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BACKGROUND

The Internet, from its roots a quarter-century ago as a military and academic
research tool, has become a global resource for millions of people. As it continues
to grow, the Internet will generate tremendous benefits for the economy and society.
At the same time, the Internet poses significant and difficult questions for policy
makers. This working paper examines some of these emerging issues at the inter-
section of technology, law, economics, and public policy.

The United States federal government has long been involved in the development
of the Internet. Through research grants, and by virtue of its status as the largest
institutional user of computer services in the country, the federal government played
a central role in bringing what we now call the Internet into being. Just as important,
the federal government has consistently acted to keep the Internet free of unneces-
sary regulation and government influence. As the Internet has matured and has
grown to support a wide variety of commercial activity, the federal government has
transitioned important technical and management functions to the private sector. In
the area of telecommunications policy, the Federal Communications Commission
(FCQ) has explicitly refused to regulate most online information services under the
rules that apply to telephone companies.

Limited government intervention is a major reason why the Internet has grown so
rapidly in the United States. The federal government’s efforts to avoid burdening the
Internet with regulation should be looked upon as a major success, and should be
continued. The Telecommunications Act of 1996 (1996 Act) adopts such a position.
The 1996 Act states that it is the policy of the United States “to preserve the vibrant
and competitive free market that presently exists for the Internet and other inter-
active computer services, unfettered by Federal or State regulation,” and the FCC

1

Telecommunications Act 0f 1996, Pub. L. No. 104-104, 110 Stat. 56, to be codified at 47 U.S.C. §§ 151 t.
seq (1996 Act), at § 230(b)(2). Hereinafter, all citations to the 1996 Act will be to the 1996 Act as codified
in the United States Code.
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has a responsibility to implement that statute. The draft “Framework for Global
Electronic Commerce” developed by the White House with the involvement of
more than a dozen federal agencies, similarly emphasizes the need to avoid unne-
cessary government interference with the Internet.”

This working paper addresses three overlapping telecommunications policy areas
that relate to the Internet: law, economics, and public policy. Legal questions arise
from the difficulty in applying existing regulatory classifications to Internet-based
services. Fconomic questions arise from the effects of Internet usage on the tele-
communications infrastructure, and the effects of the telecommunications infra-
structure on the Internet. Public policy questions arise from the need to maximize
the public benefits that the Internet brings to society.

The Internet is a fluid, complex entity. It was designed to route around obstacles,
such as failures at central points of the network, and it may respond in unexpected
ways to pressures placed on it. It has developed largely without any central plan,
especially in the past several years as the US government has reduced its manage-
ment role. It overcomes any boundaries that can be drawn, whether rooted in size,
geography, or law. Because the Internet represents an ever-growing interconnected
network, no one entity can control or speak for the entire system. The technology of
the Internet allows new types of services to be layered on top of existing protocols,
often without the involvement or even the knowledge of network providers that
transmit those services. Numerous users can share physical facilities, and the mix of
traffic through any point changes constantly through the actions of a distributed
network of thousands of routers.

The chaotic nature of the Internet may be troubling for governments, which tend
to value stability and certainty. However, the uncertainty of the Internet is a strength,
not a weakness. With decentralization comes flexibility, and with flexibility comes
dynamism. Order may emerge from the complex interactions of many uncoordi-
nated entities, without the need for cumbersome and rigid centralized hierarchies.
Because it is not tied to traditional models or regulatory environments, the Internet
holds the potential to dramatically change the communications landscape. The
Internet creates new forms of competition, valuable services for end users, and
benefits to the economy. Government policy approaches toward the Internet should
therefore start from two basic principles: avoid unnecessary regulation, and question
the applicability of traditional rules.

Beyond these overarching themes, some more specific policy goals can be identi-
fied. For the FCC in particular, these include the following.

Promote competition in voice, video, and interactive services.

In passing the 1996 Act, Congress expressed its intent to implement a “pro-
competitive deregulatory national communications policy.” The Internet provides

* A Framework for Global Electronic Commerce, available on the World Wide Web, at www.white
house.gov.
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both a space for innovative new services, as well as potential competition for existing
communications technologies. The FCC’s role will be to ensure that the playing
field is level, and that efficiency and market forces drive competition.

Facilitate network investment and technological innovation.

The Internet encourages the deployment of new technologies that will benefit
consumers and produce jobs. The Commission should not attempt to pick winners,
but should allow the marketplace to decide whether specific technologies become
successful. By eliminating regulatory roadblocks and other disincentives to invest-
ment, the FCC should encourage both incumbents and new entrants to develop
innovative solutions that transcend the capabilities of the existing network.

Allow all citizens to benefit from advanced technologies.

The communications revolution should benefit all Americans. In an age of new
and exciting forms of interactive communications, the FCC should ensure that
entities such as schools and libraries are not left behind. However, the mechanisms
used to achieve this goal should be consistent with the FCC’s broader policies of
competition and deregulation.

This working paper is intended to explore issues and to facilitate discussion, not to
propose specific government actions. Many proponents of the Internet’s develop-
ment are wary of any government actions directed toward the Internet. Government,
however, has been intimately involved with the Internet since the network’s begin-
nings. Government decisions — such as the FCC’s directive that Internet service
providers not be subject to interstate access charges, and the widespread require-
ment by state regulators that local calls be available at flat monthly rates — continue
to shape Internet development. Moreover, policy decisions are best made with
knowledge and comprehension of their potential implications.

