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GÉANT2 IP Backbone:
The GÉANT2 project is the seventh generation of the pan-European backbone for research and education. It provides an international IP network connecting National Research and Education Networks in 34 countries across Europe. The network, now fully operational, comprises 50000 km of leased circuits and 12000km of GÉANT2-operated dark fiber. The IP network, designed to be over-provisioned and operating at speeds of up to 10 Gbps, provides high-bandwidth international connectivity for more than 30 million users connected to European NRENs. This network is the provider of the international connectivity essential to LHC Tier 2 sites across Europe.
GÉANT2 Point-to-Point services:
Importantly for users with high data transfer requirements, such as the LHC Tier 1 sites, GÉANT2 also provides the dark fiber connectivity - connecting 15 European NRENs - to offer dedicated Gigabit Ethernet and 10Gbps point-to-point circuits. To date, a total of 66 such circuits have been delivered to the European research and education community. In 2008 Portugal and Greece were newly connected to the GÉANT Plus circuit infrastructure. It is GÉANT2’s circuit capability which provides the collection of 10Gbps wavelengths which contribute to the LHC Optical Private Network (OPN). The LHC OPN – connecting national Tier 1 sites globally to Tier 0 at CERN – currently has 10 operational 10Gbps wavelengths over GÉANT2 infrastructure. In addition to services connecting the seven European LHC T1 Centers, this figure includes circuits to transport traffic from the Taiwanese and Canadian Tier 1 sites from their European landing site to CERN in Geneva. 

The pre-provisioned GÉANT2 hybrid platform is used to interconnect researchers at sub-wavelength capacities. For example, the Prague (CZ) Tier 2 is connected to the Karlsruhe (DE) Tier 1 by a GE circuit and similarly, two GE circuits connect the Slovenian T2 to the distriuted NORDIC Tier1.  There are 2 GE transatlantic circuits linking the LHC Tier 1 sites at IN2P3 (FR) and FNAL (USA). 

The GÉANT network also carries IP traffic between European Tier 2s and US Tier 1s which is then transported across the Atlantic by US-LHCNet’s wavelength and onward through ESnet stateside. 

Aside from the HEP community, GEANT2 provides point-to-point services in Europe for a number of demanding international research projects. The EC-funded EXPReS project (Radio Astronomy) utilizes GÉANT2 GE circuits to connect 5 telescopes with a central correlating supercomputer.. 

Other user examples include DEISA for which GÉANT2 connects Europe’s national supercomputing sites using 10Gbps wavelengths and Phosphorus for which GÉANT2 GE circuits have been used to create a network testbed environment. An important new user of GE circuits is the FEDERICA project conducting research into virtualization of network elements and tailored network solutions.
Circuit-Related Services:
Monitoring:
Early in the GÉANT2 project it has been recognized that new tools were needed to monitor end-to-end layer 1 and layer 2 circuits composed from multiple domains. An end-to-end monitoring concept (E2EMON) has been created. This has been adapted to the GÉANT2 perfSONAR monitoring framework.  It now serves - among others - the LHC optical private network. 

Recently, a customized version of the perfSONAR MDM service has been proposed to monitor the IP operations of the LHC Optical private Network (LHCOPN). Implementation is now underway.
Provisioning:
Looking to the future of international user-dedicated circuits, GÉANT2’s AutoBAHN research activity is developing a multi-domain system to provision on-demand point-to-point circuits. Bandwidth on Demand (BoD) balances use of the network by highly demanding applications, and priorities traffic so a faster and better level of service is received. The network supplies the ability to transfer large amounts of information quickly and effectively, with the capacity available whenever needed.
AutoBAHN has as its primary objective to provide automatic bandwidth management for heterogeneous European NRENs’ infrastructures. The network technologies initially targeted by AutoBAHN are Ethernet and SDH, which are the most common among potential system users. The AutoBAHN system is based on the Inter-Domain Manager (IDM), which is responsible for inter-domain aspects of circuit reservation. This includes inter-domain communication, resource negotiation among domains, resource scheduling, and topology advertisements.

GÉANT2 International Connectivity:
As with previous generations of European Backbone, GÉANT2 provides a significant number of connections to counterpart research and education networks beyond Europe. 

