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Introduction and Rationale for This Meeting

Because of the tragic events of September 11, 2001, the Fall Internet2 meeting, scheduled for Austin, Texas, was transformed from a physical meeting to a virtual meeting.  While this virtual meeting had significant benefits, it did not allow for the face-to-face interaction that has become a hallmark of the Internet2 meetings.  This lack of direct personal interaction, combined with known and planned significant changes in the networking environment of the Pacific Rim, caused us (Williams and Boyles) to consider the possibility of developing a special-purpose meeting to focus on the rapid changes in networking in the Pacific Rim.

With the assistance and support of many individuals and organizations, the Pacific Rim Networking Meeting – A View into the Future (PRNM) was held in Honolulu, Hawaii, at the East-West Center on February 21-22, 2002.

The purpose of this meeting was to share information from a variety of different sources. Major North American research and education networks presented their current status and expansion plans. Network connection points presented their status and plans. Asian networks discussed their networking plans within their countries and internationally. Applications groups discussed their needs. Vendors presented the status of their networks today and their plans for the next 12-18 months. Specific discussions were held about developing international connectivity options.

Although information sharing was the primary purpose of this meeting, some general conclusions are presented in the Executive Summary and amplified in the General Summary and Conclusions section.

This report, all presentations, the complete agenda, and attendees list for the meeting are available on the meeting Web page at: http://www.transpac.org/meeting
Executive Summary
The purpose of this meeting was to present information rather than address a specific set of questions or develop recommendations. However, from the assembled group of presentations, some observations can be made.

From an infrastructure perspective

North American, European, and Asian infrastructures continue to develop with OC-192 (10Gbps) services becoming standard over the next 12-18 months.  

Although still expensive, significant bandwidth is becoming available within the Asian-Pacific area and Trans-Pacific. Costs are decreasing.

Countries within the AP area are expanding bandwidth, within their country, among their AP neighbors, and between the AP and NA.

The Korea-Japan Gigabit Network Project presents particularly exciting opportunities for significantly increased connectivity in the AP region.

The Australia-Japan cable and other north-south infrastructure present an opportunity to rationalize network connectivity  within the AP region.

Current market realities for communications carriers were noted at the meeting.  While opportunities appear to exist for the community in acquiring increasing amounts of capacity in current market conditions, it should be noted that some of the forms of available capacity still require significant funds in order to equip circuits to provide effective end-to-end infrastructure. On the other hand, the current carrier over capacity presents an opportunity to leverage a relatively small amount of seed funding to significantly increase infrastructure.

From an applications perspective

Increased bandwidth has increased the need for international coordination of network services to facilitate science and education applications.

Reliable, persistent infrastructure is essential. At the same time, the continued and accelerated deployment of pre-commercial technologies such as IPv6 and native IP multicast is vital to the further development and utilization of advanced network applications to support science and education.

The growing number of scientific communities (e.g.: astronomy, which was represented at this meeting) that are depending on a coordinated, global network infrastructure to carry out their science was repeatedly cited by network planners as the driving motivation for their future infrastructure.

At the same time, many networks are supplementing the provisioning of persistent infrastructure for science with initiatives to investigate new transport technologies and network protocols.

Description of the Meeting

The Pacific Rim Networking Meeting was divided into four half-day sessions focused on specific aspects of networking infrastructure and applications.

The February 21 Morning Session began with a keynote address by Spyros Konidaris representing the European Commission. The session included presentations by major research and education networks in North America and by international connection points.

The February 21 Afternoon Session featured presentations on other US and international networking initiatives and extensive updates from Asia-Pacific countries regarding their internal and international networking plans.

The February 22 Morning Session began with presentations by application areas outlining their networking needs. This was followed by a presentation and discussion regarding technology and administrative coordination among international networks.

The February 22 Afternoon Session featured extensive vendor presentations on their current network status and future plans. This was followed by a discussion of extending the current global research network (EU-NA-AP) with the addition of an AP-EU link.

