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Structured Abstract -  
# Purpose; 
This article describes the deployment within Latin America (LA) of the RedCLARA 
network, which has been the principal achievement of the ALICE project which is co-
finaced by DGEuropeAid and begun in 2003 with the aim of establishing links between 
GÉANT and LA. A significant contribution to this effort has been made by CLARA, an 
association of NRENs in LA, loosely modelled on TERENA, and formed in 2003. The 
article also describes some of the recent initiatives of the NRENs in LA, and of the 
opportunities which the new connectivity already provides for collaboration between the 
EU and LA in joint research activities. 
 
# Methodology/Approach; 
The article presents in a coherent fashion information about the tangible benefits of a 
number of separate activities which are ultimately related to the project, deployment and 
utilisation of the RedCLARA network.  
 
# Findings; 
Considerable benefits are identified, in respect of the development of NRENs in countries 
in LA, and increasingly in terms of opportunities for serious collaboration in R&E between 
EU and LA, such as through IST projects. 
 
# Research limitations/implications (if applicable); 
 
# Practical implications (if applicable); 
Funding received by the European Commission via the ALICE project has been 
instrumental in the creation of CLARA and the RedCLARA network. European financial 
support for sustaining RedCLARA should be continued. 
 
# The originality/value of paper. 
So far as we know, no previous paper has been published dealing with the benefits resulting 
from the deployment of RedCLARA. The value we attribute to this work is a consequence 
of the wide range of benefits which accrue to the one billion human beings that live in the 
EU and LA. 
 
Keywords- research and education networks, regional networks, Latin America, global 
connectivity,  DGEuropeAid, IST 
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1 Introduction 
This article concerns itself with the deployment of the RedCLARA regional research and 
education (R&E) network, which by May 2006 will interconnect at least 14 of the 18 
countries in Latin America (LA), which were targeted by the @LIS (Alliance for the 
Information Society) programme of the EC's DGEuropeAid, starting in 2002 (see 
http://europa.eu.int/alis). These 18 countries are Argentina (AR), Bolivia (BO), Brazil (BR), 
Chile (CL), Colombia (CO), Costa Rica (CR), Cuba (CU), Ecuador (EC), El Salvador (SV), 
Guatemala (GT), Honduras (HN), Mexico (MX), Nicaragua (NI), Panama (PA), Paraguay 
(PY), Peru (PE), Uruguay (UY) and Venezuela (VE). Figure 1 shows the location of these 
countries and the connections of the RedCLARA network in September, 2005. 
 
The @LIS programme has provided generous financial support for the ALICE (América 
Latina Interconectada Con Europa - Latin America Interconnected to Europe) project, 
coordinated by DANTE with the participation of NRENs from France, Italy, Portugal and 
Spain, and of national R&E networking initiatives from the 18 above-mentioned countries 
in LA. The aim of ALICE was to provide connectivity between GÉANT and these national 
initiatives in LA, in order to enable closer collaboration in R&E between Europe and LA.  
 
In a previous paper (Stöver and Stanton, 2003) the authors described the historical and 
technical background to the ALICE project, some of which is summarised in the next 
section of this paper. This same section also describes CLARA (Cooperación Latino 
Americana de Redes Avanzadas - Latin American Cooperation for Advanced Networks), 
modelled loosely after TERENA and set up in 2003, to promote the development of R&E 
networking in the region. 
 
In this paper we discuss the network architecture which was adopted to meet the @LIS 
requirement of providing connectivity between GÉANT and NRENs in LA. This is based 
on the creation of a regional backbone network within LA, now known as RedCLARA, to 
which NRENs can connect via a backbone PoP using a relatively short spur link. The 
aggregated traffic to Europe can then use a single transoceanic link to reach GÉANT. This 
architecture has the added advantages of simultaneously providing for the first time the 
means for connecting NRENs within LA without using extra-regional links, as well as 
permitting the connection of the whole LA region to other regions of the world by further 
direct inter-regional links. Details of the roll-out of RedCLARA and its external links are 
described in section 3. 
 
The ALICE project has catalysed the development of new NRENs in LA. Before ALICE, 
only 7 of the @LIS target countries (AR, BR, CL, CR, MX, UY and VE) had functioning 
NRENs - in the other countries Internet connectivity available to R&E institutions was 
provided by commodity Internet providers. This situation has altered significantly, with the 
setting up of new NRENs connected to RedCLARA in at least a further 7 countries (CO, 
EC, GT, NI, PA, PE and SV). In section 4 we describe some of these new networks, and 
also some of the advances in existing NRENs which have been stimulated by the ALICE 
initiative. 
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Figure 1: Map of Latin America, showing RedCLARA connectivity in September 2005. 
 