The goal of this paper, therefore, is to promote greater understanding, on the part
of both government and the private sector, of the unique policy issues the Internet
raises for the FCC and similar agencies. The discussion of a topic is not a suggestion
that government regulation in that area is necessary or desirable. On the contrary, a
fundamental position of this paper is that government should work to avoid unne-
cessary interference with the Internet’s development.

Government may influence the evolution of the Internet in many ways, including
directly regulating, participating in technical standards development, providing
funding, restricting anti-competitive behavior by dominant firms, facilitating indus-
try cooperation otherwise prohibited by antitrust laws, promoting new technologies,
encouraging cooperation between private parties, representing the United States in
international intergovernmental bodies, and large-scale purchasing of services. The
FCC and other government entities may also play a useful role simply by raising the
profile of issues and stimulating debate. A better understanding of the relationship
between the Internet and telecommunications policy will facilitate intelligent
decision-making about when and to what extent any of these government actions
are appropriate.
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THE ENDLESS SPIRAL OF CONNECTIVITY

Government officials, pundits, and market researchers often compare the Internet to
established communications technologies such as telephony and broadcasting.
These efforts are understandable. “I'raditional” technologies have well-defined
usage characteristics, growth patterns, and market behavior. Moreover, the
Internet physically “piggybacks” on other networks, in particular the wireline tele-
phone infrastructure.

Drawing analogies between the Internet and traditional media makes it easier to
decide whether existing bodies of law or regulation apply to new Internet-based
services. Thus, for example, the debate over the constitutionality of the
Communications Decency Act (CDA), which seeks to restrict the transmission of
indecent material over the Internet, has often boiled down to a conflict of analogies.
Opponents of the CDA have compared the Internet to a telephone network, while
supporters often describe the Internet as similar to broadcasting. Because telephone
carriers are generally not legally responsible for the content routed over their net-
works, but broadcasters may be subject to fines for transmitting inappropriate
material, the choice of analogy can predetermine the legal outcome.

Although such analogies are appealing, most break down upon closer analysis of the
unique characteristics of the Internet. The Internet is substitutable for all existing
media. In other words, the Internet potentially poses a competitive threat for every
provider of telephony, broadcasting, and data communications services. At the same
time, Internetrelated businesses are substantial customers of existing telephony,
broadcasting, and data companies. The Internet creates alternate distribution chan-
nels for pre-existing content, but more importantly, it permits delivery of new and
hybrid forms of content. The Internet is one of many applications that utilize the
existing telephone network. However, from another perspective, the telephone, broad-
casting, and cable networks are simply nodes of the larger network that is the Internet.

Thus, the Internet is fundamentally different from other communications tech-
nologies. In most cases, simply mapping the rules that apply to other services onto
the Internet will produce outcomes that are confusing, perverse, or worse. Any
attempt to understand the relationship between the Internet and telecommunica-
tions policy must therefore begin with the distinguishing aspects of the Internet.

HOW THE INTERNET IS UNIQUE

The distinctiveness of the Internet derives in large part from its technical architecture,
which is described in greater detail in Section II. The Internet functions as a series of
layers, as increasingly complex and specific components are superimposed on but
independent from other components.? The technical protocols that form the foundation

3 Tony Rutkowski, former Executive Director of the Internet Society, has written a more detailed

discussion of the implications of Internet architecture for the development of the network. See
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of the Internet are open and flexible, so that virtually any form of network can connect to
and share data with other networks through the Internet. As a result, the services provided
through the Internet (such as the World Wide Web) are decoupled from the underlying
infrastructure to a much greater extent than with other media. Moreover, new services
(such as Internet telephony) can be introduced without necessitating changes in
transmission protocols, or in the thousands of routers spread throughout the network.

The architecture of the Internet also breaks down traditional geographic notions,
such as the discrete locations of senders and receivers. The Internet uses a con-
nectionless, “adaptive” routing system, which means that a dedicated end-to-end
channel need not be established for each communication. Instead, traffic is split into
“packets” that are routed dynamically between multiple points based on the most
efficient route at any given moment. Many different communications can share the
same physical facilities simultaneously. In addition, any “host” computer connected
directly to the Internet can communicate with any other host.

A further distinguishing characteristic of the Internet is its fractal nature. Fractals
are derived from the branch of mathematics known as chaos or complexity theory.
Fractals exhibit “self-similarity”; in other words, a roughly similar pattern emerges at
any chosen level of detail. Internet traffic patterns most clearly demonstrate the
Internet’s fractal tendencies. For traditional communications networks (including
the telephone network), engineers have over many years developed sophisticated
statistical models to predict aggregate usage patterns. Researchers have shown that
usage of the Internet follows not the traditional “poisson” pattern, but rather a fractal
distribution.* In other words, the frequency of Internet connections, the distribution
between short and long calls, and the pattern of data transmitted through a point in
the network tend to look similarly chaotic regardless of the time scale.

The fractal nature of the Internet confounds regulatory and economic models
established for other technologies. However, as chaos theorists have shown, fractals
have valuable attributes. In a fractal entity, order emerges from below rather than
being dictated from above. The fact that the Internet does not have an easily-
identifiable hierarchy or any clear organizational structure does not mean that all
behavior is random. Many small, uncoordinated interactions may produce an
aggregate whole that is remarkably persistent and adaptable.

Finally, the Internet has thus far not been regulated to the same extent as other media.
The Communications Act of 1934 (Communications Act), which created the Federal
Communications Commission to oversee telephony and radio broadcasting, is more
than sixty years old. By contrast, Internet service providers, and other companies in the
Internet industry, have never been required to gain regulatory approval for their actions.

