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GÉANT2 is the pan-European communications network
serving Europe’s research and education community.

GÉANT2 connects over 30 million research and education
users across Europe and beyond.

GÉANT2 maps a network footprint of more than 
50 000km.

GÉANT2 is the first hybrid network deployed on an
international scale, using both switched and routed
infrastructure.

GÉANT2 provides connectivity to other world regions,
placing Europe at the heart of global research networking.

GÉANT2 is the product of collaboration between
organisations from 34 European countries.

GÉANT2 creates “optical private networks” for demanding
users, providing “priority lanes” for their traffic.

GÉANT2 is a major EU success story, co-funded within the
European Union’s 6th Research & Development Framework
Programme.

GÉANT2 is fundamental to the EU’s vision of a European
Research Area, enabling academic collaboration across
Europe.

GÉANT2 and Grids (eInfrastructures) together form the
engine of future research collaboration methods.

GÉANT2 contributes to Europe’s economic competitiveness
by serving as a seedbed and proving ground for
technologies and services that will be adopted in the
commercial marketplace in the future.

More information about GÉANT2 is available from
www.geant2.net. TThhee  WWoorrkkss  ooff  DDAANNTTEE newsletter provides
regular updates about GÉANT2 and
related research networking initiatives.
Interested? Subscribe by visiting
www.dante.net/newsroom.

Also available: The GÉANT2 DVD and the Interactive Guide to
Research Networking. Order free at www.geant2.net/dvd



GÉANT2 – Powering European Research
GÉANT2 delivers the next generation research and education network for Europe.
With over 30 million users in 34 countries across the continent, GÉANT2 offers
unrivalled geographical coverage and high bandwidth, combined with innovative
hybrid networking technology and a range of user-focused services. Its extensive
geographical reach allows the network to interconnect with other world regions,
enabling efficient global research collaboration. Building on the success of the
first GÉANT project, GÉANT2 powers European research, providing academics
with the state of the art tools they need to carry out cutting-edge research.

GÉANT2 forms the pan-European backbone of a “network of networks” across
Europe, spanning the breadth of the continent from Ireland in the west to Russia
in the east and from Iceland in the north to Israel in the south. Directly connected
to GÉANT2 are 30 European National Research and Education Networks (NRENs)
which provide connectivity to a total of 34 countries.* DANTE (Delivery of
Advanced Network Technology to Europe) is responsible for planning, building and
managing the network on behalf of the NRENs.

GÉANT2 represents the seventh generation of pan-European research and
education network. The project is co-funded by the European Commission under
the Sixth Research & Development Framework Programme. The Commission’s 
93 million Euro contribution represents nearly 50% of the total funding. The
remaining financing is provided by the NREN project partners. 

The partners in the project are the 30 European NRENs which are connected to
GÉANT2, DANTE and TERENA (the Trans-European Research and Education
Networking Association). Overall co-ordination of the project is performed by
DANTE. Activities led by TERENA, within the project, are related to the broader
development of research and education networking in Europe. These are also
organised and funded under the project umbrella, creating an overall package that
ensures the continued success of research and education networking in Europe.

GÉANT2 is fundamental to the realisation of the European Union’s vision of a
European Research Area (ERA). Combined with developing Grid technologies,
GÉANT2 provides efficient access to data processing and storage facilities,
creating “virtual laboratories” across Europe and, increasingly, on a global scale.

What is Research and
Education Networking?
Research and education networking allows
academics and researchers to collaborate
together, sharing information and facilities
via a series of interconnecting electronic
networks. The use of these networks is
reserved for the academic community.
Using research networks, academics can
collaborate with one another across
different countries and continents
throughout the world. 

Research networks serve two primary
purposes:

• They support the work of researchers
and academics by providing a high-
capacity data communications
infrastructure.

• In addition, they act as a research tool
in their own right, by providing a
platform on which to develop and test
new technologies and services.

