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Abstract 
Although international R&E (Research and Education) networking has been widely available at 
Brazilian universities for more than 20 years, relatively little is known outside Brazil about the current 
capabilities of its R&E networks, even though they are often comparable to those in many countries in 
the Northern hemisphere. RNP, the Brazilian NREN, is the principal R&E network provider in the 
country, serving more than 300 organisations nationwide, including over 130 universities and 30 public 
and private research centres. As many of these have multiple campi in different cities, the total number 
of connected sites is more than 600. 
 This paper begins with a brief description of the early history of RNP, originally a government 
project, proposed by researchers in computing, communications and physics, designed to bring the 
Internet to Brazilian universities. This early experience soon afterwards helped to extend Internet culture 
to the wider society. Most of the paper is dedicated to the period since 2000, when RNP became a non-
profit private company with a government contract for operating and developing the NREN, with 
significant collaboration from the academic computing and networking communities.  
 Details are given of a number of initiatives from this latter period, which include the adoption 
of modern network technologies, the development and deployment of advanced services, and the 
provision of support infrastructure, in order to enable a huge increase in effective collaboration in 
science, health and culture. Cooperation with similar network service providers in other countries has 
made it possible to extend such collaborations internationally. 
 To the authors’ knowledge, no previous article in a language other than Portuguese has 
provided uptodate coverage of the R&E networking environment in Brazil, which, hopefully, may 
encourage further international collaborations. 
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1. Introduction to Brazil 
The object of this paper is to present RNP, the Brazilian NREN, which is the principal research and 
education (R&E) network provider in the country, serving more than 300 organisations nationwide, 
including over 130 universities and 30 public and private research centres. As many of these have 
multiple campi in different cities, the total number of connected sites is more than 600.  
In order to introduce about R&E networking in Brazil, it is necessary to begin with a few words about 
the country, its people, government, economy, telecommunications infrastructure  and education 
system1.  
 Brazil is the fifth largest and the fifth most populous country in the world, with about 86% of 
the area of the USA and 84% of the total area of Europe. It is the largest country in South America, 
occupying almost 48% of the total area of this continent, and over half of the Brazilian territory is 

                                                        
1 Most of the information in this description has been obtained from Wikipedia: http://en.wikipedia.org . 



 

RNP: a brief look at the Brazilian NREN  2 
 

 

contained within the Amazon river basin.The estimated population in 2008, of almost 192 millions, 
accounted for just over 50% of the entire South American continent. The distribution of this population 
is uneven, ranging from large densely populated megacities, such as São Paulo and Rio de Janeiro in the 
southeast, to the very sparsely populated Amazon region in the north. About 84% of the population live 
in urban areas. The official and most commonly spoken language is Portuguese, due to colonisation by 
Portugal after 1500, but there are also almost 200 indigenous languages spoken by about 0,4% of the 
population (about 700,000 speakers).  
 Brazil has been an independent state since 1822, and a federal republic since 1889, currently 
with 26 states and the Federal District, which includes the federal capital, Brasília (see the map in 
Figure 1). The federal president and the state governors are directly elected. At the national level there is 
a bicameral legislature, and a unicameral legislature at state level. The Brazilian economy is greatly 
diversified, and is one of the 10 largest in the world, with large and developed agricultural, mining, 
manufacturing  and service sectors. Major exports include aircraft, electrical equipment, automobiles, 
ethanol, textiles, footwear, iron ore, steel, coffee, orange juice, soybeans and corned beef.  
 

 
Figure 1: Map of Brazil showing political units and capital cities 

 
 National communications infrastructure (including telecommunications) has historically been 
more developed in the more populous regions, although national integration policies followed by 
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successive governments in recent years have led to a great expansion in highways, electrical power 
distribution lines, oil and gas pipelines and, of course, fibre optic cables. However, the River Amazon 
has so far proved an insuperable barrier to such communications, with the result that the three northern 
capitals of Manaus (Amazonas), Boa Vista (Roraima) and Macapá (Amapá) are still not connected to 
the national fibre optic communication grid. This is expected to change in 2012, with the extension of 
the national electrical power distribution grid to the north side of the Amazon.  
 The demands for higher and further education for the population and its economy are supplied 
by a large number of institutions, including 183 universities, of which 97 are publicly maintained either 
by the federal Ministry of Education (MEC) or by state governments2. The federal government also 
maintains a nationwide network of Federal Institutes of Education, Science and Technology, which 
provide professional education. Most research is carried out within the universities, although a number 
of public research institutions are connected to the Ministry of Science and Technology (MCT), and 
also, notably, to the Ministries of Health (MS), Development, Industry and Commerce (MDIC), and 
Defence (MD). Research and education (R&E) networking in Brazil has been directed mainly at these 
institutions. 

 

 
Figure 2: RNP Phase 1 backbone network in 1994, with links up to 64 kbps. 

 

2. The origins of research and education networking in Brazil 
The development of R&E networking in Brazil, since its inception in the 1980s, has always been closely 
intertwined with the computing and communications research communities, represented by LARC, the 
National Laboratory for Computer Networks, and SBC, the Brazilian Computing Society. Even before 
the first international network connections were established (to BITNET) in 1988, computer scientists, 
as well as some domain scientists, especially in physics, were already actively involved in discussing 

                                                        
2 Data for 2008, available at http://www.inep.gov.br/superior/censosuperior/sinopse/default.asp 



 

RNP: a brief look at the Brazilian NREN  4 
 

 

how a future national academic network should be organised [Stanton 1993] [Carvalho 2006]3. 
Computing and communications research scientists occupying key positions at CNPq, the National 
Council for Scientific and Technological Development, were able to influence the creation of the first 
planned national network, the National Research Network (RNP), in 1992, initially a project of the 
Secretariat (later, Ministry) of Science a nd Technology, coordinated by Tadao Takahashi between 1989 
and the end of 1995. Figure 2 shows the backbone connectivity made available in this first phase of the 
RNP, with backbone links up to 64 kbps. 
 In the mid-1990s, these and other computer scientists participated in the launch of the 
commercial Internet in Brazil, with the creation of the Internet Steering Committee4, to which RNP was 
to some extent the midwife, with its Phase 2 network, greatly enhanced in capacity (see Figure 3), used 
as an alternative to the then state monopoly telco’s backbone network, to provide connectivity to nascent 
Internet service providers.  
 

