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The Brazilian National Research and Education Network - RNP – continued in 2008 to upgrade the capacity of the communications networks used by the research and education institutions in the country. This program is based on a multi-gigabit Ipê backbone network, connecting the national and state capitals, with gigabit access provided by new metropolitan optical networks in these capitals. Attention is also given to future plans for developments in international connectivity in early 2009, and in particular the support provided for collaborations in HEP.

The most recent general upgrade to the backbone infrastructure was made in 4Q2005, when the Ipê network core was commissioned, with link capacities of 2.5 and 10 Gbps between 10 of the 27 PoPs (points of presence). In 2008, the upgrades announced last year have now been made to the links to Rio Branco and Porto Velho (6 Mbps), Palmas (34 Mbps), Cuiabá, Campo Grande, Campina Grande, Natal, São Luís and Vitória (155 Mbps). In addition upgrades were also made to the links to Boa Vista (6 Mbps) and Goiânia (622 Mbps). Figure 29 shows the present configuration of the Ipê network.

In general, it is the case that the backbone links are mostly overprovisioned, as can be noted from the dynamic weather map available at http://www.rnp.br/ceo/trafego/panorama.php. However, increases in link bandwidth will continue, since backbone traffic is expected to increase, due to the steady increase in access capacity brought about by the inauguration of new metropolitan optical networks (see below). It should be noted that an upgrade has already been ordered for the link to Belém (155 Mbps). However, at the time of writing, this has not yet been installed.

The upgrade of the access networks used by client institutions to connect to RNP's PoPs is well underway. This project, called Redecomep (Community Networks for Research and Education), consists in building optical metropolitan networks to provide access to the local RNP PoP using Gigabit Ethernet (GigE) connections over dark fiber.  To carry out the Redecomep project, RNP is currently engaged in building out facilities-based optical metropolitan networks in all 27 cities where a PoP is located. These networks link the different urban campi of research and education institutions in the metro area. In many cases, city and state governments are cooperating in the projects and participating in the connectivity benefits. These metro networks are owned and operated by the local research and education communities in the cities where they are being built.
To the metro networks already operational by December 2007 in the cities of Belém, Manaus, Vitória, Florianópolis and Brasília, additional networks were inaugurated in 2008 in Natal, São Paulo, Fortaleza and Macapá, and early in 2009, networks will be inaugurated in Goiânia, Salvador and Curitiba, making 16 out of the total of 27 capital cities to be served. Nearly all the remaining 11 networks are expected to be operational by the end of 2009. Further information is available (in Portuguese only) at http://www.redecomep.rnp.br/.
A very interesting spin-off from the community networks project has been the involvement of state governments in extending the principles of these networks within the different states. The first such case is from the northern state of Pará (capital, Belém), where the government has reached an agreement with the federally owned electricity company, Eletronorte, to share their long-distance fiber network within the state, by investment in a joint DWDM project, with the resulting capacity to be shared by both partners. This will permit the state government to provide high-capacity connectivity to all major population centers within the state, by building out metro networks (fiber or WiMax) in these cities. Beneficiaries include many campi of universities and other educational institutions. (See, in Portuguese only, http://www.navegapara.pa.gov.br/). A similar scheme is also underway in the northeastern state of Ceará (capital, Fortaleza), with the collaboration of two regional electrical companies.

These breakthroughs in negotiating partnerships with the owners of fiber facilities for joint capacity upgrade and shared use are considered of fundamental importance for the future of research and education networking in Brazil, as they enable access to high capacity connections at low operating costs. RNP is actively engaged in seeking such partnerships for the future development of its network.
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In the interim period before the general availability of these community networks, some of the research groups participating in Project GIGA, an experimental optical networking testbed, deployed in the states of Rio de Janeiro and São Paulo, have been permitted to use the testbed access links to reach the local RNP PoP for the purpose of national and international collaboration beyond the Project GIGA testbed. Among such groups are research groups in HEP and grid technologies at UERJ (state university of Rio de Janeiro), UFF (federal university in Niterói) and UFRJ (federal university of Rio de Janeiro) in the state of Rio de Janeiro.

