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Abstract 
This paper describes Project GIGA – High-speed 

Experimental Network, a multi-institutional, 
multidisciplinary, national project funded by the 
Brazilian government. The main goal of Project GIGA 
is to promote research, development and 
experimentation of technology at all layers, aiming at 
generating knowledge, products and services that will 
make it possible for Brazilian individuals and 
companies to play a role in the converged telecom 
sector. The project centres on the High-speed Network 
Testbed, a platform for experimentation and validation 
of technology, equipment, protocols, services and 
applications, whether they be developed in the project 
or not. 

The paper explains the objectives, the expected 
impact and the organisation of the project. It also 
describes the architecture of the network testbed, the 
ongoing research and development activities and some 
of the results obtained.  

1. Introduction 
There are enormous challenges in designing the next 

generation Internet. Networking testbeds are the tool to 
overcome the obstacles that lie ahead. They allow for 
systemic, cooperative, distributed experimentation and 
validation of technology, equipment, solutions, services 
and applications. 

A networking testbed can be classified [1] as either 
Networking Research Testbed (NRT) or Experimental 
Infrastructure Network (EIN) - a combination of the 

two is possible as well. An EIN operates either over a 
dedicated network infrastructure or as a layer over a 
general purpose network infrastructure, and it focuses 
on upper layer protocols, network services and 
middleware. A NRT operates over a dedicated network 
infrastructure, and it focuses on lower layer protocols, 
switching equipment and physical layer technology.   

There are many projects centred on large-scale 
networking testbeds around the world, most of them in 
the USA and in Europe [2]-[8]. There are only a few in 
Latin America [9], of which the largest is the Brazilian 
Project GIGA - High-speed Experimental Network 
[10].

The rest of this paper is devoted to describe Project 
GIGA, its networking testbed and its research and 
development (R&D) activities. 

2. Project GIGA
Funded by the Ministry of Communications (MC) 

and the Ministry of Science and Technology (MCT) of 
Brazil through the Telecommunications Special Fund 
(FUNTTEL) and the Financing Agency for Studies and 
Projects (FINEP), Project GIGA [10] is the first 
Brazilian project to exploit the potential of large-scale 
networking testbeds. With a total budget of 
approximately US$ 18 million over three years (2003-
2005), Project GIGA aims both to create critical mass 
and to boost the ability of Brazilian individuals and 
companies to play a role in the converged telecom 
sector. It achieves this by promoting collaborative 
research, development and experimentation (R&D&E) 
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of applications, services, protocols, equipment and 
technology at all layers. 

The high-speed experimental network of Project 
GIGA, or GIGA Network for short, serves as a testbed 
for all these activities. Of great importance, the 
prototypes to be generated by the R&D activities, and 
afterwards validated in the network, will serve to 
promote the GIGA Network's evolution, hence forming 
a promising virtuous cycle (see Figure 1). 

time

Design Contract

Fiber supply 
contracts

Network 
Evolution

Results and 
technology

transfer

subcontractsPlanning R&D

Follow up

R&D Activities      

Validation in the 
Network 

Network 
Expansion

New partnerships 
industries and operating co

Experimental Network

Operation and
Maintenance

Installation

time

Design Contract

Fiber supply 
contracts

Network 
Evolution

Results and 
technology

transfer

subcontractsPlanning R&D

Follow up

R&D Activities      

Validation in the 
Network 

Network 
Expansion
Network 

Expansion
New partnerships 

industries and operating co

Experimental Network

Operation and
Maintenance

Installation

Figure 1. Network testbed and R&D activities. 

To coordinate the setting-up of the networking 
testbed and its associated R&D&E activities involving 
more than 50 universities and research institutes and 
more than 20 companies, MC and MCT called on the 
country's leading exponents of practical and 
experimental optical and Internet Protocol (IP) 
networking: CPqD Telecom & IT Solutions and Rede 
Nacional de Ensino e Pesquisa (RNP). The largest 
telecommunications R&D centre in Latin America, 
CPqD has been responsible for much of the 
telecommunications technology and many of the 
industries developed in Brazil in the area. RNP was 
responsible for introducing Internet connectivity to 
Brazil, and it maintains and operates the National 
Research and Education Network, also known as RNP, 
which currently serves over 250 universities and 
research centres throughout Brazil.

