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PREFACE

This report was prepared Dy Contel Federal Systems for the NASA
Lewis Research Center under Task Order 4 of the Contract NAS3-25083.
Under this contract, Contel Federal Systems provides technical
support to NASA for the assessment of the future market for satellite
communications services. Task Order 1 focused on the costs and
tariffs for telecommunications services. Task Order 2 dealt with the
current and future domestic telecommunications requirements of the
United States research community. Task Order 3 identified the legal
and regulatory issues related to Direct Broadcast Satellite-Radio.
Task Order 4, the results of which arc prcsented in this report and
summarized in Secction 1, Introduction And Summary, focused on the
impact of current and future international telecommunications

requirements of the United States research community.
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EXECUTIVE SUMMARY

The future tclecommunications capacity and conncctivity
requirements of the United States (US) research and development (R&D)
community raise two CcOncerns. First, would there be adequate
privately-owned communications capacity to mecct the cver-increasing
requirements of the US R&D community for domestic and international
connectivity? Second, is the method of piecemeal implementation of
communications facilities by individual researchers cost effective

when viewed from an integrated perspective?

To address the capacity issue, Contel recently completed a study
for NASA identifying the current domestic R&D telecommunications
capacity and connectivity rcquircments, and projecting the same to
the years 1991, 1996, 2000 and 2010. The work reported here extends
the scope of an earlier study by (factoring in the impact of
international connectivity requirecments on capacity and conncctivity

forecasts.

Most researchers in foreign countries, as is the case with US
researchers, rely on regional, national or continent-wide networks to
collaborate with each other, and thecir US counterparts. The US
researchers’ international connectivity requirements, therefore, stem
from the need to link the US domestic research nctworks to forcign
research networks. The number of links and, more importantly, the
speeds of links are invariably determined by the characteristics of
the networks being linked. The major thrust of this study,
therefore, was to identify and characterize the foreign research
networks, to quantify the current status of their conncctivity to the
US networks, and to project growth in the connectivity rcquirements
to years 1991, 1996, 2000, and 2010 so that a composite picture of
the US research networks in the same ycars could be forecasted.
Figure A shows the current (1990) US intcgrated research network, and
its connectivity to foreign rescarch nctworks. As an example of

projections, Figure B shows the same for the ycar 2010.
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Considerable cost savings can be realized by implementing
research networks on an integrated rather than on a piecemeal basis
to meet individual researcher’s needs. This point was vividly
demonstrated in the earlier study, and has the same implications for
international connectivity. For e¢xample, currently there are 77
links between the US and foreign research networks. We believe that
these can be consolidated into 20 links. In the year 199}, and
beyond, as the consolidation in the US and abroad progresses, the
number of links can be reduced to as few as ten (10). The new links,
no doubt would have higher speeds, but would be much more cost

efficient due to economies of aggregation.

Major findings of this study are as follows.

INTERNATIONAL RESEARCH NETWORKS

International research networks were identified and described
for the following seven areas: Worldwide, North America (excluding
the United States), Europe, Asia, Australia/Pacific, Cecntral/South
America and Africa. There are a wide variety of research networks
throughout these areas. Also, thc various nations are at different
stages in the development of such networks. A few already have
nationwide research networks, while many are just beginning to
develop their first rescarch network. Also, a good numbcr of
countries have little or no networking activity. The most advanced
networks, as expected, are in the more advanced, industrialized
countries, e.g.,, Canada, France, Germany, Japan and the United
Kingdom. Asia, Central/South America, and Africa are far behind in

network development, but interest is growing in these arcas.

Some 84 research networks outside the United States were
identified. These networks are listed in Exhibit 1-2, About
three-fourths of these are national networks, and about one-fourth
are multi-nation, continent-wide or worldwide nectworks. About half

of the networks are in Europe, and the other half are distributed
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across the other regions. Across all 84 networks, current link
speeds range from 1.2 kilobits per sccond (Kbps) to 1.544 megabits
per second (Mbps). When the 84 networks are categorized by link
speeds (i.e., 1.2 Kbps to 19.2 Kbps; 48 Kbps to 768 Kbps; and 1544
Kbps or more), about half of thc nctworks fall into the category with
the lowest link speeds, and only about ten percent have maximum links
speeds of 1544 Kbps or higher. The world-wide networks have the
lowest maximum link speed, while networks serving a single nation
have the highest maximum link speed. The networks with the highest
maximum link speeds are in North America (Canada), Europe (France)
and Asia (Japan). The networks with the lowest maximum link speeds

are in Central and South America and Africa.

CURRENT INTERNATIONAL TRAFFIC FLOW

An estimate of the current international R&D traffic flow was
derived by ascertaining the spceds of the international links between
the United States networks and the international networks.
Currently, there are 77 United States-international links, and these
links connect 22 United States cities to 48 foreign cities in 18
countries. Over half of these links are to Europe, over half
originate from two United States citics (i.e, Greenbelt, MD and
Princeton, NJ), and about half are NASA network links. The speeds of
these international links range from 9.6 Kbps to 1.544 Mbps. Over
half of the links are 19.2 Kbps or slower, and there currently is

only one 1.544 Mbps link.

FUTURE INTERNATIONAL TRAFFIC FLOW

To estimate the future international traffic flow, the future
link speeds of the international nctworks dcscribcd above and the
future link speeds of the United States-international links were
projected. These projections were based on: Coordinating Committee

for International Resecarch Nctworking (CCIRN) drafted policy, Federal
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Networking Council Engineering Planning Group (FEPG) proposed policy,
CCIRN perspective on worldwide rescarch network requirements, and
major factors affecting international network requirements. On the
basis of these policies, perspectives and factors guidelines were
developed for projecting future link speeds for the international

networks and for the international links.

The following is a summary of the projections of future
international network link speeds:

1. 1991: about half of the intcrnational networks are expected to
have only a 9.6 Kbps backbone, about thirty-five percent are
expected to have a 64 Kbps backbone, and only about fifteen
percent are projected to have a 1.544 Mbps backbone.

2. 1996 about thirty percent of the international networks are
expected to have a 64 Kbps backbone, about thirty percent are
expected to have a 1.544 Mbps backbone, and about forty percent
are projected to have a 45 Mbps backbone.

3. 2000: about thirty percent of the international networks are
expected to have a 1.544 Mbps backbone, about thirty percent are
expected to have a 45 Mbps backbone, and about forty percent arec
projected to have a | gigabit per second (Gbps) backbone.

4. 2010: about thirty percent of the international networks are
expected to have a 45 Mbps backbone, about thirty percent are
expected to have a | Gbps backbone, and about forty percent are

projected to have a 5 Gbps backbone.

To develop the projections of the United States-international
links, the current 77 links werc consolidated, reducing the number of
international links from 77 to 20. It should be pointed out that
these 20 links, in a f[inal consolidation, werc reduced to 10 links
when developing the future integrated rcsearch networks (IRNs) which
are discussed below. The following is a summary of the projections
of the speeds of the United Statcs-intcrnational links before this
final consolidation:

1. 1991: link speeds of the necw 10 international links range from

9.6 Kbps to 1.544 Mbps; about 40 percent of these links are
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expected to operate at 1.544 Mbps, about 40 percent at 64/128
Kbps, and about 20 percent at 9.6 Kbps.

1996: link speeds of the new 10 international links range from
64 Kbps to 45 Mbps; about 55 percent of these links are expected
to operate at 45 Mbps, 30 pcrcent  at 1.544 Mbps, and 15 at 64
Kbps.

2000: link spceds of thc new 10 international links rangc from
1.544 Mbps to 1 Gbps; about 353 percent of these links are
expected to operate at | Gbps, 30 percent at 45 Mbps, and 15
percent at 1.544 Mbps.

2010: link speeds of the new 10 international links range from |
Gbps to 5 Gbps; about 55 percent of these links arc expected to
operate at 5 Gbps, 30 percent at | Gbps, and 15 percent at 45
Mbps.

