Hawaii High Performance Internet Connection
Project Description

Introduction to the University of Hawaii

The University of Hawaii (UH) is an integrated system of higher education which includes all
public post-secondary education in the state. The system is composed of 10 campuses and 5
education centers on 6 islands. UH has a total student enroliment of some 45,000 (over 17,000 at
UH-Manoa), a faculty of over 3000 (over 2000 at UH-Manoa), and total expenditures from all
revenue sources of over $600 million per year.

UH-Manoa, the flagship campus in the UH system, is a Carnegie Research 1 university. It
receives more than $90 million annually in extramural research funding, which places it in the top
100 research universities. UH-Manoa is also ranked by US News & World Report as one of the
top 25 public universities in the U.S. Many of the University's research programs leverage the
unique physical resources in Hawaii: active volcanoes, physical isolation, proximity to Asia, a
varied multi-ethnic population, and the presence of perhaps the premiere astronomical viewing
site on the planet, Mauna Kea, which is managed by the University as an international resource.

Specific Meritorious Applications

As at other research universities, an increasing number of major projects have already discovered
the need for high-performance access to the Internet. These applications have special network
requirements including high bandwidth and/or bounded latency that cannot readily be met through
commodity network service providers. Following are brief descriptions of some of the meritorious
applications that will be immediately served by the proposed high performance connectivity.

Opportunities for remote observing represent some of the most significant scientific applications
that will be enabled through this project, and several specific research programs are described
below. It may be useful to extract several common aspects of remote observing projects.
Modern astronomical instruments gather large amounts of data, with even more data expected
from the next generation of instrumentation. In an ideal remote observing scenario the scientist(s)
would have full access to the data in real-time so as to be able to immediately control the
instrumentation based on the observation as it occurs, just as if they were on site. In addition, a
video/audio channel to the site is useful to communicate with on-site technicians and/or to visually
monitor the instrumentation or conditions. These requirements characterize "high performance”
connectivity: high bandwidth and tightly bounded latency to be able to move large amounts of
data, including live interactive audio/video communication, in real time.

The benefits are significant. Remote observing can reduce research costs by eliminating or
reducing travel; similarly it can save large amounts of time. This is particularly relevant in
experiments of short duration, such as may be especially appropriate for research programs
involving long-term monitoring activities to understand changes over time. Remote observing can
also eliminate significant health risks for many potential researchers at the high altitudes which
characterize the best viewing sites in the world. And even if health is not affected, brain
functioning may be negatively impacted at altitude -- to the detriment of the science being
performed. More efficient use of instrumentation is possible through remote observing, since
control of the equipment can be more easily passed around over the network than in person. And
collaboration among multiple sites over the Internet can improve the quality of the science since
data can be aggregated from multiple sites and multiple scientists can bring their own insights to
bear in order to direct the course of the experiments at these multiple viewing sites in real time
based on the aggregate data as it is observed.

Remote Observing with the Keck Telescopes

The twin Keck Telescopes on Mauna Kea are the world's largest optical and infrared
telescopes. Each stands eight stories tall and weighs 300 tons, yet operates with
nanometer precision. At the heart of each Keck Telescope is a revolutionary primary mirror.
Ten meters in diameter, the mirror is composed of hexagonal segments that work in concert



as a single piece of reflective glass. Made possible through grants totaling more than
$140 million from the W.M. Keck Foundation, the Keck facilities are operated by the
California Institute of Technology, the University of California, and the National
Aeronautics and Space Administration (NASA), which joined the partnership in October,
1996.

Numerous teams use the Keck telescopes to explore in great detail deep images taken by
the Hubble Space Telescope. The tandem approach of using both space and land-
based telescopes is typical of the cooperative nature of contemporary astronomy. The
Hubble can pinpoint distant objects with extraordinary sharpness, but only the massive
Kecks have the power to unlock some of the secrets of these ultra-deep explorations.
Recent analysis of the Hubble Deep Field by astronomers using the Kecks reveals that
hundreds of galaxies in the image are grouped at six specific redshifts. This may indicate
that in the very distant (and hence very early Universe) galaxies already were clustering
gravitationally around giant voids - much as we see in the contemporary Universe. If the
suggestion of meta-galactic structure holds true throughout the early Universe, then current
cosmological theories will have to be changed.

Remote observing has become a popular option for MKO observers, given the costs and
hazards of travelling to the telescope site located at 4160 meters above sea level (Cohen
et al, 1998). UCO/Lick Observatory (located at U.C. Santa Cruz, California), Keck
Observatory, and Caltech, working in collaboration, have developed software that allows
for remote observing with the Keck Telescopes via the Internet (Conrad et al, 1998).
Currently, the majority of Keck observing runs are conducted remotely from Keck
Headquarters in Waimea. The team has demonstrated the capability to support
collaborative remote observing simultaneously from multiple sites (e.g., the Mauna Kea
summit, Keck Headquarters in Waimea, and U.C. Santa Cruz, California). Unfortunately,
the existing commaodity Internet connection between Mauna Kea and the observers is not
adequate to reliably support remote observing from the mainland.

