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There are some technological pla-
teaus that can be glimpsed from a 
great distance and forecast fairly 

accurately. But those distant cliffs may be 
hard to reach. They may come so clearly 
into view, gaining immediacy and irre-
sistibility, only after a journey of many 
years and some missteps. 

The replacement of copper by optical 
fiber for fixed communications across 
the “first mile” has been such a journey. 
Completion of the fiber infrastructure to 
include the “first-mile” access links has 
been forecast for years. Years, even de-
cades, of tentative engineering studies, 
field demonstrations, and other gestures 
toward an all-fiber future were succeeded 

by very little follow-through. Now fiber 
to the home (FTTH) is happening. It 
is happening at many places around the 
globe. And it is happening fast.

A combination of circumstances has 
caused this change. The growing band-
width needs of individual users have co-
incided with the business imperatives of 
many broadband providers and with the 
development needs of individual com-
munities and indeed entire nations. In-
deed, the initial deployments of FTTH 
that have taken place in the United States 
were to small, less advantaged commu-
nities, and the deployment was by small 
companies. This “bottom-up” evolution 
was the way cable TV started out.

These pressures for more bandwidth to 
more users (and for more ease of use) are 
rapidly exceeding the capability of even 
the most highly evolved copper-based or 
wireless solutions. This bandwidth bottle-
neck has been understood for years. But 
the most immediate triggering event for 
today’s long-awaited FTTH movement, 
at least in the United States, has been the 
threat to the continued survival of the 
established local access carriers posed by 
competition from cable technology and, 
to a lesser extent, from cellular radio.

These are some of the things that are 
pushing the movement toward FTTH. But 
there are also things that are pulling people 
toward such solutions. First, fiber technol-
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Wireless access and fiber access appear to be mutually com-
plementary technologies. They are NOT substitutes for one 
another! Fiber serves specific fixed locations with enormous 
capacity and reach, while wireless can go everywhere but with 
very limited capacity, variable and uncertain quality of ser-
vice, and high density of base stations. 

Some of the numbers make the point. 

• Bluetooth spans several meters.
• WiFi 802.11 wireless LANs support up to 54 Mbps up to 

30 meters, and lower bit rates up to 300 meters. 
• WiMAX 802.16 wireless LANs will theoretically support 

about twice WiFi’s bandwidth, and to more simultaneous 
users.

• Third-generation cellular telephony such as the evolving 
Global System for Mobile Communication (GSM) and 
General Packet Radio Service (GPRS) and others have as 
their target 2 Mbps over a wide range of distances. 

Even if the bit rates of such technologies are increased, for 
example, by decreasing the radius of radio coverage, there 

is still the problem of providing a terrestrial backhaul con-
nection (probably with fiber) to a central office for each cell. 
There are also the problems of complicated user setup, en-
abling security, and interference among multiple wireless net-
works in a multiple-dwelling unit area.

One striking thing about wireless has been the imagination 
that has built such a useful portfolio of services on such an 
unpromising medium: telephony, fax, text, voice mailboxes, 
text messaging, stock quotes, global positioning system (GPS) 
position location, rudimentary video, even speech recogni-
tion for hands-free usage. There is no reason to think that 
opening up the first mile of fixed telecommunications using 
a protocol-insensitive medium like fiber will have an impact 
any less extensive and exciting. 

A second striking thing about wireless, and one that is not 
widely appreciated, is that it is beginning to top out. Whereas 
the industry grew 23 percent in 2001, by 2003 the figure had 
dropped to 8 percent and is predicted to fall to 4 percent by 
2008.

The Wireless “Alternative”
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ogy has evolved and continues to evolve in 
cost-effectiveness. Stable and exhaustively 
standardized architectures now exist, 
forming a set of blueprints from which the 
systems can be more easily and accurately 
implemented. Innovation in fiber installa-
tion techniques has made what once was 
the most expensive part of the undertak-
ing much more economical and reliable. 
Second, we see governments at regional 
and national levels worldwide are finding 
ways to encourage all the players to move 
ahead with this long-postponed but inevi-
table development. 