UPDATE OF UNITED STATES RESEARCH NETWORKS

The update of the United Statcs research networks rcsulted in

very few unexpccted changes that must be considercd when dcscribing

the new current and future IRNs. This update was presented in terms

of unexpected changes in specific U.S. research networks and in the
National Research and Education Network (NREN) plans. The purposec of
this update was to determine if the IRN topology maps developed in

the previous study had to be modiflied.

THE NEW INTEGRATED RESEARCH NETWORKS

The New Current Integrated Research Network

The incorporation of the current international research network

traffic flow in the new current IRN, resulted in no change in the

original current IRN domestic topology map, but suggested a need to

consolidate United States-international links. Currently, there are,

noted above, some 77 links connecting the United States research
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networks to research networks in countries around the world. These
links range in speed from 9.6 Kbps to 1.544 Mbps, and they connect a
T1 backbone in the United States to research networks that are
located around thc world and that have link spceds ranging from 1.2

Kbps to 64 Kbps.
The New 1991 Integrated Research Network

An additional consolidation of the 20 United States-
international links in 1991 resulted in only 10 links connecting the
United States research networks to research networks in countrics
around the world. This consolidation is possible because of the
trend in the US and abroad to consolidate and interconnect networks.
Therefore, the US-international connectivity requirement reduces to
connecting major US networks to major foreign networks. In 199],
these links are all projected to be 1.544 Mbps links except for the
two links to Mexico and Central/South Amecrica which are expected to
be 128 Kbps links and one of the two links to Asia which is expected
to be a 9.6 link. The ten links connecct a T3/T1 backbone in the
United States to rescarch networks around the world that have link

speeds ranging from 9.6 Kbps to 1.544 Mbps.
The New 1996 Integrated Research Network

In 1996, only 10 links are projected (the same as projected for
1991) for connecting the United States research networks to research
networks in countries around the world. These links in 1996 are all
projected to be 45 Mbps links cxcept for two links to Mexico and
Central/South America and one to Asia which are each expected to be
1.544 Mbps links. The ten links conncct a backbone, ranging in link
speeds from 45 Mbps to | Gbps, in the United States to rescarch
networks around the world that have link specds ranging from 9.6 Kbps
to 45 Mbps.

The New 2000 Integrated Research Network

In the year 2000, the same 10 links are projected for connecting
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the United States research networks to research networks in countriecs
around the world. However, these links in year 2000 are all projected
to be 1 Gbps links except for two links to Mexico and Central/South
America and onc to Asia which arc cach cxpccted to be 45 Mbps links.
The ten links connecct a backbone, ranging in link spceds from 272
Mbps to 5 Gbps, in the United States to research networks around the
world that have link spceds ranging from 9.6 Kbps to 1 Gbps.

The New 2010 Integrated Research Network

In the year 2010, the same 10 links are projected for connecting
the United States research networks to research networks in countries
around the world. As before, these links are expected to be
operating at higher speeds. In year 2010 they are all projected to
be 5 Gbps links except for two links to Mexico and Central/South
America and one to Asia which are each expected to be | Gbps links.
The ten links connect, in ycar 2010, a backbone, ranging in link
speeds from 1 Gbps to 25 Gbps, in the United States to research
networks around the world that have link speeds ranging from 64 Kbps
to 5 Gbps.

RECOMMENDATIONS

A consensus of academic, industry, and institutional experts
engaged in developing and operating computer research networks is
that significantly higher communications capacities will be needed in
the years to come to link rescarchers around the world to cnable them
to collaborate in cooperative research endeavors regardless of their
physical locations. The rescarchers’ nceds for communications will
encompass accessing large data bases, linking supercomputers in a
massively paralleled configuration, and presenting simulation results
with ever-increasing resolution and clarity to permit rescarcher to

overcome resource limitations.

NASA nceds to address secveral tcchnology and policy issues in
order to translate today’s vision into what some experts have called
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the "Collaboratory" of the future. Some specific recommendations are

as [ollows:
1.

Support the development of the NREN which will improve
network performance and ubiquity for researchers and
educators.

Support the consolidation of U.S.-international links,
thercby incrcasing network performance and ubiquity
worldwide.

Support the devclopment of a worldwide research and
education network (WREN), thereby improving research and
education worldwide.

Support the further study of both policy and technical
issues related to the implementation of the computer
research initiatives already put forth by the White House
and Congress.

Continue to examine NASA's own computer research network
requirements and to work to incorporate these nceds in the
development of the NREN.

Review industry plans for the telecommunications
infrastructure growth, and ascertain whether rescarchers’
projected needs can be easily accommodated within the

industry expansion plans.
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SECTION 1

INTRODUCTION AND SUMMARY

1.1 STUDY OVERVIEW AND BACKGROUND
1.1.1 Study Overview

During the last decade, the NASA Lewis Research Center’s
Communications Program has conducted a secrics of tclecommunications
forecasting studies to project communications requirements and
trends, and to identify critical telecommunications technologies that
must be developed to mect future requircments. The Government
Networks Division of Contel Federal Systems has assisted NASA in
these studies, and the current study builds upon these earlier

efforts.
1.1.2 Study Background

The current major thrust of the NASA Communications Program is
aimed at developing the high risk, advanced communications satellite
and terminal technologies required to significantly increase the
capacity of future communications systems. Also, major new
technological, economic, and social-political events and trends are

now shaping the communications industry of the future.

Therefore, a re-examination of [future telecommunications needs
and requirements is necessary to enable NASA to make management
decisions in its Communications Program and to ensure that proper
technologies and systems are addressed. This re-examination is being
accomplished through a series of -studies which are helping NASA
define the likely communication service needs and requirements of the
future, and thereby, ensuring that the most appropriate technology

developments are pursued.
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The most recent study, in this series of studies, dealt with the
domestic telecommunications requirements for the U.S. research and
development community. The current study, the results of which are
summarized in this volume, extended the scope of this earlier study
by focusing on the international telecommunications requirements for

the U.S. research and development community.

1.2 METHODOLOGY

The methodology employed in this study is described below in
terms of the study purpose, the tasks performed, and the approach

used to accomplish the tasks.

1.2.1 Purpose

The purpose of this study was to assist NASA in determining the
current and future international telecommunications requirements for
the U.S. research and development community.  This understanding of
international research network needs is helping NASA define the
US.’s future technology requirements and thereby ensuring that the

most appropriate technology developments are pursued.

1.2.2 Tasks

This study accomplished its purpose of determining current and
future international research communications needs by undertaking the
following tasks:

l. Identifying, defining and describing the international

research network community.

2. ldentifying, defining and describing major research networks

outside the U.S..

3. Estimating the current and future international research

network traffic flow.

4. ldentifying and describing recent unexpected changes in US.

research networks.
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5. Describing new current and future Integrated Research Networks
(IRNs).

1.2.3 Approach

To accomplish the purpose of this study, the study approach
depicted in Exhibit 1-1 was used. This exhibit shows the interaction
of the five major study tasks listed above. The specific approach

employed for each of these tasks is summarized below.

1.2.3.1 Identifying, Defining And Describing The Internmational

Research Network Community.

The purpose of this task was to describe the international
rescarch network community so that the major research networks, which
are outside the United States and with which the United States
research networks have or may have requirements to interface, could

be selected.

The development of the description of the international research
network community began with an initial review of the literature on
international research networks. Selected books, articles and
reports were reviewed to obtain information on the history,
development and operation of such networks. This initial review
helped structure interviews with leaders in the development of United
States research networks. From the initial review and the
interviews, preliminary information on international networks was
developed, and contacts were identified. These new contacts were
telephoned, and additional information on international research

networks was obtained.

The information collected through this series of activities was
aggregated and analyzed, and provided the basis for describing the
international research network community. Included in this
description of the international research network community are three
major summaries or outlines: 2 summary of the history of the
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development of the international research networks; a summary of the
major organizations involved in the development and coordination of
these networks; an outline of all the significant research networks
outside the United States, and a summary of the gateways in the
United States.

1.2.3.2 Identifying, Defining And Describing Major Research Networks
Outside The U.S..

The major intent of this task was to present a picture of the
level of research network development around the world, so that the
current and future levels of United States/International research
network traffic flow could be estimated. To accomplish this purpose
the completion of two major activities was required: selecting the

networks and then describing the networks.

