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THE Triumph of the Nerds VENTURE began, like many television
projects, over a large gin and tonic. In the bar of the George Hotel
in Edinburgh, Scotland, during the 1993 Edinburgh International
Television Festival, I got together with my friend and colleague
John Gau, doyen of British independent television producers, to
talk coproduction. John had just returned from his summer vaca-
tion on Cape Cod where he had passed the time reading Acciden-
tal Empires, by Robert X. Cringely. Using his signature accolade for
a viable TV project, John declared the book “a cracking good yarn.”

Bob Cringely had helpfully included his telephone number in
the book, so it was not a major research assignment to locate him.
Our first question was whether the witty irreverence of his writ-
ing could be adapted into television. Could Cringely do on cam-
era what he can do on paper—tell a good story and entertain the
audience at the same time? In April 1994, we shot some sample
videotape that demonstrated that Bob could. He was quite the
most accomplished television novice we had ever encountered.
So, armed with a sample tape, we took a mere fifteen months to
round up the funds to produce the series, for a variety of broad-
casters starting with PBS in the United States, Channel 4 in
Britain, and the ABC in Australia.

Our first Nerds TV series, Triumph of the Nerds, was based
substantially on Bob’s excellent book, and any reader wishing to
delve more deeply into the history and evolution of the personal
computer would do well to read Accidental Empires: How the
Boys of Silicon Valley Make Their Millions, Battle Foreign Com-
petition, and Still Can’t Get a Date. The series was expertly di-
rected by Paul Sen, photographed by John Booth, and edited by
Mike Duxbury. John Gau and I were executive producer and se-
ries producer, respectively. It was broadcast in Britain in April
1996 and in the United States in June 1996, with the happy result
that PBS immediately commissioned a sequel. Nerds 2.0.1: A
Brief History of the Internet is the result.
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This book includes a small amount of material from the first se-
ries, but mostly tells a different, parallel narrative to that origi-
nally presented in Accidental Empires. Nevertheless, this book
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beach reading is as excellent as his judgment in all other matters
of editorial quality—none of these ventures would have occurred.
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more than seventy interviewees who generously gave their time,
memories, and knowledge to our effort to portray the history of
computer networking in Nerds 2.0.1. Added to the sixty-plus in-
terviews we conducted for Triumph of the Nerds, we have now
assembled a significant oral history archive of the digital age, and
we are immensely grateful to all those who willingly took part.

It takes an army to create a television series, and everyone who
contributed to the making of Nerds 2.0.1 has equally contributed
to the production of this book. I will attempt to acknowledge
everyone at the peril of omitting someone. Bruce Barrow edited
the series with great skill and intelligence, and still greater calm;
Greg Bond shot the great majority of the videotape with patience,
vision, and energy. Gene Koon deserves a special mention for hav-
ing recorded all but a tiny fraction of the audio for both series, al-
ways reliably and with good humor. Brett Wood and Wendy Revak
shot some of the pictures, with great confidence and style. John
Booth directed some important sequences for the series and did so
beautifully. Michael Bard, our composer, added immensely to the
final flavor of the series by composing music which echoed the
times, tastes, and tones of the pictures in a masterful fashion.

My production team deserve special praise for enduring the
long, long grind from original, incoherent series concept to final
delivery. Gino Del Guercio, a fine producer in his own right, un-
dertook to serve as line producer for this series, and made a great
contribution editorially and creatively. Mark Dorgan, who has the
dubious distinction of having worked with me for almost five
years, brought his calm competence to bear whenever called upon.
Catherine Wilson joined us to help resolve last-minute logjams and
delivery deadlines, and learned fast. Above all, Cyndee Readdean
fulfilled the role of associate producer of the series with unfailing
good humor, thoughtfulness, and sheer hard work. She chased de-
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John Frazee, and Dave Fulton (who can fix Apple Powerbooks
like no one else). Chris Zier helped in various ways to get com-
puters to work right in front of the camera—no small task.

As I have noted in the Introduction, there is a growing array of
books discussing the impact, meaning, and dangers of the Net
and the digital age. There are relatively few that recount its de-
velopment and history. Of the latter, one was particularly useful
to us in researching Nerds 2.0.1. This was Where Wizards Stay
Up Late, by Katie Hafner and Matthew Lyon. For readers who
wish to know much more, in both narrative and technical detail,
about the creation of the ARPAnet, it is to be highly recom-
mended. I have, however, endeavored to tell a much wider story
in these pages, with reference only to our own interviews and
original documentary sources.

Television programming of quality is expensive, and Nerds
2.0.1 was fortunate to enjoy the financial support of two ad-
mirable institutions: PBS, the Public Broadcasting Service, of
which Oregon Public Broadcasting is a member; and the Alfred P.
Sloan Foundation, which provides grants to enhance the public
understanding of science and technology. At PBS, I wish to thank
for their support of the Nerds ventures Ervin Duggan, Kathy
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schedules beyond breaking point to print it to coincide with our
broadcast date on PBS. I also owe a significant debt to Len Klein-
rock, professor of computer science at UCLA, who kindly under-
took to read the manuscript and offered invaluable suggestions
and technical corrections to the low-tech author.

These pages would not be complete without my acknowledg-
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University of Chicago, and a model exponent of public television
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many months, they saw far less of me than I wanted; less, I think,
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and write a companion book (just like in Silicon Valley), “you
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While the content of the book has been largely based upon in-
terviews we recorded for our series, other material kindly loaned
by our interviewees, and a variety of published sources, the se-
lection, interpretation, and opinions expressed here are my own.
If there are factual errors, they are mine.



Introduction

Very, Very Long Legs

]EFF BEZ0S, FOUNDER OF AMAZON.COM, the online bookstore, says
this about the contrast between his solid products and the intan-
gible medium in which the transactions are processed: “I think
there’s a sort of a fundamental irony that we’re using bits to sell
atoms. And, yeah, it’s a little wacky. But it works and it’s ex-
tremely efficient and people recognize the value.”

It is a statement that neatly captures both the tone and the at-
titude of the most dynamic and rapidly growing industry in his-
tory. The language is a mixture of the technical, the juvenile,
and the profit-motivated. But it is this geeky pragmatism that
has transformed a technology once reserved for computer sci-
entists in research laboratories into a global medium of instan-
taneous communications—and commerce. If the invention and
propagation of the personal computer in all its forms was the
Triumph of the Nerds, then the evolution of the wired world is
truly the Glory of the Geeks. How it got to be that way is the
subject of this book.

Of course, there’s also “sort of a fundamental irony” in writing
a book at all on this subject. But as long as computers take many
seconds to boot up and minutes to print more than a couple of
pages, the book has a user-friendliness that’s unbeatable.

Just ask Jeff Bezos: he sold $87 million worth of these cumber-
some old devices last year, without the trouble or overhead of
either a bookstore or a printed catalog. Amazon’s 1997 results—a
net loss of just over $9 million, $6 million worse than the previ-
ous year—was greeted on Wall Street as a triumph, and the stock
shot up. The company is valued at about $1.6 billion at the time
of writing. Not for its earnings, but for its rate of growth and po-
tential reach. In 1996, Amazon had sales of less than $16 million.
The following year, sales rose by almost ten times, to $148 mil-
lion. In the final quarter of its fiscal year, Amazon’s customer ac-
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counts grew 50 percent, to $2.26 million. But in the Internet econ-

omy, 15 percent growth a month is barely worthy of comment.

According to the U.S. Commerce Department report of April
1998, The Emerging Digital Economy, “The Internet’s pace of
adoption eclipses all other technologies that preceded it. Radio
was in existence thirty-eight years before fifty million people
tuned in; TV took thirteen years to reach that benchmark. Sixteen
years after the first PC kit came out, fifty million people were
using one. Once it was opened to the general public, the Internet
crossed that line in four years.”

The speed with which the Internet industry is evolving, and
the Internet marketplace is growing, guarantees that this book,
like any reference text, will become dated. However, it is the only
work so far to attempt a general history of the wired and net-
worked world, and the Internet’s thirty years of development
represent a solid and intriguing preamble to its current, ever-
accelerating growth. As John Doerr, leading Silicon Valley ven-
ture capitalist, observes, “Think of this as just a few milliseconds
after the Big Bang. We only barely discern the fundamental laws
of physics, the business models that are going to work. And it’s
got very, very long legs because, unlike the PC, it leverages the
top line. It helps us entertain and inform and educate and inspire
and sell and make community, even make meaning out of life and
out of death. And that’s a far more powerful dynamic than crank-
ing out memos and doing financial analyses with a spreadsheet.”

The Department of Commerce, not prone to hyperbole, lines
up the statistics of Internet growth thus:

e Fewer than 40 million people worldwide were connected to
the Internet in 1996. A year later, the figure had more than
doubled, to 100 million people.

e In the same year, domain names registered rose from 627,000
to 1.5 million.

e Cisco Systems (the leading manufacturer of routers, a key ele-
ment of the Internet’s own infrastructure) made $100 million
worth of sales on the Internet in 1996. In 1997, its Internet
sales totalled $3.2 billion.

e In 1998, it takes only 100 days for the Internet’s volume of traf-
fic to double.

As a consequence, this book, like the television series it ac-
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companies, makes no effort to predict the likely outcome of
events unfolding today. All it can attempt is a reasonable stab at
recounting the events of the recent past and an explanation of
why they unfolded as they did.

In fact, another “sort of a fundamental irony” can be found in
the fact that this volume may be in danger of adding to a grow-
ing, but not very appealing category of books that extol in linear,
analog, page-by-page fashion the elusive appeal and importance
of the non-linear, digital, interactive communication phenome-
non. A welter of these volumes—slim books, making broad
claims—have been appearing since the rise of the World Wide
Web in 1994; collectively they represent a compelling argument
for the utility of history over futurology.

Those who cover this industry on an hourly, daily, or weekly
basis long ago exhausted the supply of metaphors and superla-
tives with which to describe a working environment of twenty-
hour days, intense rivalries, and immense rewards. The rate of
growth is breathtaking in the short term, unsustainable in the long
term. In the 1950s, it was calculated that if long-distance phone
traffic continued to increase at the same rate for twenty years,
every American citizen would have to be employed as a telephone
operator. (What happened to them, by the way?) But between the
short term and the long term, there is a lot of market capitalization
to be generated. And an immense churning of talent and stress.
Rohit Khare, a twenty-two-year-old wunderkind of the World
Wide Web Consortium, claims that in the Web universe, “a person
with two years’ experience has gotten more experience in Web
years than someone who’s got twenty years of the previous gener-
ation of programming. That’s a bit of an overstatement, but Web
years are a wonderful curiosity to the general public and an actual
health threat to those who work in the industry.”

Other than for children in science class, or those wanting to get
jobs in software development, learning how the Internet works
may not be of any real value. For users of the Internet, its use is
the point, not its mechanics. There will be a minority of people
who really do care about the encoding of words into digits; the
capsulizing of batches of digits into packets; the labeling of pack-
ets; their distribution by electrical impulse along copper wires,
coaxial cables, fiber-optic cables, or radio waves; the redirection
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of packets to their final destination; their reassembly into ordered
streams of digits by IMPS (the original network switches) and
nodes, and later by hubs and servers; and the retranslation of dig-
its into words appearing as pixels on a screen. Some people will
care about that, and they may come away from reading this book
feeling undernourished. Others, like the author, may prefer just
to accept (uneasily) that it simply does work—like the internal
combustion engine, or photosynthesis, or a flea circus.

I am not a technologist or scientist, but a journalist. I once pro-
duced (with the aid of my psychologist wife) a television series on
the life and work of C.G. Jung. After seeing these films, a promi-
nent Jungian analyst concluded that filmmaking was like anthro-
pology. The task, he said, was to enter a more or less closed
community, in which people spoke their own language, observed
their own customs and rituals, enjoyed and perpetuated arcane
feuds, shared a set of far-from-universal beliefs and secrets, and
claimed to have a special understanding of the human condition.
Having gained their confidence, the filmmaker settled down to try-
ing to capture their worldview; and then returned to the outside
world to offer a report to the wider community. This kind of tele-
vision documentary is indeed a little like anthropology; and the
self-enclosed world of the nerds and geeks is no less baffling to the
outsider, perhaps more so, than that of analytical psychology.

My job here, as in our television series Triumph of the Nerds and
Nerds 2.0.1, is to tell a coherent and enlightening story of a cultural
phenomenon that is truly changing many aspects of many people’s
lives. The technology is inseparably a part of the story, but the em-
phasis here is on the people who did it, the ideas they were pur-
suing, the ambitions they shared, and its meaning to them at the
time and in retrospect. In the modern, Western, industrialized na-
tions at least, the advent of the universal syntax of www. and dot-
com appears to be startlingly rapid and deeply entrenched.

The story we now try to tell is how it got to be that way. In pro-
ducing our television series Nerds 2.0.1, we have had the good
fortune to be granted access to almost all of the pioneers, inven-
tors, and prime movers who made the Internet and the wired
world happen, from unsung researchers who are most comfort-
able in white laboratory coats, to tycoons and corporate execu-
tives whose faces routinely appear on covers of the world’s
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newsmagazines. Much of this story, therefore, will be told in the
words of the people who did the work...and changed the world.
Like Frank Heart, the manager of the original development team
that first connected computers together into a network: “It feels
wonderful. I think it’s incredibly exciting. It’s the kind of thing
where now you go down the street to your neighbors, who never
knew what a computer was in the days you were doing this, and
they’re all of a sudden experts at using the Web, and I think that’s
a lot of fun. So, it’s quite nice.”

Drawing on the interviews given by more than seventy people
for our television series, this book will recount the history and
evolution of networking from the time before it existed until ap-
proximately yesterday. The story lasts roughly forty years, and
the book is divided into four parts, by decade.

It is inevitable, in presenting a historical review of events, that
one identifies a starting point, milestones, and continuing trends
as a way of organizing and rationalizing the material that is
mostly accurate, partly arbitrary. This case is no exception.

The earliest beginnings remind us of a historical truth and a
modern one: American technology has been driven by the urge to
explore and open the frontier, and the perennial desire for per-
sonal communication that works ever more easily, across longer
distances. Thus the first antecedent of modern networking can be
identified as Samuel Morse, whose eponymous code consists of
timed pulses of electricity. He chose to transmit over electrical
wires, which can only transmit a pulse, or no pulse: on or off.
That binary choice is the fundamental basis of all “digital com-
puting.” The digits are 1 and 0, on and off. The difference is that
today they travel billions of times faster.

On May 24, 1844, Morse sent his famous message “What hath
God wrought?” to a receiver thirty-seven miles away in Balti-
more. He assigned his patents to the Magnetic Telegraph Com-
pany, which signed up licensees. By 1851, there were fifty
competing telegraph companies, and Western Union was formed
by a merger of a dozen of these. By 1866, Western Union had over
four thousand offices—opening a new office about every other
day—and became the first communications giant in U.S. history.
That pace of growth comes close to rivaling the uptake of the Net.

Looking back, on the eve of the new century and millennium,
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it seems apparent that the revolution in computing derives most
directly from the mid-century war, when technology was most
fully engaged in the service of military efforts. World War II gave
birth to radar, cryptographic machines, battlefield communica-
tions methods, and a pace of operations that combined to create
a legacy in computer science. Problem-solving, communications,
automation, and remote command-and-control processes all re-
sulted from the impetus of wartime necessity. Among the first pi-
oneers of the world of networking, Dr. Vannevar Bush left a
legacy that can be clearly traced. Bush was the wartime director
of the Office of Scientific Research and Development in the Roo-
sevelt and Truman administrations, was closely involved in the
Manhattan Project, and was appointed the first director of the Na-
tional Science Foundation in 1950. His July 1945 article in the
Atlantic Magazine, “As We May Think,” describing a “memex”
device that today would be called a laptop or palmtop computer,
inspired the first postwar generation of computer scientists (be-
fore they had that name) to experiment with ways of using com-
puting power to augment human efficiency.

These trends might have remained truly a backwater of aca-
demic thought and laboratory experimentation had it not been for
the Cold War, which provided the next great historical impetus.
The Sputnik launch, on October 4, 1957, brought the importance
of science to defense to everyone’s attention. While the space race
was to become the most visible, even glamorous representation of
the Cold War struggle, and technology in itself a weapon of Cold
War rivalry, the seeds of computer networking—sown at the same
time—can be argued to have had more lasting, profound, and
widespread consequences. Both space exploration and network-
ing programs got started around the turn of the decade, and both
proceeded towards their ultimate success in 1969. Networking
was a bold experiment in the 1960s.

The hyperbolic growth of the Internet suggests that a brief his-
tory is timely. With Net usage doubling every hundred days, the
vast majority of users come to the Net in its Web-faced, graphi-
cal, media-savvy form. Many of them perhaps will be surprised
to learn that the Net has been thirty years in the making, and that
for the first fifteen years it was as obscure as any other Pentagon-
funded backwater of research. The earliest pioneers are still
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mostly at work in the field, or just old enough to retire by choice.
In a way, the Net is both older and younger than it seems; its be-
ginnings came before most present-day users were born, but its
heyday, so far, has come in the nineties. One entity links both
origins and apogee: the United States government, in both exec-
utive and legislative branches.

Reading source materials, and interviewing early participants,
one senses a surreal contrast between the image of the Depart-
ment of Defense (DoD) as a funding source for the earliest adven-
tures in networking, and the ideology of many of the people
(though not all) who thought networking important. Who would
expect to see the DoD described in Rolling Stone, on December 7,
1972—of all times, a month after Richard Nixon’s reelection—as
“enlightened”? The ethos of the sixties and seventies, usually
thought of as “hippie” but almost interchangeable with “hacker,”
had a significant effect on the evolution of computer networking
and its uses. Computer science was a cool new area to be work-
ing in, with so little history that one central figure claimed that
most of computer science could be mastered in one year of close
attention. Networking was funky in the 1970s.

The historical trends and milestones are categorized quite neatly
by decade. Sputnik in the fifties spawned the beginnings of net-
working experiments; and the ARPAnet, the first fledgling aca-
demic and governmental computer network, was developed in the
sixties. The ethos of the sixties helped promote and distribute
more widely the gospel of networking. As Steve Jobs points out,
“The sixties really happened in the seventies.” The late seventies
and early eighties marked the next major milestone of network ex-
pansion, caused by the invention of the personal computer.

In some respects, the story of the Internet owes nothing to the
personal computer, for network experiments predate any form of
personal computer by at least a decade. Yet without the PC (a
term whose coining is claimed by the networker par excellence
Stewart Brand), networking might have remained stuck in the
limited enclaves of computer-science departments, federally
funded research projects, and a few large corporate ventures. But
it was not so much the PC as a personal device that in the eight-
ies multiplied the value and reach of networking; rather, it was
the PC as a business machine, whose utility was multiplied when
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the prospect of networking and connecting data became real. The
IBM PC, launched in 1981; the Sun Microsystems workstation in
1982; the Apple Macintosh in 1984; and IBM clones led by Com-
paq in 1983 coincided with the deregulation of financial services
in the United States and Europe. Increasingly powerful desktop
computers, especially when networked to share and exchange in-
formation, were a key tool of the financial industry in the decade
that later earned the smear slogan “Greed Is Good.” Networking
became professional in the 1980s.

The personal computer generation had begun in about 1978,
with the introduction of the first computer that was truly per-
sonal, affordable, and usable by almost anyone—the Apple II. So
anyone born after 1970, into a family with the funds and imagi-
nation to equip the home with an Apple (or a Tandy, Com-
modore, Osborn, etc.) can be considered a member of the PC
generation. In the late eighties and early nineties, these kids were
in college, having lived with computers all their lives. And it was
among this community, of people entirely at home with comput-
ers as tools and toys, that a cool new medium, accessible only by
computer, began to take hold.

By the 1990s, computer science was no longer a field that
could be learned in one year of close attention. It was established,
and produced people who suddenly became immensely rich. De-
spite the best efforts of many self-confessed “nerds” to speak a
language other people cannot understand, the results of com-
puter science began to be widely understood. Two milestones of
the nineties portray the half-accidental, half-predictable evolu-
tion of the Net. The first was the World Wide Web, created by the
individual brilliance of one information technology consultant,
an Englishman named Tim Berners-Lee, in a nuclear research
laboratory in Europe. The second was the Mosaic browser, or
Web browser, developed by university students from the PC gen-
eration in an out-of-the-way campus that just happened to house
one of the vertebrae on the National Science Foundation’s pow-
erful supercomputer network backbone. In both cases, these ef-
forts betray the classic nerd trait of deep impatience at things that
don’t work as well as they should, or (they imply) as their finely
tuned brains would accommodate more easily.

In 1992, the Net was freed by the U.S. government of its non-
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commercial restrictions and became a medium not just for infor-
mation, but for commerce. (Although the Net is not strictly an
American entity, so much of its technology has evolved in the
United States that it has been de facto American from the start.
All internationally based Web site addresses end with a two-digit
country designation like uk or fr, while American-based sites
have no such suffix.) Suddenly people with money (advertisers)
and merchandise (everyone from Amazon to Z.Z. Top) wanted to
promote a medium that was previously reserved for connoisseurs
of a sort. The predictable result was a vast increase in awareness
of the Net, together with an inevitable tidal wave of digital dross.
But the commercial impulse, and its effective underwriting of the
medium in all its expressions, has probably done more good than
harm. General use is subsidized by the commerce, but no one is
forced to participate in the commerce. One may still use the Net
for its social, informational, and artistic content. In the 1990s, the
Net became a mass, ubiquitous phenomenon.

So this is a story in which the government is the good guy. Net-
working began as a U.S. government experiment, and twenty-four
years later networking was empowered (or prostituted) as a mass
medium for commerce by an act of the United States Congress. At
no time in the story have the supposedly restrictive instincts of
government been allowed to limit networking, and its exponen-
tial growth has been facilitated by the hands-off attitude of the
government officials who took charge or took an interest.

Despite the military/diplomatic origins of the Sputnik-
provoked ARPAnet, the experimental mainframe network that
provided the fundamental roots of all subsequent computer net-
working, its protocols were always in the public domain, its ac-
tivities were unclassified, and its architects either by chance or
design belonged to that school of thought that said computers can
be used to assist people and improve their lives. Thirty years later,
a variety of outcomes can be claimed for the Net, from the sugges-
tion that the booming information-technology sector is responsi-
ble for a negative 1 percent trend in U.S. inflation, as the
Department of Commerce states, to the less measurable, but
widely believed argument that the Net was responsible for facili-
tating social and political liberation in places as diverse as Myan-
mar, Russia, and China. The narrative comes almost full circle: a
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Pentagon program prompted by Cold War rivalry has evolved into
a communications medium that helps overthrow, or at least pub-
licize the activities of, tyrants. Today’s tyrants are attempting to re-
strict or dominate computer networks, almost certainly in vain.

One of the most striking themes in the history of networking
is the fact that each new breakthrough is, on closer examina-
tion, a repetition, a new way of solving much the same problem
over and over again. The core problem of getting computers to
communicate with each other is, by definition, one of compati-
bility. As the network grows bigger, incompatibilities must be
overcome. As separate networks present the prospect of inter-
connection, compatibility hurdles arise. And as the pressure
grows to connect all data resources together and make them
universally accessible, the key technological obstacle is incom-
patibility. While the value and user-friendliness of networked
computers is also driven by speed, memory, bandwidth (known
to lay people as capacity or power), and interface design (how
the screen looks to the user), none of these matters without a
compatible platform of hardware and software.

Thus a number of episodes in this book tell a somewhat similar
story: how the ARPAnet overcame the challenge of connecting com-
puters made to different specifications by different manufacturers;
how both the Stanford University Network and Cisco Systems
linked disparate hardware in different departments or locations;
and how the first Mosaic browser and the World Wide Web both
provided software solutions to “translate” material from anywhere
into a common language of words, images, and addresses.

Cumulatively, the wealth-generation of the Net thunders on. Our
interviews with those who have started companies, raised venture
funding, taken their ventures public, and ridden the information-
technology wave on a rising tide of investor funding, driving the
Dow Jones and NASDAQ exchanges upwards, all demonstrate the
astonishing vigor and profitability of Internet-driven businesses.
Carnegies, Mellons, and Rockefellers were surely never as accessi-
ble, frank, and direct about profits as the founders of Amazon, Ex-
cite, Sun, Cisco Systems, or 3Com. But the revolution of their
products and technology is the wealth-creating engine of the
world, at least into the beginning of the next century. What is so
different about this revolution, however, is the low price of entry.
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To industrialize a nation, a century ago, required a massive
physical infrastructure, the import or extraction of huge amounts
of raw materials, large amounts of capital to create and build in-
dustry, and decades of amortizing those costs before productivity
and profitability repaid them. In the information economy, the cost
of the infrastructure keeps dropping. Geographical, physical barri-
ers that used to obstruct or raise the cost of imports are largely ir-
relevant. Citizens and governments alike can get online for very
modest investments, and there’s no catching-up required. Today’s
neophyte user starts with much the same access to the Net as
someone who has been online since the ARPAnet first ticked into
existence in 1969. The accumulated knowledge of how the Net
used to work when it was difficult is of no further use now that it
is easy. This has a curious effect on employment patterns and ca-
reer paths in high technology. It may be no advantage, or could
even be a disadvantage, to have twenty years of experience be-
cause that experience probably relates to an obsolete technology.

In the 1970s, when hippies weren’t protesting about the Viet-
nam War they were worrying about multinational corporations
and “cultural imperialism.” The concern was that white Anglo-
American culture and the English language were going to overrun
the world to the detriment of ethnicity and minority identity else-
where. The Internet has definitively delivered on that prognosis.

English is the language of the Internet, and predominantly of
the computer and software industries. The accelerating spread of
the Net is only going to deepen and strengthen this reality. It has
interesting consequences, in that well-educated Anglophone en-
gineers—most notably in India but also in Hong Kong, Singapore,
Malaysia, and elsewhere—find themselves in great demand for
employment in Silicon Valley, Boston, Austin, and Seattle. How-
ever, only Silicon Valley has a really thriving cricket league, pop-
ulated by batting and bowling programmers from South Asia. This
trend might continue and grow, pending a greater liberalization of
professional immigration rules by Congress. Another trend may
accelerate: the use of the Internet to enable the import of pro-
grammers’ work, not programmers. The industry generally calls
this “outsourcing.” Many American companies have established
contracting relationships or full-scale subsidiary ventures in
India—typically in Bangalore, where English is spoken, engineer-
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ing education is of high quality, and Internet connections have
perfected telecommuting and the twenty-four-hour workday:.

On May 18, 1998, the U.S. Department of Justice, in the per-
son of Attorney General Janet Reno, gave the Internet the ulti-
mate accolade of legitimacy and maturity, by bringing suit for
anti-competitive practices in the browser market against Mi-
crosoft. It was not Microsoft’s de facto monopoly in the personal
computer operating system market, but its giveaway Web
browser that attracted the attention of the federal regulators. Had
anyone at the Justice Department heard of “browsers” five years
earlier? Still, all the details of the case were there for anyone to
survey, at http://www.usdoj.gov.

There’s no ready conclusion to this story, neither the Bill
Gates/Uncle Sam confrontation nor the onrushing Internet narra-
tive. The day this manuscript is completed, it becomes outdated.
Growth will race on, though it must level off at some point. Be-
fore that happens, some information technology boosters argue
there will be a twenty- to thirty-year “long boom” in the stock
markets. But this brief history—in identifying trends and mile-
stones of the past, with insights and perspectives of the pio-
neers—can only aim to help show how things have been, and
hint at what might come next.

Appendices provide the reader with a cast of characters, a
timeline of events, and a glossary of technical terms that need to
be defined. There is also a selection of photographs, provided
mostly by the pioneers whose story is told in these pages.

A note on vocabulary: in everyday speech in 1998, the terms
“Internet,” “Net,” and “Web” have become almost completely
interchangeable. All three convey in general all the data one can
reach by computer modem, wherever it may be. In referring to
this general resource, I too have used the terms interchangeably,
especially in later chapters. Separately, the terms “ARPAnet,”
“Internet,” and “World Wide Web” refer to specific technological
entities, created at particular times in the chronology, and I have
used them accordingly. I hope that the difference between spe-
cific language in the narrative and generic use in quotation and
interpretation is clear.