Anthony M. Rutkowski, “Internet as Fractal: Technology, Architecture, and Evolution,” in The
Internet as Paradigm (Aspen Institute 1997).

* See Amir Atai and James Gordon, Impacts of Internet Traffic on LEC Networks and Switching Systems
(Bellcore 1996); Vadim Antonov, ATM: Another Technological Mirage, available on the World Wide

Web, at www.pluris.com/ip_vs_atm/.
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THE FEEDBACK LOOP

If the Internet is not like any other established communications technology, what
then is it? On one level, the Internet is whatever anyone wants it to be. It is plastic,
decentralized, and constantly evolving network. Any simple concept to describe the
Internet will necessarily be incomplete and misleading.> Such templates are useful,
however, to promote greater understanding of aspects of the Internet that may not
otherwise be obvious.

For purposes of this paper, I believe it is valuable to understand the Internet as a
feedback loop. A feedback loop occurs when the output of a system is directed back
into the system as an input. Because the system constantly produces fuel for its own
further expansion, a feedback loop can generate explosive growth.6 As the system
expands, it produces more of the conditions that allow it to expand further. All
networks are feedback loops, because they increase in value as more people are
connected.” The Internet, however, is driven by a particularly powerful set of self-
reinforcing conditions.

Figure 1 describes some of the interrelated factors that build upon each other to
foster the growth of the Internet. Some “supply” factors (such as the availability of
higher-capacity networks) permit an expansion of demand (for example, by allowing
bandwidth-intensive services such as high-resolution video transmission). Like a
digital tornado, the vortex continues, as the new level of demand creates the need for
additional capacity, and so forth.® The Internet feedback loop is a fundamentally
positive force, because it means that more and more services will be available at
lower and lower prices. So long as effective self-correcting mechanisms exist, the
Internet will overcome obstacles to its future growth.

Understanding the underpinnings of the Internet feedback loop is necessary to
craft policies that facilitate, and do not hinder, its continuation. There are four
primary factors that support the growth of the Internet:

DIGITALIZATION AND “DEEP CONVERGENCE”

As described above, the Internet exhibits characteristics of several media that had
previously been distinct. Networks carry three types of information — voice, video, and
data — and those categories are further subdivided into areas such as pre-recorded vs.
live or real-time presentation, and still vs. moving images. Historically, these different

> For a thorough explication of various metaphors for the Internet, including the now well-worn notion
of the “Information Superhighway” coined by Vice President Albert Gore, see Mark Stefik, Internet
Dreams: Archetypes, Myths, and Metaphors (1990).
For an extended discussion of the significance for feedback loops and control mechanisms as they
relate to new technologies, see Kevin Kelly, Out of Control: The New Biology of Machines, Social
Systems, and the Economic World (1994).
7 See infra section (IV)(B).

The tornado metaphor has been used by Paul Saffo, Eric Schmidt, and others to describe the Internet.
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FIGURE 1: The Internet Spiral

forms of information have used different delivery vehicles. The telephone network
delivered voice, private corporate networks delivered data, and broadcast networks
delivered video. Fach service was tightly coupled to a specific form of infrastructure —
the telephone network used copper wires to reach subscribers, broadcast television
used the airwaves, cable television used coaxial cable, and so forth.

“Convergence” means that those lines are blurring. However, convergence is
often understood in a shallow manner, as simply the opportunity for owners of one
type of delivery system to compete with another type of delivery system, or as the
opportunity for content owners to deliver their content using different technologies.
In reality, convergence is something far more fundamental. “Deep convergence” is
driven by a powerful technological trend — digitalization. Digitalization means that
all of the formerly distinct content types are reduced to a stream of binary ones and
zeroes, which can be carried by any delivery platform.? In practical terms, this means
not only that specific boundaries — between a telephone network and a cable system,

9 See Digitization and Competition (Computer Systems Policy Project 1996).
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for example — are blurred, but also that the very exercise of drawing any such
boundaries must be fundamentally reconsidered or abandoned.

Digitalization has been occurring for decades. The long-distance telephone net-
work in the United States is now almost entirely comprised of digital switches and
fiber optic transmission links. These digital facilities, however, have been optimized
to transport a single service — voice. The Internet, by contrast, can transmit any form
of data. Internet protocols are sufficiently flexible to overcome the boundaries
between voice and other services. Innovators can develop new services and imme-
diately load them onto the existing Internet infrastructure. Convergence creates new
markets, and new efficiencies, because particular services are no longer locked into
specific forms of infrastructure.

MOORE’S LAW AND METCALFE’S LAW

As George Gilder has most clearly articulated, the two technological “laws” that
most impact the growth of the Internet are Moore’s Law and Metcalfe’s Law.™
Moore’s Law holds that the maximum processing power of a microchip, at a given
price, doubles roughly every eighteen months. In other words, computers become
faster at an explosive rate, or conversely, the price of a given level of computing
power decreases at that same dramatic rate. Metcalfe’s Law says that the value of a
network is equivalent to the square of the number of nodes. In other words, as
networks grow, the utility of being connected to the network not only grows, but does
so exponentially.