In addition to the metro networks in state capitals, RNP also maintains and operates point to point links between its PoPs and federal government-maintained institutions in non-capital cities. Most of these institutions are federal universities, but they also include research institutes of the Ministry of Science and Technology (MCT) and a growing number of technical and agro-technical colleges of the Ministry of Education (MEC). Plans are underway to install facilities-based metro networks in the non-capital cities of São Carlos, Niterói, Petrópolis, Pelotas, Ouro Preto e Campinas, as well as four cities in the state of Pará.
RNP provides support for international collaboration in research and education through a 155 Mbps access to RedCLARA, the Latin American regional research and education network, which interconnected 12 countries throughout 2008. The network is based on a 155 Mbps backbone connecting São Paulo (Brazil), Panama City (Panama), Santiago (Chile), Buenos Aires (Argentina) and Miami (USA). Due to the termination of the EU-supported ALICE project in March, 2008, this topology was slightly different from that of 2007. This backbone currently possesses three external links: a 622 Mbps link from São Paulo to the European GÉANT backbone network in Madrid (Spain), and links from the Miami and São Paulo PoPs to the Atlantic Wave distributed interconnection in Miami, Florida. This 2.5Gbps link between São Paulo and Miami is provided through the WHREN-LILA project, jointly funded by NSF's IRNC program and FAPESP, the state agency for research in São Paulo. RNP and RedCLARA divide this latter link with ANSP (the São Paulo state network). RNP separately contracts 2 Gbps access to international commodity IP networks, equally divided between access points in Rio de Janeiro and São Paulo. ANSP has a similar arrangement for around 1.5 Gbps access to international commodity IP networks, through an access point in São Paulo.
In 2009, substantial alterations are expected in international connectivity. ANSP (the state network in São Paulo) and RNP have agreed to pool and jointly operate their international connections between Brazil and the USA (Miami), which will be upgraded to two 10 Gbps links between São Paulo and Miami during the first semester. These links will also transport commodity IP traffic between the Brazilian networks and the worldwide Internet.

In addition, the EU-supported ALICE2 project (2008-2012) has recently begun, and is expected to result in significant upgrades to RedCLARA and its external connections, through competitive tenders to be held in 2009. Part of the future RedCLARA network is expected to be facilities-based. The first such link is currently being built between Santiago (Chile) and Buenos Aires (Argentina), and will provide RedCLARA with a 10 Gbps link between these two capitals, as well as providing high-capacity international access to the Pierre Auger Southern Cosmic Ray Observatory in Argentina. Extension of this facilities-based link to reach Brazil is currently under
study.
The link between São Paulo and Miami was used to provide access to SC08 in Austin for the HEP research groups in São Paulo (UNESP/USP) and Rio de Janeiro (UERJ). Access for the group at UERJ is provided by RNP and for the UNESP/USP group by ANSP. In 2008, this link also began to be used also for e-VLBI activities, with the extension in 2008 of the metro network in Fortaleza to the space radiotelescope of the Northeast (ROEN), belonging to the Brazilian Institute for Space Research (INPE). 

The RedCLARA connectivity and its link between São Paulo and Madrid have also been used experimentally for support of the EU’s EELA-2 Project (E-science grid facility for Europe and Latin America), which aims at deploying production grid services in Europe and Latin America, including support for HEP users from a number of the LHC experiments, especially in Mexico and Brazil. RNP has been an active participant in the original EELA Project and continues to be in EELA-2. (See http://www.eu-eela.eu/)
Increasingly, level 2 end to end circuits (sometimes known as “lightpaths” or “point to point connections”) are being used experimentally for high-bandwidth dataflows. In January, 2008, permanent level 2 circuits were provisioned for HEP use between UERJ and UNESP in Brazil and CERN. These will extend the current L2 connection from São Paulo to Atlantic Wave to include links through the GLIF GOLEs in Chicago and Amsterdam. In 2008, the international interconnections complex in São Paulo, operated jointly by RNP and ANSP, was formally recognized as a GLIF GOLE, called SouthernLight. Additional GLIF resources include the multigigabit core of the Ipê network, the experimental GIGA network, operated jointly by RNP and CPqD, and the KyaTera network in São Paulo state, all of which are illustrated in the new GLIF map published in 2008. (See also: http://wiki.glif.is/index.php/SouthernLight).
Following the successful launch in 2007 of Internet2’s Dynamic Circuit Network (DCN) and the international collaboration of the DICE (Dante-Internet2-Canarie-ESNET) group to make such technology interoperable, RNP has committed itself to demonstrate an interoperable  dynamic circuit service, for inclusion in the next upgrade of the Ipê network in 2009-2010. Such a facility will greatly enhance RNP’s capability to manage the widespread use of end to end circuits, which increasingly are required by the user community. During 2009, RNP plans to carry out experimental studies of currently available technology, including interoperation with networks in other countries. 































































































































































































































































Figure � SEQ Figure \* ARABIC �29�: Configuration of the Ipê backbone of RNP in 4Q 2008
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