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There is a dramatically increased interest and need for enabling worldwide collaborations of scientists to address data intensive challenges in High Energy Physics, fusion, weather, astrophysics and genomics, etc. Each of these disciplines has identified network needs in the Terabit/second range in 5-10 years. In addition there are growing needs and demands to enable active collaborations with scientists, researchers and educators on both sides of the digital divide to understand and tackle problems in health, distance education etc. These are exemplified by the increased development and deployment of grid technologies and the creation of worldwide collaborations of scientists to address challenges, provide education and training etc.

At the same time the Internet's usage, performance and coverage is growing dramatically. In the first half of 2004 for example the number of Internet users in China grew from 6 to 78 million
. It now tops 100 million, while the worldwide number of Internet users recently topped 1 billion
. The US Energy Sciences Network's traffic has been increasing by 100% per year for the last 6 years
. The traffic flowing through the Amsterdam exchange increased fourfold in 2005
. The Large Hadron Collider network between CERN and the US grew from a 9.6 kilobits/sec satellite link in 1985 to multiple 10Gigabits/sec today.

These developments have been paralleled by upgrades in the metro, state, national, and continental core network infrastructures, as well as the key transoceanic links used for research and education, to typical bandwidths in North America, Western Europe as well as Japan and Korea of 2.5 and now 10 Gigabits/sec. In addition: the Global Ring Network for Advanced Applications Development (GLORIAD
) project is providing high speed connectivity especially for Russia and China; the Trans-Eurasia Information Network (TEIN2
) is improving the connectivity of the Asia Pacific region; the Latin America Cooperation of Advanced Networks (CLARA
) and the Western Hemisphere Research and Education Networks (WHREN
) Links Interconnecting Latin America (LILA) projects are bringing Gbits/s to Latin America; EUMEDConnect
 is improving connectivity to the Mediterranean; the East African Submarine System (EASSy
) is bringing fibre to the E. coast of Africa; and four Southern African National Research and Education Networks (NRENS) in Kenya, Malawi, Mozambique, Rwanda and South Africa have come together to found the Ubuntunet
 Alliance for Research and Education Networking with the goal of delivering Gigabits/s connectivity to their countries and the rest of the world. The transition to the use of "dense wavelength division multiplexing" (DWDM) to support multiple optical links on a single fiber has made these links increasingly affordable, and this has resulted in a substantially increased number of these links coming into service. At the end nodes the commoditization of Gigabit and 10 Gigabit Ethernet, new buses, and faster cpus are driving performance higher and costs lower.

All of this adds up to an explosion of opportunities. However, the rapid rate of progress, confined mostly to the US, Europe, Japan and Korea, as well as the major transoceanic routes, threatens to open the Digital Divide between the developed and developing regions further. For example the mean bandwidth per networked computer in Africa is less than 4 kilobits/sec, yet the costs are 50-1000 times that in well developed regions. 

The worldwide science and education community is in a unique position to facilitate persistent, non-threatening dialog and increased cooperation between nations that have often been at odds. In the past it has taken a lead: in installing the first permanent Internet connection to mainland China
; initiating the "Silk Road" satellite system
 to bring connectivity to central Asia; upgrading connectivity to Brazil; leading the installation and demonstrating the first 622 Mbps connection to India; the efforts of the International Committee for Future Accelerators (ICFA) Standing Committee on Inter-regional Connectivity (SCIC
); and the free eJournals delivery service
 of the Abdus Salam International Centre for Theoretical Physics (ICTP) etc. The community must continue to take this leadership in driving the communication needs, utilizing, illustrating and educating on the capabilities, and leading the way for others to take advantage of these opportunities. We are not alone in this effort, for example, the G8 specifically pledged support for African higher education and research by “Helping develop skilled professionals for Africa's private and public sectors, through supporting networks of excellence between African's and other countries' institutions of higher education and centres of excellence in science and technology institutions”. Without major efforts to bridge the digital divide, it will continue to increase for many regions such as S. Asia and Africa, leading to increased poverty, distrust, political instability etc. 

The efforts required are made more challenging by the continued rapid progress of network technologies. Appropriate solutions today must be based on current-generation infrastructures based on optical fibers if the divide is to be bridged. Today’s targets will move as network technologies and their modes of use advance in the economically favored regions of the world.
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Figure 1: Internet performance (derived from delay and loss measurements) from N. America to various regions of the world. Note that many regions are several years behind Europe, and Africa, Central Asia, and South Asia are falling further behind.
� See the Feb. and Aug. 2004 Reports by the ICFA Standing Committee on Inter-Regional  Connectivity (SCIC) at http://cern.ch/icfa-scic  .


� See http://www.internetworldstats.com/ 


� Source: W Johnston (LBNL), ESnet manager


� See www.ams-ix.net/about/stats/index.html  


� See http://www.gloriad.org/


� See http://www.tein2.net/


� See http://www.redclara.net/


� See http://whren.ampath.net/


� See http://www.eumedconnect.net/


� See http://www.eassy.org/


� See http://www.ubuntunet.net/index.htm


� “Networking with China”, R. L. A. Cottrell, C. Granieri, L. Fan, R. Xu, Y. Karita, CHEP04, Japan, also SLAC-PUB-6478, Aug 1994


� See http://www.silkproject.org/


� See http://cern.ch/icfa-scic/


� See http://www.ejds.org/