Less obvious is the potential for im-
proving ease-of-use, and thus expanding 
markets as well as productivity of exist-
ing users. Consider: The replacement of 

the DOS C: prompt with graphical user 
interfaces somewhat reversed the trend 
toward decreasing user friendliness with 
PCs. That’s a useful reminder that some-
times more technological complication 
inside can be used to deliver more sim-
plicity from the outside. One old example: 
The automatic transmission compared to 

the stick shift. Thus, it may not be naïve 
to hope that more bandwidth will mean 
more ease of use simply by removing 
some of the complications imposed by 
transmission limitations. 

A Few Definitions
Fiber’s properties are so uniquely suit-

Figure 1. Maximum data rate versus reach for BPON, DOCSIS-2 cable, and various forms of DSL. Vertical dashed lines show the distances covering 85 
percent of potential subscribers for three countries. One can easily see why DSL has been an early short-term leader in Italy, but why fiber is more suitable 
here. As bandwidth needs increase, only fiber can do the job anyplace.

Years, even decades, of tentative engineering stud-
ies, field demonstrations, and other gestures toward 
an all-fiber future were succeeded by very little fol-
low-through. Now fiber to the home (FTTH) is hap-
pening. It is happening at many places around the 
globe. And it is happening fast.
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ed to this job that substitution of fiber 
for copper may very well be a permanent 

solution – the last answer to obsoles-
cence in the first mile, the local access 

to users. In telephony parlance, “access” 
is the portion between the central office 

Let us examine quantitatively the legacy first-mile broad-
band technologies in light of the needs of the end users and 
those of the suppliers and the facilities providers. There has 
been an orderly historic progression of fixed wireline com-
munications from the earliest star-configured solutions of the 
telcos and cable providers to the present deployments of fiber-
based PONs.

In the pre-fiber days, telco central offices were intercon-
nected by coax and microwave, while cable headends were 
fed by microwave or satellite. The first step in “fiberizing” the 
entire system was either hybrid fiber-coax (HFC), which has 
been widely deployed by the cable industry, or various forms 
of DSL, its telco twisted-pair competitor. Both cable provid-
ers and telcos also use fiber for remote equipment that feeds 
individual subscribers. This remote equipment is said to be a 
node in the cable case and subscriber line multiplexers of 
various flavors in the telco case.

DSL and cable modems provide a vivid example of how 
throwing every conceivable form of signal processing at a 
medium with many pathologies can make a usable silk purse 
out of a particularly unpromising sow’s ear. Among the many 
phenomena afflicting the copper plant are certainly its limited 
usable bandwidth (roughly 0.75 GHz for coax) and the non-
flatness of its attenuation spectrum, but also pickup of impulse 

noise and hum, and the fact that such interferences accumulate 
going upstream in any point-to-multipoint topology.

The coax-based HFC architecture bears a very close resem-
blance to that of the typical optical PON. This is true in its 
point-to-multipoint geometry and also in many of the pro-
tocol details. However, there is a very important distinction: 
Sophisticated signal processing plays essentially no role in a 
PON because of the fiber medium’s low attenuation, wide 
bandwidth, and lack of any forms of noise other than white 
Gaussian noise in the receiver front end. Signal processing, 
however, is key to HFC performance. The only real compli-
cation is managing the bandwidth sharing in the upstream 
direction, an issue that PONs share with HFC and for which 
HFC architects provided the template.

HFC and today’s advanced DSL flavors such as ADSL2+ 
and VDSL are capable of several tens of megabits per second 
total throughput. However, since for HFC this throughput is 
spread across the population of attached subscribers, who may 
number in the hundreds, it is clear that these capacity figures 
are already being overtaken by a variety of applications.

Passive optical networks, on the other hand, even though 
similarly based on a shared medium, possess at least 10 times 
the capacity at usable subscriber distances and require no in-
tervening electronics, an Achilles’ heel of DSL and cable.

Deficiencies of DSL, Cable and Wireless

Figure 2. The “first mile” bottleneck between a user’s desktop or laptop computer and the nation’s metro and long-haul facilities.
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Figure 3. Th e historic way of looking at the persistent bandwidth bottleneck of Figure 2. Th e updates are from Prof. L. Kleinrock.

