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I. Introduction 

1. I have prepared this Declaration in connection with a petition for Inter 

Partes Review of U.S. Patent No. 10,657,747, which I understand will be filed 

concurrently with this Declaration. 

2. I am currently a Research Analyst at Finnegan, Henderson, Farabow, 

Garrett & Dunner, LLP, 901 New York Avenue, NW, Washington, DC 20001-

4413.  

3. I am over eighteen years of age, and I am competent to make this 

Declaration. I make this Declaration based on my own personal knowledge and 

based on my knowledge of library science practices. 

4. I earned a Master of Science in Library Science from the University of 

North Carolina at Greensboro in 2004, and a Bachelor of Arts in Philosophy from 

the University of North Carolina in 1998. I have worked as a librarian for eighteen 

years. I have been employed at Finnegan, Henderson, Farabow, Garrett & Dunner, 

LLP since 2019. Before that, from 2016 to 2019, I was employed in the Knowledge 

and Research Service Group (formerly, Information Research Service) at Northrop 

Grumman Corporation. And from 2005 to 2016, I was employed as a public and 

business librarian at Enoch Pratt Free Library, Baltimore, MD. 

5. I am a member of the American Association of Law Libraries. 
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II. Standard Library Practice for Receiving, Cataloging, and Shelving 

Materials 

6. I have knowledge of and experience with standard library practices 

regarding receipt, cataloging, and shelving of materials, including serial 

publications, available to the public. For example, I have knowledge of and 

experience with the Machine-Readable Cataloging (“MARC”) system that libraries 

use to catalog materials. 

7. Based on standard library practice, when a library receives an item, it 

stamps (and/or labels) the item with the library name, barcode, often with a date that 

is within a few days or weeks of receipt. Next, the library will catalog the item within 

a matter of a few days or weeks of receiving it.   

8. The MARC system was developed in the 1960s to standardize 

bibliographic records so they could be read by computers and shared among 

libraries. By the mid-1970s, MARC had become the international standard for 

bibliographic data, and it is still used today. Many libraries provide public access to 

their MARC records via the Internet and/or their electronic cataloging systems at the 

library.  

9. After an item is cataloged, the public may access the item by searching 

the catalog and requesting the item from the library. Standard library practice is to 

then shelve the item within a matter of a few days or weeks of cataloging it. 
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10. Given the matter of a few days or weeks between receiving an item 

and cataloging it, and the matter of a few days or weeks between cataloging an 

item and shelving it, the total time between receiving an item and shelving it is a 

matter of a couple of weeks or months. 

III. WorldCat, OCLC and Digital Libraries  

11. WorldCat is the world’s largest network of library content and services 

with ~543,898,970 bibliographic records and ~3,274,124,687 holdings as of 

December 2022. (Source: https://www.oclc.org/en/worldcat/inside-worldcat.html). 

An Online Computer Library Center (“OCLC”) number is a unique control 

number given to all bibliographic records in the WorldCat catalog. OCLC control 

numbers are often used by the public to search for specific records within WorldCat.  

12. According to Digital Libraries by William Y. Arms, published by the 

MIT Press in January 2000 (and available here: 

https://www.cs.cornell.edu/wya/DigLib/text/Chapter1.html), an informal definition 

of a digital library is “a managed collection of information, with associated 

services, where the information is stored in digital formats and accessible over a 

network. A key part of this definition is that the information is managed.” 

Moreover, “Digital libraries contain diverse collections of information for use by 

many different users. Digital libraries range in size from tiny to huge. They can use 

any type of computing equipment and any suitable software. The unifying theme is 
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that information is organized on computers and available over a network, with 

procedures to select the material in the collections, to organize it, to make it 

available to users, and to archive it.”   

IV. MARC Records 

13. Many libraries provide public access to their MARC records via the 

Internet and/or their electronic cataloging system at the library. In a MARC record, 

each field provides information about the cataloged item. MARC uses a simple 

three-digit numeric code (from 001-999) to identify each field in the record. For 

example, field 245 identifies the title information of the work (which includes the 

title, other title information, and the statement of responsibility). Field 250 identities 

the edition of the work. Field 260 identifies the publication information of the work. 

Field 264 identifies the Production, Publication, Distribution, Manufacture, and 

Copyright Notice information for the work. Field 020 identifies the International 

Standard Book Number (ISBN) for the work. Field 008 provides the date that the 

item was cataloged (Date entered on file). The first six characters of field 008 are 

always in the “YYMMDD” format. Finally, MARC fields 500-59X provide general 

bibliographic notes about a work. Descriptions of the 40-character positions 

comprising field tag 008 are outlined here: 

https://www.loc.gov/marc/bibliographic/bd008a.html.  
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14. Generally, after an item is cataloged, the public may access the item by 

searching a catalog and either requesting or electronically accessing the item from 

the library. Standard library practice is to make the item available to the public within 

a few days or weeks of cataloging it.  

V. Public Availability of Broadband 

15. This Declaration relates to the date of public availability for the 

following publication: "Broadband: Bringing Home the Bits / / Committee on 

Broadband Last Mile Technology, Computer Science and Telecommunications 

Board, Division on Engineering and Physical Sciences, National Research Council. 

(“Broadband”).  I understand that Broadband has been submitted as Exhibit 1006 in 

this proceeding. 

16. Appendix A is a true and accurate copy of the print book cover, title 

pages, Library stamp, bibliographic data sheet, and book contents for the copy of 

Chapter Two, “What is Broadband” of the publication: Broadband: Bringing Home 

the Bits / / Committee on Broadband Last Mile Technology, Computer Science and 

Telecommunications Board, Division on Engineering and Physical Sciences, 

National Research Council obtained from the University of Wisconsin at Madison 

Library on May 22, 2023. The document is stamped “General Library System. 