This book is an oral history—anecdotal, selective, and impres-
sionistic—that attempts to present a coherent, broadly chrono-



Introduction 25

logical account of a history spanning four decades. Because this
book relies primarily on interviews, and secondarily on pub-
lished sources, it is clear that for any one piece of the story the
interested reader has a choice of more detailed and more techni-
cal books—on the ARPAnet alone, the impact of the Cold War on
American science, the ups and downs of Xerox Palo Alto Re-
search Center, and so on. Since 1994, we have been interviewing
the pioneers of both the personal computer industry and the net-
working industry. From more than 120 interviews, we have tried
to assemble two coherent television series and one useful book to
provide what one Internet professional refers to as “strong con-
sensus and working code.” The material here is a synthesis of
memories, interpretation, and anecdote, but a strong consensus
of narrative does emerge. Whether the author has produced
“working code,” the reader may decide.
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Chapter One
A Testing Time

LOOKING BACK, WITH FOUR DECADES’ perspective, we see the cre-
ation of the Internet as one of the twentieth century’s most pro-
ductive accidents. For a modern medium of communications and
commerce to have been planned, executed, expanded, and ulti-
mately liberated by an agency of the government seems most un-
likely. Yet this is indeed the story of the almost seamless
evolution of a government-funded efficiency experiment named
ARPAnet into the ubiquitous, commercial, hip media space
known as the Web. Bob Taylor, the man who can most truly claim
to have activated the era of computer networking, occupied a
desk in the Pentagon where it all began. As he explains, “Com-
puters were first born as arithmetic engines, but my own view,
and the view of some other people as well, is that they’re much
more interesting and powerful as communication devices be-
cause they mediate human-to-human communication.”

So it has been proved. The seeds of the Internet were planted
by the U.S. government in the wake of nationwide concern over
the Soviet launch of Sputnik. But the soil had already been tilled,
fertilized, and watered by a prior succession of federal govern-
ment and military research programs that were based at the engi-
neering powerhouse of MIT, the Massachusetts Institute of
Technology, and its rural outpost, Lincoln Laboratory. Lincoln
Laboratory was the academic, experimental location for both re-
search and researchers who had what it took to build a computer
network. In later phases of the ongoing development of computer
networking, the focus and developmental momentum would shift
to commercial entities such as Bolt Beranek & Newman (BBN) in
Cambridge, Massachusetts, or the Palo Alto Research Center of
Xerox Inc. in California; and back to academic centers at the Stan-
ford Research Institute, the University of California at Los Ange-
les, the University of Hawaii, and the National Center for
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Supercomputing Applications at the University of Illinois,
Champaign-Urbana. Along the way, companies such as Microsoft,
Novell, Sun Microsystems, 3Com, Cisco Systems, and Netscape
would all play important roles. But the nursery in which the seeds
germinated was Lincoln Lab, a few miles out in the countryside
beyond Cambridge.

The Cold War was the context for Lincoln’s research funding.
By the late 1940s, the Soviet Union had both long-range bombers
and the atomic bomb—which meant that they could, in theory,
deliver a nuclear weapon to the mainland United States. Presi-
dent Harry Truman’s administration asked the U.S. Air Force to
develop a defense system to detect and counteract airborne at-
tack. The Department of Defense called upon MIT to assist in this
effort, and in 1951, MIT founded Lincoln as a “Laboratory for Air
Defense.” Its mission: to develop an air defense system that could
detect, identify, intercept, and direct resources against hostile air-
craft. This capability became known as DEW (for “Defense Early
Warning”). In 1951, Lincoln Lab hired behavioral psychologist
J.C.R. Licklider to work in a non-defense area. Forty-six years
old, “Lick,” as he urged everyone to call him, started the lab’s
human-engineering group.

Most projects at Lincoln focused on DEW work. Lincoln took
over from MIT’s Project Whirlwind, one of the earliest comput-
ers. While the navy had supported computer research at Harvard,
the army had funded the development of ENIAC (the computer
that later evolved into Remington Rand’s UNIVAC) at the Uni-
versity of Pennsylvania. At MIT, both the navy and the air force
had supported Project Whirlwind. One of the graduate students
who worked on Whirlwind at Lincoln Lab was Frank Heart, who
would later become the project manager for the ARPAnet (the
first network of mainframes):

It was a part of MIT that did some of the very best com-
puter R&D in that period of time, and a lot of the people who
were later involved in the ARPAnet and the Internet worked
at Lincoln at one time or another. Larry Roberts worked at
Lincoln, I worked at Lincoln. Dave Walden and others that
followed me to BBN worked at Lincoln. One thing about
Lincoln was it was a source of people. But also that was a
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place that was doing some of the very best work of connect-
ing computers to phone lines, and trying to use computers
to handle real-time data coming from antennas or seismic ar-
rays or submarines or ocean sensing devices or anything
else. And so the people got a lot of experience connecting
computers to real systems and real phone lines. That was
the source of the expertise which got my group in a position
to work on the ARPAnet contract.

Whirlwind was succeeded at Lincoln Lab by the SemiAuto-
matic Ground Environment (SAGE), another defense venture with
momentous consequences for the networking of computers. This
new air defense system required many of the same features, and
thus expertise, that an experimental computer network would in
due course demand, particularly digital communications, real-
time software applications, networking, and a completely reliable
computer. SAGE, as the experiment was officially designated in
July 1954, could locate and mobilize a variety of defenses against
incoming enemy bombers, but not against missiles. It lacked any
interception capacity; as long as the enemy didn’t possess inter-
continental ballistic missiles, it was theoretically adequate to de-
fend the United States. SAGE operated from 1960s to mid 1980s,
initially with vacuum-tube computers and room-sized memory
banks. It resulted in a network of inter-operating computers across
the United States—arguably the first computer network.

The official history of Lincoln Lab, a glossy, illustrated hard-
cover volume entitled “MIT Lincoln Laboratory—Technology in
the National Interest” makes the huge claim that SAGE spun off
both the computer and digital communications industries. Cer-
tainly IBM was the prime contractor for SAGE computers and
used that expertise in part to shift from being a business ma-
chines specialist to become the world’s biggest commercial com-
puter manufacturer. The SAGE division of Lincoln Lab, 485
employees in all, was spun off by MIT to become the MITRE Cor-
poration in 1959. Similarly, the System Development Division of
the Rand Corporation, in Santa Monica, California, which SAGE
contracts had enlarged until it was bigger than all the rest of the
company, had already mutated into the System Development
Corporation, with a thousand employees, in 1956.
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More spin-offs were to follow. At Lincoln Lab, another of the ul-
timate pioneers of ARPAnet, Larry Roberts, and someone who
would make a key theoretical contribution, Wesley Clark, worked
on building the first transistorized computers, prototypes of the
TX0 and TX2. Among the many SAGE alumni who went on to
founding roles in computer technology and business were Kenneth
Olsen and Harlan Anderson, who exploited their SAGE experience
to start the Digital Equipment Corporation, which pioneered com-
puters that were smaller and cheaper than IBM-type mainframes,
and were thus generically known as “mini-computers,” though
nothing about these machines could yet be described as “per-
sonal.” The TX-0 computer evolved into the Digital PDP-1, and the
TX-2 was the prototype of the PDP-6 and PDP-10. More signifi-
cantly, the TX-2 was commercialized as the cornerstone of Digital
and later used in the very first computer networking experiment,
predictably carried out at Lincoln Lab, by Larry Roberts.

Roberts’ friend Len Kleinrock—who would in due course as-
sume another key role in the development and proliferation of
computer networking at UCLA—also worked on TX-2 at Lincoln
Lab, having attended MIT on full scholarship. Kleinrock had
gone to the legendary Bronx High School of Science, after an un-
usual introduction to the world of engineering—a comic book. At
the age of six, Leonard Kleinrock was reading a Superman comic
at his family’s apartment in Manhattan, when, in the centerfold,
he found plans for building a crystal radio. To do so, he needed
his father’s used razor blade, a piece of pencil lead, an empty toi-
let paper roll, and some wire. None of these were difficult to find.
In addition, he needed an earphone, which he promptly appro-
priated from a public telephone booth.

The one remaining part required was something called a
“variable capacitor.” For this, young Leonard convinced his
mother to take him on the subway down to Canal Street, the cen-
ter for radio electronics. In one of the stores, he asked the clerk
for a variable capacitor. After some debate about the size, which
forced the six-year-old to confess his inexperience, the clerk sold
him just what he needed. Kleinrock built the crystal radio. When
“free” music came through the earphones—without batteries,
without power—an engineer was born.

After Bronx Science, Kleinrock found he could not afford to at-
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tend even the tuition-free City College of New York, so he en-
rolled in their evening session program while working full time
as an electronics technician and engineer. Five-and-a-half years
later, he graduated and won a full graduate fellowship to attend
MIT in the Electrical Engineering Department.

In 1959, Kleinrock proposed doing his Ph.D. thesis on commu-
nications networks. In 1961, while at MIT, he wrote a report that
analyzed data flow in networks. A short quotation from that report:
“The nets considered consist of nodes that receive, sort, store, and
transmit messages entering and leaving by way of the links.”

According to Roberts, Kleinrock’s theoretical contribution on
the method of digitizing and transmitting information, which was
to become known as “packet switching,” was another key plank in
the ARPAnet platform: “Kleinrock published the first papers in ’59
or 61 on packet switching in terms of the packet technology....
Kleinrock is very much not understood for what his contribution
was back then. But he did [the] initial research in his Ph.D. thesis.”

As Kleinrock himself recalls: “Well, it all began when I started
as a graduate student at MIT. I reached a point where I wanted
to do a Ph.D. I was made aware of a problem that the military
was having in what we now call data networking—sending mes-
sages around in a reliable way, in a hostile environment, effi-
ciently. So I started doing some research in data networks and
my Ph.D. dissertation basically uncovered the underlying prin-
ciples of packet switching, of message switching, of burst com-
munications, of data networking.”

Kleinrock completed this Ph.D. research at the end of 1962,
and in doing so he laid the foundation for packet switching, the
key invention for the technology of today’s Internet.

Kleinrock may have missed a golden opportunity while at MIT.
In 1957, his first summer at MIT, Kleinrock worked for Ken
Olsen, who offered him a job in his start-up venture: “Ken Olsen
was head of our group. That summer he formed Digital Equip-
ment Corporation and he asked me to join him and, of course, I
didn’t because I wanted to get my graduate degrees, which I still
consider a smart move; after all, I would not have invented the
Internet technology if I had left graduate school at that point.”

The seriousness with which these pioneers set about exploring
the limits of technology contrasts with the sheer fun they found in
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fooling with great big expensive machines. A common theme is
the fact that mere graduate students always had to work on the
machines at times when more exalted members of the department
didn’t want access to the computers. So Len Kleinrock, once
again, found himself propping his eyes open in front of the TX-2.

Lincoln Laboratory sent me to MIT on a scholarship pro-
gram in order to run my simulation, and I needed the ma-
chine quite heavily. There was one major transistorized
computer there called the TX-2. I would get it from midnight
to 7:00 A.M. four days a week. But they were not contiguous
days so it totally destroyed my sleeping habits.

One night, late, I was really beat and I was running the
machine and all alone in this room. You’d get to know every
sound and every sight. And I heard a sound that I didn’t rec-
ognize. It was a ‘Psssssss!’ I began to get very worried. There
I was, responsible for a million-dollar machine and it was in
my charge right now making strange sounds. So I looked
around....The TX-2 was an experimental machine so parts
of the machine were missing every so often. As I looked
around, there was an empty slot where a piece of the ma-
chine had been removed to be repaired, and my eyes raised
up and I looked at that slot and looking back were two eyes!
And son of a gun, it was Larry Roberts! He had snuck in be-
hind the machine...scared the hell out of me.

The responsiveness of the SAGE system was made necessary
by the uncertainty of Cold War brinkmanship. In the mid-1950s,
only aircraft early warning systems were required. SAGE repre-
sented a technological development that would prove significant
in both the theory and practice of the computer networks that
were to appear a decade later—namely, speed. The difference can
be found between two types of computer processors. First, there
are those that do things only when instructed, and that feed re-
sults back to the programmer when they’re done, generally
known as batch processing; and second, there are those that
process information in “real time,” so the operator and the com-
puter are in constant consultation, and both input and output
vary according to rapid change and interaction between machine
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and operator. The latter, using a computer “as an extension of the
human mind,” was the beginning of what J.C.R. Licklider called
“Man-Computer Symbiosis.”

In August 1957, the U.S.S.R. test-fired an Intercontinental Bal-
listic Missile (ICBM). Two months later, the announcement of the
launch of Sputnik—demonstrating that the Soviet Union also had
the capacity to launch rockets into earth orbit—shook the U.S. de-
fense establishment (and its technology researchers). Sputnik I
was launched on October 4, 1957, and shortly afterwards Presi-
dent Eisenhower convened a meeting of his Presidential Science
Advisory Committee. At a presidential press conference, Eisen-
hower played down both Sputnik (he had been advised as far back
as 1955 that it was possible) and the ICBM launch (he denied that
the Unites States’ own Strategic Air Command was obsolete).

A month later, Sputnik II was launched, but by then the
American political response was in full swing. On November 7,
James R. Killian Jr. (then president of MIT) was appointed as
presidential science advisor and quickly became known as
America’s “missile czar.”

Sputnik had caused a worldwide sensation and sent shock
waves through the U.S. administration. Newsreels of the time
show Moscow’s citizens lining up to use powerful telescopes to
observe their nation’s technological prowess, and fashionable
Muscovite ladies having battery-operated orbiting satellites in-
serted into their beehive hairstyles.

Within two weeks of Sputnik II, Killian testified before Con-
gress about the progress of U.S. ballistic missile programs. By
the end of the year, President Eisenhower decided to set up a
“single manager” for all defense research, partly to eliminate
inter-service rivalry, partly for efficiency. On January 7, 1958,
President Eisenhower requested funds from Congress to set up
the Advanced Research Projects Agency (ARPA).

While the Sputnik shock was a challenge and an opportunity for
Eisenhower to take forceful action, it represented a political lever
for the vice president, Richard M. Nixon, to use in his advance
campaign for the Republican presidential nomination and in his
ultimate campaign against Democratic nominee John F. Kennedy.

Nixon responded to Sputnik in terms of national anxiety and pa-
triotism: “The Soviet Union is exploiting this day after day with
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their propaganda....This is a testing time for the United States of
America, a testing time not only to see if we have the faith in our
system of government but also to see whether or not the people of
the U.S.—in addition to wanting protection for their rights and
their privileges—are willing to assume their responsibilities, which
are essential if we are to continue to have economic progress, and
progress in all the other fields which spell national greatness. I have
no doubt as to the outcome of this struggle because I know that you
have an infinite faith in the rightness of our system.”

The Soviet capacity to launch missiles into orbit, with its
threatening offensive implications, became a part of Nixon’s
rhetorical weaponry. By the time of the presidential campaign in
1960, the “missile gap”—exaggerating the difference between
Soviet and American weapons arsenals—became an issue
Kennedy had to deal with by outbidding Nixon on his own Cold
War turf. The legacy would be mixed: as president, Kennedy in-
herited the disastrous Bay of Pigs invasion plans as a legacy of
Eisenhower, yet was unable to disown the venture for fear of
seeming “soft on Communism”; and Kennedy committed the
country to an acceleration of the space race.

With an appropriation of $520 million, and a planned budget
four times as large, approved as a line item in an air force ap-
propriations bill, ARPA opened for business as the government’s
unitary research agency for all space and strategic missile re-
search. Thus obscure academics suddenly found themselves on
the Cold War’s front line.

A geologist with an Abe Lincoln beard, Severo Ornstein was
one of them. He landed his first job in computing as early as
1952 after accosting a fellow rock climber in a parking lot: “I
looked in the back window of a car and there was a climbing
rope. I looked up the owner of the car, who turned out to be a
guy at MIT who had been working at Whirlwind (the early com-
puter project).”

Ornstein had been thinking that interpreting seismographic in-
formation was work that a computer ought to be able to do:
“Whirlwind was just going great guns at that point. MIT was just
opening Lincoln Lab. The next thing we knew, we were bored
with our work and we went on a ski trip up to New England, and
he said as he left, ‘You know enough about computers by now
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from our conversations, perhaps you can get a job too.” So I wrote
and the next thing I knew I was working at Lincoln.”

Ornstein went to work at Lincoln Lab on the initial research
phase of the SAGE air defense system, thus becoming a member
of a rare new breed: computer programmer: “Well, there were
none then. If you said you were a programmer you had to explain
what that might be to anyone that you met. It’s really quite re-
markable now. It’s become so embedded. But there were only a
handful of computers in the country at that time.”

Sputnik forced people like Ornstein into the limelight: sud-
denly science became acknowledged as having public, indeed
national importance: “It created a considerable stir. And we, of
course, felt quite good about that because it was clear that the
area that we had chosen to work in was going to get more atten-
tion. Science for a long time before that had not had a particu-
larly good name. It had not been a big deal. And I think there
was a sudden realization that it maybe was important after all.
And that made people feel good.”

As Bob Taylor, who would later initiate ARPA’s great network
experiment, recalls, “ARPA was created in response to Sputnik.
Sputnik surprised the nation and the world. Eisenhower told the
secretary of defense, ‘I don’t want to be surprised like this again,
the nation shouldn’t be surprised like this again.” So they wanted
an agency created to fund especially promising high technol-
ogy—risky funding, in some sense, so that they not be caught by
surprise again. NASA was not in existence yet, but the early
NASA programs were created in ARPA.”

ARPA’s half-billion-dollar budget didn’t last. Although ARPA
was placed under the management of the Defense Department
(and later acquired a D for Defense and became DARPA), later in
1958 a separate, civilian agency was created to undertake all the
space and missile research, which amounted to the lion’s share
of the funds. Consequently, the National Aeronautics and Space
Administration (NASA) received its own appropriation of funds
and stepped away from Pentagon supervision. The ARPA
budget was left at around $150 million, and the research func-
tions that remained were primarily those in computer science,
high-technology research, and information processing.

Space got most of the money, and all the attention, as goals
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were set and achieved. Project Mercury was launched at the
same time as NASA was set up, in 1958. The first of two
manned suborbital flights, Freedom 7 (carrying Alan Shepard),
took place on May 5, 1961.

In the same month, President Kennedy announced Project
Apollo, which was the second major technological response to
the Soviet threat and to continuing demonstrations of apparent
Soviet superiority in space research. Before Congress on May 25,
Kennedy requested additional funding for space programs, for
this experiment in science and deliberate boost to national pride:
“I believe that this nation should commit itself to achieving the
goal before this decade is out, of landing a man on the moon and
returning him safely to earth. No single space project of this pe-
riod will be more impressive to mankind.”

NASA’s first orbital flight (with a chimpanzee on board) took
place on November 29, 1961; the first manned orbital flight with
John Glenn making his mark as America’s first astronaut, just
three months later, on February 20, 1962.

Kennedy was the cheerleader for a venture that would domi-
nate American media attention for the rest of the decade, more so
than any event other than his own assassination. At Rice Univer-
sity in Texas on September 12, 1960, the day after a spectacular
Saturn rocket launch, the president cast the Space Race in blunt
terms of Cold War rivalry: “We have vowed that we shall not see
space governed by a hostile flag of conquest but by a banner of
freedom and peace. We have vowed that we shall not see space
filled with weapons of mass destruction but with implements of
education.... We have vowed...to become the world’s leading
spacefaring nation. We choose to go to the Moon in this decade
and do the other things not because they are easy but because
they are hard, because that goal will serve to organize and meas-
ure the best of our energies and skills, because that challenge is
one we are willing to accept, one we are unwilling to postpone,
and one we intend to win.”

While Kennedy was seizing the spotlight with a glamorous and
daring assignment, the technologists and researchers of ARPA
were exploring a variety of new technological avenues for a cate-
gory broadly described as “information processing.” Under a suc-
cession of visionary leaders, mostly still unknown and
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unrecognized, the Information Processing Techniques Office
(IPTO) would prove to be the division of ARPA that would in fact
build the foundations of the networked information economy
which surrounds us today.

The first director of IPTO was ].C.R. Licklider, the prophet of
the “intergalactic computer network,” who was hired by the first
director of ARPA, Jack Ruina. Five years earlier, “Lick” had
moved from Lincoln Lab to join Bolt, Beranek & Newman in
Cambridge. In 1960, Lick had published a memorable and influ-
ential paper, “Man-Computer Symbiosis,” in which he had set
out some of the prophetic ideas he had for such implementation
of computers.

He summarized the main aims thus: “1) to let computers facil-
itate formulative thinking as they now facilitate the solution of
formulated problems, and 2) to enable men and computers to co-
operate in making decisions and controlling complex situations
without inflexible dependence on predetermined programs.

Computing machines will do the routinizable work that must
be done to prepare the way for insights and decisions in techni-
cal and scientific thinking.”

Later in the paper, Lick continues, “The other main aim is
closely related. It is to bring computing machines effectively into
processes of thinking that must go on in ‘real time,” time that
moves too fast to permit using computers in conventional ways.
Imagine trying, for example, to direct a battle with the aid of a
computer....Obviously the battle would be over before the sec-
ond step in its planning was begun.”

Bob Taylor was to succeed Licklider at ARPA. Licklider was
proposing, perhaps for the first time, the type of “interactive com-
puting” that every user of a personal computer now takes for
granted. But when it was proposed, it was largely impossible: an
act of the imagination. As Taylor says, “When you’re punching
holes in cards, you are not doing interactive computing. Because
in those days to work with a computer you had to go punch a
bunch of holes in either paper tape or cards. Then you had to take
these cards to the computer room and turn them over to someone
usually with a white coat on. That’s called batch processing. It’s
not interactive computing. It’s like writing letters to people long
distance rather than talking to someone. [Interactive computing
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was] where you would type something onto your terminal and
the computer would type something back to you.”

Clearly, the “Symbiosis” would be assisted by the experience
of those at Lincoln who, like Licklider, had been exposed to real-
time computing—the nearest thing to interactive computing then
available. Yet, while Lick could define how symbiosis should
work, the task of designing how it would work lay in the realm of
speculation. He wrote: “It seems reasonable to envision, for a
time ten or fifteen years hence, a ‘thinking center’ that will in-
corporate the functions of present-day libraries together with an-
ticipated advances in information storage and retrieval and the
symbiotic functions suggested earlier in this paper. The picture
readily enlarges itself into a network of such centers, connected
to one another by leased-wire services. In such a system, the
speed of the computers would be balanced, and the cost of the gi-
gantic memories and the sophisticated programs would be di-
vided by the number of users.”

Thus was the sketch of a computer network proposed, in
1960, nine years before it became an experimental reality. Larry
Roberts would become another of Lick’s successors at ARPA,
but it was at Lincoln Lab that he was first inspired by Lick-
lider’s contagious vision:

Lick had this concept of the intergalactic network which
he believed was everybody could use computers anywhere
and get at data anywhere in the world. He didn’t envision
the number of computers we have today by any means, but
he had the same concept—of all of the stuff linked together
throughout the world, that you can use a remote computer,
get data from a remote computer, or use lots of computers
in your job. The vision was really Lick’s originally. None of
us can really claim to have seen that before him nor [can]
anybody in the world. Lick saw this vision in the early six-
ties. He didn’t have a clue as how to build it. He didn’t have
any idea how to make this happen. But he knew it was im-
portant, so he sat down with me and really convinced me
that it was important and convinced me to move into mak-
ing it happen.
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But Lick was not satisfied with dreaming up mere computer
networks; we should note also that by this time Len Kleinrock
had designed, analyzed, and simulated a full computer net-
work. Another aspect of the symbiosis Lick planned was a pen-
based computer, like the Apple Newton or Palm Pilot. His paper
described it thus:

Desk-Surface Display and Control

The man should be able to present a function to the com-
puter, in a rough but rapid fashion, by drawing a graph. The
computer should read the man’s writing, perhaps on the
condition that it be in clear block capitals, and it should im-
mediately post, at the location of each hand-drawn symbol,
the corresponding character as interpreted and put into pre-
cise type-face. With such an input-output device, the opera-
tor would quickly learn to write or print in a manner legible
to the machine. The “other engineer” [the computer] would
be a precise draftsman, a lightning calculator, a mnemonic
wizard, and many other valuable partners all in one.

Furthermore, Licklider planned to cut directly to a symbiotic
function—"Automatic Speech Production and Recognition”—
which even today the largest software and hardware companies
are struggling to master. What Bill Gates calls “the natural inter-
face”—computers that listen, speak, and learn—was an early goal
for Licklider, but for a reason that today seems more quaint than
technological: “In large part the interest stems from realization
that one can hardly take a military commander or corporation
president away from his work to teach him to type.”

Licklider had moved from Lincoln Laboratory to the small
Cambridge consulting firm Bolt, Beranek and Newman. (Like the
identity crisis of ARPA/DARPA over its “D” for Defense, BBN
alumni interchangeably use or drop the ampersand. Ergo,
BB&N = BBN.) BBN had been founded by MIT engineers in 1948
as an architectural acoustics firm, but as time went by it became
a computer research organization as well. Some of its research
and development work was commissioned by ARPA, and BBN
earned a footnote in history (the headlines were to come later) by
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buying the first PDP-1 computer manufactured by Digital Equip-
ment, serial number #1. It cost the monstrous sum of $150,000.

Licklider was recruited to BBN by founder Leo Beranek. The
two had worked together at both Harvard and MIT. Lick started
work at ARPA on October 1, 1962, and was charged with devis-
ing uses for computers other than as tools for computation. In
early 1963, he wrote a memorandum proposing that ARPA’s IPTO
division contrive to have computer “centers netted together”
with an “agreed language, or agreed conventions for asking ‘what
language do you speak?’” In the same year, Lick invited Robert
Taylor, then a manager at NASA, to join a committee he headed
of government program managers who were all funding computer
research. Thus Licklider “networked” with academic and corpo-
rate computer scientists, a loose assembly that earned the nick-
name “Intergalactic Computer Network.”

Despite the name, ARPA’s plans remained earthbound, unlike
NASA'’s spectacular ventures. As NASA launched America’s first
men into space in 1961 and 1962, the scientists at the Pentagon,
deprived of the space portfolio, concentrated on computers.
Compared with the glamour of the moon mission, computer re-
search was something of a Cinderella. For the rest of the decade
the space race would get all the media’s attention—but even Cin-
derellas go to the ball in the end.

Computers circa 1963 were far from glamorous—they were the
size of small apartments, and had neither screens nor keyboards.
Their use was strictly rationed and only a few people got any-
where near them. But Licklider saw their growing and accelerat-
ing potential. As he stated in a television interview in the 1970s,
“The computer technology has been moving in a way that noth-
ing else that people have ever known has moved. Here is a field
that gets a thousand times as good in twenty years.”

Lick was thinking big about the future of networking at a time
when there was only a handful of computers anywhere in the
world, and decades before the personal computer would arrive.
He recognized that as computer efficiency continued to acceler-
ate, the breakthrough would come by creating access for more
people at once: distributed computing. “Specialized hardware
facilities tend to be expensive, but very efficient. On the other
hand, if they can be distributed, then specialized hardware fa-
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cilities can be very effective and can allow us to do things that
we couldn’t otherwise do.”

Bob Taylor, like Licklider, was trained as an experimental psy-
chologist, and his earliest career was devoted to brain research
and the auditory nervous system. As he tells it, “I got interested in
computing before there was computer science. And I wound up,
through a bizarre set of circumstances, in a management rather
than a technical role, having to do with computer research.”

Bob Taylor joined NASA in 1961 as a manager of technology re-
search. Born in Texas, the son of a minister, Taylor has an out-
standing reputation as a manager who could identify and motivate
the most talented researchers in the service of a common goal. His
is the ultimate blue-chip resumé for the computer age: NASA,
ARPA, Xerox PARC, Digital’s Systems Research Center. Taylor
came to Washington with a background in computer technology at
the defense contractor Martin Marietta, and, after submitting a re-
search proposal to NASA, was invited to join NASA as a program
manager in their Office of Advanced Technology and Research. As
he recalls: “Kennedy had gotten elected very recently, and he
made a lot of people in my generation think for the first time seri-
ously about working for the government, whereas previously a lot
of people I know, myself included, would never have thought of
working for the government. He changed people’s values with re-
gard to how you could make a difference.”

Until 1965, Lick’s division of ARPA had a more military name:
Command & Control Research. In that year, it became the Infor-
mation Processing Techniques Office, and Licklider was suc-
ceeded by Ivan Sutherland, a pioneer in the field of computer
graphics, inventor of the “Sketchpad” device, yet again from MIT.
Ivan Sutherland hired Bob Taylor to become associate director of
IPTO, and in early 1966, Taylor succeeded Sutherland, to control
probably the world’s largest computer research budget.

Despite the rapid turnover of directors, one constant remained
at ARPA: an unprecedented and unrivaled freedom in the defense
and research community to select and fund experimental projects
with almost no red tape. As Taylor remembers, “It was amazing
for a government enterprise to be so unbureaucratic. With most
government funding, there are committees who decide who gets
what and who does what. In ARPA, that was not the way it



44 NERDS 2.0.1

worked. The person who was responsible for the office that was
concerned with that particular technology, in my case, computer
technology, was the person who made the decision about what to
fund and what to do and what not to do.”

While Taylor was not handicapped by red tape, he did need to
find the right people to put into practice the vision of distributed,
interactive computing that Licklider had planted in his mind.
The core of talent at Lincoln Lab was clearly an asset, and some
of those people had moved elsewhere. But the itinerary seemed
mostly confined to the orbit of MIT—the campus itself, Lincoln
Lab, and Bolt, Beranek & Newman in Cambridge.