 
Figure 3: RNP Phase 2 backbone network  in 1999, with links up to 2 Mbps 

 
 By 1998, the state monopoly of telecommunications had ended altogether. In the enthusiasm 
generated both by the privatisation of telecommunications and the widespread adoption of commercial 
networking during the next few years, there was some doubt in government circles of the need for future 
government commitment to R&E networking. This was the challenge faced by José Luíz Ribeiro Filho, 
who had become coordinator of RNP in January, 1996. 
 Continuing government support for R&E networking in Brazil was defended by various actors. 
Economic arguments were presented to show the benefits of scale for central funding of network 
provision, compared with the alternative of each university buying its own connectivity. On the other 

                                                        
3 This reference is to the Master’s dissertation of Marcelo Sávio de Carvalho, which is a lengthy, well-
documented account of networking activity in Brazil until the late 1990s, sadly available only in 
Portuguese. 
4 This committee, with a composition representing government and various sectors of society, was set up 
in 1995 to direct the public development of the Internet in Brazil, dealing with matters like DNS and IP 
address management. See http://www.cgi.br/english/index.htm  
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hand, the total cost of any network was likely to increase due to increased demand, especially from the 
general university community, and this would need to be paid for. It was therefore necessary to build a 
broad coalition to support the dedicated R&E networking model.  
 Having been aware of the creation of the advanced network project, Internet2, in the US in 
1996, soon after the shutting down of NSFNET in 1995, the scientific community in Brazil had been 
vocal in defence of a continuing role for RNP. LARC, which represented the network researchers, had 
been specific about future directions to follow as early as 1998 in its “Declaration of Florianópolis” 
[LARC 1998].  
 This document   reviewed the national state of networking in general, and research networking 
in particular, pointing out the problems encountered by the vastly increased demand for services of the 
RNP network, and published a series of recommendations, including the creation of an RNP2 network, 
intended to be similar to the Internet2 initiative in the US: 

 Brazilian universities, research centres and regional networks were encouraged to act together 
with the Ministries of Education (MEC) and Science and Technology (MCT), to plan, deploy 
and operate a High-Speed National Research Network (RNP2), modeled on Internet2; 

 Brazilian universities and research centres were encouraged to create an association to promote 
innovations in tools and methodologies for remote collaboration, using the RNP2 network; 

 CNPq’s programme of installing experimental high-speed metropolitan networks (ReMAV), 
launched in 1997, was praised and further encouraged, both in duration (funding was only 
made available for 1 year) and extension (networks were only supported in 14 cities, and were 
not usually connected to RNP’s national network). 
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Figure 4: RNP Phase 3 backbone network  in 2002, using ATM and Frame Relay 
 

 By 1999, RNP’s situation had changed considerably. Instead of being merely a project of MCT, 
with consequent instability and insecurity for RNP staff and objectives, a non-profit private company, 
AsRNP, was formed and was contracted by MCT to manage the national network5. From the time of its 
formation, the governing body of AsRNP included representation by the government, by LARC and by 
SBC. By 2002, AsRNP had been formally recognised as a Social Organisation6 by MCT, which legally 
permitted the ministry to sign long-term contracts without a tender process, and to administer its 
relations with AsRNP in a similar way to other specialised service-providing institutions (in scientific 
computing, astrophysics, synchrotron light, and so on) which fell in the general category of national 
laboratories.  
 Of equal importance was the cofinancing of AsRNP activities by MEC, which provided by far 
the largest contingent of clients of the national network. In addition, the national network had been 
restructured, using the recently introduced ATM and Frame Relay technologies, which permitted 
incremental adjustment of available bandwidth. This new network, introduced in 2000, was known as 
RNP2, even though it was much more limited than the Abilene network of Internet2. However,  it did 
represent a significant improvement over the Phase 2 network it replaced, and was what was 
economically feasible at that time (see Figure 4). 
 In August 2000, José Luíz Ribeiro Filho after having supervised the long process of the creation 
of AsRNP and of securing its financial stability, resigned from the post of its director general. The 
remainder of this article continues the RNP story to 2010. During this more recent period, the 
relationship between the computing and communications research communities has broadened and 
deepened, whilst the network has grown and its uses multiplied. 

3. Future directions 
Between September 2000 and September 2001, when he was confirmed as director general of AsRNP, 
Nelson Simões exercised this post in an interim capacity. At the request of MCT, a workshop was held 
at RNP headquarters in Rio de Janeiro on April 18th, 2001, to discuss the future directions that RNP 
should follow. The participants included 14 invitees from the research community, with 10 from 
networks and communications and 4 from different network user domains, as well as a representative 
from MCT, and the remaining 4 directors of AsRNP. All the user domains represented (high-energy 
physics, health, bioinformatics, climate/space studies, distance education and high-performance 
computing) explained their network requirements for the foreseeable future. The network specialists 
from RNP and the research community presented some of the technological alternatives which could be 
considered. 
 In an unpublished summary of the event the main user requirements were enumerated and are 
listed in Table 1.  Some possible solutions were also discussed at this workshop and included optical and 
wireless technologies that would allow high-bandwidth connectivity, both in long-distance and 
metropolitan area networks.  
 In respect of long-distance communication, it was commented that the current network 
technology (ATM) used in RNP2 would have difficulty meeting the demand for the high-capacity end-
to-end transport requested by some of the users, and that new solutions were needed, which would 
probably require a terrestrial optical infrastructure. With this is mind, two of the researchers present 
associated with CPqD (the former state telecommunications monopoly’s R&D centre in Campinas, 
which had recently been privatised as a non-profit foundation), described a proposal to establish an 
optical testbed network in the state of São Paulo, in collaboration with a European equipment 
manufacturer. 
 So far as last-mile problems were concerned, it was mentioned that community-owned optical 
networks were already in use in California and Canada, and that UFF (Universidade Federal 
Fluminense) had already built and was using its own inter-campus optical network in Niterói. A further 
                                                        
5 A detailed account of this transition is available (in Portuguese) in section 3.2.2 of [Macedo 2006]. 
6 This has been likened in [Macedo 2006] to a quango (quasi-autonomous non-governmental 
organisation), which can relate effectively both to government and to non-governmental organisations – 
see, for example, http://en.wikipedia.org/wiki/Quango  
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fourteen cities had also participated in RNP’s experimental ReMAV (High-speed Metropolitan 
Networks) programme in the late 1990s, and these examples also provided evidence of the benefits for 
collaboration of high-capacity interconnection. 
 

