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1. Project Objectives

GCAP is concerned with the definition, design and evaluation of a new transport layer for the Internet next generation. In particular, GCAP addresses the design of an end-to-end multicast protocol suite supporting a wide range of Quality of Service (QoS) requirements, including partial reliability as well as performance QoS. 

This multicast transport protocol suite constitutes the core end-to-end communication support of a multimedia multicast transport protocol suite, also designed in GCAP, which provides true support for multimedia at the transport layer by internally managing relationships between different media on behalf of the applications.

GCAP will therefore provide end-users with transparent multimedia communications while relieving application programmers from some of the burden of managing multimedia communications.

The protocols in GCAP will be designed to exploit and make efficient use of new network technologies such as IPv6, DiffServ and active/programmable networks. Part of the active/programmable network support over IPv6, which is not yet available, will also be developed within GCAP.

 The approach to communication architecture design followed in GCAP will shed new light onto techniques to design, integrate, engineer and implement end-to-end protocols within the new challenging communication context offered by active networking technology operating over IPv6. 

Finally, both protocol suites will be implemented in Java, for improved portability  and easy deployment, the deployment approach being also investigated by GCAP

2. Product Definition

The idea behind GCAP is to develop and propose to a set of users a layer of protocols and services that is not yet available, and in particular in the Internet. These protocols and services can be defined by three important keywords: multicast, multimedia and multinetwork.

GCAP intends to design a set of software packages that will be used by as large as possible a community of users belonging to different domains of the industry, for which the geographical distribution of people and work is a basic fact of work. Of course, this means that availability, reusability and composability of the corresponding software components have to be taken into account.

As they do not have the same degree of maturity, GCAP will implement, during the duration of the project, two of the three previous aspects, i.e. GCAP will implement the protocols related to multicast and to multimedia. Of course, the corresponding two services will be designed to be fully coherent between them and to be fully coherent with the multinetwork architecture that will be develop and promoted by GCAP at the end of the project.

From our previous experience, it is expected that these two aspects will not be fully merged together, in the sense that it seems that some users can be interested in having a multicast capability without necessarily needing the multimedia capabilities.
As a consequence, GCAP will intend to provide two complementary packages, one related to the multicast service and the other to the multimedia service, and will conduct its work accordingly.

These two services have to be proposed in such a way that the interested users will be able to easily deploy both of them on a real architecture. For this purpose, GCAP will investigate the simplest solution based on the active network technology that at the same time provides the facilities needed and does not lead to a practically unfeasible implementation.

3. Knowledge Dissemination

During the course of the project, many valuable results will be gathered regarding the definition, design and implementation of advanced multicast and multimedia transport protocol mechanisms in a new communication infrastructure relying on the new Internet protocol (IPv6) and active/programmable network technology. 

The partners in the GCAP project will seek widespread public dissemination of the results and experience generated during the course of the project.

3.1 Publications

For maximal impact of the GCAP project on the research community, the following international workshops/conferences and journals/magazines are possible targets for reviewed publication of our results:

3.1.1 Workshops and Conferences

· NGC: Networked Group Communication is an international workshop covering the field of group communications in general. It is organised and sponsored by the European COST 264 Action, but enjoys world-wide recognition. NGC is a target for the results of our work on multicast transport protocols. The European COST 264 Action is managed by a member participant to GCAP.

· Infocom: Infocom is probably one of the most reputed international conference on computer communications. It is jointly sponsored by the IEEE computer and communications societies. As Infocom covers the whole field of computer communications, it could be the target for any outstanding results from the GCAP project.

· OpenArch: The conference on Open Architecture and Network Programming is an international forum focusing on current work and future directions for network software architecture, especially active and programmable networks. Results from the GCAP work on developing and using active and programmable networks fall within the scope of this IEEE communications society sponsored conference.

· IWAN: The scope of this IFIP International Working Conference on Active Networks is all aspects of active and programmable networks and their applications. Most of the results derived from designing and implementing systems using active and programmable network technology in GCAP will fall within the scope of this conference.

· NOSSDAV: NOSSDAV is an international workshop on Network and Operating Systems Support for Digital Audio and Video. Our work on the multimedia multicast transport layer will be relevant to the call of this highly reputed workshop.

· IDMS: This International Workshop on Interactive Distributed Multimedia Systems and Services covers the field of distributed multimedia systems from network and operating systems support to distributed multimedia systems, applications and tele-services. Virtually all the work carried out in GCAP will be relevant to this workshop.