Severo Ornstein, after half a dozen years at Lincoln Lab, was in
his words, “beginning to grow a little weary of working always on
air defense and air defense-related projects; and wanted to do
something that was more directly of benefit to mankind. In par-
ticular, we were interested in medical work.”

Lincoln Lab had been approached by the National Institutes of
Health, which was interested in using computers in a variety of re-
search tasks, in a number of disciplines within medical science. But
Lincoln was not interested in medicine. So Ornstein—somewhat
disillusioned with the military—and several colleagues left Lincoln
Lab, first for MIT itself, then for the Midwest: “We didn’t want to be
under the thumb of the academics. So we left MIT, and I went with
a shrinking group of people to Washington University in St. Louis.
We worked there for a number of years building a bridge between
the engineering school and the medical community.”

But Ornstein “hated St. Louis with a passion.” So he called a
friend from Lincoln Lab: “I had worked with Frank Heart at Lin-
coln, at one time earlier on, and he was by then at BBN and so
fairly naturally I tended to gravitate to where he was. I had also
contacted Ivan Sutherland, who was at Harvard at the time, and
I was offered a position there, and also at BBN. I taught at Har-
vard just on the side while I was working at BBN.”

It had taken BBN founder Dick Bolt some effort to recruit Frank
Heart to the company. A computer systems engineer at MIT, Heart
had taken MIT'’s first-ever computer programming course in 1951,
his senior year. Frank Heart had left Lincoln Lab as an expert in
real-time systems “built for when the physical world demands a
response within fractions of seconds,” like radar tracking data
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sent to SAGE, or seismic information in an earthquake. Heart
moved from Lincoln Lab to BBN in 1966 to work on the same
specialty Ornstein pursued in St Louis—computers in medicine.
As Heart recalls, “When I came [to BBN], I was extracted from
Lincoln at some difficulty to work on a thing called the hospital
computer project, which was an attempt to apply computers to
hospital data processing. BBN had a contract with NIH and was
working with Massachusetts General [Hospital] and that project
was having difficulties. I was supposed to help rescue it. I arrived
sort of in time to help officiate at its funeral about a year later.”

Within less than a year, the BBN staff would have a new chal-
lenge, which would define its members’ career paths, and those of
thousands, possibly millions of others. But one key appointment
had to be put in place before networking’s formative age could be
set in motion. Bob Taylor, as director of the IPTO at ARPA, had
begun to take concrete steps to make Licklider’s network idea take
shape. It may not have been intergalactic, but interstate, or even in-
tercity, would be a vast step. So in 1966, Taylor tried to hire Larry
Roberts, then just twenty-eight, from Lincoln Lab.

Roberts had seen Ornstein and Heart leave, had become firm
friends with Len Kleinrock, understood Kleinrock’s pioneering
theoretical work, and, most importantly, had just completed the
first-ever networking experiment connecting two distant comput-
ers. Inevitably, the experiment was funded by ARPA, indeed by
Taylor himself, and involved the experimental TX-2 at Lincoln
and a computer in Santa Monica that had already earned a thor-
oughbred pedigree from an early networking experiment. This was
the air force’s Q-32 mainframe at System Development Corpora-
tion (SDC), the Rand Corporation spin-off in Santa Monica, Cali-
fornia. The Q-32 had been purchased to back up the DEW (Defense
Early Warning) system pioneered at Lincoln, and was operated
under a contract that Licklider had been hired by ARPA to man-
age. As Roberts notes, “The TX-2 was where I did the first network
experiment. I was excited about trying to find out how to link
computers together because Licklider had told me his vision and I
was looking for a way to do that and so I set up an experiment be-
tween Lincoln and SDC to try the first network experiment.”

Roberts and his colleague Tom Marill published a paper de-
scribing the experiment, one of the earliest scriptures of the net-
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working religion. So Roberts was Taylor’s perfect candidate, ex-
cept for the fact that he loved his job, and didn’t want to go to
Washington. Taylor offered him the program director’s job for
the yet-to-be-built experimental network, and the probable fu-
ture succession to Taylor’s own position, as director of IPTO.
Roberts declined, and according to various accounts, he did so
at least six times, while consulting his friend Len Kleinrock for
advice. (Kleinrock, Sutherland, and Roberts had all been class-
mates at MIT/Lincoln Lab as they pursued their Ph.D.s in re-
lated, frontier research areas.) But Bob Taylor wasn’t taking no
for an answer. He enlisted the forceful support of his boss,
ARPA’s second director Charlie Herzfeld. The versions of the
story mostly coincide, and they testify to the determination,
imagination, and cunning of Taylor.

Roberts recalls that he was happy doing his ARPA-funded re-
search at Lincoln, and was not about to move. So, as Bob Taylor
admits, “I blackmailed Larry Roberts into coming to ARPA to be
a program manager. And he was the primary architect of the
ARPAnet. I say blackmail because I got the money to start the
project in February of 1966 from my boss, Charlie Herzfeld, and
then I asked Larry to come down and be the program manager,
and no, he wanted to stay at Lincoln Lab and be a researcher.”

Len Kleinrock found himself advising Roberts on his career
path: “I remember Larry talking to me one day in Lexington near
Lincoln Laboratory in his little Volkswagen. It was a snowy day.
We’re sitting in this car and he says, ‘Len, should I take that job?
Will it do me good?’ I said, ‘Take it. You can’t miss.’”

Taylor was persistent: “So I kept trying and trying and failing
and failing and then one day in the fall of that year [1966], after
failing since February, I had an idea. I went in to see Charlie
Herzfeld and I said, ‘Charlie, doesn’t ARPA fund 51 percent of
Lincoln Laboratory at MIT?’ He said, ‘Yeah.” And I said, ‘Well, you
know this networking project that I want to do, I'm having a hard
time getting the program manager that I want and he works at Lin-
coln Lab.’ I said, ‘Would you call Gerry Dinneen’—the director of
Lincoln Lab—‘and ask him to get Larry Roberts in his office and
tell Larry Roberts that it would be in Larry Roberts’ best interest
and Lincoln Lab’s best interest if Larry would just come down and
take this job?’ And Charlie said ‘Sure.” And while I was in his of-
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fice, he picked up the phone and talked to Gerry Dinneen. I could
hear Charlie’s end of it and it was a short conversation.”

Roberts heard the other end of the conversation, in the direc-
tor’s office at Lincoln Lab: “Bob got Herzfeld to call up the head
of Lincoln and say, ‘Well, we have 51 percent of your money.
Why don’t you send Roberts down here as fast as you can?’ And
the head of Lincoln called me in and said, ‘It'd probably be a nice
thing for all of us if you’d consider this.””

Bob Taylor stood back to watch his plans unfold: “And Char-
lie hung up the phone at the end of the conversation and smiled
and said, ‘Well, we’ll see what happens.” Two weeks later Larry
accepted the job.”

Roberts found his fate sealed thus: “And [Dinneen] actually
counseled me it might be helpful for my career, and so on, and it
was. So, I took his advice and I went down to ARPA and it was
actually quite beneficial because I got to make it happen.”

Kleinrock was the next domino to fall: “So they dragged Larry
to Washington to basically make this happen. It turns out there
was a lot of pressure behind the scenes. He took the job and he
was charged with making this happen. So the first thing he did
was bring me in because he was well aware of the work I did at
MIT, being classmates. In fact, we shared an office together.”

Thus Roberts arrived at the Pentagon, age twenty-nine, ready
to implement a plan that would have technological repercussions
for a generation or more. Bob Taylor, Larry Roberts, Len Klein-
rock, Frank Heart, Severo Ornstein, and others were ready, in
their undemonstrative engineers’ fashion, to change the world.



Chapter Two
Something Seductive

WHEN BoB TAYLOR “BLACKMAILED” Larry Roberts into leaving
Lincoln Lab and coming to work for ARPA in Washington, he was
just warming up. Before long he would be blackmailing whole
university computer research departments to join in his proposed
fledgling computer network, the ARPAnet. Taylor was a manager,
not an engineer or systems designer, and he believed that
Roberts—with the triple-crown credentials of Bachelor’s, Mas-
ter’s, and Ph.D. degrees, all from MIT—had the technical expert-
ise to define and execute the project. As Bob Taylor observes:
“One of the reasons that this program manager business was so
important is because most of the way we had been working up
until that time in my office at ARPA was to just take in proposals
that were, by and large, unsolicited and let other people propose
and we would then dispose.”

Now Taylor and Roberts would be launching an initiative
that ARPA would both propose and dispose, and their univer-
sity department “clients” would have to be persuaded to accept.
At Christmastime 1966, when Roberts arrived in Washington,
Taylor already had a plan for an experimental network, linking
big, expensive university mainframe computers. The technolog-
ical state of play in the early 1960s saw computers confined to
the unwieldy punch-card-driven monsters that only select
technicians could touch.

Many of these unwieldy monsters had been purchased with
ARPA funds, and were commissioned to carry out research on a
variety of government programs, military and otherwise—espe-
cially so since Sputnik—in science and technology. As comput-
ers became identified as useful tools for research, so universities
wanted their own, and they applied to the Information Process-
ing Techniques Office at ARPA for the funds to buy mainframes
of their own. Bob Taylor saw a budget problem in the making, as
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each institution wanted as good a computer as the last, plus all
the upgrades and improvements made since. As Len Kleinrock
describes the problem, “In the mid-sixties [ARPA managers]
were supporting a large number of PIs (Principal Investigators)
doing research. They’d come to a researcher and they’d say, ‘We
want you to do research for us.” And so we’d say, ‘Fine, you want
me to do computer research? Buy me a computer.” So they were
buying computers like mad. Each time they bought somebody a
computer, the good scientist would alter it and put special ap-
plications and packages and hardware on it, so when they came
to yet a new guy he would say not only ‘Buy me a computer,” but
‘I want all the capability that all of these other guys have.” And
pretty soon ARPA said, ‘We can’t afford this.” And they con-
ceived of the idea of putting these machines into a network. The
justification being I could then use your machine and use your
applications at your location.”

Taylor’s remedy was a radical one: in order to create the pro-
posed network, ARPA would have to commission the creation of
a new technology, which thus far consisted only of theoretical
work, to enable distance-access to shared computer resources—
instead of installing the desired equipment at every site.

Len Kleinrock, who had already made a notable personal con-
tribution by encouraging Larry Roberts to take the job in Wash-
ington, had done the theoretical work that defined the technology
of the proposed network in 1960-61 while working alongside
Roberts at MIT. Both were graduate students. Kleinrock was a
theoretician of queuing theory, and had simulated the behavior of
a computer network without having a real network to study. In
December 1962, Kleinrock had completed his research project at
MIT. Although he was offered a number of research positions, in-
cluding one at Lincoln Lab, he received an invitation to UCLA
and was immediately offered a faculty position. At the time, he
thought, “If I don’t like it, I can come right back to Lincoln Lab. I
tried it. I liked it. The rest is history. I never went back. I've been
here for thirty-six years now.”

Computer networking began thirty years ago because a Pentagon
bureaucrat wanted to save money. If there was a Eureka! moment
that propelled the network from theory into concrete planning, it
occurred in Bob Taylor’s office at the Pentagon: Room 3D-200 (3rd
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floor, D ring, room 200). As befits the director of information pro-
cessing techniques, Taylor had a terminal linking him to each of
three mainframes, funded by ARPA, at three distant locations.

Each of these terminals in Taylor’s office was connected to time
sharing systems. ARPA had funded mainframe computers for re-
search at many big universities and research establishments such
as Harvard, MIT, UCLA, and Stanford. They were too big, too ex-
pensive, and too jealously guarded by men in white coats for per-
sonal use in real time. One of the ways in which computers were
made more accessible, and cost was amortized, was by the in-
vention of “time sharing.” This science-fiction notion allowed
multiple computer users to be served by one computer, which
could process data fast enough to create the illusion of serving
everyone at once. The users could even submit and process data
from terminals, using local or long-distance telephone lines. Bob
Taylor explains: “Many users were connected to the same com-
puter, and every individual user had the illusion that the com-
puter was just serving that user. The computer was fast enough so
it could serve you and move to the next person and the next per-
son and the next person and come back to you and you were
never aware of the fact that it left you.”

Despite the fact that by late 1990s standards these machines
were monolithic, slow, and absurdly limited in processing
power, time sharing provided a great improvement at the time,
in speed and accessibility.

Time sharing, was, in Len Kleinrock’s words, “the rage of the
1960s.” Somewhat inevitably, J.C.R. Licklider had built one of the
first time sharing systems, on the first $150,000 Digital PDP-1,
which BBN had purchased. It was on this time sharing experience
that he based his observations of “Man-Computer Symbiosis.”
One result of time sharing was that vastly more people, legiti-
mately or otherwise, were beginning to get access to what nerds at
least might call “the romance of computers”—people such as Vin-
ton G. Cerf, another ultimately important figure in the saga of net-
working, who with Bob Kahn would later define the protocols that
enabled separate networks to merge into the Internet.

In 1960, Vint Cerf was seventeen years old, as was his best
friend from Van Nuys High School, Steve Crocker, who managed
to get an introduction to Michel Melkanoff, then chairman of the
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Electrical Engineering Department at UCLA. Somehow Crocker
got permission to use the UCLA Bendix G15 (a computer, not a
washing machine) during the summer. As Vint Cerf recalls, he
and his pal Steve went to work: “This machine is about the size
of a couple of refrigerators. And it doesn’t have the kinds of ter-
minals we’re accustomed to today. It has this thing called a Flex-
owriter, which takes paper tape in and you punch holes in it and
then it prints the stuff out. So you program it by punching a tape
and you feed the tape into a little slot and it gets sucked into the
machine and interpreted, and then it does its calculations and it
punches the answers out on some more tape, and you take that
back and put it in the Flexowriter and print out the answers.”

On Crocker and Cerf’s first foray to UCLA, the computer de-
partment’s doors were locked. Undaunted, and confident that
permission to use the computer also covered breaking-and-
entering, they climbed up the outside of the building through an
open third-floor window.

We programmed the machine to do a particularly inter-
esting exponential calculation, and then we went off for a
pizza, because we calculated it would take a certain amount
of time. We taped the doors open. When we got back we ex-
pected a lot more paper tape to be out of the machine. There
was only about two or three feet. We went, “Oh, heck, the
program must have bombed.” But we discovered that all the
paper tape was actually inside the machine because it had
fouled on the little tray that carries it in. We had a quarter of
a mile of paper tape inside the machine. So we rolled it all
up finally and we printed out the answer and plotted it very
carefully, got the answers we were interested in. Well, that
turned me on to computers. I was just fascinated by the idea
that you could actually make this thing do anything you
wanted as long as you could figure out how to program it.

In 1961, Vint Cerf entered Stanford as an undergraduate, ma-
joring in math while taking every computer science course avail-
able. At the time, Stanford had no undergraduate major in
computer science. The notion of time sharing, and a PDP-1 com-
puter, had both arrived from Massachusetts: the PDP-1 was the
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first time-shared machine on the campus. By the time Vint Cerf
graduated, he had concluded that he did not want to be a mathe-
matician, but that he wanted to do something serious with com-
puters. So he went to work for IBM and spent two years with IBM
from 1965 to 1967 in Los Angeles. Next, Cerf became one of Len
Kleinrock’s graduate students at UCLA, with a special fascination
for computers, and especially the beguiling magic of long-range
computing: “There’s something seductive about being able to do
something in one place, in Los Angeles, and have an effect some-
place else—in Boston or at Stanford or somewhere else. The idea
of being able to create an environment that bursts the bounds of
the computer and reaches across the network and has some in-
teraction with some other piece of software elsewhere—for me,
anyway—it’s just totally fascinating.”

Time sharing was a useful, if partial, solution to the access
problem that dominated computing until the advent of the truly
personal computer in 1978. With the connection of multiple ter-
minals as input-output devices, the exclusive scheduling of com-
puter time by the hour was made obsolete. Terminals could be
close to the mainframe, or distant, using telephone lines to com-
municate. So some inroads were made on both space and time
limitations to 1960s computing. But any single terminal was con-
nected only to its own mainframe system. To resist the budget
pressure of requests for new, separate mainframes, Bob Taylor
began to think laterally: “I was sitting in my office in the Penta-
gon and to communicate with people at Santa Monica I had to sit
down at this terminal here, and if I wanted to talk with the peo-
ple, or the computer in Berkeley, I had to get up from this termi-
nal and go over and sit at another terminal, go through a different
protocol, a different command language. The same for MIT. So,
the obvious question is, wait a minute.Why don’t we have one
terminal and have all of these places interconnected?”

In these uninspiring surroundings, Bob Taylor’s brainwave was
the first step towards today’s wired and webbed world, though at
the time Taylor at least was unaware of Kleinrock’s research that
had analyzed how to make it all work. While he acknowledges
that the ARPAnet was his idea, he makes no more of a claim than
to say “I was in a job that called for it.”

We’ll pause now to consider the social habits of 1960s geeks like
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Larry Roberts, the man Bob Taylor brought to.the Pentagon to de-
vise the specifications of the ARPAnet, and his friend and queue-
ing expert Len Kleinrock. These are applied mathematicians—and
for fun and profit, they applied their mathematics not only to their
Pentagon-funded and university research, but also to gambling.
These are people who live and breathe numbers—not just in com-
puter science, but on playing cards and roulette wheels as well.

To Larry Roberts, gambling is an intellectual challenge: “The
appeal is basically to break the system, to be smart, to learn how
to do it. If I can’t break the system, I'm not interested in gambling.
I don’t see much benefit in it for its own sake because I know too
much about statistics; but for the sake of learning how to count
and find a true advantage at the cards, that’s interesting.”

“How to count” in this context is a specialized activity. In
blackjack, players can attempt to count how many cards of each
number have been played, thereby improving their likelihood of
predicting the next card. The goal is to get a hand with a total of
21. But casino blackjack is played with at least four decks: 208
cards to try to track. Len Kleinrock explains with a story of a
prodigious card-counter: “I got a call one summer from a young
man who had just gotten his degree in economics. This guy was
a terrific player. His mental capacity was such that he could
memorize every card that went out. And he could particularly re-
member how many 3s and 4s were left. We went to Las Vegas to-
gether. We’re playing there. He has 17 showing. There were very
few cards left in the deck. And he indicates to the dealer to hit
him, which nobody does. You never hit 17. The dealer told him
‘You don’t hit 17.” He said, ‘Hit me.” Dealer said, ‘You don’t hit
17. ‘Hit me.” ‘You don’t hit 17.” So he says, ‘Goddamn it, give me
the 4!” And he gave him the 4, he got his win.”

Len Kleinrock describes his motivation for playing blackjack
as “the enormous thrill of pitting my brain against the entire
might of the Mafia.” Larry Roberts also knows how to count. He
designed a counting system for blackjack “before anybody else
did high-low counting. In the ’70s, I was busy going to Las Vegas
and when I was there, earning money. And I did very well over
time, until they changed the number of decks. I could work up to
four decks but six decks makes it almost impossible.”

Len Kleinrock says that he and Roberts “always liked puzzles
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and challenges and, of course, Las Vegas presented a wonderful
challenge. We wanted to expand our horizons beyond blackjack.
We were going after roulette. Roulette is a wonderful game, where
you average a nickel loss on every dollar you bet, by and large, if
it’s fair. But if the wheel is a little off or if you can detect where
the ball is relative to the wheel, Newtonian mechanics tells you
where the ball is going to fall. So we developed a system to just
measure the ball and the wheel. You just have to predict which
half of the wheel the ball will fall on and you’ve got 2-to-1 odds
in your favor. But we needed some data. So Larry and I went to
Las Vegas, and we needed to measure the speed of the ball.”

Larry Roberts was using scientific research notions: “I wanted
to record the sound of the wheel and use the sound of the wheel
and the Doppler shift that was on the wheel to find out when the
ball would fall.”

Len Kleinrock was the accomplice: “So Larry put a microphone
in his hand, wired to a recorder inside his jacket, and wrapped his
arm as if he had a broken arm. And he put his arm next to the
wheel. I was the decoy. I was there gambling and drawing atten-
tion to me. And so Larry’s measuring and the ball’s going, he’s try-
ing to measure it. Trouble is, I started winning. And now the
croupier started noticing me and he saw Larry and me walk in to-
gether. So I'm winning, I'm a buddy with Larry, and Larry’s hand
is right next to the wheel wrapped up like a mummy.”

Roberts now became the object of some unwelcome attention:
“The pit boss came by as he started seeing him winning and me
and my bandaged hand near the wheel, and he said ‘Now, what’s
wrong with your hand?’ And I said, ‘Well, I burned it.” And he
said, ‘Well, would you like it broken off?’”

Len Kleinrock remembers that “At that point we decided we’d
better leave. And we knew we couldn’t explain this so we got up
and we hightailed it out of there as fast as we could.”

According to former student Vint Cerf, Kleinrock’s capacity
for instant mathematics goes far beyond blackjack and roulette,
into the classroom:

Len is one of those unbelievably energetic, enthusiastic,
and smart people that you have to see... lecture to believe. I
took queueing theory classes from Len. That was a real
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honor. He would write on the board faster than most people
can write and, moreover, this was mathematical equations.
You might imagine that he’d simply memorized all this stuff,
he’d done it so many times. No: he was actually doing the
calculus in his head as he would go along and the reason
we’d know that is that he’d make mistakes every once in a
while. Not very often, but every once in a while you’d catch
him and he’d fix it and go on. Len was able to look at a math-
ematical equation, a result from one of these complicated
queueing analyses, and then walk through each term of the
thing and explain intuitively what it was that was going on.

Roberts himself wasn’t new to networking, at least conceptu-
ally. In 1962, he had attended a military-sponsored conference
organized by Licklider at The Homestead resort in Virginia. As he
recalled at a celebratory, reminiscence-filled conference arranged
by Len Kleinrock at UCLA in August 1989 (oddly named “Act
One”), to celebrate the twentieth anniversary of the birth of the
ARPAnet: “We sat around in the evening, and we talked about
where the future was and what the future was. Well, time sharing
was old by 1962. We had done them. So I figured the future was
with this global networking Lick was talking about. So I decided
I ought to get into that and start working on that.”

In 1967, as Bob Taylor and Larry Roberts embarked on plan-
ning the ARPAnet, there was probably as much relevant talent
at the small consulting firm of Bolt, Beranek & Newman as at
any of the major universities. Approaching its twentieth an-
niversary, BBN had added computer communications research
to its main portfolio of acoustic engineering applications, both
civilian—Ilike designing the architectural acoustics for the new
United Nations headquarters building in New York, and for
concert halls at Lincoln Center—and military, such as detecting
the sound of submarines.

J.C.R. Licklider had moved from BBN to ARPA, and the con-
nection between the two places remained strong. BBN had
started trying to hire Frank Heart away from Lincoln Lab in 1965
to take charge of their new hospital computer project. Heart had
completed his master’s degree while working on the Whirlwind
project’s real-time systems at MIT, and had transferred with it to
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Lincoln Lab, where he built antennae and radar systems. Heart
was attracted to working somewhere which pursued nonmilitary,
social applications for computers.

Robert Kahn, who would play important roles in the planning of
both ARPAnet and (with Vint Cerf) the evolution of the Internet,
was an MIT professor of electrical engineering. He was temporar-
ily attached to work at BBN’s “information sciences” division—a
commercial counterpart to the Pentagon’s IPTO. “I had joined them
in October of 1966, and began working on computer networking
shortly after I had gotten there. BBN at the time was largely in the
architectural acoustics business. And they were building a small
state-of-the-art practice in computing. I think I was one of the first,
if not the first, to really be from the communications arena.”

Meanwhile Severo Ornstein had completed his circuit from
Lincoln Lab, to MIT, to St Louis, and ultimately back to Cam-
bridge, by getting himself hired by Frank Heart to work at BBN.
As a hardware expert, it would be his role to design the special
interface computer that would prove to be the structural key to
the ARPAnet. And a young California-born programmer, Dave
Walden, who was hired by Frank Heart from Lincoln Lab, would
become the point man for software.

Throughout the 1960s, all of these computer experts, both civil-
ian and government, were working in near-total obscurity. Com-
puter science was a nascent field, and the idea of networking was
widely discounted as being either technically or financially im-
possible. Information processing had noodled along in the quiet
style of most government-funded activities, almost a decade since
ARPA had been established. Other priorities at the Pentagon were
getting vastly more attention. The Vietnam War was immersing the
nation in controversy and pain, on the one hand; the regular mile-
stones of the NASA space program were amazing and uniting the
land, on the other. As a Pentagon official with the temporary and
honorary rank of one-star general, Bob Taylor found himself pro-
cessing information on several tours of duty in South Vietnam.

President Johnson’s White House had been embarrassed by
newspaper stories that publicized conflicting reports from different
branches of the services. It was a war in which statistics, in partic-
ular the “body count,” were a matter of great controversy, and the
Pentagon’s own statistics were in conflict. LB] asked Secretary of
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Defense Robert McNamara to fix the problem. The secretary called
on the director of ARPA, knowing that ARPA had some computer
research going on, and the director of ARPA, still Charlie Herzfeld,
called Bob Taylor: “I went out there, and I took with me officers
from the army, the navy, and [the] air force—one each—who knew
something about their inventory control and reporting systems. We
found that all the services used different definitions of what they
were reporting, and different forms. There was no standardization,
so it was no wonder they didn’t agree when all these reports got
back to the White House. So I created a project to build a new
inventory-reporting control system, and [ARPA] created something
called the Data Management Agency in Vietnam. After that, John-
son got a singular report rather than multiple reports. Whether or
not he got more truth, I have no idea. I hope so.”

While Vietnam caused national and generational divisions,
NASA’s Gemini and Apollo programs mined an enthusiastic,
even jingoistic streak in America. The astronauts hit the head-
lines and dominated primetime television consistently. Un-
manned rockets were followed by the manned Gemini projects,
and John Glenn’s stardom as the first American in space.
Gallingly again, the Russians did it first. But soon enough,
Glenn’s triumph was succeeded by a roll call of firsts: the first
space-docking, the first space walk, the first orbit of the Moon. By
1968, the Gemini program had been succeeded by the Apollo
missions, which would fulfill JFK’s promise to put a man on the
Moon by the end of the decade.

Like his predecessors Licklider and Sutherland, Bob Taylor
had recognized the incompatibility problem of his three office
terminals. Meanwhile, IPTO contractors were requesting ever
higher capital expenditures for mainframe computer installa-
tions, from half a million dollars and up per location. Determined
to attempt his radical solution—actually to do what Licklider had
dreamed—Taylor approached ARPA director Charlie Herzfeld.
He proposed a test network of four nodes, building up to a dozen.
“Charlie Herzfeld, when I went in to see him in that short con-
versation to get approval for the project, took a million dollars
out of somebody else’s budget right there. And he said, ‘Okay,
you got a million dollars. Go.” He was wonderful.”

It was only once Taylor had the funds approved that he was
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able to press Larry Roberts to join the project. It may have been
theoretical, and it had never been done before, but it had a budget.
Among the experts, experimenters, and theoreticians who began
to discuss executing the plan, there was a variety of opinions: both
about the purpose of the network, and about its desirability.

Some believed the most useful benefit of a network would be
load sharing: effectively an extension of time sharing that would
allow processing to be shifted from a busy computer to an idle
one, or to be scheduled and executed simultaneously on more
than one computer. The range of time zones across the United
States facilitates this option. Others thought that data sharing
would be most important. The network would allow people scat-
tered around the country, but all interested in the same kind of
research, to share and exchange data. A third function, commu-
nication between the people at the different sites, was not much
discussed, though Bob Taylor regarded it as the starting point for
building the ARPAnet: “I thought the principal use of the net-
work would be to allow people who were separated geographi-
cally to discover and then exploit common interests. That’s what
I thought it was for. And that’s what I still think it’s for. There are
many people on the Internet who just are there because they want
to explore, they want to see if they can find someone who, like
themselves, is a specialist in the duckbill platypus.”

As Taylor observes, both load-sharing and data-sharing advo-
cates “were quite surprised at the amount of use of the ARPAnet
for message passing, me sending a message to you, you sending a
message to me. I was surprised that they were surprised, but
many of these people in print have said that ARPA was caught
unawares that communication would be such a strong part of the
ARPAnet—when, in fact, the reason for building the ARPAnet
was for communication.”

In 1967, with funding and a hand-picked manager in place, the
ARPAnet program began to take shape. Larry Roberts, the engi-
neer, was given day-to-day responsibility for the design, re-
sources, and recruitment activities by Bob Taylor, the manager.
One of the first tasks was winning the hearts and minds of the pro-
posed ARPAnet’s constituency, the PIs (Principal Investigators) at
research departments that had been funded by ARPA, and that
therefore controlled their computing resources locally, and those
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at departments who still hoped to have their shiny new main-
frame paid for by ARPA. To the former group, the prospect of a
network brought with it the risk of “outsiders” meddling in their
private computer center. To the latter, it brought the unwelcome
implication that ARPA would build the network instead of buying
the mainframes they wanted. Larry Roberts describes his uphill
struggle to win support for the plan: “They thought that this was
something that they didn’t need. They had their computer, they
had their resources. They wanted to work on their own thing at
their own location and they didn’t see any need to talk to anybody
anywhere else. They thought that this was going to be the worst
thing that ever happened. Because their computer that they were
carefully guarding, that they had all worked so hard to buy, or to
get me to buy, was now going to be potentially used by somebcdy
else and all their computer time was going to be used up.”