Moore’s Law and Metcalfe’s Law intersect on the Internet. Both the computers
through which users access the Internet, and the routers that transmit data within the
Internet, are subject to the price/performance curve described by Moore’s Law. At
the same time, advances in data transmission technology have expanded the capa-
city of the Internet’s backbone networks. As the bandwidth available through the
network continues to grow, Moore’s Law states that the price of obtaining a given
level of bandwidth continues to drop, while Metcalfe’s Law dictates that the value of
a connection increases exponentially. The ratio of the cost of Internet access to the
value it provides plummets over time. And as it plummets, connectivity and higher-
bandwidth connections become that much more important, generating more usage
and more capital to upgrade the network.

THE MAGNETISM OF MONEY AND MINDS

Moore’s Law and Metcalfe’s Law describe the technological forces that push the
growth of the Internet, but there are also business forces that exert a powerful
influence. In a capitalist economy, the “invisible hand” of the market dynamically

' See, e.g., George Gilder, “The Bandwidth Tidal Wave,” Forbes ASAP, December 5, 1994.
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redirects capital where it is most highly valued, without any direct outside interven-
tion. Companies that demonstrate superior potential for generating future revenues
more easily attract investment, and for public companies, see their stock prices rise.
Other companies in the same industry sector often see increases in their stock prices
as well, as investors seek to repeat the pattern of the first company and to capitalize
on economic trends.

As money flows into a “hot” sector, so do talented people seeking to obtain some of
that money by founding or working at a company in that sector. The presence of so
many top minds further attracts capital, reflecting a synergistic process I call “the
magnetism of money and minds.” This trend promotes the availability of financing
to spur the future growth of the Internet.

COMPETITION

Competition enables both the dynamic allocation of capital and talent, as well as the
constant innovation in technology that leads to deep convergence and falling prices.
In a competitive market, companies must constantly invest and innovate, or risk
losing out to competitors. Intel CEO Andy Grove has observed that in the computer
industry there are only two kinds of companies: the quick and the dead. Even those
companies with strong positions must always look over their shoulder, because
customer loyalty vanishes in the face of superior alternatives.

The benefits of competition are evident in the computer industry, where compa-
nies must constantly improve their products to remain successful. Competition in
the Internet context means that many different providers of hardware, software, and
services vie for customers. In a competitive market, providers that can offer superior
service or prices are more likely to succeed. Technological innovations that lower
costs or allow new service options will be valuable to providers and consumers alike.

THREATS TO THE CONTINUED SPIRAL

If the Internet truly operates like a feedback loop, why is government intervention
necessary?

There are many ways the Internet spiral could be derailed. Any of the underlying
drivers of Internet growth could be undermined. Moving toward proprietary stan-
dards or closed networks would reduce the degree to which new services could
leverage the existing infrastructure. The absence of competition in the Internet
service provider market, or the telecommunications infrastructure market, could
reduce incentives for innovation. Fxcessive or misguided government intervention
could distort the operation of the marketplace, and lead companies to expend
valuable resources manipulating the regulatory process.

Insufficient government involvement may also, however, have negative conse-
quences. Some issues may require a degree of central coordination, even if only to

Published online by Cambridge University Press



22 Werbach

establish the initial terms of a distributed, locally-controlled system. A “tragedy of the
commons” situation may arise when all players find it in their own self-interest to
consume limited common resources. The end result, in the absence of collective
action, may be an outcome that no one favors. In addition, the failure of the federal
government to identify Internetrelated areas that should not be subject to regulation
leaves open opportunities for state, local, or international bodies to regulate exces-
sively and/or inconsistently.

HOW GOVERNMENT SHOULD ACT

The novel aspects of the Internet require government policies that are sensitive to
both the challenges and the opportunities of cyberspace. Three principles should
guide such government decision-making.

Scalability, Not Just Stability

Rather than secking to restrain the growth of the Internet, government should
encourage it. As long as the underpinnings of the network support further expan-
sion, and self-correcting mechanisms can operate freely, the Internet should be
able to overcome obstacles to further development. Additional capital and innova-
tion will be drawn to any challenge due to the prospect of high returns. In addition,
a focus on scalability directs the attention of policy makers to the future of the
network, rather than its current configuration. Given the rapid rate at which the
Internet is changing, such a forward-looking perspective is essential. The “growth”
of the Internet means more than an increase in the number of users. It also means
that the network will evolve and change, becoming an ever more ubiquitous part of
society.

Nevertheless, stability remains important. The Internet must achieve a sufficient
level of reliability to gain the trust of consumers and businesses. However, even such
stability requires an architecture that is built to scale upward. Otherwise, periods of
calm will inevitably be followed by crashes as the Internet continues to grow.

Swim with the Current

The economic and technological pressures that drive the growth of the Internet
should not be obstacles for government. Rather, government should identify ways to
use those pressures to support the goals that government hopes to achieve. In
telecommunications, this means using the pricing signals of the market to create
incentives for efficiency. In a competitive market, prices are based on costs, and the
firm that can provide a service for the lowest cost is likely to succeed. Such
competitive pressures operate far more effectively, with lower administrative costs,
than direct government mandates.
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Similarly, government should look for mechanisms that use the Internet itself to
rectify problems and create opportunities for future growth. For example, new
access technologies may reduce network congestion, as long as companies have
proper incentives to deploy those technologies. Filtering systems may address con-
cerns about inappropriate content. Competition from Internet services may pressure
monopolies or outdated regulatory structures. Government agencies should also use
the Internet themselves to receive and disseminate information to the public.