Table 1: Advanced user requirements for the future network (2001) 
 

 increased bandwidth: it was already clear in 2001 that some RNP users 
were already well aware of the bandwidth demands for high-performance 
video and grid computing, which vastly exceeded the long-distance 
connections provided by RNP; 

 reduced latency: for effective interactive multimedia applications; 
 increased availability: there is a requirement for permanent availability of 

the communications infrastructure, where applications involve life of 
health risks; 

 secure communication: user authentication, confidentiality of 
information, protection from outside attacks; 

 high-performance computing services: the available services were 
considered insufficient, especially for physics and biology research; 
greatly increased bandwidth to HPC centres was also considered essential 
in a future network; 

 high-capacity data repositories: a need was also felt for well-connected 
repositories for the sharing of research information (sometimes called 
data centres); 

 more research centres connected to the network: it was pointed out 
that RNP provided direct connections to very few research centres, 
typically limited to one institution in each state, which housed its point o 
presence (PoP) – solutions  were requested for other institutions; 

 improved access to RNP via commercial networks: this would benefit 
both domestic users of RNP, as well as commercial organisations 
partnering research activities. 

 
 It was concluded that the future national network would consist of a constellation of 
metropolitan networks interconnected by the national backbone, where each metro network would 
integrate the institutions in its area, and would offer connectivity to isolated institutions in nearby cities. 
In addition, the problem of domestic access to the research networks could be solved by installing a 
Network Access Point, or NAP (PTT, in Portuguese), with access to commercial networks in each 
metropolitan network. 
  Finally, comments at the workshop were also directed towards the use of advances in 
information and communications technologies (ICT) to develop new services for RNP users, which 
would take advantage of a larger capacity network.  In retrospect, as will be shown below, the directions 
indicated at this workshop can be interpreted as an action programme for the development of RNP 
during much the ensuing decade, 
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Figure 5: Location of the GIGA testbed network 

 

4. Optical networking technologies: the GIGA testbed 
Following their first contact at the 2001 workshop, a partnership was formed between RNP and CPqD to 
build an optical testbed network in the states of Rio de Janeiro and São Paulo, and to carry out and 
promote experimental research in network and related application technologies using the testbed as a 
laboratory. Project GIGA, as the initiative became known, obtained about US$20M in funding from 
FUNTTEL (Fund for the Development of Telecommunications Technology), of which two thirds were 
used for the R&D activities. Using dark fibres freely lent by four telcos, the project lit up about 750 km 
of fibre, including the use of DWDM between the cities of Campinas, São Paulo, São José dos Campos, 
in São Paulo state, and the city of Rio de Janeiro, extensions to Cachoeira Paulista, in São Paulo state, 
and Niterói and Petrópolis, in Rio de Janeiro state, and metro networks in Campinas, São Paulo and Rio 
de Janeiro (see Figure 5). Including laboratories belonging to the collaborating telcos, around 25 
institutions were directly served by the resulting testbed network, which used 1 and 10 Gigabit Ethernet 
technology to provide network transport between collaborating institutions [Scarabucci 2005].  
 GIGA received funding between 2003 and 2007, and involved a great many research 
institutions throughout Brazil. RNP coordinated its own research programme, with its own scientific 
committee of 4 well-known researchers. This committee received and evaluated 39 proposals, with the 
assistance of 19 ad-hoc referees from the LARC-SBC community, and approved 33 for support. Due to 
continuity problems with FUNTTEL funding in 2005 and part of 2006, which caused interruptions in 
funding to all supported projects, only 27 projects were effectively concluded after funding was restored 
in 2006. These included 5 in advanced network technologies, and 22 in distributed applications.  
 RNP’s GIGA research programme effectively involved more than 500 participants from 35 
Brazilian and 6 foreign research centres, and 13 companies. Academic production amounted to more 
than 700 documents, including 110 master’s and 28 doctoral theses, 180 articles in periodicals, 240 in 
conferences, 2 books and 16 book chapters. Technical production included around 90 technical reports 
and manuals, 54 products (conceptual, functional and product prototypes) and 10 services (prototypes), 
of which 27 were in use at the end of 2008. 12 technologies were effectively transferred to companies, 
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and transfer of technology has been agreed in two further cases.7 A detailed view of the results of this 
research programme is also available through the record of the final project workshop, which was held 
in September, 2007 [GIGA 2007]. 
 Apart from conducting its own research programme, RNP also participated in the design and 
management of the GIGA testbed, together with CPqD. This testbed began operation in May 2004, and 
is still active. The benefits which resulted for RNP from this first experience in Gbps and optical 
networking were manifold, and were later put to good use in the design of the next generation backbone 
network, and the metro access networks begun in 2005 (see below). 

5. Working Groups: developing new services 
Also in 2002, RNP launched its Working Groups (WGs) initiative, which came to involve the academic 
research community more closely in the development of new network services. Although the first 5 WGs 
were the result of invitations to selected researchers, from 2003 onwards, the WGs were selected by a 
competitive process in response to a public call for proposals, with participation in the selection 
committee of researchers from the LARC-SBC community. 
 Each instance of a WG is a 12 month development project, financed by RNP, involving a small 
research group and costing about US$ 80K. If progress towards the prototype after one year is judged 
promising, renewal for a second year may be conceded, in order to demonstrate the feasibility of a 
limited service. Since 2002, RNP has supported 48 instances of WGs, currently at the rate of 8 per year 
(see Table 3). The successful demonstration of a limited service by the end of the second year means the 
resulting product becomes a candidate for an experimental service the following year, and the final 
decision to deploy a service experimentally will be taken by the board of directors of RNP. Normally a 
successful experimental service will become a production service. This life cycle is summarised in Table 
2. The management of the programme, including the monitoring of the working groups has been carried 
out by a small but very effective team at RNP. 
 