Experiments suggest that QoS-capable capacities of as little as 1.5 Mbps between Keck
and mainland observers would be adequate to support the current telescope
instrumentation and observation modalities. Several new instruments expected over the
next several years will require higher bandwidth, due to their larger optical detectors and
faster readout electronics.

Since the majority of astronomers using the Keck Telescopes reside in California, the
ability to observe remotely would result in tremendous savings in travel costs and travel
time, particularly for observing runs of short duration (e.g., a single night or partial-night
runs). Such short-duration runs are becoming increasingly common as competition for
telescope time increases. The ability to support multi-site remote observing would also
allow large, multi-institution observing teams to observe together without requiring all of
the team members to travel to a single site.

Remote Observing - Time Domain Astronomy

The UH Institute for Astronomy, through Co-Investigator John Tonry, is collaborating with
the University of Washington and others in an NSF Center proposal for "Time Domain
Astronomy." This is a project to monitor astronomical phenomena which change over time.
The Washington investigators are world leaders in the domain of real-time multi-site optical
astronomy (e.g., Stubbs et al, 1994; Pratt et al, 1995; Alcock et al, 1996).

The project will be using the UH 2.2-m telescope on Mauna Kea and a 2.4-m telescope in
Chile as the workhorses for this program. These telescopes will be upgraded to be
usable remotely for the next 5-10 years. The project also anticipates upgrading the
detectors to wide area imagers, which will produce large amounts of data at a faster rate.
Since the project will be looking at ephemeral events, it is essential to analyze these data
immediately. Some processing will be done at the telescope, but it is expected that all
scientists will be remote from the instrumentation. High performance bandwidth between
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Hawaii and the mainland is needed to support this research, both in order to carry out
remote operations of the UH telescope on Mauna Kea as well as for collaborative
analysis and interpretation of the data stream.

Estimates suggest the production of more than 10 Gbyte of raw data per night, which
might be locally reduced to approximately 3 Gbyte which must be transported among
researchers via the Internet on a daily basis. Real time access of two types will be
required: quick looks to evaluate the data and alter the observing program, and real time
access to actually control the telescope. The quick look might call for a 100 Mbyte transfer
where a time delay of a 3-5 minutes would be acceptable. This might be required up to
10 times per night. More often the quick look might involve only a portion of the data (e.g.
10 Mbyte) with transfer needed in less than a minute. Real time telescope control will
initially call for a reliable bandwidth of approximately 100 Kbytes/sec for GUIs controlling
the telescope, occasional TV frames which monitor the weather inside of the dome, etc.
Delays in this channel of more than a second or two would interfere with the research and
even be potentially very dangerous for the equipment, e.g., if it starts to rain and the
remote observer doesn't know to close the dome.

At present, this project performs its data transfer through the use of Exabyte tapes and
Federal Express.

Search for Near Earth Asteroids

The research of Dr. David Tholen of the UH Institute for Astronomy requires high
performance connectivity with Mauna Kea as well as other research institutions and
observatory sites involved in the search for near-Earth asteroids (Whiteley & Tholen,
1998). Dr. Tholen is responsible for the 1998 discovery a new type of asteroid, whose
orbits lie completely within the orbit of the Earth. Previously, all known asteroids traveled
in an orbit farther from the Sun than the Earth, over at least a portion of their journey.

In certain circumstances this research would benefit from the sharing of actual CCD
images, and a single image can be very large, depending on the number of pixels in the
CCD and the digitization. For example, a 8192x8192 CCD with 16 bits per pixel could be
128 MB, and when converted to four-byte reals, becomes 256 MB. This work is best
done in real time to permit follow-up on the same night if a candidate object is found. With
the present constraints, the resolution of the transmitted CCD data is reduced 4x4 (to
2048x2048) to cut down on total bandwidth needs and readout time by a factor of 16.
Sometimes the current performance is so low images cannot be transmitted between
exposures, thus a bottleneck develops.

Over the long-term, remote sites of interest include the Spacewatch project on Kitt Peak
west of Tucson, the Catalina Sky Survey on Mt. Bigelow east of Tucson, LINEAR at a
Lincoln Labs test facility on White Sands in New Mexico, and LONEOS on Anderson
Mesa south of Flagstaff, NEAT which uses the GEODSS facility on Haleakala, and
ODAS is in France.

Study of Active Volcanoes

As part of the NASA Earth Observing System (EOS) volcanology research, Professor
Peter Mouginis-Mark of the Hawaii Institute of Geophysics and Planetology is team leader
of a group of 20 Earth scientists in the U.S., England and Australia who are involved in a
12-year NASA study of volcanic eruptions and the effects of eruptions on the
atmosphere. Their work is focused on data that will be returned by the EOS spacecraft,
the first of which will fly in mid-1998. Currently funded studies will continue until at least
2002, at which time continuation proposals will be submitted.