2. The GIGA Network  
The GIGA Network is based on three main 

technologies: Internet Protocol, IP, Ethernet and 
Wavelength Division Multiplexing (WDM). The IP 
network equipment is supplied by Extreme Networks. 
Produtos de Alto Desafio Tecnológico (Padtec), a 
Brazilian company based in Campinas, SP, supplies the 
optical equipment, originally developed by CPqD. 

Figure 2 shows the location of the network in 
Brazil. Using dark fibres lent by telecom operators, the 
network currently spans two States, with a total length 
of almost 800km. It comprises metropolitan area 
networks based on coarse WDM (CWDM) in a number 

of cities, including Campinas, São Paulo, and Rio de 
Janeiro, interconnected by inter-city links based on 
dense WDM (DWDM) all-optical long-haul 
technology.  

Figure 2. Location of the GIGA Testbed. 

Figure 3 illustrates, in more detail, the current 
physical topology of the network, showing the 
institutions with direct access. Table 1 explains the 
acronyms used in Figure 3.  
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Figure 3. Topology of the GIGA Network. 

As a platform for experimentation and validation of 
technology, equipment, protocols, services and 
applications, the GIGA Network can be considered as 
both a NRT and an EIN. This represents a remarkable 
challenge [1], since services and applications require a 
stable network (even though their traffic may 
sometimes overload and block the network) and, in 
contrast, optical network and protocol 
experimentations require modifying the network's 
structural components. Nevertheless, as pointed out in 
[1], it is better to deal with these challenges than to 
limit the kinds of experimentation that networking 
researchers are able to perform. Of course, before each 
field trials event, preliminary experimentations and 

Proceedings of the First International Conference on Testbeds and Research Infrastructures for the DEvelopment of NeTworks and COMmunities (TRIDENTCOM’05) 
0-7695-2219-X/05 $ 20.00 IEEE 



validations will be performed in laboratory or virtual 
environments. In a final stage, for managing the 
validations in all layers of the network with 
concomitance and minimum interference, a practical 
strategy will be the use of spare wavelengths and/or 
fibres, whenever possible and available, according to a 
booked agenda established in a mutual agreement 
among the involved groups. 

Table 1. Acronyms used in Figure 3 

Acronym Explanation 
CAS Campinas 
RJO Rio de Janeiro 
SPO São Paulo 
NOC Network Operations Centre (at CPqD and RNP) 
CPqD Centro de Pesquisa e Desenvolvimento em 

Telecomunicações 
UNICAMP Universidade Estadual de Campinas 

LNLS Laboratório Nacional de Luz Sincrotron 
LAB T Laboratory of Telefônica (telco) 
INCOR Instituto do Coração, Universidade deSão Paulo 

USP Universidade de São Paulo 
CTA Centro Técnico Aeroespacial 
INPE Instituto de Estudos Espaciais 

CPTEC Centro de Previsão do Tempo e Estudos Climáticos, INPE 
LNCC Laboratório Nacional de Computação Científica 
LABI Laboratory of Intelig (telco) 

FIOCRUZ Fundação Instituto Osvaldo Cruz 
NCE-UFRJ Universidade Federal do Rio de Janeiro 
CRT-EBT Laboratory of Embratel (telco) 

UFF Universidade Federal Fluminense 
CBPF Centro Brasileiro de Pesquisas Físicas 
IME Instituto Militar de Engenharia 

TELEMAR-
LEME

Laboratory of Telemar (telco) 

PUC Pontifícia Universidade Católica do Rio de Janeiro 
IMPA Instituto de Matemática Pura e Aplicada 
RNP Rede Nacional de Ensino e Pesquisa 
UERJ Universidade do Estado do Rio de Janeiro 

2.1. Optical Layer 

The optical layer of the GIGA Network relies 
almost entirely on CPqD-developed WDM technology 
and equipment supplied by Padtec. The list of 
equipment includes transponders, optical add/drop 
multiplexers (OADMs), multiplexers (MUXes) and 
demultiplexers (DEMUXes), and erbium-doped fibre 
amplifiers (EDFAs).  

The design of networks employing all-optical 
switching is very challenging with the current 
equipment and state-of-the-art technology. For 
instance, in optical networks with electronic switching, 
typical transmission distances are around 100km, and a 
failure on a link only affects the ongoing 
communications over that link. In networks with all-
optical switching, such distances are much longer, and 
a link failure may propagate throughout the network. 