Vint Cerf recalls there was “tremendous resistance” from
ARPA-sponsored research groups on the grounds that it was a
waste of money: “The trouble was that ARPA was asked repeat-
edly to buy the best computing equipment for each one of the
universities on the grounds that you couldn’t do good quality
computer science without the best computers. And they couldn’t
afford to keep doing that every year for every place. And so the
question was, how do I hook them together to do resource shar-
ing, which was the original motivation for the ARPAnet.”

Larry Roberts recruited Len Kleinrock to be a cheerleader for
the network experiment. He in turn contacted all nineteen of the
potential ARPAnet sites, and he too found a profound reluctance
from most of these locations: “They couldn’t imagine allowing
the hoi polloi from less upscale groves of academe soiling their
mainframe with mere workaday research data. Though they
could imagine wanting to get their hands on other people’s com-
puter resources, as they never had enough. Larry was doing a
similar thing from his side. The typical response was, ‘Why?’ I
said, ‘Well, look, you’ll be part of a network and you can use
other people’s computers and they can use yours.” They said, ‘No,
nobody can use mine. It’s overloaded already. A hundred percent
right now. Don’t touch me.” And I said, ‘But you can have access
to other people.” They were not interested.”

But Kleinrock pushed harder: “I asked them how much they
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might use other nodes, for example the modeling and simulation
capability at UCLA. They typically replied, ‘I have no idea,” and
I would ask if they would like two or three teletypes to my ma-
chine. They would reply, ‘Yeah, two or three.” After I received all
this ‘data,” I published a paper about the design of computer net-
works and published the traffic matrix numbers I had extracted
from these researchers as a ‘sample’ traffic matrix.”

Frank Heart confirms the widespread reluctance: “The primary
goal was resource sharing. And initially, some of the universities
that had these host sites weren’t incredibly enthusiastic. They
would say, ‘Why do I want to let anybody else use my computer?
I’'m busy enough right here. I don’t want to share anything at that
other guy’s site anyway. We’ve got our own fish to fry.””

Larry Roberts observed a regional bias: “We actually had more
conservatism on the East Coast. When I looked for sites that were
willing to start, the four West Coast sites were interested and ex-
cited to be involved. And the East Coast sites, like MIT, said, ‘Well,
I don’t want you to touch my computer.” So we went with the ones
that were cooperative, and those happened to be out here.”

Bob Taylor had demonstrated in his novel approach to hiring
Larry Roberts that he would resort to helpful pressure in order to
achieve his goals. The solution to the widespread reluctance was
some old-fashioned arm-twisting by IPTO and ARPA. Since the
proposed network centers were all ARPA-supported, ARPA had
some leverage over their future funding—and used it.

Len Kleinrock witnessed the blackmail: “People were totally
unwilling to do it. However, each of these sites was being sup-
ported with hundreds of thousands, millions of dollars a year, by
ARPA. And ARPA said, ‘You're going to join this network.” And
sure enough, they did.”

As Frank Heart recalls, “They got more enthusiastic fairly rap-
idly, partly because ARPA was supporting them and ARPA
wanted them to be enthusiastic. Well, that’s a strong way to get
someone to be enthusiastic. But, in addition, they got interested
so, you know, in a while that problem, kind of concern over it
went away and they were very supportive and interested.”

Taylor delegated the network planning to Larry Roberts, who
began exploring the technology options for building a four-node
network with a half-second response time. The number, and
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speed, and all other aspects of how the network would be built
were a creative mixture of arbitrary decisions, heated debate,
and technical efficiency. According to Len Kleinrock, the half-
second response time was defined by a general desire that the re-
sponse must be as fast as if the remote user and the computer
were in the same room—and by “a Berkeley researcher named
Herb Baskin, a time sharing hack. He pounded his fist on the
table and said, ‘If this network can’t support a half-second re-
sponse time, by God it won’t be a suitable network.” So we spec-
ified a half-second response time.”

One of Roberts’ first tasks was to conduct a study of the cost-
per-message of a variety of existing communications systems, and
to compare that with the projected cost of ARPAnet messages. As
Roberts describes it, “Telegrams were very expensive. We went
down to telex, which was the low-speed data of the time, and then
WATS telephone was something like $1.50 a megabit, and there
was a service called Data-50, a switch fifty-kilobit service. Then
we designed the ARPAnet and that came down to about thirty
cents a megabit. You could mail a computer tape a lot cheaper, but
we figured that was a little bit slow in response time.”

A meeting was convened in Ann Arbor, Michigan, early in
1967, which served primarily to reveal the widespread lack of in-
terest in the proposed network from principal investigators
funded by ARPA. Among the exceptions to this apathy was Dou-
glas Engelbart. Another crucial computer pioneer, and one of the
earliest advocates and experimenters in networking, Engelbart
was then at Stanford Research Institute, working on ARPA-
funded projects. He welcomed the plan as a long-overdue ele-
ment of his own Lickliderish vision of computers as instruments
of human intellect augmentation.

Doug Engelbart was a naval radar technician in 1945, sta-
tioned in the Philippines, when he read an Atlantic Monthly ar-
ticle entitled “As We May Think,” discussing future
information-management technologies. The author, Vannevar
Bush, was first chairman of the National Advisory Committee on
Aeronautics, then of the National Defense Research Committee,
and lastly of the Office of Scientific Research and Develop-
ment—all under President Roosevelt. Bush’s article was an in-
formed speculation about futuristic technologies, including the
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“memex,” a mechanized device that would operate as an en-
larged, intimate supplement to human memory.

Engelbart devoted himself to making this happen. He got a job at
Stanford Research Institute (SRI), and attracted funding from Bob
Taylor (while at NASA), then from Licklider and Taylor at ARPA.
Engelbart called his laboratory the “Augmented Human Intellect
Research Center,” or “Augmentation Research Center” (ARC).
Among the fruits of Engelbart’s research was the invention of the
computer “mouse” under a grant from NASA on Bob Taylor’s
watch, and a landmark demonstration in 1968 of networked com-
puters and videoconferencing. Engelbart specializes in being about
twenty years ahead of his time and getting recognition long after he
has despaired of anyone’s understanding his innovative thinking.

Larry Roberts began to write a plan for the network, for the first
time naming it “the ARPAnet,” and the report was published as a
paper at the ACM (Association for Computing Machinery) con-
ference in Gatlinburg, Tennessee, in late 1967. The paper was re-
ceived with some polite interest. At the same meeting, another
paper was presented by the British researcher Roger Scantlebury
of National Physical Laboratory (NPL), proposing the design of a
“packet-switched” network.

Two years earlier, in 1965, Donald Davies of NPL had started
notes on “packet switching” and gave a lecture about using this
technology to build a new, public, nonmilitary communications
network in Britain—an Internet. As a result, the U.S. Department
of Defense contacted him, and put him in touch with Paul Baran
at Rand. Davies was a graduate of Imperial College, London, who
had joined Professor Alan Turing’s team at the National Physical
Laboratory in 1947. He had spent part of 1954 at MIT, and in 1965
he had visited MIT’s Project MAC time sharing experiment. Larry
Roberts had also met Davies in London in 1965.

Davies and his colleague Roger Scantlebury had been work-
ing on a parallel track to Len Kleinrock and others. At the meet-
ing, Larry Roberts learned from Scantlebury of the work of Paul
Baran, an American computer scientist, funded by the Penta-
gon, who had been working on data communications networks
eight years earlier.

Paul Baran was preaching the value of what he called “distrib-
uted communications” at the Pentagon as early as 1960. In 1959,
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Baran had joined the Rand Corporation, where he started to re-
search “the major problem facing the country in defense.” At the
height of the Cold War, two years after Sputnik, the two super-
powers had both offensive nuclear weapons and highly vulnera-
ble defenses. As Baran observed at the UCLA Act One conference
in 1989, “with two paranoid countries staring each other down,
there is the realization that if one country fired off its weapons
first, it would have a very, very much greater chance of surviving,
which made for a very unstable situation.”

The essence of the problem was this: if the country attacked
had a military command-and-control communications system
that could survive a nuclear attack, retaliation could be ensured.
The deterrent effect of certain retaliation became known in the
Nixon years as “MAD”—or mutually assured destruction. But in
1960, as Baran explained, “all the communications networks at
the time were centralized. So the challenge was to come up with
a network that had no central node and had perfect switching, so
signals were able to find their way through the network.”

Baran rejected both “centralized” and “decentralized” network
models in favor of a “distributed” structure—though at the time
he didn’t know how to build one. (A centralized structure has
one command center and many small outposts; a decentralized
structure has several major centers and many outposts; a distrib-
uted structure has nothing but outposts, with “central” functions
distributed among all of them.) Baran identified the same techni-
cal problems that the ARPAnet would have to overcome almost a
decade later: how to guarantee that messages reached their desti-
nation, how to confirm they had done so, how to avoid traffic
overloads, and—in case of war—how to ensure the functioning of
the network survived the destruction of significant parts.

Baran proposed digital information traffic at a time when com-
munications was all analog. He referred to the information being
sent as “message blocks,” and designed a store-and-forward net-
work of “hot-potato routing.” He was unaware of Kleinrock’s
work, which had successfully simulated the design of store-and-
forward networks. The name “hot potato”described a process re-
sembling how one juggles a hot potato from hand to hand; Baran
created a method in which messages were passed from node to
node, while no one node was responsible for end-to-end traffic.
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In 1965, RAND recommended to the U.S. Air Force that they
build a distributed switching network, as a research-and-
development venture first, and later make it operational.

As a true pioneer, Baran encountered a series of roadblocks
that would be raised again for the ARPAnet: a lack of interest
from the experts in the existing technology, and scorn or fear
from those with something to lose. Baran recalled in 1989, at Act
One: “The hardest people to convince were really competent ana-
log transmission engineers. They knew their business, and they
knew it couldn’t possibly work. Someone from another depart-
ment said ‘What in hell is somebody in computer science [doing]
screwing around with communications? That’s our business.” So
at that time, computers and communication were far, far apart.
AT&T was the monopoly at the time, and they were the people
that had to be convinced. And they took two attitudes. One was
‘It can’t possibly work.” Then, ‘If it did work, damned if we’re
going to put a competitor in the business with ourselves.’”

In response to RAND’s formal proposal in 1965 to build the net-
work, the air force established a committee to review and recom-
mend its implementation. In 1966, the project was passed, much
like a hot potato, to the Defense Communications Agency. As Baran
remembers, “This was a difficult one, because the agency had just
formed, and it had zero technical capacity at the time. .. [which] al-
most guaranteed that it [the project] would not work.”

Baran’s experience could not have been more different from
the near-miraculous capacity to make decisions and allocate
budgets that Bob Taylor and ARPA, operating out of the same
building, would later enjoy. But in 1966, Baran was out of luck.
“So I recommended to my friends in the Department of Defense,
and we decided, that the best thing to do was not proceed with
that program. We’d put it in ice and wait for some more compe-
tent organization to show up.”

On returning to Washington, Larry Roberts found documenta-
tion on Baran’s hot-potato network gathering dust at ARPA, that
more competent organization. While the starting point for Baran,
network survivability in nuclear war, was of no interest to
Roberts, the data communications theories were of interest. As
Roberts recalls, “I found the pile of classified reports in the safe
back at the office. I had a meeting with Paul the following year



Something Seductive 65

and found the concept of hot-potato routing interesting. Later,
when I wrote the ARPAnet RFP, I included a suggestion about
this type of routing.” Ultimately however, neither Baran nor the
hot potato played a significant role in the building of ARPAnet.

Larry Roberts began to plan the technical specifications for the
network, while consulting colleagues and trying to build support
for both the creation and the use of the network. One key techni-
cal contribution was made, ironically, by a computer scientist
who didn’t want to participate.

One decision was to settle on the first four willing partici-
pants: UCLA (where Kleinrock taught), Stanford Research Insti-
tute (where Engelbart was), the University of California at Santa
Barbara, and the University of Utah (where Ivan Sutherland,
Sketchpad graphics inventor and Bob Taylor’s predecessor, was
now installed). Neither the Pentagon itself nor MIT would be
one of the first four “nodes,” as they were called. It might not be
Licklider’s intergalactic network, but even intercity or interstate
would be a huge step. The network experiment that Larry
Roberts himself had conducted between Santa Monica, Califor-
nia, and Lincoln, Massachusetts, had demonstrated that phone
lines could be used to connect computers. But Roberts got ad-
vice from the British researchers that led him to decide upon
broader band lines—50-kilobit-per-second lines—than he was
considering. Perhaps as a result, the geographical limitations of
the first four nodes was an advantage.

Larry Roberts explains that “We didn’t want to run lines for the
network all across the country too early because we knew that was
just extremely expensive for experimentation. We didn’t need to
do that to get it operating. We needed that for operations but not for
experimentation, to see how the network worked. So we wanted to
be on one coast to start with. UCLA was very critical because they
were the measurement center and they were the most interested
and cooperative node in terms of getting that working.”

Each site was already ARPA-funded, with particular research
specialties or network functions planned. UCLA would be
home to Kleinrock’s Network Measurement Center (NMC).
UCSB specialized in interactive graphics. Stanford Research In-
stitute had Engelbart. Under another ARPA contract, he was de-
veloping something he called oNLine System, or NLS, to foster
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computer-literate communities; Engelbart offered to make SRI
the Network Information Center (NIC).

By definition, each site had a mainframe computer, or several.
But in part thanks to federal purchasing policy, the Pentagon had
deliberately bought different computers that used different lan-
guages, had different operating systems, and were often under-
stood by exclusive and separate groups of people. The solution to
this huge incompatibility obstacle was proposed by Wesley
Clark. He had left Lincoln Lab (like Ken Olsen) to build nonmil-
itary computers and applications. Severo Ornstein had gone with
him to St. Louis, before returning to BBN.

Wesley Clark was himself not enthusiastic about putting his
Washington University mainframe on the network. But he figured
out a solution for the mainframe-to-mainframe connection. He
proposed that a smaller computer (a minicomputer, such as a
PDP-6 or PDP-8) should stand in front of every mainframe to be
connected to the network. Each of these minicomputers would be
the “interface” between the network and the mainframe nodes.
All the minicomputers would be able to “speak” to one another,
and run on the same operating systems and language. But each
mainframe would speak only to its local interface. Because the
job of the interface computers was to process messages, and be-
cause nerds love acronyms, the minicomputers were dubbed
IMPs—Interface Message Processors. Clark’s idea became a core
component of Larry Roberts’ plan.

Wes Clark—regarded as a mentor and inspiration by Kleinrock,
Roberts, and many of the networking pioneers—made another
prophetic intervention when he recommended Frank Heart, whom
he knew from MIT and Lincoln Lab, as the only person who could
actually manage the building of the network. That also would
come to pass. Frank Heart heard about the proposed network rela-
tively late in the day: around May 1, 1968, at the Spring Joint Com-
puter Conference in Atlantic City. On the boardwalk, Larry Roberts
mentioned the forthcoming ARPAnet plans, and suggested to
Frank Heart that BBN might want to consider bidding.

Technologically, the proposed network would depend on sub-
dividing, transmitting, and reassembling digitized messages, a
process that became known as “packet switching.” It was

3 3

founded upon Kleinrock’s research, behaved like Baran’s “store-



Something Seductive 67

and-forward” model, and took its Anglicized name (it isn’t called
“package switching,” which would be more American) from Don-
ald Davies’ network. The pioneers who have been trying to ex-
plain it for almost thirty years have polished the analogies that
help the layman glimpse how the thing actually works. Part of the
secret is in how packet switching works differently than circuit
switching, the latter behaving like the phone system.

At the time of writing, Vint Cerf is a senior Internet executive
with the telephone company MCI. As Cerf explains, the role of
the telephone network has always been integral to networking:
“We use the same transmission circuits. The same circuits that
connect telephone switches connected the computers together. In
a circuit switching environment, you make telephone calls and
what you hear are dial tones. You push the buttons or you use a
rotary dial. And you tell the immediate central office switch that
you’re connected to, what number you want. After it finds out
what number you want, it then begins to build a circuit through
the network until it gets to the destination switch, and then that
rings the phone. So that means there is an electrical linkage, an
electromagnetic linkage between your telephone and the other
one, which stays up fully connected until the conversation is
over and one of you hangs up.”

Len Kleinrock compares “the magic of packet switching” to the
“resource sharing” of a commercial airline. Nobody owns a seat,
because it would be empty most of the time. When you need a
seat, you rent it for the efficient, brief period needed: “By sharing,
we get enormous efficiencies. Packet switching adds the feature
that when one sends a long block of data (say this book), the
block is broken up into smaller pieces called packets, and each
packet makes its way through the network, to be put back to-
gether at the destination. Packet switching can deliver the entire
book more quickly, but the key idea is to let go of the circuits
when you don’t need them.”

Frank Heart offers this analogy: “When you make a phone
call to your mother-in-law, and then talk to her on that phone
line, whether you talk fast or slow or halt...in...the...middle,
you tie up the phone line the whole time. But computers tend
to talk in little bursts when they talk to each other. So packet
switching was a technique for intermixing bits of message all to-
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gether with other people’s messages and using a phone line ef-
ficiently so that you could transmit many, many, many different
conversations all intertwined.”

The technical challenge was to merge the way computers work
with the existing infrastructure, as Cerf explains: “Another alter-
native is to say, look, let’s accept the fact that computers send
bursts of data out and then they’re silent. What if we label the
data as to where it wants to go and hand it to the first switch in
the chain and, instead of having a continuous connection, just
have it look at where the ddta’s supposed to go, forward it over
the next link, but then the link becomes free for the next packet
of data to go. Possibly to go someplace else. That’s packet switch-
ing as opposed to circuit switching.”

Bob Kahn points out that efficiency in using resources was
the key:

Back in the 1960s, as today, you know, to dial up a circuit
from one location to another took a few seconds. Well, if
you're only trying to send a very small amount of data so
much that it could go in a fraction of a second, there’s a lot
of overhead to dial up for a few seconds worth to just send
a fraction of data and then shut the line down. It’s a very in-
efficient use of a line as well. It would be the equivalent in
order to drive from, let’s say, Washington, D.C., to Los An-
geles, having to reserve the whole road for you to make the
trip and it’s not a very efficient use of the road space. A lot
of people could share it by having dedicated lines that were
always in place that could be multiplexed, shared that is, by
lots of users’ traffic.

Bob Taylor explains packet switching thus:

Packet switching contrasts with normal switching tech-
nology, which is called line switching, where in order to
move from one destination to another you actually unplug
and plug in. But with packet switching you encode the mes-
sage that you're sending with addresses for the destination.
And with other codes that enable the destination to send
back to the sender information that says, “I got it.” And each
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of those pieces will have this stuff at the beginning and this
stuff at the end with a little piece in the middle. So it all
comes to you, and your computer then knows what order to
put these pieces back together in. The fifth piece may come
to you before the first piece does. But your computer doesn’t
care because it will sort them out for you. That’s packet
switching in a nutshell.

Vint Cerf elaborates with an analogy: “The best way to de-
scribe packet switching technology and the way it behaves is to
just remind you that packets are just like postcards. You know,
they’ve got ‘to’ and ‘from’ addresses and they’ve got a finite
amount of content on them. And like a postcard, you know, you
put it into the post box. If you put two in, you don’t know what
order they’re going to come out. They might not even come out
on the same day. Some of them get lost. That’s true of packets.
They don’t necessarily follow the same paths to get to the des-
tination. That’s also true of electronic packets. The only differ-
ence is an electronic packet goes about a hundred million times
faster than a postcard.”

By the summer of 1968, Larry Roberts had prepared the official
ARPA Request for Quotations (RFQ) which was to be sent out to
140 interested parties. After a decade, ARPA was on the brink of
creating a new technology that would have profound and lasting
consequences for technology, society, culture, employment, even
the global economy. Alongside ARPA, NASA was accelerating its
efforts to meet the end-of-decade lunar landing deadline. The
Apollo program succeeded Gemini, and the lunar missions
began. Separate but parallel, the two ventures would both deliver
the goods in the summer of 1969. Oddly, the Moon landing
would come to seem the end of an exciting era of adventure,
while the ARPA effort would be just the beginning of a massive
technological and economic boom.

One of the 140 technology companies that received the RFQ in
August 1968 was BBN in Cambridge. Having been involved in the
consultation process, and having half a dozen of the best people
in the field on the payroll, they had already done some thinking,
and a lot of testing, of the ARPAnet concept. Bob Kahn summa-
rizes how the task ahead of them was understood:
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The basic idea in this network was that of packet switch-
ing, whereby what the computer actually communicates are
chunks of information. We call them packets, some finite set
of bits, with an address at the front of the packet which says
where the packet is supposed to go. Then that packet would
get routed through the network by going from one computer
inside the net to another computer inside the net in a kind
of a store-and-forward fashion until it finally got from the
source to the final destination. That round trip, if the lines
were sufficiently high-speed, could be done in a fraction of
a second. So we were actually able to test that hypothesis
and show that it could work using state-of-the-art minicom-
puters as the nodes of the network.

The challenge was to invent the first-ever digital computer net-
work, with packet-switching technology, a half-second response
time, sophisticated measurement capability, and continuous op-
eration, with no downtime for servicing. The inner ring of IMPs,
while existing to prevent the host mainframes from being over-
loaded with message processing, also had to be effectively invis-
ible. As the ARPA specifications stated, “Each transmitting host
looks into the network through its adjacent IMP and sees itself
connected to the receiving host.”

It may not be surprising, in light of the Pentagon parentage of
ARPA, and the original work of Paul Baran, that the idea has taken
hold that the ARPAnet was designed expressly for the purpose of
maintaining military communications in the event of catastrophic
nuclear attack on the United States. The technological theory was
first proposed by Paul Baran for that very purpose, and much early
computer research, at Lincoln Lab and elsewhere, was intimately
connected with defense communications applications.

As Larry Roberts says, “Recently, people have been taking
what Paul Baran wrote about a secure nuclear defense network,
his concept of what the network was, and applying it to the
ARPAnet. Of course, they had nothing to do with each other. I
went to Congress and defended it. And what I told Congress was
that this was for the future of science in the world—the civilian
world as well as the military—and the military would benefit just
as much as the rest of the world. It was worthwhile being done
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under government and military sponsorship, but it clearly wasn’t
for military purposes. And I didn’t mention nuclear war.”

As Bob Taylor learned, there are occasions when the facts can’t
be allowed to spoil a good story. “Time said the ARPAnet was
built to enable Defense Department scientists to connect to one
another in the event of a nuclear war. I wrote a letter to Time
pointing out they were mistaken, and they wrote a letter back to
me assuring me that their sources were correct.”

In August 1968, computer science stood on the eve of a new
era. Ideas and ideals that had been floated and debated, then
turned into theory and experiment, were on the brink of becom-
ing a physical reality, and opening a new chapter in technologi-
cal history. It may not have been an intergalactic network, in
Licklider’s adventurous phrase, but within a year the ARPAnet
would be real, and would thus establish the first foundation for
the networked computing and distributed communications envi-
ronment that we now call, simply, “the Net.”



Chapter Three
Not So Hard

IT HAS BECOME A TRUISM OF THE computer industry that the
leader or leaders of one technical generation rarely if ever suc-
ceed in transferring that leadership to the next wave. Existing
leaders tend to discount new trends, or to stay focused on their
existing business. In either case, opportunities are created for
new, unexpected, energetic players to emerge suddenly and
gain a position of prominence. It may be no surprise today,
with thirty years’ history of this trend to review, that neither
IBM nor AT&T bid for a government contract to build a net-
work of mainframes connected by telephone lines. But it was a
surprise at the time.

In the summer of 1968 the Defense Department issued an
RFQ* based on the proposals Larry Roberts had been circulating
and discussing informally for a year or more, themselves based
on the technology of Kleinrock’s theory and simulations. The
successful applicant would receive an ARPA contract to build a
network of (initially) four “nodes,” expanding later to nineteen.
The method of transmitting messages and data would be “packet
switching.” At each node (simply meaning each separate loca-
tion), there would be one IMP. For this crucial piece of computer
hardware, which today would be called a router, Roberts pro-
posed the Digital Equipment Corporation PDP-8 minicomputer,
which was first released commercially in 1965. When “rugged-
ized,” each PDP-8 would cost $80,000.

Responses to the Pentagon’s RFQ, from both IBM and Control
Data Corporation, said the network could not be built. Accord-
ing to Larry Roberts, speaking at the 1989 UCLA Act One con-
ference, “This concept was so foreign to the maxi-computer

* Although the document was officially a Request for Quotations—ARPA
was proposing all the technical details—it is widely referred to as a Re-
quest for Proposals, or RFP.
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people that IBM and CDC no-bid this RFP. They said it was im-
possible; we couldn’t possibly get the cost down to anything
reasonable, because you’d have to use a Model-50 (mainframe)
to do this job.”

The reluctance of established computer companies was
matched, or exceeded, by a thoroughly negative attitude towards
Roberts’ plan from both AT&T, the long-distance telephone mo-
nopoly of the time, and more conventionally minded engineers.
Larry Roberts began to feel like a pariah. At the Act One confer-
ence, he remembered, “I gave speeches about this in the 1967-to-
1969 time frame in the Pentagon and around there. The same
agency that Paul [Baran] talked about, Defense Communications
Agency; and AT&T; and the other people around had all these en-
gineers who actually booed and hissed... ‘Everything would go
wrong, and it couldn’t possibly work.”” He adds, “AT&T and DCA
laughed at me. In fact, they more than laughed. They actually
were very nasty. I felt like people were throwing rotten eggs at me
when I was giving speeches as we were preparing for this, be-
cause they basically thought we were crazy.”

As Dave Walden points out, Larry Roberts wasn’t the only one
giving speeches. The telephone companies’ representatives were
doing so too. “The telephone companies seemed to me to be
working pretty hard to discredit packet switching. They would go
give speeches. They’d talk to their customers and say this isn’t a
good idea. This can’t be. The telephony attitude is not very com-
patible with packet switching—I hope my phone doesn’t get cut
off!—the telephony attitude is about guaranteed levels of service
and capacity. It’s about investments that you make that you get
back over decades. And the world is simply moving much faster
than that. The ARPAnet started something which is a very speedy
way of developing new standards.”

As Roberts says, the phone companies had close to a hundred
years of experience of doing the same thing—circuit switch-
ing—and had allowed familiarity and repetition to create tech-
nical assumptions about what was and was not possible. “They
thought they were facts, but they were actually assumptions.
They were from history.”

Len Kleinrock recalls participating in a number of industry
panels in which the computer researchers would face off with the
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telephone industry: “I would say, ‘Please give us good data com-
munications,” and they would reply, ‘“The United States is a cop-
per mine—we have phone lines everywhere so use the telephone
network.” I would counter, ‘But you don’t understand, it takes
twenty-five seconds to set up a call, you charge me for a mini-
mum three minutes, and all I want is to send a millisecond of
data.” Their reply was, ‘Go away, children, the revenue stream
from data transmission is dwarfed by that of our voice traffic.” So
the children went away and created the Internet!”

Bob Taylor also tried to talk to AT&T about the venture. “When
I asked AT&T to participate in the ARPAnet, they assured me that
packet switching wouldn’t work. So that didn’t go very far.”

To be fair to Ma Bell, Big Blue, and the technological estab-
lishment skeptics, the proposed new network did indeed depend
upon a technology that existed largely, if not exclusively, in Len
Kleinrock’s Ph.D. thesis. But Roberts’ own Q-32/TX-2 experi-
ment, and Kleinrock’s simulations, had satisfied a significant
number of researchers that packet switching would work. It was
a technological compromise between speed and efficiency, using
existing hardware and principles in a new application.

Data was already being sent along phone lines from terminals
to mainframes and from terminal to terminal, using a device
called a modulator/demodulator, or modem. Because a computer
is digital, and works with distinct electrical signals representing
1 and 0, but a phone line is analog, carrying a large range of sig-
nal variations, the modem is needed to convert from binary to
analog at the input end, and from analog to binary at the output
end of the line. The fax machine works the same way. Both in-
volve annoying whistling and beeping noises.

Before packet switching, sending data by phone could be im-
mediate but inefficient in using resources, or delayed but effi-
cient. In the first instance, a phone connection would be
established (by circuit switching) and maintained for the whole
duration of the exchange. Each person, typing slowly, would get
their message across immediately, but for the great majority of
time the line is effectively empty. As Dave Walden explains,
“We're using very little of the capacity. This is an approach
which is very low latency. Every message I send to you gets to
you immediately because we've got a dedicated circuit.”
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Another alternative, message switching, concentrates on im-
proving the utilization of the expensive phone lines by saving
the material that is to be sent on a hard disk, then dialing up,
making the connection, delivering all the information quickly,
and hanging up.