Many different types of science investigation are involved in this project, and most

involve the transfer of large satellite images to Hawaii for further analysis. In particular, Dr.
Luke Flynn (a team member) has created a near real-time volcanic eruption alert that will
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produce a global map of new eruptions and forest fires every day. This map will be
generated from thermal anomalies detected by the spacecraft and electronically sent to
Hawaii from NASA Goddard every 5 minutes. The group also plans to monitor the activity
of numerous volcanoes around the world using a technique called "radar interferometry”.
This method requires the coherent phase comparison of two radar images to detect ground
movement on the cm-scale, or the emplacement of new lava flows. They plan to very
closely study Kilauea and Mauna Loa volcanoes on the Big Island in collaboration with
team members at Stanford University. This will require the transfer of dozens of images
that are ~200 Mbytes in size.

On a more routine level, research involves datasets adding up to at least 1 Gbyte of data
from the NASA DAACs every month. The project will need to routinely study data from
instruments called ASTER, MODIS and MISR, as well as Landsat 7 and several imaging
radars. Current network performance does not permit supporting these requests over the
network, so without a high performance connection data will be provided only on tape via
postal services. This is a significant problem because the data may relate to on-going
volcanic eruptions that present a danger to local communities, so delays may have
significant implications in human and economic costs.

Space Grant College

Also under the leadership of Professor Peter Mouginis-Mark, the Hawaii Space Grant
College operates an educational outreach site on the World Wide Web called "Virtually
Hawaii". Supported by a grant from NASA, Virtually Hawaii presents satellite and aircraft
images of Hawaii that are of interest to educators, tourists and others. The site also
features live video camera images, interactive panoramas, and current satellite images
from several satellites. Approximately 6,000 people per day visit the site with about ~2.2
million hits per month. Because of its popularity and the lack of a high-performance
connection to Hawaii, the College has had to move most of the activity for Virtually Hawaii
to a mirror web site in West Virginia. Almost all of the mainland and European traffic is
directed to this mirror site, but this has entailed an excessive amount of administrative
work maintaining two sites (one of which subject to NASA operating procedures).

As the content of Virtually Hawaii is expanded, there will be an even greater network
demand for the site. The College is planning new scientific instruments (a Sun
photometer, wind speed and humidity measurements) to augment video cameras in order
to create true "remote science stations." They would like to start teaching undergraduate
geology field methods classes using the interactive Quicktime VR panoramas that are part
of the site. Use of these federally-funded resources in a distance education setting by
UH, or by other research universities, will accelerate the need for high performance
connectivity even more, and as more "live" features are added, the mirror site approach to
dealing with this problem may no longer be feasible.

A second Hawaii Space Grant College activity that requires high performance Internet
connectivity is the establishment of several remotely operated astronomical telescopes for
undergraduate research. While Hawaii has some of the world's finest telescopes on top
of Mauna Kea, there are very few facilities that undergraduate students can gain access
to. The College has succeeded in obtaining 12" and 24" telescopes that will be placed at
a dark, remote, site in central Oahu. These two telescopes will then be linked to the
Internet so that undergraduates at other campuses in Hawaii and on the mainland can see
the data real-time and even be able to control the telescope themselves. This capability
is not yet in operation, but the College has already had a lot of interest from educators in
Australia, Europe and the U.S. mainland. As noted above, both data transfer and remote
operations require high-performance network connectivity.

Research in Meteoritics and Astrobiology

Klaus Keil, G. Jeffrey Taylor, Edward Scott, Sasha Krot, Luann Becker, and several
postdoctoral fellows in the Hawaii Institute of Geophysics and Planetology are involved in
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detailed studies of extraterrestrial materials: meteorites, lunar samples, cosmic dust, future
sample returns from Mars, asteroids, and comets (Krot et al, 1997a; Ryder et al, 1997; Krot
et al, 1997b). The purpose of this work is to understand the evolution of planetary
materials, including organic compounds that may be the seeds for life, from their
beginnings in interstellar space through processing in the solar nebula and on asteroids
and planets. Much of this work is done in collaboration with investigators at other
institutions, such as the Lunar and Planetary Institute and Johnson Space Center in
Texas, Ames Research Center and UCLA in California, Goddard Space Flight Laboratory
in Maryland, the University of New Mexico in Albuquerque, and MVA, Inc. and Georgia
Tech University in Georgia. This work involves carefully-coordinated studies on the same
samples, and then meetings and long telephone conversations to interpret the combined
results. On occasion collaborators must travel to Hawaii or Hawaii researchers must
travel to collaborators' laboratories. But given the scarcity of travel funds, such in-person
work is rarely done and research productivity suffers. High performance Internet
connections would permit the sharing of expertise and data available at different locations
through virtual collaborations.

The virtual collaborations would work as follows: As a Hawaii researcher studies a sample
in the microscope in Hawaii, a collaborator at another university could look over her/his
shoulders by examining digital images which are sent in real time over a high performance
Internet connection. These images are large -- typically about 1280 x 1084 pixels -- and
are numerous. Researchers would communicate in real time over the net, discussing
which areas to analyze more closely by scanning electron microscopy (which provides a
closer look) and electron microprobe analysis (which provides chemical analyses at
micrometer-sized spots). This would be an iterative process, with each collaboration
resulting in further refinement of the data collection. The result of this virtual collaboration
will be improved science, as the collaborators will both know what the other knows much
better than takes place through the present cumbersome manual systems. This approach
also can be used for remote laboratory exercises for advanced laboratory courses taught
by investigators at several institutions, resulting in an improved quality of science
education.

