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The Rocky Road to a Data Highway

NSFNET spawned a revolution in computer networking. Now it's giving way to the private sector,
and the government’s billion-dollar networking program is up in the air

For computer networking, it is becoming the
best of times. A quarter-century of govern-
ment networking programs have paid off
spectacularly with a fast-growing electronic
web that today has 15 million users. Its biggest
fan is Vice President Al Gore, who has spurred
the Administration to propose a $2 billion,
5-year program to eventually take computer
networks to schools, hospitals, and homes
across the country. And the telecommuni-
cations industry, after decades of dismissing
networking as a niche market, has suddenly
embraced the concept of a networked nation
with a $125 billion proposal to lay fiber optic
cable and build routing stations.

But for users of the scientific computer
network that brought all this about, times
may be taking a turn for the worse. Last week,
the National Science Foundation (NSF)
quietly released a long-delayed set of guide-
lines for proposals to upgrade NSENET, the
computer network “backbone” it has run
since 1986. This backbone connects some
two dozen regional science and education
networks—and hundreds of U.S. univer-
sities—which use NSFNET as a sort of in-
terstate data highway to send messages and
files across the country. These networks are
in turn connected to hundreds of other net-
works, both commercial and public, to cre-
ate a free-form and anarchic electronic web
called the Internet. The Internet is the foun-
dation of computer communications today,
a vital link among collaborating scientists
scattered across the country and around the
globe, and the model for the data highway
system of the future.

The gist of the new guidelines is this: Af-
ter years of subsidizing network use for re-
searchers, NSF will no longer offer a free ride
to all. Pressured by computer and telecom~
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mate modelers whose appetities for data
can’t be served by commercial networks—
will be able to use the high-speed NSENET
backbone of the future.

This leaves the government’s networking
efforts at an awkward transition. NSENET is
the core of a $120 million multi-agency ef-
fort known as the National Research and
Education Network (NREN) program.
NREN was once supposed to lead to a na-
tional billion-bit-per-second (gigabit) net-
work, taking over from NSENET in 1996. It
still includes plans to develop a limited ac-
cess version of such a network. But that lim-
ited access is leaving much of the research
community up in the air.

NSF’s decision on NSENET “is going to
play really badly” with the users, predicts
Bruce Schatz, director of the University of
Arizona’s community systems laboratory and
a member of a National Academy of Sci-
ences panel that released a report last month
on using networks for scientific collabora-
tions. “People aren’t likely to want to spend
the extra money to hook up [to a commer-
cial network] and pay time charges.” That,
he warns, could discourage scientists from
using the networks for ~day commu-
nications—and stifl volution
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ers to charge networking fees to their NSF
grants, or perhaps by letting universities bill
the charges to their indirect cost accounts.

The reason for this shift is that the net-
working world has changed. Working re-
searchers may have started the whole phe-
nomenon in the 1960s when they added e-
mail as an afterthought to a system to access
supercomputers remotely. But today, “science
isno longer driving this,” says David Lipman,
director of the National Institutes of Health’s
National Center for Biotechnology Informa-
tion. Today the Internet has more than 15
million users, and only one-third of them are
scientists or engineers. “The changes are so
profound that the science and technology
community will be just a small [fraction] of
the eventual users,” Lipman says.

Those eventual users, at least in the world
according to Gore, will be everyone. Super-
fast data lines will soon be as ubiquitous as
cable TV connections, enthusiasts hope, giv-
ing universities, public schools, libraries, hos-
pitals, and even private homes virtually in-
stant access to everything from the holdings
of the Library of Congress (video and sound
included, of course) to real-time teleconfer-
encing and movies on demand. Scientists
and business people will be able to exchange
images and graphic simulations as quickly as
they now send e-mail notes and search re-
mote, huge databases as if they were on their
own hard disks. The whole country’s going to
be wired, and powerful economic forces, from
the regional telephone companies to the cable
TV industry, are fighting to build the next
generation of networks to service it.