Since the major intent was to present a picture of the level of
research network development around the world, a comprehensive
picture of a wide variety of network efforts had to be developed.
Therefore, the criteria used to select the international research
networks, had to result in the selection of networks that varied on
such elements as size (i.e., extent of coverage), link speed, and
connectivity. Consequently, a network was selected if information on
the network was accessible and if it met one or more of the following

criteria:

1. It is a major worldwide network.

2. It is a major multi-nation network.

w

It is the only multi-nation network serving a region of the
world.

It is a major national network.

It is the only national network for a country.

Within a nation, it is an advanced regional network.

IR

Within a nation, Or among nations, it is, or was, an important
experimental network.

8. It has an international link with the United States.
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Once the international networks were selected, describing them
involved collecting additional information, drafting summaries of
cach network, and reviewing and modifying the summary descriptions,
Information on the seclected international networks was collected
through interviews and telephone calls with research network leaders
and managers. These descriptions of the selected international
research networks were used in subsequent tasks to estimate the
future topologies of these international networks and to identify

current United States/international links.

1.2.3.3 Estimating The Current And Future International Research
Network Traffic Flow.

The purpose of this task was to develop estimates of the current
and future traffic flows, between the United States research networks
described in the previous study on domestic research network
requirements and the international resecarch networks (i.e., those
outside the United States) selected and described in this study.

Estimating the current and future traffic flows between United
States and international research networks included the following
activities: selecting the measure of traffic flow; identifying the
current international links and specifying their speeds; determining
the current link speeds of the sclected international networks;
estimating the future link speeds of these international networks;

and projecting the future link speeds of the international links,

Based on a review of information on the selected international
networks and on the international links, it was determined that
installed capacity would be the best measure of traffic flow. As
with the United States research networks, estimates of traffic loads
or of peak hour traffic were not available for the international

networks or for the international links,

To identify the current United States-international links three
activities were conducted. First, managers of the United States
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networks described in the previous study were asked to identify all
of their links with research networks outside the United States.
Next, information on the sclected international networks was reviewed
to identify links with the United States research networks. Lastly,
records of international links were obtained from members of the
Coordinating Committee For International Research (CCIRN) and members
of the FNC Engineering Planning Group (FEPG). These records served
as the basis for the specification of the international links. The

findings from the first two activities were used as supportive data.

The current link speeds of the international links were obtained
from the records on the international links. The current link speeds
of the selected international networks were obtained from the

international network descriptions developed in this study.

The future links speeds of the international networks and of the
international links were based on the future plans for these networks
and these links. The future plans for the networks and the links
came from four groups of information: CCIRN drafted policy, FEPG
proposed policy, CCIRN perspective on worldwide research network
requirements, and major factors affecting international network

requirements.

The estimates of research network traffic flows developed in
this task were presented under two major topics: the current
international research network traffic flow, and the future
international research network traffic flow. Estimates of future
traffic flow were made for the same benchmark years (i, 1991,
1996, 2000, & 2010) used in the previous domestic research network
study . These estimates were used in subsequent tasks to describe

new current and future integrated research networks (IRNs).

1.2.3.4 Identifying And Describing Recent Unexpected Changes In U.S.

Research Networks.

The purpose of this task was to describe any unanticipated
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Changes in United States networks that have taken place, since the
completion of the previous study on domestic network requirements,
and that might have significant impacts on the current and future
Integrated Research Networks (IRNs) defined in this previous study.
That is, the intent of this task was to update the information
collected, during the previous study, on the United States research
networks and on the National Research and Education Network (NREN).
The focus was on changes related to the topologies of the United
States networks and to the plans for the NREN.

Updating the information on the United States research networks
and the NREN included the following activities: collecting
information from the managers of each network; collecting information
on the NREN from industry leaders; and organizing this information so

its impact on the current and future IRNs could be determined.

To collect information on the United States networks, the
managers of all the United States networks were contacted by mail and
by telephone. Each manager was sent a copy of the narrative
description and the topology map prepared during the previous study
for his network. He was asked to review this information and to
identify any major changes that should be made in either the
narrative description or the topology map. This mailing was followed
up by telephone calls until the necessary information was obtained.
The information then was organized so that the impact of the

significant changes could be assessed.

Current information on the NREN plans was obtained by
interviewing industry leaders identified in the previous study and by
reviewing documents describing current NREN plans. Interviews were
conducted in person (e.g., during the EDUCOM National Net'90) and
over the telephone. Documents were obtained from the various groups
and committees which are involved in the planning of the NREN. Based
on the obtained information, the current status and future plans for
the NREN were summarized and used in subsequent tasks when describing
the new current and future IRNs.
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1.2.3.5 Describing New Current And Future Integrated Research
Networks (IRNs).

The purpose of this task was to describe, given the findings of
the current study, the new current and future Integrated Research
Networks (IRNs). That is, the intent was to use the results of Tasks
1-4 to modify the original IRNSs developed in the previous study. It
was anticipated that the findings from Tasks 1 and 2, which include
descriptions of the international research network community and of
the major rescarch networks outside of the United States, would
provide a worldwide perspective for developing the new IRNs. Then,
it was expected that the estimates of the current and future
international traffic flows developed in Task 3 and the update of the
United States Research networks and the NREN plans prepared in Task
4, along with the current and future IRNs described in the previous

study, would be used to develop new current and future IRNs.

To accomplish the aforementioned purpose, the completion of three
major activities was required: the assessment of the impact, on the
current and future IRNSs, of unexpected changes in the United States
research networks and in the NREN plans; incorporation of the current
international research network traffic flow in the description of the
current IRN; and the incorporation of the future international

research network traffic flows in the description of the future IRNs.

To determine the impact of the unanticipated changes in United
States research networks on the current and future IRNs, each change
was reviewed to determine whether or not it would have an impact on
the original topology maps developed for the current and future
IRNs. That is, if the change required a modification of the major
access points, the connectivity, or the link speeds of any of the IRN

topology maps, these modifications were made.

In a similar manner, the current NREN plans were reviewed to

determine if any unanticipated changes in these plans required
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modifications in the original projections of future research network
requirements. Since this study does not focus on the political and
social implications of the NREN, but on its technical network
requirements, changes in the planned NREN technical network

requirements were given the most attention.

To incorporate the estimates of the current international
rescarch network traffic flow in the description of the current IRN,
the information depicted on the original current IRN topology map,
the current link speeds of the international research networks, and
the descriptions of the current United States-internationa] links
were summarized and presented in a single diagram. This analysis did
not result in the consolidation of United States-international links,
a5 was the case in the analysis of information on the future IRNs;.
The single diagram that was prepared depicts the new current IRN; it
is the new current IRN topology map.

In a similar manner, the estimates of the future international
research network traffic flow were incorporated in the description of
the future IRNG, That is, the information depicted on the original
future IRN topology maps, the future link speeds of the international
research networks, and the descriptions of the future United States-
international links were summarized and presented in a single diagram
for each future benchmark year. As noted in the discussion of Task
3, the same future benchmark years (ie, 1991, 1996, 2000 & 2010)
used in the previous domestic study were used again for this study.

Also, as noted in the discussion of Task 3, the United States-
international links initially were consolidated for 199} and beyond
to give each United States city a maximum of one link to any foreign
country, When developing the new future IRNs, an additional
consolidation of links was made based on an understanding of network
requirements between the United States and each foreign country.
When making this additional consolidation, it was assumed that
continent-wide networks would be developing in selected parts of the
world (e.g., Europe), and that the United States would have severa]
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links to these continent-wide networks and ‘would not need direct
access to ecvery major country. This resulted in a maximum of one
United States-international link to each foreign country and only
indirect links to some countries.

While it is possible that the United States may desire more than
one link to some foreign countries or may desire separate links for
special projects, these desires were not reflected in the new future
IRN topologies, because these desires would be based more on needs
related to security and redundancy than on actual traffic flow.

Four new future topology maps were developed to depict the
results of these analyses of the future IRNs. These new- IRNs, while
still focused on the United States, now include international as well

as domestic research network requirements.

