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David Clark (DC): I would like to discuss a recent report by a study committee of the
National Research Council (NRC) on "Realizing the Information Future: the Internet and
Beyond". I was a member of the committee that produced the report, which came out last May.
The NRC is a private corporation chartered by the federal government for the purpose of giving
advice to the government. In this case, our committee presented the report to many
government agencies such as the Department of Commerce, the Office of Management and
Budget, and the FCC. We also did a lot of industry briefings, because we thought the
conclusions were very relevant to the private sector. For example, we presented our findings to
the National Cable Television Cable Association and will be briefing a number of telephone
executives next month.

The National Science Foundation asked for this report to be written because they
understood that with the transition of the Internet from a public good provided to the scholarly
and scientific community to a commercial offering, some important changes were happening.
Now that the Internet is successfully migrating to a commercial environment, the government
recognized the need to think about how to deal with the communities it had traditionally and
substantially supported.

When we (the committee) looked at the information world, we saw a tremendous amount
of turbulence going on. Some of it is technical, in terms of changes in technology enablers and
drivers. All the technology which in the past has been special-purpose analog technology is
now moving toward a digital model which has a great deal of commonality. We found
increasing network commonalities for TV distribution, computing and telephony. Overall we
saw a blurring of a lot of boundaries that used to be crisp, for example the boundary between
entertainment and information services. Another part of the turbulence that we found involved
changing market conditions. These conditions include a rapidly growing and diversifying user
population; an increase in private investors and investment levels; a proliferation of information
providers; and an enormous growth of network-based applications and services.

Our committee's report had three sections. The first section constructed a technical
framework in order to make sense of the turbulence we saw, and to help people understand
what the National Information Infrastructure (NIl) might be. We called this the Open Data
Network, or the ODN. The second section addressed the experiences and perspectives of the
research, education and library communities that have been traditionally served by
government. In particular, we considered what the needs of these public interest constituencies
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might be in the future. The final part of the report dealt with the role of the government in
developing and deploying an Nil based on an ODN architecture.

We wanted to present a picture of what we felt the Nil should be. The key characteristics
we identified - attributes we felt were desirable for an Nil - were openness, technology
independence, scale and decentralization, security, flexible basic service. heterogeneity, and
cost recovery. "Openness" of the Nil is especially important to users, to network providers, and
to service providers. It is also important in the sense of openness to change and evolution.
"Open to users" means that the network does not partition us into closed user groups. "Open to
network providers" means anyone who is technically qualified should be allowed to attach to
the network in order to serve a group of customers, regardless of the size of the provider. "Open
to service providers" refers to high-level service - information providers, for example. There
ought to be a level playing field for people with something to market, such as an interesting
data base. "Open to change and evolution" is especially critical. Infrastructure to me means that
we are building some sort of enduring base which can serve a variety of applications, but that
we do not know what the range of successful services will be.

The technical framework section of the report comes up with a specific architecture for an
ODN, which has four layers. From the top, these layers are: I) applications, 2) middleware
services, 3) transport and format services, and 4) a technology independent bearer service. All
of these layers sit on top of the network technology substrate. The bearer service, the bottom
layer, is particularly important because it decouples network technology from application
development, allowing the two to evolve separately. This decoupling maximizes the potential
for innovation. The bearer service provides a demarcation between network provider and
service provider. It is a point of unbundling, in the sense that the bearer service has to be made
widely available and cannot be bundled with the higher levels of service. This allows the
network to be open to all service providers, since everyone can get at the bearer service and can
then sell higher-level service.

I have said that the NIl must be open. It must also have the right features. For example,
the bearer service cannot be unidirectional or else it is not possible to do interactive and
transactional services such as video originating from the home. It cannot be too general because
that would add an unacceptable cost and nobody would install it. It is necessary to balance the
level of generality of the bearer service. It must be general enough but not so general that it
costs too much.

The Internet is a good example of an ODN. Although it has flaws and limitations, it
embodies the ODN architecture. The Internet has a bearer service in it, and this is the reason
why it is successful- not just because someone invented the World Wide Web and Email.
These are applications which people like and which make them want to buy the Internet. But
what makes the Internet really work is the IP layer in the middle, which defines the Internet
bearer service.

The point about the Internet is that its architecture makes it open to all sorts of new
services. How do you build such a successful bearer service? The answer is by minimizing
what goes into that layer of the architecture. The Internet bearer service has only two features:
the addressing plan and a simple delivery service. These minimal requirements make evolution
easier.

