NSF’s International Connections ProgramProc. INET ’95S.GoldsteinFuture Prospects for NSF’s International Connections Program ActivitiesSteven N. Goldstein <sgoldste@nsf.gov>AbstractThe National Science Foundation’s (NSF) plansfor ensuring that the U.S. research and education(R&E) communities will continue to be able tointeract over the Internet with colleagues andresources abroad are discussed. NSF has recentlytransitioned from the custom-provided NSFNETBackbone national transit service for mid-levelnetworks to service provision by severalinterconnected general purpose ("commercial")Internet service providers. It is anticipated that theplan for international services will be to "ratchet"up the capacity of transoceanic links well beyond thecurrent T1/E1 levels, while minimizing NSF’s rolein direct service provision, much as NSF has donein the case of domestic service. In addition, NSF’srole in facilitating the Internet connectivity of othercountries in support of the R&E communities islikely to continue, and demonstration projects inadvanced international-scale telecommunicationstechnologies may also be supported.1IntroductionIn 1991, the National Science Foundationawarded a five-year cooperative agreement withSprint for International Connections Management toNSFNET (ICM). The purpose was to consolidatethe management and engineering of connectionsbetween the U.S. research and education (R&E)communities and similar communities abroad.From the initial two links of 128 kbps each toStockholm and southern France, the project hasgrown along with the Global Internet to the pointthat the two E1 links to Stockholm, 2 E1 links toLondon and T1 and E1 to Paris that will exist inearly 1995 are not likely to be sufficient for morethan a few months to meet capacity demands. Inaddition, the ICM project has made it easy for othercountries to connect to the Global Internet byproviding an infrastructure for interconnection andby making modest "port management fee" paymentson behalf of the connecting countries. LatinAmerican and Caribbean countries (in partnershipwith the Organization of American States) areconnected to the ICM infrastructure, as are agrowing number of Asian and Pacific countries. Asan indication of the growth in demand for suchcountries Malaysia’s initial 64 kbps connection is tobe replaced with a T1; South Africa struggles tokeep up with its demand as it looks toward 256 kbpsand seeks ways to fund T1 bandwidth, and CostaRica is on the verge of an upgrade from 64 kbps to128 kbps for its R&E network, and a possible tie-inwith RACSA’s (the PTT) own international servicefor a 256 kbps link.Meanwhile, the domestic NSFNET backboneservice has transitioned from a custom-providednational transit service for mid-level networks toservice provision by several general purpose("commercial") Network Service Providers thatinterconnect at Network Access Points. TheNSFNET mid-level networks are themselvesundergoing transitions to more general purposeservice provision, especially as some are beingpurchased by commercial interests. So, as thedemand for intercontinental connectivity continuesto soar (in some cases, doubling every fewmonths!), NSF anticipates a future in which every-day ("commodity") networking will be provided bygeneral purpose service organizations, and theinternational links will be similarly provisioned.Our international connectivity strategy is to attemptto "ratchet" the busiest intercontinental linkcapacities to the 34 - 45 Mbps range in the nearterm with an eye toward SONET/SDH capacities of155 Mbps and higher in the longer range, while atthe same time minimizing NSF’s role in directservice provision.At this writing, the precise path to those ends isfar from clear. However, a new solicitation forInternational Internet Services (IIS) has been draftedand is undergoing internal review. Regarding the IISsolicitation, NSF is considering multiple awards inas many as four categories:High-Bandwidth (at least 34 Mbps) Production-Quality Services,International Internet Connectivity Services,High Bandwidth (at least 155 Mbps)Experimental Service & Demonstrations, andEmerging Technology Experimental Service &Demonstrations.The following sections provide a glimpse intoNSF’s thinking about the new IIS, but it should beunderstood that these thoughts are preliminary andunofficial.