Table 2: Life cycle of development and deployment of new services 
 

WG year 1 
(Prototype) 

WG year 2 
(Pilot  service)  

Experimental  
service 

Production 
service  

    selection through annual 
Call For Proposals 
involving research 
community  

    5 projects selected from  
21 proposals  received in 
2009 

    WG develops and 
demonstrates a prototype  

    selected through evaluation 
at end of year 1  

   3 projects from 2008 
selected in 2009  

   WG develops and 
demonstrates a pilot 
service  

    selected through evaluation 
of impact, relevance and 
financial disponibility at end 
of year 2  

    deployment normally  
carried out by RNP staff  

    1 experimental service in 
2009  

   service generally available  

 
 Table 3 show a list of all WG instances since the programme began. A number of current 
production services at RNP have followed this path, and we may mention: 

 fone@RNP: Internet telephony, providing interconnection of university switchboards and also 
softphones for individual users [Lustosa 2005, fone@RNP 2009]; 

 Portal VoD: service of video on demand, using RNP’s content distribution network (CDN) 
[Almeida 2007, VoD@RNP 2009]; 

 Live video transmissions: using RNP’s CDN [LiveVideo@RNP 2009]; 
 TV@RNP: TV signals via RNP’s CDN [TV@RNP 2009]; 
 ICPEDU: PKI (public key infrastructure) for the research and higher education sector, 

including the design and production of a HSM (hardware security module), recently adopted 
for use also in the Brazilian government PKI, ICP-Brasil [Martina 2007, ICPEDU 2009]; 

 MonIpê: network performance measurement service, as a part of the perfSONAR international 
consortium [Sampaio 2007, perfSONAR 2009].  

                                                        
7 We are indebted to Nicolau Meisel for his painstaking work in preparing the final report on this 
project. 
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Table 3: List of Working Groups since 2002 (status in June 2010) 

 
2002-3 2003-4 2004-5 2005-6 2006-7 2007-8 2008-9 2009-10 

VoIP Advanced 
VoIP 

Advanced 
VoIP 

Network 
storage 

Virtual 
Community 
Grid (VCG) 

VCG Virtual Worlds 
Torrent 

Universe 
Monitoring 

Digital Video 
(VD) VD-II Reliable 

Multicast Digital TV Digital TV 
Virtual 

museums 
(MV) 

MV Mixed Reality 
(RM) 

Vídeoconf. 
In education Configuration Pervasive 

grids 

Wireless 
Mesh 

network 
(ReMesh) 

ReMesh 
High-speed 

transport  
(Travel) 

Travel 

Federated 
Authentication 

Credentials 
Transposition 

Diretories in 
Higher 

Education. 

Diretories 
and 

Applications 
Middleware Remote 

Visualization 

Distance 
Learning 

Infrastructure 
((IEAD) 

IEAD 

Federation of 
repositories of 

Learning 
Objects (FEB) 

FEB 

Quality of 
Service 
(QoS) 

QoS-II Measurements 
(MED) MED MED 

Distance 
Learning  
(EDAD) 

EDAD 
802.11s mesh 

with high 
scalability 

 

Public Key 
Infrastructure 
for Education   

(ICP-Edu) 

ICP-Edu ICP-Edu 

Automatic 
Recovery  
Network 

Fault 
(ADReF) 

ADReF 
Flow-based 
Monitoring 

(BackstreamDB) 
BackstreamDB 

 
Peer to Peer 

(P2P) P2P Management 
of Video (GV) 

GV 

Overlay 
Service 
Network 
(Overlay) 

Overlay 

Software 
components 

for Social 
Interaction & 
Collective Int. 

    
  

Digital Media 
and the Arts 

(MDA) 
MDA 

  
 Production  

service 
 Experimental 

service 
 Candidate for 

future service 

6. International connections 
In 2000, the newly launched RNP2 network had but a single external link to the rest of the Internet, 
including dedicated research networks like RNP, through a circuit to a commercial ISP (Internet service 
provider) in the US. This situation has altered radically since then. 
 The trend towards a single Internet for all uses, which seemed to be the result of termination of 
the NSFNET in 1995, was arrested in the US from 1996 onwards, with the creation of the Internet2 
project, intended to provide a more select service offering higher bandwidth and quality of service – the 
qualities of a “next generation network” – for research and education (R&E) users, provided through the 
Abilene network as from 1998. The Abilene network set a new standard for R&E users, and there began 
a movement towards creating similar networks in other parts of the world, and interconnecting them to 
form a separate and distinct global R&E Internet. Thus the Internet became divided between this global 
R&E Internet, dedicated to collaboration between academic institutions, and the “commodity” Internet, 
encompassing other Internet networks. It would henceforth be necessary to provide connectivity both for 
collaboration and for commodity use. 
 The R&E Internet reached Brazil in 2001, by means of the AMPATH (Americas Path) project, 
from FIU (Florida International University) in Miami and the international telco, Global Crossing (GC), 
which had recently extended its high-capacity submarine cable network to South America. GC made 
available to FIU ten T3 (45 Mbps) circuits on its cable system, which were to be used to connect 
Caribbean and South American R&E networks to the US in Miami, and thence to Abilene, for up to 3 
years. Four of these circuits were soon used to connect academic networks in Argentina, Brazil (2) and 
Chile to Miami. The Brazilian networks involved were RNP2 (from 2001) and ANSP, the São Paulo 
state network (from 2002). From 2001, therefore, RNP2 enjoyed two international connections to the 
US: 155 Mbps for commodity traffic, and 45 Mbps for collaboration traffic. 
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Figure 6: RedCLARA Connectivity in April 2007 

