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THE RNP NETWORK AND NEW PARTNERSHIPS 
EDUARDO GRIZENDI 
MICHAEL STANTON 

[ Brazilian Education and Research Network - RNP ] 
 

INTRODUCTION 

The Brazilian Education and Research Network (Rede Nacional de Ensino e Pesquisa - RNP) is today a 

Social Organization (Organização Social - OS), recognized in 2002 by the then Ministry of Science and 
Technology (Ministério de Ciência e Tecnologia - MCT).1 Its history had begun earlier, as an MCT program, 
launched in 1989 to provide Brazil with a national academic network, in response to demands from the 
academic community for access to digital means of communication. These demands were first expressed 
in the mid-1980s, but became stronger after 1987, certainly because of the creation of the NSFNET 
network2 - based on Internet technology (TCP/IP) - by the National Science Foundation (NSF) of the United 
States.3 

A key aspect has characterized the concept of an academic network: it aggregates traffic from the 
networks of all member institutions, allowing communication between them without using other network 
services provided by other entities, for example, by commercial carriers. Therefore, the academic 
community manages its own interconnection network. This aggregation of demand for connectivity 
enables economies of scale and consequent cost reduction, allowing the community to provide its 
individual users and other academic entities with privileged access conditions. 

This chapter traces the evolution of the RNP network, from its beginning to the present day, and 
summarizes the vision we have for its future development. 

The chapter reports RNP network’s contribution to the expansion of broadband Internet in Brazil 
and describes the partnership between RNP and other participating institutions. The evolution of the 
network and of RNP itself, as a government project in the early years, and as a non-profit civil society since 
1999, has progressed in parallel. We will discuss both here. 

This account is necessarily summarized because of space limitations. Fortunately, there are 
additional sources that can be consulted, particularly Stanton (2010), which features a history of RNP 
between 1987 and 2010, in English, and the RNP website, in particular “Our history”,4 with maps of the 
backbone network at each stage of its evolution. 

 
OVERVIEW OF THE GROWTH OF THE RNP NETWORK 

 
Back in 1988, construction of a simpler network with Bitnet5 technology (Because It’s Time Network) 

had already begun, providing (non-interactive) services to users of e-mail and file transfer - two of the first 
applications also available on the Internet. This cooperative network grew by voluntary accession of new 
nodes, each of which paid the cost of a link to an existing node. The ability of these links ranged between 
1.2 and 9.6 Kbps (kilobits per second). By 1991, the Brazilian Bitnet already reached 42 institutions in all 
regions of the country, from the National Laboratory for Scientific Computing (LNCC) in Rio de Janeiro and 
the São Paulo State Research Foundation (Fapesp), in São Paulo city, as illustrated in Figure 9.1. These two 
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network nodes maintained international connections to the United States, with capacities between 4.8 
and 9.6 Kbps. 

 
FIGURE 9.1. Bitnet network topology in Brazil in 1991 

 
Source: Stanton (1993) 

Unlike the Bitnet network, of a cooperative nature, the initial objective of the RNP program was to 
build a planned and robust network to meet the needs of research institutions across the country, 
including major universities. The technology chosen for this network was Internet (TCP/IP), which was 
already spreading around the world - a movement strongly influenced by the example of NSFNET. 
Compared to Bitnet, Internet technology had three major advantages: (1) the Internet allows the use of 
any technology supporting unreliable transport of digital data packets, such as Wi-Fi or wired local 
networks; (2) the Internet enables the use of personal computers and, more recently, tablets and 
smartphones, as network terminals, each one configured and dedicated entirely to its user; and (3) the 
Internet offers support to an endless variety of alternative applications, including interactive ones. The 
flexibility and extensibility of Internet technology has allowed its tremendous growth to the present day. 

The first RNP network, then the called the National Research Network (Rede Nacional de Pesquisa) 
was deployed in 1992 to give access to the campus networks of connected institutions through a 
hierarchically structured interconnection network, with a single point of presence (PoP)6 in each 
connected state as well as in the Federal District. The PoP concentrated traffic from the campus networks 
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of client institutions in the state (or Federal District), where each client had one or more connections to 
the PoP. The eleven original PoPs were interconnected by the national backbone, which was a mesh 
(multiply connected) network of interstate links with capacity of 9.6 and 64 Kbps, as illustrated in Figure 
9.2. This network had a single 64 Kbps international connection from the PoP of São Paulo to the United 
States. Many of the nearly fifty client institutions had already been client nodes of the earlier Bitnet 
network. 

 
FIGURE 9.2. RNP backbone from 1992 with connections of up to 64 Kbps 

 

 
Source: RNP 

 
More than twenty years later, in 2015 the RNP network was offering access to more than 1,200 

campi across the country, through the backbone network illustrated in Figure 9.3, with an exponential 
increase in the capacity of the backbone and of the international connections. Figure 9.4 illustrates the 
increase between 1992 and 2014. In this picture, the top three graphs show the evolution (measured in 
Kbps) of (1) the maximum capacity limit of Ethernet technology, from 10 Mbps in 1992 to 100 Gbps in 
2014; (2) the aggregate capacity of international communication, ranging from 64 Kbps in 1992 to 25 Gbps 
in 2014; and (3) the average capacity of the links of the national RNP backbone, varying from 35 Kbps in 



1992 to 12 Gbps in 2014. Figure 9.4 also indicates the timeline divided into six phases, discussed in the 
next section. 

 
FIGURE 9.3. RNP’s backbone in 2015 with links of up to 20 Gbps 

 

 
Source: RNP 

  



FIGURE 9.4. The evolution of transmission capacity (Kbps)  
of RNP networks between 1992 and 2014 

 
Source: RNP 

 
DEVELOPMENT PHASES OF RNP AND ITS NETWORKS 

 
In the period from 1992 to the present, RNP has evolved from a project to an organization. Its 

activities have grown greatly in order to meet the demands presented by those ministries of the federal 
government which have sustained RNP. At the same time, RNP has been offering services qualitatively 
different from those of alternative, usually commercial, Internet service providers, especially after the 
start of commercial Internet services in Brazil in 1995. Since RNP was already operating the only Internet 
network within the country before the start of commercial services, it also participated initially in the 
spread of the Internet in Brazil, acting as an upstream provider of national and international connectivity 
for new commercial Internet providers that emerged in this period (see Chapter 10). However, this activity 
came to a halt in 1999, when the attention of RNP once again focused on providing services to research 
and education institutions, taking the name National Education and Research Network (Rede Nacional de 
Ensino e Pesquisa), with the retention of the original acronym, RNP. 



1999 was the year when RNP became an institution. Before then it was an MCT project, with unique 
features, such as the maintenance of a large technical and administrative staff, individually remunerated 
through maintenance grants, and the direct payment by the Ministry of backbone telecommunications 
contracts. This institutionalization sought a solution compatible with federal Law 9637/1998, the Law of 
Social Organizations (OS), a name given to private non-profit entities engaged by a government agency to 
carry out public interest activities, through a long-term management contract. So in 1999, the National 
Education and Research Network Association (AsRNP) was formally created, whose members were the 
selfsame participants of the RNP project. Additionally, the Inter-Ministerial RNP Program was created, 
involving MCT and the Ministry of Education (MEC), and it was agreed to sign a management contract 
with AsRNP, in order to provide connectivity and other related services to their research units, universities 
and institutes. 

The considerable growth of the RNP network is mainly due to the participation of MEC, which 
sustains financially the federal universities (UFs) and federal institutes of education, science and 
technology (IFs), which constitute the majority of RNP’s customers. At the same time, MCT began the 
process of recognizing AsRNP as an OS, and this was completed in 2002. From 2002 on, the conditions of 
the Law of Social Organizations were applicable, and the duration of the management contracts with RNP 
could thereafter extend to five years. 