The design of the GIGA Network’s optical layer has 
been even more challenging than the design of 
production all-optical switching networks because of 
the purpose of the GIGA Network and its mixed NRT 
and EIN nature. The GIGA Network does not have to 
meet strict availability agreements, but it does have to 
have the flexibility to support different scenarios of use 
at limited operational costs. For instance, the network 
has to support variations in the numbers of channels, 
signal formats (e.g., 1GbE, 10GbE), transmission 
distances and optical topologies (e.g., lightpath 
provisioning, validation of developed equipments) 
without requiring whole new designs. 

To support all these requirements and to take into 
account effects usually not present in laboratories (e.g., 
cable ruptures, connection losses, number of splices, 
telecom maintenance and operation policies, cable 
length versus physical distance), the design of the 
GIGA Network’s optical layer has intentionally left 
reasonable margins for manoeuvre in such system 
characteristics as power budget and wavelength 
channel separation. 

Currently, the GIGA Network supports single-hop 
communications in the 670km-backbone and multi-hop 
communications in the metro regions and between 
metro regions. Each backbone network fibre link 
supports up to 8x2.5Gbps wavelength channels in the 
standard 200GHz grid. The first backbone upgrade is 
going to increase the number of channels to 16 over the 
standard 100GHz grid and increase the transmission 
rate of one or more channels to 10Gbps. This should 
require a very short out-of-service period and the 
introduction of a number of interleavers, supplementary 
MUXes and DEMUXes, and Raman amplifiers or 
EDFA with external pumping units. 

The second and third upgrades will introduce 
dynamical optical switching on parts of the backbone 
and the metro networks to allow for on-demand 
lightpath service provisioning. This will require, 
amongst others, optical cross-connects (OXCs), 
reconfigurable OADMs (ROADMs), EDFAs with 
automatic gain control (AGC) and channel optical 
power equalizers (COPEs).  

All the upgrades will rely on commercial equipment 
as well as on prototypes produced by the R&D 
subprojects. 

2.2 IP Layer 

The IP layer of the GIGA Network relies entirely on 
layer 2/3 switches, currently supplied by Extreme 
Networks. These switches support full-fledged IP and 
Ethernet services at 100Mbps, 1Gbps and 10Gbps. 
They also support MultiProtocol Label Switching-
Traffic Engineering, MPLS-TE, which allows for the 
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support of layer 2 and layer 3 Virtual Private Network, 
VPN, services. Such services are essential for 
successful Ethernet deployment in both metro and core 
regions of communications networks, and they will be 
employed in Project GIGA. 

Currently, the entire GIGA Network comprises a 
single autonomous system (AS). At the backbone level, 
the IP routers are all neighbours, and the network uses 
a mesh topology with the IP routers as peers. At the 
metro level, the network uses a star topology. Figure 4 
shows the IP layer’s logical topology. 
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Figure 4. Initial IP Network Topology 

Although the current optical transmission rate is 
limited to 2.5Gbps, the Ethernet interfaces of the IP 
equipment may be configured either for 1Gbps or 
10Gbps. Consequently, the IP equipment interfaces 
currently operate at 1Gbps. As the optical layer evolves 
to 10Gbps, 10GbE interfaces will be added to the IP 
equipment, which will then be able to operate at the 
higher rate.  

2.3 Operation and management 

The most important single characteristic of a 
research testbed is the toolset needed to build, manage, 
monitor and control it [1]. The Giga Network faces the 
particular challenge of combining support for 
disruptive experimentation (NRT functionality) with 
the provision of available connectivity for applications 
(EIN functionality). Thus management systems have a 
vital role to play.  

Operations, Administration, Maintenance and 
Provision functions related to the Giga Network 
include the installation and maintenance of the optical 
fibre infrastructure, and the management and 
configuration of IP, CWDM and DWDM equipment, 
as well as monitoring and troubleshooting. Two 
Network Operations Centres  (NOCs) have been 
installed to provide redundancy and high availability. 
One is located at CPqD, in Campinas, and the other at 
RNP, in Rio de Janeiro (see Figure 3). They operate 

together in a synchronized mode, sharing the same 
information database.  

Three commercial tools are used to implement these 
NOCs. Metropad2 was provided by the optical 
equipment vendor, and permits the management of 
transponders, optical amplifiers and switches. 
Epicenter was provided by the IP equipment vendor.  
HP's OpenView is also being used to integrate the 
optical and IP worlds. Much work was needed in order 
to satisfy integration requirements. Other tools are 
being investigated to provide more NOC functionality, 
especially to manage the interactions between 
researchers and the NOCs.  