 
 In 2002, the rapidly growing European involvement in global R&E networking reached Latin 
America, and EU funding was made available for connecting Latin American (LA) R&E networks to the 
European backbone GEANT. After a brief feasibility study in 2002, the ALICE (Latin America 
Connected to Europe) project was proposed in 2003 to connect R&E networks in up to 18 LA countries 
to GEANT, by means of a regional LA backbone network to be run by the recently created CLARA 
(Latin American Cooperation of Advanced Networks) organisation, itself modeled on the European 
association, TERENA [Stöver 2003, Stöver 2010]. The RedCLARA network was eventually launched in 
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November, 2004, just in time to replace the international R&E connectivity of REUNA (Chile) and 
RNP2, whose 3 year connections to AMPATH were just expiring. RedCLARA also connected initially 
networks in Argentina, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Mexico, Nicaragua, 
Panama, Peru, Venezuela and Uruguay. This network had a 155 Mbps backbone, with PoPs in Brazil, 
Argentina, Chile, Panama and Mexico, a 622 Mbps connection from Brazil to Madrid, and, most often, 
10 Mbps conenctions to other LA countries. In defence of this option, it should be noted that R&E 
networks, were reintroduced to many LA countries by the ALICE project, where a R&E network created 
in the 1990s and linked to the US had either closed down in the face of competition from commercial 
ISPs, or had itself become a commercial ISP. 
  The US reaction to the European incursion into their “backyard” came in 2004, with NSF’s 
announcement of the IRNC (International Research Network Connections) programme. The WHREN-
LILA project, led by FIU, together with CENIC, the California state R&E network, was one of the IRNC 
award holders, proposing to build new connections from the US to the RedCLARA network in Mexico 
and Brazil. The Brazilian connection, from Miami, was jointly financed by FAPESP, the São Paulo state 
research agency, and initially connected São Paulo to Miami at 622 Mbps, starting in 2005. This link 
was doubled in capacity in 2005 and again in 2006, reaching 2.5 Gbps. These links were also intended 
to serve the RedCLARA network, and its member networks, like RNP, and were thus used to provide 
better R&E connectivity to the US for CLARA members.  Additionally, the aggregate capacity of the 
international R&E links were now already equal to, or even greater than, the aggregate capacity for 
commodity traffic. 
 Figure 6 shows the state of the RedCLARA network in 2007, including the links provided by 
the WHREN-LILA project. 

7. Optical metro networks  
The antecedents for optical metro networks have already been mentioned: RNP’s ReMAV projects in 14 
cities from 1997-8, the UFF inter-campus network in 1998, and examples, particularly from the 
Canadian network, CANARIE, whose chief architect, Bill St Arnaud, was a tireless proponent of 
community networks, where a collection of interested organisations pooled their resources to build and 
run their own optical network. The business case for this was easy to make in the case of Brazil, due to 
the relatively high cost of urban links offered by telcos. It was shown that the cost of investment could be 
recovered in 2 or 3 years from the savings on running costs, and the resulting capacities (minimum of 1 
Gbps) were often thousands of times greater than the circuits which were being replaced.  
 The breakthrough came in Belém in early 2004, when the failure of an unprotected radio link 
left the Goeldi Museum without Internet access for two weeks. The museum’s director was quick to see 
the benefits of protected optical access to the RNP PoP, and invited RNP to explain to meetings of all the 
relevant institutions in Belém how a community network could be built and operated. A feasibility study 
was carried out, and R$1.15M in funding to build the network was promised by MCT, and made 
available in December 2004 [Stanton 2005]. Construction began early in 2005 and the optical 
infrastructure was completed in mid-2006, although the network, known as MetroBel, was only 
inaugurated in May, 2007, by which time the necessary network equipment had finally been imported. 
The resulting network, illustrated in Figure 7, linked 32 access points belonging to 12 separate 
institutions, each of which had dedicated access to a pair of fibres in the entire network covering 40 km. 
This enabled independent access to the PoP by each institution, and the possibility of building its own 
inter-campus network using the common infrastructure. In many cases, the network capacity to a 
campus was vastly increased: the separate campi of the Universidade Federal do Pará, formerly linked at 
128 kbps, migrated to 1 Gbps link, a factor of 8000 times the former capacity. 
 The MetroBel project has become a model for the rest of Brazil, and before the end of 2004 
MCT had asked RNP to apply this model to all other 25 state capitals and Brasília, and made a further 
US$20M in funding available to carry this out. This much larger project is known as Redecomep, and 15 
capitals have already inaugurated their networks by the end of 2009. The remainder are expected to do 
so in 2010. RNP has also been asked to build similar networks in non-capital cities throughout the 
country, beginning with those housing more than one federal institution maintained by MCT or MEC. 
Current details of the Redecomep project are available (in Portuguese) from the project website 
(http://www.redecomep.rnp.br). 
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Figure 7: The MetroBel optical network in Belém, Pará, in May 2007 

8. Ipê network 
As previously mentioned, the year 2000 saw the launch of RNP2, the third version of RNP’s national 
backbone network, based on ATM and Frame Relay technologies. After several annual upgrades of the 
capacity of the virtual circuits used between RNP PoPs, it was decided to abandon the use of ATM in 
2004, and adopt higher capacity, protected (where possible), time division multiplexed (TDM) circuits 
in its place, most of these using terrestrial optical fibre infrastructure of the post-privatisation telcos, 
when possible.  This was still not possible for the three capitals to the north of the River Amazon 
(Amapá, Boa Vista and Manaus), where satellite links continued to be required. This fourth phase of the 
RNP backbone is shown in Figure 8. 
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Figure 8: RNP Phase 4 backbone network in 2004, with TDM circuits 

 
 This fourth version of the backbone network was substantially upgraded the following year, 
with the launch of the Ipê network, which used unprotected optical wavelengths (lambdas) for the 
nucleus of the network, composed of the links between the 10 PoPs with the highest traffic. Protection 
was provided at the IP level, using the redundant topology of this nucleus, which was composed of a 10 
Gbps ring linking the PoPs in Brasília, São Paulo, Rio de Janeiro and Belo Horizonte, extended by two 
2.5 Gbps open loops, one connecting the southern capitals of Porto Alegre, Florianópolis and Curitiba to 
the central ring, and the other connecting the northeastern capitals of Fortaleza, Recife and Salvador. 
The remaining capitals continued to be served by terrestrial TDM links, mainly at 34 Mbps, except for 
the northern capitals mentioned above.This fifth phase of the RNP backbone is shown in Figure 9. 
 The tender for the use of lambdas was a novelty in Brazil, and was directly influenced by 
experience gained in the GIGA testbed, where it had become clear that the effective cost of newer optical 
technologies was distinctly lower than the prices RNP had been paying in the market place. RNP’s new 
backbone in 2005, with links up to 2.5 and 10 Gbps, cost only about 30% more than the one in use in 
2004, with major links of 155 Mbps and a single 622 Mbps link, between Rio de Janeiro and São Paulo.  
 The Ipê network continued substantially unaltered in 2010, except for increase in capacity of 
many of the TDM links, especially to those cities where metro networks had already become operational. 
Additionally, a 20 Mbps terrestrial connection to Manaus replaced the previous satellite link, although 
without substantial reduction in cost. 
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Figure 9: RNP Phase 5 backbone in 2005, with core of multigigabit lambdas 