1.3 MAJOR FINDINGS
1.3.1 Overview

The major findings of this study are summarized below and focus
on:
1. The description of the international research network community.
2. The description of the selected international research networks.
The current and future international research network traffic
flow.
4. The update of the United States research networks.
5. The new current and future IRNs.

1.3.2 The International Research Network Community.

The international research network community was described in
terms of its history, major international organizations, the major
international networks, and the United States’ terrestrial and
satellite international gateways,
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The history of the international research network c;ommunity is
similar, in many ways, to the history of research networks in the
United States. At the country level, some nations have sponsored
experimental networks like the ARPANET in the United States, most
nations have had to work to sell the value of research networks, and
all are facing similar policy and technological issues. At both the
country and the international levels, a variety of networks have been
developed, inter-network links have been established as the need
arose, and the needs to consolidate and coordinate cfforts have

resulted.

A number of organizations have been formed to rccommend and to
implement guidelines for planning, coordinating, and standardizing
international networking activities. Some important organizations
are: Coordinating Committee For Intercontinental Research Networking
(CCIRN), International Standards Organization (ISO), Consultative
Committee for International Telephoney and Telegraphy (CCITT),
Internet Activities Board (IAB), Federal Networking Council
Engineering Planning Group (FEPG), International Collaboration Board
(ICB) and the Reseaux Associes pour la Recherche Europeenne (RARE).
The general purposes of all of these organizations are to improve
services, increase connectivity, and reduce costs related to

developing and maintaining research networks throughout the world.

In the description of the international research network
community, networks were identified for the following areas:
Worldwide, North America, Europe, Asia, Australia/Pacific, Central
and South America and Africa. There are a wide variety of research
networks throughout these areas. Also, the various nations are at
different stages in the development of such networks. A few already
have nationwide research networks, while many are just beginning to
develop their first research network. Also, a good number of
countries have little or no networking activity. Over 80 potentially
significant research networks were identified throughout the world.
About three-fourths of these are national networks, and about
one-fourth are multi-nation, continent-wide or worldwide networks
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The most advance networks, as expected, are in the more advanced
industrialized countries, e.g., Canada, France, Germany, Japan and
the United Kingdom. Asia, Central and South America and Africa are
far behind in network development, but interest is growing in these

areas.

The United States terrestrial and satellite international

gateways include some twelve cable systems and 118 earth stations.

1.3.3 The description of the selected international research

networks.

Some eighty-four international research networks, which were
selected and described, are briefly described in Exhibits 1-2 and
1-3.  The location, network name and link speeds for the eighty-four
networks are listed in Exhibit 1-2.  These networks are summarized by

coverage, major geographical area and link speed in Exhibit 1-3.

Coverage is defined in terms of four groups: worldwide,
continent-wide, multi-nation and single nation. About four-fifths of
the selected networks serve a single nation. The other one-fifth
serve either several nations, an entire continent, or most of the
world. The world-wide networks have the lowest maximum link speed,
while networks serving a single nation have the highest maximum link

speed. Across all groups, link speeds range from 1.2 to 1544 Kbps.

Seven major areas of the world were used to group these
networks. These areas are: Worldwide, North America, Europe, Asia,
Australia/Pacific, Central/South America, and Africa. About half of
the networks are in Europe, and the other half are distributed across
the other major areas. The networks with the highest maximum link
speeds are in Europe (Germany) and Asia (Japan). The networks with
the lowest maximum Ilink speeds are in Central/South America and
Africa,

Networks were also grouped by maximum link speed. The three
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EXHIBIT 1-2. International Research Networks

Location Network Link Speeds
(Kbps)
WORLDWIDE BITNET 9.6
CSNET 9.6
USENET i1
uucCe 1.2 - 11
UUNET 1.2 - 11
FIDONET 1.2 - 9.6
NORTH AMERICA
CANADA DREnet 1.2 - 64
CDNnet 1.2 -19.2
NetNorth 24 -96
CA’net 56 - 1544
AHEN 2.4 -9.6
BCnet 9.6 - 1544
CRIM 56
Onet 19.2 - 56
MEXICO ITESM 9.6 - 64
UNAM 9.6 - 64
EUROPE
CONTINENT-WIDE EUnet 2.4 - 64
EARN 2.4 - 64
HEPnet 64
Ean 9.6
RIPE 1544
MULTI-NATION IASnet 24 - 11
NORDUnet 64 - 2000
FRANCE CYCLADES 4.8 - 19.2
FNET 4.8
ARISTOTE 4.8 - 64
SMARTIX 4.8 - 64
PHYNET 64
REUNIR 4.8 - 2000
GERMANY HMI-NET 9.6
DFN 9.6 - 64
AGFNET 64
BERNET 64
UNITED KINGDOM NPL 2.4 -9.6
SERCnet 9.6
JANET 9.6 - 64
Starlink 9.6
UKnet 1.2 -19.2
OTHER EUROPE
AUSTRIA ACONET 24-19.2
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EXHIBIT 1-3. international Research Networks

Summary By Coverage , Major Area & Link Speed

mm r # Of w
BY COVE
Worldwide 6
Continent-Wide 5
Multi-Nation 7
Single Nation 66

BY MAJOR GEQGRAPHICAL AREA

Worldwide 6
North America 8
Europe 40
Asia 15
Australia/Pacific 8
Central & South 4
America

Africa 3

BY MAXIMUM LINK SPEED
(Kbps)

1.2-19.2 41
48 - 768 30
1544 or more 9
N/A 4
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Link Speeds
(Kbps)

1.2 - 11
2.4 - 1544
1.2 - 2000

1.2 - 1544

1.2 - 11

1.2 - 1544
1.2 - 1544
1.2 - 1544
24 - 512

1.2 - 64

1.2 -9.6



groups of link speeds are: 1.2 Kbps to 192 Kbps; 48 Kbps to 768
Kbps; and 1544 Kbps or more. About half of the networks fall into
the category with the lowest link speeds. Only about ten percent
have maximum links speeds of 1544 Kbps or higher.

1.3.4 The Current And Future International Research Network Traffic

Flow.

1.3.4.1 Current Traffic Flow

The current traffic flow was estimated by dctcrmining the
installed capacity of the international links between the United
States networks described in the previous study and the international
networks described in this study. That is, the current installed
capacity of the international links (see Exhibit -4 below), along
with the current link capacity of the selected internationa] networks
(see Exhibit 1-3 above), was used to develop a picture of the current

international traffic flow,

There currently are 77 United States-international links that
conmect 22 United States Cities to 48 foreign cities in 18
countries. Over half of these links are to Europe, over hailf
originate from two United States cities (i.e., Greenbelt, MD and
Princeton, NJ), and about half are NASA network links. The speeds of
these international links range from 9.6 Kbps to 1.544 Mbps. Over
half of the links are 192 Kbps or slower, and there currently s
only one 1.544 Mbps link.

1.3.4.2 Future Traffic Flow

To estimate the future international traffic flow, the future
link speeds of the international networks and the future link speeds
of the United States-international links were projected. These
projections were based on: CCIRN drafted policy, FEPG proposed
policy, CCIRN perspective on worldwide research network requirements,
and major factors affecting international network requirements
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EXHIBIT 1-2. International Research Networks

Location

DENMARK
FINLAND
ICELAND

IRELAND

ITALY
NETHERLANDS
NORWAY

SOVIET UNION

SPAIN

SWEDEN
SWITZERLAND

YUGOSLAVIA

ASIA

MULTI-NATION

JAPAN

Hong Kong
INDIA
INDONESIA
ISRAEL

KOREA

(Continued)

Network

DENet

FUNET

EUNET

HEANET
EuroKom

INFNET

SURFnet

UNINETT

Academnet
Adonis
ANAS

Enet

Ean
SUNET
SWITCH
SIS
AUSEAnet
GULFnet
PACNET
N-1
NACSIS
JUNET
HARNET
NICNET
UNInet
ILAN

KREONet
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Link Speeds =~

(Kbps)
64 - 128
14 - 64
1.2-96

1.2 - 64
1.2 - 64

9.6 - 48
9.6 - 64

64



EXHIBIT 1-2. International Research Networks

Location

ASIA - Continued
MALAYSIA

THAILAND

AUSTRALIA/PACIFIC
MULTI-NATION

AUSTRALIA

NEW ZEALAND

(Continued)

