferred, the model has limited application in distributed systemsas the slave processes do not make use of distributed resources. However, the modelwas popular for on-line centralised computers running time-sharing applications whichrequired this sort of environment.2.3.2 The Client/Server ModelThe client/server model is a widely used paradigm for structuring distributed systemscommunications. Processes called servers are responsible for the provision of services toclients. This is the case illustrated by the interface group in Figure 2.2. The services areaccessed via a well-defined interface which is made available to the client group. When aserver or server group receives a request from a client, it executes the appropriateoperation and sends a reply back to the client. The mode of communication or interactionin this model is request/reply. A client can potentially generate a request for a service atany time. A server may have multiple interfaces e.g. a management interface and aseparate interface through which client requests are handled [Oskiewicz 1990].The request and response actions of the client and server processes arecomplementary and with distinct roles, unlike in the master-slave model. Sometimes it isdesired that a small manageable number of servers be configured as clients and servers(for centralised resources) which improves management, instead of having potentiallyeach computer being configured as a client or a server. The model described in the formercase is known as a peer-to-peer model, because every process has the samefunctionality as the peer process. The configuration of the model is shown in Figure 2.6.2.3.3 The Group ModelIn this model, a set of processes co-operates in a number of ways in sending andreceiving messages. In one way, a process may send a message to all other members ofthe group and may receive responses from one or more members of the group; or in thecase of a news group, when a subscriber posts a news item, all other subscribers receiveit. In video conferencing, multiple participants are involved and may have facilities suchas whiteboards whereby if someone writes on the whiteboard, every other participantshould receive the new image. Therefore participants act as both senders and receivers of

˚ slave slave slave slave slave slave

master master

Figure 2.5: Master-slave model ˚ S C

S C S C

S C

Figure 2.6: Peer-to-peer model: C =client function; S = server function the group messages. Figure 2.7 [Simon 96] is an expanded group communicationmodel based upon Figure 2.1, illustrating the process of a group member sendingmessages to other group members. This model is explained Chapter 5 with respect tohow the underlying communication systems should provide the support for groupcommunications. The underlying communication semantics to support groupcommunications are:¥one-to-one (peer-to-peer)¥one-to-many (variously known as multipeer, multiparty, ormulticast)

16¥one-to-all (broadcast)¥many-to-one (concentration).¥many-to-manyThese issues are in the remit of data transmission services, and reference can befound in [Sloman 1987], [Waters 92], [Mauthe 95b][Rezende 95b] among others in the

literature. ˚˚

member P member P member Y member Y member Q member Q

member X member X

group

group interface

interface join

leave messages

Figure 2.7: The Group Model2.3.4 The Distributed Object ModelThe object model offers a different philosophy of structuring and maintaininginformation in a distributed system. An object is described in terms of its attributes(internal state data) and methods (procedures which operate on the state data). In this wayan object encapsulates a set of capabilities that defines its interface to the outside world,and through which an object’s services are manifested. Since an object’s internal state ishidden, the only way of examining its state is by sending a message through one of itscapabilities (or methods).Objects communicate in a manner similar to the client/server model, i.e. one objectsends a message to another and waits for a response. However, unlike the client/servermodel objects exist independently of each other, interacting only through their serviceinterface.

17As noted in [Simon 96], an object model provides important advantages in thedevelopment and maintenance of distributed information systems. This is achievedthrough the perceived object’s characteristics viz. encapsulation, classes, polymorphismand inheritance [Booch 1994], upon which object-oriented designs are based. Forexample a management service system might cluster members into classes rather thanhaving several different lists. Managed objects at lower layers inherit the characteristicsof their "parents". Thus the initial relationship of group members is maintained, andchannels can be managed as high level links between users. Those links are representedby several transport connections, and represent connection management of distributedgroup applications. Therefore, although each layer performs different functions, themanagement of an individual layer would be essentially the same.Objects can be written to handle a wide range of media types, using essentially theobject interface (polymorphism) which provides a consistent approach to handlingmultimedia objects. This is an attractive approach to the modelling of multimediaapplications and has been exploited in the model for multimedia group managementservices presented in the thesis. This is discussed in Chapter 4 and subsequent chapters.2.3.5 The Multimedia Stream ModelMultimedia streams is an emerging paradigm for supporting group communicationsdue to integration of different media types to augment group interaction. Modelling ofinteractions between multimedia objects uses object-oriented and distributed objectparadigms [Simon 96]. As described in the above section, objects provide serviceinterfaces and service semantics. In a distributed environment, the multimedia objectcommunication must keep consistency in semantically related media streams, e.g. audiowith video, as well as meeting real-time requirements of the media streams of givenmedia types. A generalised architecture for modelling multimedia data streams is shownin Figure 2.8 [Simon 96].

˚

Stream

stream interface direction flows frame stream interface

(3 flows in this example)

Figure 2.8: Multimedia streams model

18A multimedia stream can be described as a continuous medium with a well-definedstart and stop end, which takes place at a defined rate and exhibits [Linington 94]. Themultimedia stream model encompasses the following concepts:¥A multimedia stream interface is one in which all interactions areflows. A is an abstract ion of a sequence of interactions,resulting in conveyance of information from a producer object to aconsumer object. For example, a video conferencing streaminterface may consist of three flows: audio, video and data.¥Each stream interface comprises a finite set of action templates,one for each flow type in the stream interface. Each actiontemplate for a flow contains:1.the name of the flow;2.the information type of the flow (e.g. audio, video ordata);3.whether it is a consumer or a producer (but not both).¥A flow has a set of frames (or signals).¥A frame has a name and a set of typed arguments (attributes).¥The streams are themselves typed and can be conformance typechecked.¥Frames are transmitted by producer via non-blocking writes andread by consumers via blocking reads. This is analogous towriting frames to a buffer; and application reads from the buffer.Streams form basic units of multimedia communication. Definition of media streamsand their applications to communication are discussed in Chapter 4.2.4 Applications of Group ModelsThe group models described so far have been variously applied in communicationssystems. Auerbach et al [Auerbach 91] outlines some of the group models which hithertohave found some applications.In Cheriton and Zwaenepoel ([Cheriton 85]) the management of process groups isemployed in the V-kernel. In this system, the information about the host group (i.e. theset of hosts on which the group membership reside) is encoded in the group. Eachmember has knowledge of the membership in the group and can thus receive a packet andpass it to all local members. The notion of host groups is also exploited in IP-multicasting [Deering 89]. This approach to group communication exploits both peer-to-

19peer and group models.In Navaratnam et al ([Nanaratnam 88]) different group communication mechanismsare built on top of V-kernel. The approach considers primary managers as well assecondary managers to manage group membership. However, the primary and secondarymanagers maintain only local membership information, similar to [Cheriton 85]. Formembership interaction, it is not clear how a source, which is not a part of the group, canfind out about the group membership or communicate with a group.As for the ISIS group model [Birman 89] each group member maintains a completegroup membership. This method is useful in fault-tolerance applications. However, it isargued [Auerbach 91] that many applications do not require this level of global agreementand can do so without the associated cost of providing this service.ISIS [Birman 89] and ANSAware [Herbert 94] toolkits are designed to aidapplication developers to build distributed systems. ISIS provides reliable distributedcomputing based on process groups and implemented as a set of library calls on top ofUNIX. In [Oskiewicz 1990] the ANSA document describes an Interface Group as ameans by which programming structure of decentralised objects is realised. Groups arebased on the exploitation of multi-end-points communications: namely the ability toinvoke operations on a collection of objects without needing to know the exactmembership of the collection or location of the members. This capability provides thebasis for distributing implementation of a service over a set of objects and provideslocation transparency. ANSA groups are closed.Thus ISIS and ANSA groups use both group and distributed models for processcommunications.In a description of modelling groups for group communications, [Wilde 94]describes the work at Swiss Federal Institute of Technology which presents a model ofGroup Management Services (GMS) designed to support collaborative interactionsamong groups of distributed users using different applications, i.e. a service for thesupport of information sharing. GMS enables applications to share application-independent information (such as group membership and administrative information),and applications can also store application-dependent information which can only beinterpreted by a closed set of applications (i.e. those who know the syntax and semanticsof application-dependent information). A directory service mechanism is a majorcomponent of this model. However, there is no reference to explicit group managementservices for multimedia applications, although the model suggests a distributedfunctionality.

20Other models concerning group communications management have mainly revolvedaround transport and network services e.g. Henckel [Henckel 93], [Simon 94],[Pasquale 92], [Pendergast 93], and [Twachtmann 93], [Mathy 94b]. And, just like theaforementioned models, [Auerbach 91]’s model is basically on data transfer mechanismsfor the transport user that wishes to employ multicast services. However, it does notspell out how external users and agents that become involved in group communicationsin, say, a user co-operative task or a conferencing environment can be represented.Nevertheless, if we adhere to the philosophy behind OSI/RM, applications are tooremoved and insulated by the distributed system from the concepts and mechanisms ofthese transport issues. In this respect [Wilde 96] presents a model for transport-independent group communications platforms.2.5 Work on Group Communication andMultimedia ApplicationsIt is generally felt that the mechanisms and methods employed for present day groupcommunication are not suitable for multimedia group applications. For example, theprovision of location transparency is not suitable for co-operative activity which requiresthat members of the group be aware of each other. Also virtual synchrony (as employedin ISIS group) is undesirable for real time applications requirements. A virtualsynchronous system "looks synchronous" to every process in the system, but executesasynchronously when observed from outside [Isis 92]. It is with such short comings,and many other issues concerning the traditional group applications that new ways arebeing sought to devise mechanisms for multimedia group communications.The problem of multimedia group communications has been addressed from differentviewpoints by different research groups and organisations. The context in which theresearch is carried out in this area differs from project to project, depending on the overallproject goals and objectives of the organisation. For example, in the Internet community,multicast and group communication is addressed with a strong bias towardscommunication and protocol aspects. A number of protocols providing functions andmechanisms for group communications have been proposed e.g. MBone, RSVP, RTP,RTCP [Erickson 94], [Schulzrinne 95], [Zhang 94]. Other groups’ research activitieshave been concerned with group communication taxonomy and terminology and aresuggesting different schemes and models in this context [Mathy 94a]. At the moment,most of the projects currently concerned with multicast/group communication have theirown special goals e.g. the current GCommS1 project at Lancaster University. The way inwhich problems are addressed must therefore be seen in the context of their work and

1Group Communication Services for Distributed Multimedia Applications

21research done by these groups.In this section some of the research activities that have been or are concerned withmultimedia group communications issues are presented. These projects show differentapproaches for multimedia and group communication. They are only a few examples ofrecent work in this area, therefore this discussion can only give an impression of thework currently being carried out in this area.2.5.1 The EuroBridge ProjectThe EuroBridge Project was a meta project of the RACE II programme, initiated withthe aim of compiling the communications requirements of various RACE projects[Heinrichs 93]. The project’s activities have subsequently led to the definition of theEuroBridge Service Platform which is: "The service communication platform will bedeveloped on the SUN and IBM - compatible Unix Workstations and to support the OSIdevelopment environment (OSIDE) implementation of the full OSI stack as well as theTCP/IP protocols". The project was established with three aims:¥to enhance existing application services for multimedia.¥to enhance implementation and functionality of the underlying layers tosupport adequately the application layer requirements.¥to provide the user with integrated, true multimedia services, comprising ofdata, video/audio and including conventional services.In essence, the EuroBridge project was meant to investigate the required multimediaservices to support the transmission of multimedia information as required byapplications. It was also meant to formulate a uniform communication service platformwhich would be highly flexible and adaptive, and capable of dealing with a broad varietyof quality of service requirements dictated by the applications. Hence a full OSI protocolstack would need to be exploited.The EuroBridge project thus provided a pointer for the need to provide flexible andadaptive environment for group based multimedia applications. Thus any architecturedeveloped would be required to provide generic services. Hence multimedia groupmanagement services would need to conform to this requirement to meet with theflexibility required.2.5.2 Multimedia Integrated Conferencing for EuropeanResearchers (MICE)MICE was a project between various partners from European countries. Its aim wasto provide a service to enable internetworking between European researchers located in aheterogeneous environment via multimedia conferencing technology (including audio,

22video and a shared workspace) [Sasse 94]. During the project a multi-way integratedconferencing service between a number of European pilot sites and a link to appropriatecommunities in the US was developed [Handley 93]. The MICE technology allowsconferencing between participants located in conference rooms which can accommodateup to ten people at workstations.The proposed services are multi-way shared workspace, multi-way video, multi-party voice and multiplexing and conference management. Different shared workspacesystems are supported by different partners. The goal is to support a wide range ofapplications suited for different communication domains. For compressed video theinternational H.261 standard was adopted [Kirstein 93]. Audio and video data are treatedindependently. The main reasons for this approach are the fact that audio is much moresensitive to delay and jitter than video, and that compressed audio (especially voice)requires much less bandwidth than video. It is therefore better suited to be multicast to alarge number of participants.An important element in the MICE architecture is the Conference Multiplexing andManagement Centre (CMMC). Its main function is to bridge the heterogeneity gap, i.e. toallow communication between users at different networks with different facilities.Further, it provides a relay between different coding standards, multiplexes audio andvideo; reserves, controls and manages resources, and ensures multicast of sharedworkspace data [Handley 93], [Kirstein 93]. Video originating at a remote site codec isdecompressed by hardware or software after eventual pre-processing at the CMMC. TheCMMC provides support for receivers connected over ISDN or to low bandwidthconnections. A conference control system based on the CAR conference control system(CAD/CAM for the Automotive industry under RACE) [Handley 92], offers functions tocreate, delete, join and leave a conference, floor control and control of conference videochannels.Conference participants are currently connected through three international networks,viz. EBONE (Pan European Multi Protocol Backbone), EuropaNet and Internet.Communication over ISDN is also supported. Links are upgraded but no specialcommunication facilities have been specifically installed for MICE.Practical experience with MICE has been gathered during various conferences and aseries of seminars for researchers and students. In particular, [Almeroth 95] et al havedeveloped a measurement tool for characterising the dynamic behaviour of MBonesessions. It is hoped that the measurement obtained will be of great benefit inunderstanding how future networking infrastructure with multicast and real-timecapabilities will handle multiple MBone sessions effectively. Seminars were multicastusing MBone. The greatest problem during the seminars has been poor audio quality

23caused by packet loss in the Internet. Video transmission was also affected but it provedthat low video quality is less disturbing in a seminar situation. A large overhead for theset-up of seminars was reported [Sasse 94].Mbone is gradually emerging as the IP multicasting backbone. However, thedrawback in its utilisation is that not all routers implement IP multicasting, and it alsorequires that multicast addresses be reserved. Furthermore, the flooding mechanism usedby the IP multicasting are not suitable for less densely populated networks.2.5.3 The MERCI ProjectThis is a continuation of MICE, funded in the European Union’s Telematicsprogramme [EEC 95]. It is aimed at research and development activities for multimediadata traffic in support of multimedia conferencing systems. The proposal builds on theearlier work, especially on the tools that have been developed in EuroBridge and MICE,with regard to Multimedia Conference Control, and multicast facilities. Various standardsare involved regarding the coding techniques for audio and video data streams and it ishoped that the users of the Multimedia Conferencing Systems do not have to concernthemselves with the heterogeneity of the technologies. Design of the user interface is ofsome considerable concern in this project. On the whole, the purpose of the MERCIproject is to pursue the development of the tools so that they are available to othermultimedia applications.The research community is the first target group for experimenting with this project.This is because the research community can readily access network facilities over work-stations and PCs and therefore only require upgrading of the software/hardware alreadyavailable at different locations. Synchronisation of various media types, particularlyaudio and video media streams, and the recording of sections/whole conference for laterplayout is another concern of the research activity.2.5.4 The GCommS ProjectThe GCommS project at Lancaster University addresses mainly end-to-end aspectsof multipeer communication [Hutchison 93]. The research is divided into three closelyrelated areas, viz. end-to-end services and protocols, multipeer QoS, and scalability andreliability in multicast communication. The major components of the GCommSarchitecture are a multicast service (M-Connection Service), a multipeer service (N2N-Connection Service), and a communication manager (GDC-Manager) to provide virtualmultipeer connection [Rezende 95b]. The M-Connection Service is fully specified andhas been mapped onto XTP 4.0 protocol mechanism to prove its feasibility. A number oftests and simulations have been carried out to gain experience with the service and to find

24the most suitable protocol architecture to base it on. Protocols currently being evaluatedfor this and the two other services are XTP 4.0 and an IP based protocol architectureusing UDP, IPv6, RSVP and possibly RTP/ RTCP.The main issue of the GCommS work on multipeer QoS is the support of QoS in aheterogeneous group environment. A multipeer QoS model to support receivers withdifferent quality requirements and capabilities has been specified. In addition, filteringmechanisms have been implemented to provide different data qualities for differentreceivers on a multicast stream. This allows to provide each receiver the quality it canhandle while still utilising the advantages of multicast. Algorithms to provide datatransfer reliability in multicast communication have also been developed. Differentdegrees of reliability ranging from full reliability to probabilistic reliability can besupported by these algorithms. The research on communication and reliability issues iscarried out in close co-operation with researchers at the Laboratoire MASI, Universit�Pierre et Marie Curie, Paris. The project has also links to the European COST 237 projectconcerned with multimedia telecommunication services and other European researchinstitutions.The GcommS project formed a basis for this research in group management servicesas described in [Mauthe 94]. The objective of the initial study analyse the various groupmechanisms and functions that had been used for group communication.2.5.5 Standards Issues In Group Communication The ITU (International Telecommunications Union) is one of the standardisationbodies presently looking at Group Communication Standardisation, another being ISO(International Organisation for Standardisation). The activities of these bodies as far asgroup communication is concerned are summarised in [Mauthe 95b]. It is noted in[Benford 92] that "Group Communication was adopted as a new work item formessaging standardisation (within ISO/IEC JTC1 /SC18/WG4) in 1989." At the time,two approaches towards developing services and protocols to support groupcommunication were under consideration:(1) To make extensions to existing services such as MHS and thenproduce a specific standard for a particular application, whichwould be quicker; however, this was seen as restrictive and wouldoverload new applications with backward compatibility problems. (2) To build generic Group Communication services on top of whichmany specific applications could be standardised. This was seenas a more flexible approach, but would take too long to produce astandard.

25Against this background, it was imperative to harmonise the different views onefforts towards standardising the Group Communication Services. The notion of ageneric Group Communication Services (GCS) was largely adopted and seen as " a newOSI service which would provide common facilities to a range of Group Communicationapplications". These would include:¥a shared information base¥a global name space for the group communication objects¥co-ordination of underlying OSI services such as MHS and DirectoryService.The relationship between the GCS, applications and the underlying services is shownin Figure 2.8 [Benford 92].

˚˚

Group Communication

Services (GCS)

Applications

Computer

Conferencing Voting

Directory MHS

Joint Text

Production

Document Filing

& Retrieval

Support

Figure 2.9: Relationships between GCS, applications & underlying supportSubsequent consideration on how GCS should be configured resulted in splitting thework into two task forces:(1) The Group Communication Service - This would specify theGroup Communication Service information Model and AbstractService Definition and show how the GCS may be refined onto acombination of MHS, Directory Service, and other OSI Services(2) Asynchronous Computer Conferencing -This would specify the

26Abstract Service Definition of Computer Conferencing and wouldprovide a mapping onto GCS.The work of a latter task force is described in [Benford 92]. However, it is not yetclear that the standardisation of Asynchronous Computer Conferencing has been broughtinto effect; nor have there been attempts to standardise Synchronous ComputerConferencing with facilities for Interactive Real-time Applications. The activities thatreflect on the former case have been taken up by the working committees on multipeercommunications in [Cocquet 95a] i.e. Multipeer Data Transmission Services (MPDT), asfollows:2.5.5.1 Multipeer Data Transmission (MPDT)The Multipeer Data Transmission communication was one of the Components ofEnhanced Communications Functions and Facilities (ECFF) that sought to enhance thelower OSI layers (layers 1 - 4) for data communications [Campbell 93]. The underlyingphilosophy about the Multipeer Data Transmission (MPDT) is that it should be possibleto send data from many senders to many receivers in a single action. This has theadvantage of reducing the network load when messages are destined for more than onerecipient.It was observed that in order to progress MPDT services and protocols, a consistentarchitecture needed to be defined. In this respect, the work initiated by [ECFF 92] waslater revisited by Mathy at University of Liege [Mathy 94b] who aimed to extend some ofthe concepts of Transport Group Associations which entailed Group Conversations andwhich had been cited in the document on MPDT [ISO/IST/6 92]. The current statusis that activities on MPDT are now being considered under ISO ECTS and ITU-T X-TMS projects [Cocquet 95b], with the objective of formulating a Multipeer Taxonomyfor standardisation.2.5.5.2 Summary on Standardisation From the foregoing discussion on standardisation activities, it is evident that astandard or set of standards remains to be produced for group communication. Viewswere solicited from the Multicast Taxonomy forum (osimcast electronic mail forum)debating issues raised in the documents such as the "Draft Taxonomy of Multicastoperation" [ISO/IEC N8693 93], the "Group communication Framework" [Mathy 94a],and the "Comments on Document WG4/N 833 (4K64R1) and proposed new DraftTaxonomy" [AFNOR 94]. It is from such discussions that the current [Cocquet 95a]document on Draft Multi-peer Taxonomy was generated. Given all these standardisationactivities, the bottom line is that there are still no standards for group communicationservices, and any new experiences that come out of research in group communicationcontinue to be invaluable pieces of input to the standards bodies.