The Network, not Networks

The Internet is a network, but so are AT&T, TCI, and NBC. The FCC’s goal should
not be to foster the development of any one of those networks individually, but to
maximize the public benefits that flow from the Network that encompasses all of
those networks and many more. With the growth of competition and the elimination
of traditional regulatory, technological, and economic boundaries, networks are
more likely than ever to be interdependent, and a policy that benefits one network
may have a detrimental effect on others. For example, a mandate that Internet
service providers be entitled to connect to the telephone network for free might
stimulate Internet use, but telephone companies might be forced to increase their
rates or offer lower quality service to recover the increased cost of supporting such
connections.

Although government should support the growth of the Internet, this support
need not involve explicit subsidies that are not independently justified as a matter of
public policy and economics. Instead, government should create a truly level
playing field, where competition is maximized and regulation minimized.

HOW THE INTERNET WORKS

Basic Characteristics

Just as hundreds of millions of people who make telephone calls every day have little
conception of how their voice travels almost instantaneously to a distant location,
most Internet users have only a vague understanding of how the Internet operates.
The fundamental operational characteristics of the Internet are that it is a distrib-
uted, interoperable, packet-switched network.

A distributed network has no one central repository of information or control, but
is comprised of an interconnected web of “host” computers, each of which can be
accessed from virtually any point on the network. Thus, an Internet user can obtain
information from a host computer in another state or another country just as easily as
obtaining information from across the street, and there is hierarchy through which
the information must flow or be monitored. Instead, routers throughout the network
regulate the flow of data at each connection point. By contrast, in a centralized
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network, all users connect to single location.” The distributed nature of the Internet
gives it robust survivability characteristics, because there is no one point of failure for
the network, but it makes measurement and governance difficult.

An interoperable network uses open protocols so that many different types of
networks and facilities can be transparently linked together, and allows multiple
services to be provided to different users over the same network. The Internet can
run over virtually any type of facility that can transmit data, including copper and
fiber optic circuits of telephone companies, coaxial cable of cable companies, and
various types of wireless connections. The Internet also interconnects users of
thousands of different local and regional networks, using many different types of
computers. The interoperability of the Internet is made possible by the TCP/IP
protocol, which defines a common structure for Internet data and for the routing of
that data through the network.

A packet-switched network means that data transmitted over the network is split up
into small chunks, or “packets.” Unlike “circuitswitched” networks such as the public
switched telephone network (PSTN), a packet-switched network is “connectionless.”
In other words, a dedicated end-to-end transmission path does (or circuit) not need to be
opened for each transmission.” Rather, each router calculates the best routing for a
packet at a particular moment in time, given current traffic patterns, and sends the
packet to the next router. Thus, even two packets from the same message may not travel
the same physical path through the network. This mechanism is referred to as “dynamic
routing.” When packets arrive at the destination point, they must be reassembled, and
packets that do not arrive for whatever reason must generally be re-sent. This system
allows network resources to be used more efficiently, as many different communications
can be routed simultaneously over the same transmission facilities. On the other hand,
the inability of the sending computer under such a “best effort” routing system' to
ensure that sufficient bandwidth will be available between the two points creates
difficulties for services that require constant transmission rates, such as streaming
video and voice applications."

" In some cases, centralized networks use regional servers to “cache” frequently accessed data, or
otherwise involve some degree of distributed operation.

Some newer technologies, such as asynchronous transfer mode (ATM) switching, allow for the
creation of “virtual circuits” through the Internet, which allow traffic to follow a defined route through
the network. However, information is still transmitted in the form of packets.

In actuality, much of the PSTN, especially for long-distance traffic, uses digital multiplexing to
increase transmission capacity. Thus, beyond the truly dedicated connection along the subscriber
loop to the local switch, the “circuit” tied up for a voice call is a set of time slices or frequency
assignments in multiplexing systems that send multiple calls over the same wires and fiber optic
circuits.

In a “best effort” delivery system, routers are designed to “drop” packets when traffic reaches a certain
level. These dropped packets must be resent, which to the end user is manifested in the form of delay
in receiving the transmission.

“Streaming” voice and video applications are those in which the data available to the receiving user is
updated as data packets are received, rather than waiting until an entire image or sound file is
downloaded to the recipient’s computer.
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The Internet Today

As of January 1997 there were over sixteen million host computers on the Internet,
more than ten times the number of hosts in January 1992."° Several studies have
produced different estimates of the number of people with Internet access, but the
numbers are clearly substantial and growing. A recent Intelliquest study pegged the
number of subscribers in the United States at 47 million,”” and Nielsen Media
Research concluded that 50.6 million adults in the United States and Canada
accessed the Internet at least once during December 1996 — compared to 18.7
million in spring 1996."® Although the United States is still home to the largest
proportion of Internet users and traffic, more than 175 countries are now connected
to the Internet."

According to a study by Hambrecht & Quist, the Internet market exceeded one
billion dollars in 1995, and is expected to grow to some 23 billion dollars in the year
2000. 'This market is comprised of several segments, including network services
(such as ISPs); hardware (such as routers, modems, and computers); software
(such as server software and other applications); enabling services (such as directory
and tracking services); expertise (such as system integrators and business consul-
tants); and content providers (including online entertainment, information, and
shopping). The Internet access or “network services” portion of the market is of
particular interest to the FCC, because it is this aspect of the Internet that impacts
most directly on telecommunications facilities regulated by the Commission. There
are now some 3,000 Internet access providers in the United States,* ranging from
small start-ups to established players such as Netcom and AT&'T to consumer online
services such as America Online.