Some of the larger NRENs, especially in BR, CL and MX, have also been experimenting 
with or deploying new networking technologies, and especially their own optical networks, 
some of which are described in section 5. 
 
In section 6, we discuss the benefits for international cooperation in R&E which have 
resulted from the setting up of the RedCLARA network and its international connectivity to 
GÉANT. These are evidenced by recently approved IST projects involving partners in LA, 
such as EELA, an extension of the EGEE project to LA, which have been made possible by 
RedCLARA and GÉANT connectivity between NRENs in the two continents. In some of 
these projects CLARA is an active partner. 
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In section 7, we present our conclusion. 

2 A very brief history of academic networking in Latin America 
As was shown in (Stöver and Stanton, 2003) one can observe in Latin America the same 
general pattern of development of academic networking services as in other parts of the 
world, beginning with e-mail networks, such as BITNET and UUCP, and migrating to IP 
networking some time afterwards. In the specific case of the 18 countries in Latin America 
of interest to us here, the first e-mail networks were installed between 1986 and 1994, being 
followed by IP networks between 1989 and 1996 (see Table 1).  
 

 MX CL BR NI UY PY VE AR CR CO EC PE BO CU PA GT SV HN 
email 86 86 88 88 88 89 90 90 90 90 91 91 91 91 92 92 94 94 

IP 89 92 91 94 94 95 92 93 93 94 92 94 95 96 94 95 96 95 
Table 1: Year of introduction of  international connectivity for e-mail 

(BITNET/UUCP) and IP networks (various sources) 
 
The spread of commercial or commodity Internet services in the latter part of the 1990s had 
a significant impact on the development of the academic networks of Latin America, 
leading to the disappearance of most of these by the end of the 1990s, either because they 
could no longer compete with the new ISPs, or because the academic networks themselves 
began offering commodity service. By the year 2000, only 8 still-functioning NRENs 
remained in LA, either through the financial support of government (in BR, CR, CU, UY 
and VE) or of private industry (in MX), or by building a sustainable membership 
organisation to maintain the networking infrastructure and its operations (in AR and CL). 
 
The resurgence of the NREN model in LA in the present decade is part of the worldwide 
development of advanced research networks which can be traced back to the Internet2 
project in the USA starting in 1996. This was a reaction to the closing down of NSFNET by 
the US government in 1995, and the consequent dependence of R&E traffic on the 
commodity Internet. Internet2 was a project for an advanced network, designed from the 
start to support applications which could not be used on the commodity Internet for its 
insufficiency of capacity or performance.  
 
The Internet2 style of building advanced networks has also been adopted in several other 
parts of the world, notably in Canada, Europe, the Pacific Rim and even in a few countries 
in LA (AR, BR, CL and MX). The state of the art is anything but static, and although the 
earliest of these advanced networks began in the mid 1990s with link speeds of at least 155 
Mbps, they now typically use 10 Gbps links. These advanced networks are usually linked 
to one another at similar speeds, to form the global R&E advanced networking community 
infrastructure. 
 
Connectivity between NRENs in LA and this developing global infrastructure was of two 
kinds. The CUDI network in MX established several cross-border connections to the 
neighbouring US. The three advanced NRENs of the Southern Cone of South America 
(RETINA in AR, RNP in BR and REUNA in CL) could only be connected adequately after 
the first of the new, high-capacity, submarine cables had been installed in the region by 
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Global Crossing in 2001. Before this, most NRENs in LA had maintained international 
connections by geosynchronous satellite link, usually to the US. Thus, starting in 2001, the 
first connections to the new global research infrastructure were made using the Global 
Crossing cable to Miami, where Florida International University (FIU) was developing the 
AMPATH (Americas Path) project, to build an Internet exchange point for Latin American 
R&E connectivity, based on a donation for three years of ten 45 Mbps circuits to Global 
Crossing's client countries in LA and the Caribbean. By 2003, NRENs in LA served by the 
AMPATH project included REUNA (CL), RNP and ANSP (BR), RETINA (AR) and 
REACCIUN (VE) (see http://www.ampath.net.)  
 
As shown in (Stöver and Stanton, 2003), this was the situation in 2003, when the ALICE 
project started. The previous year, a related project, CAESAR, conducted a feasibility study 
of setting up direct connectivity between GÉANT and NRENs in LA. CAESAR provided 
the spark needed to ignite the process of cooperation within the R&E community in LA, in 
order to build a regional network which could be part of the solution built by the ALICE 
project. As a direct result of the contacts made between the participants from 12 countries 
in LA at a CAESAR workshop held in Toledo in June, 2002, the CLARA organisation, 
modelled on TERENA, was set up in 2003 to develop interconnections between NRENs in 
LA and provide connections to the global research Internet.  
 