Great advances in research networking
have been made possible by the revolution
in the telecommunications sector. Much of
today’s network communications
technology was developed using research
networks, and much of tomorrow’s
consumer communications technology is
already a reality in this arena.
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* NORDUnet, the Nordic network, is directly connected to GÉANT2 and in turn connects the National
Research and Education Networks of Denmark, Finland, Iceland, Norway and Sweden.



GÉANT2 Topology
GÉANT2 is the first hybrid network deployed on an international scale. The
network provides routed IP connections alongside switched links on some routes.
The switched circuits can provide dedicated point-to-point links for the most
demanding applications and create “priority lanes” for data traffic flow, helping to
avoid congestion on the IP backbone. 

The implementation of dark fibre and the equipment to light it gives the project
greater flexibility and control. Further wavelengths can be added, providing
greater capacity, with only a marginal increase in cost. 

The map on page 2 shows the current topology for GÉANT2. The new network
provides a total capacity of nearly 500 Gpbs, an increase of 2.5 times in the
capacity of the previous GÉANT network.

Staged roll-out of the network began in the second half of 2005. New connections
were implemented alongside the existing GÉANT network, to ensure a seamless
transition with uninterrupted service.

Commercial telecoms suppliers expressed great interest in supplying the
connectivity for this new kind of hybrid network. Some suppliers saw the tender
as “the creation of a new market” and recognised GÉANT2 as a strategic project
– where the experience gained can be applied to other business areas and create
new market opportunities. The knowledge transfer to the commercial market
place that is occurring because of the suppliers' involvement with GÉANT2 will
contribute to Europe's economic competitiveness. Research and education
networks are widely recognised as occupying a unique and valuable position
within the telecoms industry.

The new network will operate until 2008, and plans are already underway for
developing the next generation of network.

The Structure of Research and Education Networking in
Europe
The data communications infrastructure serving the research and education
community in Europe is organised in a hierarchical fashion, forming a ‘network
of networks’. An end-to-end pathway between two network users in different
countries in Europe can consist of several different networks. For example, data
between the two users may travel across a network at campus level, then
possibly onto a regional level network. It may then use a national-level network
before crossing the pan-European network (GÉANT2) and flowing back down the
hierarchy via another national-level network until it reaches its destination. This
end-to-end supply chain forms the mesh of data communications networks that
serve Europe’s research and education community.

GÉANT2’s direct customers are, thus, Europe’s NRENs (National Research and
Education Networks). Each NREN connects its immediate customers. The
structure varies from one country to another so these customers may, for
example, be regional networks, wide area networks, or university networks.

The research networking hierarchy serves, in total, more than 3,500 institutions
across Europe, providing innovative services to an estimated thirty million research
and education users.
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GÉANT2 and the European
Research Area
GÉANT2 is a fundamental building block of
the European Research Area (ERA). The ERA
is a policy vision of the European Union to
establish a border-free zone for research, in
which scientific resources are better deployed
to create more jobs and to improve Europe’s
competitiveness. 

The EU is creating the ERA by:

• Networking leading research institutions
together to produce European “centres of
excellence” through closer co-operation

• Implementing research programmes in a
more co-ordinated manner across Europe

• Encouraging greater mobility of
researchers around Europe

GÉANT2 also forms a key component of the
EU’s Lisbon Strategy, which aims to make
Europe the most dynamic and competitive
knowledge economy, by promoting
innovation. 

The EU’s “i2010: European Information
Society 2010” Initiative aims:

• To achieve a single European information
area

• To bolster innovation and investment in
information and communication
technologies (ICT) in order to support
growth and employment

• To create a European information society
to improve the quality of public services 
as well as quality of life.

In the context of the i2010 Initiative,
GÉANT2 will demonstrate innovative ways
and methods of providing high-speed and
secure broadband networks.

The Basics of Data
Communications Technology
The physical medium most commonly used
at present to transmit data in modern
networks is fibre optic cable. The cable
contains bundles of very thin strands of
optical fibre, which is a special type of very
transparent glass. Data is transmitted in the
form of pulses of light along a glass fibre.
Each stream of light pulses is transmitted at
a particular wavelength (colour).