Fiber To The Home/By Paul E. Green, Jr.
Publisher: John Wiley & Sons, Inc.
Th e New Empowerment describes the next, and in 
many ways, the fi nal step in opening up communi-
cation resources to homes, offi  ces, and apartment 
buildings. It describes the societal empowerment that 
such broadband resources already enable, provides 
the physics and engineering details of how it is ac-
complished, and gives a status report on the current 
progress worldwide of this ongoing and accelerating 
communications revolution. 

or cable headend and the subscriber’s 
premises. It is the only part of the fi xed 
telecommunications plant that has not 
already evolved completely to fi ber. Fiber 
has already become the dominant medi-
um in the metro (tens of kilometers) and 
the long haul (hundreds and thousands 
of kilometers).

In fact, the innovations of dense 
wavelength division multiplexing 
(DWDM) have resulted in so much 
overcapacity in both the metro and long 
haul arenas that the market for high-
density WDM fl attened out after the 
dot.com boom collapse in 2000. In my 
book last year, I predicted that growth 
will return, propelled in great measure 
by a variety of fi rst-mile technologies, 
new forms of media content, and soci-
etal pressures. New equipment sales data 
and fi ber placement data released by the 
Telecommunications Industry Associa-
tion last month (Broadband Properties, 
February First Mile column, page 10) 
confi rm that my prediction was correct.

But why exactly do I and so many oth-
ers predict that fi ber will replace twisted-

pair and coaxial copper in the fi rst mile as 
well? Why would one need all that band-
width for such a local communication 
need? And why can’t access be handled 
adequately by a mix of copper and unte-
thered forms of communications, notably 
cellular wireless, whose progress has re-
cently been so spectacular?

In fact, there have always been things 
that copper and radio cannot do but that 
fi ber can. Th ose things just have not been 
that important for the access environment 
until now. Th ey have to do with band-
width capacity certainly (most obviously, 

the capacity to carry multiple high-defi -
nition television), but there is more to it 
than just bandwidth. Th ere are matters of 
signal attenuation (Figure 1), fi rst cost, 
lifetime serviceability costs, convenience 
to the user, and the business advantages 
of combining all the communication ser-
vices into one bundle, one management 
process, and one monthly customer bill. 

It has long been realized that copper 
simply cannot suffi  ce to bridge the enor-
mous and growing capacity gap between 
our desktops, laptops, and TVs and the 
equally enormous and growing capacity 
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The fiber first mile, once installed, is unlikely to require 
any reengineering for decades. This places it in a different 
category from DSL and cable. The first aspect of this “future-
proofness” is fiber’s enormous available and scalable room for 
growth in bandwidth – as well as its freedom from crosstalk 
and its security from intrusion. But equally important is the 
fact that its protocol transparency allows a world of unimag-
ined new services and bit rates without ever having to change 
anything between central office and subscribers’ premises.

It is clear that fiber’s low attenuation over great distances 
translates into low-power transmitters and relatively insensi-
tive receivers, but what may not be so clear is that it also 
translates into much more forgiving installation design rules 
than those available for DSL or cable. For these legacy me-
dia, great care must be taken about segment length, selection 
of cable type, variable attenuator and equalizer settings, and 
so forth. The author’s cable modem installation required seg-
ments of three different coax types just between street and 
modem, three truck rolls, and an hour of system adjustment 
of the equipment in the overhead enclosure. 

One last fixed-path, first-mile technology should be men-
tioned, the use of RF transmission to residences and offices over 
existing power lines. Even though this form of transmission is 
cheap, requiring no new paths and allowing access simply via 
the existing wall plug, the data rates are quite low, 2 to 6 Mbps 
at present. There are also known interferences with other users 
of similar frequencies. That problem can be handled in small, 
scattered deployments but may limit large buildouts, even if 
the bandwidth problem can be solved without the extra fudg-
ing inherent in existing DSL and coax systems.