CLARA today has as members 15 of the 18 target countries of @LIS, maintains an 
registered office in Montevideo, UY, and has a small full-time staff, usually co-located 
with member NRENs.  CLARA also provides the forum for the participation of LA NRENs 
in the ALICE project, and has contributed substantially to the development of this project 
by participating in the design of the RedCLARA network architecture, and assuming 
technical responsibility for the engineering, operations and future technical development of 
this network. These activities are described more fully in the next section. 

3 The ALICE project and RedCLARA 

3.1 The ALICE project 
The ALICE project started in June 2003 and was originally planned as a 36 months project 
to last until the end of May 2006. However, due to better than anticipated connectivity 
prices in Latin America and a delay in the roll-out of the RedCLARA network, the ALICE 
partners applied for an extension of the project until March 2007 to make use of all 
available funding from the EC DGEuropeAid. The extension was granted which enables 
the ALICE partners to work towards the consolidation of the RedCLARA network and its 
connected NRENs across LA.  
 
The ALICE project’s main objective has been the creation of a regional research 
infrastructure to interconnect the NRENs in LA and to provide a link towards the pan-
European GEANT2 network. It has always been the aim of ALICE to ensure that this 
regional Latin American network would be operated and managed by the Latin American 
partners and that it would provide the basis for an exchange of training and know-how 
among the Latin American partners and between LA and Europe. 
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ALICE has achieved all the above objectives. Instrumental for the achievement of these 
objectives has been the creation of CLARA, the Latin American research networking 
organisation created in 2003 and modelled after TERENA. Since its creation CLARA has 
taken responsibility within the ALICE project and more specifically for the operation and 
management of the RedCLARA network through the CLARA Network Engineering Group 
(NEG), CLARA Network Operation Centre (NOC) and CLARA Technical Forum (TEC).  
 

3.2 RedCLARA 
The RedCLARA network is the main achievement of the ALICE project. Starting on 1 
September 2004 with an interconnection between the Chilean NREN, REUNA and the 
GEANT PoP in Madrid, the network has gradually evolved into a complete ring 
interconnecting the 5 main PoPs in Latin America and offering spur links to 9 countries in 
Southern and Central America as well as a direct link to the GEANT2 PoP in Madrid.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The detailed RedCLARA network topology in February 2006 
 
Figure 2 shows the detailed RedCLARA topology in February 2006. An STM-1 ring 
interconnects the five main nodes of the RedCLARA network in Sao Paulo (BR), Buenos 
Aires (AR), Santiago (CL), Panama City (PA) and Tijuana (MX). The transoceanic 
connection links the São Paulo RedCLARA PoP to the GEANT2 PoP in Madrid at STM-4 
speed. Access links lead from the São Paulo PoP to the NRENs in Brazil and Venezuela at 
speeds of 1Gbps and 45 Mbps respectively. The Buenos Aires PoP connects to the 
Argentine and Uruguayan NRENs at 155Mbps and 34 Mbps respectively. The Chilean PoP 
in Santiago offers connections to the NRENs of Ecuador, Chile and Peru at 10 Mbps, 
1Gbps and 45 Mbps respectively. The NRENs of Panama and Colombia access the Panama 
PoP at 1Gbps and 10 Mbps and the Tijuana PoP in Mexico offers connectivity to the 
Mexican NREN CUDI at 1Gbps and to the Central American NRENs in Costa Rica, 
Guatemala, El Salvador and Nicaragua at 10 Mbps each. In addition the Tijuana PoP is 
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interconnected at 1Gbps to the California State Research and Education Network, CalREN, 
thus offering direct connectivity to the North American Internet2 networks.  
 
The architecture of the RedCLARA network has been designed by CLARA-TEC following 
what was available in the Latin American telecommunications market in 2003 when the 
tender for connectivity was first issued. The limitations of the Latin American 
telecommunications market are also the limits of the RedCLARA network. As is obvious 
the highest capacity links are the transatlantic link, which is also the part of the network 
with the lowest price per Mbps/year, and the link to the US Internet2 networks. The main 
RedCLARA PoPs are in locations that typically have very developed and competitive 
telecommunications markets, with the possible exception of the PoP in Tijuana which was 
chosen for its proximity to the US. Looking at spur links, it can be noted that higher 
capacity links are available to those NRENs located in the more developed countries – in 
terms of telecommunications. Low bandwidth links had to be chosen by the NRENs in 
locations that still suffer from restrictions in their national telecommunication markets and 
where bandwidth is either scarce and therefore expensive or kept artificially by providers at 
very high price and therefore unaffordable (see Figure 3). 
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Figure 3: Average Pricing for 1 Mbps/year, as seen in the ALICE connectivity tenders, 2003 and 2005 

 
For the future, it is expected that RedCLARA will be able to follow a similar growth path 
as did the European research infrastructure, leading to drastic increases in capacity among 
the main RedCLARA PoPs and towards Europe and the US. However, due to the vastly 
heterogeneous telecommunications markets across Southern and Central America it cannot 
be entirely certain that all Latin American NRENs will be able to benefit from these 
capacity increases. 
 