But our report did not just describe the Internet and say that it alone is the future of the
NIL This is the wrong way to look at the NIl. The NIl is much broader than the Internet. There
are all sorts of constituencies such as cable providers or the phone companies who barely know
the Internet exists today. Or else they see it as a threat rather than as a business opportunity.
These larger sectors have very specific requirements. These requirements may be in conflict
with the requirements of the Internet or maybe they can be harmonized. But we must be
sensitive to these requirements because if the Internet is to grow, we have to deal with the
communities which do infrastructure in the United States right now. The Internet makes certain
technical assumptions which may not be appropriate to meet the needs of these ~ectors.

The idea that the Internet can run on top of everything has been very powerful for us in
the Internet community. But I have sometimes called the Internet a hostile overlay, because it
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runs on top of a variety of infrastructures which do not know about us or else are not very
happy about us. In the long run it is not stable to run invisibly on top of other services. We want
to build a system that moves down into the infrastructure and becomes part of what the
infrastructure providers sell. Indoing so, the Internet cannot continue to be a hostile overlay. It
will have to mutate or else deliberately marginalize itself.

I keep focusing on access circuits - the last mile, the subscriber loop, the subscriber
drop. I am concerned about access circuits because they are a key issue if you want to reach not
just the large businesses and university campuses but also the ordinary citizen. If you want to
reach the citizen and the home with an open data network, there is no way of doing that
effectively today. A major investment would be necessary to upgrade U.S. subscriber drops.
But it is not clear that market forces will get us there. Our committee looked at this situation
and said that maybe there is a potential role for the government. I will come back to this point
later.

The report also addressed the issue of setting standards. One of things we noticed is that
the number of players on the standard scene, who are jockeying for turf, is out of control. We
suggested that the government might watch this process, but we specifically said the
government should not set standards. That is much too vigorous a role. But representing the
public interest or convening meetings (of standard setters) is okay. Our committee also invented
a concept called NIl compliance, which relates to standard setting. If the NIl is not just a
marketing slogan - if it is a vision that we are trying to achieve - then there must be a
definition of what it is and what it does. There must be a test of whether some capability is part
of the NIl or not. Compliance would almost certainly be defined in terms of whether you
conform to certain standards. Whichever organization gets to write the NIl standards would be
in a position of tremendous power.

Regarding research and development, there is a need for strategic research on topics such
as addressing and routing, resource management, network control, and mobility. Network
architecture studies are crucial for tying all the pieces together. Today we need an architecture
study to take a fresh look at what the bearer service is. We also need a study in terms of security
architecture, to put the bits and pieces of security technology we now have into a coherent
whole. Bad security is the enemy of the open network. Key security architecture goals should
include assuring high reliability, protecting against system-wide failures, and addressing the
vulnerabilities inherent in wireless technologies.

The second part of the report addressed the government's continued role in supporting the
the scientific research, education and library communities. The government made a deCIsion in
the 1980's to demonstrate the Internet as a viable technology by making it available to the
scientific research community which it had traditionally served. This experiment was a
tremendous success. But it has been suggested that the experiment was a little like giving away
drugs, because the users become addicted and then are faced with the problem of how to pay
for the service once government support disappears. What kind of approach to payment to
pursue in the future is a serious policy question which the report discusses. For now, though, I
want to address another question which came up in our discussions. This was whether there are
other sectors, id addition to the research community, that should be the target of a experiment
similar to the original demonstration of the Internet. I want to focus on the K-12 educational
community, another public sector institution which the government has traditionally supported.
Recently in Texas, for example, there was an experiment which put their elementary schools on
the Internet. The consequences were tremendously empowering for both the students and the
teachers. There is great national interest in expanding the experiment more fully to the
educational community at the K-12 level. But there are issues of financial costs. Local school
districts do not have the money. We have to think of education in a global way, in terms of
financing widespread networking within the educational community.

The whole issue is the NIT's cost and how to keep the cost down. People think the Internet
is free. This is untrue. It's just that somebody else paid for it and you didn't notice. Pricing has
two roles here: recovering costs but also shaping user behavior. The nice thing about the
Internet is that because users pay a flat fee, it encourages use. But we are going to go through a
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big struggle in the next five years over whether this pricing system which encourages usage will
continue.