Experiments are under way to do some of the provisioning 
of legacy systems from central office or headend, but the over-
all effect is one of patchwork. The passive nature of the PON 

medium and the fact that the electronics is only at the ends 
means that provisioning, reprovisioning, and repair are ac-
complished much more quickly than with systems embody-
ing electronics along the right-of-way. Already, the carriers 
who are installing early versions of the PON architectures 
are saying that when the time comes to upgrade the system 
to ATM-based gigabit passive optical networks (GPONs) or 
Ethernet based passive optical networks (EPONs), they will 
do this mostly by remote software download to all the ONTs 
(Optical Network Terminals at the customer end) from the 
central OLT (Optical Line Terminal at the central office).

As with dense DWDM optical networks, the glass is trans-
parent with respect to legacy or future traffic types. Thus, as 
new bit rates, formats, higher protocol levels, and services are 
introduced, nothing needs to change in the outside plant, the 
portion of the system lying between headend and subscriber. 
The only changes will be in optoelectronic terminal equip-
ment. 

Historically, the need to support protocol variegation be-
comes more acute the farther one progresses outward from 
the telco backbone, which uses either legacy SONET/SDH 
or is going to Internet Protocol with Multiprotocol Label 
Switching (IP/MPLS) in the near future. One may expect 
more protocol churn in the access. Fiber is the ideal medium 
to make sure that the hit is only at the premises and the cen-
tral office.

It was the protocol insensitivity of both telco copper and of 
wireless that allowed the proliferation of such an imaginative 
repertoire of services as we have seen. The same may be said of 
the Internet, because the Internet Protocol is so simple that it 
was easy to build a variety of higher protocol layers on top of 
it. In fact, it has become so easy that professional interest in the 
art of formal protocol conversion has more or less died out!

Why Fiber Is Truly Futureproof

that this very medium, fiber, has brought 
to metro and long haul facilities. It is a 
first-mile bottleneck. 

In the long-haul environment of both 
telcos and cable providers, raw bit rates 
of 2.5 to 10 Gbps per wavelength have 
been standard for five years or more. At 
the user end, 2 to 8 Gbps data transfer 
rates within laptop and desktop comput-
ers – inside the devices themselves – are 
common, and internal data transfer rates 
are growing. While a full 32 Gbps might 
flow between memory and central pro-
cessing unit, at least 1 Gbps can flow to 
and from peripherals (Figure 2). Some 
predict that data transfers inside person-
al computers and laptops will reach 100 
Gbps by 2010. 

For HDTV offerings to expand into 

hundreds of channels, as has happened 
with standard definition TV, users will 
require several gigabits per second (as-
suming tens of megabits a second per 
channel). HDTV delivered as data (by 
so-called IPTV) will require only 10 to 
20 Mbps for each channel being watched, 
but with extremely high requirements for 
quality of service. Gaming, soon to offer 
3D holographic environments, demands 
even more.

So there is already a bandwidth bot-
tleneck of at least 3 to 4 orders of mag-
nitude between the communications 
suppliers and their customers, in spite 
of aggressive use of copper-based first-
mile technologies by the telcos and cable 
providers. Moreover, the high degree of 
capacity asymmetry dictated by both 

DSL and cable technologies is counter to 
the trend toward more peer-symmetric 
traffic loads for some important new ap-
plications such as home businesses, gam-
ing, and consumer-generated content. It 
should also be emphasized that the bit 
rates available from fiber are almost dis-
tance-independent over the usual 20 km 
access distance span, whereas attenu-
ation in copper twisted pair and coax 
poses many serious problems even at 
these distances.

One concludes that while DSL and ca-
ble modems are interesting and involve 
some cunning technology, they hardly 
represent an adequate response to the al-
ready explosive growth in user demand.

To serve a significant fraction of cus-
tomers in places such as North America 
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Figure 4. Two basic topologies for FTTP. In the point-to-point deployment (P2P) above, each subscriber gets a fiber pathway (often two) back to the central office 
or headend. In the point-to-multipoint deployment (P2MP) or passive optical network (PON), the subscriber’s fiber pathway runs to a more local splitter

requires a technology capable of distances 
of tens of kilometers. In some developing 
countries the distance requirements are 
even more severe. For today’s interesting 
bit rates this is leading to some strange 
copper-fiber hybrids. The permanent so-
lution is clearly to get rid of the copper.