Network

RangKom

TCSnet

PACCOM
SPEARNET

ACSnet
ABN
QTlInet
VICNET
AARNet

DSIRnet

CENTRAL & SOUTH AMERICA

MULTI-NATION

AFRICA
MULTI-NATION
EGYPT

TUNISIA

CARINET
CATIENET

CGNET
ENTSTINET

Afrimail
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Link Speeds
(Kbps)

48-96
12-24
19.2 - 512
24 -96
24
24-96
24 -9.6
24-96
48

24

1.2 - 2.4
9.6

12-24



EXHIBIT 1-4. US-INTERNATIONAL LINKS

FOREIGN CITY

(Organized By Foreign Country)

US CITY

NORTH AMERICA
CANADA

Edmonton, BC
Montreal, QB
Montreal, QB
Ottawa, QB
Ottawa, QB
Ottawa, QB
Toronto, ON
Toronto, ON
Toronto, ON
Vancover,BC
Vancover,BC

MEXICO

Mexico City (UNAM)

Antizapan (ITESM)
Monterrey
Monterrey

EUROPE
FRANCE

Sophia
Montepellier
Montepellier
Paris
Paris
Toulouse
Toulouse
Moudon (Paris Obs)
Moudon (Paris Obs)
Moudon (Paris Obs)
Strasburg

GERMANY
Bonn
Bonn
Bonn
Darmstadt
Darmstadt
Garching
Garching
Garching
Heidelberg
Max Plank
Max Plank
Oberfaf
Oberfaf

Princeton, NJ
Princeton (JVNC), NJ
Princeton, NJ
Greenbelt (GSFC), MD
Rochester, NY
Princeton, NJ
Chicago (FNAL), IL
Ithaca (CNSC), NY
Princeton, NJ

Seattle (UofW), WA
Seattle (UofW), WA

Boulder (NCAR), CO
Boulder (NCAR), CO
San Antonio, TX
San Antonio, TX

Princeton, NJ

Ithaca, NY

New York (CUNY), NY
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD

Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Princeton, NJ
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Chicago (FNAL), IL
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
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US NET./PURPOQSE

BITNET, Acad Res
NSFNET, Research
BITNET, Acad Res
SPAN/NASA Research
NSFNET, Research
BITNET, Acad Res
ESNET/DOE HEP
NSFNET, Research
BITNET, Acad Res
NSFNET, Research
BITNET, Acad Res

USAN Acad Research
USAN Acad Research
NSFNET, Acad Res
BITNET, Acad Res

NSFNET, Research

NSFNET, Supercomput.

BITNET, Acad Res
SPAN/NSN Research
SPAN/NASA Research
SPAN/NASA Research
SPAN/NASA Research
SPAN/NASA Research
SPAN/NASA Research
SPAN/NASA Research
SPAN/NASA Research

SPAN/NASA Research
SPAN/NASA Research
BITNET, Acad Res
SPAN/NASA Research
SPAN/NASA Research
SPAN/NASA Research
ESNET/DOE Research
SPAN/NSN Research
SPAN/NSN Research
SPAN/NSN Research
SPAN/NSN Research
SPAN/NASA Research
SPAN/NASA Research

LINK SPEED
(Kbps)

9.6
56
9.6
56
56
9.6
56
56
9.6
19.2 (56)
9.6

64/128
64/128
9.6
9.6

64
56
56
9.6
9.6
9.6
9.6
9.6
9.6 (1995)
36 (1996)
9.6

9.6
56
5.6
19.2
9.6
56
64
5.6
9.6
9.6
9.6
56 (1995)
9.6



EXHIBIT 1-4. US-INTERNATIONAL LINKS

FOREIGN CITY i

UNITED KINGDOM
Abingdon
Bristol
London
Malvern
Oxford
Oxford

OTHER EUROPE

ITALY
Bologona
Bologona
Citta
Frascati
Frascati
Frascati
Pisa

NETHERLANDS
Hague
Noordwijk
Amsterdam

NORWAY
Oslo

SWEDEN
Stockholm

SWITZERLAND
Cern
Geneva
Geneva

ASIA

JAPAN
Jaeri
Nagoya
Tokyo
Tokyo
Tokyo
Tokyo
Tokyo

MALAYSIA
Singapore

SAUDI ARABIA
Riyadh

UsS CITY

Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Princeton (JYNC), NJ
Cambridge (BBN), MA
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD

Chicago (FNAL), IL
Chicago (FNAL), IL
Greenbelt (GSFC), MD
Chicago (FNAL), IL
Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Arlington (DARPA),VA

Greenbelt (GSFC), MD
Greenbelt (GSFC), MD
Falls Church, YA

Seismo, Washington,DC

Princeton (JYNC), NJ

Ithaca, NY
Cambridge (MIT), MA
Chicago (FNAL), IL

Lawrence (LLNL), CA
Lawrence (LLNL), CA
Berkeley (LBL), CA
Washington, DC (NSF)
Honolulu, HA
Honolulu, HA
Princeton, NJ

Princeton, NJ

Princeton, NJ
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(Organized By Foreign Country - Continued)

US NET./PURPOSE

SPAN/NASA Research
SPAN/NASA Research
NSFNET, Acad Res

DRI/DARPA Research
SPAN/NASA Research
SPAN/NASA Research

ESNET/DOE HEP
ESNET/DOE HEP
SPAN/NASA Research
ESNET/DOE HEP
SPAN/NASA Research
SPAN/NASA Research
DRI/DARPA Research

SPAN/NASA Research
SPAN/NASA Research
EUNET, UNET

DRI/DARPA Research

NSFNET, Acad. Res.

NSFNET, Supercomput
ESNET/DOE HEP
ESNET/DOE HEP

ESNET/DOE HEP
ESNET/DOE HEP
ESNET/DOE HEP
NSFNET Acad Res
NSN/NASA Research
NSN/NASA Research
BITNET, Acad Res

BITNET, Acad Res

BITNET, Acad Res

NK SPEED
(Kbps)

56
9.6
56
64
56
9.6

9.6
64
9.6
64
56
9.6
64

19.2
9.6
64

1544
256
64

9.6
9.6
56
14.4
64
64
9.6

9.6

9.6



EXHIBIT 1-4. US-INTERNATIONAL LINKS

(Organized By Foreign Country - Continued)

FOREIGN CITY US CITY
AUSTRALIA/PACIFIC
AUSTRALIA
Melbourne Honolulu, HI

NEW ZEALAND
Hamilton Honolulu, HI

CENTRAL & SOUTH AMERICA
BRAZIL '

Rio De Janeiro Los Angeles, CA

Rio De Janeiro Princeton, NJ

Sao Paulo Princeton, NJ
CHILE

La Serena Huntsville, AL

Santiago Princeton, NJ

PUERTO RICO
San Juan Tampa, FL
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US NET,./PURPOSE

NSN/NASA Research

NSN/NASA Research

BITNET, Acad Res
BITNET, Acad Res
BITNET, Acad Res

SPAN/NASA Research
BITNET, Acad Res

BITNET, Acad Res

LINK SPEED
(Kbps)

64

64

9.6
9.6
9.6

56
9.6



These policies, perspectives and factors were summarized ip terms of

the following expectations:

1. In;g;na;jgnal organpizations like the CCIRN wijl] encourage
worldwide network development and coordination.

2. World events are leading to an increase in multi-nation and even
global ive r r ff which wi]l require increased
connectivity,

3. Specific research in the areas of the ¢nvironment. gnergy,

midisiumumﬂ are demanding more advanced network functions

and new network applications,

4, Eﬁmusgmwh and development wij] cncourage and

facilitate network development worldwide.