Numerical Weather Modeling

Dr. Steven Businger of the UH Meteorology Department is involved in remote simulations
at the National Center for Atmospheric Research and other supercomputer sites (Bauman
et al, 1997; Businger et al, 1996; Businger et al, 1998; Wang et al, 1998). The availability
of high performance capacity would allow the model output to be transferred in a manner
which would permit collaborative experimental forecasting efforts by the National Weather
Service Forecast Office which is collocated on the UH-Manoa campus. Datasets of over
100 Mbytes from GOES must be transmitted to supercomputer sites on a regular basis
for this research.

Distance Learning

The University of Hawaii has one of the most robust distance learning programs in the
country, with experience in interactive television dating back more than 10 years. Over
70 UH courses were delivered via technology in Spring 1998, enrolling over 2500
students using 2-way video, 1-way video, cable television and the Internet. Credential
programs being delivered include education, nursing, the AA, administration, professional
studies, library and information studies, and computer science. UH is now redeveloping
its graduate certificate program in telecommunications and information resource
management for global delivery beginning in 1999, and is planning for another cohort-
based offering of its MBA program via technology. Maui Community College, the UH
campus serving Maui County, is in the midst of an NSF-supported Advanced Technology
Education Project which is developing the capacity and content for an Electronics and
Computer Engineering Technology (ECET) program which can be delivered via
technology.
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The University is an active participant in the emergence of the Western Governors
University. UH is a pilot institution ready to deliver courses national and internationally
upon startup. UH faculty serve on the WGU academic program committees, effectively
serving as the "faculty” of the WGU, such as itis. And the proposed PI for this project
serves actively on the WGU Technology Advisory Committee and has been instrumental
in the WGU work on technology standards for instructional delivery especially as it
applies to the Internet.

All of the University's distance learning programs are being oriented toward delivery via
the Internet, through a combination of asynchronous and synchronous tools. The most
significant financial commitment to this is the $3m project (already funded) now being
planned to replace the University's statewide analog microwave video system used for
distance learning with an IP-based telecommunications system that can deliver classroom
guality video in a QoS environment, as well as support asynchronous instructional
technologies and other academic applications throughout the state.

As can be seen from the preceding project summaries, meritorious applications at UH include
research and education in the sciences which involve a combination of tools, applications, and
technologies of high performance networking. The University needs increased ability to handle
real-time, multimedia applications such as video-conferencing and streams of audio and video.
Many research projects require sufficient bandwidth to transfer and manipulate huge volumes of
data, and increasingly these projects require access in a real-time environment. In short, these
applications require high performance Internet connectivity.

In gathering data on meritorious research projects at UH-Manoa, it was also pointed out that the
dismal level of network capacity available over the past several years has suppressed all but
the most committed of researchers from developing network-centric research activities. Most UH
researchers, with access until very recently to only a 6 Mbps commodity connection shared with
60,000 or more other users, have not even been able to explore the ways in which high
performance Internet connectivity can enhance the quality, effectiveness and value of their
research. We expect that many additional research projects will be second-wave beneficiaries of
the proposed high performance connectivity once the scientists have access to adequate
capacity.

Network Background

The evolution of the University’s modern research network began in 1986 when an informal group
of researchers developed consensus on the need to connect to the Internet. In cooperation with
the UH Computing Center, a group of volunteer faculty and staff implemented the initial Campus
Research Network using thick ethernet technology to connect the departments of chemistry,
physics, math, computer science, with the Hawaii Institute of Geophysics and the Computing
Center. At the time, external connectivity consisted of a 9600 bps UUCP link, via the Naval
Ocean Systems Center (NOSC) in Kaneohe, Oahu.

In the late 1980s the UH Department of Information and Computer Science was partially funded
by NASA to establish a new international regional network, PACCOM. PACCOM was intended
to develop a sound network infrastructure in the Pacific in order to meet agency connectivity
needs in the region. By implementing links between Hawaii and key locations in the Pacific Rim,
PACCOM was instrumental in establishing the first academic and research Internet connections to
New Zealand, Australia, Japan, Korea and Hong Kong -- in the era before commercial services
were available.

Since that time, the UH Networks have grown steadily. All data communication was migrated to
the TCP/IP environment, so the CRN became the basis of the overall institutional data network.
Thick ethernet has given way to UTP ethernet running from wiring closets to the desktop and fiber
connections among all permanent buildings on campus. T1 extensions to many campuses and
sites throughout the state integrate the many facilities of the University system. An institutional
network provided by the Cable TV company as part of its franchise requirements provides
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shared OC-3 connectivity among the Oahu campuses and various State entities. And a variety
of analog and digital video technologies were developed and form the delivery infrastructure for
today's robust distance learning program.

