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GLIF:
GLIF, the Global Lambda Integrated Facility
, is an international virtual organization that promotes the paradigm of lambda networking to support demanding scientific applications. It is a collaborative initiative of research networks across the world, as well as institutions and consortia working with lambdas. GLIF makes lambdas available as an integrated global facility for use by scientists and projects involved in data-intensive scientific research. GLIF brings together leading networking engineers from across the world who learns from each other's experiences. They seek to establish best practices, work together to enable the development, testing and implementation of new lambda networking technologies, middleware and applications, and generally collaborate to take hybrid networking technology forward.
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Figure 63: This map illustrates the GLIF advanced research and education multi-gigabit optical network infrastructure.

Established in 2001, GLIF provides a global-scale laboratory to facilitate the development of applications and middleware, and to build distributed systems. It is also a forum for making contacts, exchanging information and experiences, and resolving technical problems. Those taking part in GLIF are working towards the harmonization of policy, service and fault-management processes.
GLIF makes use of the cost and capacity advantages offered by optical multiplexing, in order to build an infrastructure for powerful distributed systems that utilize processing power, storage and instrumentation at various sites around the globe. The aim is to encourage the shared use of resources by eliminating the traditional performance bottlenecks caused by a lack of network capacity. 

GLIF Resources:
The GLIF infrastructure is currently based around a number of lambdas contributed by GLIF participants who own or lease them. These are interconnected through a series of exchange points known as GOLEs (GLIF Open Lightpath Exchanges). Together, these lambdas and GOLEs are referred to as the GLIF resources.

GOLEs are usually operated by GLIF participants, and are comprised of equipment that is capable of managing lambdas and performing lightpath set-up and tear-down. This allows different lambdas to be connected together to create end-to-end lightpaths.

A lightpath is defined as a communications channel (virtual circuit) established over designated lambdas that connects two end-points in the network. It can take up some or all of the capacity of these lambdas, or indeed can be concatenated across several lambdas. Lightpaths can be established using different protocol mechanisms, depending on the application.

The network resources that make up GLIF are provided by independent network operators who collaborate to provide end-to-end lightpaths across their respective optical domains. GLIF does not provide any network resources itself, so researchers need to approach a GLIF network resource provider if they wish to obtain lightpath services.

More information about GLIF resources and a list of GOLEs can be found at http://www.glif.is/resources/.

GLIF Working Groups:
During 2008, GLIF's collaborative activities were organized in three working groups:
1.  
Governance and Growth Working Group

The Governance Working Group sets objectives, formulates policies and defines conditions for participation in GLIF. It supervises the work of the GLIF Secretariat and approves its budget. The Working Group is chaired by Kees Neggers (SURFnet).

2.  
Technical Issues Working Group

The Technical Issues Working Group is designing and implementing an international LambdaGrid infrastructure, identifying the equipment being used, the interfaces and protocols needed for connections, and the functions and services to be provided.. The Working Group is chaired by Erik-Jan Bos (SURFnet) and Gigi Karmous-Edwards (MCNC).

From January 2008, this group absorbed the activities of the former Control Plane and Grid Integration Working Group
 that dealt with interface and protocol issues of contributed lambda resources.

The redefined working group focused on standardising automated circuit routing, set-up and teardown, through the establishment of smaller task forces working on GNI Specifications, Service Level Agreements and Global Identifiers. The ability to set-up dynamic lightpaths between GOLEs is an important step, so it is essential that control plane developments support interoperability between different administrative domains.

4.  
Research & Applications Working Group

The Research & Applications Working Group identifies applications that can benefit from optical networks and defines the services that the user communities need. The group also aims to train a new generation of scientists on the use of "supernetworks". The Working Group is led by Maxine Brown (University of Illinois at Chicago) and Larry Smarr (Calit2, University of California, San Diego).
The emphasis of the working group is that science is global, and that inter-domain lightpaths can greatly facilitate collaboration. However, lightpath setup and scheduling relies on people, and it is organisations like GLIF that create and build communities that work together in a trusted manner. 
Examples of collaboration include the live high-definition video transmission of medical procedures (as trialled between hospitals in Norway and South Korea); super-high-definition video transmission of large-scale digital media (as demonstrated by the CineGrid Consortium); multiple high-definition video streams sent from multiple sites and accessible to other sites using optical multicast (as demonstrated by the international HPDMnet Consortium); correlation of high volumes of radio telescope data acquired using VLBI techniques (SCARIe project); and, an international supercomputer grid between Japan and the Netherlands to calculate complex cosmological simulations (CosmoGrid project). Research to set up and control lightpaths to enable these, and other, applications over multiple domains is also ongoing in the context of the Phosphorus, AutoBAHN, LambdaStation, TeraPaths and Phoebus activities.