These changes had significant consequences for the stability of the RNP initiative, with the possibility 
of medium and long term prospects, allowing planning, including of its technological evolution, with 
important consequences for the capacity and robustness of the networks operated by RNP. We will 
address this matter in further detail ahead. 

The growth of the RNP networks was continuous and it can be defined in six stages, distinguished 
from one another by changes in the capacity and/or the technology used in the backbone. These phases 
also create a timeline for RNP, enabling us to point out relevant events in its development (Table 9.1). 

 
TABLE 9.1. The six phases of RNP’s backbone until 2015 
 

Phase and 
dates 

Backbone Important Events 

Phase 1: 
1992-1994 

Links up to 64 Kbps. 
Extension to 15 PoPs. 
Connections using telephone circuits. 

RNP operates the first Internet network in the country with interstate 
connections. 

Phase 2: 
1995-1999 

Links up to 2 Mbps. 
National coverage with 27 PoPs. 
2 to 5 international connections at 2 
Mbps. 

Start of the commercial Internet in the country, using RNP’s and commercial 
backbones (1995) 
High-Speed Metropolitan Networks Project (Redes Metropolitanas de Alta 
Velocidade - ReMAV) for experimental use (1997-present, in some cases). 
Foundation of the RNP Association and the Interministerial RNP Program (MEC-
MCT) (1999) 

Phase 3: 
2000-2003 

ATM and Frame Relay Technologies. 
Nodes up to 155 Mbps, connections 
up to 28 Mbps. 
International Connections at 155 
Mbps and 45 Mbps 

45 Mbps connection to Internet2 (Ampath Project with Florida International 
University (FIU): 2001-2004). 
RNP next generation workshop (2001). 
RNP qualified as a Social Organization (2002). 
Project GIGA - interstate optical fiber testbed network (2003-7). 

Phase 4: 
2004 

SDH and PDH. 
Connections up to 622 Mbps. 

RedClara begins operation. 
Commoditya Internet access contracted in Brazil 

Phase 5: 
2005-2010 

Optical links at 2.5 and 10 Gbps 
reaching 10 capitais 

Redecomep: building out owned optical metro networks in larger cities (2005-). 
10 Gbps connections to the US in partnership with São Paulo state network 
(ANSP) and FIU (2005); 
Use of commercial Internet Exchange point (IXP)b in Miami for commodity traffic 
(2009-). 



Phase 6: 
2011- 

Optical Backbone with links at 3 e 10 
Gbps provided by Oi (2011-) 
40 optical metro networks (2014). 

Future Internet Brazilian Environment for Experimentation (FIBRE) (2011-) 
Veredas Novas (New Paths): connections to non-capital cities (2012-). 
2 Container-based data centers (CDCs) (2013-). 
20 Gbps connection to Miami (2013); 110 Gbps to Miami (2016) 

 

a With the commercialization of the Internet from 1989 on, there has been a separation between the academic Internet, where only 
academic institutions can communicate through academic networks, and the commodity Internet for other users. To allow 
communication between academic institutions and commercial entities, there are connections between the academic Internet and the 
commodity Internet that carry traffic also called commodity. In the case of international traffic, access to the commodity Internet may 
be provided within the country through the PoP of an international provider, or it may be provided abroad, reached through an 
international connection of the academic network, as has been the case of RNP before 2004 and after 2009. 
b Internet Exchange Point: place where there is exchange of traffic between two or more networks (see Chapter 10) 
 

Since this book is about broadband, we should consult the relevant information in Table 9.1 and 
Figure 9.4. We notice that in the early years of RNP (phases 1 and 2), one could not say that the RNP 
network offered broadband service. At the time, the capacity of connections between RNP’s PoPs and 
university campi rarely reached 1 Mbps. In fact, they were much lower most of the time. There were 
exceptions, of course, but these were limited to metropolitan areas such as the High-Speed Metropolitan 
Networks (Redes Metropolitanas de Alta Velocidade - ReMAVs), and were considered experimental. We 
might associate the beginning of broadband use only to phase 3, after the institutionalization of RNP, 
when the capacity of the backbone began to increase significantly. Between 1999 and 2005, the average 
capacity of the backbone increased from 1 Mbps to 2 Gbps, and the RNP network began to incorporate 
the traits that characterize it today, with large backbone capacity to meet the needs of the access 
networks for the campi being served - a true broadband network. 

Figure 9.4 shows in 2011, for the first time in the history of RNP, the convergence of the three 
indicators of capacity (limit of technology, international connectivity and backbone) around the value of 
10 Gbps. This “balanced” situation was the result of several factors that guided the evolution of RNP since 
the creation of its first network in 1992. These processes are described in the following section. 

 
THE EVOLUTION OF RNP’S NETWORKS 

 
In 2000, Phase 3 of the RNP backbone was launched. It was called RNP2. This was the first outward 

sign of its reorganization as a non-profit company on its way to becoming an OS, which began in 1999. 
In April 2001, RNP held a workshop on the next generation of the RNP network with the participation 

of scientific users and technologists, where the future of RNP networks was discussed.7 The main concerns 
expressed were with the improvement of its quality: higher capacity, lower latency, higher availability, 
increased security, access to high-performance computing and storage facilities, inclusion of new 
academic institutions and access arrangements between the RNP network and the networks of 
commercial providers in Brazil, which reflected the demand for user access to the academic network from 
their homes. 

As potential routes to be explored by RNP, the following directions were indicated: 
- Building metropolitan optical networks with its own infrastructure to interconnect all the 
institutions of interest in each city with capacities of at least 100 Mbps; 
-  Increasing the national backbone capacity to offer end-to-end connections of at least 100 Mbps 
between users in different cities (the limit in 2001 was 10 Mbps among 12 of the PoPs, and much 
lower among the rest); 
- Using smaller towns with metropolitan networks as connection points to other isolated and 
neighboring institutions (rather than directly to the PoP in that state); 
- Creating Internet exchange (peering) points (IXPs) to allow increased interconnection capacity 
between commercial providers, and between them and RNP; 
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- Creating an experimental testbed for long-distance optical networks to study and validate 
equipment, as well as to provide the means to develop and validate high-performance 
applications. 
 

Some of these directions were chosen based on experience already acquired during the previous 
backbone phases, especially ReMAV (since 1997), which had brought the first contact with new network 
technologies, and with capacities very much higher than those available in the RNP production network. 
The ReMAVs were isolated from the backbone and considered as testbeds. The choice of most directions 
chosen was based on the example given by the evolution of academic networks in other countries, mainly 
in Europe, the US and Canada, with which there had already been an exchange of information and 
experience, not only by network specialists, but also by researchers and educators increasingly aware of 
the impact of networks in these countries. 

Next we will describe the technological and organizational evolution of RNP’s network after 2001. 
Instead of addressing this issue through a single chronology, we prefer to deal separately with the 
evolution in parallel of different aspects of this evolution, each at its own speed. The issues to be 
addressed are: 

- Connectivity hierarchy. 
- Infrastructure sharing. 
- The potential of optical communication - ReMAV and Giga. 
- Owned optical infrastructure - Redecomep. 
- Owned optical infrastructure - economies of scale and swapping of rights of use. 
- The search for partnerships. 
- Expanding the network to areas of difficult access. 

In the discussion of each of these aspects we refer to different moments in the evolution of RNP that 
contributed to its development, with ramifications for the advancement of broadband networks. 