272.6 DiscussionSo far a number of issues relating to group communications and applications havebeen presented. While we agree that there have been a number of contributions towardsthe support of group communications, there is still a lack of support for multimediagroup communications including the provision of group management in distributedcomputing environments. It was reiterated in parts of this chapter that multimedia groupcommunication involves many participants, both users and external agents, each ofwhich category of entities plays a given role in a group. The problem that arises in thiscase is the difficulty of transmitting the same information to a number of participants whomay have very different individual requirements, and the availability of informationprocessing agents.When referring to multimedia group communication, we take into account the largeamount of multimedia information (a combination of text, audio, video, graphic or stillimages) that is to be transmitted to multiple recipients. A typical scenario might involve anumber of clients that wish to collaborate on some given task and thus constitute a group.Associated with this group are application processes which may handle video, audio ortext/graphics media types. If a user (a client) now wishes to send a piece of informationto other members within the group, he may do so by using one or more of the mediatypes. For example he may use the word processor application to send text/graphics data,or multiple media for a multimedia document, as well as for real-time multimediainformation. The group may be made up of a number of clients with differing capabilitiesand different roles. In order for the group to operate as a cohesive unit, group activitiesneed to be co-ordinated by group management services. For example, when a group ofpeople use a multi-user application with the same rights, each member should have thesame set of capabilities of accessing its data [Dollimore 92]. The group managementfacility should ensure that this is achieved.So far the conventional models hitherto applied to group communications are notsuitable for describing group communication in distributed multimedia applications forthe following reasons.1.The interaction patterns of group communications in theconventional models were meant to provide fault-tolerance,reliability, and location transparency. This requires that groups beclosed. On the other hand, applications engaging in co-operativetasks require that groups be open. Moreover, transmission of real-time data does not require the reliable mechanisms provided bythese models as this leads to overheads in synchronisationprocess.

282.There are no explicit mechanisms for dynamically creating groupswith characteristic features, or the ability to destroy groups.3.There are no mechanisms for adding potential members of varyingcapabilities, different roles, different rights etc. to groups, i.e. theability to create groups with differing policies and membershiprules.4. Some of the group models presented provide local membershiplists. There is a need to provide global information about groupsand provide a service for querying this information.5.The dynamic management of groups and group members isdesired in co-operative applications.The group communication models which have so far been developed have beentargeted for specific applications. When these models are used for applications such asCSCW, they force the latter to manage all the factors relating to group communications inan attempt to realise a co-operative system. For example, [Garcia 93] observed that in thecurrent multimedia environments, the developers of group applications are forcedexplicitly to manage group membership, group characteristics, connection establishment,dynamic conference control and synchronisation. The short-coming of this approach isthat in the development of groupware, each application develops its own method ofsupporting collaboration, thus incurring heavy development costs and reducingcompatibilities among different systems. As stated in [Trevor 95], this is painfully slowand a problematic task: ideally, the CSCW applications developers should be free toconcentrate on the semantics of the application and what should be provided, rather thanbeing concerned with group communications services. If a class of application requires acertain functionality or quality of service, the lower layers should provide it [Verissimo92]. Apart from freeing the user from the burden of providing these services, such lowerlayers would have been optimised and thoroughly tested. But in the absence of thissupport, the collaborative applications become unable to collaborate with themselves[Wilde 94].Therefore, to eliminate the problems raised by CSCW, it becomes necessary toprovide some form of generic group communication platform, which is flexible enoughto allow full collaboration among groups and applications [Daiz 93]. Thus instead of eachCSCW application employing its own semantics and policy, there should be a suite ofgeneral and tailorable mechanisms which support commonly used concepts, andtherefore helps in the re-use of these general mechanisms instead of re-inventing thewheel. This would allow for the sharing of collaborative activities among different

29applications because they would share a common group support platform [Hartley 95].But current developments in CSCW indicate that the typical support provided by theoperating system is inadequate for successful operation of collaborative applications[Rodden 92]. The operating system approach for communications does not modelgroups well enough to provide an efficient service.Some of the areas of support that CSCW applications have identified are:¥the provision of general group mechanisms to support commonly usedconcepts of group features and operations at lower layers;¥flexibility in applying group mechanisms.As noted before, a few of today�s distributed system platforms and operating systemssupport group communication. However, since most of these systems have beendesigned to support specific tasks such as distributed file systems and databases, faulttolerant systems, etc., the group framework and the services they provide often do notserve all the needs of multipeer applications. For example, in [Herrtwich 92], [Muller92], it is stated that, from a computing perspective, multimedia is seen as a means ofcommunication between humans and computers - and between humans using computersas communications tools. Therefore, the functions and group structure of distributedsystem toolkits and operating systems are in general too simple, inflexible and/or specificto support high level multimedia group communication.2.7 SummaryThis chapter has outlined some of the activities involved in group communication inorder to bring into focus the state-of-the-art equating to group communications indistributed multimedia applications. Group formation and communication, theirconstituent properties and characteristics have been reviewed. The purpose of introducinggroups into communication is to be able to manage a collection of entities as a single setof communicating objects. These objects (human users, processes, possessors, etc.) aredesigned to perform specific tasks to achieve a desired goal using services provided bygroup support systems.Because different objects or entities are involved in group communication, it isimportant to observe the specific roles of group members. The nature of the group (i.e.static or dynamic) and the mode of communication (asynchronous or synchronous) arefurther attributes of group communication. These features are common constituentproperties of any group communication environment, which have been reviewed in thechapter.

30It has been also noted that group concepts have been employed variously incomputing environments especially in distributed operating system and networkmanagement, for which group mechanisms have been used to provide services for highlevel group applications. However, while the modelling of group communications usingthese mechanisms (e.g. operating system-, ISIS-, ANSA-groups) have providedinvaluable utilities for communication, the mechanisms fall short of supportingmultimedia applications in distributed computing environmentsSince multimedia communications essentially involves heterogeneous environmentsand different end-systems, standards are being formulated to avoid incompatibilities. Thestandardisation work on multimedia group communication is currently an active area ofresearch, as evidenced by production of the T120 standard and the work on multipeertaxonomy.2.8 ConclusionNot all issues related to multimedia group communication in distributed applicationshave been investigated or discussed in this chapter, but some of the proposals in this arealook promising. However, while the infrastructures to support multimedia groupcommunications have been investigated in major projects such as MICE [Handley 93],and MBone [Erickson 94], [Almeroth 95], among others, further work has to be done todefine sufficient functions and services for multimedia group communication.It should be noted that the general group management services are not yet availablefor multimedia applications. Group management is the area of interest for this research.The concerns for this area are the location of different management services, theirfunctions and mechanisms and how they can be applied to support multimedia groupcommunications in a distributed computing environment. Why do multimediaapplications make the management of groups different, and hence require differentsupport strategies? Subsequent chapters examine this issue by addressing the question ofhow to provide flexible multimedia group management services, starting with therequirements for group multimedia applications in the next chapter.

31Chapter 3Requirements for GroupManagement for DistributedMultimedia ApplicationsIn today’s computer systems, information can be represented through audio and/orvideo, in addition to text, image, graphics and animation. The integration of thesemultimedia types enhances the use of computational power to support group interactiveapplications. Because the data for these media types can be transmitted through computerand telecommunication networks, there is a growing need to support applications formultimedia distribution and co-operative work [Steinmetz 95].Multimedia applications are being used to support users performing tasks rangingfrom computer-aided learning, remote conferencing, to co-operative design. The storage,transmission and presentation of audio and video sequences derived from recordings, on-line video cameras, computer-synthesised animation and simulations play a prominentrole in multimedia applications. In a computerised environment, many multimediaapplications use the underlying distributed systems support to enable several users tointeract with each other or to share common resources [Coulouris 90]. This mode ofcommunication contrasts with a multimedia environment for a distribution service such asTV. As stated by [Steinmetz 92], [Pasquale 92], in the distribution services, the serverstation sends audio and video information to a group of remote listening clients. Eachviewer can decide whether to receive the distributed information or not, but may notinfluence the sender. Other forms of dissemination services include radio broadcasts,newspapers and bulletin boards.On the other hand, computer-mediated multimedia applications are meant to allowclients to interact with the sources of information. Services to effect this mode ofcommunication are being sought in a variety of application domains including researchgroups, business and industry, education, medicine, and entertainment. This provides anopportunity for multimedia group communication, i.e. the use of various media types tosupport users of multimedia applications to perform co-operative and/or distributed tasks.

32However, this process requires management services.So far the arguments for management services are well known in the area ofcomputer networks and distributed systems applications as described in [Coffield 87],[Wang 89], [Sloman 94], [Langsford 94]. In fact these arguments have been wellexploited in communications services to manage communication systems such as nodesor host groups in the networks [Deering 89], [Ngoh 91], and to effect connectionestablishment with associated QoS i.e. the resource allocation methods that can betailored to meet the specific requirements of the applications [Coulouris 90]. For example[Garcia 96] presents a QoS model where flow management is used to establish, maintainand release continuous data flow along the various network paths (for point-to-point aswell as point-to-multi-point services). When a client joins a point-to-multipoint service byregistering with some group management entity, the latter invokes flow establishment bycontacting the appropriate resource management module at a particular source end-system. Flow establishment takes place between the source and the client through the aidof a handshake scheme which employs a reservation protocol similar to RSVP [Zhang93], and ST-II [Topolic 90].In a distributed systems environment the management services are meant to providepolicies and mechanisms to achieve intra- and inter-site communications among co-operating processes [Fortier 88]. In essence this requires a communications managerwhose varied functions would include the registration of processes within thecommunications systems, opening and closing of logical paths from processes to otherprocesses (e.g. one-to-one, one-to-many, one-to-all) and manipulation of these paths in adynamic fashion. Paths must be allocated and de-allocated to share the resourceeffectively. Additionally the communications manager may be required, in a real-timenetwork, to provide guarantees for messages requiring real-time service. In principle, management is seen as a means by which to plan and organiseresources, control the use of resources, to ensure that the resources remain accessible,and to report the unavailability of resources [Wang 89]. For a distributed computingsystem this is achieved by processing and communication management [Coffield 87],[Smith 89]. Tools such as ISIS have been used to support communication managementin distributed systems by providing facilities for fault-tolerance, reliability, and otherfunctionalities. However, multimedia group communication places different requirementson communication systems that need different management strategies, which cannot bemet by the conventional approach to management in a distributed computingenvironment. In fact in the literature [Mauthe 94] and [Cocquet 95a] have noted that thereare no general group management services for distributed multimedia applications; mostof the work such as that described by [Gupta 93], [Gupta 94], [Szyperski 93],

33[Szyperski 93 b], have focused on the design and development of real-timecommunication services and network support for continuous media applications.However, the extent to which network and communication services utilisation will impacton multimedia group applications will depend on the development of suitablemanagement services.Therefore this chapter aims to investigate the requirements of multimedia groupmanagement services, their functions and mechanisms in distributed computingenvironments, and to derive services that will isolate communication management fromapplications specific details. It is considered that this approach simplifies theprogramming abstractions, allowing easy access to communications facilities such asmulticast support, and the location of multimedia resources. The chapter is structured asfollows. Section 3.1 is an outline of multimedia group communications and theircharacteristics. In Section 3.2 multimedia group applications are presented with the viewto deriving multimedia group management requirements, which are discussed in Section3.3. The multimedia group management issues to be investigated are set out in Section3.4, which is the conclusion of the chapter: the important aspects for managementservices of multimedia group communication are outlined.3.1 Multimedia Group CommunicationsMultimedia group applications are some of the key applications that will exploitaudio, video and text/graphics and other media types. However, this use of variety ofmedia types for communications, especially audio and video, requires a large amount ofbandwidth; in these circumstances multimedia communications will naturally exploit theemerging high-speed network technologies. The Integrated Services Digital Networks(ISDN) and Broadband-ISDN have been eagerly studied and technical decisions to useAsynchronous Transfer Mode (ATM) switching technology over Broadband-ISDN havebeen made. Since there is no doubt that high-speed network technologies will provide thenecessary bandwidth for multimedia communications, the current group communicationissues are focusing on group members’ interactions and the number of participants thatthe communication system can control simultaneously before the group’s size becomesunmanageable. In this section a review of the characteristics of multimedia groupcommunications is presented.3.1.1 Characteristics of Multimedia group communicationsComputer oriented communication applications should be able to support two ormore geographically separated persons or groups of people who interact using variousmedia types, i.e. video, audio, whiteboard (for shared applications), inter alia. Such

34communication is classified as Multiparty-Interactive Multimedia applications (MIM)[Szyperski 93 b], [Ventre 93], [Moran 94], and is characterised by the functional aspectsof the mode of information exchanged at the transport-level subsystem, i.e. point-to-multipoint (including point-to-point). This support is required for multimedia groupapplications in the form of one-to-many and many-to-one interactions enablingcommunications among multiple users to exchange information over computer networkssupported by distributed media types. The features of multiparty (multipeer)communication are described in the following sections.3.1.1.1 Mode of InteractionThis refers to the way participants interact by exchanging data depending on theability to produce and consume multimedia data. Traditionally, three different types ofinteractions may be identified as follows.Dynamic:This allows any participant to send and/or receive data without anyform of restriction. However, it is assumed that at a higher-levelof group communication such as meetings, social protocols willprevail. The assumptions in this case are that:1) Out of many participants, usually only one participant will talk at a time in a conferencing application.2) In computer mediated co-operative applications, a lot ofthe time participants will concentrate on image or dataapplications, and so no one will talk will for lengthyperiods.Static:This relates to the case where participants that are allowed tosend/or receive data are a statically a determined set that will notchange through the application’s lifetime. For example in anopera, the orchestra produces the music while the audience onlyreceives it.Controlled:In this case, the subset of participants allowed to send informationcan change during the course of an application, but the changemust be governed by conditions or rules of the application. Forexample in a seminar, or a conference, the role of a speaker maybe assumed, in principle, by any of the participants while in a

35lecture course the instructor may occasionally allow students toask questions.3.1.1.2 Data flowThis relates to the way information flows among the participants. It may take theform of one-to-many data flow, or many-to-many types of flow. An example of the firstcase is the conduct of a seminar where the speaker and the attendees are expected tointervene, one at a time, while the second case is illustrated by meetings in whichmultiple communications can simultaneously coexist. It is observed that in other modelsof interpersonal communications, such as panels and debates, an MfiN data flow canexist, where usually M < N.3.1.1.3 AccessibilitySometimes the access to data flow is restricted, and this requires that participantsundergo some form of admission control or monitoring process. Access control may taketwo forms: controlled and uncontrolled.In the controlled access model, a participant must be enrolled to take part in groupcommunication. For example, in a lecture course, a student must be enrolled in that class.In uncontrolled access, no kind of control is enforced on the participants, for example inpublic hearings since everyone is usually encouraged to attend.There are various methods of enforcing access control. A naive approach is to uselists which, for instance, may restrict participants at a conferences. A list may beprepared ahead of time (static) or it may be dynamic, i.e. modified during the event. Inthe latter case, for instance a conference may be announced ahead of time and participantsregister, while others may join only at the last minute. There is a difference in the way thetwo groups may be treated in that for the first group, participants are known and aretherefore guaranteed to be accepted, while the acceptance of the latter group will dependon the availability of resources.3.2 Multimedia Applications3.2.1 Media CharacteristicsSo far "multimedia applications" has been a notional treatment as a "means" ofconveying information in a computing environment without considering the constituentproperties of the multimedia. If the support of multimedia type group communication isto be sought, it is imperative that the nature of multimedia applications is understood.The development of multimedia applications has to take into account functional

36characteristics of a given media type. As noted in [Muller 92], [Herrtwich 92], althoughmultimedia has become a buzzword, and the recognition that future systems shouldprovide multimedia functionality, there is some uncertainty about what a multimediasystem actually is and what its particular function should be. In [Shepherd 95]multimedia is defined as "many media" where a medium is a means of transportinginformation or a particular way to communicate. From a computing point of view, it is ameans of the interaction between humans and computers, or between humans viainformation technology.One major characteristic that determines a true multimedia system is media flexibility.i.e. a multimedia system should be able to combine both discrete and continuous mediatypes. In this respect, equipment such as a TV set, VCR, desktop publishing systemshandling text and graphics, are not multimedia systems. On the other hand, an editor withvoice annotation is a multimedia system. A further requirement on a true multimediasystem is that there should be a provision for handling each medium independently,hence providing the opportunity to combine them in an arbitrary way. For example, asystem such as a VCR stores video and audio together in which case each media streamcannot be accessed separately, whereas if both audio and video were stored separatelysay on different disk files, manipulation of individual media types would be possible.Computer systems are the ideal tools for realising media flexibility. Therefore acomputer-mediated multimedia applications system is characterised by the computer-controlled generation, manipulation, presentation, storage, and communication ofindependent discrete and continuous media [Herrtwich 92].When different media types are used to enhance human-computer communication,and to effect communication between humans, a multimedia group communication isrealised. A given group session may use a variety of media types, depending on theapplication domain (discussed in section 3.3.2), and will therefore employ differentmultimedia services. Two main categories of service are normally perceived formultimedia group communication applications, viz dissemination and interactive services.In the following sections, the characteristics of these services are described, with theintention of deriving the management requirements that may be applied for distributedmultimedia group communication.3.2.2 Dissemination ServicesMultimedia dissemination services are akin to TV/radio broadcast services althoughthe activity takes place at a computer terminal or a workstation. Such services includeVideo on Demand (VoD), tele-shopping and archive databases. In this mode ofcommunication, the source provides the information to bona fide members registered tothe service, but the recipient cannot edit the information received. In [Pasquale 92],

37[Kompella 92] these are referred to as large scale dissemination services. Communicationin this manner requires very little group management as the members of the group are notaware of each other. It is a case of an "unknown group" in the terminology of groupcommunication taxonomy; only the service provider (the group manager or owner)knows the group membership list to which the information is distributed and interactswith individual members, and vice versa. Group members may join in or opt out of a"group session" e.g. in a given VoD session. The group manager should effect thesending of the data when a member joins the group session or to stop the sending of thedata when the member opts out of the session.3.2.3 Interactive ServicesThe second set of multimedia group communication services, i.e. interactive services,is where group applications interact with the system or with each other supported bycomputers and communication systems [Mauthe 94]. Although in some cases there areno major differences between dissemination and interactive services (e.g. in receivercontrolled VoD and tele-shopping), the main distinctive feature between the two is thedegree of interaction which takes place within a group (or sub-group). The main purposeof the interactive applications is the communication among group members, whilst indissemination services, the main purpose is the distribution of information.The largest category among interactive applications are the CSCW applications. Theterm CSCW characterises the co-operative work of a group of two or more userssupported by a computer based system [Hagsand 91]. CSCW applications supportgroup work using the developments of computer hardware, networking and systemssupport. These applications cover most of the characteristics and requirements of othermultimedia group applications. Their highly interactive nature and their high quality ofservice requirements are the reason why CSCW applications are regarded as thosemultimedia group applications with the highest demands. A detailed discussion of CSCWsystems in general is out of the scope of this thesis, but more information on CSCWsystems can be found in [Grudin 92], [Turner 92] and [Trevor 95].Apart from the dissemination and interactive services, there are other examples ofmultimedia applications. Some of these are described in [Williams 94] include officeautomation, service industry applications (education - distance learning, finance, andhealth), retail applications (publishing, travel, and property), domestic applications,science and engineering, and cultural applications.3.2.4 Applications ScenariosIt is not a straightforward task to identify the requirements of complex applications

38such as CSCW because the existing systems are based on today�s platforms, and areadapted to their specific environment. Investigations of their requirements reflects to ahigh degree the capabilities of the systems they are built on. To look only at suchapplications is not sufficient. Therefore, in order to provide the required functionality ofgroup management services, there is a need to consider and analyse group applicationscenarios to get a better idea of the requirements of future multimedia group applications.Two typical applications scenarios are presented: Group Applications in Manufacturingand Business, and Collaborative Computing3.2.4.1 A Group Application in Manufacturing and BusinessImagine the act of co-operating car manufacturers. The construction of the engine isdone in Germany, the body is designed in Japan, the car is manufactured in Wales andthe marketing office is located in London. During the development of a new model,engineers, experts and managers from different sides have to �meet� frequently. Themeetings might be planned ahead or be spontaneously convened when problems areencountered. The meetings are held as audio-video conferences with tools for sharedCAD, 3-D models, shared document editing and video from storage servers. Differentparticipants have different rights towards the shared objects. Engineers, for instance,would be allowed to change drawings during a meeting whereas it would not be verysensible to allow a marketing manager to make any technical changes. Since theparticipants are experts in different areas their view on the shared data might be different.An engineer is probably not very interested in the colour and design of the steeringwheel. His main interest is its technical functionality, whereas for a marketing expert thecolour might be essential to attract the right target group. The quality requirements of theexchanged data varies. At the viewing of CAD drawings a complete and consistentversion has to be edited at the screen of every participant whereas the right pixel colourfor an advertisement might not be considered so important. However, when it comes to acertain point in the discussion, for example the shape of the mudguard, an expert mightwant to have a more detailed view of the 3-D model and therefore would like to upgradethe quality of the output. Audio and video have to be of conference quality, and audioespecially is very sensitive to delay. Group management has to be provided to set up agroup, initiate a meeting, invite group members and other participants. Access controland security mechanisms are of vital importance in this area. During meetings multimediadocuments may be exchanged between different members of the group.This scenario has the following characteristics:1)participants are distributed over a wide area network and probablyconnected through various heterogeneous networks;

392)there is a wide variety of media types employed, data views andquality requirements of different users;3)participants have different access rights;4)the quality of the continuous media data should be adjustable tothe QoS required by different participants;5)the audio conference mode is used; the conference is unregulated,i.e. everybody is free to speak at any time;6)dynamic media scaling is desirable for an application where manydifferent participants with different expertise are involved;7)plans, models, documents and videos can be stored at differentplaces. Concurrent operations on them have to be ordered in away that keeps multiple copies consistent;9)if meetings are planned ahead it should be possible to reserve allnecessary resources beforehand;10) membership of the group is known or determined;11) the group is closed but dynamic since some participants may optout of the discussion if not interested in certain aspects of theconference or rejoin the conference;12) this is a short-term group, i.e. it is set up only for a session.3.2.4.2 Collaborative ComputingCollaborative Computing is characterised by a group of users working together onsome given tasks through computer mediated applications. In a typical collaboratingcomputing application, otherwise known as Computer Supported Co-operative Work(CSCW), many tools are employed. These include electronic mail, bulletin boards,screen sharing tools, text-based conferencing systems, telephone conferencing systems,conference rooms, and video conferencing.There are currently a number of systems supporting multimedia applications forgroup communication. However, most of the design activities have been concentrated indeveloping tools for shared applications, and services for connection management. In adistributed system, applications are normally removed from the issues of the transportservices. For Group Communication, applications should be concerned with generation,manipulation and control of multimedia information, without the concerns forcommunications of independent discrete and continuous media types. In [Williams 94] it

40is stated that lack of system infrastructure has further inhibited the development ofdistributed multimedia applications. The majority of applications have been developeddirectly on top of a hardware base with little help being provided in the management ofresources across the network. This implies that most of the applications are tightly boundto proprietary hardware environments, making it difficult to port to other configurations.Hence standards need to be developed to cope with the heterogeneity in theinfrastructures.A collaborative computing application was realised in a scientific application in aresearch project between Lancaster University and ICI Chemicals & Polymers. In thiscase, the potential of collaborative computing using distributed multimedia applications ina scientific environment was investigated in [Williams 93], [Williams 94]. It wasobserved that scientific applications have much tighter restrictions on information qualitycompared to commercial management or educational applications. A decrease of mediaquality during the transmission or playout often makes the information useless for anyfurther examination. During the study a prototype of a microscope application wasdeveloped . The following scenario is based on this example.A group of biologists examines a cell sample under a microscope. Like conventionalcameras, microscopes in a fully automated system are remotely controllable. Onlyparticipants who are declared as �sample owners� are allowed to control the microscope.High quality video, X-ray spectra and high resolution pictures are transmitted from themicroscope to remotely sited experts examining the sample. Experts involved in a sampleexamination may have differing expertise on specific parts of the sample. Thereforedifferent views on the sample by these experts are required. Whereas one expert needs tosee all movements of the sample (e.g. vesicular breathing), another is interested in thecell structure and therefore needs a high resolution detail of the picture1. The expertsdiscuss the viewed sample over an audio connection. Only the sample owners andexperts who are consulted are allowed to take part in the discussion: passive participantssuch as students are just allowed to listen to the discussion and to see the video output (orparts of it). Depending on hardware and software capabilities and personal needs,participants may have individual quality requirements. The set of participants is dynamic;participants can join and leave the group session. The video sequences, X-ray spectraand every other output of the microscope session may be recorded for documentation andlater examination. The microscope output can be incorporated in multimedia documentscreated by multiple authors using shared editing tools. Figure 3.1 shows a typical layoutof this scenario.