The NREN program might seem like a
logical starting point for such a dream of
national cyberspace. Back in 1991, NSF
thought so too. But then it got its handsr
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to networking the rest of the land. Strenu-
ous objections to Congress followed, legisla-
tive intervention was threatened, and a chas-
tened NSF went back to the drawing board.
And a much more modest drawing board
it was. NSENET will continue to exist, im-
proving from today’s 45 million bits per sec-
ond to 155 million, and then, if all goes ac-
cording to plan, gigabit speed. But the high-
speed NSENET backbone will be reserved
for researchers who need to transmit vast
amounts of data as quickly as possible. Al-
though the commercial networks that other
researchers are supposed to use are
in short supply today, NSF antici-
pates that this new market of re-
searchers needing network access
would push the private sector to
build more. NSF will use the usual
peer-review process to decide who
getsaccess to NSFNET. Andacon-
gressional bill introduced last
month by Representative Rick
Boucher (D-VA) would cement
the NSF policy in legislation.
With NSF essentially dealing
itself out of the larger game, where
does that leave the grand plan for
national webs of data flowing back
and forth across the land? In other
hands, mostly. Gore proposed what
he called a National Information
Infrastructure (NII) when he was a
senator, but now that he’s in the White House,
other lawmakers have taken up the fight and
their bill (first introduced this January in the
Senate, where it bears the number S-4) is
expected to come up for a vote this session.
The bill proposes $330 million over 5
years to develop such information resources
as digital libraries, virtual reality technology,
medical databases, and visualization tech-
niques. It would also spend another $120
million on grants to help primary and sec-
ondary schools get access to the Internet.
Clinton has proposed an even grander proj-
ect: $1 billion over 5 years to develop net-
work applications, and another $1 billion to
help schools, libraries, and hospitals get on-
line. Most of this funding would go to other
agencies, from the National Institutes of
Health to the Department of Commerce to

1984: NSF launches a
program to allow
non-DARPA-funded
researchers to get onto
ARPANET.

1987: National Research

Council recommends that
~ the research center-based
- network

the Rural Electrification Agency (which
would give grants for “rural datafication”).
As in any great social change, some peo-
ple will fare better than others. The losers, at
least for the moment, are those researchers
(the majority, according to the congressional
Office of Technology Assessment, which did
a study in December on network use by sci-
entists) who use the networks for nothing
much more data intensive than e-mail. One
way or another, they’re going to have to start
paying for networking, or go without. The
winners are those who are pushing the enve-

The networked nation. NSF plans to reserve the NSFNET backbone
(heavy lines) for the computing elite.

lope. That includes genome researchers who
are developing ways to search DN A sequence
databases in real time, and chemists who are
designing molecules on remote supercom-
puters. Daniel Masys, director of the Nation-
al Library of Medicine’s Lister Hill Center
for Biomedical Communications, is spon-
soring the development of ways for radiolo-
gists to send x-ray pictures that can be as-
sembled remotely into three-dimensional
views of body interiors. He’s also funding the
Visible Human Project, which will eventu-
ally lead to a database of graphic images,
position coordinates, and biological infor-
mation that will allow network users essen-
tially to take apart a person, examining any
body part from virtually any
angle or magnification.

1989: President
Bush launches an
interagency High
Performance
Computing and
Communications

broadened to
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1992: NSFNET link moves to 45
million bits per second. NSF
publishes a controversial draft
proposal to create an upgraded
NREN. Receives more than 240
pages of objections from industry
groups, starts to redraft proposal. 35

So far, such projects are more demonstra-
tions of networking’s power, rather than the
sort of “killer application” that will prompt e-
mail stalwarts to turn into high-end data
crunchers. But those applications will come,
Masys predicts, and the new NSF policy may
even encourage researchers to find them. “I
think scientists will be entrepreneurial in find-
ing ways to stay on the backbone,” he says.

Whatever happens to NSFNET and the
rest of the federal networking programs, it’s
clear that the old days of scientists building
networks for other scientists are fast depart-
ing. And a difficult transition pe-
riod for research networks may sim-
ply be the price of success, says
Vinton Cerf, vice president of the
Virginia-based Corporation for Na-
tional Research Initiatives. The 15
million people who now send e-
mail, trade files, and search data-
bases on the Internet work on a
loose—and sometimes fragile—
confederacy of smaller networks,
tied together by a few communica-
tions and data transfer standards
and the tireless enthusiasm of net-
working evangelists such as Cerf,
who helped assemble it in the late
1960s. Part of the charm and vi-
brancy of the Internet, he says,
comes from its anarchic roots. But
with funding for networking tech-
nology and expansion estimated in the hun-
dreds of billions of dollars over the next de-
cade, the days when researchers could make
network policy as they saw fit may be over.

For many of the pioneers, that’s the not-un-
welcome price of a research program becom-
ing a national priority. Now that network-
ing’s future is in the hands of politicians and
telecommunications giants, “I don’t think
any of us know where this thing is going
anymore,” says William Wulf, a University
of Virginia computer scientist who ran the
NSF program in the late 1980s, “but there’s
something exciting happening, and it’s big.”

—Christopher Anderson

HPCC

1996: Planned completion
of NREN prototype,
working at a billion bits
per second; transfer to
private sector under way.
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