Dave Walden observes, “The first example is very slow. The
other is very efficient. Packet switching is a compromise between
those two, which gets probably the best two-thirds or three-
fourths of each. It’s got some delay, but the delay is measured in
milliseconds, rather than hours. It’s got not as good utilization per-
haps as if we buffer whole files, but almost as good utilization.”

Kleinrock’s untested, but theoretically ideal formula for packet
switching was at the heart of the RFQQ. And among the applicants
to ARPA was Bolt, Beranek & Newman, in Cambridge, Massa-
chusetts—where half the staff already knew Larry Roberts from
working together at MIT Lincoln Labs. Frank Heart was ap-
pointed to manage the application process: “I think it was very
clear that it was going to be a very tricky business. I think every-
body that looked at it was concerned and worried, as was BBN.
We had some people, people like Will Crowther—who was a re-
ally quite extraordinary programmer—and others like Severo
Ornstein who looked at it, and we concluded that we thought we
knew how to build it. We even said in the proposal that we
thought it was going to be hard to build.”

Severo Ornstein felt they started out with serious disadvan-
tages: “BBN was a very small outfit, and it seemed that it would
not win the competition unless it submitted a really outstanding
proposal. And furthermore, the fact that many of us knew Larry
Roberts, who was a honcho at ARPA at that time, I thought that
was a considerable disadvantage because Larry did not want to be
seen passing a contract out to his old buddies.”

Dave Walden thought their team had some positive assets:
“BBN was aware for some time before that a request for a pro-
posal was coming. Bob Kahn, in particular, who was one of our
team, was aware of that. BBN put together a team of people to get
ready to bid. So, in fact, we were working on the bid before the
request for proposal came out. Planning, thinking, doing designs.
So when the actual request for proposal came out, in some sense
it was like doing the design a second time.”
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Severo Ornstein sealed his reputation as a skeptic early in the
process:

I talked to Frank about it one night and he said, “Well,
here’s this RFQ, from ARPA. They want to build a network
and so why don'’t you take it home and look at it?” And I did
and I thought about it a little bit overnight and it seemed as
though this was a fairly straightforward thing to do. It was
fairly well described in the RFQ. And so it seemed we could
build it. And I went in and told Frank in words that I guess
have become somewhat immortalized that sure, we could
build it, “But I had no idea why anybody would want such
a thing.” Which I still say was, at that time, a valid observa-
tion. Hindsight is easier than foresight, and people had all
sorts of ideas about what the network would be about and
for that had not really come to pass. I think they’ve all been
surprised by what’s happened.

Frank Heart’s BBN team developed their proposal for a cost of
about $100,000. In doing so, they concluded they could process
data ten times faster than the RFQ required. BBN submitted its
proposal, with significant disclaimers about the feasibility of the
venture, on both technological and schedule grounds, on Sep-
tember 6, 1968.

The proposal summarized the description of the ARPA net-
work and its technical requirements; proposed a number of
hardware and software details, with diagrams; described the
partnership BBN had struck with Honeywell to reengineer their
minicomputer into the IMP; and expressed considerable caution
about the venture. It also rejected the hot-potato routing tech-
nique originally and unsuccessfully proposed by Paul Baran, in
favor of a very different technique. The document is worthy of
extended quotation, for both technical and historical reasons: It
describes the major features of the system ARPA requested,
which became the fundamental basis for the global Internet and
Web of today. The non-technological reader, however, may
choose to skip the undiluted engineering jargon to read on
where the story resumes.
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PROPOSAL: INTERFACE MESSAGE PROCESSORS FOR
THE ARPA COMPUTER NETWORK

RFQ NO. DAHC15 69 Q 0002
BBN Proposal No. IMP P69-IST-5

6 September 1968

BBN has obtained the interested cooperation of the Com-
puter Control Division of Honeywell for the provision of
hardware and technical assistance on a subcontract basis.
Honeywell will provide DDP-516 computers, specialized in-
terface hardware, maintenance, systems engineering assis-
tance, and field engineering assistance.

Because of its experimental nature, the ARPA network
must be viewed as a growing and evolutionary system. The
first two stages of its development are discussed in the RFQ:
(1) a 4-node initial net followed by expansion to (2) a 19-
node net.

We take the position that it will be difficult to make the
system work. As a consequence we have devoted consider-
able attention to techniques for simplification, for improv-
ing reliability, and for testing the state and performance of
system elements for correcting or recovering from failures of
many different kinds.

This network is envisioned as an interconnected com-
munication facility that will allow researchers at ARPA-
supported facilities to utilize capabilities available at other
ARPA sites. The network will provide a link between user(s)
programs at one site, and programs and data at remote sites.
A typical use might involve a question-answering program
at BBN working on extracts from a database available at
SDC.

To simplify the problem of communication between
nodes of the network, each site is to be provided with a
small computer, an Interface Message Processor (IMP). The
ARPA network could have been constructed without any
IMPs. That is to say, each Host could have been forced to
deal with line disciplines and errors entirely without an in-
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terface machine. The decision to include IMPs, and to pro-
duce a subnet, implies a strong desire to save each Host
some of this time and trouble and to concentrate it in one
standardized place, namely the IMP.

Despite changing times and changing views about “for-
eign attachments” to the phone system, the rigid position
that customers may not tamper with telephone equipment
has contributed to the reliability of the phone network. Sim-
ilarly, if customers initially avoid IMP programming, the re-
liability of the net will be enhanced.

IMP-to-IMP communication will be substantively differ-
ent from communication between an IMP and its Host in ei-
ther direction.

As a packet is transmitted from one IMP to the next, it re-
mains stored in the sending IMP until acknowledged by the
receiving IMP. Thus, the way is clear for a receiving IMP to
discard incoming packets, if the occasion demands, by not
acknowledging them. Retransmissions are instituted if ac-
knowledgments are not forthcoming within a suitable time
period. Negative acknowledgments are insufficient, unnec-
essary, and not proposed.

The network will be a very difficult system to operate, at
least initially. It is a complex interconnection of sizable
quantities of equipment distributed over much of the conti-
nental U.S. ... Reliability is a primary problem. ... Moreover,
the IMPs are expected to operate unattended for long peri-
ods, without marginal checking or daily preventive mainte-
nance. ... Many features usually only included in the design
of militarized hardware will enhance the reliability per-
formance. ...Even in laboratory environments, people do
accidently [sic] push up against, bang, kick, drop, shake, vi-
brate, heat and cool equipment and subject it to dust, un-
usual humidity conditions, power-line transients of various
sorts, and electromagnetic interference. . . . We therefore pro-
pose the use of a computer for which standard ruggedized
options have been designed and delivered.

An IMP must be able to test itself, but, even more impor-
tantly, an IMP must be able to test all of the surrounding dig-
ital hardware to which it is connected.
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We do not think that we can accomplish all of the work
required within the very short time scale specified in the
RFQ even though we have done much of the hardware and
software design already. Instead, we propose a slightly
longer time period for the performance of the contract.

BBN was one of only two finalists for the ARPA network con-
tract. The other was the Raytheon Corporation. Despite the cau-
tion BBN expressed in their proposal, individual team members
and their manager Frank Heart had a high level of confidence that
what was required (a) could be done and (b) could be done by
them: “I think it was partly because we had a set of people who
had followed me from Lincoln, who knew a great deal about how
to connect computers to real-time systems and to phone lines,
and to make very clever little computer programs that dealt with
data coming along.”

It was Larry Roberts who made the decision, whether despite
or because of his close professional links with the BBN team.
“BBN had a superior [technical] proposal, but probably ranked
almost equal with Raytheon when we got all through. The thing
I saw as different was that the team was a lot stronger. Frank
Heart had a very flat team without a lot of hierarchy and a lot of
superstructure, and had a bunch of bright people working on it
under him, and they had good ideas, as the proposal showed. I
just felt the management structure was a lot sounder and was
going to work a lot faster.”

Frank Heart had the pleasure of managing the winning pro-
posal, and the responsibility to deliver on the promises. It was a
daunting task for a company that was dwarfed by many of its
competitors. “I was essentially responsible for trying to get that
RFP answered, and I put together the team that wrote the pro-
posal; and then I ran the project for many years. It was a very ex-
citing time, because we certainly didn’t know we were going to
win. We were very concerned that we weren’t big enough. We
vacillated between thinking we had written the best proposal
since we knew the most, to thinking it was impossible for the
government to give the job to a small company when there were
other large organizations bidding. So it was certainly a very
pleasant surprise to have won.”
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Roberts believed BBN would work faster. Speed was undoubt-
edly a major element of the assignment, but unlike their distant
federal relatives at NASA, the ARPA pioneers, as they were about
to become, were not operating under a presidential deadline to
ship packets across the country by decade’s end. Yet the RFQ had
specified a deadline all the same: Labor Day (September 1) 1969.
Less than a year from the date BBN submitted their proposal; and
only nine months—an apt gestation period for the birth of a new
communications medium—from when BBN actually won the bid.
After thirty years, no one can precisely remember the reason for all
the urgency. It may have been arbitrary, or budgetary. Heart prefers
the first interpretation: “The government sometimes picks dates for
the hell of it. I mean there was no reason. Truth be known, it was
an artificial date picked by the government and picked by Larry
Roberts. I don’t know how the devil they picked it. I think there
was certainly no basis that we ever knew why it had to be on that
particular day. But that’s what it was. That was the RFP’s stated
goal and everybody felt that was an absolutely critical thing to do.
Our reputation was on the line. As well as our next contract.”

Larry Roberts no longer remembers the true reason—if there was
one: “I know that my funding had to go back to Congress at that
point, at the end of the year, to get my next budget approved and I
needed this project to have made some progress. It had something
to do with the whole process of keeping the funding going and get-
ting the next year approved. But I'm not quite sure why it had to
be nine months, which seems to be extremely rapid.”

BBN learned of their success from ARPA at about the time the
astronauts on Apollo 8 were sending their Christmas message to
earth. But BBN received another special message, with an ecu-
menical flavor, to mark their success, from the office of Senator
Edward Kennedy.

Frank Heart received that obsolete message format, a telegram:
“There is a habit that when one wins a big federal contract you first
hear about it from your congressional delegation calling you up or
sending you a telegram to congratulate you on winning the con-
tract. Our particular telegram was an interesting one. It was maybe
more prophetic than it knew, because we were ‘to be congratulated
on winning the contract for the interfaith message processor.””

Work began in earnest at BBN around New Year’s 1969. The
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tasks ahead of the team were far from routine. First, packet
switching in practice had to be made to work; a minicomputer
from Honeywell had to be reinvented to become the IMP; soft-
ware had to be written to operate the IMPs; fifty-kilobit telephone
lines had to be leased and installed from the skeptical phone
companies. Four node locations—in Los Angeles, Santa Barbara,
and Menlo Park (all California), and in Utah—had to establish
local teams to develop software to operate between their host
mainframe computer and their IMP.

Frank Heart says his team members “were afraid that we
wouldn’t get the hardware built in time. That was a critical prob-
lem because we had to design it. We had to get Honeywell to then
understand the design. We had to get Honeywell to construct it.
It had to be delivered and tested. I mean, that was a critical path
through the whole system. We had to get the software written.
That was very difficult. We had to invent the algorithms for rout-
ing and congestion control. So that wasn’t anything which felt
easy, it really wasn’t. We were worried that AT&T wouldn’t be
able to deliver the long lines. They had to put in special lines to
get fifty-kilobit lines to these sites and usually it took a terribly
long time to get special lines put in anywhere.”

Despite these significant challenges, what is perhaps most re-
markable is that the trailblazers are so unassuming about what
they achieved. Bob Kahn, for example: “It took a lot of expertise
that we actually had in the group—expertise in hardware, soft-
ware, system design, architecture, communications, computing,
the whole panoply of stuff. Armed with that expertise, I thought
the task was not only very doable, but one that we were all con-
vinced was just going to happen on schedule.”

As Dave Walden points out, “We were engineers. We turned in
a full-blown design. So, when we actually implemented, it was
like doing yet another design. I think none of us had any doubt
that we could do it in nine months. It was an engineering task. It
was a fun one. Yes, we were going to have to work day and night,
weekends, but not so hard.”

Severo Ornstein thought “the hardware and software both
seemed like a fairly straightforward thing to do. I saw no reason
why we couldn’t do that. There seemed no insurmountable prob-
lems. It was straightforward engineering....We had our heads
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down in the bits. I still consider the ARPAnet to have been a rel-
atively easy thing to start off with. The initial system just to build
a half dozen computers and connect them together and enable
them to pass messages around in a network is really a relatively
straightforward task. Genius? No, this is engineering work. This
is an evolutionary process. Occasionally someone has an insight
and you move more of a step. But genius is a rather strong word.”

Frank Heart is equally modest: “I don’t think there was any-
thing like inventing a new second law of thermodynamics. It
wasn’t that kind of thing. So there were a lot of very difficult, de-
tailed technical problems, but breakthrough would not be how I
would describe any of that. You know, I tend to think of break-
throughs as inventing DNA. There was none of that really.”

The BBN team did not invent packet switching. As we have
learned, it was invented, in theoretical form, by Len Kleinrock,
and further investigated by Paul Baran and Donald Davies in
three separate, but largely contemporaneous research ventures.
What BBN did invent was doing packet switching, rather than
proposing and hypothesizing packet switching. Few on the team
other than Bob Kahn had any direct experience; Kahn’s experi-
ence was also, by definition, theoretical. Nevertheless, the confi-
dence of Roberts and Kleinrock in the technology carried the
BBN team along. As Dave Walden recalls, “Packet switching was
sort of in the wind, but in terms of our particular engineering
team, none of us really knew anything about it.”

The IMPs were to be the hardware backbone of the ARPAnet.
Each IMP would sit in front of its mainframe “host,” communi-
cating with the host in one direction, and other network IMPs out-
side. The IMPs had to run the software that “packetized” outgoing
data, and reassembled incoming packets into coherent, ordered
messages. The IMPs were connected to each other by leased 50-
kilobit telephone lines. An IMP would be in constant touch with
the traffic patterns on the network, and make a continuously
changing assessment of the most efficient available route to send
packets to their final destination. Individual packets—different
parts of the same message—might travel by any number of differ-
ent route permutations. The IMP at the receiving end would con-
firm that it had received all the packets, read the labels on the
individual packets, and reconstitute them into the right order. One
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of the first tasks, which Frank Heart identified, was how the IMPs
would connect to their hosts. Severo Ornstein had drawn dia-
grams of the peripheral hardware required, for the BBN proposal.
Now he was assigned the task of designing it for real.

In 1969, it was not an option to buy an IMP the way its de-
scendant, the router, can be ordered from an 800-number hard-
ware catalog or the World Wide Web. The IMP had to be designed
from scratch, or some existing hardware had to be adapted. BBN’s
proposal indicated that they had already identified a hardware
supplier, though it was not Digital Equipment Corporation,
which manufactured the PDP-8, originally recommended by the
ARPA brief. Frank Heart chose the Honeywell DDP-516 mini-
computer instead, in his determination to pursue reliability
above all. Other respondents to the RFQ also proposed this reli-
able Honeywell machine. This was a robust computer, which
could be “ruggedized” for an additional 10 percent cost. Heart
had visions of rampaging students on university campuses, and
he wanted a machine that would be indestructible.

This was an image Honeywell had gone out of its way to fos-
ter. Len Kleinrock recalls a computer convention demonstration
of the DDP-516 that had nothing to do with its processing power:
“It was first announced at a Joint Computer Conference in 1968.
Those were these big gala affairs like Comdex these days, with all
the showgirls and the glitz. And they had this machine running.
It was a military version, hardened version with big hooks on the
top, and it was hoisted up in the air. And it was swinging in the
air. And there was a big brute there, stripped down to the waist
with a sledge hammer, and he was whacking on this machine to
show it would survive that kind of beat-up.”

In February 1969, Honeywell delivered a standard 516 to
BBN’s offices on Moulton Street in Cambridge, as a “develop-
ment” machine. This was not an IMP. It was the machine that
would be taken apart by Ornstein and the hardware team so they
could figure out how to change it, and what to attach to it, so that
it could grow up to be an IMP someday—someday soon.

Reliability was a primary consideration because the IMPs
were supposed to operate unattended for long periods and keep
running in the face of power failures, downed phone lines, host
computer failures, or any other predictable or unforeseeable cri-
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sis. As Frank Heart recalls, “It wasn’t actually mil-spec [military
specification], but it was very close. It was a battleship-gray cab-
inet with eye-hooks on the top so that the helicopter could lift it,
a refrigerator-sized object with a computer in it, a Honeywell
516. With special interfaces that had been designed by Ornstein,
built by Honeywell in that cabinet so that it would then connect
to host computers at each site. And inside was a program which
had been written at BBN.”

The program inside was Bob Kahn’s bailiwick. It had to provide
the mathematical instructions, or algorithms, that would route the
packets to the right places. It was, in effect, the traffic manager.
The ARPA RFQ had not specified how it should be done, or what
algorithms were to be used. The BBN software design team had to
write this program, while the hardware people were inventing the
IMP. Kahn, who had helped write the proposal, found himself get-
ting more and more involved in the project itself. So he jumped
on board, and played a major role in the system’s design.

Reliability was not just a hardware issue. Rampaging students
beating on a grey metallic cabinet were probably not the primary
threat to the success of the ARPA network. Its value would be
measured by successfully delivering whole messages, arranged in
the right order, to the right places. In order to ensure this kind of
reliability, the IMPs had to have a series of internal checks—to
make sure that all packets of a message were delivered, to request
retransmission of missing packets, to acknowledge messages re-
ceived, to redirect stray packets, and more. The rules they would
all obey are known in the trade as a protocol.

If packets are like ultra-high-speed postcards, Vint Cerf asks us
to imagine an attempt to send an entire book, cut up into para-
graphs, on postcards. The assumption of unreliability—that some
postcards will go astray, that they must be numbered, that they
will arrive out of order, and that the recipient needs to know how
many to expect—requires a set of rules for how to monitor the
progress of the undertaking. With packet-switching, the first net-
working protocol was put in place. As Cerf describes:

I would number each one of the postcards so that you
could put them back together in order. Then I'd remember
that some of them were going to get lost, and so I'd keep
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copies so I could send you duplicates if necessary. Then I'd
wonder how would I know if I should send a duplicate? The
answer is, you should tell me, by sending me postcards, how
many you got. So periodically you could say I got everything
up through 402 or 430. But the postcard you send me could
get lost. So we have to have a timeout that says if I haven’t
heard anything from you for a while, I will start sending you
duplicates of the things that you haven’t acknowledged yet.
Eventually I'll get one of your postcards telling me how much
you’ve received and I can throw away the copies. Then you
and I should have an agreement that I won’t send more than
a hundred postcards at a time without getting an acknowl-
edgment back from you. That’s an example of a protocol.

By the spring of 1969, despite some prolonged struggles with
Honeywell to get what they actually wanted in the DDP-516 pro-
totype IMP, BBN had hardware and software working in their
own building. With little fanfare (in fact, with no fanfare), the
ARPA network was passing its first test. To the layman, it might
seem that a bench-test under controlled circumstances might be
of limited relevance to what would happen when the real test
was for the technology to operate between two IMPs in Los An-
geles and Palo Alto, about 415 miles apart. The leased fifty-kilobit
telephone lines had about twenty-five times the carrying capacity
of a typical domestic phone line of the time, which would vastly
exceed the traffic needs of the network for years to come. Capac-
ity was not an issue. And to BBN’s Severo Ornstein, distance was
of no consequence either. “We had two machines operating in the
same room together at BBN, and the difference between a foot of
wire and a few hundred miles of wire was not important as far as
we were concerned. The phone company assured us that the
length of the cable didn’t matter. So at some level, we knew it was
going to work. There were really no particular surprises.”

The BBN team had the advantage of having a core of people
who had worked closely together, first at MIT, then at Lincoln
Lab. They were of much the same age, either side of thirty; they
were first generation Nerds. They describe themselves and each
other thus:

Ornstein points out that “we [BBN] had stellar engineers.



86 NERDS 2.0.1

Frank Heart was really a very experienced system designer at that
point—an MIT-trained electrical engineer with a management
and computer systems background.”

Dave Walden says that “Frank was an excellent project man-
ager. He had a defensive attitude in the sense of ‘I want to build
the program, write the system so it can’t be broken. I want to con-
trol things.” It was sort of amusing at times, the degree to which
he wanted to control things, but in fact, it led to a good design.”

Severo Ornstein, a hardware perfectionist with music, geology,
and rock-climbing in his resumé: “We were building IMPs but we
were working closely in conjunction with the programming peo-
ple. We had all worked together, Frank and Will Crowther and I
had all worked together at Lincoln for years prior to this. So we
really knew how to speak to one another, which was important.”

Bob Kahn was a specialist in communications theory, and one
of the team’s best writers. “Bob Kahn was a very smart informa-
tion theory person, communications theory person. He tended to
work all day and all night,” which was more unusual then than
it is in today’s Silicon Valley startups.

Dave Walden was a younger, outgoing Californian—“a very,
very proficient, hardworking, hard-driving programmer.” Walden
is credited with bringing juggling to the ARPAnet community.
“After I'd learned to do a little bit of juggling, I rushed in and was
all excited. People would bring their passions to work, show
them to other people, and everybody would take on that passion.
So there was a period of time, several years, when everybody in
BBN, in our development group, was learning to juggle. We were
doing club passing at lunch hour. I would take my juggling balls
to a meeting at ARPA, and I remember Vint Cerf had his juggling
balls at one point. Certainly I spread the culture of juggling
around the ARPAnet. But I wouldn’t say it actually had anything
to do with the ARPAnet.”

The software group included Will Crowther—a somewhat shy
programmer described by Frank Heart as “extraordinarily clever—
an expert rock climber and a caver who has drawn cave maps for
the Cave Foundation of the United States.” Crowther also in-
vented Adventure, the first computer game. Walden regards him
as “really my mentor, a brilliant fellow. Crowther and Kahn used
to argue theory versus practice: that was fun to watch.”
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Bernie Cosell was a resource required by every technology
team working on a deadline. He could find and fix problems.
“Cosell was a brilliant debugger. Absolutely stunning debugger.
We used to think of him sort of as our insurance policy that what-
ever happens, Bernie can somehow make it work.”

The BBN team reported to, and was mentored by, Larry Roberts
in Washington. Larry was “quite an amazing manager of people
in research labs. Giving us a lot of freedom but keeping in touch.
A person who seemed to work day and night, because he would
do his management all day and then he would do calculations at
night and send memos out, write technical reports; really quite
an impressive fellow.”

Roberts was not only monitoring the development work at
BBN. Out West, at the four locations chosen for the first nodes,
work also had to be done, on a crash schedule, to meet the dead-
line and to marry local installations to the systems BBN was de-
veloping. At each site, the host was a mainframe, not a
minicomputer, manufactured by IBM, Digital, or SDS (Scientific
Data Systems); and used either as a time sharing machine or, in
some cases, for batch-mode serial computation. In each case, the
individual machine had to be connected to the IMP. But Frank
Heart realized that each set of connections would be different:
“The question was, just exactly how do they connect? How do
they connect electrically? How do they connect logically? How
does the software connect? That’s a very difficult problem. And it
had to be solved very, very, very quickly because not only did we
at BBN have to build special hardware into the Honeywell ma-
chine to be our end of that connection, but, in addition, all the
poor host sites had to also build specialized hardware for their
big computers and write special programs for their big computers
to match our connection.”

Within the total time frame of nine months, the host site teams
had even less time than BBN to define the interconnection. Klein-
rock’s host team at UCLA was forced to begin its host-to-IMP de-
sign before the specifications were actually released. In due
course, a numbered BBN technical document was issued: Docu-
ment 1822. As Kleinrock insists, “Anybody who was involved in
the ARPAnet work will never forget that number because it was
the defining spec for how the things would mate.”
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The ARPA definition of the network had been quite clear: one
host per IMP. Each location would connect a single large com-
puter to its IMP. But this elegant plan was at odds with the reality:
the host sites all had multiple large computers and, as Len Klein-
rock recalls, they told BBN they all had to be hooked up. “The
minute the project started and all the host organizations got in-
volved, they said, ‘Wait, wait! We’ve got more than one computer!
We want to connect two or three computers to your IMP, please.’”

As the ARPA contract was cost-based, it was relatively painless
for ARPA to ask BBN, as they did, to change the plan to serve
multiple hosts at each site. Once again, the technological chal-
lenge was to standardize a protocol for communication among
varying makes and models of hardware.

Frank Heart’s team found themselves accidentally creating a so-
lution to a problem they had not been asked to solve: “Even at one
site they were different. There might be two or three computers at
one site, each of which was from a different manufacturer. But the
IMP provided a standard way to connect, so, curiously, many of
the sites had been unable to interconnect even their local com-
puters until the IMPs came along, and they then found that was a
very convenient standard way to connect their local computers as
well as to connect the computers across the country.”

Len Kleinrock was at the University of California, Los Angeles.
As the theory pioneer of packet switching, he was best able to
take charge of the measurement of real traffic, once there was
some, on the proposed network. Larry Roberts awarded an ARPA
contract to UCLA to set up the Network Measurement Center, and
thus to be the first node on the network. The fact that he was
funding the host sites as well as the network itself helped to over-
come any residual reluctance on the part of the participants, as
did Roberts’ personal expertise in the technology.

Frank Heart would talk to Larry Roberts frequently: “Once a
week, maybe oftener in some cases. There would be a constant
involvement with the host sites, and meetings of the host sites
with the government. So it was a very steady involvement.
They were not just funding agencies: the people there were as
smart as we were, if not smarter. And they were as knowledge-
able and involved.”

At UCLA, Len Kleinrock put Steve Crocker in charge of the pro-
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gramming effort, and he assigned Crocker’s high-school buddy Vint
Cerf, also a graduate student, as well as Jon Postel and Charlie
Kline. With the others, Cerf was assigned to develop the software
to connect the host computers to the IMPs. As he recalls, “It was a
little funny because we were just graduate students. We kept ex-
pecting that professional managers would show up and tell us
what to do. But they never did, so we just went on our merry way.”

Another legacy of the graduate students’ caution is the Internet
tradition of documents known as RFCs—requests for comment—
which Steve Crocker initiated. The idea was to solicit comments
and suggestions as people began to use the network, in order to
improve it. Another UCLA graduate student of 1969, Jonathan
Postel, has edited the RFCs ever since. Cerf says, “Steve Crocker
chose the most diffident language he could possibly compose to
keep from appearing to step on anybody’s toes. What’s truly inter-
esting is that that set of documents continues to this day to docu-
ment the development of what is now the Internet. And the guy
that edited that series is still editing the series, Jonathan Postel out
at USCISI, who has had this role literally for his entire career.”

Obstetricians often tell expectant mothers that nine months is
“a month too long” for pregnancy. Certainly most mothers feel
that way. But to develop, test, and install a new high-tech com-
munications medium, the gestation period from January 1 to Sep-
tember 1 was far too short. Inevitably, there were both surprises
and compromises. BBN’s policy, defined by Frank Heart, was to
make the system good enough. “Bob Kahn regretted that we
didn’t do a better job on the routing algorithm. He was always
convinced it was going to fail, and he was right. It eventually
failed. To have listened to him would have meant not meeting the
deadline. So I don't regret for a minute having gone forward with
an imperfect system, but it was certainly the case that there were
things wrong with it. We got surprises and the network broke in
smaller and larger ways a little bit over the next few years and
then those problems were fixed.”

Len Kleinrock would later complain that BBN wouldn'’t listen
when problems were brought to their attention. “We’d tell BBN,
‘There’s a problem here. Fix it.” And the standard reply would be,
‘It’s going to take us six months to fix it.” The way they were struc-
tured they had a sequence of things they needed to do. They had
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a set of tasks, and the management there just was very rigid. Now,
in defense of that style, they had a network to keep up. And some
hotshot comes by and says, ‘Try this,” they’re going to stiff them
and make sure the network is up and running and at least pro-
viding a minimal degree of service.”

As Dave Walden observes of Kleinrock, the UCLA hotshot, “It
wasn’t so much we were having an argument with Len as we
were trying to get something going and good enough, working in
the field, running. That was what we were concentrating on.”

As the intensity of the work increased at BBN, and the weeks
and days to the deadline were counting down, the far more pub-
lic drama of the Apollo program had captured the world’s imagi-
nation. By one of those curious coincidences of history, the
ARPA-sponsored geeks designed the blueprint, wrote the soft-
ware, and built the computers of the world’s first digital network
at exactly the same time as NASA’s Apollo program reached its
lunar zenith. In early 1969, the Apollo IX and X missions orbited
the Moon, rehearsed the Moon landing, and prepared for the ful-
fillment of Kennedy’s promise: the Sputnik-inspired challenge of
a Cold War Space Race. On July 16, 1969, Neil Armstrong
stepped onto the Sea of Tranquillity and uttered his immortal
soundbite. NASA and its multibillion-dollar budget beat ARPA’s
one-million-dollar program to the payoff. Two visions of science
and technology, one begun in 1958 and the other in 1960, were to
succeed within a few weeks of each other. The irony is that from
the perspective of the late 1990s, the unheralded, low-budget, ob-
scure venture of wires and bits seems more significant and uni-
versal in its impact upon our daily lives than the heroic, but
perhaps inconsequential, adventures in space.