On the basis of these expectations, guidelines were developed for
projecting future link speeds for the international] networks and for
the international links, The guidelines for pProjecting international
network link speeds were: all foreign countries would move toward
developing a nationwide research network; the link speeds of the
backbones of these networks would increase to speeds as high as 5
Gbps; only the backbone of these nationwide networks would be
projected; and networks that might be developed in the future would
be considered when developing the new IRNs, but not when making these
projections. The guidelines for projecting the speeds of the United
States-international links were: these links would be consolidated
in 1991; the speeds of these links would increase to speeds as high
as 5 Gbps; only the consolidated links would be projected; new links
that might be required in the future would be considered when
developing the new IRNs, but not when making these projections. In
both instances, projections would be developed for 1991, 1996, 2000,
and 2010.

The projections of internationa] network link speeds are listed
and summarized ipn Exhibits 1-5 through ]-]2. The following is 2a
summary of these projections:

1. 1991: about half of the international networks are expected to
have only 3 9.6 Kbps backbone, about thirty-five percent are
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EXHIBIT 1-5. 1991 Projected Link Speeds

international Research Networks

Logation
WORLDWIDE Networks

NORTH AMERICA
Canada

Mexico

EUROPE
Continent-Wide Nets.

Multi-Nation Nets.
France

Germany

United Kingdom

OTHER EUROPE
Austria

Denmark
Finland
Iceland
Ireland
Italy
Netherlands
Norway
Soviet Union
Spain
Sweden
Switzerland
Yugoslavia

ASIA
Multi-Nation Nets.
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Link Speeds

9.6 Kbps

64 Kbps

64 Kbps

1.544 Mbps
1.544 Mbps
64 Kbps
64 Kbps

64 Kbps

9.6 Kbps
64 Kbps
64 Kbps
9.6 Kbps
64 Kbps
64 Kbps
64 Kbps
64 Kbps
9.6 Kbps
9.6 Kbps
64 Kbps
64 Kbps

9.6 Kbps

9.6 Kbps



EXHIBIT 1-5. 1991 Projected Link Speeds

International Research Networks
' (Continued)

Location Link Speeds

ASIA (Continucd)

Japan 1.544 Mbps
Hong Kong 9.6 Kbps
India 9.6 Kbps
Indonesia 9.6 Kbps
Israel 9.6 Kbps
Korea 1.544 Mbps
Malaysia 9.6 Kbps
Thailand 9.6 Kbps
AUSTRALIA/PACIFIC
Multi-Nation Nets, 1.544 Mbps
Australia 9.6 Kbps
New Zealand 9.6 Kbps
CENTRAL & SOUTH AMERICA
Multi-Nation Nets. 9.6 Kbps
AFRICA
Multi-Nation Nets. 9.6 Kbps
Egypt 9.6 Kbps
Tunisia 9.6 Kbps
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EXHIBIT 1-6. Summary-1991 Link Speeds

International Research Networks

Summary Groups # Of w
BY \'A

Worldwide 1
Continent-Wide 1
Multi-Nation 5

Single Nation 29

BY MAJOR GEOGRAPHICAL AREA

Worldwide 1
North America 2
Europe 18
Asia 8
Australia/Pacific 3
Central & South 1
America

Africa 3
B IN P

9.6 Kbps 18
64 Kbps 13
1.544 Mbps 5
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Link Speeds

9.6 Kbps

1.544 Mbps

9.6 Kbps

9.6 Kbps

9.6 Kbps
64 Kbps
9.6 Kbps
9.6 Kbps
9.6 Kbps

9.6 Kbps

9.6 Kbps

1.544 Mbps

1.544 Mbps

1.544 Mbps
1.544 Mbps

1.544 Mbps



EXHIBIT 1-7. 1996 Projected Link Speeds

International Research Networks

Location

WORLDWIDE Networks

NORTH AMERICA
Canada

Mexico

EUROPE
Continent-Wide Nets.

Multi-Nation Nets.
France

Germany

United Kingdom

OTHER EUROPE
Austria

Denmark
Finland
Iceland
Ireland
Italy
Netherlands
Norway
Soviet Union
Spain
Sweden
Switzerland
Yugoslavia

ASIA
Multi-Nation Nets.
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Link Speeds =~

1.544 Mbps

45 Mbps

1.544 Mbps

45 Mbps
45 Mbps
45 Mbps
45 Mbps

45 Mbps

1.544 Mbps
45 Mbps
1.544 Mbps
1.544 Mbps
1.544 Mbps
45 Mbps
45 Mbps
45 Mbps
1.544 Mbps
1.544 Mbps
45 Mbps
45 Mbps

64 Kbps

64 Kbps




EXHIBIT 1-7. 1996 Projected Link Speeds

International Research Networks

(Continued)
Location Link Speeds
ASIA (Continucd)
Japan 45 Mbps
Hong Kong 64 Kbps
India 64 Kbps
Indonesia 64 Kbps
Israel 64 Kbps
Korea 1.544 Mbps
Malaysia 64 Kbps
Thailand 64 Kbps
AUSTRALIA/PACIFIC
Multi-Nation Nets. 45 Mbps
Australia 1.544 Mbps
New Zealand 1.544 Mbps
CENTRAL & SOUTH AMERICA
Multi-Nation Nets. 64 Kbps
AFRICA
Multi-Nation Nets. 64 Kbps
Egypt 64 Kbps
Tunisia 64 Kbps
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EXHIBIT 1-8, Summary-

1996 Link Speeds

lnternational Research Networks

W
BY COVERAGE

Worldwide 1
Continent-Wide 1
Multi-Nation 5
Single Nation 29

BY MAJOR GEOGRAPHICAL AREA

Worldwide 1
North America 2
Europe 18
Asia 8
Australia/Pacif'ic 3
Ccntr.al & South 1
America

Africa 3
BY LINK SPEED

64 K bps 11
1.544 Mbps 11
45 Mbps 14
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1.544 Mbps

45 Mbps

64 Kbps - 45 Mbps
64 Kbps - 45 Mbps

1.544 Mbps

1.544 Mbps - 45 Mbps
64 Kbps - 45 Mbps
64 Kbps - 45 Mbps
1.544 Mbps - 45 Mbps
64 Kbps

64 Kbps



EXHIBIT 1-9. 2000 Projected Link Speeds

International Research Networks

Location
WORLDWIDE Networks

NORTH AMERICA
Canada

Mexico

EUROPE
Continent-Wide Nets.

Multi-Nation Nets.
France

Germany

United Kingdom

OTHER EUROPE
Austria

Denmark
Finland
Iceland
Ireland
Italy
Netherlands
Norway
Soviet Union
Spain
Sweden
Switzerland
Yugoslavia

ASIA
Multi-Nation Nets.
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Link Speeds
45 Mbps

1 Gbps

45 Mbps

1 Gbps
1 Gbps
1 Gbps
1 Gbps

1 Gbps

45 Mbps
1 Gbps
45 Mbps
45 Mbps
45 Mbps
1 Gbps
1 Gbps
1 Gbps
45 Mbps
45 Mbps
I Gbps
1 Gbps

1.544 Mbps

1.544 Mbps



EXHIBIT 1-9. 2000 Projected Link Speeds

International Research Networks

(Continued)
Location Link Speeds
ASIA (Continued)
Japan 1 Gbps
Hong Kong 1.544 Mbps
India 1.544 Mbps
Indonesia 1.544 Mbps
Israel 1.544 Mbps
Korea 45 Mbps
Malaysia 1.544 Mbps
Thailand 1.544 Mbps
AUSTRALIA/PACIFIC
Multi-Nation Nets, 1 Gbps
Australia 45 Mbps
New Zealand 45 Mbps
CENTRAL & SOUTH AMERICA
Multi-Nation Nets. 1.544 Mbps
AFRICA
Multi-Nation Nets. 1.544 Mbps
Egypt 1.544 Mbps
Tunisia 1.544 Mbps
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EXHIBIT 1-10. Summary-2000 Link Speeds

International Research Networks

Summary Groups # Of Networks Link Speeds

BY COVERAGE

Worldwide 1 45 Mbps
Continent-Wide 1 1 Gbps
Multi-Nation 5 1.544 Mbps - 1 Gbps
Single Nation 29 1.544 Mbps - 1 Gbps