Connectivity hierarchy 
From the point of view of the RNP network, the basic unit served is a campus network (or that of a 

single building), which typically consists of a set of local area networks, which may be wired, using 
Ethernet (IEEE 802.3), or wireless, using Wi-Fi (IEEE 802.11), or a combination of both of these. RNP 
provides external connectivity for this campus network. This connection is made to another campus of 
the same institution in the same city, or to a point of aggregation (PoA)8 or to the nearest point of presence 
(PoP)9 of RNP’s backbone. Typically, this connection uses either a telecommunications circuit leased by 
RNP or RNP’s own infrastructure, typically a metropolitan optical network.10 

In a city housing a RNP backbone PoP, the metropolitan network gives direct access to it. In other 
cities with a metropolitan network, the network has a PoA, which connects - usually via a leased 
telecommunications circuit - to the PoP in the same state. In January 2016, there were approximately 400 
campi served by metropolitan networks, and 900 campi with a leased intercity link directly to the nearest 
PoP. In most cases, these are terrestrial links, but in some parts of the country there is no land-based 
telecommunications infrastructure, so the alternative is satellite infrastructure, despite its high cost and 
reduced capacity. 

Infrastructure sharing 
The Inter-Ministerial RNP Program is maintained by the federal government to provide network 

services to (mostly federal) university campi spread around the country. To meet this challenge, the 
Program seeks to provide appropriate communications infrastructure, and the costs are covered by the 
management contract. The choice of RNP as the single connectivity provider for all campi, rather than the 
individual leasing of connections from commercial Internet service providers, allows for large economies 
of scale. 
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Today the RNP network has more than 1,300 locations served throughout the country. Since it 
operates a national backbone with a PoP in each state, RNP is able to provide network service to all of 
them, using this backbone, complemented with access connections between the campi and the local PoP. 
The national backbone has been the most visible component of this shared infrastructure, but it has 
always been complemented by international connections to ensure access to the global Internet. 

Another opportunity to explore economies of scale through infrastructure sharing occurs when 
there are several campi in the same city, usually a state capital, and home to a backbone PoP, typically, 
but not always, located on the campus of the main federal university in the state. This subject will be 
explored later in the section “owned optical infrastructure”. 

The potential of optical communication - ReMAV and Giga 
In the late 1990s, in different parts of the world, long-distance optical transmission systems, used 

both in terrestrial networks and submarine cables, began to adopt the use of Dense Wavelength Division 
Multiplexing (DWDM), which greatly multiplied the capacity of each fiber pair. Brazil also benefited from 
this enhancement: in addition to the arrival in the country of three new international submarine cable 
systems that would use this technology,11 Embratel adopted it in its land routes and several initiatives 
involving the deployment of optical cables and lighting up optical fiber. Eletronet was created as the result 
of an initiative of electricity transmission companies associated with state-owned Eletrobras and a foreign 
partner.12 In 2000, Eletronet completed the construction of an optical network reaching 16 states, mainly 
by way of OPGW (Optical Ground Wire) technology, used in high-voltage electrical power lines.13 The 
Eletronet network adopted DWDM to share its optical fibers among different clients. 

This widespread and growing adoption of optical transmission technology had already been noticed 
by RNP in 1997, when it launched the ReMAV initiative to build metropolitan optical networks using 
borrowed fibers.14 Academic partners in a city could use their own equipment, provided by RNP, to create 
a private multiple-access network, with capacities available in the range from 34 to 155 Mbps. We should 
note that these capacities were far higher than the RNP backbone capacity, which would only surpass 
2Mbps in 2000, with the start of phase 3 of the backbone, during which backbone connections would 
increase up to 40 Mbps. 

ReMAV demonstrated the advantages of sharing optical infrastructure, using its own equipment and 
avoiding the leasing of commercial connection services. However, it depended on access to optical fibers. 
In ReMAV, all fibers used were loaned temporarily to the project, free of charge. We notice that, in 
general, the ReMAV were experimental networks and were not connected to the RNP backbone. 

For production use, in the same period, the Universidade Federal Fluminense (UFF) designed and 
deployed its own optical fiber infrastructure, that spanned the center and some adjacent neighborhoods 
of Niterói, RJ.15 This initiative followed the general line of the ReMAV, with the significant difference that 
UFF became the sole owner of the optical infrastructure for the entire service life of the cables. This 
network initially made it possible to interconnect 12 UFF campus networks in Niterói, with 155 and 622 
Mbps connections. This set of networks jointly enjoyed access to the RNP backbone. 

Thus, even before the April 2001 workshop, the potential benefits of optical technologies were 
already recognized at RNP. One of the participants of this workshop was a senior researcher in optical 
communications from the Center for Research and Development in Telecommunications (CPqD), located 
in Campinas, SP. CPqD was already developing optical transmission technology with DWDM, and it would 
soon create a “spin-off” company called Padtec,16 to manufacture and market optical products. The 
interaction between RNP and CPqD deepened after this workshop, and in late 2002 Project Giga - a joint 
proposal to set up a testbed to validate and develop the use of optical networks - received funding of 
more than 50 million BRL from the Fund for the Technological Development of Telecommunications 
(Funttel), through the Financier of Studies and Projects (Finep). This project enabled CPqD to specialize in 
setting up and operating a DWDM optical testbed network providing connectivity between participating 
laboratories, with data rates of 1 and 10 Gbps, and the development of certain categories of user 
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applications, while RNP would monitor the development of high performance applications between these 
laboratories. This joint project lasted from 2003 to 2007, and involved researchers from almost 50 
institutions from much of the country. The testbed was 750 km long, reaching the cities of Campinas, São 
Paulo, São JosÃ© dos Campos and Cachoeira Paulista, in São Paulo state, and Rio de Janeiro, Niterói and 
Petrópolis, in the state of Rio de Janeiro, providing optical connections of 1 and 10 Gbps to research 
laboratories in some 20 institutions (Figure 9.5). The optical fibers used were provided without cost by 
Telefonica (now Vivo), Intelig (now TIM), Telemar (now Oi) and Embratel. The optical equipment was 
supplied by Padtec.17 

 
FIGURE 9.5. Project Giga testbed network: (a) geographical map,  

(b) topology of the optical connections to participating institutions 
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Source: BARROS (2005) 
Acronym Explanation 

UNICAMP University of Campinas 
LNLS National Synchrotron Light Source Laboratory (Campinas) 
CPqD ICT Research Center (Campinas) 
Net OpsGIGA Network Operations Center (Campinas and Rio de Janeiro) 
CAS GIGA backbone node in Campinas 
SPO GIGA backbone node in São Paulo 
LAB T Telefonica Laboratory (São Paulo) 
INCOR Heart Institute (São Paulo) 
USP University of São Paulo (São Paulo) 
SJC GIGA b+B23 backbone node in São JosÃ© dos Campos 
INPE National Institute for Space Science (São JosÃ© dos Campos) 
CTA Air Force Aerospace Technology Center (São JosÃ© dos Campos) 
CPTEC Center for Weather Forecasting and Climate Studies/INPE (Cachoeira Paulista) 
RJO GIGA backbone node in Rio de Janeiro 
UERJ Rio de Janeiro State University (Rio de Janeiro) 
TELEMAR LEME Telemar exchange, in Leme, Rio de Janeiro 
PUC Catholic University (Rio de Janeiro) 
IMPA Mathematics Institute (Rio de Janeiro) 
CBPF Brazilian Center for Research in Physics (Rio de Janeiro) 
IME Military Institute for Engineering (Rio de Janeiro) 
UFF Fluminense Federal University (Niterói) 
FIOCRUZ Oswaldo Cruz Foundation (Rio de Janeiro) 
CRT - EBT Embratel Laboratory (Rio de Janeiro) 
NCE UFRJ ICT center of Federal University of Rio de Janeiro (Rio de Janeiro) 
LNCC National Scientific Computing Laboratory (Petrópolis) 
 

For RNP, there were several benefits in having taken part in this collaboration with CPqD. The main 
ones were: 

- Access for the first time to a long-distance network with transmission rates of 1 to 10 Gbps. This 
prepared it to plan, set up and operate future networks with these capabilities. 
- Allowing some users to develop and use advanced applications in high-performance networks, 
including international collaborations, from 2004 on.18 

Two years after starting the Giga project, RNP deployed phase 5 of its backbone, based on the leasing 
of optical channel infrastructure of 2.5 and 10 Gbps, connecting 10 PoPs. Costs were similar to circuits 
with Synchronous Digital Hierarchy (SDH) technology - of much lower capacity - used in the previous year 
(phase 4). Figure 9.4 clearly shows the impact of this innovation, which made the average transmission 
capacity in the backbone increase by a factor of more than 1,000 between 1999 and 2005. This new RNP 
network received the name of Ipé network in 2005. 