Internet Trends

Perhaps the most confident prediction that can be made about the Internet is that it
will continue to grow. The Internet roughly doubled in users during 1995, and this
trend appears to be continuing.” Figure 2 shows one projection of the growth in
residential and business users over the remainder of the decade. Estimates suggest as
many as half a billion people will use the Internet by the year 2000.”

' Network Wizards Internet Domain Survey, January 1997.

See “US on-line population reaches 47 million — Intelliquest survey results,” Internet IT Informer,
February 19, 1997, available on the World Wide Web, at www.mmp.co.uk/mmp/informer/netnews/
HTM/219n1e.htm.

See Julia Angwin, “Internet Usage Doubles in a Year,” San Francisco Chronicle, March 13, 1997, at B1.
9 Network Wizards Internet Domain Survey, January 1997, available on the World Wide Web, at www
nw.com/zone/WWW/top.html.

Boardwatch Directory of Internet Service Providers (Fall 1996).

* See “Market Size,” CyberAtlas, available on the World Wide Web, at www.cyberatlas.com/market
html.

Paul Taylor, “Internet Users ‘Likely to Reach soom by 2000, Financial Times, May 13, 1996, at 4.
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FIGURE 2: Internet Growth Projections

As the Internet grows, methods of accessing the Internet will also expand and fuel
further growth. Today, most users access the Internet through either universities,
corporate sites, dedicated ISPs, or consumer online services. Telephone companies,
whose financial resources and network facilities dwarf those of most existing ISPs,
have only just begun to provide Internet access to businesses and residential custo-
mers. Cable companies are also testing Internet access services over their coaxial
cable networks, and satellite providers have begun to roll out Internet access services.
Several different forms of wireless Internet access are also being deployed.

At the same time as these new access technologies are being developed, new
Internet clients are also entering the marketplace. Low-cost Internet devices such as
WebTV and its competitors allow users to access Internet services through an
ordinary television for a unit cost of approximately $300, far less than most personal
computers. Various other devices, including “network computers” (NCs) for busi-
ness users, and Internet-capable video game stations, promise to reduce the up-front
costs of Internet access far below what it is now. These clients promise to expand
greatly the range of potential Internet users. Moreover, as Internet connectivity
becomes embedded into ordinary devices (much as computer chips now form the
brains of everything from automobiles to microwave ovens), the Internet “market”
will expand even more.

Bandwidth will continue to increase to meet this new demand, both within the
Internet backbones and out to individual users. There is a tremendous level of pent-
up demand for bandwidth in the user community today. Most users today are
limited to the maximum speed of analog phone lines, which appears to be close to
the 28.8 or 33.6 kbps supported by current analog modems, but new technologies

Published online by Cambridge University Press



Digital Tornado (1997) 27

promise tremendous gains in the bandwidth available to the home.” In addition, the
backbone circuits of the Internet are now being upgraded to OC-12 (622 Mbps)
speeds, with far greater speeds on the horizon. With more bandwidth will come
more services, such as full-motion video applications. Virtually every one of the
challenges identified in this paper will become more acute as bandwidth and usage
increase, and as the current limitations of the Internet are overcome. Thus, even
though some of the questions that the Internet poses are of limited practical
significance today, policy makers should not wait to consider the implications of
the Internet.®

Throughout the history of the Internet, seemingly insurmountable obstacles have
been overcome. Few people would have expected a network designed for several
dozen educational and research institutions to scale to a commercial, educational,
and entertainment conduit for tens of millions of users, especially with no means of
central coordination and administration. Governments should recognize that the
Internet is different from traditional media such as telephony and broadcasting,
although lessons can be learned from experience in dealing with those technologies.
At the same time, the Internet has always been, and will continue to be influenced
by the decisions of large institutions and governments. The challenge will be to
ensure that those decisions reinforce the traditional strengths of the Internet, and tap
into the Internet’s own capability for reinvention and problem-solving.

CATEGORY DIFFICULTIES

The FCC has never directly exercised regulatory jurisdiction over Internet-based
services. However, the rapid development of the Internet raises the question of
whether the language of the Communications Act of 1934 (as amended by the
Telecommunications Act of 1996), or existing FCC regulations, cover particular
services offered over the Internet.

Governments act by drawing lines, such as the jurisdictional lines that identify
which governmental entity has authority over some activity, or the service classifica-
tions that differentiate which body of law should be applied in a particular case.

Governments traditionally determine the treatment of new services by drawing

* Several manufacturers are beginning to deploy 56kbps modems. See “U.S. Robotics Launches the

New Battle — 56kbps Modems,” Boardwatch, January 1997. This technology provides higher down-

stream transmission rates, but requires ISPs to have digital connections to the local exchange network.

The throughput of these modems under real-world conditions will depend on the nature of each

user’s connection, and will usually be lower than 56 kbps. In addition, current FCC technical rules

governing line power may limit the maximum connection speed of these modems to 53kbps.

MCI, for example, currently plans to upgrade its backbone to OC-48 speed (2.5 Gbps) by 199S.

*  Of course, widespread penetration of new, higher-bandwidth services may take far longer than some
breathless commentators predict today. See Jonathan Weber, “Internet Video: Idea Whose Time Will
Come ... Slowly,” Los Angeles Times, May 13, 1996, at BS. Although policy makers and regulators
should be aware of the possibilities that the Internet created, concrete actions should not be taken
based on mere speculation about the potential impact of a service.
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analogies to existing services. For example, the FCC regulates long-distance tele-
phony, but does not regulate dial-up remote access to corporate data networks. ISPs
almost exclusively receive calls from their subscribers, but so do retailers taking
catalog orders or radio stations holding call-in promotions. Dial-up access to the
Internet resembles, but differs from, other types of connections.