The PowerPoint presentations for all sessions appear in the Appendix of this report.  For more complete descriptions of any of the presentations, please consult the Appendices or the meeting Web page at: http://www.transpac.org/meeting
February 21 – Morning Session Summary

Spyros Konidaris — European Commission

A keynote presentation opened the meeting. The European networking community has had significant experience in cooperating to build a cohesive, shared network infrastructure for the support of science and education within Europe. The result has been the recent launch of the GEANT network, partially funded by the European Commission, but organized by the national research networks utilizing the not-for-profit corporation, DANTE, which they had previously established as an operational entity. Opportunities should be examined to escalate the cooperative model used in Europe to a global scale.

Aubrey Bush — US National Science Foundation 

The Foundation's current and future plans for supporting advanced network infrastructure development were discussed. Currently the HPIIS program funds some international connections (such as TransPAC).  In the future, the Foundation expects to fund international connectivity within the scope of its funding of experimental or non-persistent network infrastructure development.  

George Swereyniak — Department of Energy

ESnet currently connects DOE laboratories in support of their work within the DOE mission. DOE has decreased the number of connections to universities, focusing on lab connectivity, and peering with Abilene for university connectivity.  The agency is currently making the case for an upgrade of the backbone from 622Mbps to 2.5Gbps.

Kevin Jones – NASA

NREN, NPN, and NISN comprise the set of networks currently supported by NASA. NREN continues to support experimentation with network protocols and services, NPN bridges these tested technologies to a broader community, and NISN provides primarily operational-oriented support between NASA centers. NREN and NPN connect a small number of NASA research centers. NASA plans to work with APAN on QoS and multicast deployment in support of work between NASA and NASDA, including the international spacecraft science applications.

Steve Corbato — Internet2

Abilene, an Internet2 backbone network, will be upgraded to 10Gbps. The upgrade is expected to be completed by the end of FY2002. Abilene continues to support in a highly reliable manner the high-performance network needs of the research and education community and to deploy protocols and technologies ahead of the commercial marketplace. Once the upgrade is complete it will provide access for the community to flexible wavelengths for experimental networking purposes.

Bill St. Arnaud — CANARIE

Canada's CA*net4 network initiative is now funded and moving into the deployment phase with an expected completion date of June 30, 2002. CANARIE is looking to join a consortium of networks to achieve international connectivity.  CANARIE will also fund an applications program to develop new uses of the network.

David Richardson — Pacific Wave

The Pacific Wave international interconnection facility in Seattle now connects several networks in the Pacific Rim area, including TANET2, AARNET, CA*net3, Abilene, ESnet, and DREN, as well as members of the Pacific Northwest GigaPoP.  Interconnection is based on gigabit Ethernet technology.

Linda Winkler — StarLight

StarLight, located in Chicago on the Northwestern University campus, is the optical evolution of STAR TAP. StarLight interconnects production, experimental, and research networks. Details were provided on current connections and on how to connect. StarLight is involved in supporting the iGRID2002 demonstration event in Amsterdam in September.

David Lassner — University of Hawaii

Hawaii’s position in Pacific network infrastructure continues to improve. Two new cables  — SCCN and US-Japan — landed in Hawaii last year. Hawaii supports connectivity to scientific installations including the numerous observatories on Mauna Kea and the Maui Supercomputer Center.

February 21 – Afternoon Session Summary

The February 21 afternoon session continued a focus on infrastructure. The initial discussions centered on US and international infrastructure, including mechanisms for global infrastructure connectivity. The following presentations focused on country-specific infrastructure and international connectivity.  

John Silvester — US West Coast Infrastructure

California is home to several significant networking activities. CALREN-2 is the state’s leading R/E network. CALREN will be moving toward 10Gbps connectivity among key institutions. Pacific LightRail is a partnership between CENIC and the Pacific Northwest GigaPoP, and will extend 10Gbps R/E connectivity up the US West Coast and possibly into the central part of the US West.

Don Riley — IEEAF

The IEEAF is a non-profit organization designed to accept donations of various types and distribute these donations to higher education. Of particular interest to the international community are potential donations of bandwidth from Europe to the US and from Asia to the US.