1 Note, they are still viewing the same sample but each of them has a different view of it and hence has differentrequirements towards the output.

˚˚ expert microscope control processor passive participant

passive participant video audio control commands audio

audio audio control commands

video video video video video

control commands

control commands

Data Transmission & Group

Communication Services expert & sample owner

expert & sample owner audio

Figure 3.1: Example Collaborative ConfigurationMajor characteristics of this scenario are:1) high quality and reliability requirements, especially for video data;2) for non-continuous media (e. g. X-ray spectra) a fast, reliable anderror free data transmission is also required but this service is nottime-critical; any transmission errors can be corrected through re-transmission;3) audio quality can be adjusted to the available QoS;4) the conference mode is not controlled and experts can be located atthe same site or at different sites;5) participants have different rights; only sample owners are allowedto manipulate the sample and to operate the microscope, thereforecontrol commands in real time have to be transmitted; concurrentcommands by different sample owners have to be ordered at thedevice;6)various different connections with different topologies arerequired; video has to be transmitted from the microscope to allparticipants (1 : N); audio has to be transmitted between some

42experts and all other participants (M : N); control commands flowbetween sample owners and microscope, etc.; all theseconnections have different requirements towards bandwidth,reliability and timing;7)a group manager to administer the group and its participants isrequired.The above issues show how group communication using distributed multimediaapplications can be characterised, and require support from application tocommunications sub-systems. This thesis considers the management servicesrequirements, which are discussed in the following section.3.3 Multimedia Group Management RequirementsHaving considered the general group communication issues in Chapter 2, thestructuring of computer-based group applications and the nature of interaction amonggroup participants in the previous sections, the requirements for multimedia groupmanagement can now be stated.It was asserted in Section 2.1.1.3 that for any group communication or computeraided collaborative activity, a number of categories of service are required, e.g. the datatransfer services, the synchronisation services and management services. For example, inthe scenarios discussed, to provide services for multiple participants, using a variety ofmedia types and with varied modes of communications, it may be required that theunderlying communications system has addressing mechanisms to support 1:1, 1:N, N:1and M:N for data transfer and control information. It is also clear from the scenarios thatsynchronisation services for the different media types employed are required. The basicfunctionality of management services is to control access to the media types, control ofthe number of participants using the media types, and setting policies for using the mediatypes. Other management functionalities are described in Section 3.3.2. On managementservices, we refer to media types involved in communication, and the methods theparticipants use to interact with the media types.From the above application scenarios it can be inferred that the requirements ofmultimedia group applications are manifold. The consideration of media types involvedin communication aid in structuring multimedia group communication, resulting in theprovision of group management services for multimedia applications. In [Williams 94]two separate aspects of multimedia communication are identified, namely the forms ofmedia available for group interaction, and the ability to communicate efficiently using themedia types, i.e. the extent to which multimedia applications for group communications

43can be supported is dependent, to a greater degree, on the ability of the underlyingsystem to support the communication, namely the data transfer sub-systems and thesynchronisation services. These issues are discussed in [Mauthe 95b], [Namuye 95b].Since distributed multimedia group applications involve use of a variety of mediatypes and their integration on a number of workstations interconnected by one or morenetworks, the majority of future co-operative applications will be located in this globalenvironment and will require sophisticated tools to support collaboration andcommunication between users scattered over a wide geographical area. Multimedia groupmanagement will be an important component in supporting group applications. Forexample, in the scenarios discussed, applications involved in conference communicationswill need the support for conference initiation and termination, the dynamic behaviour ofconference participants, and the conference control. The conference communication facilities have been investigated by designing andusing tools based on the support provided by such systems as Multicast Backbone(MBone) [Almeroth 95], ISDN[Horn 1990], and Rapport [Ahuja 92], [Conti 92]. Thesemultimedia conferencing systems enable people to hold real-time discussions in whichthey share voice, video and whiteboard applications [Almeroth 95]. At the time ofwriting, MBone currently is in use as an experimental virtual network that provides themeans for IP multicasting for data to any number of connected hosts. One of the primaryaims of MBone is to investigate the real-time one-to-many delivery of audio and videoconferencing data across the Internet. Hence a lot of tools have been developed and arebeing used extensively to support multicast conferences, talks, radio broadcasts,concerts, and group working meetings.ISDN and Broadband-ISDN have also been studied extensively [Muller 92] and haveshown promise in supporting multimedia group interactive applications. From the userpoint of view these would provide guaranteed service contracts with certain quality ofservice; from the technology point of view, the use of Asynchronous Transfer Mode(ATM) as switching fabric promises to guarantee these services.Assuming the underlying communications systems provide one-to-many and many-to-one support to effect many-to-many group interactions, multimedia group managementwill be required to map these interactions in a distributed multimedia resourceenvironment. This mapping is important from the applications’ point of view since at thelevel of data transfer, the multimedia resources have no notion of groups; they are merelyresources that group members can query and/or use. In the following sections, an outlineof the requirements for managing the use of a variety of media types to support groupcommunication is presented.

443.3.1 General RequirementsIn general, group communication is concerned with allowing participants of thegroup to interact and establish rules for that interaction. On the other hand, groupmanagement is concerned with defining and controlling the group objectives [Verissimo92]. For multimedia group communication, the situation is essentially intensive in thatthere are many more players involved using different media types and requiring thatmedia types be located, shared, and their use controlled. The group-management entitywill be required to co-ordinate all the operations on media, providing the group useragents with the information about the media types, such as their location, and the policiesimposed on their use. When a user agent requests the use of a media type, themanagement entity sees to it that the transport service system arranges for the appropriateQoS, the list of recipient or sender processes, as required by the application. Forexample, while a media of type text may not place stringent conditions on transportservices (apart from reliability), other media such as audio may indicate a quality of voice(CD, stereo, mono, etc.) or mode. Others such as image/graphic media may requirepresentation ranging from mono, greyscale to colour, while media such as video mayrequire playout modes ranging from mono slow scan, greyscale slow scan to full colourscan. These are parameters that need to be passed to the communications sub-systems forappropriate media communication, apart from the timely delivery and minimal jitter delayfor continuous media types. The client agent should indicate to the multimedia groupapplications management entity the required level of performance for these parameters tothe underlying communication subsystem.3.3.2 Multimedia Management RequirementsApart from the above requirements, the management entity should provide services tocarry out the following functions on given media:Membership AdministrationThere should be support for group members to join or leave givenmedia, as well as an indication of their nature of participation i.e.only senders, only receivers, or both senders and receivers.During a group session, mechanisms should be provideddynamically to exclude or include participation in a media forgroup members who either leave or wish to join a group session.This ensures efficient use of both media and network resources.SecurityBoth authentication and access rights should also be performedwhen a user agent requests use given media. Therefore the

45management entity will need to have the access control list whichspecify the users for which it is allowed to initiate the service.Connection TransparencyMultimedia group communication will depend on the underlyingservice to support multiparty data streams in which given amedium with one source should be able to send to multipledestinations. However, it is important that the source is able totransmit such a stream without being concerned about a possiblydynamic set of participants currently receiving the stream. Thisresponsibility should be the concern of the multimedia groupmanagement system. This further simplifies the programmingabstractions, allowing easy access to communications facilitiessuch as multicast support. It is the responsibility of the multimediagroup management system to arrange for the locations ofconnections to which the source should transmit to thedestinations.¥ Location of MediaSince multimedia resources will exist in a distributed system,information about their location and the type is required. A formof directory service for querying this information will be requiredin this case.¥ControlIn the case of shared media such as VoD a large scaledissemination service, there should be a provision for applyingcontrol functions such as fast-forward, fast-reverse, pause, etc.without disrupting other viewers. In the case of a collaborativeenvironment, the shared control of the VoD should be reflected onall other group members’ views.Inclusion/exclusion of mediaThere should be provision for facilities to include media whenrequired, and to exclude the media when not required during agroup session. This dynamic and flexible environment makesefficient use of network resources.ScalabilityAs a consequence of dynamic support for join/leave actions during

46a group session by group members, it should be possible to scalethe medium of communication to the current group members, i.e.a source should be able to send to multiple receivers.Use of multiple mediaSince some group applications such as video conferencing willmake use of multiple media types, the group session managershould ensure that each group participant receives the mandatorynumber of media types.In summary, the multimedia group management services need to provide thefunctionalities required to support the above requirements, i.e. the means of enablingmany procucers of multimedia to send to many consumers, control participation in agiven media type during group communication, and the fact that participants will behaving different rights towards media types.3.4 Conclusion and the way forwardIn this chapter an investigation of group management service requirements fordistributed multimedia applications has been made. While a number of proposals havebeen advanced for group management services, most have concentrated on servicessupporting information sharing or connection management i.e. applications and transportservices.It has also been observed that there are problems in collaborative services arising outof connection management, and group membership management for a given multimediaapplication. These two factors have resulted in forcing each application to develop itsown management strategies for collaboration. This thesis suggests that for multimediagroup management services, there should be mechanisms that map group multimediainteractions in a distributed environment in a transparent way. To meet theserequirements, there should be a suite of services (or service elements) that will:1)instantiate, manage and control various media types involved ingroup communication;2)isolate communication management from applications specificdetails, allowing easy access to the underlying communicationssub-system;3) be generic to media types; this will provide the flexibility inprogramming multimedia group applications in a mediaindependent way.

47Thus the overall objective of multimedia group management services is to providefacilities for dynamically instantiating and managing the media types involved in groupcommunication. In order to provide such functionalities, the management system shouldbe modelled as a suite of services that:¥effects the instantiation of media types to multiple users;¥allows for independent manipulation of a media type in amultimedia applications;¥uses low-level media type support to realise high-level groupsessions in a collaborative environment and allow the formation ofsub-groups or sub-sessions

The service placement is shown in Figure 3.2 for a distributed environment. ˚

clients/applications clients/applications multimedia group management services multimedia group management services distributed system support distributed system support

(e.g. CORBA) (e.g. CORBA) transport services

CASE

Figure 3.2. Layered architecture for multimedia groupmanagement servicesFor applications, it is important to be able to pick any service without being forced touse all other service as well. Some users might just need a basic data transmissionservice, and therefore use the Common Applications Service Elements (CASE), whereasothers require a whole range of services. Figure 3.2 depicts a possible serviceconfiguration in the context of the application platform.The next chapter discusses the modelling and design of the envisaged services formultimedia group communication management.

48Chapter 4Design of MultimediaGroup ManagementServicesThere have been a number of activities on modelling and designing Group SupportSystems e.g. [Chen 1991], [Vogels 92], [Pendergast 95], in the realm of CSCW work,while proposals for the requirements of High Speed Networks to support multimediaapplications have been advanced e.g. [Waters 92], [Kompella 92], [Pasquale 92],[Mauthe 95b], emphasising the need for multicast support for sending data from a sourceto a group of receivers, so that applications such as video conferencing, distancelearning, distributed panel discussions, and Video on Demand, can be supported.It was mentioned in Chapter 2 that while group management services have played animportant part in distributed computing environments, the management strategiesemployed are not suitable for managing distributed multimedia group applications. Thissituation has naturally led to the search for new methods of managing multimediaapplications for group-oriented activities.In the previous chapter, it was observed that most of the tools developed to supportcollaborative activities tend to be very application specific and restrictive. This is becauseeach application develops its own methods for management and communicationsservices. The argument against this approach was that group collaborative activitiescannot be suitably supported in a distributed multimedia environment. Hence a suggestedproposition in the thesis, arising from the requirements specified to alleviate the problemof applications’ specific management and communications issues, advocates for theprovision of support that separates applications-oriented activities from communicationissues. While the transport services would be responsible for multimedia data transferand its integrity, management services would be concerned with configuring the transportservices for group communication.In order to fulfil these requirements, it was proposed that both users (andprogrammers) need to be provided with a suite of services. It should also be possible for

49applications to define new parameters and appropriate functions. In this respect a genericservice architecture would be most suitable.The use of multimedia in a given application by different users (actual people throughtheir user agents) necessitates that a "media channel" be established for the medium (theconcept of a media channel is defined later in the chapter). In multimedia groupcommunications, participants should be able to receive from different media sources,which, however, should be kept consistent with the whole group state, and synchronisedif they are related media types. However, each media channel should be managedseparately. In other words a group session would be simply a realisation of a setconsisting of users/members and the media channel involved in communication. Thus themanagement of use of media types and the mapping of the applications requirements tothe use of them are fundamental to multimedia group communications.In order to provide a suite of generic services, the multimedia group managementservice architecture should take into consideration a number of service elements1 as wellas the standard CASE tools that are conventionally available to the applications.In essence, the motivating factors for the new approach to Multimedia GroupManagement Services (MGMS) is the management and control of the individual mediatypes by providing mechanisms that facilitate the higher-level applications to realisegroup-based activities in a distributed multimedia computing environment. Therefore thisthesis explores the development of a service architecture for MGMS that is intended tooffer generic system level support for this class of applications. Furthermore, the use of agiven service requires certain policies. As stated in [Davies 94], [Langsford 94], policiesare means of management to guide the actions of the "manager" about the explicitbehaviour of the system. Although policies may be different in forms, a suitable MGMSmodel should be one that provides supporting mechanisms that will effect the samemanagement services for different media types, but leaving the applications free to tailortheir own policies for the desired services to meet their requirements. This is a furtherpointer to the need for providing generic services.As was shown in Chapter 3 it is appropriate to place the MGMS between theapplication layer and distributed systems support so as to insulate multimedia groupapplications from transport issues. Therefore one consideration to take into account is theconfiguration of the mapping functions by the group management entity of theapplication’s requirements to underlying transport services. (For instance there should besome indication stating a certain quality of service, i.e. the resource allocation methods

1 Services made available by the service-provider are a collection of several individual services calledservice elements; and associated with each service element there are procedures (or functions) implementedby the service provider [Jain 90].

50that can be stated to meet specific application(s) requirements using a given mediachannel).With the above overview of the requirements for multimedia group managementservices, the aim of this chapter is to present a design for MGMS that provide anarchitecture for flexible multimedia group management services. This chapter investigatesmethods that are flexible in providing generic (base) services for both users andapplication developers. The strategy employed is one that examines the concept of amedia channel as the management unit for an instance of a single media type, and hencemultimedia group communication management at this level is a matter of managing themedia channel units.The chapter is structured as follows: Section 4.1 analyses the conceived multimediagroup management services, their characteristics and operations and subsequently statesthe needed services to fulfil these requirements identified in Chapter 3. In Section 4.2 adesign for the MGMS presented, describing the service elements, their primitives andoperations. Section 4.3 describes some of the work that has been done on multimediagroup communications. The aim of this section is to compare the design approaches andthe functionalities of the systems derived therein, with the view presented in the thesis. Adiscussion of the suitability of the MGMS model is presented in Section 4.4. Theconclusion in Section 4.5 summarises the important aspects of the MGMS architectureand points to the direction of implementation of MGMS as presented in the model.4.1 Analysis of RequirementsThis section describes the nature of the requirements and subsequently states theservices needed to fulfil the requirements. As outlined in the previous chapter, theMGMS should fulfil the following:¥membership administration,¥support for multimedia sessions,¥scalability of a given medium of communication to multiple usersand groups,¥inclusion/exclusion of instances of media types,¥provision of control of instances of media types,¥security,¥provision of selected information on connection requirements,¥admission control.

51The objective of this analysis is to identify relationships among these requirementsthat will aid in modelling the service elements for MGMS. As Booch states, [Booch1994], the conventional approach to analysis is to focus on the behaviour of objects ofinterest when subjected to certain operations. The objects considered in this case are themedia channels (for example, audio, video, text media types) while the operationseliciting their behaviour are entailed in the use of the media channels.4.1.1 Multimedia Group management Service ComponentsFrom the list of requirements three broad categories of service components may beconceived i.e.:¥client/application services¥media types administration services¥media types information servicesThe three components are shown in Figure 4.1; they represent the building blocks for

MGMS; their characteristic features are listed in Table 4.1. ˚ client/applications client/applications services services media types administration services

media types media types information

information services

services

Figure 4.1: MGMS Components

52MGMS COMPONENTSERVICE SUPPORTSERVICECHARACTERISTICSSERVICEOBJECT client/applicationsGUI- instantiation of media sources and sinks- join/leave media channel- multimedia group support- control of use of mediachannels- directory service queriesclient media typesadministration servicescommunication managerpolicies- control of media channel- security/authentication- media channel policiesmedia channelmanager media types informationservices- list of media channels- location of media channels- directory servicesclient

Table 4.1: MGMS Characteristic FeaturesThe interactions of the above components can be modelled as shown in Figure 4.2.These interactions form the service components of MGMS; they are discussed in the

following sections. ˚ media media channel manager manager

group management group management service utility (GUI) service utility (GUI) database database ofof policies policies

directory directory service service utility utility

user agent user agent

Figure 4.2: MGMS Component Architecture4.1.2 Client/Applications ComponentClients or application processes run on the end systems and are responsible formaintaining the use of media channels by invoking the management operations on theMGMS User Agent (UA), which may be supported by a Graphical/Textual User

53Interface (GUI). The UA functionality involves the following operations.¥querying information on given media channels; this mayrequire a directory service facility for global information;¥joining a media channel or a list of media channels that theclient/user is interested in (assuming the user subscribes tothe channels or may be allowed by some as a guest);¥leaving media channels that the user is currentlyparticipating in;¥creating a new media channel and inviting others to join in;¥having a privileged user to allow or disallow clients theparticipation in the media channel; such a user may be aservice provider or some higher level management entity;¥contact participants by phone call or e-mail;¥add media channels to individuals’ list of media channel(similar to Netscape Bookmarks).This component may also be configured to list several media channels which usersmay potentially participate in and thus form a group session. In other words:a multimedia group session consists of potentially severalmedia types such as audio/video conferencing, shareddocument editing, shared viewing of Video-on-Demandapplications, which a group of people may participate in.The multimedia group management services (MGMS) considered in this thesis arethose that manage individual media channels whose sources transmit media streams inmultimedia applications as illustrated in Figure 4.3.The overall design philosophy of MGMS at the media channel level is to provide amanagement strategy which is simpler for the application, but which hides the "real"architecture. All multimedia applications can then have the same control (e.g. connectionmanagement) interface. In this way each media type can be controlled/managedindependent of the application.

54 ˚˚

source source object providing a media group

many objects consuming video; these members of the group

Figure 4.3: Agents of human group members participatingin a media channelwith one source4.2 Design of Multimedia Group ManagementServicesThe multimedia group management service model is designed around the concept of amedia channel, as the basic unit of management in a group user-agent, which thereforemanages multiple (multimedia) applications. A media channel in turn, is built usingstreams, which will be described first.4.2.1 StreamsA stream may be defined as:"an object of communication between a producer and multipleconsumers, distributed across a network."The producer produces a sequence of data (the stream) in a defined format, and this ismulticast to each of the consumers, who are expecting the data to be of that format. Eachconsumer may, independently of the others, ask to receive only a subset of the data byissuing Quality of Service (QoS) requests in the opposite direction to the stream, so thatintermediate nodes in the network may filter out the unwanted data. As noted by[Fluckiger 95]:Quality of service is a concept based on the statement that not allthe applications need the same performance from the network overwhich they run. Thus applications may indicate their specificrequirements to the network, before they actually start transmittinginformation data.