University of Wisconsin - Madison 728 State Street Madison, WI 53706-1494 

U.S.A. 
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17. Appendix B to this declaration is a true and correct copy of the

Smithsonian Museum Studies Research Library catalog record and MARC record 

downloaded from https://siris-

libraries.si.edu/ipac20/ipac.jsp?session=1684D2E54Y480.19819&menu=search&a 

spect=Keyword&npp=20&ipp=20&spp=20&profile=liball&ri=&term=&index=G 

W&x=0&y=0&aspect=Keyword&term=&index=AW&term=Broadband%3A+Bri 

nging+Home+the+Bits&index=TW&term=&index=SW&term=&index=.JW, and 

https://siris-

libraries.si.edu/ipac20/ipac.jsp?session=R6844226SO223.19667&profile=liball&u 

ri=full=3100036~!935108~!0&fullmarc=true&aspect=subtab114&menu=search&s 

ource=~!silibraries&view=items&ri=1&staffonly=&term=49309638&index=UTIL 

EXP&uindex=&aspect=subtab114&menu=search&ri=1 on May 24, 2023. The 

public catalog record and MARC field tag 245 indicates the title of the record is 

Broadband: Bringing Home the Bits / / Committee on Broadband Last Mile 

Technology, Computer Science and Telecommunications Board, Division on 

Engineering and Physical Sciences, National Research Council. The creation date is 

2002. The Smithsonian Museum Studies Research Library MARC record confirms 

the fixed data elements of MARC field tag 008 as 020320s2002. This indicates that 

this publication was catalogued by March 20, 2002. The publication status code “s” 
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appearing in MARC field tag 008 refers to “single known date/probable date” 

indicating that this item was published in 2002.  

18. Based on this evidence, Broadband: Bringing Home the Bits, would 

have been cataloged and made available to the public on or around March 20, 2002. 

19. Appendix C to this declaration is a true and correct copy of the 

University of Wisconsin at Madison library catalog record and MARC record 

downloaded from https://search.library.wisc.edu/catalog/9911031708502121 on 

May 22, 2023. The public catalog record and MARC field tag 245 indicates the title 

of the record is Broadband: Bringing Home the Bits / / Committee on Broadband 

Last Mile Technology, Computer Science and Telecommunications Board, Division 

on Engineering and Physical Sciences, National Research Council. The creation date 

is 2002. The University of Wisconsin at Madison Library MARC record confirms 

the fixed data elements of MARC field tag 008 as 020311t2002. This indicates that 

this publication was catalogued by March 11, 2002. The publication status code “t” 

appearing in MARC field tag 008 refers to “publication date and copyright date” 

indicating that this item was published in 2002.  

20. Based on this evidence, Broadband: Bringing Home the Bits, would 

have been cataloged and made available to the public on or around March 11, 2002. 
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2

What Is Broadband?

WHY DEFINE “BROADBAND”?

The term “broadband” has become commonplace for describing the
future of digital communications. It is widely used to refer to a range of
technologies being offered or developed for the delivery of data commu-
nications services. Broadband refers most commonly to a new generation
of high-speed transmission services aimed at residential and small busi-
ness users. On its face, the term refers to the substantial bandwidth that a
high-speed connection can provide to a user.1 But is there a well-defined
threshold that marks the boundary between broadband and narrowband
services above which one can say a service is broadband? This chapter
explores this and other dimensions of how one defines and characterizes
broadband.

There is an obvious lower bound of broadband—that is, whether the
service offers higher capacity than dial-up access (which is limited to 56
kilobits per second [kbps] per phone line) or even ISDN service (the basic
service offers two 64-kbps channels; experienced service can be at 128
kbps or higher), which was introduced with the promise of providing
higher-speed service but was never widely adopted in the U.S. residential
market. The speeds offered by broadband local access services, such as
cable modem and DSL, generally start well above this threshold (in the

1Greater communications capacity translates into the ability to deliver a given amount of
information faster, so “speed” is often used synonymously with “capacity” in this context.
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hundreds of kilobits per second effective bandwidth or better), but they
span a wide range of speeds, with consequences for the types of applica-
tions they are able to support. A service may, for example, be fast enough
to support rapid Web browsing or a few channels of telephony, but too
slow to support even a single TV-quality video stream.

Various groups have struggled to develop appropriate definitions of
broadband, and these definitions have changed over time. In the 1980s
and early 1990s, broadband referred to rates greater than 45 megabits per
second (Mbps), and “wideband” referred to rates between 1.5 and 45
Mbps. Then, circa 1995, broadband commonly referred to anything 1.5
Mbps and higher in most circles; thus, it was an order of magnitude
greater in capacity than ISDN service.2 Mandated to report to Congress
on deployment, the FCC, in its 2000 report on broadband deployment,3
defined an “advanced telecommunications service” as one that is at least
200 kbps in each direction. The speed and two-way requirement at-
tempted to capture the intent expressed in the Telecommunications Act of
1996—that the speeds of what the act terms “advanced telecommunica-
tions services” should exceed the rates offered by the technologies avail-
able to residential customers at the time of the act’s passage.4 At the time
of the act’s passage, residential customers were generally limited to dial-
up service (then typically no more than 33.6 kbps). Hinting that a defini-
tion should also be, at least in part, driven by the requirements of user
applications, the FCC report also observed that the 200-kbps threshold it
selected is roughly the threshold above which the time it takes to load a
Web page becomes comparable to the time it takes to turn the page of a
book. But a 200-kbps service would be inadequate to support even a
single TV-quality video stream to each house, let alone the multiple such
streams that a family might reasonably use, which would require mul-
tiple megabits per second. Nor do TV-quality video streams represent the
most bandwidth-demanding application one could imagine in the future.

These definitional questions also arise in an international context as
other countries explore policy options concerning broadband. For ex-

2For a historical view of prospective services, see IEEE Network special issue on the North
Carolina Information Highway, November/December 8(6), 1994.

3Federal Communications Commission. 2000. Inquiry Concerning the Deployment of Ad-
vanced Telecommunications Capability to All Americans in a Reasonable and Timely Fashion, and
Possible Steps to Accelerate Such Deployment Pursuant to Section 706 of the Telecommunications
Act of 1996 (Second 706 report). CC Docket No. 98-146, Second Report, FCC 0-290 (rel.
August 21). Available online at <http://www.fcc.gov/Bureaus/Common_Carrier/Orders/
2000/fcc00290.pdf>.

4The FCC report defines a broader class of services—“high-speed services,” defined as
services that exceed 200 kbps in at least one direction—of which advanced telecommunica-
tions services are a subset.

Page 13 of 39



Broadband: Bringing Home the Bits

Copyright National Academy of Sciences. All rights reserved.

