Nectar Net

1. Introduction

A large number of U.S. academic and medical researchers are involved in projects across Africa. Yet this region remains noticeably absent from the worldwide high capacity, high performance network revolution.

This document details a proposed intercontinental network connection between New York and several locations in West and South Africa. This network will provide broader access for the research and education community and improve the ability of U.S. researchers to make new discoveries by enabling standard applications such as email and web browsing, as well as more demanding applications such as video conferencing and data transfer.

2. NectarNet

NectarNet is a proposed intercontinental network connecting New York and Africa for the Research and Education community. The project leaders aim to create a high performance, reliable network and an associated user community spanning a wide range of fields and applications. The goal is to emulate the success of similar projects that have created connections to under-developed regions, such as Naukanet [1], drawing on their experiences and modeling their approach where appropriate.

In New York, peering arrangements will be made with U.S. research networks such as Abilene [2] to provide access to all the U.S. research universities. Existing trans-Atlantic connectivity to Amsterdam and trans-European connectivity will be utilized to connect with existing infrastructure, most likely the SAT-3 cable [3] - also known as the West African Submarine Cable (WASC) - landing at Sesimbra in Portugal. The SAT-3 cable lands in a number of African locations: Senegal (Dakar), Côte d’Ivoire (Abidjan), Ghana (Accra), Benin (Cotonou), Nigeria (Lagos), Cameroon (Douala), Gabon (Libraville), Angola (Cacuaco) and South Africa (Melkbosstrand). The initial connections will depend upon costs and the best options for quickly establishing end-to-end connectivity. This will be a long-term project. In addition to the central task of maintaining a high performance network, it will involve building a user community and working with other groups to build infrastructure to complete the last mile connectivity. The NectarNet project leaders will take a pragmatic approach and investigate whatever solutions are available to complete the end-to-end connection. In some locations microwave or ADSL may be possible. In others a non-commercial satellite solution called Internet-to-Go [4] may be feasible. It will most likely take years or even decades to establish the ubiquitous high performance connectivity available in other parts of the world.

In addition to the network itself and an operations center (NOC) to monitor and maintain it, NectarNet will consist of numerous user groups and a steering committee to provide guidance on achieving the needs of the user community.

3. Potential Beneficiaries

There are researchers across a wide range of fields with interest in Africa. Improved network connectivity will have a measurable effect on their projects. For example:

· Medical researchers from the Centers for Disease Control (CDC) and the National Institute of Health (NIH) are active in many parts of Africa. The NectarNet project leaders have approached researchers working in the Global Aids Project, the Department for Parasitic Diseases and the National Library of Medicine (NLM) MIMCOM project about achieving the need for improved connectivity. In particular, options for end-to-end connectivity to the MIMCOM sites at the Noguchi Medical Center near Legon in Ghana and at the University Medical Center at Ibadan in Nigeria are being actively explored [5].

· The Gates Foundation is funding a $50m HIV/AIDS facility in Botswana. The project coordinators at the School of Public Health at Harvard University have enquired with Internet2 about network connectivity for the facility [6]. The NectarNet project leaders are following up.

· The African Monsoon Multidisciplinary Analyses (AMMA) [7] project is an international consortium of scientists collaborating to monitor and analyze weather in West Africa. The hurricanes that bash the east coast of the United States may be predicted by a better understanding of the weather patterns that generate them. The project is data intensive and requires the data to be collected and made available to the researchers. The NectarNet project leaders are working with the data-gathering site near Dakar to identify the last mile connectivity issues [8].

· The US Geological Survey (USGS) is active in Africa. In particular, the NectarNet project leaders are monitoring potential users of better network connectivity through the Africa specific newsletter on Global Spatial Data Infrastructure (GSDI-A) [9].

· Many Universities and groups are involved in distance learning. The feasibility of using a shared white-board application between Emory University and the University of Ibadan in Nigeria is being assessed [10]. There is also the opportunity to contribute content on African topics to the Research Channel Project [11].

· Many Universities offer opportunities to study abroad. The Worcester Polytechnic Institute (WPI) in Massachusetts sends a number of students to Namibia Polytechnic in Windhoek [12]. Suffolk University, also in Massachusetts, has a campus in Dakar [13]. The Georgia Institute of Technology is developing a partnership with the University of Pretoria. In all these cases, better network connectivity would improve logistics and administration as well as the ability for students to work with faculty.

· Potential partners are working with numerous Universities in Africa to deploy or improve the campus network. In some cases, linking the high performance campus network to NectarNet would be possible. For example, Obafemi Awolowa University in Ile Ife, about 40 miles east of Ibadan in Nigeria, and the University of Douala in Cameroon.

· In addition, US-based researchers have expressed general interest in connectivity to Engineering departments at Universities in Eastern Nigeria [14]. Numerous others have enquired about connectivity with Central and East Africa, locations that NectarNet will not be able to serve in the initial deployment.

· Furthermore, the African Studies Association covers researchers working in history, English, anthropology, zoology, and ecology. For example, Emory University and the University Cheikh Anta Diop (UCAD) in Dakar, Senegal are collaborating to research the history of Slavery [15].

These are just some of the projects that U.S. researchers are engaged in. There are many more. With improved network connectivity there may also be the opportunity to locate new international research facilities in Africa. 

4. Potential Partners

NectarNet proposes to build a high performance connection. But connecting a router near the coast is only part of the end-to-end connectivity. Much additional effort is required to build user communities, train technicians and staff and complete the last mile connection. All of which are critical ingredients to making a successful intercontinental connection. Fortunately there are a number of organizations with tremendous experience of these challenges. The NectarNet project co-ordinators intend to partner with these groups to leverage each others skills and experience. These include the IBAUD project [16], the USAID/Leland project [17], the Widernet project [18], the network startup resource center (NSRC) [19], the Partnership for Higher Education [20], the International Development Research Center (IDRC) [21], the Digital Freedom Initiative (DFI) [22] and the electronic Journal Distribution Service (eJDS) [23]. 