55The stream may also stop and start, but always according to rules that the consumersare aware of. This is illustrated in Figure 4.4.4.2.1.1 Media typeA media type defines the data representation between the producer and the consumersof the data stream, i.e.a media type represents the format of the data and the statechanges (D-state), travelling between producer and consumer,and the QoS requests from consumer to(wards) producer of thestream.A producer produces one stream of a particular media type, while a consumerconsumes one stream of a particular media type. The media type of a producer or a

consumer is the media type of the stream which it produces or consumes. ˚˚ data QoS

QoS

QoS producer consumers

Figure 4.4: Stream: producer/consumer configuration4.2.1.2 Example media types4.2.1.2.1 MPEGMPEG, i.e. Motion Picture Expert Group, is a coding data standard developed byISO/IEC JTC1/SC 29/WG11 to cover motion video as well as audio coding according tothe ISO/IEC standardisation process [Steinmetz 95]. Besides the specification of videoand audio coding, the MPEG standard provides a system definition, which specifies thecombination of several data streams. For example, the D-state messages can be MPEGframes of various quantization (resolution) levels or enhancement layers. QoS requestscomprise indications of the required layers (4 values for MPEG-2). Producers of this

56type generate MPEG frames on-the-fly, either by encoding them from a live videosource, or by parsing an MPEG file from a backing store.4.2.1.2.2 SunAudioThe D-state messages are 8-bit m-law-encoded packets with a real-time header. Thereare no QoS requests (or rather, there is only one QoS level defined). Producers sampleaudio from a microphone, or obtain samples from a file, while consumers play out thepayload of the D-state messages to a speaker, or append to a file.In general, a stream S consists of a media type T, a producer P, and a set ofconsumers C, such that:S = < T, P, C>.4.2.2 Media Channels, Sources and SinksA media channel may defined as:"a set of producers (which we call sources), a set of consumers(sinks) and a media type. Each source produces one stream of thechannel’s media type, while each sink consumes multiple streams- one per source. Therefore, each source is multicasting its streamto each sink."The media channel’s state is the aggregate of its sources’ states, plus the number ofsources. Each sink maintains a state which is composed of the (partial) copies of each ofthe sources, plus the number of sources. All sources registered with the channel mustproduce state and change-in-state messages that conform to the syntax of the media typeof the channel. Similarly, the sinks must be able properly to interpret those messages.The main requirement of a media channel is that all the sources must send to all thesinks, and conversely, all the sinks must receive from all the sources. We use a mediachannel manager (MCM) to maintain a register of sources and sinks, in a single channel,and this is responsible for ensuring that all (and only) the appropriate streams areestablished. Sources and sinks connect to the manager to indicate their participation in achannel.The main aim of the media channel is for each sink to have a mirror of all the sources’portions of the channel’s state. For each individual sink, the mirror of any of the sources’state does not have to be perfect: the sink can instruct the source to give it only enoughinformation for a lower-quality mirror, independently of the other sources and sinks - itis able to have the messages filtered.

574.2.2.1 Examples of Classes of media channels4.2.2.1.1 Video Conferencing (VC)In a video conferencing application, the state of the media channel is shared amongstall contributing participants, which will usually be a subset of all the registeredparticipants. The observing participants run sink programs for, say media type H.261,and register them with the video conference media channel, whose media type is alsoH.261. The contributing participants each run a source program and register it.A contributor’s portion of the state is the image that his desktop camera is producing.This image is (potentially) constantly changing, so his source program will becontinuously streaming out data which is multicast to all sinks.A sink will receive multiple video streams, one from each source. They aredistinguishable, and so the sink can display them in separate windows. If the user’smachine is overloaded by all the input, he may instruct the sink to lower the quality of allits windows, and will not affect other participants’ displays.As well as an image’s resolution, frame rate and colour, the media type may allowsome frames to be marked as important. Sources which have contributors who arecurrently talking can mark their frames as important, a sink which is being overloadedcan filter out less important frames. To the user, only the participants who are talking willappear - others will disappear or freeze.4.2.2.1.2 Video-on-Demand (VoD)This scenario involves one source which produces video streams, while usersconfigure their sinks to select the qualities that their machines are capable of, and thatthey are happy with.A single user can not control, i.e. pause, rewind, playback, etc., as this is part of thestate, and changes to it must affect everyone. If someone wants to do this independentlyof other viewers, the media channel model expects that person to instantiate a new mediachannel for the same video.If users wish to share control of the playback speed (or which video is being used, orwhich frame is to be displayed, which are also part of the state) a second media channel(the control channel) should be setup as illustrated in Figure 4.5. It should have only onesink, which is able to control the source program of the other channel. Users who wishto have control should activate programs registered as sources to the new channel,through which they communicate with the source of the video channel. The state that isrepresented by the new channel is "how we are all going to watch this video". The

58control sink knows which people want the video and at which speeds.4.2.2.2 Management OperationsMedia channels are used by the group session members for the management ofsources and sinks included in the media channels in order to participate in them (mediachannels). However, the use of media channels in a group session imposes certainrestrictions on the channel that determine what can be a source or a sink within the mediachannel. For example a group session defines "VoD data" as being "focused producer "type; only one source is allowed and not (necessarily) associated with any groupmember. Group members may participate in this channel as consumers, so they may onlyprovide sinks for this channel.Some media channels may be "focused consumer" (e.g. "VoD control"), i.e.members participate only as producers, and an external object (not a member of thegroup) as the only consumer. The focused producer and consumer MCs are shown inFigure 4.6.

˚

VoD server

Ctrl

User

User

User

MPEG

Figure 4.5: VoD Configuration producer consumer

"MPEG" stream

Focused producer channel Focused producer channel producer

consumer "Crtl panel"stream

Focused consumer channel

Focused consumer channel

Figure 4.6: Producer/Consumer configurationDuring a group session each member participates in each channel to a certain degree.For example, most of the members will be producers and consumers of "H.261" streamswithin a VC channel, while they will be just consumers of "MPEG" streams within the"VoD data" channel. However, some may control the "VoD data" channel, beingproducers of "control panel" streams ("VoD Ctrl" channel), i.e. start/stop/rewindcommands.4.2.2.2.1 User AgentEach member has an agent (the User Agent) to maintain the state of a member i.e.manage participation in media channels. It includes a database of media channels that theuser knows about, and may wish to participate in. It is also a representation of the user,including his preferences, the capabilities of his terminal, and his involvement inchannels.The user agent is aware of multiple channels such as Media Channel 1 (MC-1),Media Channel 2 (MC-2 ) and Media Channel 3 (MC-3) in Figure 4.7), and how to run asource or a sink for each channel. The list of media channels is user-configurable. Theuser may indicate to the agent that he wishes to participate in a channel as a source orsink, and the agent will identify the type of the channel, and run the appropriate programautomatically (Figure 4.7). When the user wishes to terminate his participation, the agentsimply destroys the relevant program. In effect, the user agent presents a service thatallows the user to:¥retain a reference to a channel that the user may later wish toparticipate in; discard such a reference;¥participate in a channel as a source; cancel such participation;¥participate in a channel as a sink; cancel such participation.

60 ˚˚ 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 4.7: User agent configurationA typical display of a user agent is shown in Figure 4.8 which lists the channels,giving their names and media types, and indicating the user’s participation in each one. Itmay also include other per-channel information such as how many are participating, andwho they are. Or it may provide this information on request.

˚˚˚˚

Channel name

Autophone

Text

Our plans

VoD

Channel type Source Sink

H.261 A/V text-conf whiteboard

MPEG

= joined Key

= not joined

= can’t join

Figure 4.8: User agent displayFinally, sources and sinks can refer identification requests to the agent that spawnedthem, enabling other agents to establish who is behind a source or sink.4.2.2.3 Creating and managing media channelsCreating a media channel involves running or activating a media channel manager(MCM), and specifying its media type. Sources and sinks can then be registered with it atwill. Figure 4.9 shows a design of a VoD service with VoD data and control channelsand their associated elements. The interactions between the MCM consists of Remote

61Procedure Call (RPC) messages at signal interfaces, while the interaction betweensources and sinks consists of streams at stream interfaces.Figure 4.10 shows the interaction between the MCM and the client of the VoDservice.The state of a media channel is represented by a management object or the channelmanager. In Figure 4.10 a VoD application for a join request by m1 (group member) isshown. m1 issues a join request and also submits its sink address to the MCM. MCMrequests the sink for a sink address (MPEG player), which is returned to the MCM thatthe MPEG source will use to transmit the VoD data from VoD server. If m1 also wants tojoin the VoD control, a similar process is followed, except that m1 now joins the VoDcontrol as a source.In practice, a multimedia group communication would have topologies such as theones depicted in Figure 4.11. In this case two media channels are involved: a shareddocument channel (a focused application) and a video conferencing channel (unfocusedapplication). 62

˚˚

Media channel

VoD data

(MPEG) m1 m2 m3

source receive "Y" opened

request receive

MPEG spawn

"Y"

VoD VoD server server

MPEG

MPEG player player

generic generic sink sink

MCM manager send to "Y"

Y

Figure 4.10: join operation for VoD media channel(MCM = Media Channel Manager) ˚˚ video video conference conference unfocused unfocused sharedshareddocumentdocument focused focused

users

Figure 4.11: Application topologiesIn Figure 4.12, a configuration of sources and sinks is shown as a two dimensionaltable in sending and receiving data from two media channels (in VC each source sends toevery sink; each sink receives from every source; in VoD the roles of sending andreceiving are accomplished by the use of the two media channels i.e. VoD Data and VoDCtrl).Each element of the table for a source, for example A, is consumer address provided,and to which A must ensure it is transmitting (e.g. e1). Thus, A is transmitting implicitlyto E. This table shrinks and grows in both dimensions as sources and sinks are added orremoved from the channel. The media-channel manager is responsible for ensuring thatthe table remains consistent. Each sink (accessed via its management address) is

63responsible for providing the media-channel manager with consumer addresses to fill theelements of the sink’s row, and for decommissioning consumer addresses that are nolonger required when the table shrinks. Each source is informed of which consumeraddresses it should or should not send to as a sink is added to or removed from the table.Figure 4.13 shows the configuration for the source and sink management addresses fordynamic creation of sources and sinks.

˚

E F G g1 g2 g3 g4 f1 f2 f3 f4 e1 e2 e3 e4

A B C D

Sources

Sinks

Figure 4.12: Media channel state ˚˚ channel manager(s)

other sinks

new sink mgt address

sink sourcesend source mgt address

Figure 4.13: configuration of source and sink management addresses

644.2.2.4 Media Operations4.2.2.4.1 Who will run an MCM?This will depend on what it is for. In a simple telephone call, which has the potentialfor having many participants, the person who initiates the call will likely run, own, andbe responsible for the manager. Alternatively, he or she may purchase a manager from aservice; perhaps he wishes to run it centrally with respect to other users rather than on hisdoorstep. A VoD service may run an MCM to enable policies to be enforced on thechannel.4.2.2.4.2 Who will run sources and sinks?Again this depends on the application: a VoD service will run a VoD source; VCsources and sinks will be run by the users they are serving.4.2.2.5 Putting it all together- an application scenario of media channelsIn a distributed multimedia application, media channels should be considered asobjects around the network which have been created by people for their particular needs,and are destroyed at will by their owners. In this model, the media channels do not haveany particular restrictions as to their context, such as belonging to exactly one groupsession. A group session is just a way of interpreting a set of MCs as being associated,that is a set of related media channels whose sources and sinks are all owned by a groupof people such that each person in that group has a source and/or a sink for each of themedia channels. The related channels are interpreted as multimedia group session, i.e. itis a session only because of the way it is used, not the way it is defined.A user agent contains a set of tuples, each tuple containing a media channel, and anindication of whether the agent has a source and/or a sink connected to that mediachannel. When a user wishes to participate in group communication, he ensures his agentis running and then adds media channels that he is interested in to the set of mediachannels in the agent. (He can also remove those he is not interested in, that may havebeen left over from an earlier usage.) He can then run media channel clients for each ofthe media channels that he wishes to participate in (the agent should be configured to runthem for him, like a web browser).A user may get to know about various media channels that he may be interested in asfollows:¥there could be a well known, permanent resource, such as BBC1,that he can get from some directory service;¥he can create one himself, such as a video that he wants to show

65to other people, that he is responsible for managing;¥he could ask a regional service, such as a campus managerfactory, to create one for him, so that he doesn’t have to remainresponsible for it if he finishes with it while other people are stillusing it;¥someone else could tell him about one ("Hey, they’ve now gotchannel 5 on the web - it’s at..."), so it’s becoming well known,at least to this person;¥someone may tell his agent about one, because they want to talk tothe other person who wishes to have a video conversation withhim, so he creates a channel, and passes it over to our user’sagent; the user is informed that a new channel has been given tohim, along with a message about who’s calling, and the user canchoose to answer (by joining the channel) or not (by removing thechannel).The advantage of using the media channel model is that each user maintains a list ofchannels that the user is interested in, and when this list is the same as another user’slists, one might interpret them as being in a single group session, but any of thosemembers is free to branch out to other things. There’s no need to have a central object asa group session manager, with a table of channels against users, which is too restrictivewhen it comes to merging groups which may be using the same set of media channels.4.2.2.6 Example:A user, say B, might be watching a football match with the sound turned off, whilstparticipating in a serious UFO discussion with other users, say A and C, but nobodyelse in the discussion needs to know about the user’s participation in the match.A: Anyway, I want to bring up this next batch of sightings we’vehad over Scotland.B: Yeees!C: Have Carlisle scored?B: Yeah. First time in two years!A: I wouldn’t mind some attention here, please.C: (To B) Can you give me the address?B: Sure.

66B:textchannel:group://sports.cumbria.org.uk/matches/live/carvbirmC: Thanks.C now watches the match with B.A: You two can leave if you’re not listening.B: No, no! We are, really.C: What he said.A: No, you’re not. Go away.User B creates a new VC channel, and sends the address to C, who joins it. B andC then leave the other VC channel, and A goes on talking to the rest of his flock.However, B and C retain the text channel, so if anything important happens in A’sconference (important enough to be typed), they can rejoinThus the media channels are resource objects, and their management services specifyhow the resources should be used and the operations that are applicable to them. The nextsection deals with these aspects, for designing MGMS.4.3 The Media Channel ArchitectureGiven the definition of a media channel and its associated properties as outlinedabove, it is appropriate to consider a media channel as comprising several instances ofgiven class of managed objects (sources and sinks). In [Tucker 94], it is noted that amanaged object definition should strictly be described as a managed object classdefinition, and a class may be thought of as a set of managed objects satisfying a giventype (i.e. satisfying a given definition) that exist. In this respect the "media channel"object provides instances of sources and sinks that are managed by the media channelmanager. The creation and deletion of sources and sinks offers the flexibility of using agiven media type, and also accommodates the dynamic changes in the use of the media.In this section, an architecture for a set of Multimedia Group Management Services(MGMS) intended to provide generic system level support for multimedia group basedapplications is described.4.3.1 Media Channel CommunicationsThe concept of a media type has been elucidated as a class definition for enablingmedia channels to be created for multimedia communication. The use of various mediachannels in the media channel management entails managing objects (resources) around

67the network. For example, the owners of video conferencing facilities may offer a videoconferencing channel such as the ones used by MBone. This channel may be a compositechannel, i.e. made up of different media types e.g. audio, video, text. etc. Or the videoconferencing application may be constituted by different media channels. It reallydepends on the application, the services provided to the application, and the policiesimposed on the use of a given media channel.The following section discusses the envisaged services and the primitives that modelthe services.4.3.2 Services and Service PrimitivesIt has been reiterated in parts of this chapter that MGMS should be flexible enough tomeet the user’s requirements specified according to applications’ needs. To achieve theflexibility required, we need to specify classes of services that will ultimately give rise totype of services by the individual applications. Basically, the MGMS is required toprovide facilities to:¥add a user to a media channel;¥remove a user from a media channel;¥allow the user to control the stream from a given source;¥track the media-channel-relevant information and access to theinformation from different locations;¥add a media channel to an application;¥remove reference to a media channel from an application.For applications developers, it should be possible to configure each of the aboveoperations as a service element. Each service element has a number of service primitives1associated with it, and which provide the user with an Application ProgrammingInterface (API). These issues are discussed in the following sections.Add user to media channelThe user wishes (his agent) to participate in a channel. The user can participate in anynumber of channels at once. The user can participate in each channel zero or one time as asource of that channel, and zero or one time as a sink of that channel. The agent identifiesthe type of the channel, and selects an appropriate source or sink object to invoke. Twoprimitives are identified with this service element:

1 Primitives are notional operations that can be brought together to provide services. Primitives fall intoone of two categories: they are either status or control. Status primitives find out something, controlprimitives change something [Coffield 87]

68add_user_src_to_mc(channel);add_user_snk_to_mc(channel).The user agent invokes the operation such as src_joining on the channel, and thenbehaves according to the include_output and exclude_output responses returned by theservice primitives as shown in Table 4.2.Similarly the user agent invokes the snk_joining operation on the channel, and thenbehaves according to the prepare_input, accept_input, and reject_input responsesreturned by the service primitives shown in Table 4.2 (page 69).Remove user from media channelThe user wishes to end his (agent’s) participation in a channel as either a source or asink. The agent identifies which of its "child processes" is acting as the source or sink forthe specified channel, and removes it. Two primitives are associated with this serviceelement, viz:remove_user_src_from_mc(channel);remove_user_snk_from_mc(channel).Import media channel (add media channel)The user wishes his agent to be aware of an existing channel. No channel is created;merely the address of an existing channel is given to the agent. The primitive associatedwith this service element is:import_mc(channel)Discard media channel (remove media channel)The user wishes his agent to discard the reference to a media channel. The channel isnot destroyed. The service primitive used is:discard_mc(channel)Create media channelA media channel is to be created and to behave according to a set of policies. Theresult is a reference to a media channel. The policies are essentially application dependent;for example access rights to the media channel, maximum number of participants, modeof participation for each participant (i.e. as a source or a sink or both).

69How the channel is created is beyond the scope of this specification. The primitiveassociated with the service element is:create_mc(policies)->(channel);Destroy media channelDestroy an existing media channel. Its reference subsequently becomes invalid. How thechannel is destroyed is beyond the scope of this specification. The service primitive usedis:destroy_mc(channel)The various operations on the media channel are handled by the media channelmanager which instructs the sources and sinks to include or exclude the sending to orreceiving from addresses in their lists. The syntax of the operations in all cases is:sender: receiver.message(arguments)Table 4.2 shows the various operations that are invoked by the sources and sinks on themedia channel manager and vice versa, in order to register with the media channel.In summary, this section has shown the structuring of media channel managementservices based on service elements and their associated primitives and operations basedon the media channel model. The implementation of these services is the subject of thenext chapter.4.4 Related WorkThe concept of a channel has been exploited in various ways to provide a service thatcan be used by multiple participants. For example a TV channel such as BBC1 allowsany one to participate and receive the broadcast programmes. It is an open channel. Otherchannels such as SKY MOVIES are closed channel since a potential user must explicitlyindicate to the service provider that he wishes to participate in the channel, and may beallowed do so on subscription to the channel in accordance with the stated requirements.Within the domain of computer applications channels have been discussed as meansof sending data from one source to multiple receivers. They are usually referred to asmulticast channels e.g. in [Pasquale 92], [Pendergast 93].

70CLASS OPERATIONSCHARACTERISTICS snk:mc.snkjoining(media type, validate agent);snk:mc.snkleaving();The invoking sink is registering (snk_joining) orderegistering (snk_leaving) with the invoked mediachannel. The channel should invoke other calls onthe sources and sinks subsequently registered withit, according to the policies which the channel wasassociated.

src:mc.srcjoining(media type, validate agent);src:mc.srcleaving();The invoking source is registering (src_joining) orderegistering (src_leaving) with the invoked mediachannel. The channel should invoke other calls onthe sources and sinks subsequently registered withit, according to the policies which the channel wasassociated with when created.

mc: src.reach(output : address)mc: src.close(output : address)The source should include or exclude ‘output’ fromthe list of addresses that it multicasts its stream to.

mc: snk.prepare(mgrref, snkref : reference)snk: mc.prepared(mgrref, snkref : reference; input: address)The manager wishes to connect a source to thesink, and is asking the sink to provide an address toreceive through (an input). The sink should refer tothis connection as mgrref when responding to themanager, and if snkref is not NULL, then themanager believes that the sink has already providedan address which the sink refers to as snkref. Thesink should find the input identified by snkref, orcreate a new one if snkref is NULL, and shouldreturn prepared_input(mgrref, snkref, addr), whereaddr is the (new) address of that input.

mc: snk.listen(mgrref, snkref : reference; input :address)The manager wishes to connect a source to a sink,but has already arranged an address (input) throughwhich the sink will receive the stream. snkref is areference to the sink’s existing structure thatrepresents the state of that input, or NULL if it hasno existing structure.

mc: snk.snkclose(mgrref, snkref : reference)The manager wishes to terminate a connectionbetween a source and the sink. The manageridentifies the connection by mgrref, while the sinkidentifies it by snkref.