GLIF Participants:
GLIF is open to any organization that shares the GLIF vision and is willing and able to make resources (e.g, equipment and lambdas) available on an agreed upon basis when they are not required for its own needs. GLIF is also open to organizations whose experts contribute actively to the technical work in the GLIF Working Groups. Anyone who contributes to the goals of GLIF is a participant, and there are currently fifty registered participants as listed on GLIF website
.

GLIF Secretariat and GLIF Sponsors:
The GLIF secretariat is provided by TERENA. Staff members of TERENA maintain the GLIF website, organize the GLIF meetings and provide secretariat and management support to the GLIF Working Groups. The costs of the secretariat are covered by the voluntary sponsorship of a number of GLIF participants. In 2008, the following organizations contributed to the funding of the GLIF secretariat:
	AARNet
	HEAnet
	National LambdaRail 
	TWAREN 

	AMPATH
	i2CAT
	NORDUnet 
	

	Calit2 / University of California, San Diego
	iCAIR
	Northwestern University 
	University of Amsterdam 

	CANARIE
	Indiana University
	Pacific Northwest Gigapop 
	University of Illinois at Chicago 

	CENIC
	Internet2
	StarLight
	

	CERN
	JANET (UK)
	SURFnet
	

	CESNET 
	KISTI 
	TERENA
	


GLIF Events:
GLIF organizes two events each year which provide GLIF participants with the opportunity to meet and discuss LambdaGrid networking, to progress the technology, and to develop collaborations. The main event is the LambdaGrid Workshop which is held during the autumn. but interim working group meetings are also held during the early part of the year.
8th Annual LambdaGrid Workshop

The 8th Annual LambdaGrid Workshop was held on 1-2 October 2008 in Seattle, Washington, US. More than 100 people from research and education networking organizations, universities, research institutes and industry participated. The workshop was held at the Bell Harbor International Conference Centre. 
The keynote speech was provided by Ed Lazowska, the Bill & Melinda Gates Chair of Computer Science & Engineering at the University of Washington, who outlined how LambdaGrids had enabled e-science applications in the Northwestern United States and beyond. In particular, they facilitated the transfer of the huge volumes of data that are generated by high-energy physics, astronomy, oceanography and human genome analysis, which has made computational science an increasingly important discipline.

The opening plenary session also featured Tieniu Tan, the Deputy Secretary-General of the Chinese Academy of Sciences, who presented how the CSTnet optical network had enabled e-science applications in China. There followed presentations from Harvey Newman (Caltech) on the Large Hadron Collider and the challenges of building the USLHCnet to facilitate large data transfers between CERN in Switzerland and the involved sites in the US, as well as from Michael Stanton (RNP) on SouthernLight, the first GLIF Open Lightpath Exchange (GOLE) to be established in South America. The session was rounded off with a demonstration of e-VLBI radio astronomy by Arpad Szomoru (JIVE project), and of the perfSONAR network monitoring tool by Thomas Tam (CANARIE).

The following afternoon and morning sessions were devoted to working group and task force meetings. There are three established GLIF working groups dealing with governance, research and applications, and technical issues, as well as several smaller task forces focusing on progressing specific technical challenges.

The closing plenary session saw presentations from Julio Ibarra (Florida International University) on Atlantic Wave, which is an alliance of optical exchange points in the Eastern US, from Natalia Bulashova (Russian Institute of Public Networks) on the MoscowLight GOLE and other optical networking initiatives in Russia, and from Lars Fischer (NORDUnet) on the NorthernLight optical network that serves the Nordic countries. This emphasised the ever-widening reach of the GLIF, and its ability to facilitate truly global collaboration.

