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1. INTRODUCTION
Beginning in the late 1980’s, the IBM laboratories in Hursley, UK and Tokyo, Japan first started developing systems for remote, real-time collaboration. Although there were differences in focus, both involved the idea of "What You See Is What I See" (WYSIWIS) window sharing using a shared whiteboard supporting image annotation and telepointers, coupled with the use of real-time digital video. These common requirements led to various collaborations between the two laboratories which have continued to the present day.

2. EARLY WORK
One of the early systems developed at Hursley, P2P1, was demonstrated at Telecom 91. This system ran under OS/2 and supported two-way calls over ISDN or NETBIOS, with optional video provided by Action Media (DVI) cards to handle real-time video compression and decompression, (up to 15 frames a second over LANs being possible). The shared whiteboard application allowed an image to be annotated, using simple “paint” tools in a non-destructive fashion, as well as telepointing. A simple file transfer mechanism and text chat facility were also provided. This system was used quite widely both inside and outside IBM to gain experience and to identify and understand some of the problems and issues involved. We quickly discovered that the social and user interface problems are at least as difficult as the communications and computing ones14.

Although the bandwidth requirements are not great and DVI could capture and output digital audio, no attempt was made to integrate digital audio in these early systems because of the glitches that occurred when users invoked some cpu-intensive operation such as loading a new image into the whiteboard or starting up another application. While freezing of video in such situations is acceptable to users, break-up and loss of audio is not. We did however develop a variant that supported analog audio and video links, using the IBM M-Motion card.

The Tokyo remote presentation system7,8 provided very similar features. Although its design was specifically oriented to allow one person, the presenter, to present a set of “slides” to another, both parties could annotate and point to the shared image.

The success of these first systems led Hursley to develop an IBM product, Person-to-Person, which extended the ideas behind P2P in several ways:

· it supported multiple, multi-way calls

· it ran on several different operating systems (Windows and AIX as well as OS/2)

· it supported a wider range of communications protocols (TCP/IP and ASYNC as well as ISDN and NETBIOS) and more flexible support for video.

This support for what might be called heterogeneous calls, where the various parties can have widely different hardware and software, is one of the main distinguishing features of our approach to collaboration. A typical example of such a call is shown in figure 1.




Figure 1. A Call involving 4 nodes and 3 networks
These early systems, at least at Hursley, were characterised by an informal, casual view of collaboration, based on the metaphor of a (multi-party) telephone call, and although they have proved popular with users they do not satisfy all requirements. For example, asymmetric forms of collaboration in which everybody is not equal, such as remote consultations and distance learning as well as chaired, formal meetings don’t fit such a simplistic model.

Similarly, although we built special versions to support simple touch-screen kiosk systems, designed for use in stores, banks or exhibitions and experimented with a alternative user interfaces and applications, such customisation could only be carried out by changing the source code.

3. CURRENT SYSTEMS AND THE LAKES ARCHITECTURE

From this experience, we developed a clearer view of the requirements that we wanted satisfy in our next generation of collaborative systems. First was the need to allow applications to be unaware of the physical network and hence allow the network to be modifiable without having to make application changes. This allows the development of intelligent networks which support quality of service negotiation and make dynamic decisions about traffic routing using intelligent gateways and routers, well as providing related services such as data serialisation, synchronisation of related streams, compression and encryption.

Secondly, network traffic is increasingly multimedia in nature, which brings a requirement for the smooth handling of continuous flows of data with low latency. To ensure such capabilities applications cannot be involved in the movement of that data but should instead concentrate on directing and controlling such data flows.

Finally we saw a need to support a wide variety of meeting styles and policies. Such policies determine what is meant by a "call" in terms of admission and access rights, control over application sharing, privacy and security issues. A system which supports meetings as opposed to calls would provide the means to define and enforce roles and actions such as summoning, convening, chairing and voting. Separating meeting policy from the mechanisms associated with data sharing and locating the former within a user-replaceable part of the system make the system much more flexible.

In Tokyo, the ConverStation/2 project9 focused on providing ways in which a collaborative system can be customised and extended. The conferencing kernel of ConverStation/2, which is quite separate from the conferencing tools such as the whiteboard and file transfer, provides a common communications interface to these tools. New tools can be added without affecting the kernel and new communication protocols can be supported without affecting the tools. The chalkboard of ConverStation/2 deserves special mention because it is itself extensible. It supports a scripting or macro language and also allows additional functions to be added via a dynamic link library.