BY MAJOR GEOGRAPHICAL AREA

Worldwide 1 45 Mbps

North America 2 45 Mbps - 1 Gbps
Europe 18 1.544 Mbps - 1 Gbps
Asia 8 1.544 Mbps - 1 Gbps
Australia/Pacific 3 45 Mbps - 1| Gbps
Central & South 1 1.544 Mbps

America

Africa 3 1.544 Kbps

BY LINK SPEED

1.544 Mbps il
45 Mbps 11
1 Gbps 14
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EXHIBIT 1-11. 2010 Projected Link Speeds

International Research Networks

Location Link Speeds
WORLDWIDE Networks 1 Gbps
NORTH AMERICA
Canada 5 Gbps
Mexico I Gbps
EUROPE
Continent-Wide Nets. 5 Gbps
Multi-Nation Nets. 5 Gbps
France 5 Gbps
Germany 5 Gbps
United Kingdom 5 Gbps
OTHER EUROPE
Austria 1 Gbps
Denmark 5 Gbps
Finland 1 Gbps
Iceland 1 Gbps
Ireland 1 Gbps
Italy 5 Gbps
Netherlands 5 Gbps
Norway 5 Gbps
Soviet Union I Gbps
Spain 1 Gbps
Sweden 5 Gbps
Switzerland 5 Gbps
Yugoslavia 45 Mbps
ASIA
Multi-Nation Nets. 45 Mbps

Page 1-32



EXHIBIT 1-11. 2010 Projected Link Speeds

International Research Networks

(Continued)
Location Link Speeds
ASIA (Continued)
Japan 5 Gbps
Hong Kong 45 Mbps
India 45 Mbps
Indonesia 45 Mbps
Israel 45 Mbps
Korea 1 Gbps
Malaysia 45 Mbps
Thailand 45 Mbps
AUSTRALIA/PACIFIC
Multi-Nation Nets. 5 Gbps
Australia 1 Gbps
New Zealand 1 Gbps
CENTRAL & SOUTH AMERICA
Multi-Nation Nets. 45 Mbps
AFRICA
Multi-Nation Nets. 45 Mbps
Egypt 45 Mbps
Tunisia 45 Mbps
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EXHIBIT 1-12. Summary-2010 Link Speeds

International Research Networks

um r
BY \'4 E
Worldwide

Continent-Wide
Multi-Nation

Single Nation

# Of Networks
1

1

5

29

BY MAJOR GEOGRAPHICAL AREA

Worldwide

North America
Europe

Asia
Australia/Pacific

Central & South
America

Africa

BY LINK SPEED
45 Mbps

1 Gbps

5 Gbps

1

2

18

11

11

14
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Link Speeds

1 Gbps
5 Gbps
45 Mbps - 5 Gbps

45 Mbps - 5 Gbps

1 Gbps

1 Gbps - 5 Gbps
45 Mbps - 5 Gbps
45 Mbps - 5 Gbps
1 Gbps - 5 Gbps

45 Mbps

45 mbps



expected to have a 64 Kbps backbone, and only about fifteen
percent are projected to have a 1.544 Mbps backbone.

2. 1996 about thirty percent of the international networks are
expected to have a 64 Kbps backbone, about thirty percent are
expected to have a 1.544 Mbps backbone, and about forty percent
are projected to have a 45 Mbps backbone.

3. 2000: about thirty percent of the international networks are
expected to have a 1.544 Mbps backbone, about thirty percent are
expected to have a 45 Mbps backbone, and about forty percent are
projected to have a 1 Gbps backbone.

4, 2010: about thirty percent the international networks are
expected to have a 45 Mbps backbone, about thirty percent are
expected to have a 1| Gbps backbone, and about forty percent arc

projected to have a 5 Gbps backbone.

To develop the projections of the United Statcs-imcrnational
links, the current 77 links were consolidated. This process reduced
the number of international links, and therefore number of United
States cities and foreign cities directly linked. The only constant
was the number of foreign countries. The number of international
links was reduced from 77 to 20. The number of United States cities
was reduced from 22 to seven The number of foreign cities was

reduced from 48 to 20.

In addition to the guidelines noted above, the projections of
the speeds of the international links were based, each year, on the
following: the number and speeds of links 1o each foreign country
during the previous benchmark year; the projected link speed of the
backbone of the network in e¢ach foreign country during the same
benchmark year; and the policies proposed by various organizations

concerned with international traffic.

The projections of the speeds of the United States-international
links are presented in Exhibit 1-13 through 1-16. The following is a
summary of these projections:

1. 1991: link speeds of the new 20 international links range from
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EXHIBIT 1-13. 1991 Projected Link Speeds

U.S. City

Chicago, IL

Ithaca, NY

Princeton, NJ

Greenbelt, MD

Boulder, CO

Austin, TX

Honolulu

U.S.-International Links

Foreign g:in(g;ggngrx
Toronto, Canada

Montpcllicr, France
Cern, Switzerland

Bonn, Germany
Stockholm, Sweden
Rio De Janeiro, Brazil
La Serena, Chile
Singapore, Malaysia
Riyadh, Saudi Arabia

Ottawa, Canada

Oxford, United Kingdom
Franscati, Italy
Amsterdam, Netherlands
Oslo, Norway

Mexico City, Mexico

Monterrey, Mexico
San Juan, Puerto Rico

Tokyo, Japan

Melbourne, Australia
Hamilton, New Zealand
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Link Speed

1.544 Mbps

1.544 Mbps
1.544 Mbps

1.544 Mbps
64 Kbps
64 Kbps
64 Kbps
9.6 Kbps
9.6 Kbps

1.544 Mbps
1.544 Mbps
1.544 Mbps
64 Kbps
64 Kbps

128 Kbps

9.6 Kbps
9.6 Kbps

1.544 Mbps
64 Kbps
64 Kbps



EXHIBIT 1-14. 1996 Proje

U.S. City

Chicago, IL

Ithaca, NY

Princeton, NJ

Greenbelt, MD

Boulder, CO

Austin, TX

Honolulu

Foreign ntr

Toronto, Canada

Montpellier, France

Cern, switzerland

Bonn, Germany
Stockholm, Sweden
Rio De Janeiro, Brazil
La Serena, Chile
Singapore, Malaysia
Riyadh, Saudi Arabia

Ottawa, Canada
Oxford, United Kingdom
Franscati, Italy
Amsterdam, Netherlands

Oslo, Norway

Mexico City, Mexico

Monterrey, Mexico

San Juan, Puerto Rico
Tokyo, Japan

Melbourne, Australia

Hamilton, New Zealand
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cted Link Speeds

U.S.-International Links

Link Speed

45 Mbps

45 Mbps
45 Mbps

45 Mbps
45 Mbps
1.544 Mbps
1.544 Mbps
64 Kbps
64 Kbps

45 Mbps
45 Mbps
45 Mbps
45 Mbps
45 Mbps

1.544 Mbps

1.544 Mbps
64 Kbps

45 Mbps
1.544 Mbps
1.544 Mbps



EXHIBIT 1-15. 2900 Projected Link Speeds

U.S. City

Chicago, IL

Ithaca, NY

Princcton, NJ

Grccnbclt, MD

Boulder, cO

Austin, TX

Honoluly

Foreign an(QggnIrx

Toronto, Canada

Montpclh’cr, France
Cern, Switzerland

Bonn, Gcrmany
Stockholm, Sweden
Rio De Janeiro, Brazii
La Serena, Chijje
Singaporc, Malaysia
Riyadh, Saudj Arabia

Ottawa, Canada
Oxford, United Kingdom
Franscatj, Italy
Amsterdam, Netherlands
Oslo, Norway

Mexico City, Mexico

Monterrcy, Mexico
San Juan, Puerto Rico

Tokyo, Japan

Melboumc, Australia
Hamilton, New Zealand
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U.S.-lnternational Links