 

9. User applications and communities 
The greatly increased internal connectivity, due to the GIGA testbed, the Ipê network and the new metro 
networks, allied to the substantial increase in international connectivity provided by the CLARA 
network and the WHREN-LILA project, introduced an important era of international scientific 
collaboration, of which full advantage was taken by Brazilian researchers in high-energy physics (HEP). 
The Large Hadron Collider (LHC), the largest particle accelerator in the world, was still under 
construction at CERN, the European Centre for Particle Physics, but physicists were already preparing to 
handle the flood of experimental data that it would generate, by means of distributed (grid) computing 
on a global scale.  
 The most active groups in this area in Brazil have been two laboratories participating in the 
Compact Muon Solenoid (CMS) experiment at LHC, located at UERJ in Rio de Janeiro and UNESP in 
São Paulo, which are Tier 2 sites of the US consortium for CMS, led by Caltech. With the enthusiastic 
support of RNP and the ANSP network in São Paulo state, these Brazilian groups have been actively 
participating since 2004 in the annual demonstrations to demonstrate advances in the use of distributed 
computing, known as the Bandwidth Challenge (BWC), held at the Supercomputing conferences in the 
US. Already in 2004, the UERJ group demonstrated sustained transfer rates of more than 400 Mbps to 
Pittsburgh, PA, on a route passing through the GIGA testbed and the RedCLARA connection to Europe. 
Subsequent years have seen continued progress in this area, using the WHREN-LILA link between 
Brazil and the US, and culminating in sustained 2-way transfers of around 8.2 Gbps between São Paulo 
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and Portland, Oregon, during the 2009 event, effectively inaugurating RNP’s 10 Gbps international link 
(see below).  
 Another international grid collaboration, supporting a broader range of scientific 
collaborations, has been the focus of the EELA and EELA-2 projects, involving participants from a 
number of European and Latin American countries, and financed by the EU’s 6th and 7th Framework 
Programmes (FP6 and FP7) in Information and Communications Technologies (ITC), again with the 
active participation of RNP, which has managed the Network Support Activity since 2005 [EELA-2 
2009]. 
 Additionally, the new internal connectivity also gave new life to SINAPAD, an existing 
national project involving distributed HPC centres, through providing greatly improved access to the 
individual centres, and there has been significant investment in upgrading SINAPAD facilities in the 
last two years [SINAPAD 2009]. 
  High performance and distributed computing, supported by RNP high speed connections, has 
also advanced science domains which rely on access to observational data as well as heavy processing or 
simulation of models associated to this information and finally development of virtual observatories. For 
instance, astrophysics (with remote access to observations from observatories in Chile and elsewhere 
[SOAR 2010][DES-Brazil 2010]), meteorology and climatology, earth observation [INPE 2010] and e-
VLBI (very long baseline interferometry, between pairs of radiotelescopes). Within this trend, we also 
observe the integration of the remote use of unique instruments, such as electron microscopes and a light 
synchrotron [LNLS 2010]. Brazil therefore is harnessing the potential to consolidate at national level a 
fully fledged cyberinfrastructure supporting a broad range of user communities.  
 Further national and international scientific collaborations, potentially involving heavy use of 
networks, are being closely watched by RNP in the areas of life sciences and culture. We see for instance 
the fast emerging Brazilian Telehealth initiative8, which enables videoconferencing, diagnosis and 
formative second opinion, continuous and permanent education and web conferencing, by linking 
university and teaching hospitals using the RNP network. It operates two significant national projects: 
The Telemedicine University Network, RUTE (www.rute.rnp.br) and the National Telehealth Primary 
Care Programme, Brazil Telehealth (www.telessaudebrasil.org.br); respectively from the Science and 
Technology and the Health Ministries. The municipal, state, national and international health 
institutions coordinate collaborative projects in research, innovation, development, management, 
education and assistance.  
 RUTE member projects integrate at the moment 158 health institutions. They connect 36 
Nuclei and 31 fully operational embryo-Nuclei. RUTE performs daily routine video- or web-conference 
sessions, at least once a month for the Special Intrest Group (SIG) in each speciality (pediatrics 
radiology, oncology, urology, child and adolescent health, dermatology, cardiology, ophthalmology, and 
so on). There were 30 SIGs operational in 2009 and at least 12 more are expected to be so in 2010. In 
some of these groups up to 400 people from remote areas have participated in specific sessions on 
intensive nursing.  
 Brazilian biodiversity collections also being  integrated into digital repositories to allow remote 
collaboration between biologists from multiple institutions and locations. Future R&D prospects include, 
for instance, a real-time infrastructure for multicentric videocollaboration, integrated to instruments and 
equipment, medical image servers, augmented reality, physiologic simulators, macro and nanorobotics  
applied to high complexity surgery procedures 
 The powerful paradigm of combining distributed collaboration with advanced technology is 
also being adopted by cultural communities. RNP has recently started a programme to connect libraries 
and museums of the Ministry of Culture. The goal is to advance cultural production in the country 
through national and international partnerships of artists, producers, content providers and interaction 
with the public. 

10. End-to-end circuits and hybrid networking 
The advent of high-volume flows on a general network infrastructure, like the HEP examples mentioned 
above, is not without its problems, due mainly to the costs of packet handling in routed IP networks.  In a 
                                                        
8 We thank Dr. Luiz Ary Messina, coordinator of the RUTE Project, for the content regarding the 
Brazilian Telehealth initiative, included in this text. 
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seminal treatment of this question [de Laat 2003], an alternative transport solution was proposed, with 
the use of switched end-to-end circuits, using a common infrastructure. Thus, a high-volume flow is 
transported to its destination either using an end-to-end switched optical circuit, if its traffic  should fill 
the entire capacity of each component optical link, or, more probably, using an end-to-end switched level 
2 circuit, where the capacity of each optical link has been partitioned using a level 2 network 
technology, usually either TDM or Ethernet. Typically, other level 2 partitions on the same optical links 
will carry routed IP traffic, but will interconnect IP routers, rather than level2 (circuit) switches, at 
internal network nodes. The resulting network is said to possess a hybrid packet-circuit architecture. 
 Hybrid architectures have become the new norm for research networks since 2005, having been 
widely adopted around the world. A major force for this dissemination has been GLIF – the Global 
Lambda Interactive Facility [GLIF 2009], a collaboration of research networks offering circuit services, 
with the aim of defining more closely how these will work and interoperate between different network 
providers. Since 2008, RNP, ANSP and CPqD have been members of GLIF, and the GLIF world map of 
that year shows the high-capacity networks in Brazil which can participate in establishing circuit 
connections for international collaboration [GLIF-map 2009]. 
 