There are reasons to believe that a simple process of drawing analogies to familiar
services will not be appropriate for the Internet. The Internet is simultaneously local,
national, and global, and is almost infinitely plastic in terms of the services it can
support. As a result, it confounds any attempt at classification. Failure to consider
such category difficulties is, however, itself a form of line drawing. As long as some
communications services are subject to regulatory constraints, legal boundaries will
be necessary. New approaches may therefore be necessary to avoid inefficient or
burdensome results from existing legal and regulatory categories.

TOWARD A RATIONAL APPROACH

The primary goal of this paper is to identify issues, not to offer specific policy
recommendations. It is important to remember that, despite the tremendous atten-
tion given to the Internet in the past few years, it remains orders of magnitude
smaller in terms of usage and revenues than the voice telephone network in the
United States. Many of the questions raised here will answer themselves as service
providers fine-tune their business models and as the communications industry
evolves. Once competition is sufficiently well-developed, regulation may become
largely unnecessary. At some point, companies will be disciplined more strongly by
market forces than by the dictates of regulators. Nonetheless, some thoughts about
how to address the categorization challenges raised in this section are appropriate.

So long as some services are regulated, a line-drawing process must take place.
When Internet services are involved, this line drawing will be inherently messy and
imprecise. However, even the premise that Internet services should not be regulated
requires a precise assessment of what constitutes an “Internet” service. With the
increasing prevalence of hybrid services, joint ventures, and alternative technolo-
gies, such distinctions will always be difficult. No matter how sophisticated the
regulator, companies in the marketplace will devise clever means of avoiding
regulatory restrictions. No matter how well-intentioned the regulator, government
intervention in the private sector can have unexpected and unfortunate
consequences.

Thus, government should apply blunt instruments that achieve underlying goals,
rather than struggling for an elegant or precise solution that will cover every case.
Wherever possible, market forces should be harnessed to take the place of direct
regulatory intervention. Although new services like Internet telephony and stream-
ing video may create legal headaches, these developments are positive ones that
government should encourage. Such new technologies are valuable both because of
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the new options they represent for consumers, but also because of the potential
competitive pressure they may exert on incumbent providers.

The first task of government policy towards these new Internet-based services
should therefore be to identify those areas where regulation is clearly not appro-
priate. By distinguishing these “easy cases,” government can provide greater cer-
tainty to the private sector that regulation will not be extended to the theoretical
boundaries of statutory authority. For example, when a company such as Vocaltec
sells retail software that allows end users to make voice phone calls through the
Internet, and nothing more, it makes little sense to classify that company as a
telecommunications carrier subject to federal and state regulation. Such software
providers merely enable end users to utilize a functionality through the network,
much like companies that sell fax machines. They do not themselves transport
telecommunications traffic. Similarly, an ISP should not be classified as a telecom-
munications carrier simply because some of its users choose to use Internet tele-
phony software to engage in voice calls. By stating that such companies are not
subject to the Communications Act, the FCC could eliminate fear and uncertainty,
while still leaving room to analyze the harder questions.

The next step should be to identify relatively simple and flexible structures that
achieve underlying policy goals. The initial assumption ought to be that new
Internet-based services should not be subject to the regulatory constraints of tradi-
tional services. Government policy should be sensitive to the fact that technology is
changing rapidly, and that the Internet landscape a few years in the future may look
very different than it does today. Market forces may lead to the creation of differ-
entiated classes of service, with users paying higher rates for higher quality, thus de
facto distinguishing between different types of service offerings, without any inter-
vention by the government.

The analytical process must work in both directions. Government should think not
only about the regulatory treatment of new services, but about the implications of those
new services for the regulatory treatment of existing services. If a competitive imbal-
ance exists because a new technology is not subject to the same regulatory constraints as
a competing older technology, the answer should be reduced regulation of the older
technology. Of course, such deregulation should be dependent on the existence of
sufficient competition to police the actions of incumbents. The ultimate objective,
however, should be less regulation for all, rather than more regulation for some.

CONCLUSION

This working paper has reviewed many difficult and complex issues that have arisen
as the Internet has grown to prominence. I have attempted to identify government
policy approaches that would have a positive influence on the development of the
Internet. This final section seeks to place the challenges described throughout this
paper into a broader context.
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The Internet and Competition in Telecommunications

The movement toward deregulation and local competition in telecommunications in
the United States may be the single most significant development for the future of the
Internet. The decisions that the FCC, state regulators, and companies make about
how to create a competitive marketplace will determine the landscape in which the
Internet evolves. The shape of local competition will influence what types of compa-
nies are able to provide Internet access to what categories of users, under what
conditions, and at what price. The removal of barriers between different industries —
such as the prohibition on BOCs offering in-region long-distance service — will
accelerate the convergence that is already occurring as a result of digitalization and
other technological trends.

Internet providers are potentially both substantial customers of circuit-switched
voice carriers, and competitors to them. It is ultimately in the interests of both ISPs
(who depend on the PSTN to reach their customers) and LECs (who derive
significant revenue from ISPs) to have pricing systems that promote efficient net-
work development and utilization. If the costs of Internet access through incumbent
LEC networks increase substantially, users will have even stronger incentives to
switch to alternatives such as competitive local exchange carriers, cable modems,
and wireless access.