64 BROADBAND

ample, two recent Swedish governmental commissions took a look at this
same question (but without having to factor in the U.S. statutory lan-
guage, as did the FCC) and adopted substantially higher-speed thresh-
olds: symmetric 2 Mbps and 5 Mbps.5 In the end, neither the definitions of
the FCC or those of the Swedish commissions are entirely satisfactory
(indeed, FCC staff speaking at the committee’s 2000 workshop acknowl-
edged difficulties associated with the FCC definition).

Defining broadband is more than an academic exercise. Numerous
groups would stand to benefit from workable definitions of what consti-
tutes broadband. They include:

• Consumers, who would like to be able to evaluate service offerings
to see if the offerings are likely to meet their needs;

• Service providers, who would like to develop, invest in, and deploy
services that consumers will need and want;

• Application and content developers, who would like to understand
and track the connectivity performance options available to consumers;

• Policy makers or regulators, who seek to monitor broadband service
deployment and measure the impact of policy or regulatory decisions on
deployment, define the characteristics of services eligible for tax credits or
loans, or define the characteristics of services required in build-out com-
mitments associated with regulatory relief; and

• Public interest groups, which seek to evaluate capabilities available
to consumers and to understand the implications of alternative policy
approaches that influence those capabilities.

Framed in this way, defining the term “broadband” in some sense
also involves (1) identifying the kinds of applications that consumers are
likely to find useful and desirable and (2) determining the benefits that
different segments of the public anticipate from access to broadband ser-
vices. The definition of broadband used by each of these groups will
reflect that group’s expectations and, consequently, can have a significant
effect on decision making. Too limited a definition, such as establishing
too low a data transmission rate as the broadband threshold, could result
in a mismatch between expectations and capabilities, while a definition
that is unrealistic in terms of technological capabilities, costs, or consumer
demand could prompt inappropriate or poorly aimed policy interven-
tions. The absence of a consensus on definitions will confuse political

5Swedish Special Infrastructure Commission (June 1999): Broadband should be defined
as at least 2 Mbps (symmetrical) to the user. Swedish IT Commission (November 1999):
Minimum 5 Mbps to the user.
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debate on the subject and require ongoing debates about what definitions
to use.

OVERVIEW OF THE TECHNICAL CHARACTERISTICS
OF BROADBAND

Communications capacity, or speed, is only one of a set of perfor-
mance characteristics of a service. That it is not the whole picture is easily
seen in the contrast between dial-up access, where the modem must place
a telephone call and negotiate a connection with the ISP’s modem, and the
services available today that are generally considered broadband—which
frequently offer “always-on” connectivity as well as high speed. Along
with speed and always-on are additional parameters such as bandwidth
symmetry and addressability that are important components of a defini-
tion of broadband. Each of these is considered in the sections that follow.

Speed

The speed or bandwidth of a service—the rate at which one can trans-
fer data to and/or from the home—is a function of multiple factors. Be-
cause the effective bandwidth reflects the capacity of the end-to-end con-
nection between sender and receiver, the speed seen by a user can be
constrained at any one of a number of points between the user’s computer
and the computer providing a particular service. However, speeds within
the core network have been rising, at least in the United States and other
developed nations, and the capacity of the network link between the user
and the broadband provider’s network is one of the crucial factors that
determines how the broadband service can be used.

The better-than-dial-up criterion for broadband assures that a service
is at least a little better than what was available before, but it does not
address the question of whether the service is good enough. And while a
2- or 5-Mbps threshold would seem ample for most applications envi-
sioned today, it might, on the one hand, prove inadequate in the future,
or, on the other, raise questions about whether its costs today would
exceed what customers are willing to pay for today. Later, this chapter
explores several approaches to answering the fundamental question, How
fast is fast enough?

As indicated earlier, the effective speed for interacting with an Internet
host is not merely a function of the performance of the broadband local
access link—it depends on the entire path between the host and the user,
and also on the loading on the host computer. As a result, depending on
the circumstances, improvements in the performance of one link does not
necessarily improve overall performance—it may only shift the bottle-
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neck. Network infrastructure such as caching and content hosting within
the local ISP access networks also has a substantial effect on perceived
performance to the end user and loading on the connections to the core
Internet.

Where are the bottlenecks, and how might they shift as broadband
access technologies are upgraded? Today, for dial-up users interacting
with most commercial hosts, the bottleneck is the last mile dial-up con-
nection. With the current generation of deployed broadband—cable mo-
dems, DSL, or wireless services—the location of the typical bottleneck, at
least for routine Web access, is less clear. It may be in the last mile, within
the local ISP network, at the upstream linkage between the cable-modem
or DSL ISP and the Internet core, closer to the host, or even in the user’s
PC.

From an applications perspective, DSL and cable modem broadband
offerings today remove barriers to many applications. Advanced fiber-
to-the-home (FTTH) networks with very high capacities (such as gigabit
ethernet) enable additional applications, but they also illuminate a new
set of barriers—such as the cost of core Internet connectivity at extremely
high speeds—which present an obstacle to the widespread deployment of
these applications. An FTTH network offers enormous amounts of band-
width (e.g., gigabit Ethernet speeds) within the service area, but the fiber
network’s connection to the core Internet service providers may in fact be
concentrated into a much slower link (say T1, 1.544 Mbps) that is shared
by all users of the network. In this regard, residential fiber broadband
networks will come to resemble the networking situation on university or
corporate campuses, where local bandwidth is plentiful, but connectivity
beyond the local campus is a comparatively constrained shared resource.6
The link to core Internet service providers is typically going to be paid for
on a leased basis, and its costs rise as the bandwidth of the link increases.
In contrast, high local bandwidth within the community incurs mainly
the fixed capital costs of installing and lighting the fiber network (which
can be financed for a long period of time). Thus, where very fast FTTH
networks are deployed, they can have the property that access to hosts
within the community served is very fast, but that more general access to
Internet sites is much slower; it may thus be possible to exchange
high-definition video with a neighbor or a local community center, but
difficult in the short term to extend this level of performance beyond a
modest geographical region.