The Pressures of New Content
A computer or TV set is much more 

than a gigabit per second window on 
the contents of the hard drive; it is, or 
can be, a gigabit per second window on 
the entire information world. When 
one sees backbone telecommunica-
tions capacity going to waste, while the 
computer industry’s innovations, such 
as they are, are almost completely in-
tramachine or low-speed intermachine, 

one begins to sense the economic po-
tential and societal benefit in opening 
up the intervening bandwidth bottle-
neck (Figure 3).

Many of today’s broadband applica-
tions are being driven by Internet users, 
others by broadcast television, and still 
others by Hollywood. They can all be 
broken down into two classes:
*  Medium-size file transfers absolutely 

requiring low latency – for example, 
broadcast television, interactive and 
conferencing video, security video 
monitoring, interactive games, tele-
medicine, and telecommuting. 

* Transfer of files whose latency is not so 
important but for which long transfer 
times are annoying: video on demand, 
video and still-image email attach-

ments, backup of files, program shar-
ing, and downloading, for example, of 
entire books. 
There is not only a bandwidth demand 
from existing and well-understood ap-
plications but also a huge, poorly un-
derstood opportunity to develop new 
applications and services. Let us dis-
cuss the existing pressures first. 
Perhaps the most significant well-de-

fined driver for FTTH today is high-
definition television. While conven-
tional television (standard-definition 
TV, SDTV) requires 20 Mbps uncom-
pressed and 4 Mbps per channel when 
compressed with MPEG-2, HDTV 
requires 120 Mbps uncompressed and 
about 15 to 19 Mbps when compressed 
with MPEG-2. 
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 The replacement of first-mile copper by fiber has impor-
tant positive economic consequences for both provider and 
end user, especially by lowering lifetime costs. Consider the 
typical Passive Optical Network (PON) system.

In most fiber deployments, the cost of the optics dominates 
the cost of the electronics. FTTH systems are no exception. 
First cost – that is, capital cost – plays a dominant role in 
the first mile to a much greater extent than with the more 
traditional metro and long-haul fiber deployments, which are 
supported by aggregated revenues from many thousands of 
subscribers. The expensive optical items include the lasers re-
quired at the central office for frequency-division multiplex 
(FDM) analog TV service, the optical amplifiers, the lower 
powered lasers at the subscribers’ premises, and the splitters 
and WDMs. Photodetectors and their associated electronic 
amplifiers are less of an economic factor. The fiber cable itself 
is cheaper on a per-strand basis than copper.

The optoelectronic equipment cost is a significant enough 
fraction of the total cost in the first mile that the future of 
FTTH is going to depend significantly on further cost reduc-
tion in the optics. This is indeed happening. The same kind 
of creativity that has been applied by the optical networking 
technology fraternity for the last decade to increasing func-
tionality is now being applied to the problem of cost. For 
example, passive splitters, which cost over $100 per port a 
year or two ago, were available at $13 per port in quantity 
by last year. 

Equally inventive things are happening in the civil engi-
neering of fiber installation, both aerial and underground. 
For example, the installation cost for underground FTTH 
facilities dropped to about $5 per foot by 2004, averaged over 
a combination of open trenching, plowing, and directional 
drilling as circumstances require. Aerial construction was as 
low as $1.50 to $2.50 per foot. Since then, growth in use of 
pre-connectorized fiber has taken another whack at costs, and 
contractors have been learning to do things more efficiently, 
in part due to Verizon’s huge deployment. Overall, installa-
tion costs may have declined as much as 30 percent in 2005, 
although precise figures are not yet available.