Michael McRobbie — GTRN

The Global Terabit Research Network (GTRN) exists today as a partnership between the US and the EU. This partnership will soon be expanded to include Canada and various international connection points (StarLight and Pacific Wave). There are compelling scientific and financial reasons for extending the GTRN to the Asia-Pacific area in the immediate future.

James Williams — TransPAC

As of October 15, 2001, TransPAC bandwidth between APAN and the US was increased from 155Mbps to 1.244Gbps, and now comprises two 622Mbps circuits.  The northern route connects Tokyo and the Pacific Wave connection point in Seattle. The southern route connects Tokyo and the StarLight connection point in Chicago. To make optimal use of this increased bandwidth, TransPAC is working closely with end-user applications scientists.

Shigeki Goto and Kazunori Konishi — Asia Pacific Advanced Network

APAN provides a common focus for international science and networking

efforts in the Asia-Pacific area. Current APAN connections are a

combination of high-speed links (1.244Gbps to the US), moderate-speed links,

and low-speed satellite links. The Korea-Japan Gigabit Networking Project

will link Pusan and Fukuoka at Gbps speeds in early 2003. There are

discussions about extending this link to China.

Shoichiro Asano — SINET (Japan)

SuperSINET (10Gbps) is currently being constructed in Japan. SINET will be integrated into SuperSINET. The merged network will connect all research universities in Japan. Higher speed technology is being developed (Photonic SINET).

Jun Murai — WIDE (Japan)

WIDE maintains a significant infrastructure in Japan, including the Japan Gigabit Network (JGN). WIDE has been, and continues to be, the leader in IPv6 research and deployment worldwide. There are many WIDE research projects directly connected to networking and related to applications (Internet car). WIDE also maintains and operates the AI3 satellite network (see Keiko Okawa talk).

Jaehwa Lee — Korea 

Korea is expanding its internal network (MIC/KT Project). In particular, the Korea-Japan initiative to connect Pusan and Fukuoka with multi-gigabit links is very significant.

George McLaughin — Australia

Australia (AARNet) maintains a domestic R/E network and international connections in Australia. AARNet is a licensed telecommunications carrier in Australia and receives no government funding. Operating funds for the network come from members. GrangeNet is the developing Australian domestic R/E network. AARNet has an IRU agreement with SCCN for capacity to the US and currently maintains two OC-3 connections (310Mbps total capacity).

Jianping Wu — China

CERNET and CSTNET are the two main R/E networks in China. CERNET-2 is being developed with connectivity at 2.5-10Gbps.

Lawrence Wong – Singapore

SingAREN Phase 2 began in April 2001 and will focus on implementing optical networking within Singapore. Expansive international bandwidth remains a concern.

Charles Choy — Hong Kong

HARNET operates a domestic ATM network (OC-3 bandwidth) and several international links, including links to the US, China, and Taiwan. Current financial problems in the telecom area (Level 3 Networks) have raised concerns about international connections.

Edgar Chang — Taiwan

Taiwan has recently completed the initial domestic and international provisioning of TAnet2.  These existing ATM circuits will be expanded to 2.5Gbps speeds and beyond over the next 12-18 months.

Royol Chitradon — Thailand

Thailand is expanding its domestic networking with the intention of extending broadband connectivity to all major institutions in Thailand. International connectivity (20Mbps link to the US) continues to be a costly problem.

February 22 – Morning Session Summary

The February 22 Morning Session provided an opportunity for applications

providers (users of the network) to discuss their concerns about current and future network developments. Distance Education and Astronomy are two divergent fields, but speakers expressed the need for reliable, stable connectivity to their classrooms and experiments. The morning session also featured a broad discussion lead by Guy Almes and Jun Murai about how to coordinate advanced technology deployment across networks.