Owned optical infrastructure - Redecomep 
Until the mid-2000s, access to the local PoP of the RNP backbone posed the biggest challenge for 

sharing connections from campus networks. Access was usually implemented through a commercially 
provided point to point circuit for each campus. 

Starting in 1997, the ReMAVs and the UFF network in Niterói had shown how to build a metropolitan 
optical network in a dozen cities. But at the time there was no way to connect these metropolitan 
networks with each other with capacities similar to those used locally. However, as we just saw, in 2005 
RNP started to provide connections of 2.5 and 10 Gbps between ten capitals. How could RNP use the IpÃª 
network to enable high capacity collaboration between institutions in different cities? Clearly a new model 
of metropolitan network was needed for these cities. 

In 2004, a feasibility study was carried out in Belém, capital of the state of ParÃ¡, by RNP and the 
local federal university (UFPA), of a optical connectivity solution for a set of campi of research and higher 
education institutions located in Belém and a neighboring city, Ananindeua. The novelty was to extend 
the owned infrastructure model adopted by the UFF network in Niteroi to serve all 32 campi of the 12 
institutions to be connected in Pará. Nine of them were public institutions and three were private 
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universities. This study concluded that the return on investment of building an owned infrastructure of 
aerial optical cables, as well as the acquisition of network equipment, would be offset in approximately 
two years, due to the savings in the cost of leasing connectivity services (STANTON, 2005). As a result of 
the great interest aroused by this study, in the second half of 2004 MCT approved funding for two 
metropolitan network construction projects: Metropolitan Network of Belém (MetroBel), to serve Belém 
and Ananindeua, and Community Networks for Education and Research (Redecomep), to serve the other 
26 cities in the country where RNP operated its PoPs. The funds covered project costs and the construction 
of these metropolitan networks. The operation, maintenance and upgrade of these new networks would 
be the responsibility of their local administrators, usually the institutions served by the metropolitan 
network. 

In 2005, RNP started construction of these owned metropolitan networks to provide access between 
each PoP and the campi of the user institutions in the same city, through the Redecomep program.19 The 
Redecomeps are high capacity networks deployed by RNP in metropolitan areas served by the PoPs of the 
RNP backbone, and in some other cities with two or more user institutions. These networks allowed the 
provision of high capacity access to the campi, typically at 1 or 10 Gbps, using Ethernet technology, usually 
in a ring configuration, to provide redundancy. 

The model consists of the deployment of an owned optical infrastructure and the setting up of 
consortia of participating institutions in order to ensure their self-sustainability. At the end of 2014, these 
metropolitan networks were already in operation in about 40 cities, including capitals and important 
upstate cities. By 2016, 400 campi participating in the Redecomep networks were thereby connected to 
the Ipé network backbone. Figure 9.6 shows the location of these networks by state and Table 9.2 
identifies the cities where networks were built. 
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FIGURE 9.6. The distribution of Redecomeps by state at the end of 2014 

 
Source: RNP. 

  



TABLE 9.2. Region, city and name of Redecomeps in 2014 
 

Southeast region  Center-West Region 

ES Vitória MetroVix  DF Brasília GigaCandanga 

MG 
Belo Horizonte RedecomepBH  GO Goiânia MetroGyn 

Ouro Preto & Mariana Network Inconf.Edu  MS Campo Grande Rede 

RJ 

Niterói MetroNit  MT Cuiabá Pantaneira 

Petrópolis   North Region 

Rio de Janeiro RedeRio  AC Rio Branco RB MetroNet 

SP 

Campinas   AM Manaus MetroMAO 

São Carlos MetroSanca  AP Macapá MetroAP 

São Paulo MetroSampa  

PA 

Belém MetroBel 

RegiÃ£o Nordeste  Altamira  

AL Maceió RAAVE  Castanhal  

BA 
Salvador Remessa  Marabá  

Juazeiro and Petrolina RedeVASF  Santarém  

CE Fortaleza GigaFor  RR Boa Vista RedeBV 

MA São Luís   TO Palmas MetroTins 

PB 
Campina Grande MetroCG  South Region 

João Pessoa Rede ICTIPB  PR Curitiba  

PE Recife Rede Ícone  SC Florianópolis Remep-FLN 

PI Teresina Rede Poti  RS Porto Alegre MetroPOA 

RN Natal GigaNatal     

SE Aracajú MetrAju     

 
Owned optical infrastructure - economies of scale and swapping of rights of use 
 

The construction of an optical network infrastructure brings both benefits and duties. The duties 
include the effort (and cost) to maintain and, when necessary, repair this infrastructure, especially after 
cable cuts, which affect aerial installations (on poles or electrical transmission pylons), as well as 
underground (ducts) or underwater installations. The owner of the infrastructure needs to ensure its 
integrity throughout its lifetime. The benefits include the ability greatly to enhance the (present and 
future) capacity to transmit information in three different ways: (a) overprovisioning the cable to be 
installed, acquiring a larger number of fibers than initially required; (b) increasing the transmission rate in 
the fibers, through upgrade of the transmission equipment (transponders and detectors at both ends of 
the fiber link); and (c) multiplexing the transmitted signal channels in a single optical fiber using DWDM 
techniques, as mentioned above. Methods (b) and (c), which leverage the existing optical fiber 
infrastructure, increasing its transmission capacity without physically changing the optical cable, are 
sometimes referred to as the use of “scalable” infrastructure. 

Option (a) is always attractive, since the marginal cost of each additional fiber is a small fraction of 
the cost of the cable. The total installation cost is usually several times higher than the cost of the cable 
itself. Deploying spare fibers makes it possible to meet future demands. Option (b) allows exchanging 
transmission equipment for another with higher capacity. For example, in 2016 RNP was undertaking 



migration from 10 to 100 Gbps, due to the recent development of optical transmission technologies, 
without needing to change the optical fiber used. Option (c) takes advantage of the fact that the infrared 
radiation beams used to transmit optical signals can be generated using just a fraction of the spectral 
width (frequency band) available. In 2016, a single optical fiber using DWDM can transmit more than 100 
optical channels simultaneously, each with a capacity of 100 Gbps of information, i.e., a total of 10 Tbps 
(terabits per second). 