At BBN that summer, there wasn’t much time to watch the
drama and spectacle of Apollo XI. For the BBN team and their host-
site colleagues, the last month before the first IMP’s delivery to Los
Angeles was a mixture of excitement, competitiveness, and ex-
haustion. The lab at UCLA wasn’t quite ready; rumors flew that
BBN was running late. And there was very little history of shipping
computers across the country and having them work right away.

Severo Ornstein knew this was tricky: “First of all, the ability
to ship a machine across the country and have it be plugged in at
the far end and have it work was important. Today you carry ma-
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chines around and you expect to plug them in and you just ex-
pect it all to work. But not many years before that, machines were
built into the walls, and if you shook the room a little bit, it was
days before you could get the machine to work again.”

Dave Walden enjoyed the drama of meeting the deadline: “De-
livering the first machine in nine months was pretty exciting. It
did get shipped on time. When we heard that the UCLA people
weren’t expecting it because they were running a little bit behind
and they were hoping we were behind, too, that made us, of
course, feel pretty good.”

Vint Cerf was at UCLA: “Our software wasn’t quite ready when
the hardware showed up, and it was Labor Day weekend and we
were sort of hoping it might be delayed. We scrambled to get the
hardware interface between the IMP and the SDS-7 that we were
using as our main host to work. That was the very first BBN 1822
interface that was built.”

Bob Kahn was back in Cambridge: “We had done quite a bit of
testing of the ARPAnet IMPs right at BBN before we ever shipped
them. But the first IMP was shipped to UCLA at the end of Au-
gust of 1969. A few days short of the nine-month delivery period,
which I think astounded the folks at UCLA because they were ex-
pecting it to be late.”

Vint Cerf was one of those astounded: “BBN delivered the prod-
uct on time. First of September. Actually a little earlier than the
guys at UCLA hoped. They air-shipped it. So the machine shows
up. They get it on a forklift. It goes into the UCLA facility and they
turned it on and it picks up where it left off. Very impressive.”

On schedule, on budget: it was hard to believe this was a gov-
ernment project. The whole job had been completed in nine
months. As the UCLA IMP was the only one on the network, and
its host was the only host, the first tests ran software that mas-
queraded as other hosts to send packets between IMP and host, or
between host and “fake hosts.” That first IMP, the most historic
(ruggedized) machine in the history of networking, stands today
in Len Kleinrock’s computer-science laboratory at UCLA: “My
laboratory was the place where the Internet came to life. It was
then called the ARPAnet. We had the first switch, called an IMP,
which was wheeled into my laboratory over the Labor Day week-
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end in 1969. And on Tuesday of that next week we had bits mov-
ing back and forth between that switch and my host computer.”

To witness this historic event, there was no shortage of inter-
ested parties. On the day following Labor Day, September 2, as
Len Kleinrock recalls:

We had messages moving back and forth. Everybody was
there. BBN was there. The computer science department
was there. The school of engineering. UCLA administration.
GTE was there. We were using their local lines. Honeywell
was there. It was their machine. AT&T was there. It was their
long lines network. Scientific Data Systems was there be-
cause our host machine was an SDS. Everybody was there
and they were all ready to point the finger, right? If it didn’t
work. Fortunately, everybody had done their jobs very well.
It worked beautifully. And there was a big celebration. But
nobody had a camera. Nobody thought to memorialize this
event. It just didn’t seem like that big a deal. You know, two
machines talking to each other.

Until a second node was connected, a true network test could
not occur. But in the meantime, the UCLA team sent local mes-
sages to test the packet-switching technology, which seemed to be
working correctly. A month later, on October 1, 1969, the second
IMP was installed at Stanford Research Institute. The lines were
connected, both IMPs were prepared, Stanford’s PDP host and
UCLA’s SDS Sigma-7 were set, and the fledgling network was ready
to be blitzed with bits. With the historic examples of Alexander
Graham Bell’s “Come here, Mr Watson” and Neil Armstrong’s re-
cent “One giant leap for mankind” as prototypes, what memorable
message did the ARPA pioneers compose? Kleinrock confesses:

What was the first message? “What hath God wrought?”
Or, “Great step for mankind?” No. All we tried to do was log
on from our host to their host. Remember—we’re engineers.
So I had one of my guys, Charley Kline, set this up and we
also had a voice line in parallel over the data line. He had a
pair of headphones and a speaker and so did the other guy
at the other end. You want to type in LOG and the rest
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would span out: “LOG IN.” And so we typed in L. And we
said, “Did you get the L?” And he said, “I got the L.” Typed
the O. “You get the O?” “I got the O.” “You get the G?”
Crash! The system failed on the G. A couple hours later we
successfully logged in, did some minimal things, and logged
off. That was the first message on the Internet. “Log in,
crash.” Or, as I like to phrase it, the first message was
“Hello” which is the way the two letters L, O sound.

The message may not have been of much consequence, but the
event was. Despite the theoretical, experimental, and local test-
ing which meant that the ARPA network should work, the first
connection between UCLA and SRI meant that it did work. As
Ornstein says, “The first two were the really crucial ones. That
was really the first time that remote machines had actually, in our
experience, talked to one another.”

The ARPA contract had called for four initial nodes, and BBN
continued to meet the scheduled delivery dates. IMP #3 was in-
stalled at the University of California at Santa Barbara on No-
vember 1, 1969, on schedule; IMP #4 was installed at the
University of Utah on December 1, 1969, on schedule. The im-
peccable execution of the contract requires some explanation,
not least for people who have had less happy experiences of
government contracting.

Frank Heart says, “It’s an example of what can be done with rea-
sonably bright, dedicated management both on the government’s
side and on the contractor’s side. What can be done with small
groups of people, all of whom talk to each other, where there’s no
communication problems. For a government project and a Defense
Department project, it was amazingly free of the usual kinds of bu-
reaucratic nonsense that afflicts so many government projects.”

The entire ARPAnet project was unclassified, despite being run
by the Department of Defense. It was also provided to its users as a
free good. There were no access charges or service charges. There
was also an absence of concern over who gained access to the net-
work, though the project was entirely government funded. Because
it was a brand-new technology, it did not have to be “backwards
compatible” with any preexisting hardware or software; there was
no legacy to incorporate. And the cost-based contract meant that
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plans could be changed quickly without wholesale renegotiations
of contracts and budgets. Those were the days.

On the twentieth anniversary of the first IMP’s going into serv-
ice at UCLA, Len Kleinrock composed six stanzas of doggerel—to
recall the romance of IMPs, nodes, and technical specifications
that only nerds could love—or make rhyme.

It was back in ’67 that the clan agreed to meet.

The gangsters and the planners were a breed damned
hard to beat.

The goal we set was honest and the need was clear to
all.

Connect those big old mainframes and the minis lest
they fall.

The spec was set quite rigid, it must work without a
hitch.

It should stand a single failure with an unattended
switch.

We decided UCLA would be the first node on the net.

As the best researchers out there, we would be the
perfect bet.

I suspect, you might be asking, what means “first
node on the net”?

Well, frankly it meant trouble, especially since no
specs were set.

For you see, the interface between nascent IMP and host

Was a confidential secret from us folks on the West
Coast.

BBN had promised that the IMP was running late.

We welcomed any slippage in the deadly scheduled
date.

But one day after Labor Day it was plopped down at
our gate.

Those dirty rotten scoundrels sent the damn thing out
air freight.



Not So Hard 95

As I'recall that Tuesday, it makes me want to cry.
Everybody’s brother came to blame the other guy.
Folks were there from ARPA, BBN, and Honeywell,
UCLA and ATT, and all were scared as hell.

We cautiously connected, and the bits began to flow.

The pieces really functioned, just why I still don’t
know.

Messages were moving pretty well by Wednesday morn.

All the rest is history. Packet switching had been born.

Bob Taylor had proposed the ARPA network to provide inter-
active access between ARPA-funded computer resources around
the country, and to save money that ARPA would otherwise have
to spend on buying more and more computers. Larry Roberts, ap-
pointed by Taylor to execute the plan, believes both goals were
met: “By 1973, I had cut our computer budget to 30 percent of
what it would have been if I hadn’t had the network. And saved
more money than the network cost. Because I could share com-
puters all across the world and not have to buy computers for
every research group that wanted one.”

Even skeptics who had resisted the very idea of the network
began to recognize the value once it came into existence, as Roberts
found: “After it came up, they found that they could exchange pa-
pers between Stanford and MIT very easily, and write papers
jointly, which was great; and they suddenly found that this was a
tremendous benefit rather than a tremendous harm. And they
didn’t lose any computer power. They actually probably gained be-
cause there were other computers that they could access.”

Bob Taylor, the originator of the ARPA network idea, left ARPA
almost as soon as it had come online. He left partly because he
had done what he set out to achieve; partly from a sense that it
was time; and partly because he grew increasingly uncomfortable
in the Vietnam-era Pentagon. “The ARPAnet was my objective
when I became head of the IPTO office. That’s the project that I
really wanted to see carried off. It was sort of my baby. And in
1969, when we had those four nodes up and running, okay, we
know it’s going to work. We know it’s going to grow from there.
So I felt like I'd done what I wanted to do.”
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Taylor doesn’t believe in having a job for life, especially in gov-
ernment. But his tours of duty to sort out data processing for the war
effort in Vietnam gave him an additional motivation for moving on.
“My first trip to Vietnam I thought, ‘Well, it’s a good thing we'’re
over here because these people are getting downtrodden by folks
who don’t care about human rights and liberties and so on.” But
about the third trip over there I thought, ‘This is a civil war. We've
got no business here.” And I began to get really down about our in-
volvement in Vietnam. I wanted to get out of not just the Defense
Department, but the whole government and Washington scene.”

Bob Taylor left ARPA in October 1969 for a position at one of
the network nodes, the University of Utah. He left the manage-
ment of the ARPAnet to Larry Roberts, who succeeded him as di-
rector of IPTO. But Taylor did not rest on his laurels, or retire into
decent academic obscurity. Within a year, he was approached to
consult for, then join, the newly established Xerox Palo Alto Re-
search Center. As a result, he would witness, and manage, several
further milestones in computing and networking history.
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Chapter Four
Kind of a Happening

ONE OF THE PASTIMES THAT BRINGS the greatest joy to hardcore
nerds is pushing a system to its limit, and beyond, then tinker-
ing until the limit is revised. Then they start pushing all over
again. In the first weeks and months of the ARPAnet, Bob Kahn,
Dave Walden, Vint Cerf, and Len Kleinrock all participated in
this engaging activity, thereby better understanding and improv-
ing the growing network.

Once UCLA and Stanford were connected, Kahn and Walden
spent a pleasant time in California, to measure how the net was
working and how it would function under different loads of traf-
fic. They worked with Len Kleinrock, Steve Crocker, and Vint Cerf
at the UCLA Network Measurement Center, which generated real
and artificial traffic to test the network. The UCLA team saw it as
their job to experiment with the network. Kleinrock says, “Indeed
it was our job to break the network, and break it we did, at will.
We found one problem after another over the next few years, in-
cluding serious deadlocks and lockups, such as ‘Christmas
lockup’ and ‘Piggyback lockup.’” Kleinrock put Holger Opderbeck
in charge of the Network Measurement Center in the early 1970s,
and together they had “a terrific time attacking the net.”

UCLA’s pride at being able to lock up the network was matched
by BBN’s determination to prevent it: the BBN engineers went
home to Boston to fix the software. It took more than six months
to fix and upgrade the software. But one of the more fateful en-
counters in networking history took place as a result. Bob Kahn,
then at BBN, met Vint Cerf, then at UCLA, for the first time. In due
course, they would be responsible for the evolution of the Inter-
net. Cerf recalls: “I first met Bob Kahn when he came out to UCLA
with Dave Walden to run tests on this thing. Bob would ask me to
do a battery of tests and I would run them and we would knock
the net over. I almost got to the point where I wanted to put little
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pictures of networks up on the side of the computer like they used
to do in World War II for shooting down airplanes. Because we
knocked ARPAnet down pretty regularly. But it was a terrific ex-
perience because it exposed a lot of the deficiencies in the design,
in the early design, by pressing it to the limits of its behavior.”

President Kennedy was dead, but NASA had put his men on
the Moon, and returned them safely to earth, by the end of the
decade. ARPAnet had packets flowing among IMPs and hosts by
the same deadline. As the decade turned, the secret achievement
of the ARPA geeks was destined to remain largely secret for years
to come. But the network quietly grew, more IMPs were manu-
factured and installed, more nodes were added.

In March 1970, the fifth node on the ARPAnet was installed at
BBN headquarters in Cambridge, Massachusetts. There was still
no connection to ARPA itself in Washington. But the ARPAnet
was connected from its four nodes in the West to its fifth, in Mass-
achusetts. Within a couple more years, it was sending packet traf-
fic across the Atlantic, and across the Pacific to Hawaii, by radio,
satellite, and telephone line. One radio packet network was estab-
lished in a panel truck that drove up and down Highway 101 on
the peninsula south of San Francisco. Kleinrock could control and
measure the behavior of the ARPAnet Atlantic Satellite Network
from his Network Measurement Center on the Pacific coast using
the land-based ARPAnet to cross the continent. The experimental
network became operational, and grew steadily.

Frank Heart found himself managing an increasingly large
federal research contract: “The government was incredibly ec-
static about that. The contract was extended to go build more
sites and put more sites in to keep running the network and to
keep improving the software. So BBN’s contract just grew. From
BBN’s point of view, it was a big success. From ARPA’s point of
view, it was a big success.”

Connecting BBN to the ARPAnet made other technological in-
novations possible. The IMPs had been designed by BBN to pro-
vide a constant monitoring of the state of the network—its
message traffic load, the telephone connections, its power load.
As Heart points out: “This was the first time computers had ever
sat on phone lines really watching them carefully. A phone line
between UCLA and Santa Barbara would begin to cause trouble.
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The IMPs on the West Coast would notify us in Cambridge this
was happening. So somebody in our Network Management Cen-
ter would pick up a phone and call California and say, ‘Your line
from Santa Barbara to UCLA is in trouble. You better go and
check on it.” They’d say, ‘Okay, which end are you on?’ We’d say,
‘Well, we’re in Cambridge, Mass.’”

With the connection to BBN in place, the design team was able
to provide software upgrades directly over the network. They
could release an entire program to the entire set of IMPs in the
space of a few hours. For the first six months of the network’s life,
software upgrades were supplied by Dave Walden, who flew from
node to node with paper tapes in his briefcase.

Remote management of the IMPs, debugging tools, and reload-
ing of machines across long distances were all technological in-
novations special to the ARPAnet. Ten years later, in the 1980s,
software distribution via bulletin boards would become a hugely
successful business; in the 1990s, it would become something
close to the norm.

Another by-product of the IMP technology was the creation of
the first local area networks (or LANs). The ARPAnet was designed
and built to be a wide area network (WAN)—a widely dispersed
network of identical machines, in this case the IMPs, working on
the same operating system and hardware platform. But with the de-
cision, mid-contract, to allow more than one host computer to be
attached to each IMP, a new computing arrangement was enabled:
multiple different mainframes, connected to each other by their
shared IMP. Frank Heart explained the origins of this additional
breakthrough at the Act One conference: “An interesting surprise
was that when you put an IMP into some place, people had more
than one computer there that couldn’t communicate. The fact that
the IMP created a standard for interconnecting meant that the peo-
ple at the sites promptly began using the IMP as a way to commu-
nicate among their local machines. In some cases, that was as big a
benefit to them as being able to get out to anybody else in the net-
work, because they hadn’t been able to do that before.”

It was accidental, but the reason it was so useful was the re-
peated lesson of networking history—overcoming incompatibil-
ity always represents an advance. The same story at Stanford
University, a decade later, would represent the foundation of
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Cisco Systems, a company that today is climbing towards a mar-
ket valuation of $100 billion. But the pioneers of the ARPAnet
were people with little interest in, or expectation of, either fame
or fortune. They were academics, even those who had wandered
into the private sector, and their ambitions focused on interesting
problems, tenure, and an agreeable lifestyle. Norm Abramson, a
Ph.D. engineer who was teaching at Stanford in 1969, went look-
ing for a job with tenure; allowed himself to fall in love with surf-
ing; and wound up living, teaching, and adding a chapter to the
history of packet switching in Hawaii.

Pearl Harbor had underlined Hawaii’s military importance.
Norm Abramson brought to the University of Hawaii his electri-
cal engineering skills and a belief that packet switching would
work as well over a radio network as along telephone lines. A
community separated physically into islands, and dotted with
mountains, has obvious uses for transmitting information and
sharing resources by radio waves. But it wasn’t the topographical
challenges that drew Norm Abramson to Hawaii—it was the surf:
“I was teaching at Stanford, when I first saw Hawaii. And I de-
cided to move there. It took me about a year to find a university
position there—and moved to Hawaii to go surfing.”

Abramson inevitably persuaded Larry Roberts at ARPA to
fund the experiment. Packet switching by radio had never been
done. In due course, the Alohanet, as Abramson called it, was
the first network that transmitted data into a computer by means
of radio waves, rather than telephone lines or conventional
wires. It was the first “wireless” networking system. The impor-
tant protocol at the heart of the Alohanet was one that allowed
each terminal to transmit at any time. If and when one transmis-
sion collided with another, thus garbling both, the terminal
would retransmit after a random interval. Messages received
were acknowledged. Messages unacknowledged were deemed to
have gone astray, and were thus resent.

Bob Kahn saw the incontrovertible value of testing a theory:
“In Hawaii, they showed that you could communicate sending
packets over the radio, not that I think any serious engineer
would have doubted it. Sometimes just showing that it works is
worth everything. They were able to show that it worked and
able to actually use it.” Engineering landmarks aside, Abram-
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son’s motivation for the Hawaii venture remained resolute:
“Frankly, I was doing it because of the surf.”

In 1970, the Alohanet had packets flowing by radio, and it was
connected to the ARPAnet on the mainland. With a link to Hawaii,
the network had proved it could function not just over long dis-
tances on land, but across the oceans. And with networking con-
ducted by radio, it was, in practice, both international and mobile.

In 1970, Norm Abramson was in Washington, in Larry Roberts’
office at the Pentagon. According to Abramson, he tricked
Roberts into allocating funding to provide a Terminal Interface
Processor, or TIP, to connect the Alohanet to the ARPAnet:

I noticed he had a list on the blackboard of various uni-
versities where he was planning to put in a TIP, or a node in
the ARPAnet at that time. The Aloha system and University
of Hawaii was not on that list. As we were talking, Larry was
called out for an emergency, which often happens with the
people in DoD. So Larry went out for about five minutes and
I was left in his office. So I went over to the board and took
the chalk and wrote in on the list, “Aloha networks,” and I
put a date, chosen at random—I think it was January 22—on
the list. When Larry came back into the office, he had the
same list there with one addition that I had made. But about
five days before that date that I put in just at random on his
board back in Washington, we got a call from the people at
BBN that they were shipping an ARPAnet TIP out to us and
were going to install it for us.

Abramson confessed; Roberts authorized the TIP anyway. De-
spite the steady growth of the network, its uses and usefulness re-
mained largely invisible. The original goal of resource sharing
was barely met. Files and data were exchanged between sites,
and colleagues at different locations became able to work to-
gether, remotely. According to Len Kleinrock: “Resource sharing
hardly happened, and here’s the reason: far too difficult. The
main use of resource sharing is if I had my machine and I moved
to your facility, changed jobs, and wanted to use the old machine,
then I knew exactly how to do all of that.”

Making it easier for their principal investigators to change
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jobs was not one of the intended outcomes of ARPA’s computer
network; nor was the sudden vogue for playing computerized
role playing games, like Will Crowther’s Adventure. The original
budget-saving, shared resources of the ARPAnet—while effec-
tive in fact—were not the “killer application.” The killer app of
the ARPAnet was e-mail.

Every new information technology needs a feature that makes
people just have to buy it—a killer app. For the Apple II and the
IBM PC, it would prove to be the spreadsheet; for the Macin-
tosh, it would be desktop publishing. The ARPAnet was no ex-
ception. It was a communications network—so the killer app
was a way of communicating.

Ray Tomlinson of BBN was the first person to send e-mail on
the ARPAnet. In 1972, he devised an experimental program for
sending files. Time sharing systems had mail systems inside a sin-
gle computer, where twenty or thirty different users might have a
mailbox. People could leave messages for each other within that
one computer. But there was no such thing as electronic mail be-
tween computers. One day, with access to two separate minicom-
puters at BBN, Tomlinson wrote a simple file-transfer program, to
open a connection, send a file from one machine to another, and
then confirm that the file had transferred. As each minicomputer
had user mailboxes, which were no different from files, Tomlin-
son decided he could modify the file-transfer program to carry a
mail message from one machine and drop it into the file of the
other. As this quiet pioneer states: “E-mail was the next step. Once
we had the ability to transfer a file from one machine to the other,
it became fairly clear that one thing you could do was just write
the file across the network and send mail to somebody else. I also
happened to be working on a piece of software to be used to com-
pose and send mail, called ‘send message.” And it seemed like an
interesting hack to tie those two together to use the file-transfer
program to send the mail to the other machine. So that’s what I
did. I spent not a whole lot of time, maybe two or three weeks,
putting that together and it worked.”

As Frank Heart explains, Ray Tomlinson “just did what is called
in the computer trade a hack, just put that together and it worked
quite nicely, and that became known to people and it began to be
implemented in other machines around the network.”
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Tomlinson himself admits: “It was just a hack. And the next
step was to get other people to try using it, because so far I'd only
sent mail to myself first and then to the other people in my group.
The actual communication was from one machine in one part of
the building to another machine in an adjacent room. It was going
through the network, but it really wasn’t going out through tele-
phone lines or to other sites, like Utah or UCLA or the other
places that had ARPAnet nodes at that time. The next release we
sent out of our operating system software, we included this ‘send
message’ software and started sending the messages.”

The e-mail experience spread rapidly. Not least because every-
one using the ARPAnet automatically had a mailbox, by virtue of
having access to the network at an ARPA node. Ray Tomlinson was
just the first: “That was clearly an advantage because you didn’t
have to do anything special to start sending e-mail to somebody.
They already had a mailbox. In fact, all of the operating systems
being run on computers connected to the ARPAnet, had at least
some kind of local mail facility, and everybody in charge of those
operating systems was out there trying to figure out how to connect
their mail system to the electronic medium across the network.”

Len Kleinrock was struck by how rapidly e-mail proliferated:
“One of the first applications we put on the system was Ray Tom-
linson’s network e-mail. As soon as e-mail came on, it took over
the network. We said, ‘Wow, that’s interesting.” We should have
noticed there was something going on here. There was a social
phenomenon that was happening.”

Severo Ornstein, the skeptical engineer, found it hard to be-
lieve that e-mail was going to be a major use of the network. “It
really was. That was not what had been touted in the first place,
that sending messages back and forth, from person to person,
was going to be a large use of the network. It was hard to believe
for a long time.”

Bob Kahn observes that ARPA “would never have funded a
computer network in order to facilitate e-mail. The telephone
was a quite serviceable device for person-to-person communica-
tion. But once it came into existence, it had tremendous benefits:
overcoming the obstacles of time zones, messaging multiple re-
cipients, transferring materials with messages, simple collegial
and friendly contacts.”
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Larry Roberts argues that the original purpose of the ARPAnet is
in fact the actual use of today’s Internet and World Wide Web:
“People all over, going after resources all over the world. What it
was used for to begin with was, heavily, electronic mail and we had
no idea that that was going to happen. The electronic mail was just
sort of a new thing that happened. It was a communications use of
this computer resource-sharing network that we had created.”

Len Kleinrock quickly learned what the whole history of the
Internet has repeatedly demonstrated: “People-to-people commu-
nications was what excited people. You know, machine-to-
machine or human-to-machine was not all that exciting. At that
point, we perhaps should have been able to predict the kind of
phenomena we see today. And some of us began to see, this is
bigger than what we created. That was the first glimpse.”

Every single e-mail address has Ray Tomlinson’s personal stamp
on it, because he decided how to identify the e-mail user with
his/her location or institution. The upper-case 2 key, standard on
the QWERTY typewriter keyboard since the 1940s: the @ sign.

Ray Tomlinson looked at his keyboard on a Model-33 teletype:
“The one that was most obvious was the ‘@’ sign, because this
person was @ this other computer, or, in some sense, he was @ it.
He was in the same room with it anyway. And so it seemed fairly
obvious and I just chose it. There were, at the time, there was no-
body with an ‘@’ sign in their name that I was aware of. I'm not
so sure that’s true any longer because there are a lot of strangely
spelled names out there now.”

By 1972, the same year Tomlinson hatched his hack and
changed the world of communications at least somewhat, the
ARPAnet had grown to include dozens of locations, including
MIT. BBN was continuing to manage and extend the network
rather than creating it. The production line of Honeywell IMPs
was known at BBN as “the factory.” But still hardly anyone knew
about the network, so Larry Roberts at the Pentagon decided that
the ARPAnet was ready for primetime. ARPA had seen the future
of computing—and it mostly worked.

The International Conference on Computer Communications
(ICCC) was scheduled to take place at the Washington Hilton in
Washington, D.C., on October 24-26, 1972. After three years,
Washington still did not have a node on the ARPAnet, and the
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event coincided with ARPA’s being moved out of the Pentagon to
the “Siberian” suburbs. Bob Kahn had suggested to Larry Roberts
that a first public demonstration of the network would be timely.
Roberts accordingly asked Kahn, still at BBN, to organize it. On
the eve of Richard Nixon’s reelection as president of the United
States, an event with profound repercussions for global commu-
nications was taking place in the ballroom of the Hilton.

It was not until 1972 that the ARPAnet had a number of ma-
chines functioning fully every single day, and the public
demonstration was designed to galvanize and focus energies on
proving that it really worked, with multiple terminals con-
nected, performing a variety of functions. Roberts picked the
date, and announced that the ICCC would see the first public
demonstration of the network.

A temporary 50-kilobit line was run into the Hilton ballroom
under a false floor, and BBN set up an IMP on site—a temporary
node on the ARPAnet. Bob Kahn was the chief organizer: “We ac-
tually got donations of some forty or fifty computer terminals
from different manufacturers, and then we orchestrated with a
variety of different research places to put applications up on their
system and make them work. It was a ‘who’s who’ of everybody
in the field and it was just very eye-opening to a lot of people who
did not know this was possible—and it was just very self-
satisfying to those people who knew all along that it was.”

Bob Kahn recruited Al Vezza from the MIT time sharing ven-
ture Project MAC to assist with the technical set-up. By the time
of the ICCC meeting, twenty-nine nodes were connected to the
ARPAnet. Larry Roberts had a small, but growing population
around the country actually using the technology: “Everybody
brought in all their stuff and got their computers online. The
show really pushed them to complete that and make that happen,
and everybody around the world, then, realized what was hap-
pening at the show. The show showed everybody in the commu-
nications world that this worked.”

The technical performance was no small matter. From a ter-
minal in Washington, Len Kleinrock would log on to a host at
MIT. From MIT, he called up a program from UCLA, whose job
it was to execute, run, and send the data to a printer right next
to him in Washington. It put the system to a real test. People had
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brought chess-playing programs, and a group from MIT had
“Turtle”—a robot that could be programmed to navigate a room
full of obstacles. (Turtle is now retired, in the basement of the
Museum of Science, in Cambridge.) Len Kleinrock explains: “We
logged on to MIT, pulled up the file from UCLA, ran it, executed
it, sent the data—and nothing came out on the printer. And we
wondered what happened. Then we looked around and we saw
Turtle was jumping around. Someone had wired the printer to
Turtle accidentally and that was the output, the dancing move-
ments of Turtle was the output.”

A dancing Turtle was not the only thing to go wrong. Bob Met-
calfe was a Harvard graduate student working at MIT at the time
of the ICCC. Metcalfe was responsible for drawing up a user’s
guide for visitors to the show, on how to use twenty or so differ-
ent applications on the ARPAnet. His graduation photograph
shows a red-bearded giant, towering over his proud parents, and
not necessarily the ideal choice for the job of escorting the peren-
nially skeptical AT&T delegation around the show. As Vint Cerf
recalls, “They were fully anticipating that it would be a miserable
flop. And just as Bob brings them up for one of the first demon-
strations, the network crashed and they were all very happy about
this, except for Bob. If they’d hung around for a little longer, they
would have discovered that it popped back up again.”