Keiko Okawa — WIDE

WIDE has developed a distance learning applications called School of Internet.  The project utilizes digital video over IP technology in a multicast and IPv6- enabled network environment. A number of issues have been confronted in developing and running the project. While some were specific to the technology being used by the WIDE project (such as multicast deployment and performance problems, IPv6 tunneling inefficiencies), most were indicative of issues widely confronted by people attempting to push the development of new applications.  These included the inability to know end-to-end throughput conditions in either a design or use phase and the lack of tools and information to pinpoint problems and get help in resolving them.   Of particular concern was the lack of an international “point of contact” to schedule network resources and track and resolve problems for users of international applications.

Jim Kennedy  — Gemini Project, AURA

The astronomy community needs access to a wide array of different types of instruments, some of which are currently in place or under construction. The remote location of many of the instruments is among the challenges to conducting  research in astronomy over high-performance networks. At the same time, the remote nature of the instruments is one of the driving applications for getting high-performance networks to these sites, to allow remote observation, video-conferencing between scientists and technicians, and data and image retrieval from the instrument distributed to data storage and computational facilities around the globe. These various applications combine a need for low-latency, high throughput, reliable, and secure networks.

Guy Almes  and Jun Murai — Technology and Administrative Coordination Across Network Domains

In this discussion of a number of the network performance and technology deployment issues highlighted by the user community speakers, a couple of key themes emerged. 

The bandwidth bottleneck is no longer across the Pacific, but exists in the last-mile connections to the institutions and sometimes to whole countries (where satellite is the only option for a number of Asian countries). A couple of projects were identified that are working on improving satellite IP performance.

New technologies that are being deployed by networks in support of applications, such as those presented by Keiko Okawa, are providing some of the performance issues and still require development. But while backbone networks have mostly deployed multicast, for example, several participants identified the need to push that technology out to the end user. Similar comments were made regarding the deployment of IPv6.

Keiko Okawa reiterated the questions from her presentation about how to deal with multi-site administration issues. More coordination between network NOCs was offered by the group; Linda Winkler identified two tools (the Abilene router proxy and the NLANR-DAST multicast beacon) that could help provide network administrators with the ability to do some self de-bugging.

Finally, security issues were discussed in regard to how they affect performance (firewalls inhibiting multicast performance) and how to better coordinate on DDOS attacks.  

February 22 – Afternoon Session Summary

The February 22 Afternoon Session included presentations from a panel of speakers from various telecommunications carriers operating in the Pacific along with a final presentation/discussion session regarding connectivity from Asia to other parts of the world, primarily Europe and Central and South Asia.

The purpose of the vendor panel was to understand current and future plans for capacity buildout, technology implementation, and pricing trends.

Yves Poppe — Teleglobe

An overview of the capacity in place and being planned for the Pacific was presented. It is difficult to look beyond two years, especially with many of the planned builds now on hold or completely abandoned. It is likely no new cables will be built in the next 12-18 months but capacity could be increased opportunistically (e.g.: additional fibers would be lit based on demand).

John Zima — Global Crossing

Global Crossing currently provides wavelength service on its Pacific network with 10Gbps and 2.5Gbps wave service currently available only in Tokyo and Hong Kong (in Seattle and Los Angeles on the North American side). Global Crossing offers an IP VPN service that has slightly broader availability in Asia and utilizes an MPLS tunnel mesh, but currently has a maximum speed of 1Gbps.

Ross Pfeffer — South Cross Cable Network (SCCN)

SCCN is a traditional consortium cable built between Australia and New Zealand, Hawaii, and the US mainland. AARNET has acquired a 15-year IRU on SCCN for connectivity to the US. Future buildout for SCCN includes completing the figure-8 design of the cable for added redundancy and capacity.

Kazuhiro Gomi  — NTT/Verio

NTT bought US ISP Verio a year or two ago. They currently have 3.6G between the US and Japan for their global IP backbone. They also offer several services on top of this backbone, including an IP VPN service. NTT’s Research Lab Division supports the GEMNET network, which connects several NTT Research Labs and the labs of some Japanese universities to the US.