Measurement is a special concern, as the results 
from any experiment in the testbed should be made 
available to the users in a speedy and secure manner. It 
is our intention to instrument the GIGA Network, 
collect data during experiments, and provide real-time 
access to this data for users. 

3. Research and Development 
The main goal of Project GIGA concerning R&D is 

to develop new technology and services for IP/WDM 
networks. The R&D activities are divided into two 
broad categories: 
- Development of solutions to upgrade the IP and 

optical layers of the network, with special 
consideration given to capacity, reach, integration, 
flexibility, reconfigurability and survivability; 

- Development of new services and applications, 
which can make use of this network infrastructure. 
Each category is further subdivided into themes. 

The themes in the first category are Optical Networks 
(ON) and Network Protocols and Services (NPS). The 
themes in the second category are Telecommunications 
Services (TS) and Scientific Services and Applications 
(SSA). The themes ON and TS are under the 
responsibility of CPqD, whereas NPS and SSA are 
under the responsibility of RNP. 

The R&D subprojects within ON and TS are driven 
by market demands and, as such, should obtain results 
in the form of laboratory prototypes. The subprojects 
compose a well-defined systemic view and will be 
carried out by groups at Universities, R&D centres, and 
CPqD itself. The Brazilian telecom industries, 
operators and service companies participating in 
Project GIGA will get involved in the subprojects to 
provide feedback during the R&D phase and will 
eventually train their technical personnel on the new 
technology after technology transfer should it occur. 

CPqD plays a vital role in this process by guiding 
and coordinating the R&D groups and acting as bridge 
among these groups and between these groups and the 
participating Brazilian telecom industries, operators 
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and service companies. Other CPqD tasks are: 
integration of results, systemic testing of results in the 
existing laboratory IP/WDM network, and systemic 
validation of results in the GIGA network.  

The criteria and the processes of submission and 
selection of R&D proposals were conducted by CPqD 
under the scrutiny of FINEP. The submission processes 
consisted of invitations to excellence groups and an 
open Call for Proposals (CFP). The selection processes 
consisted of assigning scores to all proposals based on 
well-defined criteria, and selecting the proposals with 
the highest scores. As an example, the ON theme 
identified 41 groups, and received approximately 40 
proposals in total. Eventually, 21 proposals from all the 
regions of Brazil were selected. 

In the case of themes under RNP responsibility, all 
subprojects have been outsourced, and were selected 
through an open, competitive process with significant 
participation by the research community in computer 
communications. The themes under the responsibility 
of RNP are Network Protocols and Services (NPS) and 
Scientific Services and Applications (SSA). Each of 
these has been further divided into two areas: NPS into 
the areas of Network and Transport Protocols and of 
Management of Advanced Networks, and SSA into 
Real-Time Multimedia Applications and Large-Scale 
Distributed Applications. 

Additionally, the ground rules laid out in the CFP 
required that proposals be presented by consortia of 
research groups satisfying certain conditions of 
geographical distribution of consortium members, as 
well as direct access to the GIGA Testbed for 
experiments, and industrial participation whenever 
possible.  

A total of 39 proposals were received, and these 
were subjected to peer review. Some of the original 
proposals were modified as a result of the review 
process, and one was reformulated as three separate 
proposals, resulting in the final approval of 33 of the 
resulting 41 proposals. 

These 33 subprojects include 129 consortium 
members (some of whom are involved in more than one 
consortium) and 21 industrial partners. Although 76 of 
these consortium members come from the 17 
institutions directly connected to the GIGA Testbed, 
the remainders are not directly connected. In all, these 
consortium members come from a total of 45 
universities and academic research centres, from 15 of 
the 26 States which, together with the national capital, 
Brasília, make up the Brazilian federative republic. 
This participation is truly national in scope. 

The following sections will describe some of the 
Project GIGA R&D activities being carried out within 
each of the four themes. 

3.1. Optical Networks  

The main goal of the optical networks theme is to 
generate innovative technology and solutions for the 
optical layer in IP/WDM networks. 

These solutions will be obtained as the results of 
R&D subprojects focused on the development of 
hardware and/or software prototypes. These solutions 
should contribute to upgrade the GIGA Network 
testbed, regarding capacity, reach, integration, 
flexibility, reconfigurability and survivability.  