3.3 Management and Operations of RedCLARA 
Following a tender carried out within the Latin American research network community, the 
CLARA Network Engineering Group (NEG) was contracted by the ALICE project to the 
Brazilian NREN, RNP, and the Network Operations Centre (NOC) was contracted to the 
Mexican NREN, CUDI. Both CLARA-NEG and NOC started their operations in June 2004, 
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when DANTE had just signed the first ALICE connectivity contract with Global Crossing 
Europe for the provision of the links between the main RedCLARA PoPs in São Paulo, 
Buenos Aires, Santiago, Panama City and Tijuana, the transatlantic connection to the 
GEANT PoP in Madrid and the spur links to Venezuela and Peru. The preparation for the 
roll-out of the RedCLARA network began in June 2004 and was coordinated between 
members of DANTE staff, the CLARA-NEG and the CLARA-NOC. Technical 
coordination was achieved then and is still achieved today via weekly video-conferences 
between all the involved parties.  
 
The task of CLARA-NEG, run by RNP, the Brazilian NREN, is the operation of 
RedCLARA as a state of the art backbone network, offering services as are typically 
available to advanced regional networks in other regions of the world. The engineers 
working for the CLARA-NEG exercise overall responsibility for network operations, 
including oversight of the CLARA-NOC. This oversight includes the definition of how 
several of the CLARA-NOC functions are to be carried out, including the choice of 
appropriate software or hardware to be utilised.  
 
The initial task of the CLARA NEG was the roll-out of RedCLARA, including the setting 
up of the RedCLARA PoP infrastructure, the acceptance of the links delivered by providers, 
the configuration of the core equipment and the planning of routing policies and strategies. 
As RedCLARA matures, CLARA-NEG is defining network management tools for use by 
CLARA-NOC, network information services, maintenance activities and the trouble 
ticketing system for fault notification and follow-up. In addition it is the role of CLARA-
NEG to define and implement differentiation of service, establish performance 
measurements and to plan for advanced services that need to be implemented (multicast, 
IPv6, MPLS/VPNs, etc) as much as for security policies and strategies. Another important 
role of CLARA-NEG, which has developed with the connection to newly established Latin 
American NRENs, is the issue of technical recommendations to these new NRENs and the 
developing and running of capacity building programmes for the transfer of technical and 
operational skills and expertise to and among the Latin American NRENs.  
 
One of the future tasks of the CLARA NEG will be the planning for upgrades of the 
RedCLARA network and its international connections to other global research and 
education networks.  
 
CLARA-NOC run by CUDI, the Mexican NREN, is responsible for the real-time 
monitoring of availability and performance and the immediate response to fault 
notifications, including their follow-up until correction. CLARA-NOC also provides a 
single point of contact with the RedCLARA network, passing on outsider queries to the 
appropriate person or institution. 
 
Activities of CLARA-NOC are overseen by the CLARA-NEG, which is responsible for 
defining many of the systems, processes and procedures that CLARA -NOC uses in the 
course of its activities. CLARA-NOC provides a five days a week and 8 hours a day 
supervision of network operations. In addition, CLARA-NOC implements night and 
weekend coverage by two on-call operators, who are available to deal with sufficiently 
urgent problems.  
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But ALICE is not just an interconnection project but also aims at the exchange of 
knowledge and know-how between the project partners. This objective has been addressed 
by CLARA through the creation of CLARA-TEC and its associated technical working 
groups, modelled loosely after the TERENA technical task forces. The name CLARA-TEC 
is given to the group of engineers of those NRENs with membership in the CLARA 
organisation. The ALICE project finances a twice-yearly meeting of participants in 
CLARA-TEC to ensure the smooth communications within the technical community of 
RedCLARA. During the ALICE/CLARA technical meetings updates are presented by 
members of CLARA-NEG, CLARA-NOC, CLARA itself, the European NRENs which are 
ALICE partners and DANTE. In addition, the Latin American NRENs are given the 
opportunity to present the latest developments in their countries..  
 