The workshop wrapped up with a closing address from Kees Neggers (SURFnet), the GLIF Chair, during which he said:

"It was a real pleasure to see so many enthusiastic network and applications experts from every continent collaborating together in the meeting rooms and in the corridors. GLIF clearly has moved beyond merely promoting LambdaGrids, to actually facilitating real-world uses of the technology in support of medicine, science, education and the arts."

Finally, Daejeon (South Korea) was confirmed as the venue for 9th Annual Global LambdaGrid Workshop, which will be hosted by KISTI on 26-28 October 2009.

Working Group Meetings – Winter 2008
The GLIF Technical and Control Plane Working Groups held meetings on 19-20 January 2008 in conjunction with the Internet2/ESCC Joint Techs Workshop and APAN 25 in Honolulu, Hawaii, USA. This involved forty-five participants from the Asia-Pacific region, Europe, North America and Latin America who generated much topical discussion in the tropical environment.

The first day comprised a joint session to consider the topics of interest to both working groups. This included a presentation from the GlobalNOC on some of the issues related to management and monitoring of the several optical networks they help operate. The operational and policy aspects of dynamic circuits were also considered, before the session was rounded-off with a presentation on the LHCOPN that connects the Large Hadron Collider with its data processing and storage sites.

The following day was dedicated to separate working group sessions. The Technical Working Group heard updates from the GOLEs, including TaiwanLight for the first time. This was followed by a presentation from the CineGrid initiative about their experiences of using VLANs over lightpaths to stream digital media to various events. The rest of the session was used to discuss dynamic lightpath management, in particular the need to assign globally unique identifiers to lightpaths, how to undertake end-to-end monitoring, and how to improve the existing ticketing system.

In its own session, the Control Plane Working Group heard updates on the IDC protocol being developed by the DICE Collaboration. This will allow dynamic circuits in different domains to communicate with each other and users through the use of domain controllers. At the present time, there are several implementations available, but the plan is to converge these as more experience is gained. One application for IDC will be the Phoebus gateways which are used to break long-distance TCP connections into segments in order to improve performance.

In addition, the Control Plane Working Group was updated on developments related to the Generic Network Interface. GNS-WSI is based on web services and is used to reserve bandwidth between end-points. This can support multiple domains, and was used for the EnLIGHTened demo during the 7th Global LambdaGrid Workshop.

Finally, it was recommended that the Technical and Control Plane Working Groups should be merged. The motivation for this was due to the fact that the arrival of multi-domain dynamic lightpaths meant there was increasing overlap between the activities of the groups, and it would make more sense to break-out into smaller specialist groups as required. To this end, three task forces were formed to work on GOLE service level agreement definition, global lightpath identification, and GNI API development issues.

Publications:
Bos, Erik-Jan and Bram Peeters, Linking the e-Science World with Light, Proceedings of the eChallenges 2007 Conference, Den Haag, The Netherlands, October 2007.
Further Information:
More information is available from the GLIF website at http://www.glif.is/.

At the end of 2006, GLIF has produced a short brochure that provides an introduction to the GLIF resources and activities. An electronic copy of the brochure can be found at http://www.glif.is/publications/info/brochure.pdf. 





















































































































































































































































































































































































































































































































� GLIF secretariat


� � HYPERLINK "http://www.glif.is/" ��http://www.glif.is/�


� GLIF map visualization (May 2008) by Robert Patterson, the National Center for Supercomputing Applications at the University of Illinois at Urbana-Champaign. Data compilation by Maxine Brown, University of Illinois at Chicago. Earth texture provided by NASA, � HYPERLINK "http://visibleearth.nasa.gov/" ��http://visibleearth.nasa.gov/�.


Please refer to the GLIF web site at � HYPERLINK "http://www.glif.is/publications/maps/" ��http://www.glif.is/publications/maps/� for the latest version of this map.





� � HYPERLINK "http://www.glif.is/working-groups/gov/" ��http://www.glif.is/working-groups/gov/�


� � HYPERLINK "http://www.glif.is/working-groups/tech/" ��http://www.glif.is/working-groups/tech/�


� � HYPERLINK "http://www.glif.is/working-groups/controlplane/" ��http://www.glif.is/working-groups/controlplane/�


� � HYPERLINK "http://www.glif.is/working-groups/rap/" ��http://www.glif.is/working-groups/rap/�


� � HYPERLINK "http://www.glif.is/participants/" ��http://www.glif.is/participants/�
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