Dark fibre is optical fibre dedicated to a
single customer (or a group of customers)
where the customer is responsible for
attaching the transmission equipment to
“light” it. Optical fibre is described as “lit”
when it is connected to transmission
equipment which determines and controls
the light wavelengths sent along the fibre.

GÉANT2’s predecessor networks were built
using lit fibre leased from telecommunications
infrastructure providers. The telecoms
suppliers were responsible for the acquisition,
installation and operation of dark fibres and
the transmission equipment required to
generate the light pulses and direct them
down the fibres. As part of GÉANT2, the
project is now responsible for this role, using
state of the art DWDM transmission
equipment to light dark fibres routes. This
delivers greater control over performance and
costs. It is being deployed across two-thirds of
the GÉANT2 network.
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The Structure of Research and Education Networking in Europe
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Creating a Global Research Network The View on GÉANT2
An event to celebrate the launch of GÉANT2
took place in Luxembourg, in June 2005.
Keynote speakers included Viviane Reding
(European Commissioner for Information
Society and Media). A number of attendees
were canvassed for their opinions on
GÉANT2 and its potential. Comments
included:

• “GÉANT2 is a fundamentally different
way of networking.”

• “GÉANT2 has opened up possibilities for
research collaboration on a global scale.”

• “GÉANT2 provides the motivation for
Asian countries to follow the technology
adopted in the West.”

• “Some current research projects could
not be carried out without GÉANT2.”

• “Besides being effective on a technical
level, it is effective on a social level,
bringing network experts together to
share knowledge and experience.”

• “There needs to be a balance between
innovation and digital divide resolution;
GÉANT2 addresses this.” 

• “Enables national research groups to
extend their activities internationally.” 

• Provides “better understanding between
complementary cultures.”

GÉANT2 Coverage

ALICE Network

EUMEDCONNECT Network

TEIN2 Network

SEEREN2 Network
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Global research is increasingly common in topics with
worldwide importance. European researchers in fields such as
seismology, particle physics, weather forecasting, and climate
change need to be able to work more closely than ever before
with their global counterparts. GÉANT2 builds on the global
connectivity established by its predecessor. The first GÉANT
network established connections with research networks in
North America (Abilene, ESnet and CA*net4) and Japan (SINET).
GÉANT2 has complemented these by upgrading routes across
the Atlantic and deploying new links to China and India.

Research networking projects co-funded by the EU and
managed by DANTE in Latin America (ALICE), the
Mediterranean and Middle East (EUMEDCONNECT) and Asia
Pacific (TEIN2) connect to GÉANT2 to facilitate a truly global
research community. The GÉANT2 network also connects to
SEEREN2 (South Eastern European Research and Education
Network), further narrowing the digital divide between
Eastern and Western Europe. More information on the
projects listed above can be found at www.dante.net

Tackling the Digital Divide
The first GÉANT network helped to bridge the digital divide that existed in Europe.
Before the implementation of GÉANT, the price and availability of advanced
communications infrastructure varied widely across Europe. This left those
without access to high bandwidth, or for whom high bandwidth was prohibitively
expensive, at a significant disadvantage compared to their neighbours. The
GÉANT cost-sharing model between the partners helped to reduce the disparities
in costs between different countries. The GÉANT2 network has been built with a
combination of leased lit fibre and leased dark fibre. Dark fibre prices vary widely
across Europe and are geographically dependent. It has not proved economical to
implement it in the more expensive, outlying areas. This has created a situation
where some partners benefit from dark fibre (and the vastly increased bandwidth
this provides), whilst others do not. Yet compared with the first GÉANT network,
virtually all partners are benefiting from increased bandwidth – regardless of
whether this is provided by leased, lit fibres or leased dark fibre.

There are also differences in the level of development and organisation of
research networking around Europe. Activities led by TERENA within the project
are addressing the different levels of development of research networking
services around Europe in two ways:

• Firstly, by developing a benchmarking tool for the national level of research and
education networking by collecting and publishing data on the status of NRENs
throughout Europe; 

• Secondly, by providing assistance in less advanced regions of Europe, to close
the digital divide. The assistance mainly takes the form of knowledge transfer
about technical, managerial and policy aspects of research networking.
Methods for this include workshops, consultancy and secondments with 
more developed counterparts.