It was the only time the network crashed in three full days. But
it confirmed AT&T’s view that circuit switching had nothing to
fear from the upstart packet-switching technology. Indeed, a year
later, AT&T rejected an ARPA invitation to take the network off
the government’s hands entirely. As Larry Roberts says:

They wouldn’t buy it when we were done. We had decided
that it was best if industry ran it, because the government had
done its experiment and didn’t need to run it anymore. I went
to AT&T and I made an official offer to them to buy the net-
work from us and take it over. We’d give it to them basically.
Let them take it over and they could continue to expand it
commercially and sell the service back to the government. So
they would have a huge contract to buy service back. And
they had a huge meeting and they went through Bell Labs and
they made a serious decision and they said it was incompat-
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ible with their network. They couldn’t possibly consider it. It
was not something they could use. Or sell.

Despite the cold shoulder from Ma Bell, the network’s boost-
ers were delighted with their public presentation. Bob Kahn, the
prime organizer, describes it in aptly sixties language: “I think
the public reaction varied from delight that we had so many peo-
ple in one place doing all this stuff and it all worked, to aston-
ishment that it was even possible. Apart from the people who
just did not know and weren’t exposed to this before. It was a
real, real event. It was kind of a happening. You know, like hap-
pens once in your lifetime.”

With the ICCC behind him, Bob Kahn was able to make the ca-
reer move that he had delayed for the show—to go to work at
ARPA, where in due course he would succeed Larry Roberts as
IPTO director, joining the progression of pioneers that began
with Licklider and ran through Ivan Sutherland and Bob Taylor
before Roberts and Kahn.

Through the seventies, the ARPAnet grew, adding more and
more IMPs and nodes to the network. But soon ARPAnet was not
the only network switching packets around the country. Other
small, local networks, and overlapping, big networks started to be
established within academia, federal agencies, and research es-
tablishments. But they weren’t able to inter-network. Each of
them had their own “protocols” that defined how one network
would organize communication among its own nodes.

The reason the ARPAnet worked so well was that it was a sin-
gle network of uniform IMPs, all engineered at the same place, by
the same people, running the same software and the same hard-
ware interfaces to their host computers. The protocols in the
computers connected by the ARPAnet made assumptions about
how the network functioned because there were no other alter-
natives in that system. Technically, the ARPAnet worked as
designed. In terms of use, things were different. The resource-
sharing objectives were only modestly fulfilled, but a 1973 ARPA
report showed that three-quarters of all use was e-mail.

But by the early 1970s, other networks were being created too.
Now there was a problem. Each network was different, working
exclusively within its own protocols, hardware, and software. A
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user could not send packets from one network to another, let
alone through another to a third. They had vastly different tech-
nical characteristics. The Alohanet had different protocols from
the ARPAnet, as did the satellite packet-switching Atlantic
Packet Satellite Network, or SatNet. Another example was the
Mobile Radio Network in the San Francisco Bay area, whose
topology and reliability kept changing as the vehicles moved. All
of these were separate wide area networks that overlapped geo-
graphically, but were otherwise quite unalike.

This may explain why for a long time the network was operat-
ing at only a fraction—one estimate was 2 percent—of its techni-
cal capacity. The problem of incompatibility among disparate
networks began to make the success of the ARPAnet look like a
modest achievement, even in the eyes of one of its own creators,
Severo Ornstein: “That was a relatively straightforward, small
piece of work, compared to dealing with this great diversity of
languages and machines that existed out there in the world that
were going to try and use this thing. And it did take a number of
years. It took a lot longer to try to start to work that out so that all
these multiple machines could talk to one another.”

Not least because of government purchasing rules, every loca-
tion seemed to be running different machines, operating in differ-
ent technological media. One place had IBM machines, another
Digital machines, a third a Burroughs machine. Larry Roberts saw
this as a throwback to the communications difficulties of tribal so-
cieties: “They were all different. They couldn’t talk to each other.
There was no common language, no common way to communi-
cate, and no way to get a program from one to the other. So we ba-
sically had a serious problem in transporting anything in terms of
knowledge. We had no way for language, for civilization to grow.
And we were stuck back like man before he had language.”

The incompatibility problem demanded a new solution. It was
to be provided by two thirtyish scions of the ARPAnet commu-
nity: Bob Kahn, now at ARPA in Washington, and Vint Cerf, now
at Stanford. As program manager at ARPA, Bob Kahn became in-
volved in new applications of packet switching, packet radio,
mobile packet radio, and packet satellite. One of the sites where
packet radio was being developed was Stanford Research Insti-
tute. On one of his visits to the Bay Area, Bob Kahn stopped in to
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see Cerf at Stanford, and described these other packet-switching
networks; and pointed out that he needed to find a way of inter-
connecting them, because they did not behave as the uniform
ARPAnet did. Thus Kahn and Cerf began to think about protocols
that would allow such an amalgam of networks to inter-work.

Their solution was a cross-network protocol, a technological
midwife that facilitated the birth of the Internet. The essence of
the idea was to replicate the role of the IMPs as a set of boxes that
communicated outwards only to other IMPs, and inwards only to
their own hosts. The Internet plan was to create what Bob Kahn
called a “gateway” as the entrance to each different network:
“The idea of the Internet was that you would have multiple net-
works all under autonomous control. By putting this box in the
middle, which we eventually called a gateway, it would allow for
the federation of arbitrary numbers of networks without the need
for any change made to any particular network. So if BBN had
one network and AT&T had another, it would be possible to just
plug the two together with a [gateway] box in the middle, and
they wouldn’t have to do anything to make that work other than
to agree to let their networks be plugged in.”

To Vint Cerf, the fundamental thing that protocols allowed was
“the interconnection of packet-switching networks that weren’t
all identical. Different packet sizes, different transmission band-
widths; the satellite takes a lot longer. So all of the parameters of
operation varied. The whole system couldn’t work if there wasn’t
a way to interconnect everything and hide the fact that there was
this nonhomogeneity throughout the system. So it’s absolutely
vital to have a set of protocols that smooth out the differences
and, essentially, are network independent.”

The protocol they invented is known by its initials, TCP/IP—
standing for the mouthful Transmission Control Protocol/Internet
Protocol. It is significant historically for originating the use of the
term Internet, in about 1973, as a handy abbreviation for the
“inter-networking of networks.” In simple terms, the Internet Pro-
tocol was like an envelope enclosing one of Vint Cerf’s postcards.
It allowed a message to leave one network, be enclosed inside an
IP-addressed envelope to travel from one gateway to another, be
removed from the IP envelope at the destination gateway, and be
sent on its way as raw packets into the network it was destined
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to reach. The Internet Protocol did the routing of packets. It never
operated inside a network, only in the space between networks.

The Transmission Control Protocol was more complex, yet al-
most self-explanatory. It had the effect of controlling and coun-
teracting the much-higher risk of losing packets when they made
the arduous journey from one network through the thickets of 50-
kilobit lines to another. Information is packetized by TCP on de-
parture, “controlled” during the journey, and reassembled by
TCP on arrival. Although Cerf and Kahn began by seeing the pro-
tocol as a single approach, it was later split into its two halves,
TCP and IP, which functioned separately.

The ARPAnet had addresses that only ARPAnet IMPs could
understand, so when a message popped out at the other end of
the ARPAnet, only that machine could get it. By contrast, for a
journey across the Internet, a message originating in the ARPAnet
would have an Internet header on it, containing an Internet ad-
dress for the end destination that would be interpreted in the
gateway. The most important feature of the TCP/IP is the one that
is the easiest to grasp: It worked.

Bob Kahn and Vint Cerf published the academic paper that
launched a thousand networks in the May 1974 edition of the
journal IEEE Transactions on Communications Technology. They
called it “A Protocol for Packet Network Intercommunication.”
While its title is sober and scholarly, its impact over the follow-
ing quarter-century has been spectacular. The Internet pioneers
have seen their scientific approach hold up over twenty-five
years of growth in networking. But they somewhat underesti-
mated the scale of that growth, as Bob Kahn admits: “When we
did the original design of the Internet, we only allowed eight bits
for network field, thinking that 256 networks, which is all you
can address with eight bits, would be more than enough in the
foreseeable future. Of course, it didn’t take very long before that
whole theory went out with the wash.”*

The TCP/IP protocol, which still operates at the time of writ-
ing throughout the Internet, was devised before the personal
computer and workstations, before the explosion of local area
networks in business, before the World Wide Web. What Cerf and

* A footnote for the non-digital reader: with 8 bits, each of which can be in
an on/off position, there are 2 to the eighth power, or 256 permutations.
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Kahn did was to anticipate all these later developments, allowing
any network and any computer to fit in and operate compatibly.

Besides different networks, there was an increasing variety of
users. Legend has it that in 1976, to mark her Royal Jubilee—the
twenty-fifth anniversary of her coronation—the Queen of Eng-
land was sending e-mail to her loyal subjects. At the time, prob-
ably only a few thousand could receive it. But it showed that the
Royal Family was up to date.

In 1976, Len Kleinrock published the first book describing
the design and performance of the ARPAnet. For the first time,
the technology of packet switching was available to a broad au-
dience across the world. The book won the 1976 Lanchester
Prize, and Kleinrock multiplied the prize money at a blackjack
game in Las Vegas to the extent that he was able to buy an orig-
inal of the book’s cover photo (M.C. Escher’s famous “Ascend-
ing and Descending” lithograph).

Although the non-homogeneity of the networks in use was
what propelled the Internet protocol, it was not until 1977 that
Cerf and Kahn demonstrated an inter-networking experiment that
featured the ARPAnet, the Atlantic SatNet, and the Mobile Radio
Network. Data was being transmitted from the Mobile Radio Net’s
unmarked panel truck somewhere on the Bay Shore Freeway
near Stanford. The data passed through an Internet gateway, car-
rying its IP address (or travelling in its envelope) and traveled
into and through the ARPAnet. Next, the data traveled across a
point-to-point satellite hop, first to Norway, then down a land
line to London. London sent it back over the packet-switch satel-
lite network, across the United States to a PDP-10 computer at the
University of Southern California Information Sciences Institute
in Marina Del Rey. To travel about 400 real miles, the data was
transmitted approximately 95,000 miles. As Vint Cerf recalls (en-
couragingly, for the non-technologists among us): “It worked. I'm
always amazed when anything like this works, especially if you
know how complicated it all is. I'm even surprised when you
make a phone call that works. So that was really the first dramatic
demonstration of all three networks interworking together.”

Oddly enough, the development of new networks, especially
mobile radio networks, reintroduced the theme of survivable, flex-
ible command-and-control functions for the military. The
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ARPAnet, being fixed, didn't satisfy all the needs of the military. In
1976, Vint Cerf became the next networking expert to move from
academia to ARPA, and upon his arrival, he became immersed in
more directly military applications for the agency, which still be-
longed to the Pentagon, though it no longer was located at the Pen-
tagon. Cerf says that “ARPA was very much focused on how this
technology could be used to build a highly reliable and resistant
command-and-control system. That meant it had to work over the
ocean for ships at sea. It certainly had to work for tactical envi-
ronments on land, and we wanted the continental U.S. wireline
network to be embedded in a system as well. So a lot of my time
at ARPA was spent helping to move the technology in directions
that would provide this kind of resistance and robustness.”

By the end of the 1970s, ARPAnet had expanded to connect
over a hundred nodes, with at least twice as many host comput-
ers attached. At each location, there were perhaps two hundred
new users per year. After ten years, it was still being used almost
exclusively by people in universities who had access to terminals
and nodes. So in the first decade of networking, maybe half a mil-
lion people had had access of some kind; many fewer had used
the networks regularly. How useful was it really? As Len Klein-
rock observes, it was growing, and full of potential. “The people-
to-people part of it was natural. It’s what caught people’s
imagination and attention. And the way the network evolved, of
course, nodes were added, it began to grow, we got cross country
links, e-mail began to thrive. It still remained a computer scien-
tist’s and a computer researcher’s private dream network.”

Trends in the computer industry have proved, over forty
years, notoriously difficult to predict. J.C.R. Licklider was prob-
ably the first to express impatience with the fact that it was eas-
ier to predict the uptake of technology twenty years out than
five. People who were present at the creation of the ARPAnet are
excellent forecasters of the technological advances, and poor
judges of the timescales required.

In 1972, as e-mail started to take off, Dave Walden says, “I be-
came very aware of where it could go. So from '72 on I couldn’t
quite understand why we all weren’t communicating by e-mail. If
you think about what we’ve got today with the World Wide Web,
with the exception of the point-and-click interface, there’s nothing
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that hasn’t been there for the better part of fifteen or twenty years.
So my surprise today is that it’s taken so long to get there.”

Bob Taylor describes himself as “a very poor prophet of what'’s
going to happen in the future, because in 1969-70, I could see
that we were going to move away from time sharing and into per-
sonal computing. But personal computing, in my view, that was
connected; not a PC that stands by itself. And so by the early sev-
enties, I thought that within maybe ten years we would be where
we are today with regard to the Internet. Because I saw a lot of the
pieces falling into place.”

On the other hand, Len Kleinrock was able to foresee the mag-
nitude of what he had helped to create and anticipate its future
impact. On July 3, 1969, fully two months before the birth of the
Internet in his laboratory, Kleinrock published the following
statement: “As of now, computer networks are still in their in-
fancy. But as they grow up and become more sophisticated, we
will probably see the spread of ‘computer utilities,” which, like
present electric and telephone utilities, will service individual
homes and offices across the country.” It has only taken about
twenty-five years to come true.

As Kleinrock has observed, the creation of these “computer
utilities” has been a very uncertain process, and along the way
large sums of money have been lost. In 1975, Telenet Corporation
began to offer a public packet-switching service. In 1979, they
were rescued from near-bankruptcy when GTE bought the com-
pany and infused an enormous amount of cash into it. It was not
until the early 1980s-that Telenet became profitable, almost fif-
teen years after the technology had been proven by the ARPAnet.
AT&T had an even harder time. After a prolonged period of re-
luctance, they announced they would deploy a data network
called the Bell Data Network in April 1978; it never happened.
They announced they would roll out the Advanced Communica-
tion Service in 1979, and then unannounced it. Early in the
1980s, they announced the Bell Packet Switching Service, ran
into trouble with the FCC, changed the name to Basic Packet
Switching Service, and got it approved.

What was the problem with this remarkable and successful
new technology of communications? Why did it take so long to
become popular? Kleinrock analyzes it thus: “Packet switching
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was a new technology. Telenet was an unknown company. Net-
working is unique in that its benefits come only when a sufficiently
large number of others are connected (as with telephones, Federal
Express locations, etc.), and this takes many years to achieve. But
at long last, AT&T finally came out with their premier packet-
switching service, Net 1000, in 1983. The sad story is that they
closed down Net 1000 in 1986 with a $1 billion loss! No, packet
switching did not have an easy birth.”

The first decade of networking was distinguished by one strik-
ingly different feature compared to later eras of the computer in-
dustry. Not only was the original technology designed to save
money, but few attempted to exploit the technology for profit. In
the mid-to-late 1970s, that would change. Networking would ul-
timately become a hugely profitable business, as one generation
of digital geeks after another would continue to overcome in-
compatibility and technical obstacles. But for those profits to be-
come feasible, and for networking truly to change the face of
global communications, another revolution would be required.



Chapter Five
Suits, Hippies, and Hackers

THE TERM “PERSONAL COMPUTER” WAS first used, or so it is claimed,
by Stewart Brand, that perennial trailblazer of cultural and tech-
nological ideas. In 1968, he founded and published The Whole
Earth Catalog, the sourcebook for the alternative lifestyle—and for
the generation that shaped and influenced the emerging computer
industry and its applications. By the time the final installment of
the series, the two-volume Whole Earth Epilog, was published,
“personal” computer equipment was being listed, along with
books to be read and classes to be taken that would demystify
computers and subject them to the Whole Earth Catalog mantra
(and subtitle): “Access to Tools.” As Stewart Brand explains, “The
Whole Earth Catalog was thought of as ‘back to the land,” but ac-
tually it was ‘back to any technology that would work for you.” So
we were pushing computers from the very start. In our magazine
CoEvolution Quarterly, we had a whole section called ‘personal
computers’ that existed before personal computers did.”

In the late 1960s, the ARPAnet had been established, prima-
rily in California, on campuses that were also in the thrall of
hippy fashions, Flower Power, student uprisings, antiwar
protests, women’s liberation, and other causes, real or imagined.
The hippies and the hackers coexisted amid the turmoil. In ret-
rospect, Brand concludes, “Hackers succeeded and hippies
failed. Same group of people. Same length of hair. Only instead
of drugs, it was computers. I think the main difference there is
that drugs never got any better, and computers just kept getting
better and better and better. The kind of money you could make
with drugs was problematic, and the kind of money you could
make with computers was fabulous.”

It’s important to remember the wider social and industrial context
in which technological advances in computing were taking place.
To the vast majority of Americans in the 1960s, if computers meant
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anything, they meant IBM. The International Business Machines
Corporation was computers in the sixties, and everything about IBM
and its corporate leadership, first under Thomas J. Watson, Sr., and
then his son Thomas J. Watson, Jr., personified twentieth-century
American business and technological confidence.

IBM was, and remains, an American business icon. Over the
course of sixty years, the Watsons built what their workers
called Big Blue into the top computer company in the world.
IBM never fired anyone, requiring only an undying loyalty to the
company and a strict dress code. IBM hired conservative hard-
workers straight from school. Few IBM staff participated in the
Summer of Love or showed up at Woodstock. It was big, pater-
nalistic, and rule-bound. IBM was not the only big corporation
to have a company songbook; but surely no other company can
have had the same penchant for such numbingly hagiographic
lyrics. To the tune of “Pack Up Your Troubles in Your Old Kit
Bag,” IBMers would sing:

Pack up your troubles, Mr. Watson’s here
And smile, smile, smile.

He is the genius in our IBM

He’s the man worth while.

He’s inspiring all the time

And very versatile—oh!

He is our strong and able President!

His smile’s worth while.

“Great organizer and a friend so true.”
Say all we boys.

Ever he thinks of things to say and do
To increase our joys.

He is building every day

In his outstanding style—so

Pack up your troubles, Mr Watson’s here
And smile, smile, smile.

IBM had been a contractor on government projects like those
at Lincoln Laboratory, and was synonymous with both comput-
ing and reliability. While there were other computer companies,
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such as Computer Corporation of America and the upstart mini-
computer company Digital Equipment, the saying “No one ever
got fired for buying IBM” became a cliché because it was true.
Sam Albert spent forty years working at IBM, from 1959 to 1989.
When he retired, he owned thirty-five white dress shirts. “When
I started at IBM, there was a dress code. You couldn’t wear any-
thing but a white shirt, generally with a separate, starched collar.
I remember attending my first class, and a gentleman said to me
as we were entering the building, ‘Are you an IBMer?’ and I said,
‘Yes.” He had a three-piece suit on, vests were in vogue, and he
said, ‘Could you just lift your pants leg please?’ I said, ‘What?!’
And before I knew it he had lifted my pants leg and he said,
‘You’re not wearing any garters.’ I said, ‘What?!” He said, ‘Your
socks, they’re not pulled tight to the top, you need garters.” And
sure enough, I had to go get garters.”

Sam Albert was one of those who had a copy of the “Songs of
the I.LB.M.” in his attaché case. At Christmastime, to the tune of
“Jingle Bells,” the sales force sang:

IBM, happy men,

Smiling all the way.

Oh, what fun it is to sell
Our products night and day.

IBM, Watson men,
Partners of TJ,

In his service to mankind
That’s why we are so gay.

Conformity and loyalty were expected at IBM. The workforce
was rewarded with de facto jobs for life, and an enviable associa-
tion with one of the icons of American capitalism. For those who
attempted not to conform, intervention was swift. As it was for
Rich Seidner, a programmer who put an early indiscretion behind
him and lasted twenty-five years at Big Blue: “In 1967, I had just
gotten out of the basic programmer training at IBM. I had seen
Sammy Davis, Jr., perform down in New York, and he had this re-
ally beautiful mohair jacket with this incredibly gorgeous medal-
lion. So I went and had something tailored just like that. Medallion
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and all. I went in on a Monday morning. I was so excited, I thought
I looked great but within half an hour of showing up in my office
three levels of management—my manager, his manager, and his
manager—had come by and told me to go home and change. Now
I was working in the development laboratory, I wasn’t working
with customers, so I didn’t think that the dress code quite applied
to me. But I went home and I changed.” In later years, Sam Albert
saw the unthinkable: “Slowly but surely some executives decided
to wear tassle shoes. That was a day that I will remember. Or some-
body might wear a double-breasted checked suit.”

Big Blue was in some ways too powerful, too successful. The
company ran into trouble with both anti-trust regulators and its
competitors for being so dominant in the marketplace. But IBM
was identified with the national interest. According to Rich Seid-
ner, it was known that if you were of draft age and had a job at IBM,
the company would send a letter to the local draft board stating
that the company was working on “national security” matters. The
draft board was allowed to conclude that the individual in ques-
tion was involved in national security, though the company did
not say so explicitly, and those potential draftees got to stay home.

This reliable, solid enterprise was the antithesis of the new
spirit entering into the ranks of computer science. Computers
were beginning to be available enough—thanks to ARPA’s funding
and networking, as well as substantial university endowments—
for younger, more liberal people, mostly students, to be both
aware of and competent in computer science. At BBN itself, there
had been some discomfort among team members about working
for the Pentagon in the height of the Vietnam War era. As com-
puter science became more widely taught and accessible to peo-
ple beyond the white-coated priesthood of the batch-processing
mainframes, a far wider range of attitudes crept into the computer-
science community. Hackers and hippies did overlap.

Both Rich Seidner, the IBM programmer in the Sammy Davis
outfit, and Larry Tesler, who was ultimately to become chief sci-
entist at Apple Computer, spent part of their teenage years in a
basement computer room at Columbia University in New York. In
1960, Larry Tesler was a high school student: “I went to the Bronx
High School of Science and I was in the cafeteria one day read-
ing a programming manual that the teacher had gotten me, and
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another student came along and said ‘Where did you get that?
What do you know about computers? And it turned out that he
was a computer programmer who had somehow gotten time on a
computer at Columbia University. He arranged so I could get time
also. I got a half hour every other Saturday morning on a 650 in
the basement of the Watson Computer Lab at Columbia.”

In 1960, you couldn’t do much in half an hour on an IBM 650.
But Rich Seidner liked it just as much as Larry Tesler: “I liked
math, I was a math geek at the time and my school wasn’t that far
from Columbia University. Through some association we had ac-
cess, so kids who showed an interest were able to do some small
amount of programming on those computers. I worked on IBM
650s, big old machines that took up a huge amount of space and
had a two thousand-word memory on a storage drum.”

The drum would spin until the machine was shut down.
There was one firm rule: Do not turn the machine back on while
the drum is still spinning. Larry Tesler forgot the rule, flipped
the switch back on, and broke the drum belt. He was banned
from the Columbia basement. “When I got to Stanford a few
months later to start college, I found the computer center on the
first or second day I was there and got permission to use the
computers there too, and after a few months decided to stay
around for the summer so I could do a lot of programming and
managed to get a job as a computer operator during the summer.
That led to some jobs doing programming for various professors
and graduate students, and soon I had a business. I incorporated
it actually, in 1963, and I did contract programming mostly for
Stanford clients. I was about eighteen.”

Bob Metcalfe, the graduate student who escorted AT&T
through the ICCC demonstration of the ARPAnet in October 1972,
had a similar introduction to computer programming—as a sum-
mer vacation job. “I took computer programming courses because
my fraternity brothers told me that if I took 6251, which was Sys-
tems Programming, I could get a job in the summer for apprecia-
bly more than I was then getting during the summers as a cabana
boy. In the summers I worked at the Brightwaters Beach and Ca-
bana Club as a cabana boy until the fall of 65, the beginning of
my sophomore year, when I actually got a job as a computer pro-
grammer, thanks to the courses I took at MIT.”
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Metcalfe is a major figure in networking who owes a good deal
to his impeccable knack for being in the right place at the right
time. But he also had a knack for computing, from a very early age.
In 1959, in the eighth grade, he built what his science teacher as-
sured him was “a computer.” “I built a calculator that could add
any number between 1 and 3 to any other number between 1 and
3 and display the result by lighting one light among the lights la-
beled 2, 3, 4, 5, and 6. It was built out of relays and toggle switches
and neon lights. And my science teacher called it a computer.”

Metcalfe scarcely looked back, apart from his spells patrolling
the lounge chairs at Brightwaters Beach. He accumulated Bache-
lors degrees in electrical engineering and business from MIT, and a
Master’s in applied mathematics from Harvard in 1970, then em-
barked on a Ph.D. in computer science. He soon secured himself an
interesting assignment, back along the river at MIT working on the
time sharing computers of Project MAC. “As a graduate student, I
was at Harvard, miserable and unhappy, looking for research, and
I ran into opportunities to work on the ARPAnet. Those opportu-
nities took me to MIT, where I was much happier. So while re-
maining a student at Harvard, I worked on the ARPAnet at MIT.”

Moreover, Metcalfe was working in a research group run by
J.C.R. Licklider, who had completed his own circular tour from
MIT to ARPA and back. His new research project was called the
Dynamic Modeling System. In 1970, once BBN had been wired to
the network it had built, MIT came next. Metcalfe was one of the
three or four people who wired IMP #6 to Licklider’s host, on the
ninth floor of MIT’s computer laboratory in Technology Square.
“It was very exciting. Not that I understood what was going on,
but it was the most exciting thing, I thought, being able to deal
with people in faraway places, to send them bits. Like this bit
that I had right here on my screen or my piece of paper, this bit
would appear in Santa Barbara or Los Angeles seconds later. And
then bits would come back—and that was intoxicating.”

There are many ways of defining the difference between the
solid, professional aura of IBM computing and what excited
smart kids like Bob Metcalfe and Larry Tesler. IBM made its
money by leasing and servicing computers, ensuring that IBM
staff, rather than the clients, maintained the expertise. What
ARPAnet allowed its users was a glimpse of Licklider’s vision:
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the “Man-Computer Symbiosis,” which made the user able to in-
struct and control the machine. While Metcalfe was intoxicated
by shipping bits from Cambridge, Larry Tesler found his way to
ARPA’s IMP #2, at Stanford’s artificial intelligence lab—where he
was equally enchanted. “One day somebody said, ‘You can now
transfer your files to people at MIT, not just here at Stanford.” And
I thought, how can that be? They showed me this little program,
FTP [file transfer program], and I'm sending files back and forth.
I was really amazed. And became very attached to it. I developed
what’s called a markup program right after that, it was something
we used at Stanford for students to write their theses and then
transfer them to all the other universities on the net. By 1971,
they all were using this program to print their dissertations. It
was really amazing. I never had to send a tape anywhere.”

For his Ph.D. thesis, Bob Metcalfe undertook to investigate
how the ARPAnet and the Alohanet—the only two packet net-
works of the time—worked, and how they worked differently. In
the ARPA network, each IMP would send packets to the next
IMP on a store-and-forward basis, and while there might be er-
rors on the telephone lines leading to loss of data, the IMPs
themselves would not send packets in such a way that they
would collide. The Alohanet experimented with terminals using
aradio channel, which meant that many more users were able to
transmit data than had been possible with telephone lines. Norm
Abramson describes the technology as “a supercharged tele-
phone party line, but it’s not just two or three users that can
share the line. It’s hundreds, thousands, even hundreds of thou-
sands of users can share a single Aloha channel.”

With so many potential users, Abramson and his University of
Hawaii colleagues needed to overcome the problem of transmis-
sions coinciding, colliding, and crashing. They created the novel
signature of the Aloha network: random retransmission as a rem-
edy for interruptions and collisions. This simple idea stuck in
Bob Metcalfe’s mind until his own Eureka! moment in 1973,
which led to his invention of Ethernet—the breakthrough method
for networking personal computers, though it occurred slightly
before personal computers existed.

Although Harvard was not initially impressed with the thesis
(it was accepted later) Metcalfe had again given himself a rare
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and valuable qualification for a move to the hotbed of computer-
science innovation. “In 1972, since the ARPAnet was such a hot
topic in academia and research, being a Ph.D. in ARPAnet made
me a hot property—just because people wanted to hire such peo-
ple so they could attract research funds from ARPA. So I had lots
of job offers. The one I wanted was to be a professor at MIT. They
would not have me so they forced me to take much more money
to move to Palo Alto, California, to be surrounded by some of the
world’s best computer scientists with no students to deal with
and no teaching load and an infinite budget for capital equip-
ment. ... It was horrible.”

Both Bob Metcalfe and Larry Tesler were recruited by the re-
cently established Xerox Palo Alto Research Center (it had opened
in June 1970), which would prove to be the single most important
facility for the development of both personal computing and net-
working before long. Bob Taylor was already there, and Severo
Ornstein would join later. The move from east to west, despite the
Pentagon and MIT parentage of the ARPAnet, was irresistible.