6This phenomenon has been experienced by universities that saw new bandwidth-
intensive applications such as Napster clog their backbone Internet connections.
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Latency and Jitter

While the net throughput is the most significant enabler of many
applications, two additional parameters are crucial for applications that
depend on real-time delivery of information or interaction, such as tele-
phone or interactive game playing. “Latency,” or delay, is a measure of
how long it takes to deliver a packet across the network to its destination.
Latency is a function of the distance the packet travels (speed of light,
which is of particular significance for traffic carried over geosynchronous
satellites), the length of time the packet waits in queues within the net-
work, and the delay that results from retransmission when a packet is
dropped due to congestion within the network. Latency especially affects
applications that depend on interaction, such as human-to-human con-
versations, games, and the like. “Jitter” measures the variation in latency,
resulting from such factors as variations in the path taken by each packet,
variable queue lengths, or variations in the level of congestion within the
network. Even if the average latency is acceptable, high jitter may make
the application unusable nonetheless.

Symmetry Between Upstream and Downstream Capacity

Today, telecommunications services, including broadband, do not
necessarily provide the same capacity up- and downstream. At one ex-
treme, digital cable television service and direct broadcast satellite service
provide a very high data rate digital connection into the home. These
services may also provide a low data rate return path—over the same link
or over an alternative return link using a phone line—to enable enhanced
services such as pay-per-view. However, most users probably would not
think of these services as broadband—they expect broadband to include
high-speed Internet access (perhaps along with these predominantly one-
way services). On the other hand, broadband does not necessarily imply
that one must have anything close to symmetric bandwidth to and from
the premises—though some would argue that it will, over time, as a con-
sequence of the minimum bandwidth particular applications require.

The asymmetric services typically found in today’s residential broad-
band services were designed with one of two asymmetrical application
classes in mind. One class is Web browsing, where a low-bandwidth
upstream connection serves to carry a user’s requests for Web pages, and
the higher downstream connection returns the content the user has re-
quested; e-commerce or other applications in which users interact via
entering information in Web forms involve a similarly asymmetric com-
munications model. The other class, audio or video delivery, in which a
small amount of data is sent upstream to select and direct delivery of a
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particular stream (delivery of packets for playback in near-real time), is
even more asymmetric.

While Web browsing has been a dominant application of residential
broadband, accompanied by more limited audio/video streaming, peer-
to-peer applications have surged recently. These applications, which use
many individual computers instead of a central server to distribute con-
tent, require significant upstream capacity for each computer. They have,
as a result, presented ISPs with traffic loads that are at odds with the ISPs’
assumptions about asymmetric traffic7 and have raised questions about
what shape user demand will take in the long term. Similar pressures
result from other applications in which users host content on their local
machines, creating upstream demand whenever this content is requested.
These pressures, at odds with the capabilities of today’s networks, have
also led some broadband ISPs to prohibit customers who subscribe to
consumer/residential services from running servers on their computers.

It is not clear at this point how traffic patterns will evolve as applica-
tions mature and as the population of broadband network users moves
beyond early adopters. There is at least some reason to believe that the
traffic patterns will in fact be asymmetric, though perhaps not as strongly
as some of the broadband ISPs initially assumed in their network design
and pricing models. But it is also important to recognize that some of the
demand for symmetric bandwidth is a political rather than a business or
engineering proposition. If the networks are designed to make it impos-
sible, or very expensive, for individuals to originate the kind of traffic
associated with the provision of services or content to significant audi-
ences, it would foreclose the possibility that high-traffic upstream ser-
vices will emerge on a highly distributed, grass-roots basis. This prospect
points toward a model of the future broadband-enabled Internet as an
environment dominated by commercially provided services connecting
to customers—an outcome that in the view of some would fall short of
broadband’s full potential.

More generally, while much of the focus on broadband has been on
its potential as a channel for delivering information, broadband also pro-
vides a more general communications channel (into and out of the pre-
mises). On the one hand, e-mail and instant messaging are prominent
examples of communications applications that do not depend on large
amounts of upstream bandwidth (or downstream, for that matter), but

7For example, according to Jim Hannan of Sprint Wireless at the committee’s June 2000
workshop, “As a point of data, in our experience, we would love it if [the ratio of down-
stream to upstream] were 10 to 1. You know, our network model said worst case: 8 to 1.
Unfortunately, our experience is 2 1/2 or 3 to 1, downstream to upstream.”
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that provide evidence of demand for convenient, Internet-based commu-
nication. On the other hand, as consumers start transmitting video clips
(produced using increasingly inexpensive digital video cameras), band-
width requirements could increase significantly. On the horizon are a
number of communications applications—telephony being the most ob-
vious—that place increasing demand on the upstream channel.

The detailed discussion of application classes below suggests that the
jury is still out on the long-term implications of such applications for
symmetry demands in broadband services. Nevertheless, a number of
pressures for increased upstream capacity are evident.

Always-On

In addition to higher bandwidth, a broadband connection also gener-
ally provides an always-available connection to the Internet. One princi-
pal implication of always-on broadband service is that, for the first time,
residential users have nearly instant access to Web or other Internet ser-
vices on demand. Before the advent of broadband services, residential
and many small business Internet users were confined to using a dial-up
line to access the Internet. With dial-up, the user faces a noticeable de-
lay—the sum of the time it takes to place a call between the user and ISP
modems, the time it takes for the two modems to negotiate a connection,
and the time it takes to log in (generally by authenticating the user via a
password) to the ISP. The delay is increased if the user makes a habit of
turning off the PC between sessions, since the time it takes the computer
to boot up must also be added to the time it takes before a user can access
the Internet. By eliminating the need to place a telephone call, broadband
services greatly reduce the time required. While there is some delay asso-
ciated with negotiating communications parameters when the customer’s
modem is powered up, these devices are designed to be left on all of the
time, meaning that there is continuous connectivity between the modem
and the network to which it is attached. Laptop computers have had
power management features for some years; more recently this capability
has been added to desktop computers. Power management capabilities
make it possible to have computers “sleep” (quickly switched to a low-
power state) and then be reawakened whenever the user wishes to access
Internet resources.

The term “always-on” might conjure up visions of some sort of com-
pelled use in which computers or applications must be left running all of
the time. Always-on does not imply this; it refers merely to a characteris-
tic of broadband networks that enables network communications to be
initiated at any time. Users remain free to close software programs or shut
down computers as they wish. Of course, some applications and com-
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puter devices will be designed to work best when they are always con-
nected, and many users may choose to keep some computers or applica-
tions in an always-connected state.