Network Planning Process

Institutional responsibility for design, implementation, and maintenance of the University of Hawaii
network infrastructure resides with Information Technology Services (ITS), the UH systemwide
information technology support unit. ITS was created in 1994 by merging four separate IT-related
organizations: the Computing Center (academic computing), Management Systems Office
(administrative computing), Telecom Office (voice) and Office of Information Technology (video,
distance learning, and IT planning). Although charged with this responsibility, ITS does not
perform its role in a vacuum. Many of the university’s colleges and institutes have talented
technical personnel specifically charged with maintaining departmental network and computing
infrastructure. Coordination of network planning is achieved through ongoing electronic
communication and in regular meetings. In addition to the large systemwide group of IT support
personnel who communicate and meet regularly, work on this proposals was done with the
assistance of a core group of research network planners who met specifically to discuss and plan
the next steps needed for high performance Internetworking at UH. For example, the engineering
group which met to develop and review this plan included representatives from ITS (data
networking and video networking specialists), the School of Ocean and Earth Science and
Technology, the Institute for Astronomy, the Department of Physics & Astronomy, and the
University Library.

External network planning for the Mauna Kea Observatories includes astronomers and
observatory support staff. The proposed UH Senior Engineer for this project participated in a
special "birds of a feather" (BOF) session on "Improving Internet Access to Mauna Kea
Observatories" which was held at the SPIE (International Society for Optical Engineering)
conference on Astronomical Telescopes and Instrumentation March 20-28, 1998. And also in
March, 1998 the proposed Pl for this project made a brief presentation to the NASA IRTF/Keck
Management Operations Working Group (MOWG) during its meeting at the Keck Headquarters in
Waimea, Hawaii. These activities took place with and through the assistance of Bob Kibrick of
UCO Lick Observatories, who also serves on the Applications Strategy Council of the
University Corporation for Advanced Internet Development (UCAID / Internet2).

Current Campus and Statewide Network

The current status of the University network and its external connections is summarized in Figure
1. The majority of University user workstations are currently connected by 10 Mbps ethernet to
traditional routers, while 100 Mbps Ethernet is used in some high demand research areas. Three
major entities -- the UH Manoa campus as a whole, SOEST, and Mauna Kea Observatories --
operate FDDI rings, while the remainder of the units use either 10 Mbps or 100 Mbps ethernet as
a backbone.

The UH-Manoa campus has benefited from the foresight of campus planners, who installed
optical fiber to all major buildings as well as ethernet capable UTP wiring to all telephone locations
during a multi-million dollar telephone project in 1990. For the past several years all new wiring
installed has conformed to the EIA/TIA 568 Category 5 specification. The campus FDDI
backbone is interconnected with the other UH campuses, the Institute for Astronomy (located just
off campus in Manoa valley) and the PACCOM project. While PACCOM's international role has
diminished with the emergence of a robust commercial Internet industry, it still provides Internet
connectivity to meet a number of specific NASA mission requirements throughout Hawaii. Most
PACCOM sites are now connected at fractional/T1 speeds through GTE's public frame relay
cloud, and only a few specifically relevant to this proposal and the research described are shown
here.

The Mauna Kea summit network (at 4200 meters above sea level) is composed of 8 strands of

single-mode fiber from each observatory to a central break-out room at the UH 2.2m
Observatory. Another run of 16 strands connects this summit hub site to the mid-level offices
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and living quarters at Hale Pohaku (2835 meters), where researchers acclimate and live during
extended periods of work at the summit. GTE Hawaiian Telephone provides high speed
connectivity over its SONET network between individual observatory and its research and office
facilities in Waimea or Hilo. External connectivity off the island is provided by a T1 frame relay
connection back to UH-Manoa (provided through PACCOM) and then via the UH commaodity
Internet connection.

A long-standing agreement with State government has allowed the university to provide multiple
T1 connectivity for data and video to its campuses and education centers over the State’s
HAWAIIAN network, with no recurring costs other than equipment maintenance. Interisland
HAWAIIAN transport is provisioned over digital microwave, and intraisland connections are
generally provisioned via fiber provided by Cable TV companies as described above. Each
data-bearing T1 is protected through the public frame relay cloud.

Additional distance learning centers and nearly 30 smaller off-campus research facilities are
connected to the UH-Manoa campus and the Internet through public frame relay services.

While H.320 codecs are used over fractional/T1 links at six locations, the majority of the
University's distance education programming is distributed to students over the Hawaii Interactive
Television System (HITS), which consists of a state-wide analog microwave backbone which
connects to end sites using microwave, ITFS, broadband fiber, and PEG Access channels on
local Cable TV systems.

Current External Internet Connection

Mainland Internet connectivity for UH sites, Mauna Kea, state government, and other entities
served by UH has been provided for approximately 2 years through a 6 Mbps (4 x T1) inverse
muxed commodity Internet connection provided by Sprint to their Stockton California NAP. This
link was recently upgraded to 10.5 Mbps (7 x T1) in response to complete saturation of the 6
Mbps link.

As one strategy to reduce traffic on this link, the University initiated the establishment of a Hawaii
Internet Exchange (HIX) several years ago. This AUP-free neutral exchange point permits
peering among all the major ISPs and public Internet users. After the University proposed the
concept, the local community requested that the University also house and operate the HIX.
Over the past several years the HIX has been successful in keeping a large amount of Hawaii
traffic within Hawaii, thereby reducing costs of external connectivity and enhancing performance
for local Internet users accessing local Internet resources.