The final section of the report dealt with the role of the federal government in realizing
the information future or an NIl. The vision is only the first step. It must be translated into a
technical framework; corresponding technology must be developed or improved, and it must be
expressed as detailed standards. Products based on these standards must be produced and .
deployed. The government must be a player in all these steps. What should the role of the
government be? First, it must provide leadership, which means having a vision, as Vice
President Al Gore does. It also means articulating and sustaining that vision. Second, the
government must identify, listen to, and speak for under-represented interests. Every citizen
must be thought of as a potential user and information-producer. Finally, the government must
influence the shape of the NIl. It must work with industry to promote optimal deployment,
foster open data network architecture and standards, and support fundamental research and
development. Federal procurement or tax depreciation can be used as a lever.

Our committee made five major recommendations to the government. The first was that
the government should keep technology policy as part of its focus. This means establishing a
better balance between the technical, economic, and social policy elements of NIl evolution.
The second, as I just mentioned, was that government should work with industry to develop
incentives for engineering access circuits supporting an ODN architecture - but not by
regulating or mandating. The third was that the government should consider transitional support
for education and research institutions where there is an economic hardship in terms of Internet
commercialization. The fourth was that government should facilitate Department of Education
leadership in network-based education content, curriculum, methods and practice. The last
recommendation was that since network research is still important, government should continue
to fund it, focusing on emerging issues at the both the lower and higher levels of an ODN
architecture.

The central dilemma in the realization of the information future is that the bulk of the
money will be spent at the lower layer of the ODN (below the bearer service level), while most
of the money is made at the top layers - in applications and middleware services. $50 billion
is expected to be spent at the lower layer. But those costs must be recovered somehow. How
can this tension be resolved? There are several possible solutions, none of which I think will
work. One is not to bother with homes and schoois. But this fails to meet important societal
needs. Another is to link products at the top to providers at the bottom through bundling or
vertical integration. But bundling goes against the whole point of making the architecture open
so anyone can go on top of the bearer service. Another solution is to sell network connectivity
in a competitive market. But this may not work since most costs are fixed and cost recovery
would be obstructed. A fourth solution is to provide facilities through a monopoly. But this is
unpopular because providers hate regulation.

What then is the answer? One answer is to allow a mix of open and closed systems. For
example, video-on-demand could be closed and an open system (an ODN) allowed to coexist
on the same infrastructure. In away, this is bribing the people who are spending the $50 billion
on infrastructure by letting them bundle video on demand or provide other services to make
money. But at the same time there would be an open system next to the video on demand which
would be used to address societal needs. Will this work? I don't know.

Beth Rosenson. Rapporteur
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FIGURE 2.1 A four-layer model for the Open Oata ~etwork.
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Rfl"lIzlng the In(orma(lon Future

RECOMMENDATION 1: ~EADERSHIP AND GUIDANCE

THE COMMITTEE RECOMMENDS THAT THE FEDERAL GOVERNMENT EXPAND ITS Nil
AGENDA TO EMBRACE THE OPEN DATA NETWORK (ODN) ARCHITECTURE AS A
TECHNICAL FRAMEWORK FOR THE DESIGN AND DEPLOYMENT OF THE Nil. REQUIRED
IS A STABLE MECHANISM TO PROVIDE THE FOLLOWING:

• CONTINUED FEDERAL LEADERSHIP IN STIMULATING THE DEVELOPMENT AND
DEPLOYMENT OF AN ODN ARCHITECTURE FOR THE Nil, INTEGRATING THE
TECHNICAL, ECONOMIC, AND SOCIAL CONSIDERATIONS BASIC TO ACHIEVING A
TRULY NATIONAL U.S. NETWORKING CAPABILITY.

• CONTINUED FEDERAL INVOLVEMENT IN THE DEVELOPMENT OF STANDARDS FOR
THE NIL THE COMMITTEE DOES NOT CONCLUDE THAT THE GOVERNMENT SHOULD
SET THE STANDARDS, BUT RATHER THAT IT SHOULD SUPPORT AND PARTICIPATE
IN THE ONGOING STANDARDS-SETTING PROCESSES MORE EFFECTIVELY, BRINGING
TO THOSE PROCESSES AN ADVOCACY FOR THE PUBLIC INTEREST AND FOR
REALIZATION OF AN OPEN AND EVOLVABLE NIl.

TO THIS END, THE COMMITTEE FURTHER RECOMMENDS THAT T~E I FEDERAL
GOVERNMENT DESIGNATE A BODY RESPONSIBLE FOR OVERSEEING THE TECHNICAL
ANO POLICY ASPECTS OF THE EVOLUTION OF THE Nil AND ITS APPLIC TIONS.

Computer Science and Telecommunications Board
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