Connectivity to the US research and education networks is provided on four 10Gbps links, two dedicated to the IP layer and two via diverse suppliers (London-New York and Paris-New York) dedicated to point-to-point connections (offering space for up to eighteen 1 Gbps Ethernet  circuits).   
GEANT2 and ESnet cooperate closely to carry transatlantic traffic among the LHC Tier 1 centers in the US and the Tier 2 centers in Europe (where the bandwidth between New York and Amsterdam is provided by US LHCNet). GEANT2 and Internet2 collaborate closely to ensure the best possible connectivity between US Tier2 sites (generally situated at Internet2 connected institutions) and European Tier 1 sites. 
Japan’s SuperSinet network peers directly with GÉANT2  at 10 Gbps capacity in New York. The Indian NREN ERNET is connected to GEANT2  through a 100 Mbps link. Additional the Indian TIFR institute is connected to CERN at 1000/300 Mbps and meets GEANT2 in Geneva . Main users of the connectivity between India and Europe are EuIndiaGrid and CERN/LHC. The South African educational network, TENET, connects to GÉANT2 at 1 GigE via a connection made available to the Ubuntunet Alliance, an alliance of NRENs in sub-Saharan Africa. It is foreseen that this connection will increase to 10 Gbps during 2009.
Complementing GÉANT2 during 2008 are four DANTE-managed projects, namely ORIENT, TEIN2 and 3, EUMEDCONNECT and ALICE. Additional projects for the connectivity of Central Asia and a feasibility study on sub Saharan Africa have commenced at the end of 2008.
The ORIENT project connects the Chinese NRENs CERNET and CSTNET to Europe via a trans-Siberian 2.5Gbps circuit. Main applications running over the ORIENT link to Europe are the EUChinaGrid (Grid computing), IN2P3-iHEP (LHC collaborations) and EXPReS (Radio Astronomy).
TEIN2 interconnects the NRENs of 9 Asian countries and Australia to the European GÉANT2 network. By that TEIN2 serves approximately 30 million users in more than 3,800 institutions. Major uses of the TEIN2 and GÉANT2 connection include telemedicine and e-learning programs. The TEIN2 project was recently extended to September 2008. Under the project name of TEIN3 the EC has approved further funding to 2011. The TEIN3 project plans to extend coverage to South Asia and to stimulate further the applications development. During the end of 2008, TEIN3 carried out a feasibility study proposing a roadmap for the extension of the current TEIN2 network to Bangladesh, Bhutan, India, Nepal, Sri lanka and Pakistan. It is envisaged that the new connections will become available by the end of 2009. In addition it is foreseen that within the lifetime of TEIN3 project management responsibilities will be transferred to an Asian-lead organization. 

Since 2004, the Eumedconnect project interconnects 11 NRENs in the Southern Mediterranean and Northern African regions to GÉANT2. Eumedconnect serves approximately 1.4 million users in more than 400 connected institutions in the Mediterranean region. Major users include EUMEDGRID and MedGeNet (telemedicine). The Mediterranean countries are in the process of forming the CAMREN regional organization. 

The ALICE project has led to the creation of RedCLARA and the CLARA organization in Latin America. RedCLARA interconnects more than 750 institutions in 12 Latin American countries to GÉANT2 at 622Mbps. In addition to direct connectivity to Europe, RedCLARA also interconnects with the Internet2 and APAN. Main users of the RedCLARA network are the EELA project (GRIDs), RingGRID (remote instrumentation), ExPRES (Radio Astronomy) and also various projects in the areas of telemedicine and e-learning. At the end of 2008, the ALICE2 project commenced which will allow for continuity and increased capacity of the RedCLARA network and its interconnection to GEANT2. 
Also at the end of 2008, the CAREN project commenced. CAREN has the objective to bring terrestrial connectivity to the Central Asian region previously established by the Virtual Silk Highway. Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan will be eligible to participate in the project. 

In addition, a feasibility study is being carried out investigating into the feasibility of creating a research networking infrastructure in sub Saharan Africa. The FEAST study is expected to deliver its report in October 2009.
Looking Ahead:
The GN3 consortium consisting of 32 European NREN plus TERENA and DANTE submitted the proposal for the GN3 project to the EC in September 2008. GN3 is likely to commence in Q2 2009 and will seamlessly take over from the GEANT2 project. 