This approach to network construction and management enables widespread sharing of optical fiber 
infrastructure, in which the unit of capacity to be shared could be a fiber pair or a fraction of the usable 
spectrum of a fiber pair. In other words, the owners of optical infrastructure can sell or lease a fraction of 
the available capacity along a cable route, or they can swap this fraction for equivalent capacity in other 
infrastructure, along one or more other cable routes. Such swap agreements for long periods are very 
common between telecommunications operators, but this kind of arrangement is not limited to these 
operators. We may note the growth the installation of optical infrastructure belonging to organizations, 
whose prime activity is not in telecommunications. Examples include electrical power companies, large 
corporations such as the oil company, Petrobras, state governments, or other network infrastructure 
owners, such as RNP. Thus, with the construction of its owned optical fiber infrastructure in metropolitan 
networks, RNP acquired the clout to participate in swap agreements with other companies or institutions, 
in order to gain access to infrastructure in other locations or routes. In practice, this may mean trading 
the use of fiber in metropolitan areas for fiber (or spectrum) in interurban fibers.20 

The search for partnerships 
The experiences of Project Giga and the Redecomep program have shown that it is desirable, if not 

essential, for RNP to have partners in its optical network projects. Could this also be the case for long-
distance connections, used in the construction of backbone and access connections to clients in upstate 
cities? 

In its search for alternatives to gain access to long-distance optical fiber resources, on several 
occasions, starting in 2001, RNP sought agreements with companies with long-distance fiber, mainly in 
the energy and telecommunications sectors. The first success came in 2003 in the collaboration with CPqD 
in Project Giga, but the benefit did not extend to the production network. It was limited to groups of 
researchers from laboratories in around twenty institutions connected to the project network. This 
restriction was imposed by telecommunications companies that provided the fibers, since the RNP 
production network was already built using the same companies’ leased circuits. 

However, in order to use long-distance fiber optics in the operation of its backbone, RNP had to wait 
until 2009, when it signed a technical cooperation agreement with Oi, the Brazilian telecommunications 
company with the most extensive network at that time. The agreement provided for investments in 
research and development by Oi in order to fulfill the conditions laid down in “Research and Technological 
Innovation Project 001/10”, between RNP and Oi, under Consent Act 7828, of December 19th, 2008, of 
the federal telecommunications regulator, Anatel, related to the acquisition by Oi of Brasil Telecom. One 
of the annexes of this Consent Act, denominated “Conditions for the Consent Act, Item 9 - On Investment 
in Research and Development”, imposed on Oi the condition of signing an agreement with RNP, 
“to support the provision of services and infrastructure of an advanced education and research network 
in Brazil, through the cession of transmission capacity in optical fibers for non-commercial use by the 
national research network (RNP), making feasible the national interconnection between universities and 
their campi, research centers, laboratories, teaching hospitals and museums, to generate knowledge and 
innovation through the academic network”. 

Following approval by RNP and Oi on April 30th, 2010, of the “Research and Technological Innovation 
- 001/10” project, joint work began for the gradual inclusion of optical infrastructure made available by 
Oi in the backbone of the Ipé network. Oi made available the use of about 30 intercity optical channels 
from its own national optical infrastructure. This increased to 10 Gbps the connections between 15 PoPs, 
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and to 3 Gbps the connections to nine other PoPs. Thus the federal capital and 23 of Brazil’s 26 states 
were now reached by multiple gigabit connections.21 Figure 9.7 illustrates this new backbone, which was 
rolled out in 2011. 

Subsequently, the agreement with Oi was amended in 2014, which is reflected in the map of Figure 
9.3, which increased to 21 the number of PoPs with 10 Gbps connexions, maintaining only three with 3 
Gbps, and continuing to exclude the other three.22 

 
FIGURE 9.7. RNP’s backbone in 2011 with connections in  
multiple Gbps as a consequence of Anatel’s Consent Act 

 

 
Source: RNP 

This partnership with Oi enabled RNP to improve access to its clients, especially those that 
participated in a Redecomep of the new gigabit PoPs. On the other hand, it created an almost total 
dependence on Oi’s optical infrastructure, and it was possible to identify some potential vulnerabilities 
caused by insufficient redundancy, affecting the availability of the service offered by RNP. 

In 2010, the resurgence of Telebras as a telecommunications operator, largely responsible for 
carrying out the National Broadband Plan (PNBL), provided RNP with a new partner to help meet its 
challenges. This partnership primarily addresses services to customers in upstate cities, and will be 
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commented on below. In addition to meeting the needs of these cities, the partnership with Telebras 
made possible improvements in the availability of RNP’s backbone. 

Between 2012 and 2015, some additional backbone circuits were provisioned by Telebras: BrasÃlia 
- Belém, at 1 Gbps, and 10 Gbps circuits on the following routes: GoiÃ¢nia - BrasÃlia, BrasÃlia - Fortaleza, 
Fortaleza - Recife, Recife - Salvador and Salvador - VitÓria, (see Figure 9.3). These circuits have increased 
the availability of PoPs connected to the North and Northeast rings of the Ipé network, providing 
protection to the traffic flows between the North/Northeast and Southeast/South, which had hitherto 
depended entirely on circuits from Oi. 

 
Expanding the network to areas of difficult access 

 
The first map of the RNP backbone in 1992 (Figure 9.2) shows only 11 PoPs, leaving out 16 states. 

Only in 1999 was it possible to bring connectivity to all states, and the PoPs of six states in the North 
Region (AC, AM, AP, RO, RR, TO) used geosynchronous satellite connections, with low capacity and high 
latency. At that time there was simply no land-based telecommunications network in most of the Amazon 
region. However, the situation of telecommunications has evolved, especially since the privatization of 
the state-run telecommunications monopoly in 1997-98, enabling the gradual replacement of satellite 
links by land connections over optical fiber, with much higher capacities. At the end of 2015, the backbone 
already reached the states of Pará and Tocantins with 10 Gbps, Acre and Rondônia with 3 Gbps, Amazonas 
and Amapá with 1 Gbps, and Roraima with 100 Mbps. Despite this progress, there are still RNP user 
institutions, especially in the Amazon region, linked via satellite to the Ipé network. Chapter 14 describes 
a new initiative - Amazonia Connected - to overcome some of these limitations by installing optical fiber 
in the riverbeds of the Amazon region. 

This “digital divide” negatively affects telecommunications and network conditions not only in the 
Amazon region, but also in other remote areas far from the major population centers and the routes 
between them. However, with the growth of the geographical coverage by optical networks used in 
telecommunications, the number of connected users also grows. 

 
VEREDAS NOVAS: A PROGRAM FOR  
CONNECTING UPSTATE USER CAMPI 

 
The access circuits for RNP user campi are mainly provisioned by three alternatives: 

- By RNP’s metropolitan optical networks (Redecomep). 
- By telecommunications service providers and operators. 
- By partners, through the Veredas Novas (New Paths) Initiative described below. 
 

Veredas Novas 
In 2012, RNP launched a new initiative - Veredas Novas - with the aim of connecting, by 2014, all 

upstate RNP user institutions, with the following capabilities: secondary campi, at 100 Mbps; headquarter 
campi, at 1 Gbps. 

Veredas Novas is a joint initiative of the Ministries of Science, Technology, Innovations, and 
Communications (MCTIC) and Education (MEC) with the support of the National Association of Heads of 
Federal Institutions of Higher Education (Andifes) and the National Council of the Institutions of the 
Federal Network of Professional, Scientific and Technological Education (Conif). 

Technical collaboration to attain these targets for upstate campi, by providing them with high-
capacity connections, is currently based on partnerships with companies and organizations, amongst 
which, the following stand out: 

 



- TelecomunicaÃ§Ãµes Brasileiras S.A. (Telebras); 
- ICT company of the State of CearÃ¡ (Etice); and 
- ICT company of the State of ParÃ¡ (Prodepa). 

 
Unfortunately, the initiative failed to meet its goal for the end of 2014, which was to connect all 

upstate secondary campi with at least 100 Mbps and the headquarter campi with at least 1 Gbps. 
About 30% of the institutions were still served by circuits at less than 100 Mbps, including some 

served by satellite circuits between 2 and 18 Mbps. In any case, significant advances were made. 
 