Proposed Campus and Statewide Network Enhancements

Figure 2 shows the proposed network, reengineered to support high performance connectivity.
This is not an ultimate end-state, but is proposed as a next-step solution to serve the needs of
instructional and administrative users as well as the more challenging requirements of high-
capacity research applications. With the increasing reliance on use of the network throughout the
University, over time all users will require very high availability of network services. Itis
expected that networking technologies that will address specific needs will continue to advance
and evolve, so the University is not interested in, for example, a 10-year detailed technical plan.

On campus, the next strategy for delivering higher performance network capability to user
workstations will be through the addition of ethernet switching between ethernet LANs that are
currently shared and/or the implementation of ethernet switching to the workstation. In certain
specific locations with suitable wiring, 100 Mbps ethernet may take the place of 10 Mbps
workstation connections in addition to being used as a backbone technology within and between
buildings.

To meet the need for additional capacity for distance learning and other institutional applications,

ITS is currently developing an RFP for the implementation of a statewide OC-3 IP over ATM
network to deliver multiple channels of live interactive classroom video among 50-100 locations.
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This network will replace the aging and saturated analog HITS television system. This new
private network will provide increased program channel capacity between distance learning sites,
as well as provide integrated data connectivity. This network will be protected by the existing T1
network which will not be retired. This project is expected to be implemented over the summer of
1999.

In addition, many of the key research facilities are upgrading their internal networks to provide
higher performance capabilities. The Mauna Kea Observatories will replace their existing FDDI
ring with an ATM star that will link the existing ATM networks in each observatory with each
other, with Hale Pohaku, and with lower altitude support facilities in Hilo and Waimea. The School
of Ocean and Earth Science and Technology will replace their existing FDDI backbone with an
OC-3 ATM star. This is intended to both increase the performance of the school's extensive
client-server computing infrastructure, as well as facilitate the extensive use of virtual LANs
among their buildings. The Department of Physics is replacing their existing 10 Mbps ethernets
with a high performance switched 100 Mbps ethernet network, which will communicate with the
rest of the UH network and beyond through an ATM edge switch.

In short, the internal University infrastructure will be prepared to support meritorious applications
that require high speed and/or low, consistent latency, such as remote observing, network
transfer of very large data sets, tele-collaboration and distance learning. However, what will still
be lacking is a suitable external connection to the national research community which can extend
these capabilities beyond Hawaii.

Proposed New vBNS Connection

The challenges of providing affordable high performance Internet access to Hawaii are formidable.
T1 capacity to the mainland costs about $10,000/month, market pricing for a DS3 circuit is about
$200,000/month, and OC-3 capacity is not available at any price. As a result, the University of
Hawaii has faced obstacles unlike any other Research 1 university in trying to deploy high
performance Internet connectivity in support of its research mission. While a typical proposal to
NSF for a high performance Internet connection would propose OC-3 connectivity to the vBNS,
such a solution is clearly impossible at present from Hawaii. Even if the University were to
propose a dedicated DS3 connection to the vBNS, the maximum award of $350,000 could
support the link costs for less than 2 months at current market pricing.

Through discussions with the NSF Division of Advanced Networking Infrastructure and Research,
the University of Hawaii was introduced to Department of Defense (DoD) network resources in
Hawaii. After initial discussions followed by a thorough technical and administrative review by all
appropriate parties at NSF, DoD and UH, a unique approach to providing vBNS connectivity in
Hawali was developed.

Under the aegis of an agreement with NSF, DoD has agreed to permit the University of Hawaii to
utilize the existing DS3 DREN (Defense Research and Engineering Network) circuit between
Hawaii and the mainland. The funds requested from NSF in this proposal will be used to extend
this connection to the University of Hawaii and then to the Mauna Kea Observatories, and
provide for the deployment of meritorious research applications that require QoS capabilities
between locations in Hawaii and on the mainland.

One requirement is the establishment of a new DS3 connection between UH and the major DoD
network hub in Hawaii. Implementation of this link will require that UH procure a circuit between
the two locations and purchase CSU/DSU devices for the link. In addition, in order to gain access
to DoD connections in Hawaii including the DREN circuit, UH must join the Hawaii IntraNet
Consortium (HIC). The HIC is a consortium of federal DoD programs with Internet requirements
and resources in Hawaii. The HIC was established to improve connectivity among members,
reduce infrastructure costs and achieve higher bandwidths through sharing, and improve routing
by keeping Hawaii traffic in Hawaii whenever possible. The HIC membership fee of
$2500/month covers costs of operating all consortium assets including circuits and equipment
maintenance. This fee is adjusted annually based on actual costs incurred. The HIC exclusively
uses an ATM infrastructure, and most services are currently deployed as IP over virtual circuits.
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As close coordination among the diverse parties is absolutely essential in provisioning services
among the HIC members, UH proposes to acquire the same equipment which is already standard
at every other HIC site: a Fore ATM switch and a Cisco 7500 router. This will reduce support
and operational costs, since UH will be able to take advantage of the existing HIC NOC
expertise and resources in configuring its connections and services with the HIC and points
beyond.