5. Network Architecture

NectarNet will connect in New York. Most likely a router and a measurement host will be co-located at one of the usual facilities such as 32 Avenue of the Americas. It is expected a peering arrangement will be made with Abilene to enable connectivity for all the Internet2 member Universities. Existing trans-Atlantic connectivity will be used to connect to Amsterdam, either at layer 2 or 3 and existing trans-European connectivity will connect to Sesimbra, near Lisbon in Portugal, at a proposed Gateway to Africa Gigapop. The NectarNet project coordinators are in contact with fiber providers and router vendors. It is expected the African sites will be connected along a single layer-3 link. Eventually, it is expected the network architecture will migrate to connect with African controlled networks, similarly to how South American connectivity is evolving from the AMPATH connection to the local CLARA association.

6. Connections

There are few research organizations in sub-Saharan Africa ready to connect to an international backbone. However, it is essential to identify potential downstream connections that will complete the link to the networks, Universities and sites where the researchers need to reach. In some cases, connections to individual locations will have to be created. The NectarNet project leaders are working with local technical experts and the local telecommunications companies to understand the last mile issues for sites identified as potential users. In addition there are numerous organizations already working to build infrastructure and network organizations (see section 4).

For example, there is no known research network in Senegal. However the national telecommunications provider, Sonatel [24], is part owned by France Telecom. Also Senegal is a former French Colony and maintains close ties with the French governement and the French National Research and Education Network, Renater [25]. The Georgia Institute of Technology has close ties with the French government and expects to be able to leverage these ties to help construct the end-to-end connectivity.

The Nigerian national telecommunications company, NITEL [26], has a national backbone network offering up to 10Mbps connections to most cities. The Nigerian Universities Network (NUnet) is a fledgling organization attempting to create a national research network connecting Nigerian Universities [27]. 

The most networked country in sub-Saharan Africa is South Africa. The Tertiary Education Network (TENET) [28] connects many Universities and research organizations including the South African Medical Research Council (MRC). In addition, a proposed South African National Research and Education Network (SANREN) is being formed and is assessing the feasibility of building out the network to South Africa’s neighbors; Namibia, Botswana, Zimbabwe and Mozambique. Possible the South African Network will transit traffic for US researchers involved in those countries.

There are efforts to quantify the needs of Universities and understand the feasibility of a Pan-African Research and Education Network Association (PARENA). While these reports are being compiled, the NectarNet project leaders will attempt to build a picture of the needs of the US research community and endeavor to contribute this to the experts in Africa.

The NectarNet project coordinators are in contact with other international backbone projects. The Géant led EUMEDConnect project [29] has established the first high-performance network connections to several countries in North Africa including Egypt. Potentially the network could be extended along the Nile basin to Sudan and Uganda, and perhaps Ethiopia. The SAFE cable [3] and the proposed East African Submarine System (EASSy) present the possibility of extending NectarNet along the east coast of Africa to Tanzania, Kenya and Somalia, and to connect to India and Malaysia in South Asia. Penetrating inland to land-locked African nations or to the countries not served by a cable connection is a much greater challenge.

7. Security

Cyber security is an important issue for a production network. NectarNet will implement the industry standard best practices and form a Computer Security Incident Response Team (CSIRT) to coordinate with other networks, and to prevent and resolve issues.

8. Network Measurement and Monitoring

Network Performance is an area attracting a lot of attention from the network providers. At each NectarNet location, at least one measurement host will be co-located with the router. The NectarNet project leaders will work with the long running PingER project [30] to provide end-to-end monitoring between sites around the world and African Universities. A measurement host operated by the NLANR AMP [31] project will be deployed at least one NectarNet point of presence (PoP). The feasibility of deploying the emerging PIPES [32] measurement tools will be assessed.

9. Training and Fostering Program

The NectarNet project leaders have identified a number of US researchers who would benefit from better connectivity with Africa, and a number of technical experts on the ground who can assist in making the last-mile connection with the project. However, the success of the project will also be gauged from how the network can be expanded and the additional connections that can be completed after the initial set up. To achieve this, the NectarNet project leaders will actively promote the use of the network with other US based groups and work with organizations such as the African Network Operators Group (AfNOG) [33] to deploy technology such as IPv6 and multicast. Initially the last-mile connectivity may be on a connection-by-connection basis, but wherever possible, the project leaders will assist with the building of national or regional research organizations that will coordinate the local connectivity.

10. Network Research

Africa offers the possibility of an environment for unique network research. Improving backbone connectivity will improve the projects that are able to connect to it, however it must be acknowledged that many sites will have inadequate connectivity for years to come. The NectarNet project leaders will employ emerging technology for delay tolerant networking including caching and store-and-forward techniques. Furthermore the Logistical Networking research led by Micah Beck at the University of Tennessee [34], and the associated Logistical Backbone (or L-Bone) may provide the technology required to make use of downstream links where bandwidth or reliability may be an issue. In addition, such network research will allow NectarNet to reach out to the application communities and further promote use and expansion of the network.

11. Additional Benefits

Providing access to Africa for U.S. researchers and projects will also enable African Universities to access the research and education content on the world wide Internet. Organizations such as the Research Channel [11] can make content generated at the African Universities available to students across the United States.

12. Funding.

The usual source of funding for U.S. research and education networks is the National Science Foundation (NSF). In addition, the broad appeal of such a network may make it a candidate for multi-agency support, for example, the department of Health and Human Services.

13. Further Information

This document will be updated as changes occur. Send feedback to Warren Matthews (warren.matthews@oit.gatech.edu).
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