NSF’s International Connections ProgramProc. INET ’95S.Goldstein2BackgroundAs of March, 1995, the Internet included morethan 50,000 networks. These networks interconnectmillions of computers and tens of millions of usersthroughout the world. The NSFNET Programsupports connections to the Internet for research andeducation with the goal of establishing a ubiquitouscomputer networking infrastructure for thatcommunity.The domestic NSFNET backbone (nationaltransit) service has just completed a transition froma single service provider to service provision byseveral general purpose ("commercial") NetworkService Providers (NSPs) that interconnect atNetwork Access Points (NAPs) to ensure fullconnectivity among the NSFNET regionalnetworks, Figure 1.Figure 1. New NSFNET Architecture (Courtesy: General Atomics)In 1990, NSF issued a solicitation for"International Connections to NSFNET" NSF 90-69. At that time, the single-provider NSFNETBackbone was operating at T1 (1.5 Mbps) capacity,and the expected capacity metric for internationallinks was several multiples of 64 kbps, up to T1 (orthe European analog, E1). The initial focus of NSF90-69 was on connectivity with NORDUnet inStockholm and with INRIA in Sophia-Antipolis,France, with additional connectivity needs to befulfilled, as they became known to NSF. NSF90-69resulted in a single award to Sprint CommunicationsCompany in the form of a five-year CooperativeAgreement. The purpose was to consolidate themanagement and engineering of connections betweenthe U.S. R&E communities and similarcommunities abroad. From the initial two links of128 kbps each to Stockholm and southern France,the project has grown along with the Global Internetto the point that the two E1 links to Stockholm, 2E1 links to London and T1 and E1 to Paris thatexisted as of early 1995 are not sufficient to meetcapacity demands.

NSF’s International Connections ProgramProc. INET ’95S.GoldsteinIn addition, NSF has structured the ICM projectto make it easy for other countries to connect to theglobal Internet by providing an infrastructure forinterconnection and by making modest "portmanagement fee" payments on behalf of theconnecting countries. Latin American andCaribbean countries (in partnership with theOrganization of American States) are connected tothe ICM infrastructure, as are a growing number ofAsian and Pacific countries. As an indication of thegrowth in demand for such countries Malaysia’sinitial 64 kbps connection was replaced with a T1;South Africa struggles to keep up with its demandas it upgrades capacity to 256 kbps and seeks waysto fund T1 bandwidth, and Costa Rica has upgradedits R&E connection from 64 kbps to 192 kbps.An overview of the context of Global Internetconnectivity and use within which NSF is planningfuture international connectivity is given below:2 . 1 We have encountered the T1/E1"wall"Capacities of the European links have grown tothe point that the T1/E1 limit has been encountered.The London, Stockholm and Paris links were allupgraded to T1 (~1.5 Mbps)in late 1992-early 1993,and impending congestion resulted in an order toincrease the capacities of the London and Stockholmlinks to E1 (~2 Mbps) in early 1994 and then tomultiples of T1/E1 in late 1994. CONACYT’s(Mexican National Science Council) new link wasimplemented at E1. (Note that U.S. domestictrunks are not normally configured for E1.)Similarly, Canada’s CA*net, which had connected tothe NSFNET directly under a separate three-yearaward to Merit that was issued prior to the ICMaward, went on to upgrade its connections from 2-or-3 multiples of 64 kbps to include five T1s, atCA*net’s expense. During a recent visit to Ottawa,I learned that general purpose Internet serviceproviders are competing fiercely for business inCanada. Japanese R&E interests have aggregatecapacity to the U.S. that could purchase a 34/45Mbps link, were the individual links to beconsolidated. Several General purpose serviceproviders now operate in Japan in addition to theprivate R&E networks. The Australian AcademicResearch Network’s (AARNet) link to NASA hasgrown to about 6 Mbps.Thus, it is clear that growth in demand forInternet services will require higher capacities thanT1/E1 to several areas of the world with which theU.S. R&E communities maintain activecollaborations.2 . 2 There is still a need for sub-T1servicesOther countries throughout the world maintainlinks to the ICM infrastructure at capacities from64 kbps to T1, usually at their own expense, butsometimes with assistance from other organizations.It is likely that the historical growth trends noted inthe case of Europe-U.S. and Australia-U.S. willpush many of these capacities to the T1/E1 limit inthe next several years, although financing difficultiesmay act as a brake on rapid growth.2 . 