A new link will also be installed between UH and Mauna Kea in order to provide high-performance
access to the astronomical research facilities and instrumentation. This connection can be most
cost-effectively provisioned as an ATM virtual circuit by a commercial carrier. The link will be
initially deployed at 6 Mbps, which represents a four-fold increase over current capacity (T1
frame relay). Perhaps more importantly, by provisioning as an ATM virtual circuit rather than over
the shared public frame relay cloud, the transmission fabric will be able to support the kinds of
meritorious applications needing QoS described earlier in this proposal. Also, as needs and
funding dictate, the capacity on this circuit can be easily upgraded with no change in architecture
or equipment.

The mainland side of the Hawaii DREN link will terminate at the DREN node in San Diego. From
that facility there is an existing OC-3 connection to the San Diego Supercomputer Center
(SDSC), where the vBNS is also available. With the agreement of NSF and DoD, the current
plan calls for the initial establishment of a virtual circuit between the University of Hawaii and the
vBNS through this connection.

While the net result of this plan will be a lower speed link than the usual OC-3 connections
funded through this program, the availability of a DS3 connection to the vBNS will be a major
boost to research in Hawaii. UH will also maintain its separate connection to the "commodity"
Internet for general-purpose Internet access; current plans call for increasing the speed of this
commodity connection to DS3.

With this proposed ATM connection to the HIC, and then via DREN to the vBNS, the daunting
geographical challenges of Hawaii's participation in the vBNS and Internet2 will finally become
manageable. All of the organizations within UH that are known to have current needs for high
capacity, bounded latency applications have made a commitment to be a part of the statewide
ATM network described herein. In addition, all public higher education in Hawaii will be connected
into the network through the University's commitment to cost-sharing. The core switch and router
purchased through this proposal will link networks from the Mauna Kea Observatories, High
Energy Physics, SOEST, and the ITS distance learning network in order to provide high
performance connectivity among them and with the vBNS.

Proposed Approach to QoS

Prior strategies to acquire increased bandwidth to external networks have focused on supporting
a growing aggregation of moderate-demand commaodity applications. The introduction of high
performance applications into a location such as Hawaii, where propagation delay to our neighbor
institutions may eventually dominate delay-bandwidth product, forces us to consider the
limitations of existing network implementations and transport protocols as they occur in a global
scenario.

Several types of guarantees are required by an application such as remote astronomical
observing. In addition to the kinds of throughput described earlier -- which is increasing over time
with the development of new instrumentation -- predictable latency and precise control timing of
telescopes and astronomical instruments will be essential. UH has been following the
discussions within IETF and Internet2 relating to QoS, and there are obviously diverging
approaches planned and in use at different institutions. Given Hawaii's emerging ATM-based
network, the temptation to rely on PNNI-based QoS within Hawaii is obvious. While there are no
plans to deploy ATM to the desktop at this stage of implementation, application development and
proof-of-concept implementations will certainly make use of ATM PVCs within Hawaii and to
external sites. ATM'’s ability to separate logical and physical network topologies will serve to
dissipate the effects of Hawaii's challenging geography. For the immediate future, QoS on local
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networks will be ensured primarily through close attention to available bandwidth and
requirements, i.e., through overprovisioning capacity and managing demand.

Approaches to network resource management to support advanced applications are still emerging
and will develop out of close coordination within Internet2 and IETF working groups and with other
research institutions. It seems counter-productive to develop a separate resource reservation
strategy for local applications given that many of the compelling applications require high
performance connectivity with other sites which will be accessed through the vBNS. UH will
seek to promote and participate in a scalable class-based queuing mechanism, which may need
to be coupled with scheduling policy and enforced prioritization of resource reservations. Some
form of RSVP is expected to be implemented to permit network users to make explicit
reservations of resources, by authenticating and authorizing the use of higher service classes.

This proposal describes a scenario wherein commaodity traffic and meritorious application traffic
follow separate paths to reach sites outside of Hawaii. Although this seems to simplify the matter
of performance guarantees, it complicates routing policy. UH will ensure that all of its sites are
cognizant of and adhere to applicable usage policies for connected research networks. Just as
scalability and efficiency are priorities in a QoS strategy, UH will also seek to promote the same
attributes in explicit path selection. Again, the mechanisms of ATM may postpone the necessity
of implementing selective routing policies for certain meritorious traffic. In any case, the material
and ongoing participation of UH network architects in the public deliberations surrounding QoS --
through Internet2 and IETF working groups -- will be essential to support meritorious high
performance network applications on a generalized global or national scale.

Costs and Cost Sharing

A total of $343,668 is requested from NSF to execute this project. The University of Hawalii is
committed to providing $362,429 in cost-sharing in the form of staff time to execute the project and
the purchase of additional networking equipment to extend the high performance networking
capability throughout campus. The University has also been appropriated significant amounts of
state funds over the past two years which complement this proposal, but which are not being
claimed as formal cost-sharing for this proposal. One state-funded complementary project is the
$3m initiative funded in 1997 to replace the analog distance learning network with a statewide
digital telecommunications network, which will interconnect with this project. And in 1998 the
Hawaii Legislature appropriated $5m for the purchase of fiber optic capacity to the mainland. This
capacity is expected to become available in 2000, at about the time the funds requested in this
grant will expire.