Veredas Novas - Telebras 
RNP and Telebras signed an agreement in 2010 for the implementation of access at 100 Mbps and 

1 Gbps to the campi of user institutions in locations with technical and commercial viability. By January 
2016, 63 campi had been connected by Telebras, two at 1 Gbps and the others at 100 Mbps, using optical 
fiber and radio. 

Veredas Novas - Etice 
In 2012, RNP and Etice signed an agreement for the deployment of 100 Mbps and 1 Gbps access to 

all upstate user organizations in the state of CearÃ¡. A pilot project was carried out and connected the 
campi of Crato, Iguatu and Aracati through 100 Mbps links, in addition to the campus of the University for 
the International Integration of Afro-Brazilian Speakers of Portuguese (Unilab) in Redenção, at 1 Gbps. By 
January 2016, 34 campi of user institutions had been connected at capacities of 32 to 100 Mbps, one at 
500 Mbps and one at 1 Gbps. 

This partnership between RNP and Etice is emblematic for RNP and has become a reference model 
for partnerships with other state IT and ICT companies.23 

 

“Pre-Veredas Novas”: a model for the participation of local and regional telecommunications 
service providers 

In 2013, RNP realized it would be necessary to seek alternatives to the Veredas Novas program to 
meet some critical needs. Therefore, it outlined a new strategy to connect the upstate campi of user 
institutions. The Veredas Novas initiative had not found any market response to provide at least 100 Mbps 
connections, except in CearÃ¡, through the successful partnership between RNP and Etice. This new 
strategy, dubbed “Pre-Veredas Novas”, introduced a new type of contract, using new Terms of Reference 
with initially less stringent service conditions and the following characteristics: 

- Circuits with minimum bandwidth of 20 Mbps. 
- A two year contract. 
- Scheduled, phased updates during the contract, up to 100 Mbps. 
- A preference for deterministic circuits. 
- If deterministic circuits unavailable, coverage through Metro Ethernet or MPLS circuits, using 
routed IP. 
- Price ceiling for 100 Mbps fixed at 12,000 BRL per month, including taxes, for all regions, except 
the North. 

Along with the design of this new model, RNP focused on attracting local and regional service 
providers to participate in its bidding procedures for these campi, competing with the traditional 
operators who already supplied circuits to RNP. With this new strategy, it was possible to instigate and 
rely on the commitment of these service providers, bringing more competitivity to the contracting 
process. This resulted in circuits being leased with higher bandwidth and lower prices than those from 
traditional suppliers. With the traditional suppliers, RNP has found it difficult to increase the contracted 
capacity and pay a fair price for it, whereas local and regional providers find it easier to accept this 
challenge. 
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In order to attract these providers, RNP built a large contacts database by mining several existing 
databases provided by associations of Internet providers. RNP’s participation in regional and national 
meetings of these providers became more extensive and enabled RNP to present its needs more clearly. 

The strategy had immediate effect. New providers emerged to participate in the process, presenting 
more aggressive bids than traditional suppliers, and, consequently, were selected and contracted. 

In February 2016, in addition to RNP’s traditional suppliers (Oi, Embratel, Telefonica, GVT, Algar 
Telecom and Intelig), about sixty local and regional providers provided circuits for the campi of user 
institutions. The number of these circuits is already higher and the quality of their service providers is 
often better than those of traditional suppliers. 

 
INTERNATIONAL CONNECTIVITY 

 
Perhaps the main reasons for the use of networks by the research and education community are to 

access to information and knowledge available in other countries, as well as to discover effective 
opportunities for collaboration with foreign partners. Indeed, these were the driving forces that led the 
academic community in Brazil to seek participation in the first academic networks in the 1980s, leading 
to effective participation in Bitnet, from 1988 on, and the Internet, from 1992 on. 

In order to make network access and collaboration possible, it is essential to have international 
communication between the networks of the countries involved. Initially, the “other” country was the 
United States, and the first international connection established had a capacity of 9.6 Kbps, allowing use 
of electronic mail and non-interactive access to documents. 

In 2015, Brazilian academic networks already had nearly 50 Gbps of aggregate capacity for 
international communication, including RNP and initiatives of Brazilian states, which are sponsored 
networks such as projects for their respective foundations that support research: Academic Network at 
São Paulo - ANSP24 (São Paulo) by Fapesp and RedeRio de computadores25 (Rio de Janeiro) by Faperj. The 
graph in Figure 9.4 illustrates the evolution of the capacity used by RNP since 1992. There were significant 
increases associated with different phases of the backbone, as shown in Table 9.3. In 2016, this increased 
to 110 Gbps. 

 
TABLE 9.3. Evolution of the international connectivity capacity of RNP 

Phase 1 2 3 4 5 6 

Start year 1992 1995 2000 2004 2005 2011 

Capacity 64 Kbps 2 to 10 Mbps 
155 to 

202 Mbps 
300 Mbps 

300 Mbps  
to 10 Gbps 

25 Gbps 

Source: RNP 
 

The nature of the global Internet 
 

In order to understand the evolution of the international connections of RNP and the other Brazilian 
academic networks, ANSP and RedeRio, we must first understand how the Internet evolved in other 
countries, especially in the US. The Internet came into existence on January 1, 1983, interconnecting a 
collection of networks of the US government and academia. In 1985, the National Science Foundation 
(NSF), the leading US research funding agency, decided to set up a national network, NSFNET, adopting 
the Internet standard.26 Over the next ten years, NSFNET was the core of the Internet, serving not only as 
its backbone in the US, but also as a backbone for the global Internet, which began to spread to other 
countries and continents, reaching Brazil between 1991 and 1992.27 From 1992 to 1995, there were two 
Internet connections between Brazil and the US. The second connection was RedeRio, also with 64 Kbps. 
Both connections were to academic networks in the US. 
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However, in 1989 the commercial use of the Internet had already begun in the US. The NSF decided 
to close down NSFNET in 1995, considering its mission of establishing a network to meet academic needs 
accomplished. In the future, academia would be served by commercial providers. For this reason, during 
phase 2 (1995-1999) of RNP’s backbone, its various (up to 5) international connections of 2 Mbps were 
made to networks of commercial providers in the US. In 2000, these connections were replaced with a 
single connection of 155 Mbps to an Internet exchange point (IXP) in New York, where RNP installed its 
own router.28 Throughout this period, RNP kept only one category of connection, first to the academic 
Internet, then to the commercial Internet, also called the commodity Internet. 

This situation changed again in 2001, with the creation of a new academic Internet in 1998, with the 
launch of the so-called Internet2, a new US academic network maintained by a consortium of 
universities.29 Internet2 was based on a new national backbone to serve academic users only. In the 
following years, Internet2 took over, for academic users of the global Internet, the role of global backbone, 
which had been occupied by NSFNET until 1995. In 2001, RNP installed a second connection to the US, at 
45 Mbps, to Miami, where Florida International University (FIU) offered connectivity at low cost to the 
Internet2 network, through the Ampath project.30 

With these two connections RNP began to separate its international traffic into two parts: academic 
traffic used the academic connection to Miami, and commodity traffic used the commodity connection to 
New York. This separation between academic traffic and commodity traffic still characterizes the Internet 
today. Thus we can speak of the academic Internet, consisting of academic networks in different 
countries, which are interconnected with each other by purely academic connections; and the commodity 
Internet, which includes the networks of commercial providers, both national and international. However, 
the two Internets are interconnected in all countries where academic networks belong to the global 
academic Internet. 

The use of commodity transport meets the need for access to companies and government entities 
of all kinds, while academic transport is only for interaction through academic networks, such as RNP 
itself, i.e. for universities and research centers in other countries. By using academic transport, users of 
RNP can perform large transfers of digital content such as scientific data or very high resolution media. 
This type of application simply does not work using the connections between commercial providers 
because these networks lack the conditions to carry very intensive data streams. This subject is revisited 
in the next section. 