As indicated in Figure 5, there are four areas within 
the Optical Network Coordination: long distance point-
to-point transmission, control plane for IP/WDM 
network, metropolitan optical networks, and optical 
access networks.  
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Figure 5. R&D Areas in the Optical Networks 
Theme. 

Each area addresses specific issues related to the 
optical networks. The long distance point-to-point 
transmission area is focused on developing solutions to 
improve transmission reach and capacity. The control 
plane for IP/WDM network area is focused on 
developing solutions to provide a dynamic 
reconfigurable survivable optical layer to the network. 
The metropolitan optical network area is focused on 
developing low cost solutions for a flexible 
metropolitan network. The optical access network area 
is focused on developing low cost solutions for a 
broadband access network.   

As experiments with optical network elements is a 
costly affair, R&D subprojects will be implemented 
and tested, in some cases, in combination with 
commercial equipment and components, which may 
serve as a reference for performance comparisons. 
Depending on the prototypes under development, for 
example, those requiring a dynamic operation, existing 
equipment will be reconfigured and/or upgraded, 
possibly incorporating the prototypes themselves, in 
order to support the new features. Because of 
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validation cost and complexity, some prototypes will 
be tested in a limited section of the network. 

Long Distance Point-to-Point Transmission 

The subprojects here have the goal of developing 
innovative technologies for point-to-point long distance 
WDM systems operating at 10 Gbps, aiming at 
improving the performance, capacity and reach 
scalability of the GIGA testbed. Figure 6 illustrates the 
main design issues covered by the supported R&D 
subprojects in this area. These subprojects are 
responsible for supplying, with reduced component 
requirements and costs, a high capacity bandwidth 
upgrade. High capacity will be required by the new 
telecom and scientific services which are being 
developed in other thematic areas.  

The initial target is to assemble in the laboratory a 
16 x 10 Gbps C-band DWDM point-to-point system 
scaled in such a way that it will be, later, field tested. 
O/E interfaces are being developed to adapt the income 
signals to the DWDM grid, whilst optical power 
limiters and fibre fuse prototypes are being studied and 
developed to protect optical components and fibres 
from different levels of optical power which eventually 
exceed certain thresholds, usually at optical amplifier 
outputs. The optical amplification area is covered by 
three subprojects that deal with management of fibre 
nonlinear effects, with focus on distributed and lumped 
Raman amplification and also on parametric 
amplification. Regarding the linear transmission 
effects, two subprojects are being carried out to 
develop solutions for dispersion and Polarization Mode 
Dispersion, PMD, compensation in WDM Non-Return 
to Zero, NRZ, transmission, where the link length 
ranges from 150 to 670 km. All the above subprojects 
will be integrated by a separate subproject, which deals 
with system design, simulation (based on two 
commercial simulation tools: VPI and Optisystem) and 
experimental characterization. For transmission of up 
to 150 km (exemplified by the distance between São 
Paulo and Campinas, with a midspan city, Jundiaí), a 
straight-line setup has been assembled in the 
laboratory. For evaluation of longer distances or of a 
particular cascade effect, a recirculating loop [11]-[13] 
incorporating a polarization scrambler, will be used.  

Rx
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Figure 6. Scope of the Long Distance Area. 

IP/ WDM Networks and Control Plane 

The main objective of this area is to develop 
technology and mechanisms to allow for on-demand 
provisioning and automatic fault recovery of lightpaths 
in an integrated manner between the IP and 
management layers. This is the project´s most difficult 
and demanding area of work because it involves the 
conception and the development of hardware and 
software architectures and prototypes that have distinct 
roles and functions but should work together to achieve 
a single goal.  

In this area, R&D projects are being carried out in 
the following topics:  
- A reconfigurable photonic cross-connect (PXC): a 
hardware subsystem required to dynamically and 
transparently switch an optical signal without 
wavelength conversion; 
- An optical amplifier with automatic gain control 
(OA-AGC) [17][18]: a hardware subsystem required to 
cope with cross gain saturation effects, which may 
occur as wavelengths are inserted and dropped 
dynamically [15][16]. Such effects may lead to high bit 
error rates (BER) or even to complete signal failure at 
optical receivers; 
- A channel optical power equalizer (COPE): a 
hardware subsystem required to cope with optical 
signal power imbalance across wavelengths, which may 
occur as wavelengths propagate through optical fibre 
spans and traverse optical devices with different 
attenuation values, or as wavelengths are inserted and 
dropped dynamically [15]. Such imbalance may lead to 
high BERs or even to complete signal failure at optical 
receivers; 
- Optical network control plane and integration with 
IP network control plane [14]: a software subsystem 
required to coordinate both the set-up and tear-down of 
lightpaths in response to IP and network management 
requests and the automatic recovery of failed 
lightpaths. 