 
Figure 10: Lightpath diagram for FILE 4K, linking São Paulo, San Diego and Tokyo in July 2009. 

 
 The utility of the GLIF collaboration was amply demonstrated in July, 2009, when high-volume 
end-to-end circuits were established between São Paulo, San Diego (US) and Tokyo, to permit remote 
participation in the FILE 4K event in São Paulo (see Figure 10). During the event a full-length, 4K 
digital feature film made in Brazil was simultaneously premiered in all three cities, using GLIF 
infrastructure for transmission to the US and Japan, requiring a transmission bandwidth of 400 Mbps. 
Uncompressed high-definition videoconferencing was also supported between São Paulo and Tokyo, 
requiring 900 Mbps of bandwidth [Margolis 2010]. 
 Circuit technology in research networks is still in its infancy, as most networks, including RNP, 
still use management provisioning of the required circuits. However, in launching their hybrid networks 
in 2007, ESnet and Internet2 also provided the new service of automatic (on demand) provisioning of 
circuits, which is essential to make such services scalable [I2-DCN 2009]. In a later section, we shall 
describe RNP initiatives in dynamic circuit provisioning.  
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11. GIGA phase 2 
Funding for the original GIGA testbed project ended in 2007, when both RNP and CPqD submitted 
proposals to FUNTTEL for continuation projects, for what would become known as GIGA Phase 2. The 
RNP proposal, which included adapting the testbed for carrying out research into new Internet 
architectures, was not considered. Happily, the CPqD project was approved in part and, after a long 
delay, finally begun in early 2009. In spite of not having received specific funding for its Phase 2 
proposal, RNP continues to partner CPqD in the planning and execution of its Phase 2 activities, and the 
testbed network continues to be used to support selected projects. 
 Several of CPqD’s Phase 2 activities are now strongly aligned towards providing experimental 
support for the demonstration and validation of what is now referred to as Future Internet, which is the 
focus of the large, publicly funded R&D initiatives being carried out in the US [GENI 2009], EU [FIRE 
2009] and Japan [AKARI 2009], amongst many others. These initiatives share common ground, by 
building large-scale testbeds, where many proposed solutions may simultaneously be put into parallel 
operation, sharing a common network infrastructure, and common, programmable network, processing 
and storage elements. Parallel sharing is made feasible by the virtualisation of all shared resources, 
following a paradigm introduced into experimental network science by PlanetLab [Peterson 2002, 
PlanetLab 2009].  
 Although the design of this experimental environment is still undefined, contacts have already 
been made with the GENI project in the US, and with the European FIRE projects, FEDERICA 
[FEDERICA 2009] and PanLab [PanLab 2009], to investigate how the GIGA initiative may be 
“federated” (made interoperable) with them. Some ideas under consideration include adoption of the the 
VINI [Bavier 2006] and OpenFlow [McKeown 2008] virtualised network experimental technologies. 
This is very much “work in progress”, which will probably only be better defined in 2010. 