Research has shown that removing the start-up delay changes the
way that users perceive and use the Internet. Because the overhead asso-
ciated with accessing the Internet becomes very small, there is more ca-
sual use of the network for very short tasks—sending a short message or
looking up a piece of information. This change also has the effect of sig-
nificantly reducing the length of a typical “session,” as users begin to
regard the network as an always-available utility, even though total use
may stay the same or increase. Users also may change their behavior to
leave their PCs on more of the time, either fully powered up or in sleep
mode.8

The popularity of instant messaging (and chat rooms) despite the fact
that the majority of household Internet users connect via dial-up service
demonstrates the high level of user interest in using the Internet for com-
munications applications with a real-time dimension (in contrast to the
delays associated with e-mail). However, because dial-up users are un-
likely to be connected to the Internet at any given time, it is generally not
assumed in today’s applications that they are always connected. In an
always-connected broadband environment, these applications become
much more powerful. For example, the value of an Internet telephony
application is limited if calls can only be placed if the person being called
happens to have an active dial-up Internet connection at the time the call
is placed. Many other applications are most useful when the equivalents
of telephony ringing and signaling capabilities are available.

Bandwidth aside, the combination of quick access and new applica-
tions is compelling. Indeed, one sees this value reflected in value-stratifi-
cation practices of several DSL service providers. They provide two tiers
of residential service—a cheaper one that requires users to go through a
log-in screen when they wish to connect and a more expensive one that
provides continuous connectivity. Results from the INDEX project at the
University of California, Berkeley, which was designed to learn how much
people are willing to pay for various levels of bandwidth on demand,
provide further support for the proposition that a considerable fraction of
the value that users attach to broadband may stem from its always-on
quality. In that experiment, users tended to keep a basic 8-kbps service,
which was provided free and was on all the time, but on average they
placed a surprisingly low value on their waiting time, which in the ex-

8Ken Anderson and Anne Page McClard. 1998. Always On: Broadband Living Enabled. Tech-
nical report, Broadband Innovation Group, MediaOneLabs. October.
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periment could be avoided by purchasing a higher-bandwidth capability
on demand.9

There will be important new applications—health monitoring, secu-
rity, and the like—which will be possible only with the always-on charac-
teristic, but users will choose whether they want to use those applications.
The notion is familiar—telephones are generally left connected, ready to
respond to a ring signal. What always-on should conjure up, however, are
concerns about security. Today’s end-user computing devices are vulner-
able to a variety of network attacks.10 Always-on connectivity increases
their exposure to these threats (see below).

Connectivity Sharing and Home Networks

Another attribute that users sometimes associate with broadband ac-
cess is that of a premises network. Dial-up access is generally done from a
single machine. The speed of the dial-up connection is slow even for a
single machine, so trying to share that bandwidth among multiple ma-
chines is not generally very desirable. Moreover, it is common for each PC
to have an analog modem. Thus, users have generally arranged to time-
share the household phone lines sequentially among a number of ma-
chines in a home (though quite possibly not without disharmony resulting
from contention over access to the phone lines). A broadband connection,
however, by virtue of its always-on nature and greater capacity, makes it
reasonable to support multiple machines concurrently. Thus, broadband
Internet access and use of home networks will increasingly be interre-
lated.11

Spurred in large part by the initial deployments of broadband ser-
vices to the home, a variety of home networking technologies are avail-
able in the consumer market (Box 2.1). The year 2000 represented some-
thing of a turning point for the mass-marketing of these devices, seen in
the increasing number of vendors offering products and in falling prices.

9Hal R. Varian. 2000. Estimating the Demand for Bandwidth. Technical report, University of
California at Berkeley. August 1999, revised August 29, 2000. Available online at <http://
www.index.berkeley.edu>.

10See CSTB, NRC. 1998. Trust in Cyberspace. National Academy Press, Washington, D.C.
11Another possibility, most plausible with wireless access in which each device has its

own antenna, is that the devices within the home would each have their own connection to
the network infrastructure. While this configuration, in which there is no home network,
may have advantages for the consumer in terms of ease of management, it also has the
limitation that interdevice communications would have to be routed through the local ac-
cess link to the core network and then return through another local access link. Such an
architecture would likely preclude such applications as having a DVD player transmit a
program to a remotely located video display.
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BOX 2.1
In-Home Networking Technologies

Wired Ethernet

This is the industry-standard networking technology commonly used in office and
business settings. Ethernet today routinely runs at 100 Mbps, which provides adequate
performance for many applications, even video applications. (Quality-of-service manage-
ment, which is not provided by standard Ethernet, may, however, be required for very-
high-end applications.) The primary difficulty with using wired Ethernet is that most homes
are not wired with the requisite category 5 wiring. There are long-term efforts aimed at
promoting the installation of networking-compatible wiring in new construction;1 rewir-
ing of existing dwellings is generally restricted to early technology adopters who are will-
ing to deal with the cost and disruption associated with installing new wires within a
house. With a wired infrastructure in place, Ethernet is a very inexpensive solution, with
interface hardware available from many vendors and frequently incorporated into com-
puters. It also offers ample headroom for future speed upgrades (1 gigabit per second
[Gbps]s has been demonstrated over four category 5 twisted pairs of 150 feet). For the
slowly growing set of users that have the requisite wiring, Ethernet is a likely technology of
choice.

Phone Line Networking

Phone line networking operates by using a high-frequency carrier superimposed over
a home’s existing analog voice telephone wiring, allowing any standard phone jack within
the house to become a network port. For homes that have phone jacks already installed in
locations where networked devices are likely to be located, as is the case in many U.S.
homes, this is an attractive solution. An industry standards group, the Home Phoneline
Networking Alliance (HPNA), has defined two standards: HPNA 1, which provides a
1-Mbps data rate, and HPNA 2, which increases the data rate to 10 Mbps while maintain-
ing backward compatibility with the first version. The HPNA specification does not inter-
fere with the normal voice operation of the phone line, and it operates in a different band
from a G.992.2 asymmetric digital subscriber line (ADSL) (G.lite) so that it can coexist
with that standard as well. HPNA products are currently offered by a number of vendors
for attachment to existing computers via parallel port, universal serial bus (USB), or via a
peripheral component interconnect (PCI) add-in card. Additionally, a number of PC ven-
dors are shipping home PCs with HPNA integrated into the system directly. The technol-
ogy is relatively inexpensive and HPNA is being bundled with home computers today,
much as most home PCs include analog modems. HPNA has the drawback of interfering
with broadcast radio and some, but not all, types of DSL.