· IWQOS: The International Workshop on Quality of Service is the major conference devoted particularly to the research area of quality of service. It is sponsored by ACM, IEEE, and IFIP. It provides a very good platform for the work within GCAP on QoS and support of time critical applications. In 2001, this workshop will be organised by GCAP partners.

· SIGCOMM: SIGCOMM is the most reputed international conference on Internet technology. It is sponsored by the ACM. The scope of SIGCOMM is such that any outstanding GCAP work, specifically described within the context of the Internet, could be submitted. 

3.1.2 Journals/Magazines

Technical journals and magazines such as ACM Computer Communication Reviews, IEEE Network or Computer Networks provide high impact publication opportunities.

However, because of the very short time-scale of the GCAP project compared to the relatively slow review process and time-to-publication exhibited by most internationally recognised journals, it will likely be difficult to see the GCAP advanced results in print during the lifetime of the project.

The partners in the GCAP project are nevertheless committed to maximise the project’s impact on the research and industrial communities by attempting to publish the most salient results of the GCAP project in at least one widely distributed and read journal.

 However, as the material to be published must reach the maturity required by such high profile publications, the GCAP consortium will consider potential journal publications as soon as possible in the project.   

3.2 Standardisation

Standardisation provides a fast track to disseminating research ideas to the industrial community. 

However, making a noticeable impact in standardisation requires the an important mobilisation of resources in terms of manpower, time and financial resources (to prepare, input, comment and attend the meetings).

 It also requires the formation of strategic alliances with various active industrial players to support and promote proposals.

On the other hand, standardisation is also an excellent forum to gauge current trends in computer communications and telecommunications.

For these reasons, members of the GCAP consortium will follow, and strive to actively participate in, the following standardisation working groups:

· IETF Source-Specific Multicast (SSM): Source-Specific Multicast is a scheme that reduces multicast routing complexity by restricting the distribution model to 1 to N instead of M to N. The SSM working group aims at standardising its definition so as to provide protocol designers with unambiguous semantics. As the GCAP services will rely on Internet routing services, the activities of this working group are very important to the design of the GCAP protocols.

· IETF Reliable Multicast Transport (RMT): This WG was motivated by the output of the IRTF RM group. It focuses on a framework for the standardisation of bulk data reliable multicast transport. It suggests
factorising the commonalities that exist between various classes of reliable
multicast transport protocols into building blocks. 

· IRTF Reliable Multicast Group (RM): The main activity is the proposal of solutions to support reliability in multicast communications. The work focuses on reliable transport protocols, router assist solutions through router support and lately TCP friendly congestion control for multicast. Following this WG, as well as the previous one, will provide valuable technical information for the design of the partial order mechanisms in GCAP.

·  IEEE P1520: This IEEE working group is concerned with the standardisation of application programming interfaces for networks, an important topic in the context of open IP/ATM networks (including active and programmable networks). This WG will provide valuable information for the development of the programmable network solutions in GCAP.

3.3 Research Collaborations

To increase the effectiveness and timeliness of the impact of the GCAP project, as well as guaranteeing that our results directly reach researchers and research groups active in the same or related areas of work, the participants in the GCAP project will seek active research “networking” and cooperation within the research community.

Such “networking” outside the GCAP project should also bring invaluable and timely feedback on the work carried out within the project.

Consequently, the GCAP partners will actively:

· participate in the European COST 264 Action on enabling networked multimedia group communications. The main objective of this action is to provide a forum where researchers and industrials active in this area participate. Complementary experimentations are conducted to enable and understand multimedia group communications that will be available on various networks in the future. The action is composed of two working groups: “infrastructure and dissemination” and “research and experimentation”.

· participate in the European COST 263 Action: the main objective of this action is to coordinate the actions among the involved European groups in the field of the Quality of Internet Services, and also to provide a platform for discussions and collaborations. 

· cluster with the ISP CADENUS Project on enabling end-to-end network services and quality of services (QoS), using current network proposals such as the IntServ and DiffServ frameworks. The activities of the CADENUS and GCAP projects are complementary as CADENUS is concerned with network level QoS issues while GCAP is mainly concerned with transport level issues that rely on the services provided by the network. Furthermore, GCAP and CADENUS present some overlap of concern, as GCAP considers the use and development of active and programmable network devices.

· ETRI, the Electronics and Telecommunications Research Institute, Korea, have approached the GCAP consortium to investigate the possibility for them to take part in one of the GCAP experiments. Their intention is to use a Korean Government funded high-speed link between their labs and Europe. Such cooperation will broaden the exposure of GCAP and its awareness within the world-wide telecommunication industry.