In addition, CLARA-TEC organises training and capacity building during these twice-
yearly meetings which have so far included training on Security, IPv6, Voice over IP and 
Videoconferencing. Supported by members of the CLARA-NEG and NOC, CLARA-TEC 
has also been able to provide special training for the Venezuelan and Ecuadorian NRENs, 
addressing the special training needs of engineers working in these NRENs or their 
connected universities and institutions.  
 
During the ALICE/CLARA technical meeting which was held in Veracruz, Mexico, in 
April 2005, CLARA-TEC decided on the formation of seven technical working groups. 
These working groups are in the area of Measurements, Advanced Routing, Security, Voice 
over IP, Videoconferencing, IPv6 and Multicast. During the subsequent ALICE/CLARA 
technical meeting in Caracas in October 2005, it was decided to add to this list of working 
groups another group focusing on training and capacity building. The working groups are 
led by representatives of the NRENs in Mexico, Brazil, Argentina and Guatemala as well 
as by representatives of CLARA-NOC and NEG. The groups have typically between 7 and 
15 participants coming from Latin American NRENs as well as from European NRENs and 
DANTE.  

4 Newly formed NRENs in Latin America 
The ALICE project did not only create the RedCLARA network, but also gave great 
impetus to the setting up of CLARA as an organisation, which manages and operates the 
RedCLARA network and closely cooperates with DANTE in all aspects of the ALICE 
project management (see http://www.redclara.net/en/). CLARA and RedCLARA in 
themselves  have made the ALICE project a success. However a maybe even more 
significant success of the ALICE project can be found on the national level in Latin 
America, with immediate benefit to the student and researcher in several countries: thanks 
to the momentum created by ALICE, CLARA and RedCLARA, new national research and 
education network initiatives have been created across Latin America, in countries such as 
Colombia, Ecuador, El Salvador, Guatemala, Nicaragua, Panama and Peru. It is thanks to 
these newly created NRENs, that all connect to RedCLARA, that RedCLARA can truly be 
called a regional Latin American network. (For a complete list of CLARA members, 
including links to individual websites, please see http://www.redclara.net/en/01/07.htm.)   
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In the case of Colombia, the original partner in the ALICE project was the Universidad del 
Cauca in Popayan in the southern part of the country. At the end of 2004, there began a 
national initiativeto build a Colombian NREN,  under the umbrella of the Agenda de 
Conectividad of the Ministry of Communications, the Ministry for National Education and 
the Colombian Institute for Development of Science and Technology (Colciencias). This 
NREN backbone, called RENATA (Red Nacional Academica de Tecnologia Avanzada), 
initially interconnects the regional research networks of the Colombian regions of Bogota, 
Barranquilla, Bucaramanga, Cali, Medellin and Popayan at 10 Mbps. Within these initial 
six regions, 50 universities and institutions are interconnected. RENATA itself links to the 
RedCLARA PoP in Panama at 10 Mbps. It is planned that in the future, RENATA will 
geographically extend to the Colombian regions of Armenia, Pereira, Manizales, Pasto, 
Santa Marta, Villavicencio, Montería and Tunja. 
 
The newly created Ecuadorian NREN, CEDIA (Consorcio Ecuatoriano para el Desarrollo 
del Internet Avanzado), already interconnects 24 universities and institutions in the 
Ecuadorian cities of Ambato, Cuenca, Guayaquil, Loja, Quito and Riobamba and will in the 
future extend also to Esmeraldas, Tulcan, Ibarra, Portoviejo, Quevedo and Santodomingo. 
The national backbone operates at 34Mbps with a connection to the RedCLARA PoP in 
Santiago at 10 Mbps. CEDIA has established working groups following the CLARA model, 
but has also decided to give focus to research activities of national interest to Ecuador, such 
as the El Niño effect, seismic and volcanic activities, environmental activities with a focus 
on the unique Galapagos islands and biodiversity, as well as projects in the area of e-
education and e-health and virtual libraries. 
 
The Guatemalan NREN RAGIE (Red Avanzada Guatemalteca de Investigación y 
Educación) is in fact the second national research and education activity in the country. 
Already in the 90’s Mayanet was created as an NREN for Guatemala. The Mayanet 
network was however soon used mainly by governmental institutions and the university 
members decided to retreat from the activity. RAGIE was created in 2004 by a consortium 
of six universities (U. Rafael Landivar, U. Mariano Galvez, U. de Valle de Guatemala, U. 
Galileo, U. Franscisco Marroquin and U. San Carlos de Guatemala) as well as the national 
telecommunications provider TELGUA, a subsidiary of TELMEX in Mexico. The RAGIE 
backbone interconnects its members between 4Mbps and 10 Mbps making use of MPLS. 
RAGIE itself is connected to the RedCLARA PoP in Tijuana, Mexico, at 10 Mbps.  
 