The objective of the GN3 proposal is the creation of a leading edge network supporting a much

enhanced range of both network and added value services targeted at end-users across the

GÉANT service area. A principal goal will be to create a portfolio of seamless multi-domain

services. In contrast to its predecessor, GEANT2, much more emphasis is placed on service

development and service introduction. In the area of multi-domain network service operation it is planned to organise quick and efficient provisioning of advanced services, develop operational support crossing management domains and security to ensure service integrity and protection of network resources. This will be complemented by the development of end-user services in a federated environment which will focus on the creation of generic services, particularly in the context of security as well as further developments in the area of federated roaming services. 
It is planned that the Joint Research Activities (JRAs) will be of shorter duration and yet more targeted. The initial JRAs will deal with a critical analysis of future networking technologies as well as research into new services both from the point of supporting the development of new services as well as researching into enhancements to the emerging service portfolio (monitoring, mobility and resources management).

These will be supported by Networking Activities (NAs) dealing with both internal and external project communications. A particular emphasis of the NAs will be to support and encourage the take up of services among end-users by working closely with NRENs. The need to develop this theme co-operatively with other world regions is recognised by the inclusion of an activity specifically targeted to achieve this.
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Figure 1:GEANT2 International Connectivity
	International Connectivity: NRENs reached via GEANT2 by World Region

AMERICAS

	· CANARIE (Canada)

· CEDIA (Ecuador)

· CUDI (Mexico)

· ESNet (USA)

· INNOVA|RED (Argentina)

· Internet2 (USA)

· NISN – NASA (USA)

· NLR (USA)

· RAAP (Peru)
	· RAGIE (Guatemala)

· RAICES (El Salvador)

· RAU2 (Uruguay)

· REACCIUN2 (Venezuela)

· RedCyT (Panama)

· RENATA (Colombia)

· REUNA (Chile)

· RNP (Brazil)

· USLHCNet (USA)


	EUROPE

	· ACOnet (Austria)

· ARNES (Slovenia)

· ASA/INIMA (Albania)

· BELNET (Belgium)

· BIHARNET (Bosnia & Herzegovina)

· CARNet  (Croatia)

· CESNET (Czech Republic)

· CYNET (Cyprus)

· DFN (Germany)

· EENet (Estonia)

· FCCN (Portugal)

· GARR (Italy)

· GRNET (Greece)

· HEAnet (Ireland)

· Holy See Internet Office (Vatican City)

· ISTF (Bulgaria)

· IUCC (Israel)

· JANET(UK) (United Kingdom) 

· JSCC (Russia)

· LITNET (Lithuania)
	· NIIF/ HUNGARNET (Hungary)

· NORDUnet
(Denmark, Finland, Iceland, Norway, Sweden)

· PSNC (Poland)

· RedIRIS (Spain)

· RENATER (France)

· RESTENA (Luxembourg)

· RoEduNet (Romania)

· SANET (Slovakia)

· SigmaNet (Latvia)

· SURFnet (The Netherlands)

· SWITCH (Switzerland)

· UKIM/MARNET (FYR of Macedonia)

· ULAKBIM (Turkey)

· University of Andorra (Andorra)

· University of Malta (Malta)

· UoB/AMRES (Serbia & Montenegro)

· UoM/MREN (Serbia & Montenegro)

· URAN (Ukraine)


	ASIA & OCEANIA
	AFRICA & MIDDLE EAST

	· AARNet (Australia)

· CERNET (China)

· CSTNET (China)

· ERNet (India)

· INHERENT/ITB (Indonesia)

· JGN2 (Japan)

· KOREN (Korea)

· KREONET2 (Korea)

· LERNET (Laos)

· MAFFIN (Japan)

· MYREN (Malaysia)

· NCSFNET (China)

· PERN (Pakistan)

· PREGINET (Philippines)

· SINET (Japan)

· SingAREN (Singapore)

· ThaiSARN (Thailand)

· UniNet (Thailand)

· VINAREN (Vietnam)
	· ANKABUT (United Arab Emirates)

· ARN (Algeria)

· Birzeit University / Al Quds Open University (Palestinian Territories)

· EUN (Egypt)

· JuNet (Jordan)

· MARWAN (Morocco)

· Qatar Foundation (Qatar)

· RFR (Tunisia)

· SHERN (Syria)

· TENET (South Africa)
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Figure 2: The GEANT2 Pan-European Backbone Network, showing the new core infrastructure based on dark fiber and other major links
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