· input results to the IPv6 Forum. The IPv6 Forum, a world-wide consortium of leading Internet vendors, research & education networks can greatly benefit from the experience gained in developing new services over IPv6 in the GCAP project and constitutes a fast track channel for the dissemination to the industrial cimmunity of the ideas, results and experience in the GCAP project.

· and will participate to the IST dissemination events while continuing to consider and investigate adequate links with other similar or quite related international projects.

3.4 Software Release

The two GCAP transport protocols will be developed under JAVA environment. Their implementation will be split between end-systems and edge routers. The protocols should be delivered as a release version of some binary (or executable) code, used by the different machines of the network.

For instance, if we consider the two GCAP protocols as downloadable plug-in modules in an active networking environment, they should be available as independent binary modules in order to active them separately and on demand.

Other software developments are made for the videoconference application (in JAVA or C/C++). This application should be available too, as a release version, since it deals with important features of the GCAP protocols, such as group management and multimedia flow control.

4. Market Analysis

4.1 THOMSON-CSF Detexis

Applications running on the Internet today provide more and more multimedia features to the users, such as time-sensitive multimedia communication (videoconference, film or music broadcasting, remote teaching, games…) and a large set of co-operative activities. The information content requires more and more constraints on network quality and end-users need real improvements on network bandwidth, throughput, Quality of Service, reliability and multicast capabilities.

Since the Internet has not been designed at the origin for providing multimedia communication, solutions based on new Internet technologies such as IPv6, DiffServ services, multicast, reliability and active networks will solve the main issues of the today-Internet and provide high-end advanced network services to the user.

Companies foresee that these new advanced services could be provided by some kind of “service providers” located on the backbone, in charge of registering end-users on service lists and of deploying the appropriate network resources on the path used by the end-user, to reach the targeted server through the core network.

GCAP approach is very attractive for companies since it will provide two new transport protocols whose the actual TCP and UDP are only particular extreme points in term of reliability and flow control. The two GCAP protocols will enable multimedia, multi-network and multicast communications, providing various levels of QoS and reliability. Besides, the other interesting points addressed in GCAP are the deployment and scalability of these protocols over the network, in order to easily integrate them.

The new network features used in GCAP have to be located on network equipment offering open architecture and enough programming capabilities for remote or “on-fly” configuration, in order to allow easy deployment. Nowadays, only edge routers can provide enough intelligent and active treatments on packets since the core network routers are too specifically designed for exclusively treating heavy network traffic and can not claim for dealing with additional smart treatments on each packet.

Besides, in order to deploy and use as soon as possible the new GCAP protocols over the existing network, companies have to cope with the existing core network and to only modify the edge network equipments that are under their own control.

Finally, companies will provide advanced services to the users, on the Internet, thanks to GCAP protocols. The new Internet will best suit to every application based on new multimedia technologies and the service level agreement of every user will perfectly match with his real needs.

So, the market for edge routers seems very promising. The market addresses first the need of corporations which require secured added value services, but will also address consumers in a couple of years. For the consumer market, integrated edge routers should be designed in order to comply with costs criteria.

To address the edge routers market, THOMSON-CSF is promoting the creation of a spin-off company. The company will start its activities in September 2000.

4.2 ALCATEL Space

ALCATEL SPACE Ind areas of expertise extend from the specification to the integration and validation, from equipments, subsystems, payloads, complete ground control and mission segments, to turnkey space telecommunications systems.

It is well known that with the support of the ALCATEL TELECOM branch, ALCATEL ESPACE as developed an important know-how on satellite networking and protocols.

The company has been involved in virtually all national and European programs, and is present on many export programs, from equipment delivery to turnkey systems, with a presence on board on more than 75 satellites.

It follows that Alcatel Space Industries was and is always a manufacturer of satellite facilities in particular for the telecommunication components, and, since a dozen of years, for full systems of satellite telecommunication. 

Satellites are the main components but ground segments become more and more an important activity and ASPI supplies are end to end. 

On the other hand, ASPI is developing ATM satellite technologies for its main customers and studying IP over ATM technologies in its research and development plan. 

In a medium term, a lot of projects will use these technologies. One of the critical technical item is the QoS. To be able to handle the end to end QoS, it is necessary to study the whole architecture of the system, in particular the software architecture of the end system. 

Within this context, the aims of the GCAP project are completely in the same line than ASPI R&D goals, and very closely related to the others R&D ASPI studies. 