Table 4.2: Operations on a media channel (mc)The work described by [Gupta 93] presents the notion of channel groups in a singledistributed application, with the view that a number of real-time connections do havecertain relationships among them. The introduction of channel groups enables the clientsto describe these relationships explicitly to the network service provider. For example asharing relationship may enable the network to share resources among related channels,thus lowering the cost and improving scalability of communication. The resource sharingrelationship specification consists of a set of channels along with the specification for theentire group. The relationship says that at any network entity, the resources required by

71all the members should not exceed the resource specification for the entire group. Otherrelationships such as inter-stream synchronisation, relative dropping priorities, mayexist. Since the objective is to have an application define relationships among channels,the channel groups clearly address issues above the MGMS model. It is an example ofhow to provide facilities for setting a group session, which is application-specific. Mediachannel management services provide the flexibility to the individuals to use differentmedia channels at will without the concern for the relationships among the channels.Within the framework of the media channel model group sessions are not formallydefined. A multimedia group session is just a way of interpreting a set of media channelsas being associated with a given application, i.e. it is a session only because of the way itis used, not defined. Therefore the media channel mechanisms are means that the channelgroup abstractions may use to create a multimedia session with groups and sub-groups, aconsequence of the definition of the media channel. However, it is important to note thatthis work introduces an important element of requirement in the design of MGMS, i.e.the scalability of the media channels to multiple participants. This has been provided forin the design of the MGMS by allowing media channel manager to effect the instantiationof several sink addresses, and hence each sink is able to receive media data from multiplesources of the same media type.In [Wilde 94], a framework for Group Management Services (GMS) is described.The model does not specifically describe group management services for multimediaapplications but presents a framework for applications for sharing information incollaborative work environments. The GMS provides a set of object types which areused to construct a data base of information that group members can share duringcollaborative activity. Although the GMS is an application level process, it points to therequirement for the support of multiple media types required in collaborativeenvironment, and would therefore profit from the services of the MGMS to supportcollaboration.A parallel approach to the design of the MGMS is the work described in"Communication Systems Supporting Multimedia Multi-user Applications" by [Heijenk94]. In this work, the idea of service elements and service primitives are presented.While the MGMS refers to sources and sinks as means of establishing streams of databetween communicating end-systems, in [Heijenk 94] they are referred to as INs andOUTs respectively. A Call Model approach is used; it is defined as a dynamic associationbetween users and the service provider. The service provider offers the functions of oneor more (possibly related) media types to the users. Although the approach is, in manyrespects, similar to the design of MGMS, the Call Model is suitable for the transportservice user. It would be unsuitable, as observed in the design criteria for MGMS, forapplication developers for interactive multimedia applications to build directly on the

72mechanisms the Call Model provides. Rather these should be hidden by the facilities suchas those envisaged in MGMS. In the Call Model, the applications manage transportconnections. Besides, the Call Model does not indicate how the envisaged services are tobe implemented, while MGMS does consider an implementation strategy. Above all, thedistinctive feature between the Call Model and the MGMS is that in the former, groupsessions are formally defined by a ’call’. By abandoning the group session (or call) inMGMS, definitions of subgroups (and sub-sessions) are easier to define (because thechannels aren’t exclusively associated with a single session any more). The multimediagroup session topology was illustrated in Figure 4.10, but in [Vin 92], [Heijenk 94], amultimedia group session involves a set of users orthogonally registered against a set ofapplications, and all the users participate in all the applications, under one Group SessionManagement entity (GSM). A user invokes the GSM by the Group Session Agent(GSA). The GSM then initiates connections onto the media channels to the user. This isillustrated in Figure 4.14. However, the argument against this configuration is that themedia channels are exclusively associated with a given session, thereby being toorestrictive. The media channel model proposes a more flexible arrangement as shown inFigure 4.15 for which the group session agent is now configured as the User Agent(UA) as described earlier in the chapter. The user is free to participate in any number ofmedia channels, which are not associated with any given session, and which are userconfigurable.The media channel approach, as illustrated in Figure 4.16, allows the implement ofthe group session manager (S) as just one more media channel (discussed in detail inChapter 6). There is no sense of a privileged user who can control access to the ’call’ asis the case in the Call Model. This is now just a user who can access the user-agent as asource. If there is no such manager, then there is also no such special user. Byexpressing the access rights as a media channel, we could have any number of specialusers, i.e. we do not assume that there will always be exactly one. This situation isillustrated in Figure 4.16.Figure 4.4 showed the interaction the source-sink interaction: a source sends a singlestream of a particular media type to multiple sinks. Each sink sends a QoS request of themedia type to each source. This definition is essentially missing in the call model.

Group SessionAgent (GSA)Group Session Manager (GSM)Media ChannelsFigure 4.14: General Group Session Configuration

User Agentmedia channel managersFigure 4.15: Configuring Media Channels with User Agent

User Agentmedia channel managers smedia channel managerFigure 4.16: User Agent configuration for a group session4.5 DiscussionThe design has presented a suite of primitives and operations on the media channelsto provide multimedia group management services. These services are generic i.e. theyare not tied to any specific type of media employed in group communication, but areconfigurable to applications specific requirements. Hence the same services are used fordifferent media types. In this way the model provides for generic interfaces for provide aunified management approach for dealing with different media channels, whether thechannels have focused or unfocused sources and sinks.The media channel manager configuration provides a generic interface via the sink

74management interface as shown in Figure 4.17. The sources’ and sinks’ interfaces do notdepend on media types, thus allowing a management entity to communicate with themusing similar services.

˚˚ media media channel manager

manager sink display

user program user program

sink program sink program

generic media channel interface generic media channel interface registerconnected notifyFigure 4.17: Generic InterfaceThe communication between the sink and manager objects is always the same for anymedia type; it essentially involves the passing of an address from the user processspawned off by the sink to the manager so that a source can be instructed to send to thataddress.For a video application, the functions of the generic interface may be performed as atemplate to the interface between the sink and user programs since individual consumerscan run independently, i.e. there is no interaction between them. The displaysrepresented in Figure 4.17 may be images from different sources of the same media type.For an audio application, the sink processes receiving from different audio sourcesneed to be mixed to form a single output for the audio output device (e.g. /dev/audio).However, more work is required for this conversion and therefore the sink/userprograms interface is not generic to the audio application. (This is illustrated in Section6.4.2.2). Hence the general case of providing a generic interface with our model is at thesink management interface and the media channel manager.It suffices to say that the generic interface scheme employed for management hides areal architecture: all multimedia applications use the same control (i.e. connection

75interface) in that applications can be controlled or managed independent of applicationtype (video, audio, etc.). In other words the design provides a class of services toapplications developers.The above mechanisms provide a common way of writing source and sinkapplications for any media channel. In the implementation (Chapter 5) the abovefunctions are provided as a set of libraries. These mechanisms supporting multimediacommunications are generic to all media types.A further merit of the service specification in this model is that it isolatescommunication management from applications specific details. This is particularlyimportant as it simplifies the programming abstractions, allowing easy access tocommunications facilities such as multicast support, and the location of multimediaresources without the concern as stated before.The emphasis on developing the MGMS model has been on the management ofindividual media types. Since the individual media types have no knowledge of groups,sub-groups can be set up using the same media types; the scenarios depicting such anarrangement are discussed Chapter 6. The implication of this approach is that differentmultimedia applications can be freely and spontaneously set up and terminated during thecourse of collaboration. This is desired especially where participants involved in acollaborative activity engage in different tasks simultaneously.4.6 SummaryThe media channel model consists of three major components: the media channelmanager object (manager), the media channel source object (source) and the mediachannel sink object (sink). Figures 4.9 and 4.10 show the configuration of the objectsfor an application that may use a media channel of type MPEG. The objects interactthrough interfaces which are typically of two types: signal interfaces and streaminterfaces. The signal interfaces provide the communication between the media channelmanager and the sources and the sinks, while the stream interfaces provide the data flowbetween the sources and the sinks. The bindings between the manager to thesources/sinks provide the end-to-end abstractions that allow an arbitrary m:n connectioni.e. they allow m sources to send to n sinks. This situation is illustrated in Figures 4.12and 4.13.4.7 ConclusionThe objective of designing Multimedia Group Management Services is to providegeneric services to multimedia applications for group management. The strategy

76employed is to separate the application-oriented issues from the communicationsconcerns.A number of other research activities concerning multimedia group communicationhave approached management issues with the view to sharing information, and becauseof the lack of support from underlying communication systems, the tools developed inthese models have tended to be specific to group session applications. Furthermore, themodels have been too restrictive in the use of media types, for example, not allowing theflexibility for users to form sub-groups within a session. The design presented here is anopen architecture that surmounts such restrictions.Each of the service elements defined and the specification of its primitives andassociated operations provides the flexibility to use it as a generic interface to any givenmedia type, simplifying the communication semantics between the application andcommunications sub-systems. Subsequently the task of managing group communicationin a multimedia application environment is greatly simplified.However, it must be stressed at this point that in the media channel model, onlycontrol messages are passed between the sources/sinks and the media channel manager,to effect establishing a channel for communication with a given media type. The modeldoes not concern itself with the data formats, synchronisation and the monitoring andmaintenance quality of service i.e. orchestration. Nevertheless the reliability of thecontrol message is highly desirable.In conclusion, the media channel model meets the basic requirements for multimediagroup management services embodied in the service elements viz:¥providing means by which several sources send to one or moresinks of the same media type and thus catering for mediascalability;¥controlling the population of participants using the same mediatype through use of the media channel manger with associatedpolicies;¥co-ordination of operations on the media channel by the mediachannel manager;¥provision of different rights to access the media channel byparticipants;¥providing an API for application developers.How an implementation of the conceived services may be realised, is the concern ofthe next chapter.

77Chapter 5An Implementation ofMedia Channel ServicesThe design of Multimedia Group Management services has been presented in theprevious chapter. The design provides an architecture for generic services based on theservice elements that are required for use with three classes of objects, viz. the sources,sinks and the media channel manager plus the user agent. In the media channel model,managers, sources and sinks are objects distributed across the network. The managementservices are meant to enable potential users to access given media channels by invokingthese objects through their media channel user agents.The media channel model provides a framework of abstract services which aredescribed as generic services and which would enable a high-level management entity tocreate and manage a distributed multimedia group session. As has been reiterated in partsof the thesis, the media channel model provides for the realisation of a group session as aset of related media channels; group sessions are not formally defined, but interpreted asa set of related media channels in a multimedia application.The abstract model defined services to add sources and/or sinks when a potential userjoins a media channel, or to add or remove a media channel, or to control the behaviourof a media channel. Some of these capabilities are provided by the protocol defined forthe communicating objects as shown in Figure 5.1. The fundamental design concept is toprovide a generic interface to multimedia applications where several media types areinvolved. It then becomes easy to manage a multimedia group as well as sub-groupscommunication in a group session.The aim of this chapter is to present an implementation of the media channel servicesfor multimedia group management in a distributed environment. The implementationinvolves two categories of service: the low-level services that are used by the objects tocommunicate among themselves; and the high-level services that are invoked by the useragent.The chapter is structured as follows: Section 5.1 presents the service model,

78underlining the protocol issues involved in designing the MGMS model conceived inChapter 4. Then the implementation model is presented in Section 5.2. Section 5.3discusses some communication infrastructure required to support the managementservices. A summary of the implementation is presented in Section 5.4.5.1 Service modelBy way of definition, services are high level functions provided to support thesystem [Coffield 87]. In a distributed system a service is an abstraction of a set ofoperations provided to users allowing them to perform a particular function. Services canbe divided into application and support services. For example Netscape is an applicationservice that allows a user to browse the world wide web. Others in this category includeelectronic mail, directory service, document data transfer, and Electronic Data Exchange.A communication service such as Mbone is a support service that allows users toestablish connections and set up group sessions by providing conference communicationfacilities.A service provider uses the resources of the distributed system to provide a service tousers. Resources can be both software and hardware entities. In the thesis, mediachannels have been considered as resources distributed across networks. They arecommunication resources and therefore belong to the category of support services.5.1.1 Media Channel Management ServicesThe MGMS process entails the provision of management services to enable:¥the querying of information on given media channels¥joining and leaving of media channels¥instantiation of new media channels for a multimedia group session¥establishing sessions and sub-sessions¥media channel membership administrationThe requirements for these services are fulfilled in the following communicationprotocol and membership policies.5.1.1.1 ProtocolThis protocol defines the allowable messages between four possible types of mediachannel objects: source, sink, manager, agent. The configuration of message flow isillustrated in Figure 5.1.

˚˚ useruser agent agent manager sink

source

get name & type participate as source participate as sink

- snkprepare

- snkclose - srcreach

- srcclose

Figure 5.1: Communication between media channel objectsThere is an interface between the source and the manager, the sink and the manager,and the agent and the manager.The requirements of the agent-manager protocol are that the manager should be ableto ask the agent to validate a sink or source address("is this sink one of yours/authorisedby you?"), and that the agent should be able to obtain the name and type of the mediachannel from the manager.For the source-manager protocol, the source should be able to indicate that it wishesto participate in the channel as a source, or not. In addition, the protocol should beflexible enough to allow the manager to instruct the source to set up connections usingpossible multicast mechanisms that underlying communications system can support.For the sink-manager protocol, the sink should be able to indicate that it wishes toparticipate in the channel as a sink, or not. In addition, the protocol should be flexibleenough to allow the manager to instruct the sink to set up connections using a number ofpossible multicast mechanisms as described below.5.1.1.1.1 Multicast MechanismsThe media channel management facilities are responsible for arranging for locationsof the connections, i.e. providing individual/group addresses. However, it is assumedthat the network layer is able to provide addressing mechanisms so that data iscommunicated to media channel members. Multicasting is one such a mechanism, asopposed to broadcasting; the latter does not discriminate group members.Multicasting has been and still is an area of active research, with add-ons to therequirements to support multimedia applications. Notable literature has been presented by

80[Ngoh 91], [Waters 92], [Szyperski 93], [Pendergast 93] on multicasting for distributedmultimedia applications. The main aim of multicasting is for a source to transmit data to aset of receivers or group members [Hughes 87] during a group session. The ability tosupport group sessions is currently being studied by the Internet Engineering Task Force[Handley 96], [Holfender 96].Multicast support mechanisms that may be employed for a single stream along sidehow multiple streams may be implemented are shown in Figure 5.2. These mechanismsare multicast address and multicast set.

˚˚

single stream multiple streams multicast multicast address

address multicast multicast set set

src snk single address multiple addresses one address set multiple address sets

Figure 5.2: Multicast mechanismsWhen multicast addressing is used, a multicast address is created for each stream, towhich the source of that transmits, and to which all the sinks bind.When a multicast set "addressing" is used, each sink sets a consumer address foreach source, and each source transmits to a set of addresses consisting of one addressfrom each sink.The above mechanisms may be applied to multiple streams, constituting a mediachannel, where a user’s set of consumers form a sink, and a user’s producer is known asa source.

81It should be noted that any of the above multicast mechanisms may be used forfocused and unfocused group session types depending on what the transport systemsupports. On the other hand the application may choose to employ focused or unfocusedmedia channels for the different group session channel types as seen in the VoD and VCexamples respectively. A VoD channel involves a focused source, VoD-Ctrl channel is afocused sink, while a VC channel is unfocused.5.1.1.1.2 Protocol Syntax1)agent-manager protocolTo the manager:gettype ();getname ();isvalid (address);To the agent:typeis (string);nameis (string);validate (address);2) source-manager protocolTo the manager:srcjoining(string, address);srcleaving ();srcprepared (connection ref, address);To the source:srcprepare (connection ref)srcreach (connection ref, address);srcclose (connection ref);channeldead ();

823) sink-manager protocolTo the manager:snkjoining (string, address);snkleaving ();snkprepared (connection ref, address);snkbroken (connection ref);To the sink:snkprepare (connection ref);snkreach (connection ref, address);snklisten (connection ref, address);channeldead ();5.1.1.1.3 S e m a n t i c s 1)agent-manager protocolgettype () - the agent wants the channel’s media type;getname () - the agent wants the channel’s human-readable name;isvalid (addr) - the agent acknowledges that it owns or authorises thesource/sink specified by the address addr, in response to’validate(addr)’;typeis (mtype) - the channel’s media type mtype is as specified, inresponse to ’gettype ()’;nameis (name) - the channel’s human-readable name name is asspecified, in response to ’getname ()’;validate (address) - the manager wants the agent to acknowledge thatit owns or authorises the source/sink specified by the address.2)source-manager protocolsrcjoining(mtypte, agt) - the source wishes to participate in thechannel as a source of the specified media type, and is authorisedor owned by the specified agent agt;srcleaving () - the source no longer wishes to participate in the

83channel as a source;srcprepared (ref, addr) - the source is now sending on the specifiedaddress, in response to ’srcprepare(ref)’;srcprepare (ref) - the manager wants the source to choose its ownaddress to send to, and report back with ’srcprepared(ref,new_addr)’;srcreach (ref, addr) - the manager wants the source to transmit to thespecified address;srcclose (ref) - the manager wants the source to stop transmitting tothe address that is associated with the specified reference;channeldead() - the channel is about to be destroyed.3) sink-manager protocolsnkjoining (mtype agt) - the sink wishes to participate in the channelas a sink of the specified media type, and is authorised or ownedby the specified agent;snkleaving () - the sink no longer wishes to participate in the channelas a sink;snkprepared (ref, addr) - the sink has prepared an address on which itis listening, in response to ’snkprepare (ref)’;snkbroken (ref) - the resources that the sink has reserved for thespecified connection have failed - the manager may request thesink to set up new resources;snkprepare (ref) - the manager wants the sink to specify a consumeraddress that it can listen on, and return it using ’snkprepared(ref, addr)’;snkreach (ref, addr) - the manager wants the sink to receive data from aproducer with the specified address;snklisten (ref, addr) - the manager wants the sink to receive data bylistening to the specified address;channeldead () - the channel is about to be destroyed.Figure 5.3 illustrates a simple arrangement that involves two sinks and one sourcefor a single media channel, showing the message flow from the manager and source/sinks at the source/sink management interfaces, for a VoD service (application). ˚˚

I am a sink (join) open new sink address new sink address opened

I am source (join) snk1_a

MPEG

MPEG File (has source mgt address) source spawns sink address mpeg-recv

(player) (player)

sink 2 spawns sink address mpeg-recv mpeg-recv

(player) (player)

(has sink mgt address) include sink address

MPEG

MCM sink 1

Iam new sink(join) open new sink address new sink address opened snk2_ a multicasting

has sink mgt address

Sink

Figure 5.3: Service protocol involving a media channelmanager (MCM), a source & 2 sinks for a VoD serviceThe sequence of events for the VoD service with a medium of type MPEG would beas follows:1.Run the manager, mgr2.Run a sink, sink13.Run a source, src4. sink1 is asked for a consumer address to receive from source5. src is told to include sink16. Run another sink, sink27. sink2 is asked for a consumer address to receive from src8. src told to include sink2The above steps could also be formalised as follows:(manager starts; creates management address, mgr)(sink 1 starts with argument mgr; creates management address snk1)snk1:mgr.snkjoining ("MPEG", NULL)

85(source starts with argument src; creates a management address src)(source multicasts to {})src:mgr.srcjoining ("MPEG", NULL)(manager creates entry in table referred to by srcsnk1)mgr:snk1.prepare (srcsnk1)(snk1 starts new viewer or whatever, with consumer address snk1_a)snk:mgr.prepared (srcsnk1, snk1_a)(manager now enters snk1_a into entry referred to by srcsnk1)mgr:src.reach (snk1_a)(source now multicasts to {snk1_a})(sink 2 starts with argument mgr; creates management address snk2)snk2:mgr.sinkjoining ("MPEG", NULL)(manager creates entry in table referred to by srcsnk2)(source now multicasts to {snk1_a, snk2_a})mgr:snk2.prepare(srcsnk2)(sink 2 starts new viewer or whatever, with consumer address snk2_a)snk2:mgr.prepared (srcsnk2, snk2_a)(manager now enters snk2_a into entry referred to by srcsnk2)mgr:src.reach (snk2_a)(Note that in this protocol the manager sends to objects declared as sources andsinks. In the contract of the services, if an object declares itself as a source, it shouldtransmit to addresses that appeared in include messages and have not beensubsequently closed.)5.1.1.2 Instantiating New Media ChannelsAs stated before, media channels are resource objects and their management servicesspecify how the resources should be used and the operations that are applicable to them.Instantiating a new media channel, say during a multimedia group session, involvesrunning a media channel manager of specific media type. Sources and sinks can thenregister with it. Therefore, a media channel manager is a well known service or resource

865.1.1.3 Media Channel Membership AdministrationMembership of a media channel is constrained by the media channel policy imposedby a higher level management entity and/or the media channel manager. When a mediachannel is created it is meant to behave according to a set of policies. These policies areeffected by the media channel manager.It should be emphasised that sources and sinks are the mechanisms by which a givenmedia channel is utilised by an application (user). In the framework of managementmodel [Davies 94], policies dictate how to utilise the available mechanisms and managersapply the policies to objects which provide the mechanisms. Thus "management","policy" and "mechanisms" are canonical attributes of a service. According to [Davies94], a formal definition of a policy is:"a statement of principles or common purposes which serve as acontinuing guide-line and establishes limits for discretionaryaction by managers .. policies are both restrictive and permissiveat once".Thus policies limit the actions which a manager may take, but at the same timeprovide a design space within which a manager may operate. In this respect mechanismsmay be defined as:"the means by which a required result may be achieved",while the management is the process by which:"the selection and use of the mechanisms according to the statedpolicies are made".Furthermore the media channel managers are the objects that carry out themanagement processes. They are relatively intelligent objects which construct a designspace based upon the policies they are provided with and act within this design space tocontrol an object or its behaviour. Thus the media channel manger object controls thecurrent membership of sources and sinks to the media channel according to the mediachannel policies. The policies may be employed for:¥authentication¥security¥quorum (in case of a group communication session),and they form media channel membership criteria. However, the policies are primarilyapplication dependent. For example, a certain video conferencing (VC) channel may have

87a policy on membership of at least two sinks for VC transmission. The policy on a mediachannel quorum may apply similarly.The above analysis of the service model forms the service architecture for mediaMGMS, i.e.:¥a set of operations on sources and sinks of media channels¥the mechanisms effecting the operations;¥management strategies applying desired policies;How the services may be realised is implementation dependent. In the followingsection a description of an implementation for the media channel model is presented.5.2 Implementation ModelThe media channel manager effects the changes in the state of the media channelwhen a client becomes a source or sink of the channel. This section describes theimplementation methodology of media channel management.5.2.1 Environment usedBased on the above abstract service model for the media channel an implementationmodel is derived. The implementation has been done according to the hardware andsoftware configuration available in Lancaster University Computing ResearchLaboratory, consisting of Sun workstations and PCs on the local area network. Anoutline of the environment is as follows.5.2.1.1 SoftwareThis consisted of ANSI C for programming and unix operating systems Solaris andSunOS running on various Sun Sparc workstations, as well as Linux on PCs. One of theSparc workstations running Solaris was used as a producer of live video and audio datastreams.5.2.1.2 Configuring media transmissionA media channel object, called mc_obj, derived from generic distributed object (seeAppendix: mc_obj API) was configured to effect formatted message transmissionamong media channel objects. In this environment objects may transmit unformattedmessages to each other using TCP or UDP. TCP has been used for reliability forcommunications with the media channel manager. (UDP is used to implement streamsbetween producers and consumers.)