12.  New networks in 2010 
The most recent novelty in RNP’s networks has been the reformulation of international communications. 
In part this has been due to the ALICE2 project, begun in 2008 as a delayed continuation of ALICE, and 
designed to reform the RedCLARA network, in order to make its future maintenance more sustainable. 
CLARA is pursuing a 2-track strategy for this reform. On the one hand, the leased links used for the 
regional backbone and accesses built in the ALICE project have mostly been upgraded, through a tender 
in April 2009, that led to a new 622 Mbps regional backbone, replacing the previous 155 Mbps links. 
On the other, CLARA has been actively seeking to establish long-term partnerships with the owners of 
optical fibre assets, that would be prepared to share them with research networks, which would then 
purchase the optical networking equipment which would support joint use.  
 The first two such cases will provide 10 Gbps links between Chile, Argentina and Brazil. 
Between Argentina and Chile, a small Argentine telco agreed to cooperate with CLARA, RNP and its 
Argentine equivalent, InnovaRed, using a fibre pair between Santiago and Buenos Aires. The optical 
transmission equipment installed, which was supplied by the Brazilian company, Padtec, made it 
possible to provide five 10 Gbps lambdas (optical circuits) along the entire route. A similar deal between 
RNP, InnovaRed and a large international telco was reached, for a fibre pair between Buenos Aires and 
Porto Alegre. In this case 4 lambdas are to be shared. In both cases, the RedCLARA network will gain a 
10 Gbps link, and the local network (RNP or InnovaRed) will gain a further 10 Gbps for its own use, 
within its own country. These optical links are expected to become operational in 2010. In both cases, 
the capital required for participating in these investments has been made available by MCT, the Ministry 
of Scince and Technology, as a concrete expression of government policy to improve R&E networking 
within Mercosur (Southern Common Market), a regional trade agreement between a number of 
countries in South America. 
 In 2009 RNP made a significant alteration in the way international collaboration and 
commodity traffic has been handled. During the previous few years, RNP had been purchasing 
international commodity transit capacity in Brazil from a large international provider. With continually 
increasing demand, the contracted capacity had already reached 2 Gbps in 2008, with consequent 
increase in cost. It was fairly easy to discover that the price being paid for 2 Gbps of commodity transit 
was certainly sufficient to lease a 10 Gbps link between Brazil and the US, where the cost of commodity 
transit was not more than 25% of what was being paid in Brazil. It was decided to adopt this latter 
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business model, in which RNP was assisted by its US colleagues at FIU in Miami. It should be noted that 
the ANSP network in São Paulo had reached a similar decision, and both networks reorganised their 
international links in 2009.  
 RNP and ANSP had been cooperating since the beginning of the WHREN-LILA project in 
2005, of which both networks were partners. This cooperation became closer over the years, and had 
been marked by collaboration in hosting the GLIF Open Lightpath Exchange (GOLE), called 
SouthernLight, used for international circuit management. The new agreement reached over the new 
international links was to pool (fully share) the two 10 Gbps links that the two organisations were to 
install between São Paulo and Miami. In addition, commodity transit in Miami would be bought from 
the same provider. As the two networks together already needed 3.5 Gbps of commodity transit, this was 
contracted in Miami for less than 10% of the price previously paid in São Paulo. The new arrangement 
has led to a more scalable access to commodity transit, and has effectively increased international 
collaboration bandwidth from 2.5 Gbps to about 15 Gbps, thus greatly increasing support for scientific 
collaboration. 
 2010 has been seen as the year that many of RNP infrastructure projects defined during the last 
few years would come to fruition. These included, naturally enough, the 27 optical metro networks in 
capital cities, expected to be operational in 2010. The metro networks were designed to complement a 
high-speed backbone network, also operating in Gbps. The Ipê network, as inaugurated in 2005, was 
seen within RNP as a major step forward, in bringing Gbps networking to 10 capital cities. However it 
was recognised that the next expansion would have to extend the Gbps core to many more capitals, and 
in 2008 a map of the expected future Ipê network in 2010 was devised, with 10 Gbps links to 18 capitals, 
and 1 Gbps links to the remaining 9. However, it was unclear as recently as early 2009 how this was to 
be accomplished.  
 This situation has been completely altered by two recent developments. In 2008, a takeover was 
mutually agreed of one Brazilian telco, Brasil Telecom, by another, Oi. However, the existing rules 
designed to promote competition in this sector did not allow such a combination. In spite of this, the 
regulatory authority, Anatel, gave its permission for the takeover, under several conditions, which 
included assisting RNP in its mission to connect its research and education clients for 10 years. RNP 
began discussing with Oi in early 2009 how this assistance could best be given, and, by the end of 2009, 
agreement had been reached for this to take the form of the provision of twenty-nine 10 Gbps optical 
circuits (lambdas) between pairs of capital cities. All capitals south of the River Amazon were to be 
included (see Figure 11).  
 The second novelty was the Brazilian government´s National Broadband Plan, which was under 
 intense discussion in the closing weeks of 2009, and included RNP as one of the participating 
networks. In one way or another, it seems certain that in 2010 a 10 Gbps national backbone network will 
reach 24 of the 27 capitals in Brazil – the remaining 3 continuing without a terrestrial fibre connection 
to the rest of the country, at least until 2012 or 2013, when electrical power lines from the Tucuruí 
hydroelectric plant are scheduled to reach Amapá and Manaus, accompanied by optical fibres. 
 This new network infrastructure will provide RNP with the opportunity to extend nationally the 
end-to-end circuit services it has already been experimenting at events such as FILE 4K in July, 2009. 
The new network will provide circuit services in addition to the traditional routed IP packet service, that 
is, it will embrace the hybrid packet-circuit architecture already widely used in research networks around 
the world. 
 In addition, RNP is exploring the automatic provisioning of such circuits, by means of a project 
involving researchers at a dozen universities and research centres, who are carrying out an evaluation of 
a number of schemes already in use in other networks, especially ESnet, Internet2, Canet and Géant. 
This is part of the “Future RNP” project, and is designed to make it possible for automatically circuit 
provisioning in Brazil to interoperate with similar schemes in collaborating networks [RedeCipó 2009]. 
It is expected that a pilot service will be in operation by 2011. 
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Figure 11: Expected RNP Phase 6 backbone core in December 2010 

 
Table 4: Advanced user requirements met by the network (2010) 

 
 increased bandwidth: in 2010 with access bandwidth at 1 Gbps and 

backbones at 10 Gbps, there are few user applications left unattended; 
 reduced latency: use of circuit technologies has improved support for  

interactive multimedia applications; 
 increased availability: use of protection schemes to promote greater 

availability has been the norm since 2000; 
 secure communication: RNP has fostered the introduction of certification and 

federated identity services in Brazil, and has also created and maintained a 
security incident response centre for R&E networking; 

 high-performance computing services: provision of HPC is not a direct 
responsibility of RNP – provision of adequate network access has been a prime 
objective and has in general been carried out; 

 high-capacity data repositories: this has been handled in a similar way to 
HPC centres; 

 more research centres connected to the network: intra-state access 
networks have been greatly improved, mainly by use of optical metro networks 
in the capitals and larger cities. Also, federal institutions in non-capital cities are 
now directly linked to RNP PoPs by RNP links; 

 improved access to RNP via commercial networks: RNP peers with Brazilian 
commercial providers in a number of open Internet exchanges (PTTs) around 
the country. International commodity traffic is exchanged in the US. 

13. Conclusion  
RNP was born as a national network project just over 20 years ago. Since its transformation into a non-
profit, private company (“quango”) just over ten years ago, with a long-term commitment from the 
government to support R&E networking, RNP has enjoyed increased stability and has been able to 
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improve the quality and variety of the services provided to the academic community in Brazil. Table 4 
revisits the set of advanced user requirements of 2001, which were presented in Table 1.  
 With the continued support of MCT, which has made available significant funding to permit 
investments, especially in network infrastructure and equipment, RNP has been able to seek 
opportunities for collaboration with owners of telecommunications infrastructure, as in the case of the 
new international connections to Argentina and Chile. It has also been able to build its own optical 
metro networks in capital cities, and, increasingly, in non-capital cities. The agreement for the future 
backbone network with Oi has also required significant investment in network gear, which has been 
made possible with MCT funding. These are all persuasive arguments for the importance of government 
support for R&E networking in enabling expansion of network services.  
 This development has been carried out by RNP continually seeking to improve how services are 
provided to client institutions, with an eye on how such matters are handled by R&E networks in other 
countries, and, to a large degree,by the involvement of members of the research community in networks 
and distributed systems in the development of new services. This fertile relationship between RNP and 
this research community has led to benefits for both parties, as well as for the wider user community.  
 RNP has also now reached the stage where it can better target specific communities of users, 
and provide them  with a better tailored set of services than was possible in earlier times. Future actions 
of RNP will increasingly be directed towards such targeting. 
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