This brings the first cost of fiber close to the first cost of 
copper in new, greenfield, builds. But less understood is what 
has happened to lifetime costs. Already, putting in new fiber 
beats patching old copper in many cases. Remember, copper 
twisted pair and coax require hot, finite-lifetime electronics 
with localized backup power sources placed at intervals along 

the right-of-way. Much of the electronics cost is for very clever 
coding and equalization schemes, and for data compression 
and decompression — unnecessary with fiber because of its 
huge offered bandwidth. 

Seemingly trivial things contribute heavily to the cost of 
running a traditional copper-based circuit switched “plain 
old telephone service”-dominated telecommunications enter-
prise. Many of these are reduced or eliminated by substitut-
ing a frozen but highly versatile glass infrastructure between 
the central office and every subscriber. For example, the costs 
for technician dispatches and low-value customer contacts 
for customer churn and for repair are greatly reduced with 
FTTH. Churn, defined as an economically harmful amount 
of re-configuration, is a big factor with today’s telco plant, 
partly because there are several manual cross-connection 
points between CO and subscriber phone jack, and making 
any change in these panels requires at least one technician 
and one truck roll for each.

Probably the biggest cost savings for FTTH have to do not 
with technology but with network management and business 
management. The benefits to the service providers of service 
integration, in which all services are lumped into at most 
two businesses, wireless and fiber, are now seen as one of the 
more important reasons for going to triple play over fiber. A 
recent authoritative study of the CAPEX (capital expenses) 
and OPEX (operating expenses) of Verizon, SBC, and Bell-
South by Bernstein Research and Telcordia reached several 
conclusions:

* Ever-decreasing cost to deploy should drop to about $1,400 
per customer averaged over the years 2004 – 2008.

* Extending FTTH to 50 percent of these three carriers’ resi-
dential customers and 80 percent of their business custom-
ers in suburban areas of the top 20 U.S. states (costing the 
carriers $45 to $50 billion over 5 to 7 years) would improve 
their revenues by $9.5 billion.

* Annual savings in operating expenses would reach $5.5 bil-
lion by 2008 and $7.8 billion by 2010.

* These OPEX savings would be gained by such things as 
a halving of expenses at the central office and 30 to 70 
percent reduction in customer service and network main-
tenance expenses.

In other words, the study recommends that these incum-
bent carriers undergo a temporary CAPEX bath in exchange 
for a permanent OPEX and revenue improvement. 

Cutting the Cost of Fiber

Multichannel HDTV is beyond the 
reach of DSL today, except for the short-
est distances between headend and sub-
scriber, while cable modems offer only a 
slightly better solution. Current HDTV 
offerings, by satellite broadcast for ex-
ample, are limited to a small number of 
channels, whereas the public has gotten 

used to choosing among hundreds of 
satellite or cable SDTV channels. One 
artifice that is being studied by cable 
providers and telcos alike is not to try to 
send many HDTV channels to subscrib-
ers, but instead only one that has been 
preselected by the subscriber (video on 
demand, VoD), a temporary solution at 

best, in my opinion.
Equally important, and already an is-

sue, is the growing need for fast response 
and download/upload times between 
desktop or laptop computers or between 
them and central facilities such as search 
engines. When the data objects to be 
exchanged reach significant size, annoy-
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ingly poor response times are due not to 
handshaking, application execution, or 
file access delays but to the time taken to 
transmit the large data object to the user. 
This is a problem today only for the larg-
est objects — such as large documents 
and images – but is already getting much 
worse as object size grows to the level of 
entire books or even entire movies.

For example, online movie rental on 
demand and the exchange of home videos 
are already appearing as real modes of sys-
tem usage. Today such applications suffer 
from intense user dissatisfaction with a de-
livery time of several hours to download a 
full movie. Even at cable modem speeds, a 
trip across town to Blockbuster is quicker. 
Similarly, mailing a CD-ROM containing 
many pictures or a roll of film is usually a 
better solution than emailing it. We have 
all watched video clips of postage-stamp 
size on our PCs when what we really want 
is full-screen images. 

With the growth of telecommuting and 
off-site use of home office resources, it is 
often necessary for entire “projects” to be 
moved quickly to some unexpected new 
location in order for the person’s work to 
continue.  