At Hursley, these ideas have crystallised in the Lakes architecture2,6 which attempts to satisfy a much broader range of real-time collaborative networking applications than our early systems.

Lakes defines four important interfaces, as shown in Fig. 2.




Figure 2. Lakes Interfaces
These interfaces are:

SYMBOL 183 \f "Symbol" \s 12 \h
the application programming interface (API) which allows applications to request Lakes services.

SYMBOL 183 \f "Symbol" \s 12 \h
the device support interface (DSI) which allows Lakes to support an extensible range of software and hardware sub-systems, particularly for communications, video and audio.

SYMBOL 183 \f "Symbol" \s 12 \h
the resources interface (RLI) through which Lakes requests details of nodes, users and network data. This interface allows more or less arbitrary directory modules (e.g. X.500 or SQL data base modules) to be plugged in and used to store such details.

SYMBOL 183 \f "Symbol" \s 12 \h
the Lakes data stream protocols transmitted over the physical network, as a consequence of application calls through the API.

The API is designed to allow applications to:

SYMBOL 183 \f "Symbol" \s 12 \h
initiate peer applications and share resources, on a variety of hardware and software platforms, located on nodes across a diverse and complex communications network.

SYMBOL 183 \f "Symbol" \s 12 \h
define multiple dedicated logical data channels between shared applications, suitable for a broad range of multimedia traffic, independent of the structure of the underlying physical network.

SYMBOL 183 \f "Symbol" \s 12 \h
serialize, synchronize, merge or copy the data streaming between shared applications.

SYMBOL 183 \f "Symbol" \s 12 \h
support a range of attached devices and to allow the interception and redirection of the device data.

The API consists of a set of function calls to Lakes together with a related set of events. The first function call an application makes establishes an event handler which will receive Lakes events, most of which are asynchronous, being the result of function calls issued by other applications. The programming style is thus very similar to that required when writing applications for a graphical user interface such as X. Work is currently underway defining an object-oriented API and class library for Lakes.

At the highest level, the architectural model consists of a communicating set of nodes. A node is the addressable entity in Lakes representing a user, and comprises an instance of Lakes, and a set of resources, such as application programs, data etc. Usually a node is a dedicated programmable workstation, capable of communicating with its peers; in a multi-user system a node is associated with each user.

Nodes are identified by name; ideally all node names should be unique but duplicates can be tolerated as long as their associated nodes are never required to inter-communicate. A collection of inter-communicating Lakes nodes is called a Lakes network. It is fundamental to the architecture that a node can dynamically join or leave the network. It is also assumed that the network topology can range from the simple to the complex; for example:

· there may be multiple direct or indirect links between any two nodes

· links may be switched (e.g. ISDN) or fixed

· links may have very different characteristics (e.g. in terms of jitter, latency, reliability and bandwidth)

· some links may offer bandwidth reservation and capabilities

· broadcast mechanisms may exist from a node to a subset of the other nodes in the network.

In order for Lakes to be fully active at a node, one particular aware application must be running at that node. This application plays a unique role and is known as the call manager. The distinguishing feature of a call manager is that it responds to certain events generated by Lakes; these are typically concerned with name resolution or resource management for the node. This means that in a Lakes environment the call manager is the means by which connections, between users and between applications, are established and controlled. The call manager thus dictates the look and feel of the system and is the visible manifestation of the set of policies that effectively define what is meant by a "call".

It should be clear that there are many possible call managers3,4. The simplest, modelled on the metaphor of an informal telephone call, imposes few rules on users. By contrast, a call manager for a formal, chaired meeting is likely to implement rules of order, provide facilities for minute taking and possibly support operations such as voting. Yet another alternative is the call manager that attempts to stand in for the user when he or she is absent (or just busy) by accepting or rejecting calls, taking messages and perhaps even attempting to respond to simple enquiries.

Lakes allows applications to establish data communication links, known as channels, with each other. Channels are logically dedicated, uni-directional pipes, with application-specified transmission characteristics. There is no direct mapping between the logical channel structure seen by the Lakes-aware applications and the physical communication network in existence between the nodes. An application may establish multiple channels to another application as a convenient way to separate data traffic of different types. Lakes may map some or all of the logical channels on to a single physical link, but this will be invisible to the application.