3 Emerging technologies couldenable services to hithertoremote areasThere are also unmet needs fortelecommunications services between the U.S. R&Ecommunities and colleagues or resources in parts ofthe world that are not easily reachable by the moreconventional means discussed above. Developingcountries with inadequate domestictelecommunications infrastructure and acorresponding dearth of international connectivity arean obvious example. Also, remote areas of theglobe where rain forest, Arctic, desert, andoceanographic research takes place are targets forfuture Internet connectivity. In many cases, theseplaces may be rendered increasingly reachable withemerging (or otherwise less conventional)technologies which include satellites (at variousorbital distances and either singly or inconstellations), radio relay and other wirelesscapabilities.2 . 4 The Research and Educationcommunities and the burgeoningInternetSince the implementation of the ICM award in1991, many developments have been influencingInternet growth and with it, the demand forinternational connectivity. Among them:2.4.1Growth of the general purposeInternet service sectorMany enterprises of all descriptions are served byInternet service providers, not just the R&Ecommunity. This is especially the case in the U.S.,the former Soviet Union, South Africa, many Asiancountries including Japan, Hong Kong, and China,most European countries, and a growing number ofLatin American countries including Argentina,Colombia, Costa Rica and Ecuador. Other countriesare following suit. Recently, there has beenspeculation that Telecom Australia, the majortelephone service operator in Australia, wouldpurchase AARNet from the Australian Vice-Chancellors’ Committee. Telecom is expected tooperate a commercial Internet service which couldprovide services both to AARNet’s current academicand research clients as well as expand into othercommercial markets.1 It is not unlikely that R&E1Private communication with Geoff Huston<G.Huston@aarnet.edu.au>, 20 April 1995.

NSF’s International Connections ProgramProc. INET ’95S.Goldsteinnetworks in other countries may one day beintegrated into the framework of general serviceprovision.2.4.2Use by other government agenciesGovernments in the U.S. and abroad and at stateand federal levels have also adopted the Internet tocarry out their work, and recently, U.S. Governmentagencies have begun to seek Internet services at arapid pace.2.4.3Adoption by global disciplinaryresearch endeavorsThe High Energy Physics and Human Genomeresearch communities were early adopters of Internettechnology to link their globally distributed researchprograms. More recently, the public health andmedical information communities, distanceeducation and social science communities have alsobegun to adopt Internet technology. Much of thisresearch is funded by the research arms of otheragencies in the U.S. and abroad.2.4.4Entry of the development sectorFollowing closely on the heels of the R&Ecommunity, the international developmentcommunity (e.g., United Nations DevelopmentProgram and non-governmental organizations) hasadopted the Internet as a means of accomplishing itswork; this includes entry of important internationallending institutions such as the World Bank andregional development banks2.4.5New Applications, IncreasedDemandsKeeping pace with Internet growth, and maybeeven helping to drive it forward, an array of tools forresource discovery, navigation and collaborationhave appeared. Most have been offered free to end-users, though commercially-supported versions arealso appearing. Adoption has been rapid. Client-server resource discovery and retrieval applicationshave encouraged explosive demand for moderatebandwidth uses, and higher bandwidth applicationssuch as audio and video multicast can strain even thehighest-capacity international connections. Also,new applications involving distributed highperformance computing, remote visualization andimaging, and multimedia transport, together withthe growth in aggregate traffic, make the provisionof increasingly high performance network servicesnecessary.It is important to appreciate, therefore, that theU.S. (and other countries’) R&E communities willaccount for a smaller and smaller fraction of an ever-growing pie, though the size of their own piecescontinues to grow. The NSFNET Program willincreasingly rely upon a networking infrastructureprovided by interconnected network serviceorganizations operating in a competitiveenvironment. This suggests an implementationstrategy that embeds services for the U.S. R&Ecommunities as much as possible in the context of ageneral purpose global Internet infrastructure. Forthat reason, NSF’s forthcoming IIS solicitation islikely to focus on services rather than on circuits,and it will encourage solutions that are consistentwith building general purpose global infrastructure.It is also NSF’s intent to have transitioned"commodity" international Internet services that areamenable to general purpose provisioning awayfrom NSF-support by the end of the next severalyears.3Summary of IIS NeedsIIS will be needed for production qualityconnectivity at 34 Mbps and higher linkcapacities between NSF Network Access Points(NAPs) and other major U.S. Internet exchangepoints and similar Internet access points abroad(initially, to Europe). NSF would consider fundingof the U.S. portion of the IIS attributable to theR&E community for a period of approximately twoyears, roughly consistent with the phase out of NSFsupport to regional Internet service providers fornational transit services. After the initial two