America Latina Interconectada Con Europa

www.dante.net/alice

www.eumedconnect.net10 Gbps
2.5 Gbps
622 Mbps
155 Mbps
8-45 Mbps
Number of Links



Performance Monitoring and Measurement 
This activity allows users to take an “aerial view” of the network by creating
comprehensive network monitoring facilities. GÉANT2 is developing a cohesive
measurement framework to provide access to performance information from
across multiple networks. Its interfaces will open up a far-reaching, consistent
view of performance data to more users than ever before. As the project
progresses, the range and detail of the data collected will increase, giving network
administrators the ability to zoom in to ever more detailed data. 

Managers can view the network virtually from above to identify and target
trouble spots. Project leaders and network users will be able to understand more
about the network, with access to measurement data automatically controlled
according to network policies and user privileges. Everyone in the end-to-end
management chain will be able to see the bigger picture.

Testing new Technologies
New frontiers of networking are being explored with GÉANT2’s advanced
network test facilities. The project has created a parallel network for testing
tomorrow’s technologies and techniques today. This unique resource stretches
across the geographic reach of the GÉANT2 backbone, creating a distributed
testbed to support cutting-edge research and development.

GÉANT2’s test facilities explore emerging networking concepts not currently
used in production research networks. The project is pushing the potential of new
ideas in research networking to their limits, investigating the full capabilities of
state-of-the-art optical technologies and ever more advanced services. With
GÉANT2, researchers can take technology for a test flight.

Network Allocation
Beat the traffic with GÉANT2’s research and services for bandwidth reservation
and quality of service. PACE (Performance and Allocated Capacity for End-users)
on GÉANT2 enables researchers to ask for as wide a “priority lane” as they want.
From first request to final destination, provisioning facilities and quality of
service standards ensure that users’ needs are guaranteed to be met. A
dedicated team of network specialists is on hand to optimise performance and
resolve network traffic jams. Research into Bandwidth on Demand is taking the
concept further. Going beyond Premium IP, it is looking at new technologies to
guarantee bandwidth and quality of service. Provisioning will be streamlined,
moving from manual set-up to smooth, automatic handling of user requirements.

The Performance
Enhancement Response Team
The PERT (Performance Enhancement
Response Team) is a dedicated helpdesk
which has been developed by DANTE and
the NRENs. Its purpose is to help
investigate any system performance
problems a user is experiencing. This might
be caused by the equipment used, the
applications being run, or a networking
issue. If the problem lies with the network,
the PERT will identify the problem and aim
to resolve it. 

Many end-systems are not optimised to
make proper use of Europe’s high-capacity,
long distance networks. The PERT will help
end-users to achieve the full potential
offered by their networked systems. Two
main tools have been developed for the
PERT; the PERT Ticket System (PTS) and the
PERT Knowledgebase (KB). The PTS is the
provisioning system used to manage and
track the cases logged, whilst the PERT KB
is being developed as a resource of
information and answers to common
questions. There will also be a publicly
accessible forum where anyone can post a
question. It will be monitored by PERT Duty
Case Managers, who will offer advice and
suggestions. 

Support for IPv6
GÉANT2 supports both the IPv4 and IPv6
protocols. It provides several different
qualities of service for different types of
traffic. (These services are known as best
efforts, premium IP, and less than best
effort.)  Multicast (broadcast) services are
also supported.

GÉANT2 – Responding to the
Needs of Europe’s Researchers
A major focus for GÉANT2 is to provide support beyond just
installing network connections. The development of a service

layer on top of the technology will make networking more
transparent, and improve ease of use for the user. The project
places specific emphasis on understanding and meeting user
needs. In support of this, a number of research activities are
taking place within the project. The GÉANT2 joint research
programme uses skills and expertise from across the NRENs
and within DANTE. Some of these activities aim to realise
production services. Others will further research into
networking itself, helping to maintain Europe’s position as
the global leader in research networking. Work on the
following topics is currently underway.