The architecture of the PXC under development 
consists of active termo-optical switches and passive 
optical multiplexers/demultiplexers. It will support up 
to three input-output fibre port pairs plus one add/drop 
port pair. Each fibre port could carry up to eight 
wavelengths. 

The OA-AGC under development uses Erbium-
doped fibre and a pump laser to provide optical gain. 
The automatic gain control is based on an amplified 
spontaneous emission (ASE) noise feedback 
mechanism, which adjusts the gain to a given value. 

The COPE is composed of an array of eight variable 
optical attenuators (VOA), one for each wavelength, 

Proceedings of the First International Conference on Testbeds and Research Infrastructures for the DEvelopment of NeTworks and COMmunities (TRIDENTCOM’05) 
0-7695-2219-X/05 $ 20.00 IEEE 



which will be dynamically adjusted to maintain the 
desired output optical power all the time.  

The optical network control plane subsystem 
follows the generalized multi-protocol label switching 
(GMPLS) [19][20] architecture at lambda switching 
level. This task involves the development of online and 
offline routing and wavelength assignment (RWA) 
algorithms and of a link management protocol (LMP) 
[21]. It also involves extensions to the signalling 
protocol (RSVP-TE) [22] and changes to the routing 
protocol (OSPF-TE) [23]-[25] for reachability 
information and topology and resource discovery. 

Interconnection between the optical network control 
plane and the client IP network control plane follows 
through the overlay service model. The border gateway 
protocol (BGP) is used for neighbour discovery and 
RSVP-TE from GMPLS [26] for signalling between 
the client side (UNI-C) and the provider side (UNI-N) 
of the user-network interface [27]. 

One guideline of the R&D projects is to follow the 
standards as far as possible. Deviations from the 
standards are allowed only when strictly necessary. 
Another guideline is to consider the features and 
limitations of the equipment in the GIGA network.  
Figure 7 depicts the network architecture model that 
has been adopted to guide the activities of this area. 
The equipment shown are those developed in the 
associated R&D subprojects, with the exception of the 
IP client equipment and the personal computers (PCs), 
used to execute instances of the UNI-C and the UNI-N. 

IP/MPLS Client 
network

UNI-C

UNI-N

WDM network

UNI-NGMPLS

COPE OA-AGCPXC

Figure 7. The IP/WDM network architecture 
model. 

Metropolitan Optical Networks 

All subprojects in this area are driven by 
considerations of cost-effectiveness and should 
demonstrate flexibility of the interfaces regarding 
services and protocols. The scope of the subprojects, 
illustrated in Figure 8, covers the development of 
add/drop modules, broadband amplifiers and 

wavelength conversion modules for a metropolitan 
optical network with up to 16 GbE channels.  

The main topic in this area is the development of 
CWDM add/drop equipment. With the 20nm channel 
separation in CWDM systems and, consequently, the 
much larger spectral band occupied compared to 
DWDM systems, new broadband amplifiers are 
required if CWDM is to be used in large metropolitan 
area networks. 

Low cost DWDM amplifiers are being developed 
too. Given the attractiveness of transmitting several 
DWDM channels in place of a single CWDM channel, 
and the small number of users to share the high cost of 
actual DWDM amplifiers, there is a need for low cost 
DWDM amplifiers.  

Other equipment and subsystems under 
development are wavelength converters, fibre-based 
variable optical attenuators, low-cost spectrum 
analyzers and low-cost BER monitors. 
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Figure 8. Scope of the Metropolitan Optical 
Networks Area. 

Optical Access Networks 

The purpose of this area is to evaluate both 
qualitatively and quantitatively the access technologies 
available both to incumbent operators and to new 
entrants. The two main activity areas of these studies 
are shown in Figure 9. 

Study of Access architectures  Techno-economic  
                                   evaluations   

Demonstration in  
Giga Network  

(lab-trials)  

Research of access 
technologies + development of 

national access equipment  

Figure 9. Scope of the Access Networks Area. 