Kenichi Maekawa — KDDI 

KDDI supports the TransPAC  southern route connection between Tokyo and Chicago. KDDI has significant (a total of 25G) capacity across the Pacific and 20G of capacity within Asia. KDDI offers the ability to utilize both sides of an SDH ring in an unprotected manner, doubling potential capacity and direct wavelength via the Japan-US cable.

Sean Bergin — Australia-Japan Cable (AJC)

AJC is a mix of a traditional consortium cable and a self-built cable with six large telcos providing shareholder backing, and funding raised by AJC. AJC consists of two fiber pairs with 32 wavelength capability on each fiber, running between Australia, Guam, and Japan, where it interconnects with several other cable systems. 

George McLaughlin — Asia-Pacific Networking to the European Union
The final panel included a short presentation by George McLaughlin followed by discussion about connectivity for Asia to other parts of the world. As several speakers had noted earlier, a 2Mbps link is now in place between RENATER (France) and Korea for purposes of linking Europe and Asia directly, rather than via North America. Several of the carriers commented about the lack of built capacity and therefore competitive prices for cables following a physical route from Asia to Europe via South Asia and the Middle East. It was noted that a new cable is being built from Bombay and Chennai, India, to Singapore, although the western connection and expansion of that cable was unclear. However, the European Commission and APAN remain committed to exploring opportunities for connectivity along this route.

At this point the formal meeting concluded, although discussions among the participants continued for the remainder of the afternoon.

Observations and General Summary  

Because the purpose of this meeting was to exchange information, we did not set the objectives of coming to conclusions or making recommendations. However, after hearing many diverse presentations over two days, we judged that a general summary and some broad observations would be valuable.

Observations

1. Established North American R/E networks are increasing their domestic bandwidth. OC-192 will be common within 12 months in the NA R/E backbone. Connections to the R/E backbone will be at OC-48. 

2. Established AP R/E networks are also increasing their domestic bandwidth with OC-48 and OC-192 (2.5Gbps and 10Gbps) speeds possible within the next 12 months.

3. The Korea-Japan Gigabit Network Project provides an opportunity for greatly increased connectivity between these key countries. It also provides a model for possible future high-speed connectivity in the AP area (high performance connections to a single international connection point).

4. New cable systems such as the Australia-Japan Cable provide important north-south connectivity in the AP area. This has the potential to rationalize networking in the AP by eliminating cases where the US acts as a traffic reflector for AP traffic. Today, R/E traffic from Australia to Japan goes to the US for reflection back to Japan. A direct Australia-Japan connection would provide much lower latency.

5. With one or two possible exceptions, cable construction in the Pacific has come to a halt due to financial constraints and current lack of demand (over capacity). The development of new cable systems in the AP is unlikely in the next 24 months. However, existing cable systems can increase bandwidth considerably if sufficient demand exists.

6. The current bandwidth over capacity provides R/E networks with a window of opportunity to dramatically increase bandwidth at reasonable (but non-zero) costs.

7. Networks are an integral part of science and education, domestically and internationally. It will be impossible to accomplish the goals of current science and education projects without persistent infrastructure that delivers the services needed (E2E performance, multicast, QoS, low latency and loss) across networks.  

8. While infrastructure development is moving rapidly, service development across networks (multicast, QoS, and such) is moving more slowly. While this slower movement is understandable (services are generally more difficult to deploy for a variety of reasons), the lack of services and a broad service deployment plan present difficulties for applications providers.

9. As science and education become more international, concerns arise about central and distributed services. For example, how can a distance education class between Japan and the US insure that bandwidth is regularly available (low latency, loss-free transmission)?  At the same time, how can a large physics experiment transfer multi-terabits of data between a site in Canada and Japan? Is a global scheduling or coordinating system needed for certain applications? Is global QoS a solution?

Summary

There is an opportunity to combine several forces to propel networking forward within the AP and between the AP and NA. Science and education have presented the networking community with clear demands for bandwidth and services (persistent, production networks that provide advanced services and performance guarantees). The telecommunications environment provides a window of opportunity to significantly expand bandwidth. Coordinated action is needed to capitalize on this opportunity.

Appendices   here
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