88The media channel objects are addressable throughhost:port.idThe id allows objects to be multiplexed onto a single port.5.2.2 Environment DevelopedThe implementation provides functionalities for:¥building media channel (MC) applications using the media channellibrary¥facilities to run MC applications.A brief outline of these functionalities is as follows.5.2.2.1 Media Channel LibraryThe media channel library (MCL) defines an mc_obj. The characteristics of themc_obj are that:¥it can be network-distributed¥one mc_obj can send a formatted message to another mc_obj¥message formats correspond to abstract service model messages.¥it can be used to implement a source/sink/manager/agent. In thiscase the user is expected to configure mc_obj to meet the desiredrequirement.The detailed structure of the mc_obj and the operations (functions) that are invokedupon it are presented in Appendix.In addition the MCL defines mc_src and mc_snk (derived from mc_obj) from whicha source or sink can be implemented respectively. The mc_src and mc_snk facilitiesreduce configuration requirements for applications programmers associated with mc_obj.They can also be used hide the network problems associated with:¥duplicate messages¥validation of references, which mc_obj does not.The behaviour of MCL object classes is as follows:mc_snk and mc_srcAn mc_snk or mc_src object can be created. In order for these to process incomingmessages in a user-defined way, the user must specify a set of functions

89(mc_snkmethod or mc_srcmethod) which will be called on various events. Thedescription of these functions is outlined in Appendix.A mc_snk or mc_src is opened by associating it with and object multiplexer(obplex_t), i.e.¥obplex_t *om: this gives the object s complete network address,and routes incoming messages to it.¥a manager (the full address)¥ a set of user-defined functions, *fs,¥ a user-defined value, ctxt.The action of opening a mc_snk or mc_src involves initialising the localmc_snk/mc_src structure, and issuing a srcjoining/snkjoining message. To formthe srcjoining or snkjoining messages, a media type and an agent address (currentlyunused) are also required.Now, when other messages are received from the manager, the argumentsare extracted, and some of the functions in *fs may be up-called.mc_snkmethodtypedef void *(mc_snkopen_f)(void *ctxt,const obplex_objaddr_t *addr, mc_connection_t *ref);typedef void (mc_snkclose_f)(void *ctxt, void *uref);typedef struct { mc_snkopen_f *open, *openon; mc_snkclose_f *close;} mc_snkmethod;(*mc_snkmethod::open)(ctxt, rcv, mcref) is invoked when the manager hasissued a snkprepare message to the sink. ctxt is a user-defined handle associated withthe mc_snk object that represents the sink in question. The address that the functionprovides must be written into *rcv. The media channel library refers to this connectionin future as mcref. The user-defined code refers to the connection as the (void *)value that the function returns.(*mc_snkmethod::openon)(ctxt, rcv, mcref) is invoked when the managerhas issued a snklisten message to the sink. ctxt is a user-defined handle associatedwith the mc_snk object that represents the sink in question. The address that the sink

90must listen or bind to will be found in *rcv. The media channel library refers to thisconnection in future as mcref. The user-defined code refers to the connection as the valuethat the function returns.If the manager instructs the sink to close a connection, by issuing a snkclosemessage, the media channel library will invoke(*mc_snkmethod::close)(ctxt, ref)where ctxt is the user-defined handle associated with the relevant mc_snk object, andref is the value returned by the earlier call to open or openon that established theconnection.mc_srcmethodtypedef void *(mc_srcinclude_f)(void *ctxt, constobplex_objaddr_t *addr,mc_connection_t *ref);typedef void (mc_srcexclude_f)(void *ctxt, void *uref);typedef struct { mc_srcinclude_f *include; mc_srcexclude_f *exclude;} mc_srcmethod;(*mc_srcmethod::include)(ctxt, rcv) is invoked when the manager hasissued a srcreach message to the source. ctxt is the user-defined handleassociated with the mc_src object that represents the source in question. *rcvis an address to which the source must send. The returned value is the userdefined reference for the address.(*mc_srcmethod::exclude)(ctxt, ref) is invoked when the manager hasissued a srcclose message to the source. ctxt is the user-defined handleassociated with the mc_src object that represents the source in question. ref isthe value returned by the earlier "include" call, and identifies to the user theaddress that must be excluded.Closing downint mc_snkclose(mc_snk *obj);

91int mc_srcclose(mc_src *obj);A mc_snk/mc_src object can be closed down with one of these two functions. Thiscauses the relevant srcleaving /snkleaving message to be passed on to the manager.5.2.2.2 Applications ProvidedFrom the MCL, mcmanager, mcsink, MPEG-1, and SunAudio application programswere developed for "SunAudio" and "MPEG" media types. and used as follows:"SunAudio"¥ produce/consume 8 kHz and m-law audio using /dev/audio device¥ UDP sockets to transfer data; naive multicast used."MPEG"¥ produce/consume MPEG-1 video¥ mpeg_recv displays using X Window System¥ mpeg_live captures and encodes using XIL¥ UDP sockets to transfer data; naive multicast used5.3 SummaryIn this chapter, an implementation of MGMS has been described. The objective is toprovide a flexible environment for multimedia group management services forapplications engaged in group communications as well as programmers. This is achievedby managing individual media channels that may be employed in a given group session.Policies are employed to effect access rights to the media channel as well as providingsecurity mechanisms. The overall merit of the media channel model is the provision ofmechanisms to support a group session. This is accomplished by a session channel thatmaintains a list of media channels. As it has been reiterated in parts of the thesis, themedia channel model does not have a notion of a group sessions, i.e. sessions do notformally exist. A group is simply a way of interpreting a set of related media channels bya session channel.The media channel model has been used to structure the abstract services described andan implementation realised through a number of procedures that support high level andlow level functions. The high level functions are initiated by the user (or an application),while the low level functions pass messages between the media channel objects. In thenext chapter, we examine the application of the media channel model for multimediagroup management services.

92Chapter 6Applications of The MediaChannel ModelA media channel is used to model a way of communication and management ofchange in some shared resource involved in the media channel. The channel has a mediatype which defines the structure and the meaning of the state, what sort of changes canoccur, and how they are expressed in communication. Sinks can register with a channelto observe the current state of the resource, and to receive updates to the state. The stateis held by zero or more sources (the number of sources is also part of the state) which areregistered with the channel. Each source sends details of its portion of the state to allsinks, and each sink can distinguish between data from one source and another.The basic function of the media channel is to provide interfaces for high-levelmultimedia group management service abstractions to support multimedia groupsessions. A group session is represented by a User Agent (UA). By abandoning the ideaof media channels restricted to group sessions, definitions of subgroups are easier.The media channel model allows the implementation of a group session manager asjust another media channel "composed" of other media channel managers.The aim of this chapter is to demonstrate application of the media channel model to(model) multimedia group sessions. The chapter is structured as follows. Section 6.1defines the characteristics of group session management. In Section 6.2 the user agent isdescribed. The user agent provides the interface between the user and the multimediagroup management system. Section 6.3 describes the experimental setup and brieflyoutlines the process involved in capturing and sending audio/video data streams. Theissues to be investigated and the results of the investigations are presented in Section 6.4.Section 6.5 deals with the performance analysis and evaluation of the results obtained inSection 6.4. A discussion of the performance of the media channel model is presented inSection 6.6; while Section 6.7 forms the conclusion of the chapter.

936.1 SessionsIn order to participate in a multimedia group application using the user agent, the userenters references of the relevant channels into the user agent, and then indicating how heor she wishes to participate in each of them. This could be made easier by providing adatabase of the channels that form a complete application, and also indicating how a usershould participate in each one (for VC, a source and a sink are recommended; for a VoDvideo channel, only the sink is useful). This database can itself be seen as a mediachannel, i.e. the database is the state, whose media type we define to be "session", andthe state must be mirrored (copied) to potentially many users of the database. Themultimedia group application is now referred to as a session. The database is initiallyconfigured and subsequently altered by connecting a source to the session channel, and asink program can show the list of component channels to the user.By combining the session sink and the user agent, participation in a session now onlyinvolves entering the address of the session channel, and activating the sink (which ispart of the agent) of that channel. This sink then extends the list of channels held by theagent according to the database held in the state of the session channel, and then beginsappropriate participation in each of them automatically. When the user wishes toterminate participation in the session, he or she destroys the sink, which causes all theother channels in the session to be removed along with their sources and sinks. (Notethat the session database only offers a suggestion to the agent about how to participate.The user is still free to specify an alternative mode of participation.)As a session is just another channel, it may form part of other sessions, allowingsub-sessions to be defined. The session media channel is characterised as follows:In summary, the session media channel knows about the other media channels fromthe way it has been set up i.e. it has a list of media channel managers. The session mediatype characteristics are presented in the following sections."Session" Media TypeA "Session" media type is a set of media channels (media channel,participation) tuples that define what is available to theparticipants. Sinks are informed of new channels that becomeavailable to the "group" by the session media channelmanager, and also which channels are removed, and the sinks(which are typically user agents) may choose to act on these asthey wish. Sources (which also may be user agents, or any accesscontrol program) decide whether a Media Channel (MC) is part ofthe session or not.

946.1.1 Session Management6.1.1.1 User Agent Group Session MechanismsSuppose three people decide to engage in a co-operative activity. They have thecapability of receiving audio, video, text (and other forms) of information through thesource and sink mechanisms. The various elements of this scenario are represented asfollows:Let p1, p2, p3 ” the three people;A, V, T ” Audio, Video and Text conferencing media channels respectively.In addition to these channels, one of the three persons, say p3, has already a VoDchannel from which to view a film, say the "Lion King". As well as viewing the film, hecan also apply control functions. Therefore two channels are available for the VoDservice, i.e.:LKD ” "Lion King" Data ChannelLKC ” "Lion King" Control ChannelThe three persons now possess sets of sources and sinks as indicated in Table 6.1.UserSourcesSinks

p1(A,V,T)(A,V,T) p2(A,V,T)(A,V,T) p3(A,V,T,LKc)(A,V,T,LKD)

Table 6.1: Participation in media channelsNow any of the three persons has the motivation to start a group session, that is bycreating a group session manager. He may call this channel "Our_session" (S) of type"Session" (which has been defined.). The process for initiating a group session is asfollows:(1) p1 : creates a new channel S, passes the address of S throughsome other convenient mechanism, e.g. T, to others;(2) p2 and p3 (as sinks of T): see address of new channel, join S assinks;(3) p1: also joins S as a sink;(4) One of the users e.g. p3, joins S as a source, adds A, V and T tolist in S;

95(5) p1, p2, and p3: are informed by S of the channels A, V and T;(although they already have these, it is useful to define them aspart of the session in case any one else joins on).In effect, S is now responsible for ensuring that all its sinks (currently p1, p2, p3) areaware of the channels in its database even as the new channels are added/removed.Additionally p3 can add LKD and LKC to S. The session scenario is illustrated in Figure6.1 and Table 6.2.

˚˚˚

S A

V

T

VoD secondary session state initial session state

LKD LKC

S’ Figure 6.1: Media channel session configurationSession (S)

Media Typesrcsnk

A (audio)

V (video) Key T (text) = not joined

LKD (Lion King) = joined

LKC (Lion King) = can’t join

Table 6.2: Group session scenario.If some other person, say p4, wants to join the session (S), he joins as a sink of S so

96he receives the details of A, V, T, LKD ( including how to participate in each).Consider the case of p4 joining the session. The advantage of having the sessionmedia channel is that it enables p4 to be informed of the state each of the other mediachannels in the session, instead of inquiring about each of one of them individually.Hence this is a more responsive management strategy.In the spirit of the media channel model, the group session media channel managerhas, among other tasks, to:¥monitor dynamic joining and leaving of media channels,¥make notifications of new media channels that become available tothe session,Authentication and security are done by another channel of, for example":Membership". The membership media type is characterised as follows:2 . "Membership" media typeThe state of a channel of this type consists of two sets of useragents. One set is for those that may join a particular session assources, and the other set is for those as sinks. Sinks of "this"media type are media channel managers (or anything that needs todetermine the validity of a source or sink, such as in cases wherethere is no centralised manager). When a User Agent (UA) sendsa message to a Media Channel Manager (MCM) to indicate thevalidity of one of the UA’s sources or sinks that has registeredwith the MCM, the MCM can check with this media type for thevalidity of the UA.The functions of "Membership" media type would be:¥administer media channel membership, i.e. who can join ontoeach channel.¥security.Session management involves the use of media channels that become associated witha session. We illustrate this further with the following example.Consider a session setup for a discussion on Multimedia Group Communication(MGC). The session S is associated with a number of media channels for communication(including sub-sessions as media channels). Hence the session S for MGC is such that:S = <media channel, participation> tuples associated with MGC.(1)

97The implication of (1) is that S (actually the session manager), knows about themedia channels - their addresses. A user joins S as a sink to find out how to participate inthe session. Table 6.3 illustrates how S may present the session when invoked by a UA.In Table 6.3, S1 and S2 are sessions for other media channels (although mediachannels themselves with respect to S), and hence may be construed as being sub-sessions of S (participants join onto session channels as such; they join onto otherchannels optionally as sources, sinks or both). In the example of setting up a MGCsession, MGC begins by categorising the requirements of MGC and some broadcategories of these requirements emerge as:¥Group Communication Services (GCS),¥Group Management Services (GMS).The session then breaks into sub-sessions consisting of GCS and GMS. Some membersof MGC join GCS while others join GMS. Just as S is associated with MGC, we mayassociate S1 and S2 with GCS and GMS respectively. We may present the association ofthe media channels with the relation "is known by" which is illustrated as a mapping inFigure 6.2.MediaChannelsrcsnk

SAV

T. . . . . . . . . S1 S2 Table 6.3 Session ManagementS1 and S2, as sessions (session managers) may be associated with their own mediachannels, represented by such sets as:S1 = {AV1, T1 ...c1},S2 = {AV2, ... c2},Si = {ci},where ci is any other media channel in a given set such as a whiteboard, and i =1, 2 .. for a given set.

˚˚˚ S

........ AV T S^1S1 S^2S2

Figure 6.2: Media channel mapping onto session SAs has been noted before, media channels are distributed objects around networks.Their association with various sessions are realised by mapping relations such as thatdepicted in Figure 6.2. In the scenario presented, where S1 and S2 also constitutesessions, the overall mapping may be represented as shown in Figure 6.3. ˚˚

T^2T2

S^2S2

S^3S3 S S S^1S1

AV^1AV^1

AV^3AV^3

AV^2

AVAV WB^1WB^1

to other session to other session

Figure 6.3: Distributed media session managementThe advantage of forming sessions is that the session manager is responsible for thesession address, which in turn points to various media channel addresses. When asession address ceases to exist, all the references to media channels associated with thesession are automatically discarded at once, which is more efficient than having to leavethe channels that the user in not interested in individually.

996.2 User InterfaceEach participant runs a User Agent on his or her workstation. User Agents (UAs) areobjects which run on each user’s workstation and provide a user interface for multimediamanagement service facilities. The interface may be presented via a User Interface (UI) interms of graphical/text menu selection. The UI allows access to functions such as :¥browse through available channels already obtained;¥start applications for new channels, and join or leave the channels.A sample display of UI for Multimedia Group Management Services is shown inFigure 6.5.Figure 6.5(a) is the initial display when the GMS application is started. Figure 6.5(b)shows the channels that the user has obtained and may use them as per the requirement ofthe channel.Suppose the user requires the service of Video on Demand server. The sequence ofevents is as shown in Figure 6.4. The user starts an application "VoD Service" whichruns a VoD client. The VoD client has enough knowledge to enable it contact the VoDserver for a service such as renting films. The client is then given a list of films (mediachannels), e.g. Lion King, that the VoD service maintains together with their addresses.The user then selects (copies) an address(s) and passes it to the multimedia groupmanagement service application (MGMS) utility. The MGMS uses the addresses invokes"mpeg_snk" application to contact the VoD server for the purpose of joining the desiredmedia channels at service points "A" for a video data channel, while the "ctrl_panel"application is used for the video control channel, at service point B. The protocol forestablishing communication is as described in Chapter 4 (Section 4.1.3.5).For a Lion King "session" (shown in the lower part of Figure 6.4), the service accesspoints A and B are implicit to the session channel, which comprise the "MPEG" videodata channel, and the "control" channel. When the user joins onto the "session" channel(as a sink of the channel), the two channel are automatically shown to him or her,including how to participate in them, i.e. as a sink for the "MPEG" video data channel,and as a source for the "control" channel.When a user decides to add the new media channels to the existing list, the display isas shown in Figure 6.5 (c). Otherwise temporary windows are opened for the newapplications and are discarded at the end of the service.

100 ˚˚˚

VoD client

VoD server /

VoD server /

Service

Service

Lion King play (A)

Lion King control (B]

MPEG MPEG

Channel Name

Media Type Media Type

Src Snk control control

VoD Address(s) VoD Address(s)

A BB

A,BA,B

Lion King Session

session session

A B MPEG MPEG control control

mpeg_snk ctrl_panel

MGMS utility MGMS utility

Session Application

------ ------

Figure 6.4: A VoD service configuration 101 102

103arrangement is shown in Figure 6.5(e) in the dialogue box.In the case of forming sessions using the MGMS system, we can envisage someconfiguration as follows:An application configures sessions with, say, media channels A, B, C, D. Suppose

these sessions are designated S1(A, B, C, D), S2(A, B, C, D), S3( ).S1 may be regarded as a session where group members participate in the mediachannels as senders and receivers. Therefore anyone joining S1 automatically joins on allthe channels as a source and a sink of each channel.S2 would be a channel for passive participants in which case a user joins the sessionas only a sink for each of the channels.S3 is a channel that users selectively participate in each of the channels as they wish.Table 6.3 shows the configuration for the above scenario. This approach makes itconvenient to implement sub-groups or sub-sessions and to some extent constrains all thepossible configurations of the sub-groups or sub-sessions.Sessions:S 1S 2S 3 (active on select)

ChannelsSrcSnkSrcSnkSrcSnk A B C D Table 6.3: Media channel configurations for group sessions6.3 Application ProgrammerAn application programmer writes a new distributed multimedia group application byidentifying new and existing media types that are involved in the application. Theprogrammer defines a new media type by specifying the formats of the state and themessages indicating how the state changes (D-state), and QoS levels of the new mediatype, and by writing appropriate source and sink programs that conform to these formats.For example consider a Video on Demand (VoD) application which the programmerrequires to configure. The information entailed in this configuration would be as follows.

104Application:Video on DemandTypes:"MPEG" Video, Sequence Control"MPEG" media typestate: a single video frameD-state: an MPEG-1 I, P or B frameQoS levels: q-level(1-31), colour(boolean), rate(+ve real)Sequence Controlstate:frame position, frame rate (including direction)delta-state: stop, reset, play, etc.QoS levels: nonePrograms for customer’s use:mpeg_sink (MPEG Video sink)video_control (Sequence Control source)vod (client program to access VoD server)Programs for service-provider’s use:video_source (MPEG Video source, Sequence Control sink)vod_server (server program)6.4 Experiment: To Demonstrate The MediaChannel Model Performance6.4.1 MPEG PlayerFigure 6.6 shows a display of an MPEG player for two sources of MPEG files. Thearrows indicate the direction of media streams from sources to the sinks. Each sinkreceives a copy of the source stream. If now a third source is added, the media channelmanager instructs each source to send to the three sinks. Each sink would then displaythree images from the three sources. On the other hand, if a sink joins the media channel,the media channel manager instructs it to prepare to receive media streams from thenumber of sources already in the session, while at the same time it instructs each sourcein the session to send to the new sink. Thus the media channel manager behaves inaccordance with the state described in Section 4.1.3.5.

105

106

MPEG encoder

raw video data

MPEG + CMPsource

multicasting to sinksCMP = Continuous Media Protocol (parser) MCM = Media Channel Manager

source

raw audio data

m-law + real time packets

MCM Figure 6.5: Media channel configuration for MPEG and audio sourcesThe basic mechanisms of encoding and transmitting the MPEG stream are shown inFigure 6.6. The process of encoding is done by using a SunVideo XIL library, i.e.Compression Image Sequence (CIS) which is then parsed at the source and transmittedas a (naive) multicast stream. ˚

memory conversion to [3 bands, XIL_BYTE, ycc601] copy & conversion get_bits_ptr new frane compressed frames parser fwrite source fread get_byte

(for VoD) MPEG stream

CIS

"raw " format encoding memory image

(for testing)

Figure 6.6: Encoding MPEG streamTo investigate the performance of the media channel model, a conference application

107consisting of three units of audio/video capabilities was setup. The logical connections ofthe three units is shown in Figure 6.8. Other participants who do not have theaudio/video capability are free to join the text channel of the conference which can beaccessed by their UAs.6.4.2.2 Audio StreamThe audio stream is captured by /dev/audio input of the microphone and sent directlyas a sequence of bytes to the remote sink destinations. However, for interactive sessions,the difficulty lies in trying to mix audio streams at the output (speaker) through/dev/audio since it (/dev/audio) only handles one channel. The solution is to buffer theinput signals at the destination and mix them at a constant rate to the output (/dev/audio).