Another current application is remote 
disk backup at centralized secure servers, 
where the remote central facility is mapped 
as a local hard drive. At the PC level, this 
has the potential of displacing today’s large 
sales of writeable CDs and DVDs and the 
like. At the commercial data processing 
level, remote backup has been around for a 
long time and was the initial motivator for 
the earliest DWDM systems I worked on. 
Now yesterday’s point-to-point connection 
of a data center to a remote backup facility 
has evolved into the storage area network 
(SAN), a more topologically complex 
structure aimed at even better data avail-
ability, high speed, and low-latency perfor-
mance. The potential of this application 
is constrained today by the excessive time 
required to communicate large files, to say 
nothing of the contents of the entire PC or 
data center. 

Response time plays a key role in hu-
man productivity using computers. When 
the response time of each step goes below 
several hundred milliseconds, in the user’s 
mind the individual stages begin to merge 
into one simple stage, and a surprisingly 

large throughput increase occurs. One 
reason today’s first-mile bandwidth bottle-
neck is such a constraint is the increased 
size of the data objects that people use in 
multistep communication-based informa-
tion processing. 

The pressure is to replace email with voice 
mail or video messages, thumbnail images 
with full-screen images, and static images 
with video. As this happens, to keep the 
productivity of the single-step continuum 
mode of multistep job handling, we need 
to be able to transfer all these objects with 
the same response time we have learned 
to live with for text commands or mouse 
clicks for local execution.

As time goes on, the increasingly peer-
to-peer nature of Web traffic will become 
more evident. The growth of symmetrical 
traffic loads has been widely noted and has 
been attributed to the rise of Web-based 
traffic and the proliferation of blogging 
and other activities in which the source of 
the action is in a PC, not at some large in-
formation service provider. 

Each of today’s standalone ways of han-
dling numbers, words, correspondence, 
images, and games in a sense represents 
a special case of a larger universe of peer 
communication-based versions of the 
same thing. For example, children’s battles 
with aliens are more often inside their own 
machines, versus having their aliens battle 
someone else’s aliens. Today’s multiparty 
games have the needed resolution but not 
the needed rapid response time.

Another point concerns videoconfer-
encing and group collaborative processing. 
The long-standing vision of being able to 
“exchange communication for transpor-
tation” has taken on a new urgency since 
events of 9/11. The global nature of the 
workforce, with many people now living 
and working in one state or country for 
employers in another, has led to separa-
tions of families and the inefficiencies of 
travel uncertainties. Adequate bandwidth 
would alleviate that. 

The inadequacies of today’s video con-
ferencing and group collaboration technol-
ogy send many workers onto airplanes to 
attend meetings of fairly simple structure. 
There is simply no adequate electronic 
substitute that provides the needed full 
interpersonal communication between 
multiple participants – complete with eye 

contact and other cues. The missing link 
is communication bandwidth; promising 
high-resolution display and stereo hi-fi au-
dio technologies are well in hand.

Anticipating the  
Unpredictable

Then there are the unpredictable ap-
plications. While history shows that it is 
usually some unpredicted application that 
later becomes the most important one, it 
also shows that it is the predictable ones, 
like those just listed, that pay for the initial 
transition. Lighting paid for expanding the 
nation’s electricity transmission grid. Dish-
washers and computers came later!

Consider the Internet. While email 
turned out unexpectedly to be the most 
important use of the Internet’s parent, the 
ARPAnet, the promised resource sharing 
of a few very costly specialized computers 
was enough to justify ARPAnet’s introduc-
tion economically.

Some pundits think that breaking the 
bandwidth bottleneck with fiber will be 
so significant as to constitute a “Second 
Coming” of the PC, the first one having 
been empowering localized individual use 
of computer power. Closing the first-mile 
bottleneck seems highly likely to ignite a 
takeoff of communication-based multi-
party and collective information process-
ing. Many of these applications will be 
new ones that are difficult to envision to-
day. One may count on the inventiveness 
of Silicon Valley and Redmond, Washing-
ton, to think of new bandwidth-hungry 
things that we shall subsequently wonder 
how we ever lived without. BBP
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