Regarding qualitative analysis, the technologies to 
be considered are: 
- Physical layer: 
� Digital subscriber line (xDSL); 
� Fibre to the home/curb/business (FTTx); 
� Passive optical network (PON); 
� Wireless Fidelity (Wi-Fi); 
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� Worldwide Interoperability for Microwave 
Access (WiMax). 

- Other layers: 
� Ethernet; 
� Ethernet + MPLS; 
� Dynamic Synchronous Transfer Mode (DTM).  

The services and applications to be supported on the 
network are voice, Internet data and video (broadcast 
and on demand). 

Three testbeds are envisaged (shown in Figure 10): 
- xDSL  over Ethernet L2/L3(VLAN); 
- xDSL over Ethernet + MPLS; and 
- xDSL over DTM. 

GIGA 

Testbed 

C
P
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Ethernet DSL access 

IP DSLAM 

Business/residential 

Ethernet DSL access 

IP DSLAM 

L2/L3 - VLAN 

CPqD 
Services 

L2/L3 – VLAN + 
MPLS 

Boot Server

Portal Server

Management 

VoD Server

Figure 10. Access testbed 

Issues to be taken into account in the testbed 
experiments are: cost, comparative performance 
analysis, scalability, QoS, and protection in the 
Ethernet switch/routers versus DTM technology issues. 

3.2. Network Protocols and Services  

This theme is divided into the areas of Network and 
Transport Protocols and Management of Advanced 
Networks.  

Network and Transport Protocols 

Two subprojects were approved in this area, which 
has a certain overlap with the Control Plane for IP over 
WDM Networks area. A number of separate topics are 
being investigated here. 

One of these is performance analysis of transport 
protocols, where a number of competing protocols will 
be compared theoretically and experimentally for 
adequacy in optical networks. 

Work will also be carried out on QoS management 
support in optical networks, through the use of 
bandwidth brokers. 

Another topic of interest is multicast support in 
label-switched optical networks. The use of label-
switching is generally thought to be the way IP will be 
implemented in optical networks, but the relevant 
support for multicast has still not been standardised. 

Another interesting proposal is for the 
implementation of secure virtual metropolitan area 
networks (VMANs) implemented as an overlay on 
IP/WDM infrastructure. In the subproject in execution, 
security will be provided by quantum cryptography. 

Management of Advanced Networks 

Five subprojects are being supported in this area. Of 
these, three are specifically concerned with the 
management of optical networks, and two of these give 
emphasis to management within the GMPLS 
framework. A third subproject is examining policy-
based management, using a peer-to-peer management 
network using web services for communication. 

Another subproject in this area will devise and 
develop middleware to support the automated setting 
up of distributed applications running over high-speed 
optical communication networks. 

Finally, in order to provide adequate support for 
network management and performance evaluation, the 
remaining subproject will concentrate on instrumenting 
the GIGA Testbed for performance measurement, and 
in providing a simple user interface for interacting with 
the measurement system, such as that available in the 
Abilene Observatory [28]. 

3.3. Telecom Services

The main goal of this theme is to investigate 
Telecom Services and Applications to assist people and 
enterprises making use of telecommunications. 

In order to achieve that goal, Telecom Services 
R&D focus on human-interest areas such as Education, 
Health and Entertainment and core technologies such 
as Web Services and Multimedia Infrastructures. 
Services are specified to fulfil the needs of the human-
interest areas and the core technologies are used as 
tools for building these services.  

 A program of research and development has been 
established in two phases described bellow. 

First phase: One simple set of services 

The first phase consists of specifying one simple set 
of services based on the following premises: 
- it covers all the human-interest areas; and 
- it takes advantage of the benefits of such a high-

speed optical network. 
This set of services, named Digital Media 

Distribution Services (DMDS), allows the creation of 
consortia where members can provide and/or consume 
multimedia resources. Examples of DMDS use cases: 
- Tele-education: DMDS supports the creation of 

classes using multipoint videoconferencing with the 
sharing of multimedia learning resources; 
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- Telemedicine: Similar to the preceding case, but 
with the sharing of multimedia medical resources, 
allowing what is known as a “second opinion 
consultation”. In this case some extension of the 
services is necessary in order to support media 
description commonly used in medical practice. 