1Wiring America’s Homes, sponsored by the Home Automation Association.
See <http://www.homeautomation.org/wah.html>.
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Wireless Networking

Wireless solutions are very attractive in that they require no wires to be installed. They
allow networked computers to be located anywhere within the home, and they support
mobility within the house. In the past, wireless technologies suffered from being too ex-
pensive for broad consumer acceptance, had lackluster performance, and were too
power-hungry for use in battery-powered devices. More recently, two standards using the
unlicensed 2.4-gigahertz (GHz) band that overcome these shortcomings have emerged:
802.11b and HomeRF. 802.11b has been defined by the Institute of Electrical and Elec-
tronics Engineers (IEEE) and supported by the Wireless Ethernet Compatibility Alliance
industry consortium. It uses direct sequence spread spectrum rather than frequency hop-
ping, and operates at up to 11 Mbps for data. A number of vendors have announced
802.11b products. 802.11b is also being widely supported in business environments and
public access points and is also being used in a number of community access initiatives.
With both standards, there are issues of interference with other uses and other technolo-
gies that make use of the same radio spectrum.

Products using a new standard from IEEE (802.11a), which use the 5-GHz band and
promise data rates of 54 Mbps, are under development. Another wireless LAN standard
operating in the 2.4-GHz band, 802.11g, would boost speeds to as much as 54M bit/sec
while proving backward compatibility with the 802.11b. Another relevant wireless stan-
dard is Bluetooth. Currently Bluetooth targets data rates of less than 1 Mbps, although
work is ongoing to define higher-speed versions. However, it focuses now and probably in
the future on short-range “personal area networking,” at less than 10 meters (m). While
Bluetooth will likely have applications in the home, the range may restrict it from being a
general-purpose solution for home networking. Also, because both Bluetooth and the
current generation of wireless LANs use the same spectrum, there are still unresolved
issues of how to efficiently share the spectrum and avoid interference.

Powerline Networking

Because power outlets are ubiquitous in homes, there has been long-standing interest
in technology that would provide high-speed networking over household AC power wir-
ing. However, there is a great deal of interference present on power wiring, because these
wires are used to supply power to motors and other very electrically noisy devices. In
addition, many homes utilize both phases of the supply power in different circuits within
the home; communicating across outlets connected to different phases requires installa-
tion of bridges between the phases, which may be difficult for consumers themselves to
install.

In multidwelling units there are also potential interference problems, analogous to
those faced in wireless networking, associated with multiple users using common lines. To
date, the most common use of networking over the powerlines has been for X-10 home
control devices that permit remote operation of lights and the like. In the year 2000,
several companies began shipping, or announced, powerline-based data networking prod-
ucts, with claims of data rates up to 10 Mbps. The HomePlug Powerline Alliance available
online at <www.homeplug.org> has been formed and is promoting its 10-Mbps baseline
standard. Field trials and certification lab are reportedly approaching.
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In 2001, a number of products that integrate home networking technology
have been announced. Gateways connect to DSL or cable modems and
provide home networking via a variety of technologies—the range alone
indicates progress in standards-setting and growing technology maturity
in this arena. Vendors also are integrating these functions into the mo-
dems themselves, aided by the minimal cost of adding home networking
functionality to the silicon that implements the modem. Such integration
extends to computers and Internet appliances as well, with these devices
incorporating one or more home networking technologies. These trends
work toward making broadband installation a simpler process for the
consumer, eliminating the need for additional wiring, and lessening the
need for visits by installers.

Finally, even for a single computer on a broadband connection, users
often have an expectation of being able to multiplex among a number of
applications. Dial-up access, in contrast, often constrains a user to be
doing one thing at a time with the system. This may be because it is
simply too slow to have multiple activities sharing the connection, or it
may even be because the resulting effective slowdown of the connection
simply renders one of the applications unusable. For example, listening to
Internet audio while also downloading files is likely to make the audio
drop out over a dial-up connection, whereas simultaneously listening to
Internet radio, downloading files, and surfing the Web is quite feasible
over a high-speed connection. Although rooted in what is enabled by the
speed of the connection, this change is as much a change in user behavior
as it is about a new technological capability.

Addressability

A critical requirement of many applications is that a user’s computer
be addressable in some fashion by software running on computers else-
where on the Internet. This means that someone on the Internet can ini-
tiate communications with the user, much as a telephone caller can place
a call to a subscriber by dialing the subscriber’s telephone number. Ad-
dressability also enables such functionality as a user being able to run a
server that other Internet users can access (a capability demonstrated
with Napster and Gnutella).

While addressability is commonplace in the business use of the Inter-
net, it is the exception for residential users today. One reason is provider
policy—not all service providers allow inbound connections in their poli-
cies. Another reason is the technical means of connecting the user to the
Internet: Addressability is most easily provided when each computer de-
vice within the home has its own globally addressable Internet Protocol
(IP) address. Many residential customers are provided dynamically as-
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signed addresses, and even if they have a static address, they may only
have one or a few—meaning that each computer within the home may
not have a globally routable address as a result of the use of network
address translation by either the ISP or within the home gateway used to
provide connectivity to multiple computers within the home.

Addressability is a double-edged sword. Being able to address home
computers from other computers attached to the Internet enables power-
ful new applications, but it carries with it issues of security and privacy
that will need to be solved. For example, exposing computers to the
Internet on a continuous basis makes them more attractive and poten-
tially vulnerable targets for attacks aimed at destroying data stored on
them or otherwise disrupting their operation, viewing information stored
on them, or manipulating them for use in launching attacks on other
Internet services. ISPs may take some steps to help protect users, such as
filtering out possibly hostile traffic (e.g., blocking transmission of NetBIOS
packets, which could be used to alter or delete files and are generally only
intended for use within local area networks), but the security of home
computers depends in large part on the security of the computers or
gateways installed within the home. That security depends, in turn, on
the adequacy of add-on devices such as firewalls, which users have to
configure to filter traffic and deliver warnings appropriately, and on the
quality of typical home-system software, which tends to be low from the
perspective of security.12 Another risk is posed by always-connected, ad-
dressable sensor devices such as cameras. Breaches of security could en-
able outsiders to read or take control of these devices, allowing them to
view or otherwise monitor what happens within people’s homes. And
tampering with control devices could cause direct physical harm—for
instance, someone with access to a household’s networked climate con-
trols might maliciously turn off the heat during a cold spell. In a develop-
ment that signals increased awareness of security issues and suggests a
willingness to trade off flexibility for additional security (despite argu-
ments in favor of the end-to-end principle in technical communities), con-
sumers have been purchasing gateways that incorporate firewalls as well
as installing software-based firewalls on individual computers.