years,it would be expected that costs would be recoveredby the IIS service providers from the user base.International Internet ConnectivityServices (IICS) Management will also beneeded to facilitate the lower capacity (T1/E1 andbelow) connectivity of R&E communities in othercountries to the Internet infrastructure in support ofthe international collaboration needs of the U.S.R&E communities. When such connectivity isrequested to the U.S. infrastructure, needed serviceswill include, inter alia, connection, transport andregistration assistance for connecting to NSFNetwork Access Points (NAPs) and other majordomestic Internet exchange points.In addition to production-quality services, NSFwill be interested in cooperative demonstrationand/or experimental projects for supportingadvanced applications over broadband(155 Mbps and higher) interconnections withhigh speed networks serving the R&E communitiesin other countries. Co-participation of the serviceprovider(s) and the Internet community in refiningthe technology will be of paramount importance.Similarly, NSF will also be interested indemonstration projects and/or experimental servicesbased on emerging technologies forextending Internet services to remoteand/or mobile platform users (for example:rain forests and oceanographic research vessels).Co-participation of the service provider(s) and the

NSF’s International Connections ProgramProc. INET ’95S.GoldsteinInternet community in refining the technology willonce again be of prime importance.In all of the above areas, the formation ofinternational consortia would be encouraged tofacilitate coordination among diverse communities.In order to derive the overall benefits ofcompetition and to obtain comprehensive access tonew technologies, NSF contemplates makingmultiple awards where it makes sense to do so.4Service Considerations4 . 1 GeneralPast experience with both the NSFNET and ICMprograms has shown over and over again that, inaddition to technical competence and adequatefacilities, the most important requirement forsuccessful performance is flexibility and a spirit ofgoodwill and partnership on the part of both NSFand its awardees. This is in no small part aconsequence of the dynamic and often unpredictablenature of the Internet.4.1.1Connect to NSF-sponsored NAPs:All NSF awardees would be expected to serve theinternational connectvity needs of the U.S. researchand education community by routing and carrying,directly or indirectly (by contract), all traffic (forwhich they provide routes) to and from the U.S.research and education networks via the NSF-designated Network Access Points (NAPs). Also,via other major Internet exchange points in theU.S. and abroad as are needed to provide full-scaleconnectivity. Moreover, awardees would be expectedto make their routes for all such internationalnetworks/sites available to the Routing Arbiter.4.1.2Joint UseIf services were to be provided as part of a generalpurpose Internet infrastructure, measures should betaken to ensure that the R&E community would beprovided with at least the fair share of capacity,priority and reliability subscribed by NSF and onterms at least as favorable as those received by anyother customer of the service provider.4.1.3Routing, Addressing andSchedulingService provision should be consistent withnational and global routing, addressing (andscheduling/resource reservation) architecturessupported now or during the term of performance.This would include, inter alia, connectivity andreachability (at specified service levels) to networksattached to and reachable through NSF-supportedNetwork Access Points (NAPs), and it may includeother Internet exchange points of interest to NSF. Italso would include transitioning to new Internetaddressing and routing protocols (i.e., IPng).4.1.4Security and privacyAwardees would be expected to participate(including participation within the Internetcommunity) in the development and adoption ofsecurity and privacy capabilities for their services.4.1.5Public Information DisseminationNSF would also encourage open dissemination ofcurrent status information by means such as:Public World Wide Web Page(s) containingproject descriptions and pointers to relevantinformation such as milestones, operationalinformation such as outages (including troubletickets), general performance parameters (such ascircuit utilization "strip charts," circuit availability,scheduled down times), and contact information forkey people and/or functions (e.g., NetworkInformation/ Operations Centers)E-Mail lists for disseminating operational statusnotificationsOther means such as newsletters.Author InformationSteve Goldstein2 is the NSF Program Directorfor International Networking. He has managed thedevelopment of international connectivity on behalfof the U.S. R&E communities for the last six years,during which time scores of countries haveconnected to the "International ConnectionsManagement for NSFNET" (ICM) infrastructure,and transatlantic bandwidths have grown from64˚kbps to (really soon, now) 34 Mbps.2Dr. Steven N. GoldsteinNational Science Foundation4201 Wilson Boulevard, Room 1175Arlington, Virgina 22230 USA+1 703 306 1949 voice+1 703 306 0621 FAX