In 2004 (phase 4), RNP left Ampath to be a founding member of RedCLARA,31 a Latin American 
regional network of academic nature, with 14 national academic networks as partners, and an 
intercontinental connection, between São Paulo and the pan-European academic network (GÃ‰ANT). 
This initiative, initially funded largely by the European Commission,32 extended to Latin America its concern 
to create in Europe a hub for developing the academic Internet outside of the US. 

In 2004, the commodity connection to the US was also replaced by commodity connectivity provided 
through the PoP in Brazil of an international commercial provider. 

In 2005 (phase 5), RNP began to share with ANSP the connection that ANSP had established with 
FIU, partially funded by NSF, with a capacity that would increase from 622 Mbps to 2.5 Gbps by 2008.33 In 
2009, this solution was replaced by the sharing with ANSP of two 10 Gbps connections between São Paulo 
and Miami (FIU), which were used to carry international traffic, both academic and commodity, where 
the previous use of an international commodity provider in Brazil was replaced by the participation of 
both ANSP and RNP in an IXP in Miami. In 2011 (phase 6), the capacity between São Paulo and Miami was 
doubled to four 10 Gbps connections, with the same partners: ANSP and FIU. This collaboration with ANSP 
and FIU was reformulated and upgraded in 2016, increasing the total capacity to 220 Gbps. As for the 
academic connection from São Paulo to Europe via RedClara, this experienced some capacity increases, 
shared with other national networks in Latin America, to 2.5 Gbps in 2008 and to 5 Gbps in 2014. 

 

file:///C:/Users/Michael/AppData/Local/ERW/tempDir/OEBPS/Text/chapter9.xhtml%23footnote-147
file:///C:/Users/Michael/AppData/Local/ERW/tempDir/OEBPS/Text/chapter9.xhtml%23footnote-146
file:///C:/Users/Michael/AppData/Local/ERW/tempDir/OEBPS/Text/chapter9.xhtml%23footnote-145
file:///C:/Users/Michael/AppData/Local/ERW/tempDir/OEBPS/Text/chapter9.xhtml%23footnote-144
file:///C:/Users/Michael/AppData/Local/ERW/tempDir/OEBPS/Text/chapter9.xhtml%23footnote-143
file:///C:/Users/Michael/AppData/Local/ERW/tempDir/OEBPS/Text/chapter9.xhtml%23footnote-142


A NEW MEANING OF “BROADBAND” 
 

The construction of metropolitan optical networks by RNP since 2005 raised the connectivity 
baseline of campi in these metropolitan areas, allowing the use of high-capacity end-to-end transmission 
by users in those locations. In fact, these RNP metropolitan optical networks, when combined with 
capacity increases in the national backbone and international connections, have given a new meaning to 
the term broadband: nowadays it is possible to use network applications at the endpoint, that use the full 
capacity of the local network connection. In the process of expanding the capacity of its networks, RNP 
has discovered that there are users who can take advantage of that increased capacity, with processing-
intensive applications or very high resolution video and image transmission. 

An important article (DE LAAT, 2003) analyzed the characteristics of different user applications of 
the new high-capacity networks that began to be used in the Netherlands around the year 2000. A graph 
taken from this article is reproduced in Figure 9.8, where three classes of user are depicted: 

A. “Domestic” users, who use e-mail, WWW and media streaming. Typically the data streams are 
short and require full routing for communication with arbitrary sites. 
B. “Corporate” users (corporations, universities, virtual organizations and laboratories), using the 
capacity of local area networks (100 Mbps to 1 Gbps), and making heavy use of VPNs (virtual 
private networks). 
C. Users of high-performance applications, with demands for data transmission well over 1 Gbps, 
but usually to only a few previously determined destinations. Typical cases include scientific 
applications like radio-astronomy, high-energy physics, databases in genetics and Earth 
observation. 

The article estimates that these three categories of users generate similar aggregate demands, i.e. 
A, B and C. This would naturally have to be taken into consideration when designing a real network. 

 
  



FIGURE 9.8. User classes according to  
bandwidth usage and type of connectivity 

 

 
Source: DE LAAT (2003 p. 1003). 

In practice, the big difference between the Internet networks of large-scale commercial providers 
and academic networks is that, in general, only the latter have there category C users. For example, RNP 
networks today support only a few category C users, who may be supported by adopting high-capacity 
optical infrastructure. These users are typically scientific researchers dealing with large volumes of 
observed or computed data in areas such as Earth observation, weather and climate, genetics, 
astrophysics and high-energy physics, as mentioned above. To meet the needs of these users, it is 
essential that entire routes followed by their traffic have sufficient capacity to accommodate this traffic. 
By this we mean the entire chain: campus network - metropolitan network - backbone - international 
connection. The end-to-end capacity limit is the smallest link component along the datapath. 

 
PHASE 7 OF RNP’S BACKBONE (2017) 

 
The evolution of RNP’s backbone, as seen above, moved from Kbps circuits to Gbps circuits in about 

two decades. Throughout this evolution and at each stage, RNP has always stayed ahead of the market in 
the search for high capacity links, often facing difficult negotiations with telecommunications providers 
because of the high cost of these circuits. On a number of occasions, these providers had no other 
customers for the capabilities that RNP sought, so pricing has always been exhaustively discussed between 
the parties. 

In fact, RNP’s demand for backbone capacity has always been high. It has often had to decide 
whether to lease connections from providers or to provision them using its own infrastructure. RNP’s 
needs accelerated between 2013 and 2015, as the number of campi served almost tripled. The number 



of applications that require high capacities and minimum delay times also increased, so RNP needed 
increasingly high capacities in the backbone, in access networks to user institutions, in IXPs, and in 
international connections. 

The discussion of this ever-growing demand for a higher capacity backbone led to a decision on 
strategic planning for 2020, to gradually replace the capacities currently contracted for the RNP backbone 
with capacities of its own scalable optical infrastructure. To acquire this infrastructure, it will be necessary 
either to build it, or to obtain the right of use of existing dark fiber, or even of optical spectrum (whole or 
fractional), in existing optical routes that connect the PoPs of RNP’s backbone. 

The first and important optical route which is the object of this new strategy is the route between 
Fortaleza and Porto Alegre. This choice is motivated not only by pressure for higher capacity routes in the 
Southeast ring (São Paulo - Rio de Janeiro - Belo Horizonte - BrasÃlia), but also because of RNP’s 
participation in the BELLA Project (Building Europe Link to Latin America), described below, which plans 
to provide not one or two, but multiple wavelengths of 100 Gbps, so that traffic can flow between 
academic networks in Europe and Latin America. 

 

The BELLA Project 
 

BELLA aims at the direct integration of academic networks in Europe and Latin America, using a 
submarine cable being built by EllaLink, a joint venture between Telebras and the Spanish company 
Islalink, which will connect Fortaleza to Portugal. The project also plans to deploy an terrestrial optical 
route Fortaleza - Porto Alegre - Buenos Aires - Santiago - Lima - Quito - Bogota (see Figure 9.9). 

 
  



FIGURE 9.9. BELLA project 
 

 
Source: RNP 

In 2018, the EllaLink submarine cable will connect Brazil to the European continent without passing 
through North America, which nowadays functions as a “hub” of communication between South America 
and the rest of the world. The new cable will connect Sines, in Portugal, to Fortaleza, CearÃ¡, with future 
intermediate accesses to Madeira, the Canary Islands and Cape Verde, and an extension to Santos (Figure 
9.10). The cable will have four pairs of optical fibers, each with at least 10 Tbps transmission capacity. 
Forty percent of the spectrum of one of these fibers (at least 4 Tbps) will be for teaching and research 
activities between Latin American and European research networks, which comprise the BELLA 
consortium. 
  