Controls on Applications and Content

Questions about potential limitations on the content and applications
that will be available to the typical consumer of a broadband service have
figured in the cable open access debate, which features a conflating of

12See CSTB, Trust in Cyberspace, 1998.
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practice, motivation, and perceived impacts that varies with point of view.
The issues are outlined here because they contribute to both perceptions
and realities of commercial broadband offerings, which will be imple-
mented based on choices made by providers that must decide among
technological and strategy options. Given the newness of the market-
place, it is easy for critics to assume intent based on experience with
traditional media, especially cable, and it is hard to predict what practices
will succeed in the broadband marketplace, regardless of their fate with
traditional media. About the only certainties at this point are that the
service providers are trying to make money, that content providers seek
access to users, and that provider policies and practices are evolving at
the same time as the technologies and businesses.

Already, there are various models for Internet service, ranging from
the ISP that provides only basic IP connectivity to the ISP that provides a
modest bundle of services and content, to ISPs such as America Online
(AOL) and Microsoft Network (MSN) that aim to provide a wide range of
products and services. Providers can seek various degrees of control over
particular applications that run over their service or restrict access to
particular content, perhaps simply by making it much easier to access
preferred content. This may happen for various reasons, and the effects
may be either primary (to promote use of certain content) or secondary (to
make use of certain content less convenient).

If some content (e.g., from sources with business relationships with
providers) is cached and easily accessed, other content may appear to be
harder to get to. Uncached Web content will, for example, be slower to
load—especially if the source is far from the user and/or on a network
with poor connectivity to the user’s. In the extreme case, access to non-
cached content might be poor enough to make it seem effectively filtered;
consumer advocates express this concern about the fate of content from
nonprofit sources, but the concern remains hypothetical.

Service providers provision bandwidth, especially upstream, based
on a particular business model—which makes assumptions about who is
sending how much of what to whom—or on the assumption that a certain
fraction of traffic can be cached. Or, providers might use restrictions—
such as restrictions on virtual private networks or on operating house-
hold-based servers—as a means of value stratification, charging more to
those who value, use, and will pay for more flexibility or capacity.

Actions that restrict upstream communication raise concerns about
innovation enabled by end users’ being able to originate content or appli-
cations. A targeted approach by ISPs might alleviate some concerns. For
example, a provider that is concerned with upstream bandwidth scarcity
might more effectively deal with excessive bandwidth use (relative to
provisioning assumptions) by applying measures that monitor or restrict
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bandwidth consumption rather than by prohibiting all users from, say,
running servers. While some legacy equipment might not support band-
width monitoring or control, most ISP equipment today would permit
this. Opinions will differ as to whether restrictions reflect legitimate op-
erational considerations; valid business decisions to differentiate custom-
ers; or unreasonable attempts to limit customer access to applications,
content, and services.

Assessment of provider conduct should distinguish between the use
of caching and similar techniques, which are aimed at improving access
to some content by moving it (via distributed copies) to locations closer to
users, and the use of filtering, which limits access to some content en-
tirely. Steering or restricting customers to certain content runs counter to
the traditional Internet model, in which Internet service is deemed syn-
onymous with access to all Internet content. The success of these “walled-
garden” models depends on whether consumers want the preferred con-
tent (or, in the view of critics, have no alternative). Actual consumer
preferences and reactions to their experiences as users confronting differ-
ential ease of access to content are an important but unknown factor.

Implications of Network Design/Architecture

Another parameter that deserves consideration is whether “broad-
band” refers exclusively to Internet service or is a more inclusive term
that refers to a set of data communications services. Is the point of broad-
band to bring the Internet to the home or small business at much higher
speed and with characteristics such as always-on, or is broadband really
about delivering to the home a bundle of digital services, which include
IP service, that are demultiplexed at a gateway? Cable television systems
today deliver both IP data and digital television signals. Higher-quality
pictures and greater system capacity than analog cable systems could
deliver were the original motivation for deploying hybrid fiber coax (HFC)
in cable systems—IP data capabilities were added later. This video via
MPEG (a standard for video compression from the Motion Picture Ex-
perts Group) streams is largely one-way (possibly with a low-capacity
return channel to allow the selection of content or other interactive fea-
tures), and the content is offered through various service bundles and
pay-per-view options defined by the service provider. Looking forward,
to what extent will services be delivered using plain-vanilla IP versus
more specialized protocols and architectures? Running video and audio
over plain IP, for example, is not without problems today, and these,
together with business considerations, may well lead providers to devise
other network protocols and systems to deliver audio and video along-
side IP (for other applications), perhaps coming out of the set-top box into
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proprietary or consumer-electronics-oriented interfaces that feed TVs and
other appliances—possibly with additional features such as intellectual
property protection engineered in at a very low level.

Another characteristic of broadband networks is the increasing so-
phistication of network monitoring capabilities. Usually discussed in the
context of quality of service, commercial broadband providers are moti-
vated to track individual (per-home) usage patterns to accurately assess
and supply different levels of broadband capabilities. For example, users
could pay for larger upstream bandwidth to support a home business.

APPROACHES TO DEFINING BROADBAND

The discussion above suggests the pitfalls of picking a specific band-
width threshold as defining broadband, and Chapter 3 displays the wide
variety of requirements posed by different classes of applications. A bet-
ter approach may be to define a broadband service as one that meets a
certain set of objectives—objectives that will change over time.