RAICES (Red Avanzada de Investigación, Ciencia y Educación Salvadoreña), the NREN 
of El Salvador, interconnects seven universities (U. Centroamericana José Simeón Cañas, 
U. de El Salvador, U. Francisco Gavidia, U. Don Bosco, U. Politécnica de El Salvador, U. 
Católica del Occidente and U. Tecnológica) and one research institution, the Instituto 
Tecnológico Centroamericano. Initially, one of the most important objectives of RAICES is 
the creation of a research networking community for the exchange of know-how and 
experience in order to take most advantage of their interconnection to RedCLARA. 
 
The case of Nicaragua exemplifies very clearly the hurdles that some newly created 
NRENs had to overcome to benefit from the ALICE project and to be able to connect to 
RedCLARA. It also shows the persistence of its members that are convinced of the 
immediate benefit to the education community of the connection. In Nicaragua only 2% of 
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the population have access to the Internet, universities have typically extremely slow 
connections to some commercial provider. The Nicaraguan NREN, RENIA (Red 
Nicaraguense de Internet Avanzada) was created in 2005 with the aim to improve network 
connectivity for its member communities. The NREN was finally able to connect to 
RedCLARA in March 2006 having overcome all sorts of technical and adminestrative 
obstacles. RENIA interconnects the five principal universities of the country and connects 
to the RedCLARA PoP in Tijuana at 10 Mbps.  
 
The Peruvian NREN, RAAP (Red Academica Peruana), was created in 2004 by five 
universities (Universidad Nacional Mayor de San Marcos, Pontificia Universidad Católica 
del Perú, Universidad Nacional Agraria de la Molina, Universidad Particular Cayetano 
Heredia and Universidad Nacional de Ingeniería) and two research institutions (Instituto 
Peruano de Energía Nuclear and Instituto Nacional de Investigación y Capacitación 
de Telecomunicaciones), all located in Lima, Peru. In the future, RAAP plans to extend its 
reach to universities and research institutions in all major Peruvian cities. The member 
institutions of RAAP have collaborated in the establishing of a plan of research activities to 
be supported by the NREN, but will initially focus on training of engineers in RAAP and 
connected institutions as much as training of the RAAP user base to make best use of 
RAAP and its interconnection to RedCLARA. 

5 New networking technologies in existing NRENs 
The pre-existing NRENs in LA have continued to evolve in these last few years. In this 
section we describe some of the examples of adoption of optical technologies in Chile, 
Brazil and Mexico. 

5.1 Optical research testbeds 
 The Chilean NREN, REUNA, participated in setting up an optical testbed in 2002, in 
partnership with 3 universities, and a local telco, which made available 250 km of dark 
fibre between Santiago and Valparaíso. The project was funded by the government agency 
Fondef. This testbed, which used IP/Ethernet/WDM was used for experimentation in 
optical transmission technologies and advanced applications. The project website (in 
Spanish) may be found at http://redesopticas.reuna.cl.  
 
The Brazilian NREN, RNP, has participated since 2003 in setting up a similar networking 
testbed project, known as Project GIGA, which includes a 750 km network connecting 
seven cities in the states of São Paulo and Rio de Janeiro. This project is jointly managed 
by RNP and the CPqD Foundation, and an extended description of the project has been 
published (Scarabucci, Stanton et al, 2005). 
 
The network was built using IP/Ethernet/WDM with dark fibre provided by four telcos, and 
interconnects 17 universities and research centres, as well as the laboratories of the four 
telcos, where each separate laboratory has 1 Gbps access to the testbed network. The 
project was initially funded for three years by the government agency, FUNTTEL, and 
includes support for research activities in networking technology and applications carried 
out at over fifty different institutions throughout the country. The objectives of this project 
include the development of prototypes of equipment and services, for future commercial 
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exploitation by Brazilian companies. An important example is the company Padtec, a spin-
off of the CPqD Foundation, which manufactures optical transmission equipment, 
including the WDM gear used in setting up the network. Some of the development carried 
out in Project GIGA has already led to new and improved products from Padtec.  
 
Due to governmental budgetary restrictions, not all the allotted grants were used up in the 
original three year period, and the project lifetime has been extended for a further year.  

5.2 Production networks based on optical technologies 
Starting in 2004, the Brazilian and Mexican NRENs, RNP and CUDI, have begun to use 
optical technologies in their production networks. 
 
In the case of CUDI, the use so far has been confined to the very interesting case of cross-
border dark fibre between Mexico and the USA, now in use at two crossing points: between 
Ciudad Juárez and El Paso from 2004, and between Tijuana and San Diego from 2005. 
These two links now provide 1 Gbps connections between CUDI and state networks in 
Texas and California.  
 