Channels have a number of quality of service characteristics, initially negotiated with Lakes during the creation process, which allow data transmission characteristics to be tailored to the requirements of the expected traffic. The quality of service parameters need not be specified explicitly but can be notified to Lakes in terms of the data classes that are to be transmitted down the channel. This mechanism allows video, voice and other data channels to be sensibly established. Channel characteristics can be re-negotiated after channel creation. Channel quality of service may also be left undefined; this allows channels to be created whose operational characteristics depends upon the resources available when data is being sent down the channel.

We have built a number of systems and applications on top of Lakes: 

· a new version of Person to Person with broader communications, video and audio support, including H.320 calls over ISDN using the British Telecom VC8000 card and support for multiway digital audio over LANs

· ScreenCall, a joint development with British Telecom, supports point-to-point video, audio and data calls using the same VC8000 card

· new applications, including remote control and application sharing, a shared text editor and several collaborative games

· a variety of server nodes that support meetings (as opposed to calls) 

The Tokyo Lab has also used Lakes to build an AIX conferencing system based on their work on a Virtual Conference Room system10 and have implemented the chalkboard now used in all the above systems.

4. FUTURE ACTIVITIES

We are actively exploring several key areas at present:

· exploiting the possibilities inherent in forthcoming ATM-based Broadband networks

· ensuring that Lakes-based systems can interoperate with systems based on the T.120 standards11,12
· exploring and prototyping more advanced forms of collaboration

4.A Exploiting Broadband Networks

From a Lakes point of view, ATM Broadband networks offer two main advantages. First they can support the Quality of Service (QoS) negotiation required to fully implement Lakes channels and hence allow a call manager to support flexible and intelligent resource management. Secondly they can support the bandwidth necessary to allow multi-way voice and video of sufficient quality to provide a real sense of telepresence.

A special department has been established at Hursley to build prototypes and demonstrators to explore these opportunities using Lakes as an enabling platform. As well as high quality real-time videoconferencing, other scenarios being investigated are:

· public access and networked kiosks

· commercial multimedia and digital libraries

· interactive television (including home shopping and Video-On-Demand)

4.B Interoperation with T.120 Systems

In general, the Lakes architecture provides a superset of the facilities defined by the Multipoint Communications Services (MCS) of the ITU T.120 series of standards. We have been examining the various ways in which Lakes-based systems can be made to interoperate with T.120-based systems. The key is to success is to ensure that to T.120 systems in the call, the Lakes nodes appear as MCS providers, while to the Lakes nodes, the real MCS providers appear as other Lakes nodes. We have designed, though not yet fully implemented, the necessary mechanisms to do this.

4.C Advanced forms of Collaboration

The Internet has seen an explosive growth in both traffic and number of users as World Wide Web browsers have become pervasive. A similar growth pattern is expected as broadband networks reach into homes and allow the formation of virtual communities. Modelling the forms of collaboration that such a future will allow is an interesting test of the flexibility of the Lakes architecture5. One approach we have been prototyping is to build a Lakes-based server capable of hosting a system like LambdaMOO13 . When users connect to the server, they can explore the rooms of the MOO, chat to the other users they find there and collaborate using shared objects. Thus a single Lakes “call” to the server is presented to the user as the ability to explore a large virtual space.

We are also interested in exploring the place of agents in such real-time collaborative systems, particularly the way in which they can be used to support such apparently simple tasks as the setting up and answering of calls and thus provide the basis of an intelligent network. 

The Tokyo Lab has been adding collaborative functions to a touch-screen audio-visual multi-media kiosk system based on Converstation/2. In addition to the normal kiosk functions, the system can provide face-to-face video communication and the real-time correction of an on-line form using a shared chalkboard. A self-service financial system has been developed for a consumer loan company and has proved very successful. A more advanced version is planned based on Lakes.

5. CONCLUSIONS

We expect real-time collaboration to become much more widespread in the future as the necessary enabling technologies are deployed. As well as being used to support teleworking and other forms of business collaboration, rapid growth in community networks are also to be expected. To support the wide range of applications that this will encourage, from telemedicine and virtual communities at one extreme to home shopping and multi-player interactive games at the other, while allowing a high degree of interoperability, will require architectures with many of the features we have built into Lakes.

Although a particular problem can often by solved by a specialised approach, there are real advantages to be gained in using generalised problem-solving methods. We believe that it's not only possible but beneficial to build on top of an architecture which attempts to provide solutions to the general class of collaborative networking problems. By doing so the problems raised by issues such as standardisation, interworking, portability, flexibility and extensibility all become more tractable.
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