This is shown in Figure 6.7. ˚

buffer buffer buffer dev/audio mixer

Figure 6.7: Data acquisition system for audio sinkThe /dev/audio system used encodes audio in a m-law format which is algorithmicand expressed as:

y = sgn(m)

ln(1+μ) ln 1+μ m

mp

(2)where m is the instantaneous amplitude of theaudio signal and sgn (m) is the sign of m , y is theinstantaneous m -law value.mp is the peak value of the signal,m is a constant that takes values of 100 and 255Since mixing audio signals implies adding their amplitudes (in this case), equation (2)

108should be expressed in the variable m to be able to add the linear values of m. Thetransformation of (2) yields the following expression:

m = mpu (u +1)y +1 [ ]

(3)where

m

is the linear amplitude. When values of

m

are mixed, they must be averagedover the total number of sources destined to a sink. Suppose a

m

= x and n is at the startthe number of audio streams to the sink. The average

x

is simply given as:

x = xii=1n∑n

(4)Now if a new source joins the conference, and

′n

and

′x

are the new states, then

′x = xn + x ′n′n

where

′n = n +1

(5)However,

x

(or

) must be converted back to the m -law format for /dev/audio torecognise it for the output.6.4.2.3 Starting a ConferenceIn Figure 6.8 agents of participants on machines A, B and C interact using audio andvideo channels. Since the participants can talk to each other, they use a human protocol tocontrol access audio channel.Guests are welcome to join the conference session as passive participants providedthey have the capability to receive the streams from the media channels. In this particularsetup, only the participant on machine A is a producer of both video and audio streams.The other participants produce only audio but consume all the media streams frommachine A. A screen dump of a display of a participant on machine A to anotherparticipants’ screen is shown in Figure 6.9. In this figure, two researchers (the author onthe right hand side) are engaged in a discussion in the Computing Department’s Sky Lab,while being watched by their colleagues from their office terminals (Linux PC machines).In a less sophisticated scenario, i.e. one that does not involve the session manager,an individual may set up (or obtains) a media channel and give his address to potentialparticipants. Depending on the application, the potential participants join the channel assource or sink or both. However, if the group is large, the session manager configuresthe scenario for the application automatically. That is the functionality of the sessionmedia channel.

109 Local Area Network

ABCFigure 6.8: Conference Setup

110interaction was done as follows.6.4.3.1 Source Performance and EvaluationA single source was made to transmit to a number of sinks running X-windows on aLinux machine. The number of sinks was progressively increased from one. With thecurrent number of sinks joined onto the media channel a source was started, and the(start) time was recorded. When a response was received from the manager, the time wasprinted out by the sink program and the difference which corresponded to the time themedia channel manager instructed the source to send to the current number of sinks. Thesource did not know how many sinks there were. As messages arrived one after another,corresponding times were recorded (printed to a file), at the end of which the source wasstopped when no more print outs were being recorded It was observed that the Linuxmachine would handle the processing of up to 17 sinks effectively before going intoerror. The experiment was repeated 5 times. The average times for each set of sinks areplotted in Figure 6.10.

01020

01020304050Average TimeNumer of Sinks

Average Time (s)Figure 6.10: Response times for media channel managerwith increasing number of sinksFrom Figure 10, it can be seen that the response times for the media channel managerto a source to send to the current number of sinks that have joined the media channel

111increases rapidly after 10 sinks. In practice, different machines would have differentprocessing capabilities; the fast the processing capability, the shorter the response timesexpected.6.5 DiscussionIt should be noted that whenever a media channel is created, the motivation is toprovide the facility for potential users to join the channel; hence the need to have themedia channel manager. In a simple protocol such as one-to-one communication, there isno requirement for a media channel manager. However, a one-to-one communicationdoes not make efficient use of communication resources since each connection ismanaged individually.Each media channel is managed by the MCM, and a session, being just one moremedia channel, requires a session manager. The Membership of the channels to thesession provides the facility to announce to the members of the session channel that newsessions have become available.6.5.1 Using the Media Channel Model for Media ConferencingIn the current implementation, there is a "source" host for audio/video streams. Onlyvideo sinks can be connected and audio is derived directly from the /dev/audio device onthe host machine. We do not have the synchronisation mechanisms for the audio/videobut do provide the bind indication where such a need may arise to enable the underlyingcommunication facility to do the low-level synchronisation. This is done by providing amedia Id or a signature for the related media channels (types), for example:audio/videoaudio/textvideo/audio/textetc.Synchronisation is very important in group sessions. As noted by [Lindsey 95]. asession medium which supports human interactions with a number of media channelsshould be grouped together and managed. The media channel model provides for thisrequirement. However, more work is required in the grouping process to define theflows and interfaces that constitute the session channel. This was indicated in Section 6.3for applications programmers. This information is used by the supporting communicationsystem to allocate resources on instantiation of the media channels (session), and to effectthe manipulation of separate media streams (possibly in real time).

1126.5.2 Distributed Group Management ServicesThe purpose of distributed management services is to enable global interactions ofdistributed multimedia applications, and also to make services available to local domain.Thus scalability of group management services for distributed multimedia applications isenhanced by distribution of management services. However, this requires that a globalname (address) is known for a given media channel with respect to each manager of alocal domain. Each manager has a unique address, and is responsible for the localdomain. For example we may have distributed management services that involve threemanagers as shown in Figure 6.11.There is an increasing quest for developing infrastructures for distributed multimediamanagement services. For example, in the telecommunications industry, BT [Marshall95] has proposed an Information Services Supermarket (ISS) scheme; depicted in Figure6.12 [Hutchison 95]. The aim of ISS is to envision the integration of telecommunicationsservices with those of computing and to enable a third party service provider to offerinteractive multimedia services to diverse terminals over a Broadband network. In thisrespect multimedia group management services would ease access and use of the servicesfrom the retail domain, i.e. interactive and distributed services, as has been discussedearlier in the thesis.

˚˚_{distributed media channeldistributed media channelmanagement servicesmanagement servicesmulticast to domain membersdomaindomain domain}Figure 6.11: Distributed media channel services

113 ˚˚_{data providerdata providerdomaindomaingroupgroupcommunicationscommunicationsservicesservicesclientclientdomaindomain retailer domain} network domain_{group management servicesnetwork management}Figure 6.12: Integrating group communication services6.5.3 Communications SupportCurrently the media channel model is implemented using a naive multicast, i.e. point-to-point multicast. It is essential that the communication infrastructure provides multicastfacility for group addressing. This was outlined in Section 5.3.1.1 on the need formulticast support for group addressing. However, it is assumed that the person whoconfigures a media channel manager will have knowledge about the communication infra-structure and hence will configure the media channel accordingly.

114Chapter 7ConclusionThis thesis has discussed issues related to multimedia group communication servicesas one of the major requirements of distributed multimedia group communications, inaddition to transport and synchronisation services. The theme carried through thediscussion has been on how to provide flexible multimedia group management services.In this concluding chapter, a summary of contributions of the thesis is presented.Since some important additional issues relating to multimedia group management servicesneed to be investigated, suggestions on further work are outlined.7.1 Summary of the ThesisIn the introduction of this thesis, the motivation for research in group managementservices was outlined. However, in order bring into focus the state of the art equating tothe need for multimedia group management services, a review of group communicationand group based activities was first presented. It was observed that the models hithertopresented for group communications were not suitable for multimedia group applications.With this contention, the objective was to seek a suitable architecture to model multimediagroup communications. The architecture would be based on the requirements ofmultimedia applications. These requirements were focused on multimedia groupmanagement services as the theme of the thesis, since, as it turned out, multimedia groupcommunications require diverse sets of services among which are transport andsynchronisation services.The requirements for multimedia group management services, their functions andmechanisms, and how they could be applied to support multimedia communications indistributed computing, were investigated. Essentially, the underlying factors were thatthe current distributed multi-user group applications manage their own connections toeffect group communication. This application dependent approach renders collaborativeapplications unable to collaborate amongst themselves. Besides, the managementstrategies employed were too restrictive with no flexibility for forming sub-sessions.

115Furthermore, it was observed that if several applications of different types are managedas a single multimedia application, the addition of another media type presents a problem.In addition, the users of multimedia streams also need the flexibility to suspend andresume various media streams as well as manipulating individual media types.The above requirements led to the formulation of a media channel model with anarchitecture for multimedia group management services, based on four functional objects:the user agent, the media channel manager, source and sink. When implemented, theseobjects provided the user with a set of library functions which can be configured forapplication-specific needs. This was one of the important contributions of the researchand is outlined among the main contributions of the thesis in the following section.7.2 Main Contributions of the ThesisThis thesis has detailed the potential for using media channels to model multimediagroup management services Having observed that most of the models developed forgroup management services for multi-user multimedia are applications specific or are toorestrictive, the media channel model shows a novel approach to multimedia groupmanagement services. The strategy used was to define the behavioural rules of mediachannels in general (i.e. non-media-type-specific), allowing the further development ofcall-management applications which handle multiple media types. Also, by allowing themedia channel model to run as a stand-alone architecture (i.e. not relying on a call-management application), applications are free to form parts of multiple calls or to beused independently. Writing new distributed group applications now involves definingnew media types.The advantages of the media channel model are that:1)It presents a user agent module that dynamically configuresdistributed media types for applications2)It enables a session to be configured as just another media type.3)No formal sessions are defined. Sessions are simply a convenientway of managing distributed media channels for multimedia basedapplications and they manifest themselves through the user agentas session media channels. By abandoning formal definitions ofsessions, it is easier to define sub-sessions because the mediachannel are not exclusively associated with a single applicationany more.4)The interface defined between the media channel manager and the

116source, sink and user agent is flexible to include possible multicastmechanisms. In this way a uniform appearance to all groupapplications in their collective connection management isencouraged. In addition:¥while the definition of interaction between media channelmanager and the source/sink management addresses isdependent on the media channel (e.g. MPEG manager),the mechanisms that support the communication aregeneric to media types, and¥the mechanisms supporting media sources (e.g. MPEGsource) and media sinks (e.g. MPEG player) are mediatype specific while being generic to media channels.5)The architecture presented is open and therefore very flexible: onlythe protocol for participating is defined - the permissions andconstraints are left to the programmers of the channel-managemententities.In view of the above characteristics of the media channel model, it can be claimed thatthe media channel model allows both users and application programmers the flexibility touse the available multimedia resources by providing generic services i.e. theinfrastructure for multimedia group management services.7.3 General CommentsThis thesis has provided a framework for multimedia group management services.However, it should be noted that the ways in which the services are implemented mayvary, depending on the kind of support facilities available, especially low-levelcommunication support such as multicast services.The Group Management Services for the support of distributed multimediaapplications were among the requirements identified in the GCommS project besides thetransport and synchronisation services. As stated before, the GcommS work is aboutdefining services for multipeer connections and the management of these connetions, forthe support of QoS in heterogeneous environment. In the media channel model, eachconsumer may, independently of the others, ask to receive a subset of the data by issuingQoS requests in the opposite direction of the stream. The filtering mechanisms that havebeen implemented in the GcommS project may be used to support different QoS fordifferent consumers on a multicast stream.

117Reliability for communications by the consumers and producers with the mediachannel manager is highly desired. The issues on reliability are being addressed in theGCommS project.7.4 Further WorkThe issues discussed in the thesis have led to identification of further research needs.These issues extend to optimising the implementation of the media channel model, whileothers are big research issues. These are briefly outlined as follows:7.4.1 Further Implementation Work7.4.1.1 Integrated Source-Sink ProgramAt the moment, the user agent cannot cope with applications that join to the mediachannel as both source and sink. Currently the source and sink run as two separateprograms. These need to be integrated into one program.7.4.1.2 ReliabilityAlthough messages that are transmitted between the media channel manager and othermedia channel objects are control messages, there is a need to ascertain the reliability ofthe messages. Currently the reliability feature does not exist in the implementation.7.4.1.3 Incorporating QoS re-negotiationWhen a sink fails to receive its requested QoS, it may indicate this to the manager byderegistering. If the policy is that there must be a minimum number of participants, thenthe manager could use the sink’s deregistration to terminate all the other connections.However, this may be confused with the sink’s user not wishing to participate. It may behelpful if we redefine the manager’s view of the sink’s state from "participating" / "notparticipating" to "participating - QoS okay" / "not participating" / "participating - QoSfailed", to allow the manager to update the sources’ and sinks’ lists appropriately.7.4.1.4 Operating systems supportIn order to realise the full potential of the media channel model for multimedia groupbased applications, especially those that have real-time characteristics, there is a need tocope with the real-time support of these applications. Lancaster University has beeninvolved in research to enhance the Chorus operating system to support real-timetransmission and synchronisation of media types. Conclusive results of the research areyet to be reported but so far the work done is promising enough for the exploration offurther work on MGMS.

1187.4.2 Research Work7.4.2.1 Distributed Multimedia Group Management ServicesThe current implementation of the media channel manager has been realised as acentralised object. In Section 6.5.2 it was clearly shown that there is a need to implementa distributed system for media channel management. At the time of writing, aninvestigation of ODP is planned with the objective of designing distributed media channelmanagement schemes. This will be based on the CORBA standard.7.4.2.2 Inter-channel synchronisationThe media channel model does not address inter-channel synchronisation. Since theuser agents deal with sets of related media channels during a session. It should bepossible to define other operations via the media channel managers for the channels to besynchronised. This may be done by defining another media type appropriate to addressinter-channel synchronisation at this levelFinally, it should be noted that the subject of Multimedia Group ManagementServices is at an early stage: this thesis has made a contribution towards an openarchitecture and services that are and may be appropriate to forthcoming group-basedapplications. It is anticipated that many other interesting research topics will emerge asthe subject matures.

119Cited References[AFNOR 94] AFNOR, "Comments on Document WG4/N 833 (4K64R1) andproposed new Draft Taxonomy", AFNOR - Association Francaise deNormalisation, Comments, January 1994.[Ahuja 92] S. R. Ahuja and J. R. Ensor, "Coordination and Control of MultimediaConferencing", IEEE Communications Magazine, vol.30 (5), 1992, pp 38-43.[Almeroth 95] K. C. Almeroth and M. H. Ammar, "Characterisation of MboneSession Dynamics:", Ceorgia Institute of Technology, Networking andTelecommunications Group, Technical Report, GIT-CC-95-45, June 9, 1995.[ECFF 92] ANSI(ECFF), "Information processing systems - Telecommunications andinformation exchange between systems - Guidelines for Enhanced TransportMechanisms", ANSI (USA),Project, ISO/IEC JTC1/SC 6 N, 01/12/1992.[Auerbach 91] J. Auerbach, M. Gopal, M. Kaplan and S. Kutten, "Multicast groupmembership management in high-speed wide area networks", In Proc. of 11thInternational conference on Distributed Computing Systems, Arlington, TX,USA, 1991, pp 231-8.[Bannon 90] T. Bannon and I. Page, "group: A Distributed Group Specification andManagement Service", in UNIX - The legend Evolves", Proc. of UKUUGconference, Buntingford, UK, 1990, UKUUG, pp 61-76.[Bauer 94] M. A. Bauer and e. al, "A distributed system architecture for a distributedapplication environment", IBM Systems Journal, 33 (3), 1994, pp 399-425.[Benford 92] S. Benford, M. Turoff and J. Palme, "An ISO standard to supportasynchronous group communication", Computer Standards & Interfaces, 14,1992, pp 363-373.[Birman 89] K. Birman and a. K. Marzullo, "ISIS and the META Project", SunTechnology, (Summer), 1989, pp 90 -104.[Booch 1994] G. Booch; "Object-Oriented Analysis and Design with Applications",The Benjamin/Cummings Publishing Company Inc, Redwood City, California94065, 1994 pages, Second Edition.[Campbell 93] A. Campbell, G. Coulson and D. Hutchison, "A Multimedia EnhancedDiscussion on ECFF", ISO/ICE, Standards, ISO/IEC JTC1/SC6/WG4 N832,May 1993.

120[Chen 1991] M. Chen and Y. I. Liou, "The Integrated Group Support Environment",In Proc. of International Conference on Systems Sciences, Kauai, HI, USA,1991, V. S. Milutinovic B.D, IEEE Computer Soc. Press, pp 333-342.[Cheriton 85] D. R. Cheriton and a. W. Zwaenepoel, "Distributed Process group in VKernel", ACM Transactions on Computer Systems, 3 (2), 1985, pp 77-107.[Cocquet 95a] P. Cocquet, "Draft Multi-peer Taxonomy", ISO Recommendations,ISO/IEC JTC1/SC6N, 7-3-1995.[Cocquet 95b] P. Cocquet, "Multi-peer Transport Services", ITU-T X-TMS Projects -SC6/WG4, Request For comments -(ECFF), 25-07-1995.[Coffield 87] D. T. Coffield, "Network and Distributed Systems Management: Issues,Architectures and Implementation", Ph.D Thesis, University of Lancaster, 1987.[Conti 92] G. Conti and J. R. Ensor, "Requirements for multiparty datacommunications protocol", in Proc. of 1992 International Zurich Seminar onDigital Communications. Intelligent Networks and their Applications., Zurich,Switzerland, 1992, C. Petitpierre and Schlegel, IEEE, pp 367-373.[Coulouris 90] G. Coulouris, J. Dollimore and T. Kindberg; "Distributed Systems:Concepts and Design", Addison-Wesley Publishers, Cornwall, 1994 644 pages,Second Edition.[Coulson 92] G. Coulson, J. Smalley and G. S. Blair, "The Design andImplementation of a Group Invocation Facility in ANSA", Lancaster University,Technical Report, MPG-92-34.[Davies 94] N. Davies, "An Object Management System to Support DistributedMultimedia Design Environments", Ph.D Thesis, Lancaster University, 1994.[Deering 89] S. Deering, "Host Extensions for IP Multicasting", Stanford University,Request for Comments, RFC 1112, August 1989.[Daiz 93] M. Diaz and T. Villemur, "Membership services and protocols forcooperative frameworks", Computer Communication, 16 (9), 1993, pp 548-556.[Dollimore 92] J. Dollimore and G. Coulouris, "The Relevance of Object groups andMulticast in Shared Distributed Object Systems", In Proc. of Fifth ACM SIGOPSEuropean Workshop, Le Mont Saint-Michel, France, 1992.[EEC 95] C. EEC, "MERCI Proposal for B2", EEC, March 14th, 1995.[Erickson 94] H. Erikson, "MBONE: The Multicast Backbone", Communication ofthe ACM, Vol. 37 (No. 8), 1994, pp 54-60.

121[Fluckiger 95] F. Fluckiger; "Understanding Networked Multimedia: Applications andTechnology", Prentice Hall, 1995, 620 pages.[Fortier 88] P. J. Fortier; "Design of Distributed Operating Systems, Concepts andTechnology", McGraw-Hill International Editions, Singapore, 1988 pages.[Garcia 93] F. Garcia, "Continuous Media Transport and Orchestration Services",Ph.D Thesis, Lancaster University, 1993.[Garcia 96] F. Garcia, D. Hutchison, A. Mauthe and N. Yeadon, "QoS support fordistributed multimedia communications", in Proc. of IFIP/IEEE InternationalConference on Distributed Platforms, Dresden, Germany, 1996.[Grudin 92] J. Grudin and S. Poltrock, "CSCW and Groupware: Overview ofBehavioural Issues and Survey of Systems", in Proc. of ACM 1992 Conferenceon Computer-Supported Cooperative Work, Toronto, 1992.[Gupta 94] A. Gupta and D. Ferrari, "Resource partitioning for multi-party real-timecommunication", International Computer Science Institute, Technical Report, TR-94-061, November, 1994.[Gupta 93] A. Gupta and M. Moran, "Channel Groups", International computerScience Institute, Technical Report, TR-93-015, March, 1993.[Hagsand 91] O. Hagsand, "A Multi User Draw Editor", in Proc. of MutiGworkshop, Stockholm, Sweden, 1991.[Handley 96] M. Handley, J. Crowcroft and C. Bormann, "The Internet MultimediaConferencing Architecture", University College London, INTERNET-DRAFT-Internet Engineering Task Force, 22 Feb. 1996.[Handley 92] M. Handley and S. Wilber, "Multimedia Conferencing: from prototypeto national pilot", in Proc. of Proc. INET’92, International NetworkingConference, Kobe, Japan, 1992, H. Ishida, Internet Society, Reston, Virginia,pp 483-490.[Handley 93] M. J. Handley, P. T. Kirstein and M. A. Sasse, "Multimedia IntegratedConferencing For European researchers (MICE): piloting activities and theconference management and multiplexing centre", Computer Networks and ISDNSystems, 26 1993, pp 275-290.[Hartley 95] S. Hartley, "A Database System Approach For the support GroupCommunications", Lancaster University, 3rd Year Project Report, May 1995.