The more interesting of the two links is to San Diego, involving about 50 km of dark fibre, 
leased from Global Crossing, and lit up with CWDM. This link physically connects the 
RedCLARA PoP in Tijuana and the CalREN PoP at UCSD, and is shared between 
RedCLARA and CUDI, each of which using its own lambda. This link has been financed 
as part of the WHREN/LILA project of NSF's International Research Network Connections 
(IRNC) programme, which will run until 2009 - the project website is 
http://whren.ampath.net. By means of this link, NRENs in LA connected to RedCLARA 
now have low-delay access to R&E networks in the US, Canada and the Pacific Rim. 
 
The Brazilian NREN, RNP, is currently in the middle of a substantial increase in capacity, 
provided by two separate initiatives, which are detailed in (Stanton, Ribeiro Filho and 
Simões da Silva, 2005).  
 
The first of these is the upgrade, carried out in November 2005,  of the interstate backbone 
network to include 2.5 and 10 Gbps links between 10 of the 27 backbone nodes, using 
unprotected lambdas to provide connectivity, rather than SDH circuits of 34, 155 and 622 
Mbps, as was previously the case. In order to be able to offer 10G lambdas to RNP, the 
telcos involved had to acquire DWDM transmission equipment, and the larger provider 
bought their gear from the Brazilian company, Padtec, mentioned in the section on Project 
GIGA. The new links were acquired in a highly contested bidding process often used in 
government tenders, which resulted in the total cost of the new network, involving about 
12,000 km of lambdas, of approximately three times the cost of the SDH links that it 
replaced, for an increase in aggregate bandwidth of around 40 times.  
 
The second essential element of RNP's new infrastructure is the deployment of 
metropolitan optical networks in all 27 capital cities in Brazil where there is a PoP of the 
RNP backbone, currently underway and scheduled to be completed by December 2006 
(Stanton, Ribeiro Filho and Simões da Silva, 2005). These facilities-based networks, 
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loosely based on similar initiatives in other countries, such as Canada and the Netherlands, 
usually involve building out the fibre-optic infrastructure connecting the user nodes, using 
multi-strand cable in underground ducts or, more commonly, hung from utility poles. The 
MetroBel network in the city of Belém,the first of these metro networks, connects about 30 
campi belonging to 12 separate institutions, providing inter-campus connections as well as 
access to the RNP PoP in the city. In all, the network uses about 40 km of optical cable, 
including a 30 km ring with 48 strands and a 10 km linear extension with 36 strands. The 
general idea is to use a dedicated strand pair for each individual institution on the network. 
The active elements are Gigabit Ethernet switches.  
 
Belém has a population of around 2 million, and the model adopted there will be used in 
most other capital cities. In the megacities of São Paulo and Rio de Janeiro, with much 
larger populations and geographical extension, it will not be practical or as cheap for RNP 
to build its own optical infrastructure, and the fibres used will have to be leased from the 
owners of existing cables. The solution in these cases has not yet been finalised.  
 
By the end of 2006, RNP expects to have more than 200 client institutions with at least 1 
Gbps access to the backbone network. 

6 Benefits of RedCLARA for EU-LA cooperation in R&E 
In the final analysis, the benefits of advanced networks are felt by the users, who are able to 
make use of applications which would otherwise be impossible or just impractical. Both 
these kinds of applications are now being used increasingly in the Latin American NRENs 
and, by extension, to support collaboration with colleagues from other countries and 
continents.  
 
The main technical advantage of such networks is the availability of sufficient bandwidth to 
support such bandwidth-greedy applications as high-definition (HD) video transmission 
and high-performance distributed processing (HPDP). A typical HD video stream requires 
about 250 Mbps without compression, and about 20 Mbps when compressed. This 
evidently limits the availability of such a transport service with 34 or even 155 Mbps links, 
but is hardly a problem with gigabit links. As an "inelastic application", real-time streaming 
video is simply impossible if insufficient bandwidth is made available. HPDP, as 
exemplified increasingly by grid networks, uses bandwidth with no obvious upper limit - 
the physical limit is the effective  access bandwidth of the processing units. Thus, in 
successive editions of the Bandwidth Challenge (BWC) at recent Supercomputing 
conferences in the USA, the aggregate bandwidth transmitted has grown to 101 Gbps in 
2004 and more than 150 Gbps in 2005 by combining a large number of communicating 
hosts with cleverly tuned transport software (Newman et al., 2006). Unlike real-time video 
streaming, grid computing is usually an "elastic" application, which will work with less 
than maximum bandwidth, but at a lower speed.  
 