One important task in engineering any system is to examine the
trade-offs between the performance of different components. The first
definition offered here takes into account the multiple performance pa-
rameters that affect the overall performance of a broadband service. For
example, one can compensate for limited bandwidth by compressing the
data being transmitted, a technique that is widely relied on today. Or, one
can take advantage of ample local storage capacity as might be found on
today’s computer hard drives to store content so that it does not have to
be transmitted over the connection at the time it is needed.13 This perspec-
tive motivates one definition of broadband:

Broadband Definition 1. Local access link performance should not be the limiting
factor in a user’s capability for running today’s applications.

To illustrate how this definition could be used in practice, consider
how this applies to Web browsing. Speed here is inherently limited by
factors independent from those imposed by the bandwidth of the local
access connection. The speed-of-light transit time poses a fundamental
limit to the rate at which data can be sent across the network using the
data transmission protocols on which the Web is based. For today’s typi-
cal Web page, a user “cruising the Web” will not see any material perfor-
mance improvement once his or her access link has a capacity of about

13One local storage strategy, caching, keeps local copies of frequently used items. An-
other strategy, replication, preloads information so that it is available for later use.
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1 Mbps.14 In other words, upgrading an individual user’s 1-Mbps link
with one 10 times faster would not speed up the transfer of a typical Web
page. So for this application and at this point in time, an access link
provides broadband service when it provides a capacity approaching 1
Mbps. It is important to realize that this is a statement about today’s Web
content and protocols and today’s network. The availability of
higher-performance links would likely give rise to richer content that
would take advantage of that availability and would also provide incen-
tives to colocate caches or streaming servers close to the broadband access
point, leading to an improved user experience as a result of the faster local
access link.

This viewpoint can also be useful in identifying where to make in-
vestments to alleviate potential bandwidth bottlenecks within the net-
work. With a major source of congestion residing in the transit circuits
that connect broadband providers to the Internet, improving local access
performance above that bound will not improve the net performance seen
by the user accessing the Internet. Everywhere in the Internet (except
possibly on the access link), the average traffic of a sufficiently large num-
ber of users aggregated together on a given link will be constant on aver-
age, even if the traffic demands of individual users varies considerably.
However, the guarantee is statistical in nature, meaning that there is al-
ways the potential for fluctuations that result in congestion somewhere in
the network. In contrast, an individual access link is subject to much more
predictability. An unshared link (e.g., a DSL connection to the central
office) will be a bottleneck only if it is simply too slow (has too little
bandwidth). Even for local access technologies with a shared local me-
dium (e.g., an HFC system or the feeder to a DSL remote terminal), the
implications of sharing can be understood fairly easily, because one knows
(based on provisioning and traffic engineering) how many potential users
there are on any given segment. Thus, where there is a compelling appli-
cation for which the access link bandwidth is identified as the limiting
factor, a well-defined investment in upgrading the capacity of the link can
solve the problem. But for most other links within the network, where
loading can only be addressed on a statistical basis and where there are
many options for making investments that might improve matters, it may
be less clear where to invest—which in turn may mean that making an

14The transfer of a “typical” Web page (one used by the World Wide Web Consortium as
a benchmark for performance) from a server for which the network latency is a typical 100
milliseconds. If one varies the bottleneck bandwidth and plots the total page transfer time,
the curve approaches an asymptote of about 6 seconds when the transfer speed reaches
about 1 Mbps.
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investment in the local access link will not improve application perfor-
mance. (Other strategies may be used in such circumstances, such as cach-
ing or replication within the network of the access provider.)

Broadband Definition 1, however, gives an answer that is only correct
for a given set of applications at one point in time. What happens when
new applications come along? In fact, the performance of broadband ac-
cess will be a key factor influencing the emergence of new applications,
since new applications that demand higher transfer speeds cannot take
off until there is a critical mass of users with the access capacity to use
them. This motivates an alternative definition of broadband:

Broadband Definition 2. Broadband services should provide sufficient perfor-
mance—and wide enough penetration of services reaching that performance
level—to encourage the development of new applications.

This definition implies that a broadband access system is defined
both by a technical evolution path and an economic evolution path that
will allow it to play its part in the chicken-and-egg application cycle. The
subscriber link is viewed as a potential bottleneck that inhibits innovation
and constrains the development of new services elsewhere in the net-
work. Those providing services over the Internet who feel constrained by
the premises-link bottleneck may not be able to fully incorporate the ben-
efits of relaxing this bottleneck in their own investment decisions (i.e.,
their incentives to “subsidize” broader deployment fall short of the true
collective benefits)—because they are unable to internalize the benefits
realized by other service providers.

One example of how this view comes into play is the asymmetry of
broadband services. Anticipating a number of new applications that re-
quire greater upstream capacity, one can project increasing demand for
upstream bandwidth arising from new applications. Yet, if connections
remain highly asymmetric over the long run, then applications that need
significant upstream capacity will be slower to appear. Because it takes
into account the dynamic interplay between deployed technology and
applications as well as the interplay between technology and economic
developments, this second definition is likely to be the more useful one in
planning and policy making.

Whichever of these definitions one adopts, it is quite apparent that a
single number—be it 200 kbps or 2 Mbps—is not a useful definition of
broadband (even if one focuses only on the bandwidth issue). However,
not all values (from zero to infinity) will be equally meaningful. Applica-
tions such as those discussed in Chapter 3 tend to cluster into classes
characterized by bandwidth and other performance requirements. This
suggests that there will be a series of milestones along the way, with
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multiple peaks that may well correspond to, or catalyze, application and
infrastructure deployment milestones.

Today’s residential broadband capabilities, which are typified by sev-
eral hundred kilobits per second to several megabits per second down-
stream and several hundreds of kilobits per second upstream, support
such applications as Web browsing, e-mail, messaging, games, and audio
download and streaming. These are possible with dial-up, but their per-
formance and convenience are significantly improved with broadband.
At downstream speeds of several tens of megabits per second, new appli-
cations are enabled, including streaming of high-quality video, such as
MPEG-2 (a standard defined by the Moving Picture Experts Group) or
high-definition television (HDTV), download of full-length (70- to 90-
minute) audiovisual files in tens of minutes rather than hours, and rapid
download of other large data files. Reaching this plateau would enable
true television-personal computing convergence. With comparable up-
stream speeds, computer-mediated multimedia communications become
possible, including distance education, telecommuting, and so forth. With
FTTH, a new performance plateau with gigabit speeds both up- and
downstream would be reached. The applications that would take full
advantage of this capacity remain to be seen.
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