122[Heijenk 94] G. J. Heijenk, X. Hou and I. G. Niemegeers, "Communication SystemsSupporting Multimedia Multi-user Applications", IEEE Network,(January/February), 1994, pp 34 -44.[Heinrichs 93] B. Heinrichs, K. Jakobs, K. Lenssen, W. Reinhardt and A. Spinner,"EuroBridge: communications for multimedia applications", Electronics &Communication Engineering Journal, 5 (1), 1993, pp 45-50.[Henckel 93] L. Henckel, "Multimedia Communication Platform: Specification of theEnhanced Broadband Transport Service", GMD FOKUS, Deliverable,R2060/GMD/CIO/DS/P/002/B2, September 10, 1993.[Herbert 94] A. Herbert, "An ANSA Overview", IEEE Network, (January/February),1994, pp 18 - 23.[Herrtwich 92] R. G. Herrtwich and R. Steinmetz, "Towards Integrated MultimediaSystems: Why and How", European Networking Center, Technical Report,Number 43.9101.[Holfender 96] Mieland Holfender "Mbone VCR on Demand Service",Seminar, March, 1996.[Horn 1990] D. N. Horn and V. M. Show, "An ISDN Multimedia conferenceBridge", in Proc. of IEEE TENCO’90:1990 IEEE Region 10 Conference onComputer Communication Systems, Hong Kong, 1990, IEEE, pp 853-6.[Hughes 87] L. Hughes, "A Multicast Transmission Taxonomy", in Proc. ofDistributed Processing. Proceedings of the IFIP WWG 10.3 WorkingConference, Amsterdam, Netherlands, 1987, M. H. Barton, E. L. Dogless andG. L. Reijns, North-Holland, pp 87-102.[Hutchison 95] D. Hutchison "Information Services Supermarket"; PersonalCommunication, Dec. 1995.[Hutchison 93] D. Hutchison, D. Shepherd and G. Coulson, "Functions andFacilities for the Support of Group Applications in a Distributed MultimediaEnvironment", Lancaster University, Research Proposal, March, 1993.[Isis 92] Isis; "Isis Distributed Tool kit User Reference Manual", Isis DistributedSystems, Inc., Ithaca, NY 1450, 1992 pp 6.1 - 6.6, Ver. 3.[ISO/IEC N8693 93] ISO/IEC, "Draft Taxonomy of Multicast operation", ISO,ISO/IEC JTC1/SC6/N, 12 October, 1993.

123[ISO/IST/6 92] ISO/IST/6, "MPDT Transport Service", ISO, Technical Report,Number 92/63706, 2nd June 1992.[Jain 90] B. N. Jain and A. K. Agwawala; "Open Systems Interconnection: ItsArchitecture And Protocols", Elsevier Science Publishers B.V, Amsterdam, 1990pages.[Kaashoek 91] M. F. Kaashoek and A. S. Tanenbaum, "Group communication inAMOEBA Distributed Operating System", in Proc. of IEEE 11th Inter. Conf. OnDistributed Computer Syst., 1991, pp 222-230.[Kirstein 93] P. T. Kirstein, M. J. Handley and M. A. Sasse, "Piloting of MultimediaIntegrated Communication for European Researchers (MICE)", in Proc. of INET�93, 1993.[Kompella 92] V. P. Kompella, J. C. Pasquele and G. C. Polyzos, "Multicasting formultimedia applications", In Proc. of IEEE INFOCM ’92: Conference onComputer Communications, Florence, Italy, 1992, IEEE, pp 2078-85.[Kovacs 94] L. Kovacs, "The GroupSpace Concept", IEEE, 1994, pp 320-325.[Langsford 94] A. Langsford and J. D. Moffett; "Distributed Systems Management",Addison-Wesley, Cornwall, UK, 1993, 307 pages,[Liang 92] L. Liang, S. T. Chanson and G. W. Neufeld, "Process GroupCommunications: Classifications and Requirements", Computer, 1990.[Lindsey 95] D. Lindsey and P. F. Linnington, "RIVUS: A Stream TemplateLanguage for Capturing Multimedia Requirements", in Proc. of SecondInternational COST 237 Workshop on Teleservices and MultimediaCommunications, Copenhagen, Denmark, 1995, D. Hutchison, H. Christainsen,G. Coulson and A. Danthine, Springer, pp 259-277.[Linington 94] P. F. Linington, "Multimedia and Streams", In Proc. of ANSAworks,1994, APM Ltd, Poseidon House, Castle Park, Cambridge, UK.[Marshall 95] I. W. Marshall and M. Bagley, "The information services supermarket-an information network prototype", BT Technology Journal, vol. 13 (2), 1995,pp 132-142.[Mathy 94b] L. Mathy, O. Bonaventure, g. Leduc and A. Danthine, "The MultipeerData Transport Service and Group Communication Framework", University ofLiege, Technical Report, R2060/ULg/CIO/IN/P/008, January, 1994.[Mathy 94a] L. Mathy, H. Leduc, O. Bonaventure and A. Danthine, "A Framework

124for Group Communications", University of Liege, Technical Report,R2060/ULg/CIO/IN/P/005.[Mauthe 95b] A. Mauthe, G. Coulson, D. Hutchison and S. Namuye, "GroupSupport In Multimedia Communications Systems", In Proc. of The secondCOST 237 Conference on Teleservices and Multimedia communications,Copenhagen, Denmark, November 20 - 22, 1995b, pp 1 -18.[Mauthe 94] A. Mauthe, D. Hutchison, G. Coulson and S. Namuye, "FromRequirements to Services: Group Communication Support for DistributedMultimedia System", In Proc. of Second International Workshop on AdvancedTelservices and High-Speed Communication Architectures(IWACA), Heidelberg,1994, R. Steinmetz, Springer-Verlag, 1994, pp 266-277.[Moran 94] M. Moran and R. Gusella, "System Support for Efficient DynamicallyConfigurable Multi-party Interactive Multimedia Applications", Tenet Group andHewlett-Packard Laboratories, Technical, 1994.[Muller 92] G. Muller, "Strategic Directions towards Multimedia Systems.", Institurfur Informatik und Gesellschaft, Abteilung TELEMATIK, Univesit�t,[Muller 96] N. J. Muller, "Multimedia Over The Network", BYTE, (March), 1996, pp73 -78.[Namuye 95b].Namuye, D. Hutchison, A. Mauthe and G. Coulson, "GroupManagement Services for Distributed Multimedia Applications", In Proc. ofSecond Communication Symposium, Manchester Metropolitan University,United Kingdom, 1995b, pp 40-43.[Nanaratnam 88] S. Nanaratnam, S. Chanson and G. Neufeld, "Reliable groupcommunication in distributed systems", In Proc. of The 8th ICDCS, 1988, pp[Ngoh 91] L. H. Ngoh, "Multicast support for group communications", ComputerNetworks and ISDN Systems, 22 (3), 1991, pp 165-78.[Oskiewicz 1990] E. Oskiewicz, J. Warne and M. Oslen, "A Model for InterfaceGroups", Advanced Networked Systems Architecture (ANSA), ISA Project, 14September 1990.[Pasquale 92] J. C. Pasquale, G. C. Polyzos, E. W. Anderson and V. P. Kompella,"The Multimedia Multicast Channel", In Proc. of 3rd International Workshop onNetwork and Operating System Support for Digital Audio and Video, San Diego,1992, pp 0185-0196.

125[Pendergast 95] M. Pendergast and C. S. Hayne, "Alleviating Convergence Problemsin Group Support Systems", Computer Supported Co-operative Work (CSCW),3 (1), 1995, pp 1-27.[Pendergast 93] M. O. Pendergast, "Multicast Channels for CollaborativeApplications: Design and Performance Evaluation", Computer CommunicationReview, 23 (2), 1993.[Rezende 95b] J. Rezende, A. Mauthe, D. Hitchison and S. Fdida, "M-ConnectionService: A Multicast Service for Distributed Multimedia Application", In Proc. of1995, XTP Forum.[Rodden 92] T. Rodden, J. A. Mariani and G. Blair, "Supporting CooperativeApplications", Computer Supported Cooperative Work, 1 1992, pp 41-67.[Sasse 94] M. A. Sasse, U. Bilting, C. Schulz and T. Turletti, "Remote Seminarsthrough Multimedia Conferencing: Experiences from the MICE project", In Proc.of Proc. INET �94, 1994, pp 251-259.[Schulzrinne 95] H. Schulzrinne, S. Casner, R. Frederick and V. Jacobson, "RTP: ATransport Protocol for Real-Time Applications", Internet Engineering TaskForce, Audio-Video Transport WG, INTERNET-DRAFT, November, 1995.[Shepherd 95] W. D. Shepherd, "Introduction to Multimedia Systems", In Proc. ofFundamentals of Multimedia Systems, Lancaster University, 1995.[Simon 96] E. Simon; "Distributed Information Systems: From Client/Server ToDistributed Multimedia", McGraw-Hill Publishing Company, Berkshire,England, 1996 414 pages,[Simon 94] R. Simon, T. Znati and R. Sclabassi, "Group Communication inDistributed Multimedia Systems", In Proc. of IEEE: Proceedings : DistributedMultimedia Systems, 1994, pp 294 - 301.[Sloman 94] M. Sloman, "Network and Distributed Systems Management", Addison-Wesley, Suffolk, UK, 1994 666 pages,[Sloman 1987] M. Sloman and J. Kramer; "Distributed Systems and ComputerNetworks", Prentice-Hall International (UK) Ltd, Exeter, UK, 1987 336 pages,[Smith 89] H. Smith, J. Onions and S. Benford, "Distributed Group Communication:the AMIGO information model", Ellis Horwood Limited, West Sussex, 1989pages,

126[Steinmetz 95] R. Steinmetz and K. Mahrstedt; "Multimedia: Computing,communications and Applications", Prentice Hall P T R, Upper Saddle River,NJ, 1995 383-418 pages,[Steinmetz 92] R. Steinmetz and M. Thomas, "Modelling Distributed MultimediaApplications", In Proc. of International Workshop on Advanced Communicationand Applications for High Speed Networks, Munich, Germany, 1992, pp[Szyperski 93] C. Szyperski and G. Ventre, "Efficient Multicasting for InteractiveMultimedia Applications", Tenet Group, Technical Report, TR-93-017, March1993.[Szyperski 93 b] C. Szyperski and G. Ventre, "A Characterisation of Multi-PartyInteractive Multimedia Applications", The Tenet Group, International ComputerScience Institute, Berkeley, Technical Report, TR-93-006, 1993.[Tanenbaum 92] A. S. Tanenbaum; "Modern Operating Systems", PHI, 1992 pages,[Topolic 90] C. Topolic, "Experimental Internet STream Protocol, Version 2 (ST-2)",Internet, Work in Progress, RFC 1990,[Trevor 95] J. Trevor, "Infrastructure Support for CSCW", Ph.D Thesis, LancasterUniversity, 1995.[Tucker 94] J. Tucker; "OSI Structure of Management Information", M. Sloman ,"Network and Distributed Systems Management", Addison-Wesley PublishingCompany, 1994, 95 - 130,[Turner 92] J. Turner and R. Kraut, "Sharing Perspective", In Proc. of CSCW �92,Toronto, 1992.[Twachtmann 93] B. Twachtmann and R. G. Herrtwich, "Multicast in the HeldelbergTransport System", IBM European Networking Center Heidelberg, TechnicalReport, 43.9306,[Ventre 93] G. Ventre and C. Szyperski, "Network Support for Multi-Party InteractiveMultimedia", University of California at Berkeley, Internal Report, 1, 1993.[Verissimo 92] P. Verissimo and L. Rodrigues, "Group Orientation: A Paradigm forDistributed Systems of the Nineties", In Proc. of Third Workshop on FutureTrends of Distributed Computing Systems, Taipei, Taiwan, 1992, IEEEComputer Society, pp 57-63.[Vin 92] H. M. Vin and P. V. Rangan, "System Support for Computer MediatedMultimedia Collaborations", In Proc. of 1992, pp 203 - 209.

127[Vogels 92] W. Vogels, P. Verissino and a. L. Rodrigues, "Requirement for HighPerformance Group Support in Distributed Systems", INESC, Report, 1 April,1992.[Vonderweidt 91] G. Vonderweidt and e. al, "A multipoint Communications Servicefor Interactive Applications", IEEE Transactions on Communications, 39 (12),1991, pp 1875 - 1885.[Wang 89] B. Wang, "An Architecture For Domain Based Distributed SystemsManagement", M. Phil Thesis, University of Lancaster, 1989.[Waters 95] G. Waters, "Multi-Party Communication over Packet Network", Ph.D.Thesis, University of Kent at Canterbury, 1995.[Waters 92] G. A. Waters, "Multicast Provision for High Speed Networks", In Proc.of 4th IFIP Conference on High Performance Networking, University O Liege,1992, A. D. O. Spaniol, pp G1-1 to G1-16.[Wilde 93] E. Wilde, "Multi-User Multimedia Editing with the MultimETH System",In Proc. of 3rd Australian Multi-media Communications, Applications andTechnology workshop, Wollongog, Australia, 1993.[Wilde 94] E. Wilde and C. Burkhardt, "Modelling Groups for GroupCommunications", Swiss Federal Institute of Technology, Technical, Draft,1994.[Wilde 96] E. Wilde, M. Nanduri and B. Plattner, "A Transport-IndependentComponent for a Group Session Management Service in Group communicationPlatforms", In Proc. of The European conference on Multimedia Applications,Services and Techniques, Louvain-la-Neuve, Belgium, 1996, pp[Williams 93] N. Williams and G. S. Blair, "Distributed Multimedia Computing : AnEnd User Perspective", Computing Department, Lancaster University, InternalReport.[Williams 94] N. Williams and G. S. Blair, "Distributed Multimedia Applications: Areview", Computer Communications, 17 (2), 1994, pp 119-132.[Williams 92] N. Williams, G. S. Blair, G. Coulson, N. Davies and T. Rodden, "TheImpact of Distributed Multimedia Systems on Computer Support For Co-Operative Work.", Lancaster University, Internal Report, MPG-92-43,[Zhang 93] L. Zhang and e. al, "A New ReSerVation Protocol", Internet Draft, Workin Progress.

128[Zhang 94] L. Zhang, R. Braden, D. Estrin, S. Herzog and S. Jamin, "ResourceReSerVation Protocol (RSVP) - Version 1 Functional Specification", InternetEngineering Task Force, Internet Draft.

129Appendix: The Media Channel Objects and LibraryMedia channel objects# i f n d e f _ _ m c _ h # d e f i n e _ _ m c _ h # i n c l u d e < s y s / t y p e s . h > # i n c l u d e < n e t i n e t / i n . h > # i n c l u d e < o b p l e x . h > t y p e d e f u n s i g n e d l o n g m c _ c o n i d ; t y p e d e f s t r u c t { m c _ c o n i d c o n ; o b p l e x _ o b j a d d r _ t p t ; } m c _ c o n a d d r ; t y p e d e f e n u m { m c _ S R C R E A C H , m c _ S R C C L O S E , m c _ S R C P R E P A R E , m c _ S R C P R E P A R E D , m c _ S N K L I S T E N , m c _ S N K C L O S E , m c _ S N K R E A C H , m c _ S N K P R E P A R E , m c _ S N K P R E P A R E D , m c _ S N K J O I N I N G , m c _ S N K L E A V I N G , m c _ S R C J O I N I N G , m c _ S R C L E A V I N G , m c _ G E T N A M E , m c _ G E T T Y P E , m c _ N A M E I S , m c _ T Y P E I S , m c _ I S V A L I D , m c _ V A L I D A T E , m c _ C H A N N E L D E A D , m c _ S N K B R O K E N } m c _ m s g _ t ;

130t y p e d e f s t r u c t { m c _ m s g _ t t y p e ; u n i o n { m c _ c o n a d d r c o n a d d r ; m c _ c o n i d c o n ; o b p l e x _ o b j a d d r _ t a d d r ; } d a t a ; } m c _ m s g ; t y p e d e f s t r u c t { v o i d ( * s r c r e a c h ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s r c c l o s e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s r c p r e p a r e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s r c p r e p a r e d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k l i s t e n ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k c l o s e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s n k r e a c h ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k p r e p a r e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s n k p r e p a r e d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k j o i n i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k l e a v i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s r c j o i n i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s r c l e a v i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * g e t n a m e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * g e t t y p e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * n a m e i s ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ; v o i d ( * t y p e i s ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ;

131v o i d ( * i s v a l i d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * v a l i d a t e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * c h a n n e l d e a d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k b r o k e n ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; } m c _ d i s p a t c h e r ; t y p e d e f s t r u c t { o b p l e x _ t * o b j s ; o b p l e x _ o b j i d i d ; m c _ d i s p a t c h e r * f s ; v o i d * h a n d l e ; } m c _ o b j ; i n t m c _ i n i t ( m c _ o b j * p t r , o b p l e x _ t * o m , m c _ d i s p a t c h e r * f s , v o i d * h ) ; v o i d m c _ t e r m ( m c _ o b j * p t r ) ; i n t m c _ g e t n a m e ( m c _ o b j * p t r , o b p l e x _ o b j a d d r _ t * a d d r ) ; i n t m c _ i _ s r c r e a c h ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s r c c l o s e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s r c p r e p a r e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s r c p r e p a r e d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k l i s t e n ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k c l o s e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s n k r e a c h ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k p r e p a r e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s n k p r e p a r e d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k j o i n i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k l e a v i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ;

132i n t m c _ i _ s r c j o i n i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s r c l e a v i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ g e t n a m e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ g e t t y p e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ n a m e i s ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ; i n t m c _ i _ t y p e i s ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ; i n t m c _ i _ i s v a l i d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ v a l i d a t e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ c h a n n e l d e a d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k b r o k e n ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; s t r u c t m c _ j o i n i n g { m c _ m s g _ t i d ; o b p l e x _ o b j a d d r _ t a d d r ; } ; #endifmc_snk and mc_src objects#ifndef __mccli_h#define __mccli_h#ifdef __cplusplusextern "C" {#endif#include <obplex.h>#include <list.h>#include "mc.h"#ifndef NULL#define NULL 0#endif

133typedef struct mc_connection_tag mc_connection_t;typedef void *(mc_snkopen_f)(void *ctxt, const obplex_objaddr_t*addr, mc_connection_t *ref);typedef void (mc_snkclose_f)(void *ctxt, void *uref);typedef struct { mc_snkopen_f *open, *openon; mc_snkclose_f *close;} mc_snkmethod;typedef void *(mc_srcinclude_f)(void *ctxt, constobplex_objaddr_t *addr, mc_connection_t *ref);typedef void (mc_srcexclude_f)(void *ctxt, void *uref);typedef struct { mc_srcinclude_f *include; mc_srcexclude_f *exclude;} mc_srcmethod;typedef struct mc_snk_tag mc_snk;typedef struct mc_src_tag mc_src;int mc_snkopen(mc_snk *obj, obplex_t *om, const obplex_objaddr_t*mgraddr, const char *media_type, const obplex_objaddr_t*agtaddr, const mc_snkmethod *fs, void *ctxt);int mc_snkclose(mc_snk *obj);int mc_srcopen(mc_src *obj, obplex_t *om, const obplex_objaddr_t*mgraddr, const char *media_type, const obplex_objaddr_t*agtaddr, const mc_srcmethod *fs, void *ctxt);int mc_srcclose(mc_src *obj);/* private parts of snks and srcs */struct mc_snk_tag {mc_obj base;void *ctxt;const mc_snkmethod *method;obplex_objaddr_t mgraddr;obplex_t hashtable;list_hdr(mc_connection_t) cons; /* list of connections */};

134struct mc_src_tag {mc_obj base;void *ctxt;const mc_srcmethod *method;obplex_objaddr_t mgraddr;obplex_t hashtable;list_hdr(mc_connection_t) cons; /* list of connections */};struct mc_connection_tag {list_elem(mc_connection_t) others;obplex_objaddr_t addr;mc_conid id;void *ref;};/* end of private parts */#ifdef __cplusplus};#endif#endifLibrarymc_obj APIi n t m c _ i n i t ( m c _ o b j * p t r , o b p l e x _ t * o m , m c _ d i s p a t c h e r * f s , v o i d * h ) ; v o i d m c _ t e r m ( m c _ o b j * p t r ) ; i n t m c _ g e t n a m e ( m c _ o b j * p t r , o b p l e x _ o b j a d d r _ t * a d d r ) ; mc_init initialises an mc_obj pointed to by ptr. om points to anobject multiplexer which will define *ptr ’s network address. fspoints to a structure containing pointers to functions to be invokedwhen messages are passed to *ptr. h is a user-definable handlewhich is passed back when those functions are called.

135mc_term deallocates resources for *ptr. It is no longer anaddressable object, and cannot have any of its fs functionsinvoked.mc_getname writes the canonical distributed address of *ptr in*addr.i n t m c _ i _ s r c r e a c h ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s r c c l o s e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s r c p r e p a r e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s r c p r e p a r e d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k l i s t e n ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k c l o s e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s n k r e a c h ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k p r e p a r e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; i n t m c _ i _ s n k p r e p a r e d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k j o i n i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k l e a v i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s r c j o i n i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s r c l e a v i n g ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ g e t n a m e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ g e t t y p e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ n a m e i s ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ; i n t m c _ i _ t y p e i s ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ; i n t m c _ i _ i s v a l i d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ v a l i d a t e ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ;

136i n t m c _ i _ c h a n n e l d e a d ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; i n t m c _ i _ s n k b r o k e n ( m c _ o b j * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; Each of these functions passes a formatted message (depending onwhich function is invoked) to the object whose address is pointed toby the second argument. The object refered to by the first argumentis indicated to the receiving object as being the sender. Allremaining arguments are used to form the message.mc_conid is a manager-defined reference value used to identify therelationship between one of its sources and one of its sinks.t y p e d e f s t r u c t { v o i d ( * s r c r e a c h ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s r c c l o s e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s r c p r e p a r e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s r c p r e p a r e d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k l i s t e n ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k c l o s e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s n k r e a c h ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k p r e p a r e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; v o i d ( * s n k p r e p a r e d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k j o i n i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k l e a v i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s r c j o i n i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s r c l e a v i n g ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * g e t n a m e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * g e t t y p e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * n a m e i s ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ;

137v o i d ( * t y p e i s ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t c h a r * ) ; v o i d ( * i s v a l i d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * v a l i d a t e ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * c h a n n e l d e a d ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * ) ; v o i d ( * s n k b r o k e n ) ( v o i d * , c o n s t o b p l e x _ o b j a d d r _ t * , m c _ c o n i d ) ; } m c _ d i s p a t c h e r ; An mc_dispatcher structure is passed to an mc_obj when it is initialised. Thestructure specifies which of the user’s functions should be invoked when themc_obj is passed a message. The first argument is the user-defined handle hpassed to the mc_obj when it was initialised - the user function is expected toknow how to interpret it. The second argument is the address of the sender. Theformat of the remaining arguments is specific to the message type, and their valuesare extracted from the message.