Dial-up Internet access today tends to be priced on a flat-rated basis, for both the
PSTN portion of the connection and the transmission of packets through Internet
backbones. By contrast, interexchange telephone service tends to be charged on a
per-minute basis.** However, both networks run largely over the same physical
facilities. There is some evidence that Internet and long-distance pricing are
beginning to move towards each other.®” This paper has discussed some of the
arguments about usage pricing for Internet connections through the PSTN;
similar debates are occurring among Internet backbone providers in response to
congestion within the Internet. With the development of differentiated quality of
service mechanisms on Internet backbones, usage pricing seems likely to become
more prevalent on the Internet, although usage in this context may be measured by
metrics other than minutes.

In the telephone world, flat-rated pricing appears to be gaining ground. The FCC
established the subscriber line charge (SLC), because the fixed costs it represented were
more efficiently recovered on a flatrated basis. The Access Reform proceeding raises
questions about whether other usage-sensitive charges (such as the Transport
Interconnection Charge and the Carrier Common Line Charge) should be replaced
with flat-rated charges, and there was substantial debate in the Interconnection proceed-
ing about whether LEC switching capacity should be sold on a flat-rated basis in the
form of a “switch platform.” Pressure toward flat-rated pricing is also arising for business

% Qutside the United States, local telephone service is usually charged on a per-minute basis as well.

7 See generally “Too Cheap to Meter?,” The Economist, October 19, 1996, at 23.
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reasons — for example, Southwestern Bell has reportedly considered offering a flat-rated
regional long-distance plan when it receives interLATA authorization. Customers in
the US seem to prefer the certainty of flat-rated pricing even where it winds up costing
more for their particular level of usage.

There are, of course, important differences in the architectures of the Internet and
the public switched telephone network. However, both of these architectures are
evolving. There will not be one universal pricing structure for the Internet or the
telephone network, for the simple reason that there will not be one homogenous
network or one homogenous company running that network. Technology and
business models should drive pricing, rather than the reverse.

Today, the vast majority of Internet users and ISPs must depend on incumbent
LEG:s for their connections to the Internet. These incumbent LECs have huge
investments in their existing circuit-switched networks, and thus may be reluctant,
absent competitive pressure, to explore alternative technologies that involve migrat-
ing traffic off those networks. The economics of the Internet are uncertain, since the
market is growing and changing so rapidly. Competition will enable companies to
explore the true economics and efficiencies of different technologies. The unbund-
ling mandated by the 1996 Act will allow companies to leverage the existing network
to provide new high-bandwidth data services.

Competition can lead to instability or confusion, especially during periods of
transition. Monopolies provide certainty of returns that, by definition, cannot be
achieved in a competitive market. With many potential players, forecasting the
future of the industry can be difficult. Companies must choose between different
technologies and business models, and those companies that do not choose wisely
will see the impact on their bottom lines.

Yet, as the Internet demonstrates, uncertainty can be a virtue. The Internet is
dynamic precisely because it is not dominated by monopolies or governments.
Competition in the Internet industry, and the computer industry that feeds it, has
led to the rapid expansion of the Internet beyond anything that could have been
foreseen. Competition in the communications industry will facilitate a similarly
dynamic rate of growth and innovation.

The Right Side of History

The legal, economic, and technical underpinnings of the telecommunications infra-
structure in the United States have developed over the course of a century, while the
Internet as a service for consumers and private businesses is less than a decade old, and
the national framework for competition in local telephone telecommunications
markets was adopted scarcely more than a year ago. Challenges that seem insurmoun-
table today may simply disappear as the industry and technology evolve.

As significant as the Internet has become, it is still near the beginning of an
immense growth curve. America Online, the largest ISP, has grown from under a
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million subscribers to eight million in roughly four years. But those eight million
subscribers represent only a fraction of the eighty million households served by
AT&T. The revenues generated by the Internet industry, although growing rapidly,
pale in comparison to those generated by traditional telephony. Only about 15 percent
of the people in the United States use the Internet today, and less than 40 percent of
households even have personal computers. A decade from now, today’s Internet may
seem like a tiny niche service. Moreover, as Internet connectivity is built into cellular
phones, television sets, and other household items, the potential number of Internet
hosts will mushroom beyond comprehension. Computers are now embedded in
everything from automobiles to cameras to microwave ovens, and all of these devices
may conceivably be networked together. The Internet may exert the greatest influence
on society once it becomes mundane and invisible.

The growth potential of the Internet lends itself to both pessimistic and optimistic
expectations. The pessimist, having struggled through descriptions of legal uncer-
tainties, competitive concerns, and bandwidth bottlenecks, will be convinced that
all these problems can only become worse as the Internet grows. The optimist, on
the other hand, recognizes that technology and markets have proven their ability to
solve problems even faster than they create them.

The global economy increasingly depends on networked communications, and
communications industries are increasingly shifting to digital technologies.
Bandwidth is expanding, but so is demand for bandwidth. None of these trends
shows signs of diminishing. As long as there is a market for high-speed connections to
the Internet, companies will struggle to make those high-speed connections avail-
able in an affordable and reliable manner. Once a sufficiently affordable and
reliable network is built, new services will emerge to take advantage of it, much as
the World Wide Web could take off once the Internet had reached a certain level of
development.

Difficulties and confusion may arise along the way, but improvements in com-
munications technology will continue to provide myriad benefits for individuals,
businesses, and society. In the long run, the endless spiral of connectivity is more
powerful than any government edict.
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