Given the extraordinary cost of connectivity to the mainland from Hawaii, this proposal represents
incredible value. Such value is possible only due to the strong supporting role played by NSF in
brokering the necessary arrangements with DoD to make the project possible at all within the
funding constraints of the Connections to the Internet program.

As can be seen in the attached letter of support from President and Chancellor Mortimer, who
heads both the UH system and the UH-Manoa campus, the University is firmly committed to the
ongoing support of this high performance connectivity after the expiration of the requested NSF
funding. The appropriations mentioned above will provide the likely framework for future high-
speed connections to the mainland and perhaps Mauna Kea.

Future Network Expansion Plans

As can be seen from the proposed network design, access to the vBNS will be available to all
authorized users. Applications that require absolute "guarantees" of service may need additional
local network engineering, but the most efficacious means of doing so is expected to vary on a
case-by-case basis due to local conditions and configuration. In the meantime, simple strategies
as described above can be used to support meritorious applications from throughout the
institution on an ad-hoc basis, and with collaborators elsewhere on the vBNS who are working
through a variety of QoS strategies themselves.
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UH already has direct high-speed connections to all of Hawaii State Government, the statewide
Department of Education K12 network (including schools serving DoD dependents), County
Government, the East-West Center, Bishop Museum, NASA mission sites, and numerous other
locations that may develop meritorious requirements for high performance network applications.
The proposed network will be ready to support these users subject to compliance with
applicable usage policies.

The major network expansion and enhancement plans within Hawaii include the ongoing migration
of additional UH-Manoa campus sites from FDDI, but the decision on the specific architecture can
be made when the need for such an upgrade is more compelling. As noted earlier, the link to the
Mauna Kea Observatories can also be easily upgraded when additional capacity is needed.

Mainland connectivity can be enhanced by establishing PVCs over the HIC-DREN connection to
other research networks, such as Internet2, as needed. The next major capacity upgrade is
expected in 2000 or 2001, when additional capacity becomes available on the new Japan-US
Cable System which runs through Hawaii. The University of Hawaii is now in the process of
purchasing a minimum of an STM-1 (155 Mbps) on this cable system, which will provide at least
a tripling of the capacity proposed here. This fiber will terminate at UH-Manoa and at a mainland
location still to be specified, perhaps a West Coast GigaPoP which can accommodate both
meritorious high performance as well as commodity Internet traffic.

Contribution to the emerging high performance network infrastructure

In addition to its primary purpose of facilitating meritorious research that requires higher
performance connectivity, this project makes several significant contributions to the emerging high
performance network infrastructure.

First, this project will connect a major international scientific resource, the Mauna Kea
Observatories, to the global research networking fabric. Remote observing represents an
important application that requires high performance connectivity and can advance both the
quality and efficiency of scientific investigation. The establishment of this connection to MKO will
facilitate a rapid advance of the state-of-the-art in remote observing and supporting applications.

Secondly, this project represents a new model for providing vVBNS connectivity to an institution
through another federal agency network. It demonstrates that the federal government's
commitment to cooperation on the Next Generation Internet initiative is more than lip-service, and
that this cooperation has real and specific benefits to end-users and the taxpaying public.

Finally, it should be noted that the proposed means of connecting to the vBNS -- through the
DoD Hawaii IntraNet Consortium -- will bring additional benefits to the local Internet infrastructure
in Hawaii. The HIC currently interconnects most significant federal Internet facilities within the
State of Hawaii, and the University interconnects with state and local government, all public K12
education, and many other public organizations. The new interconnection between the
University and the HIC will therefore permit the local exchange of nearly all public traffic within
Hawaii and with all the major ISPs who already connect to the University through the Hawaii
Internet Exchange. This will not only be a major advance for Hawaii, but may serve as a useful
model in other areas just beginning to wrestle with the issues surrounding local Internet
exchanges.

Institutional Qualifications

The University of Hawaii is highly qualified to perform this work. UH was the international pioneer
in providing Internet access in the Asia-Pacific region and still provides connectivity for a number
of NASA mission requirements within Hawaii. The University also initiated the provision of
Internet access throughout Hawaii including for state and local government, community colleges
and all public schools. Additionally, UH has also helped connect other Pacific universities to the
Internet such as the University of Guam and Brigham Young - Hawaii. And UH hosts a number
of public research and education facilities such as the East-West Center and Bishop Museum.
UH currently operates an IP network serving some 15,000 devices at more than 50 locations on
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six islands. And as noted above, the University also initiated and operates - at the request of the
private Internet community -- the Hawaii Internet Exchange, which serves as the State's neutral
exchange point. UH is a member of UCAID, a charter participant in the Internet2 project, and
various UH staff attend IETF meetings on a regular basis.

Dissemination

The University of Hawaii will establish and maintain a web site that explains this project,
documents the state of the network, provides guidance on obtaining access to high performance
capacity for meritorious applications, and points to the results of applications research and
science performed using these facilities. Experiences with establishing and managing QoS will
also be shared at national meetings such as IETF and Internet2.
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