- Digital Cinema: DMDS supports the distribution of 
high definition streaming to theatres. Here the 
multimedia infrastructure plays a fundamental role, 
since real time 80 Mbps cinema streaming requires 
consideration of performance issues. 

- Digital Inclusion: Here the focus is not so much 
technological as social, which means making 
DMDS services available to people at so-called 
“Telecentres”, networked locations providing 
public access to telecommunications and 
information technologies and services.  
The DMDS is composed of three layers of 

abstraction: application, service and media 
infrastructure. 

The media infrastructure is an abstraction of the 
distributed media resources in the network. The service 
layer uses an instance of the media infrastructure 
abstraction and presents standard APIs for the 
application. The application uses an instance of the 
services abstraction and presents a human interface to 
users. Different instances of the media infrastructure 
abstractions can be used in accordance with application 
needs. For instance, the Digital Cinema Media 
Infrastructure is cost prohibitive for education 
purposes, so it is the case of choosing a more suitable 
tool, and reuse services from a repository. 

DMDS is now available as a prototype and services 
extensions are being specified for different human-
interest areas. 

Second Phase: Distributed Services Laboratory 

The second phase, which is now being planned, 
concerns the creation of a Distributed Services 
Laboratory where members (R&D Centres and 
Universities) can deploy and share services in order to 
leverage other Service-Oriented Architecture solutions 
within the Telecom Services area's main goal.  

3.4. Scientific Services and Applications  

Subprojects in this theme belong to the areas of 
Real-Time Multimedia Applications and Large-Scale 
Distributed Applications. Once again, there is some 
overlap between the first of these areas and the 
Telecom Services described in the previous section. 

Real-time Multimedia Applications 

Eleven subprojects are being supported in this area, 
which mostly involve transmission of visual media. The 

majority of these are developing platforms and 
environments for distributing video, especially high-
definition video, or for supporting videoconferencing.  

One subproject is concerned with cooperative TV 
production in a large-scale distributed setting with 
communication over high-speed links. 

Four subprojects are concerned with collaborative 
or immersive virtual environments, with special 
concern given to finding inexpensive solutions for 
using such facilities.  

One subproject is concerned with the problems of 
managing real-time multimedia sessions, and 
particularly questions of QoS for such applications. 

Two subprojects are application-oriented. One is 
concerned with supporting interactive distance 
learning, intended to extend the quality of presently 
used technology in Brazil, where video is streamed to 
student audiences, and an asynchronous return channel 
is provided for interaction.  

The other subproject deals with telemedicine, where 
the demand is for transmission, storage and recovery of 
multimedia information with support for QoS and 
patient privacy. 

Large-scale Distributed Applications 

This is the largest area, with 15 subprojects being 
supported. Those include 6 subprojects in a special 
category, where the only support given to the 
participants is the provision of access to the GIGA 
Testbed for experimental purposes. Such access is only 
granted is it can be shown that the subproject is not 
feasible using existing academic networks, due to lack 
of capacity or performance. All the projects supported 
in this category involve the use of the networking 
testbed for supporting of large-scale grid computing, 
and include two grids designed for high-energy physics 
(HEP) applications, two for molecular biology and 
genomic applications, and two for more general use. 
One of the latter is a national initiative (SINAPAD) 
involving former supercomputing centres in different 
parts of Brazil, several of which have access to the 
GIGA Testbed [29]. 

Six of the remaining subprojects in this area are also 
concerned with grid computing, and propose to 
develop middleware in its support. A number of these 
are directed to particular application areas, namely 
genetics, bioinformatics and mechanical engineering, 
whereas the others are more generic in their aims. 

The last three projects deal with particular 
application areas: a collaborative decision making 
process applied to air traffic control, a distributed 
image database with interactive access, and the 
application of computational mathematics to 
collaborative projects in meteorology. 
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4. Conclusions 
In conclusion, we have presented a high-speed 

optical networking testbed, which has been built in 
Brazil. This is an IP/WDM network, which will be 
used for validation of software and hardware 
prototypes resulting from R&D subprojects. These 
subprojects are divided into four themes: Optical 
Networks, Telecommunications Services, Scientific 
Services and Applications and Network Protocols and 
Services.  

It is hoped to extend the networking testbed of 
Project GIGA to other regions of the country. A 
decision is expected before the end of 2004 on a 
proposal to expand the networking testbed to the 
Northeast region of Brazil from 2005. 
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