Mobility and Roaming
Users will be able to move freely across network
boundaries with GÉANT2’s virtual pass to
mobility. Research into roaming and authorisation
will give researchers the opportunity to work as easily
in any institute across Europe as at their own desks. Armed
with their digital identities, every user will be recognised
wherever they log on across the network’s spread.

GÉANT2’s authorisation infrastructure will act as a bridge to
the user’s home institution, matching each researcher’s
normal privileges up against the host network’s rights
structure. Supported by this web of trust, users can be
assured of seamless access to a familiar range of services.
This universal system of identification and authorisation will
make boundaries disappear, giving Europe’s research and
education community the freedom to roam anywhere across
GÉANT2 and its connected European networks. 

Security
Researchers can study in safety with the protection of
GÉANT2’s integrated security systems. 

GÉANT2’s advanced defences offer sophisticated handling of
network incidents, keeping danger at bay to enable users to
take their research further. It is developing improved strategies
for incident prevention, detection and handling, which will
support network users in managing security risks. The project
is taking a proactive, joined-up approach to network security. It
will develop techniques to ward off attacks as they happen –
as well as analysing network data in more depth than ever

before to strengthen defences for the future.
GÉANT2’s partners are collaborating to
develop and enforce common policies
across multiple networks, working together
to fight security threats and maximise
research capabilities.
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Who Uses GÉANT2?
With millions of potential users of GÉANT2, the applications
of the network are almost limitless. Any type of research can
make use of the facilities that GÉANT2 offers. These may be
projects with high bandwidth demands or less demanding
users keen to make use of GÉANT2’s extensive geographical
reach. Learn more at www.geant2.net/users

Particle Physics
CERN (the European Organisation for Nuclear Research) is
currently building the Large Hadron Collider (LHC), the
biggest scientific experiment ever undertaken. LHC’s
experiments will generate energy equivalent to 70,000 times
that of a nuclear explosion, and create conditions similar to
those experienced just after the Big Bang. It will produce
roughly 15 Petabytes (15 million Gigabytes) of data annually,
once it is fully operational in 2007. This huge amount of data
needs to be distributed to processing centres around the
world, for quick and efficient analysis. GÉANT2, and its
partner networks, enable the data to be accessed and
analysed by thousands of scientists across the globe. GÉANT2
and the NRENs are deploying “Optical Private Networks” with
bandwidth specifically reserved for LHC researchers.

Data generated by the LHC will be distributed from CERN to
11 primary processing sites, each connected to CERN by a
dedicated wavelength switched path of 10Gbps. These
primary centres are connected to each other and to
secondary processing sites for additional data analysis,
usually within the same country, with a dedicated point-to-
point connection. These are provided by GÉANT2 and the
relevant National Research and Education Network in the
participating countries; GARR (Italy), UKERNA (UK), SURFnet
(Netherlands), DFN (Germany), RENATER (France), RedIRIS

(Spain), SWITCH (Switzerland), NORDUNET (Nordic region),
Internet2 and ESnet (USA), CANARIE (Canada) and ASNet
(Taiwan), to create a truly international team of collaborating
researchers.

Weather Forecasting
The threat from climate change has been recognised as one
of the most important issues facing the world today. New
research has confirmed an increase in
the rate at which climate change is
occurring and recent extreme weather
events support this view. This makes the
need for accurate weather prediction
more important than ever before to
counteract the negative economic,
environmental and social consequences of extreme weather
events and more general climate change. 

Several national weather centres in Europe are working
together with the aim of creating a Global Weather Prediction
Service. Encompassing both developed countries and
emerging nations it would provide a global service for
weather prediction, allowing natural phenomena such as
hurricanes to be tracked and monitored. An accurate system
for prediction of extreme weather would allow for the
appropriate response to be anticipated and planned. This may
help to reduce the social and environmental consequences of
events such as flooding or severe drought. Sharing of detailed
information is crucial for effective hazard management.