The advanced networks of which we speak really need to handle both elastic and inelastic 
applications appropriately, if they are to continue to be called "advanced". 
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Both kinds of application have been demonstrated on the RedCLARA infrastructure as 
early as November, 2004. For the 2004 edition of Supercomputing, a group of high-energy 
physicists from the State University of Rio de Janeiro (UERJ) used the RedCLARA 
network to transmit up to 500 Mbps to CERN, and 400 Mbps to Pittsburgh (via Europe). A 
few days later, at the RedCLARA launch event in Rio de Janeiro, Brazil, a demonstration 
was shown of simultaneous transmission and visualisation of multiple streams of 
compressed HD video on demand, where the video streams were transmitted across the 
GÉANT-RedCLARA link from I2CAT in Barcelona, Spain. 
 
The value of this new EU-LA connectivity is increasingly coming to be recognised by the 
establishment of formal joint research projects, financed by the EU IST programme, and 
involving partnerships between research groups in EU and LA. A number of such proposals 
have been approved to begin in 2006, including EELA (grids), AugerAccess (Cosmic Ray 
Physics) and EXPReS (e-VLBI). Of these the EELA project is particularly interesting, as 
CLARA is an explicit partner. 
 
EELA (Extending E-infrastructure to Latin America) is a two year SSA (Specific Support 
Action), involving CLARA, CERN and a further 19 partners from R&E institutes in three 
European and seven Latin American countries, and is coordinated by CIEMAT from Spain. 
The project website is available at http://www.eu-eela.org. EELA has as objective the 
establishment of a pilot grid network, including resource centres in EU and LA and based 
on the technologies developed in the EGEE project (http://www.eu-egee.org). The major 
resource centres for processing in the pilot grid are based in Spain and Brazil and 
significant utilisation of bandwidth in the RedCLARA-GEANT2 connection has already 
been demonstrated during the project kick-off meeting in January, 2006. EELA will be a 
significant user of RedCLARA, with partners in the following currently connected 
countries: AR, BR, CL, MX, PE and VE, all of which have access capacity of at least 45 
Mbps.  
 
In the field of astrophysics research, the Southern Cone countries of AR, BR and CL have 
long housed radio, optical and cosmic ray observatories, many built as a result of European 
investment. Recently, remote network access has assumed an increasingly important role in 
their utilisation, permitting rapid access to observational results, such as in e-VLBI, or even 
in permitting remote, real-time instrument control, possibly assisted by human technical 
staff. The RING project (Remote Instrumentation in Next-generation Grids), currently 
awaiting financing by the IST programme, is concerned generically with remote network 
access to large instruments, such as optical telescopes in astrophysics and electron 
microscopy. CLARA is also a participant in the RING project, coordinated by PSNC, 
Poland, and the optical observatory involved is the Southern Astrophysical Research 
Telescope (SOAR), built and operated by a consortium with significant Brazilian 
participation (http://www.soartelescope.org).  
 
The involvement of CLARA in these joint research projects, representing the Latin 
American NRENs, is an excellent means of providing close and continuous 
communications support to these advanced users, as well as harmonious development and 
improvement of the networking infrastructure, through the introduction of appropriate 
networking services and management tools. 
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7 Conclusion 
The creation of RedCLARA and CLARA has been a huge step forward for Latin American 
research and development in general and for Latin American research networking in 
particular. Until ALICE, there was no direct connectivity between the NRENs of LA and 
all traffic had to be exchanged via the USA. Since the creation of RedCLARA and its 
interconnection to GÉANT2, European and Latin American scientists are able to 
collaborate using an advanced network infrastructure, with a fast and direct link between 
them. Collaborative research between Latin America and Europe has already benefited 
from this, as can be seen in the use of RedCLARA and its interconnection to GÉANT2 by 
the new EC IST projects, EELA (Grids), AugerAccess (Cosmic Ray Physics) and Express 
(e-VLBI).  
 
RedCLARA provides connectivity for the academic community in Latin America and 
interconnects more than 600 universities throughout Latin America to more than 3500 
universities across Europe.  
 
An important aspect in the success of the ALICE project has been the amount and 
percentage of European Commission funding.  The project budget of €12.5M has allowed 
the creation of a reasonably dimensioned regional Latin American research network and its 
interconnection to Europe. The 80% funding from Europe and 20% from Latin America 
has ensured that the project has been implemented but also ensured the commitment from 
the Latin American partners.  
 
EC funding of the Latin American RedCLARA network and its interconnection to 
GÉANT2 is available until 31 March 2007. After this date, RedCLARA will need 
continuity of financial support from outside Latin America to prevent the success of the 
ALICE project from being very short-lived. The CLARA organisation and RedCLARA 
will need at least another two to three years running before they are consolidated enough to 
establish sufficient financial and organisational resources to be truly self-sufficient. 
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