So, we are sure that the GCAP results will be taken into account and will be used in the engineering tasks of the future ASPI systems.

Furthermore, the objective of new space based multimedia telecommunication systems is to offer to the user the same level of service as terrestrial networks. 

As investigated by GCAP, it is of paramount interest for ALCATEL ESPACE that new multimedia protocols be compatible with space based systems. 

ALCATEL ESPACE is also quite interested by the integration of satellite networks with terrestrial networks, and in particular, at the end-to-end layer, which is the purpose of the GCAP project.

As a consequence, ALCATEL ESPACE will use the results of the GCAP project to develop the future satellite architectures and to ensure the integration of the new satellite systems with the present terrestrial ones.

4.3 Telebit-Ericsson

The GCAP architecture is the only experience carried out by Ericsson-Telebit to experiment and support active networking.  It is a well-known fact that during the last years most of Internet actors' interest has been set on service creation and content production and the speed with which this can be done. Being the first one to put a new service to the market represents an added-value whose impact is usually hard to foresee.

Active networking address the need for services and advanced networking features which depend heavily on processing at network nodes. Intelligent multimedia flow rate adaptation and aggregation, scalable reliable multicasting, resource discovery, mobility support, etc are some of the applications that can take advantage of such functionality.  Therefore there is a growing interest in the market set on applications able to enhance current multimedia services and on networking products that can drastically reduce the time-to-market of new protocols and services.

One of the key factors in successful products related to software and Internet technology is the open nature of the proposed solutions. In this sense, the active networking approach proposed in GCAP provides a well-balanced solution to partially delegated high-level router decisions on active applications running on standard execution environments.

The advantages are clear:

· Quick development of new protocols. The GCAP active networking approach can streamline the development of prototypes of new services and protocols.

· Portability, thanks to Java technology.

· Remote configuration of network behaviour, by means of dynamic downloading caused by active packets.

· Security, as the set of control functions opened to user applications can be limited at any time.

Therefore, we believe that this type of product can find a niche in the market. The target customers are Internet application developers and value-added Internet service providers. As we see it, in the next future service providers will offer protocols and services needing ad-hoc processing at network nodes. They will provide backbone operators with previously validated software classes to make such processing, and associated services will be automatically deployed over the network thanks to the active networking service.  The GCAP transport protocols is an instance of such developments.

In summary, from our viewpoint, it is very likely that in the next future there will be a prospective market interest in GCAP developments.

4.4 Telekom Austria

It seems to be certain that the “Internet Environment” will change drastically in the nearest future: 

Especially the interactive broadcasting and the possibilities offered through Web broadcasting will promote that development – it will continuously be expanded by additional features; but also users’ behaviour concerning the surfing in the Web and the consumption of broadcasting in general will change.

Users will be able to collocate individual broadcasting programs, which will be similar to programs now offered by Television, but will offer additional interactive features; or they will be able to take part interactively in conferences, events or concerts. Remote teaching and training will have a brisk demand, but also electronic program guides, personal video homepages and personal video recorders. Furthermore it is possible that, thanks to these new applications, everybody will be able to encode information into the video, so that the average Internet user will be able to intervene in the video in order to get more other detailed information out of this video.

The rapid growth of the Internet (usage, investment, credibility) and the roll out of broadband across Europe are the key to the future of streaming. The development of broadband streaming Internet Networks is the most dominant issue facing the European ISP market. According to a study of Visa Advisors, in 2008 the potential of the whole European Satellite market of Internet based applications will be 1 billion US Dollars, disregarding the “traditional” applications in the field of speech and data.

A number of market analyses say that the current providers of streaming applications do not cover the need for that kind of applications. There are currently massive insufficiencies in the technical area and in the usability. These faults restrict massively the current possibilities and obstruct a further quantum leap in the area of multimedia applications.

Most notable European companies are currently not in the position to offer a satisfactory solution in the field of multimedia streaming.

The GCAP protocols, aimed at providing two new end-to-end multicast and multimedia transport protocols in the nearest future, should provide solutions to some of the problems discussed above and therefore be embedded in a new global architecture to provide a guaranteed quality of service to advanced multimedia multiple multinetworks applications.

We believe the GCAP protocol architecture will provide suitable communication paradigms and mechanisms to efficiently support Internet broadcasting, including (interactive) Internet TV, video-on-demand (VoD), Internet radio and music-on-demand (MoD). GCAP will also facilitate the integration of these applications with current ones, to foster new developments in tele-teaching/tele-learning as well as in, among others, entertainment.
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