Link Speed

1 Gbps

I Gbps
1 Gbps

I Gbps

I Gbps

45 Mbps
45 Mbps
1.544 Mbps
1.544 Mbps

1 Gbps
1 Gbps
I Gbps
1 Gbps
I Gbps

45 Mbps

45 Mbps
1.544 Mbps

1 Gbps
45 Mbps
45 Mbps



EXHIBIT 1-16. 2010 Projected Link Speeds

Uu.S, City

Chicago, IL

Ithaca, NY

Princeton, NJ

Greenbelt, MD

Boulder, CO

Austin, TX

Honolulu

Foreign ntr

Toronto, Canada

Montpellier, France

Cern, Switzerland

Bonn, Germany
Stockholm, Sweden
Rio De Janeiro, Brazil
La Serena, Chile
Singapore, Malaysia
Riyadh, Saudi Arabia

Ottawa, Canada
Oxford, United Kingdom
Franscati, Italy
Amsterdam, Netherlands

Oslo, Norway

Mexico City, Mexico

Monterrey, Mexico

San Juan, Puerto Rico
Tokyo, Japan

Melbourne, Australia

Hamilton, New Zealand

Page 1-39

U.S.-International Links

Link Speed

5 Gbps

5 Gbps
5 Gbps

5 Gbps
5 Gbps
1 Gbps
1 Gbps
45 Mbps
45 Mbps

5 Gbps
5 Gbps
5 Gbps
5 Gbps
5 Gbps

1 Gbps

1 Gbps
45 Mbps

5 Gbps
1 Gbps
1 Gbps



96 Kbps to 1.544 Mbps; about 40 percent of these links are
expected to operate at 1.544 Mbps, about 40 percent at 64/128
Kbps, and about 20 percent at 9.6 Kbps.

2. 1996: link speeds of the new 20 international links range from
64 Kbps to 45 Mbps; about 55 percent of these links are ¢xpected
to operate at 45 Mbps, 30 percent at 1.544 Mbps, and 15 at 64
Kbps.

3. 2000: link speeds of the new 20 international links range from
1.544 Mbps to | Gbps; about 55 percent of these links are
expected to operate at | Gbps, 30 percent at 45 Mbps, and 15
percent at 1.544 Mbps.

4. 2010: link speeds of the new 20 internationa] links range from |
Gbps to 5 Gbps; about 55 percent of these links are expected to
Operate at 5 Gbps, 30 percent at I Gbps, and 15 percent at 45
Mbps.

1.3.5 The Update Of The United States Research Networks.

in terms of changes in the United States research networks and
changes in NREN plans.

There have been very few unexpected changes in the United States
Research Networks, since the completion of the previous study, that

The most important changes, those involving growth of the various
networks, were anticipated. Examples of unanticipated changes
included: one of the cities of a city pair was changed; a site was
dropped; and a network with slower link speeds increased its backbone
link speed from 56 Kbps to 1.544 Mbps severa] months earlier than
anticipated.

Since the completion of the previous study, NREN plans have
become more clearly delineated. The description of the NREN, in
terms of jts goal, objectives, benefits, access, services, network
structure, management and funding, has been discussed and presented
many times. The NREN implementation plans are being implemented on
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schedule. Connectivity cxpectations have ‘been well specificd, the
NREN is in the second of three R&D stages, and the NREN testbed
program is equally well planned. Finally, 2 number of recent federal
agency, legislative and network development activities are directly
impacting the NREN and are helping to clarify major NREN issues

related to ubiquity, pcerformance, funding and management.

In summary, there have been very few uncxpccted changes in the
United States Research Networks, since the complction of the previous

study, that must be considered when describing the new current and

future IRNs.
1.3.6 The New Current And Future IRNs.

To describe the new current and future IRNs, the results of
Tasks 1-4 were used to modify the original IRNs developed in the
previous study. First, the impact, on the current and future IRNs,
of unexpected changes in the United States research networks and in
the NREN plans was assessed and summarized. Then, the current
international research network traffic flow was incorporated in the
description of the new current IRN. Lastly, and in a similar manncr,
the future international research network traffic flow was

incorporated in the descriptions of the new future IRNs.

The update of the United States research networks and the NREN
plans suggested that the original topology maps, developed in the
previous study for the current and future IRNs, appropriately reflect
expected domestic research network requirements. Therefore, it was
concluded that these original topology maps could be used as they
were presented in the previous study, along with information on the
networks outside of the United States and on the United States-
international links, to develop thc new current and futurc IR Ns.
Hence, it followed that changes would be made in these original
topology maps only if the information on the international networks
and the United States-international links indicate changes were

necessary.
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The incorporation of the current international rescarch network
traffic flow in the description of the new current IRN, resulted in
no change in the original current IRN domestic topology map, but
suggested a need to consolidate and improve the performance of United
States-international links (see Exhibit 1-17). Currently, there are
somec 77 links connccting the United States rescarch nectworks to
research networks in countries around the world. These links range
from 9.6 Kbps to 1.544 Mbps, and they connect a Ti backbone in the
United States to research networks taround the world that have link
speeds ranging from 1.2 Kbps to 64 Kbps. Currently, there are no
direct United States links to Africa,

Thus, the current integrated domestic United States research
network has a backbone link speed that is higher than the backbone
link speed of the various networks in other- parts of the world.
Also, it is higher than the typical link speed of links connecting
the United States to other parts of the world. Therefore, it was
concluded that the original current IRN topology map did not have to
be altered to incorporate current international nctwork require-
ments. Because there are a large number of .international links, it
was suggested that consolidating the international links would save
money just as integrating the networks in the United States would

Save money.

In summary, the new current IRN topology map includes the
following: the original current domestic topology map developed in
the previous study; the 77 international links to six major areas of
the world; and the range of the typical link speeds of the backbones

of the research networks in the countries in the six major areas.

The incorporation of the future internationa] research network
traffic flows in the descriptions of “the new future IRNs, resulted in
no changes in the original future IRN domestic topology maps, but, as
for the new current IRN, suggested a need to consolidate and improve
the performance of United States-international links for each
benchmark year.
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A Consolidation of the United States-international links in 199]
resulted in only 10 links connecting the United States research
networks to research networks in countries around the world (see
Exhibit ]-18). In 1991, these links are ajl projected to be 1.544
Mbps links except for the two links to Mexico and Central/South
America which are expected to be 128 Kbps links and one of the two
links to Asia which is expected to be a 9.6 link. The ten links

Thus, the 199] United States research network has g backbone
link speed that js still higher than the backbone link speed of the
various networks in other parts of the world. Also, it is higher
than the typical link speed of projected links for connecting the
United States to other parts of the world. It was therefore concluded
that the original 1991 topology map does not have to be altered to
incorporate international research network requirements. However, it
was also suggested that continual improvements arc ncecded in  the
United States-international links to make certain the United States
rescarch networks have adequate conncctivity with rescarch networks
around the world. These improvements were indicated by the increase,

noted above, in the speeds of the United States-international links,

In summary, the new 199] IRN topology map includes the
following: the original 199] domestic topology map developed in the
previous study; the 10 1991 consolidated international links to sijx
major areas of the world; and the range of the typical 199] link
speeds of the backbones of the research networks in the countries in

the six major areas,

In 1996, only 10 links are projected (the same as projected for
1991) for connecting the United States research networks to research
networks in countries around the world (see Exhibit 1-19). These
links in 1996 are all projected to be 45 Mbps links except for two
links to Mexico and Central/South America and one to Asia which are
each expected to be 1.544 Mbps links. The ten links connect g
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backbone, ranging in link spceds from 45 Mbps to 1 Gbps, in the
United States to research networks around the world that have link

speeds ranging from 9.6 Kbps to 45 Mbps.

Thus, the 1996 United States research network has a backbone
link speed that is still higher than the backbone link spced of the
various networks in other parts of the world. Also, it is higher
than the typical link speed of links connecting thc United States to
other parts of the world. Therefore, as before for 1991, it was
concluded that the original 1996 topology map does not have to be
altered to incorporate international research network requirements.
Again, however, it was also suggested that continual improvements are
needed in the United States-international links to make certain the
United States research networks have adequate connectivity with
research networks around the world. And again, these improvements
were indicated by the increase, noted above, in the speeds of the

United States-international links.

In summary, the new 1996 IRN topology map includes the
following: the original 1996 domestic topology map developed in the
previous study; the 10 1996 consolidated international links to six
major areas of the world; and the range of the typical 