FIGURE 9.10. EllaLink Cable 
 

 
Source: RNP 

RNP is a member of the BELLA consortium, along with the Latin American regional research and 
education network, RedClara, and other European and South American research and education networks. 
The goal is to eliminate connectivity bottlenecks between Europe and Latin America, in order to facilitate 
the exchange of data at high capacity, and to foster collaboration between researchers and educators 
from both regions. As the submarine cable connects only Portugal and Fortaleza at high capacity, it will 
be necessary to build access networks on both sides of the Atlantic Ocean, which will extend across the 
consortium’s member countries, to provide the benefits of increased communication capacity to partner 
research networks. 

Among the advantages of the BELLA design, we can highlight the reduction of connection costs, low 
communications delay (latency) in large scientific experiments, and greater redundancy in case of 
problems on traditional routes. Moreover, these benefits will last throughout the service lifetime of the 
submarine cable, estimated at 25 years, and of the land infrastructure deployed. 

The Fortaleza - Porto Alegre route 



So that BELLA can reach its goals, it will be necessary to invest in infrastructure, both in the 
submarine cable and in the land network on both sides of the Atlantic. In Brazil, RNP is investing in the 
deployment of a 6,200 km optical route from Fortaleza to Porto Alegre,34 passing through many state 
capitals. (Figure 9.11). To carry out this project, RNP has the support of the Ministry of Science, 
Technology, Innovations and Communications (MCTIC). Other partners of BELLA in South America seek 
similar support in their own countries. 

 
FIGURE 9.11. Likely trajectory of the Fortaleza - Porto Alegre optical route 

 

 
Source: RNP 

The route between Fortaleza and Porto Alegre is being built through swap agreements of RNP’s 
Redecomep fiber, exchanged for long-distance fiber from providers and telecommunications operators 
that have available fiber in parts of this route, as well as through partnership agreements with fiber 
owners for jointly lighting and sharing of the optical spectrum. Figure 9.11 illustrates the parts likely to be 
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covered by this route. Lighting-up of this route will be carried out with 100 Gbps DWDM, providing an 
initial configuration of at least two 100 Gbps channels for RNP, one to meet RNP’s own requirements for 
backbone capacity and one for BELLA. As this project is based on a scalable infrastructure, additional 100 
Gbps channels can be provisioned as needed (Figure 9.12). Since this involves either dark fiber or sharing 
spectrum, in the future higher-order technologies may be used, for example, 400 Gbps per optical 
channel. 

 
FIGURE 9.12. Future RNP backbone in 2017 

 

 
Source: RNP 

The 100 Gbps Southeast ring 
 

Deployment of the Fortaleza - Porto Alegre route will begin in the Southeast Region, with the 
creation of the following important routes: Rio de Janeiro - Belo Horizonte and Rio de Janeiro - São Paulo, 
with extension to BrasÃlia, forming the BrasÃlia - São Paulo - Rio de Janeiro - Belo Horizonte - BrasÃlia 
ring. For RNP, a scalable fiber ring in the Southeast has been for several years both sought and needed, 
and it should be built in the first phase of the Fortaleza - Porto Alegre route. The ring should already be 
available in 2017, built through swaps of fiber in some stretches, together with the lighting-up and sharing 
of optical spectrum of fiber provided by one or more partners. 



Figure 9.12 illustrates a possible configuration of the backbone of RNP in 2017, with the deployment 
of the Southeastern optical ring, extending to BrasÃlia, and the Fortaleza - Porto Alegre route, at 100 
Gbps. 

CONCLUSIONS 
RNP has been operating since 1992 with funds from the federal government, to provide network 

services to the academic community in Brazil through its own (and sometimes shared) communications 
infrastructure, which functions at urban, intra-state, national (interstate) and international levels. This 
chapter has described some of the key factors that allowed RNP to carry out a continuous and significant 
increase in capacity and in the geographical extent of its communication infrastructure, since its inception 
as a project in 1989. These factors include the verticalization of this infrastructure, focusing mainly on the 
acquisition of long-term optical assets (often fractional), and the search for partnerships with 
infrastructure owners or telecommunications operators. 

The verticalization of infrastructure has been important for achieving important economies of scale, 
supplanting the original practice of leasing telecommunications services to the end user. In its place, RNP 
has internalized the management of its telecommunications infrastructure, so it can now itself provide 
the telecommunications services it used to buy. Overall, this means managing the use of optical fiber 
assets, which makes RNP a different category of player, no longer a mere consumer of 
telecommunications services provided by others. The responsibilities are greater, but the benefits come 
in the form of reduced costs and greater flexibility in planning future development. It is because of this 
change that partnerships have become important, whether with other operators of the academic network 
or with owners of telecommunications infrastructure. Due to the nature of telecommunications, 
economies of scale are also listed among the benefits of partnerships, even with entities whose clientele 
is completely different from RNP’s. 

Dealing with technologies of telecommunications and of networks also involves renewal. Optical 
fiber infrastructure can last 25 years or more. But the equipment used to exploit this fiber, as well as for 
data communications, needs to be changed at shorter intervals. Long-term projects need to take into 
consideration the renewal of equipment and tools. 

These investments and partnerships seek to increase network capacity and to reduce the cost of 
services, bearing in mind the continuous increase in data flow through RNP’s infrastructure, with new 
users and increasingly demanding academic applications. 
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21 The PoPs with 10 Gbps were in AL, BA, CE, DF, ES, MG, PB, PE, PR, RJ, RN, RS, SC, SE and SP. The PoPs with 3 Gbps were 
in AC, GO, MA, MS, MT, PA, PI, RO and TO. The capitals of the states of AM, AP and RR were not within the footprint of the 
optical infrastructure of Oi. 
22 The new PoPs with 10 Gbps were GO, MA, MS, MT, PA and TO. 
23 See Chapter 13 for more details on the evolution of the partnership model with Etice. 
24 Available on: <http://www.ansp.br/index.php/us/>. Accessed: January 27th, 2016. 
25 Available on: <http://www.rederio.br/site/>. Accessed: January 27th, 2016. 
26 Available on https://en.wikipedia.org/wiki/National_Science_Foundation_Network. Accessed: February 27th, 2016. 
27 The first connection between Brazil and the Internet (9.6 Kbps) was deployed in 1991 between Fapesp and Fermilab, in 
Illinois. In 1992, it became RNP’s 64 Kbps international connection (Figure 9.2). 
28 A router is a device used to interconnect different networks and route traffic between them. 
29 Available on: <http://www.internet2.edu/about-us/>. Accessed: February 28th, 2016. 
30 The history of the Ampath project is available on: <http://ampath.net/archive.php>. Accessed: January 27th, 2016. 
31 Available on: <http://www.redclara.net/index.php/pt/>. Accessed: February 28th, 2016. 
32 Available on: <http://alice1.archive.dante.net/>. Accessed: February 28th, 2016. 
33 This collaboration has had several names since 2005: WHREN/LILA (2005-2009), Amlight (2010-2014) and Amlight ExP 
(since 2015). It received funding from NSF in successive editions of the International Research Network Connections 
program (IRNC). Available on: <http://amlight.net/>. Accessed: February 28th, 2016. 
34 The Porto Alegre - Buenos Aires route already uses scalable optical infrastructure, the result of an agreement between 
RNP, RedClara and Level3, which guaranteed the right of use for 15 years by RNP and RedClara of about half of the 
spectrum of the optical fiber along this route. In February 2016, a DWDM system with 10 Gbps technology was working 
along that fiber pair. 
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