Such a global initiative will involve dispersed researchers who
need to collaborate remotely. GÉANT2 will support these
needs in Europe. With its connections to other networks such
as RedCLARA (Latin America) and TEIN2 (Asia-Pacific), the
vision of a global service can be realised.
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DANTE is a non-profit organisation whose primary mission is to plan, build and manage pan-European research
and education networks on behalf of Europe’s NRENs. Established in 1993, DANTE has been fundamental to the
success of pan-European research and education networking. DANTE delivered and operated previous research
networks for Europe, including EuropaNET, TEN-34, TEN-155 and GÉANT.

As research networking becomes a global activity, so DANTE becomes increasingly involved in initiatives worldwide
to interconnect countries in other regions to one another and to GÉANT2. DANTE is currently managing initiatives
focussed on the Mediterranean, Latin American and Asia-Pacific regions through the EUMEDCONNECT, ALICE and
TEIN2 projects respectively.

Further information about DANTE and the activities in which it is involved is available from www.dante.net.

TERENA, the Trans-European Research and Education Networking Association, is the association in which research
and education networking organisations from countries in and around Europe collaborate. TERENA supports joint
technical development work of experts from NRENs, universities, research institutes and industry. TERENA also
organises knowledge transfer in the European research and education networking community, and represents the
opinions of its members in contacts with governments, funding bodies, industry and sister organisations in other
continents. More generally it provides an environment for fostering new initiatives of the European research
networking community.

Further information about TERENA and its activities is available from www.terena.nl.

10 Gbps

Dark Fibre

5 Gbps

2.5 Gbps
622 Mbps

310 Mbps

155 Mbps

34/45 Mbps

“Dark Fibre” links 
provide multiple 
wavelengths at 
10 Gbps. “Dark Fibre” 
links also have back-
up IP connections. 
Details of these can 
be found at 
www.geant2.net

Backbone Topology November 2006

Partner Country Website
DANTE www.dante.net

TERENA www.terena.nl

ACOnet Austria www.aco.net

ARNES Slovenia www.arnes.si

BELNET Belgium www.belnet.be

CARNet Croatia www.carnet.hr

CESNET Czech Republic www.cesnet.cz

CYNET Cyprus www.cynet.ac.cy

DFN Germany www.dfn.de

EENet Estonia www.eenet.ee

FCCN Portugal www.fccn.pt

GARR Italy www.garr.it

GRNET Greece www.grnet.gr

HEAnet Ireland www.heanet.ie

ISTF Bulgaria www.ist.bg

IUCC Israel www.iucc.ac.il

JSCC Russia www.jscc.ru

LATNET Latvia www.latnet.lv

LITNET Lithuania www.litnet.lt

NIIF Hungary www.niif.hu

NORDUnet Nordic region www.nordu.net

PSNC Poland www.man.poznan.pl

RedIRIS Spain www.rediris.es

RENATER France www.renater.fr

RESTENA Luxembourg www.restena.lu

RoEduNet Romania www.roedu.net

SANET Slovakia www.sanet.sk

SURFnet The Netherlands www.surfnet.nl

SWITCH Switzerland www.switch.ch

UKERNA United Kingdom www.ukerna.ac.uk

ULAKBIM Turkey www.ulakbim.gov.tr

UoM Malta www.um.edu.mt

GÉANT2 project partners

To find out all the latest information on the project visit www.geant2.net. It’s a
comprehensive picture of the work that is being conducted within the project’s
various activities, and reflects the achievements of all involved. Resources include:

• Extensive intranet for project partners

• Regular news updates on the network and its applications

• Media Centre for PR professionals and journalists.

Links to project partners’ websites can be found at www.geant2.net/partners

Drop us a line at any time via the contact form at www.geant2.net/feedback to
suggest news and information or to provide general feedback.

The Works of DANTE newsletter contains the latest on GÉANT2, with news, profiles
and interviews from project partners and network users. To subscribe to the
newsletter visit www.dante.net/subscribe

Log on for the latest!