ARPAnet had sprung to life amid the social and artistic ferment
of the sixties. While Big Blue represented one version of computer
science, Yankee and conservative, it was the polar opposite of an
entirely different ethos of computer use and exploration, largely
associated with California. This was embodied by organizations
like the People’s Computer Company in Berkeley (which was both
a company and a newspaper), the People’s Computer Center in
Menlo Park (where children were taught simple programming on
programmable calculators donated by Hewlett-Packard), Commu-
nity Memory (founded by Lee Felsenstein from Berkeley), and Re-
source One (an activists’ group using computers to campaign for
social change). It was “Computer Power to the People.”

It was a conscious movement, Stewart Brand recalls:

That’s how it started, turning a mainframe into a “per-
sonal computer.” They just found various ways, first with
time sharing, and then with actually making these things, to
make personal computers. The idea was power to the peo-
ple. Straight sixties doctrine. Kennedy had said, “Ask not
what your country can do for you. Ask rather what you can
do for your country.” And he was shot. Basically we were
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saying, “Ask not what your country can do for you. Do it
yourself.” And really what a lot of the sixties was about was
reinventing civilization in our own terms. We had the
money to do that. We had the time to do that. We were tak-
ing the drugs that gave us weird notions to try out doing
that. And it was what you did. You just tried stuff and you
did it yourself. You didn’t ask permission.

Stewart Brand is a lifelong ringmaster of new thinking, whose
early career did not foreshadow the blue-chip hipness of his re-
sumé. As posted on his Web site, Brand’s curriculum vitae takes
in Phillips Academy and Stanford (a degree in biology) before the
U.S. Army, Airborne Division, and a stint as a Pentagon photo-
journalist. He began to attract notice in the Bay Area in that quin-
tessentially sixties role of multimedia performance impresario. In
1966, he made and distributed buttons asking the rhetorical ques-
tion of NASA: “Why Haven't We Seen A Photograph of the
Whole Earth Yet?” NASA’s breathtaking photographs of the home
planet, duly published, are at least in part credited with the rise
of the global ecology movement.

In the same year that the Whole Earth Catalog was launched,
Brand also played a peripheral role in one of the keynote events
of computing history. It has entered legend as “the mother of all
demos,” staged by a neglected genius, Doug Engelbart. If a Com-
puting Hall of Fame is ever built, Engelbart will be among the
first half-dozen honorees. For in 1968, Engelbart, a Stanford re-
searcher regarded from time to time as both eccentric and diffi-
cult, demonstrated the future of personal, interactive computing.
The occasion was the Fall Joint Computer Conference, held that
Flower Power year in San Francisco. Stewart Brand was moon-
lighting as one of the backstage team from his real endeavors as a
biology student. “There weren’t any computers at the time that
we were starting the [Whole Earth Catalog] back in 1968, but I did
get involved with Doug Englebart, over at SRI. He was doing what
turned out to be the mother of all demos, showing what the
mouse was going to do, what Windows was going to do, all that
stuff. I was helping with television cameras for the multiple
screens at the demo. One of those shots you see on there of, like,
the hands down in Menlo Park. Stuff like that, that was me.”
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Stewart Brand is frank about the role of mind-altering sub-
stances in the culture of the time, and one might wonder, as he
refers to the mouse and windows in 1968, what had he been
smoking? Indeed, the Engelbart demo made many people ques-
tion Engelbart’s sanity and/or his honesty as he demonstrated
technologies that looked like science fiction. Inevitably, Engel-
bart too was pursuing “Man-Machine Symbiosis.” Stewart Brand
recalls that “Engelbart’s whole idea was that the human took
over, that what was interesting to a computer was not interest-
ing. What the computer should do is become interested in what
the human was interested in. And he started creating tools like
the mouse and windows and online text and so on, to make that
happen. Part of that assumption—and it was there in the demo
that we did—was people communicating at a distance by text.
So from at least 1969, I was seeing up close and personal how
good it would be to have a Net.”

Engelbart used his invention, the computer “mouse,” and live,
interactive TV pictures and sound fed down leased video lines
between computer terminals in Stanford (at his SRI lab) and San
Francisco (at the Fall Joint Computer Conference). The demo was
“an online session” that showed the linkage between two termi-
nals, with video pictures of both. On the screens, Engelbart gave
the audience a preview of a variety of word-processing, docu-
ment display, editing, and viewing formats, including “hyper-
text” and “hypermedia,” (which would become the graphical
bedrock of eighties and nineties personal computing and Web-
browsing), on-screen cursors from users at both locations, and
split-screen live pictures of himself as he led the astounded au-
dience towards the future. “I had thought if we show this to the
world, within a matter of months the research community in IBM
and all would be shifting to say, ‘Let’s go after this kind of online
flexible work.” What happened? Nothing. One guy thought it was
a hoax, and got very upset and angry, came storming up. We sent
him down the next day to talk to our software architects.”

Doug Engelbart is a self-described Depression kid who served
in World War II, joined NACA (the predecessor of NASA), and at
age twenty-five had achieved both his two life goals: he was hap-
pily married and had a good job. So, feeling “slightly ridiculous,”
he started looking for new goals—what he settled on was to cre-
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ate personal computing, interactive distributed computing, inter-
networking, and resource sharing in a single package. Having
aimed too low at first, but succeeded, he has spent the better part
of fifty years trying to achieve near-impossible dreams.

At the time he got his Ph.D. from Berkeley, the nearest com-
puter was on the East Coast. His “far-out ideas,” as even he calls
them, were less unwelcome at Stanford Research Institute than
they were at Berkeley, but he quickly realized that his research
interests, in word processing for example, were being taken no
more seriously than others’ quest for extra terrestrial intelli-
gence—though both did get some funding from a small air force
research office. Engelbart also received some funding from ARPA
under Licklider, and some from Bob Taylor while the latter was
at NASA. Under the NASA grant, Engelbart’s lab experimented
with different pointing devices to be used with computer termi-
nals, and the mouse was born.

In 1967, when Larry Roberts was soliciting interest for the pro-
posed ARPAnet, Engelbart was at Stanford Research Institute.
Naturally, he was hugely enthusiastic for the network, and SRI
was slated to become both the second node on the net, and the
Network Information Center. Engelbart’s NLS (oNLine System)
was based here, and he wanted a wider audience of users to see
it and use it. As Larry Roberts recalls, “Engelbart at SRI had a hy-
pertext system that he was using at SRI and we all used it. We
arranged with him to be the document center for the network so
all of the documentation, all of the publications would be online
at SRI. That was, in fact, a very valuable addition to the network
to have the documentation online. And in 1971, that became a
publishing center for all of the research on packet switching.”

In subsequent years, Doug Engelbart attracted a small, loyal
following and a serious lack of interest in funding his remarkably
prescient ventures. It would be fifteen years before the mouse was
fully adopted (by the Apple Macintosh in 1984), and twenty-five
or more before interactive video conferencing would work fully.

Larry Tesler had graduated from Stanford in 1965, and came
as a graduate student to the Stanford artificial intelligence lab,
where he had close contact with Engelbart: “The wonderful
thing about Engelbart’s group was that a lot of people that he
mentored understood the importance of human interaction with
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computers and the potential there, and they thought about it in
a different way from the rest of the industry. They thought about
it as a way that the computer could amplify human capabilities.
There was also a sense of drama.”

The drama in Engelbart’s ground-breaking demo was its em-
phasis upon interactivity, linking users, their materials, and their
technologies. In his own view, “From the first, having other peo-
ple with whom you can exchange and share and codevelop
knowledge, that’s where the leverage comes from.” This ethos fit
nicely with the place and the times. Whole Earth Catalog founder
Stewart Brand, somewhat inevitably, became a consultant in 1972
to Engelbart’s “Augmented Human Intellect Program,” and from
that experience, and with his highly tuned antennae for both so-
cial movements and technological innovation, wrote a renowned
magazine article. On December 7, 1972, Rolling Stone published
“Fanatic Life and Symbolic Death Among the Computer Bums.”

Billed as “Stone Sport Reporter,” Brand wrote these opening
lines: “Ready or not, computers are coming to the people. That’s
good news, maybe the best since psychedelics.” As Brand ob-
serves, a quarter-century later, “It was pretty much foretelling
what came to pass, which was that computers had been liberated
from the IBM mainframe approach to life.” The article reads like
a time capsule of hip 1970s cultural stereotypes. Words that have
fallen into disuse, like “freaks” and “heads” are used to describe
hip, drug-tinged computer fans on the cutting edge. “These are
heads, most of them. Half or more of computer science is heads.
But that’s not it. The rest of the counterculture is laid low and
back these days, showing none of this kind of zeal.” Words that
have now entered everyday language from computer science, in
1972 needed to be explained:

The hackers are the technicians of this science—it’s a
term of derision and also the ultimate compliment. They are
the ones who translate human demands into code that the
machines can understand and act on.

“Glitch”—a kink, a less-than-fatal but irritating fuck-up.

“Up” around computers means working, the opposite of
“down” or crashed.
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Brand’s article mainly focused on the growing campus passion
for computer games. But it reported on the status of the ARPAnet,
giving credit where it was due. “At present some twenty major
computer centers are linked on the two-year-old ARPA Net. Traffic
on the Net has been very slow, due to delays and difficulties of
translation between different computers and divergent projects. . ..
The trend owes its health to an odd array of influences: The youth-
ful fervor and firm dis-Establishmentarianism of the freaks who
design computer science; an astonishingly enlightened research
program from the very top of the Defense Department...”

Seeing the Pentagon thus complimented in Rolling Stone
must surely have been a unique occurrence. Brand did indeed
foresee uses for networks that have barely been achieved today:
“Since huge quantities of information can be computer-digitized
and transmitted, music researchers could, for example, swap
records over the Net with ‘essentially perfect fidelity.” So much
for record stores (in present form).”

He also reported on a classic political-action effort, Resource
One. Led by Pam Hart, it was located in a five-story warehouse
south of Market Street in San Francisco—the very hip location
that in the nineties has become the center of the Website and Web
publishing industries.

The activities of Resource One have a political period flavor:
databases to coordinate “all of the actions on campus” during
Cambodia invasion protests; investigative work on major corpo-
rations; research on foundations; statistical systems for the city’s
free clinics (for free) and other health centers (for a fee); and po-
litical analysis of assessor’s tapes and census tapes, city records,
and education records. This was the social movement devoted to
“Computer Liberation.”

Stewart Brand and others were applying the Whole Earth slogan
“Access to Tools” to explore making computers what today we
know they should be: user-friendly, timesaving devices to access
information, provide cheap communication, and make informa-
tion a less protected commodity. Somewhat inevitably, the base of
operations was Sausalito, the hippest of hippy communities, in a
variety of derelict—or charmingly renovated—tugboats and sloops.

Another of these liberators»was Theodor “Ted” Nelson, an-
other disappointed disciple of Engelbart: “The whole point of
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computers was to enhance the work of the human mind. What
Doug Engelbart calls the augmentation of human intellect. [He’s
a] wonderful, wonderful saint. The augmentation of human in-
tellect [is] helping people think better and deeper thoughts and
compare things more deeply. So I had expected a [rise] in the
level of human discourse from all this.”

The gospel according to Theodor found its expression in his re-
markable, reversible book, published in 1974. One front cover was
titled Computer Lib, and the other (the back) was Dream Machines.
Nelson, a Harvard-educated fount of hacker energy and hyperac-
tivity, invented a version of the World Wide Web about twenty-four
years before it finally took shape. He named it “Xanadu,” in ro-
mantic tribute to Coleridge’s unfinished, drug-enhanced poetic vi-
sion. Nelson’s Xanadu has failed to materialize as surely as the
“person from Porlock” drove Coleridge’s dream beyond recall.

Ted Nelson originally invented the word “hypertext” for “non-
sequential writing.” As a writing and editing device for moving
between documents, or between storage locations, it has been at
the heart of personal computing, and in its Web incarnation (http,
or hypertext transfer protocol) is ubiquitous on the Net.

Reading between the lines of the seventies jargon of hip libera-
tion, one sees that Computer Lib provides a startlingly simple, di-
gestible account of what computers do, how they work, and why
their mystique can (and should) be challenged. The book is printed
in broadsheet, newsprint fashion. The first column begins thus:

Computer Lib
‘You Can and Must Understand Computers Now’
© 1974 Theodor H. Nelson
Additional copies are $7 postpaid...

Any nitwit can understand computers, and many do. Un-
fortunately, due to ridiculous historical circumstances, com-
puters have been made a mystery to most of the world....

This book is a measure of desperation, so serious and
abysmal is the public sense of confusion and ignorance...

This book is therefore devoted to the premise that EVERY-
BODY SHOULD UNDERSTAND COMPUTERS. It is inten-
ded to fill a crying need.
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In the Computer Lib half of the book, Nelson lists his “author’s
credentials”—B.A. in Philosophy from Swarthmore, graduate
study at the University of Chicago, M.A. in Sociology from Har-
vard, listed in the New York Times Who’s Who in Computers. On
the corresponding page of Dream Machines, one finds the
“counter-culture credentials”—“Writer, showman, generalist.
Gemini, moon in Libra, Gemini rising. Author of what may have
been the world’s first rock musical. .. .Photographer for a year at
Dr. Lilly’s dolphin lab, Miami. Attendee of the Great Woodstock
Festival.” This is a seventies polymath, whose range of interests
and experience presaged the technological, social, and artistic in-
tegration of the nineties Internet world. This is indeed what Nel-
son had in mind when he wrote Computer Lib:

I have an axe to grind: I want to see computers useful to
individuals, and the sooner the better, without necessary
complication or human servility being required. Anyone
who agrees with these principles is on my side, and anyone
who does not, is not. THIS BOOK IS FOR PERSONAL FREE-
DOM, AND AGAINST RESTRICTION AND COERCION...

A chant you can take to the streets: COMPUTER POWER
TO THE PEOPLE! DOWN WITH CYBERCRUD!

Nelson’s “discovery,” hypertext, is explained, along with the
differences between big and minicomputers, basic programming,
the history of IBM, and computer languages:

By hypertext I mean non-sequential writing. Ordinary
writing is sequential for two reasons. First, it grew out of
speech and speech-making, which have to be sequential;
and second, because books are not convenient to read except
in sequence. But the structures of ideas are not sequential.
They tie together every which way.

And the pity of it is that (like the man in the French play
who was surprised to learn that he had been “speaking prose
all his life and never known it”) we've been speaking hy-
pertext all our lives and never known it.

Like Stewart Brand in Rolling Stone, Nelson foresees a new
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dawn of digital hope, as computers all have screen displays and
memory becomes cheaper (another accurate prediction):

Computers offer an interesting daydream: that we may be
able to store things digitally instead of physically. In other
words, turn the libraries to digital storage; digitize paintings
and photographs; even digitize the genetic codes of animals,
so that species can be restored at future dates.

It may be that as a philosopher, sociologist, writer, showman,
photographer, lecturer in art, and consultant to CBS Laboratories,
Ted Nelson’s vision is too broad, too globally ambitious, to actu-
ally get anything done. (He is also a masterful punner: “Where are
the shows of yesteryear?,” a pun in translation; “Does the name
Pavlov ring a bell?”; “Hardening of the artistries”; “Thinkertoys”;
and “Crazy Leica Fox.”) But since 1960 he has been planning
Xanadu, a global network of literature libraries that allows text re-
trieval, hypertext links, and a copyright and royalty micropay-
ment structure. It is still, at the time of writing, a plan:

Now the idea is this:

To give you a screen in your home from which you can
see into the world’s hypertext libraries. (The fact that the
world doesn’t yet have any hypertext libraries—yet—is a
minor point.)

To give you a screen system that will offer high-performance
graphics and text services at a price anyone can afford. To
allow you to send and receive written messages at the Engel-
bart level. To allow you to explore diagrams. To eliminate the
absurd distinction between “teacher” and “pupil.”

To make you a part of a new electronic literature and art,
where you can get all your questions answered and nobody
will put you down.

Ted proposed franchised “Mom-and-Pop Xanadu Shops.” He
drew plans for the layout of such venues, with a reception and
snackbar area, an equipment pit, and carrels for users to sit in
and log on. Today we would call them cybercafés, or the rapidly
expanding Cybersmith chain. Where McDonalds’ Golden
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Arches attract one type of traffic, “The Golden X’s welcome the
mind-hungry traveller.”

Ted was even wooed by the CIA. “They told me they would be
glad to set me up in business as a hypertext company, but I would
have to have a corporation, because that was the way they always
did things. And so it came to pass that The Nelson Organization,
Inc. was founded at the express request of the United States Cen-
tral Intelligence Agency. I wouldn’t have had it any other way. If
life can’t be pleasant it can at least be surrealistic.”

In the final paragraph of the book, Nelson makes an important
realization: “That reminds me. Nowhere in the book have I de-
fined the phrase ‘computer lib.” By Computer Lib I mean simply:
making people freer through computers. That’s all.”

Howard Rheingold was another member of the Sausalito circle,
a Whole Earth Catalog writer who felt, in 1968, that “conforming
to the program” of church, government, or corporation (even
IBM) was a dead end. “You have to try to build a life that’s mean-
ingful for you and try to think for yourself. That’s not easy to do.
The Whole Earth Catalog was a great pointer to tools for that, and
computers were nowhere in that picture. Computers were the
tool of the bureaucracies. They were trying to fit us into pigeon-
holes. The idea that computers could really be used for extend-
ing our intellects and communicating with each other was
something that didn’t emerge for a while.”

But with the work of Engelbart, the emergence of the ARPAnet,
the buzz that Stewart Brand and Rolling Stone and Resource One
were all building, Rheingold and thousands of others began to un-
derstand that computers could take on a socially and politically
liberating and liberated role: “We’re very fortunate that the ad-
ministrators of ARPA were visionary and saw that this research
tool that the Defense Department had funded was, in fact, a new
communication medium. In fact, many of the people in Doug En-
gelbart’s outfit and in ARPA were counterculture kind of people,
and I think that it’s not so much anti-establishment as empower-
ment of the individual. The belief that if you can give people tools,
they can do things. They can make the new, better society. And
that doing some crusade to create some great cause has failed.”

It is one of the greater ironies of computer history that the vi-
sion of the hippies had to be married to the technology funded
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and fostered by the Pentagon, before a world of integrated infor-
mation and communication became possible. From Vannevar
Bush, to Licklider, to Engelbart, to Nelson, the goals were rela-
tively clear; but half a century has elapsed while they have been
reached. As Ted Nelson told Howard Rheingold in 1983, quoted
in the latter’s Tools for Thought, “It seemed so simple and clear
to me then. It still does. But like so many beginning computerists,
I mistook a clear view for a short distance.”

While futuristic thinking was generally outpacing the technol-
ogy, there was one location where well-paid computer scientists
were already “living in the future.” Since 1970, the Xerox Palo
Alto Research Center had been pushing at the limits of computer
technology. One of those who signed up early was Bill English,
Doug Engelbart’s partner at the landmark demo, who quit ARC
(Augmentation Research Center) with others in 1970 to join PARC.
He was soon followed by Larry Tesler, the kid who broke the drum
belt at Columbia, incorporated his consulting firm at age eighteen,
and shocked Xerox by turning down their first offer for him to join
PARC. Their second offer was better. Tesler joined a research
group named POLOS, or PARC On-Line Office System, which was
led by Bill English. The computer science laboratory was man-
aged by Bob Taylor, who had moved on from Utah after just a year.

This was the hothouse of research opportunity to which MIT
sentenced Bob Metcalfe when they decided not to give him a fac-
ulty job in 1972. Xerox offered Metcalfe a job, and he took it after
striking a deal. His freshly minted Ph.D. thesis had analyzed
Alohanet in Hawaii; now he wanted to make a research trip to
study it firsthand, for an extended period. As his host, Norm
Abramson, recalls: “Bob had just finished his Ph.D., and he had
taken a job at Xerox PARC. Bob is a consummate salesman. Imag-
ine this: if you had just gone into a new job, before you showed
up for work, you get your boss to send you to Hawaii for three
months. Bob did that. He spent that time with us, looked at what
we were doing, did some stuff on his own, and went back and
took some of the ideas that we had and changed them in very sig-
nificant ways to come up with Ethernet.”

In 1973, at Xerox PARC, Bob Metcalfe and his colleagues would
develop Ethernet, the next big advance in networking computers.
In fact, it was the first technology to network personal computers.
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Remember what Stewart Brand said—that “Computers are coming
to the People...the best thing since psychedelics.” But Xerox
PARC’s staff of computer wizards, largely hand-picked by Bob
Taylor, was not tripping. Personal computers didn’t exist yet, with
one exception: at Xerox PARC they’d already built them. Living in
the future had its advantages. And Bob Metcalfe would later lever-
age that opportunity, using his talent for both engineering and en-
trepreneurship, into a hugely successful networking company.
But to Norm Abramson, Metcalfe’s engineering wizardry was ulti-
mately less striking than his chutzpah: “The most impressive
thing for me was convincing his boss to send him to Hawaii for
three months before he showed up for work.”



Chapter Six
A Human Could Use It

As COMPUTER LIBERATIONISTS ARGUED, until a network was avail-
able to a mass market it would remain a technological curiosity
or an elite academic tool. Since most Internet use today occurs
through personal computers, it seems ironic that the PC was ac-
tually invented and developed long after networking. But PCs
gave networking the massive parallel application it needed to be
both widely accessible and thoroughly useful.

In 1973, Xerox PARC had its Alto computers running on many
desktops. But they were about a decade ahead of reality, almost
nobody knew about PARC’s work on the techno-frontier, and the
machines were not for sale. So the personal computer would
have to be invented elsewhere. Despite the variety of candidates,
both people and locations, that might have been the Wright
Brothers and Kittyhawk of personal computing, “elsewhere”
turned out to be a very unlikely place indeed. Albuquerque,
New Mexico, had no track record as a high-technology center, no
obvious pool of appropriate talent, and no economic or educa-
tional advantages. But the electronic device that is now gener-
ally accepted as the first “personal computer” appeared as a
mail-order product from Albuquerque.

The computer-science community was very much split, in the
1970s, between the technological haves, working on high-altitude
scientific computing problems in ARPA-funded university re-
search programs, and the have-nots, average Joe Nerd garage tin-
kerers who found computers fascinating not least because they
could not get their hands on one. Mainframe computers were far
from “personal.” They were remote in both a practical and a polit-
ical sense, sitting in big air-conditioned rooms at insurance com-
panies, phone companies, and banks, the institutions that
generally controlled the lives and communications of ordinary cit-
izens. But computer terminals had filtered down from university
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departments and had begun to appear in schools. Most of us ig-
nored this development completely. But there was always a hand-
ful of despised kids who fell in love with the digital delights of
computing. It included Rich Seidner and Larry Tesler, in the base-
ment at Columbia; Bob Metcalfe in the eighth-grade science fair;
Vint Cerf climbing up the walls at UCLA; Bill Gates and Paul Allen
(later to found Microsoft) at Lakeside School in Seattle; Steve Woz-
niak and Steve Jobs (later to found Apple Computer), fooling
around with long-distance phone “blue boxes”; and Ed Roberts, an
ex—air force officer with a passion for medicine and electronics.

These were the nerds. Some were kids, others were adults with
real jobs in technology companies. They were CB radio enthusi-
asts, model train club members, and hippy/hackers partly moti-
vated by political ideas about information liberation, and partly by
the overwhelming desire to flip toggle switches until light bulbs
danced before their eyes. Steve Wozniak and Steve Jobs, who grad-
uated from Homestead High School in Cupertino four years apart,
were captivated at an early age. Jobs, demonstrating his forceful
style at an early age, introduced himself to a Silicon Valley titan:
“When I was twelve I called up Bill Hewlett. This dates me, but
there was no such thing as an unlisted telephone number then, so
I could just look in the book and look his name up. And he an-
swered the phone and I said, ‘Hi, my name’s Steve Jobs, you don’t
know me, but I'm twelve years old and I'm building a frequency
counter, and I'd like some spare parts.” And so he talked to me for
about twenty minutes—I'll never forget it as long as I live—and he
gave me the parts, but he also gave me a job working at Hewlett
Packard that summer, and I was twelve years old.”

Steve Wozniak was shy, with the typical nerdly passions for
wires, valves, and technical manuals. He developed an unusual
taste in reading materials: “I took this book home that described
the PDP-8 computer, and it was just like a bible to me. I mean, all
these things that for some reason I'd fallen in love with, like you
might fall in love with doing crossword puzzles or playing a mu-
sical instrument, I fell in love with these little descriptions of
computers and their insides. It was a little [bit of] mathematics, I
could work out some problems on paper and see how it’s done, I
could come up with my own solutions and feel good inside.”

Steve Jobs had started doing some basic programming in school,
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and the impact of this relatively simple experience would govern
his life’s ambitions: “So you would keyboard these commands in
and then you would wait for a while and then the thing would go
dadadadadada and it would tell you something. It was still re-
markable—especially for a ten-year-old—that you could write a
program in Basic, let’s say, or Fortran, and this machine would
take your idea and it would execute your idea and give you back
some results. If they were the results that you predicted, your pro-
gram really worked. It was an incredibly thrilling experience.”

Nerds wanted their own computers, but it took a technological
breakthrough to make that possible. Until the invention of the mi-
croprocessor, or “chip,” computers had thousands of vacuum
tubes, three times the size of a regular lightbulb, as their switches.
The invention of the transistor reduced the scale considerably.
But what enables us to have a mainframe computer on the desk
is the chip—a single piece of silicon (made from sand), etched
with thousands of transistors. The people who invented the mi-
croprocessor worked at Intel, a company founded in 1968 when
Robert Noyce and Gordon Moore wanted to leave their former
company, Fairchild Semiconductor.

Intel’s corporate pedigree owes a great deal to pioneers of earlier
generations, and its own innovations have helped define the Sili-
con Valley ways of doing business. These owe a great deal to the
vision of Frederick Terman, Stanford’s dean of engineering in the
late 1930s, who encouraged Stanford engineers to get businesses
going, even while continuing to teach part time on the faculty.
With a judicious mixture of encouragement and the use of Fellow-
ship grants, he got David Packard and Bill Hewlett together.
Hewlett and Packard held their first business meeting on August
23, 1937. They planned to call the venture “The Engineering Ser-
vice Company.” David Packard and his wife lived in a pretty house
on tree-lined Addison Avenue, Palo Alto; for a time, Bill Hewlett
lived in the guest house out back. Setting a pattern for generations,
they started the business in the wooden garage at the side of the
house. Now wisteria-laden, the garage was in 1989 designated a
California Historical Landmark—*“the birthplace of Silicon Valley.”

When the founders of Fairchild Semiconductor attempted to
raise venture capital to start the company, they found Arthur
Rock, a man who is now principally credited with establishing
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the venture-capital model for the Valley. Rock was a New York in-
vestment banker who came out to California to examine the deal,
and saw that the area around Stanford University was full of
imaginative engineers trying to start companies. The funding for
the new venture came from Sherman Fairchild, the only son of
Thomas J. Watson’s original partner in the company that became
IBM. As Watson had more children, and the inheritance of his
stock was subdivided, Sherman Fairchild became IBM’s single
largest shareholder, with plenty of funds to invest.

Though Fairchild was successful, after eleven years Robert
Noyce and Gordon Moore had a business philosophy they
wanted to pursue: to run a company in a more democratic, open
fashion, and to reward people not just with pay, but with owner-
ship. So Intel, like so many Valley successors, became a company
that made stock options a core element of the reward structure.
To start Intel, Arthur Rock raised $2.5 million in “the time it took
to make ten or fifteen telephone calls.”

Intel may not have invented the Silicon Valley style of doorless
offices and shared company ownership through stock options.
But as founder Gordon Moore describes it, the company set out
to run itself in a way that got the most out of everyone: “We de-
cided that a rather collegial way of operating was most appropri-
ate. In a business like this, the people with the power are the ones
that have the understanding of what’s going on, not necessarily
the ones on top. And it’s very important that those people that
have the knowledge are the ones that make the decisions. So we
set up something where everyone who had the knowledge had an
equal say in what was going on.”

The original markets for Intel’s chips were in electronic calcu-
lators and elevator and traffic-light controls rather than comput-
ers. There’s a wry reference to this in the fact that a traffic light is
included in the Intel corporate museum in their headquarters
building in Santa Clara. Chips were used in electronic timers, con-
trollers in domestic appliances, “embedded applications.” It be-
came apparent to Gordon Moore early on that the technology for
putting processing power on a chip was improving steadily, and
without any apparent limit. As he recalled thirty years later, he
first described what has become known as “Moore’s Law” in 1965:
“I published an article trying to project the future of semiconduc-
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tor components for the next ten years, and taking the little bit of
data then based on the first few generations of integrated circuits,
I postulated that the complexity of integrated circuits was going to
double every year for the next ten years. I didn’t predict the price
specifically, but certainly projected that the cost of doing things
electronically was going to continue to decrease dramatically.”

Moore’s Law is usually summarized to say that the perform-
ance doubles, and the price halves, every year. Certainly Intel’s
microprocessors kept getting more powerful. By 1974, the com-
pany came out with the 8080, which had enough horsepower to
run a whole computer. Intel itself didn’t appreciate the brilliance
of its own product, still thinking mainly about calculators and
traffic lights. Intel had all the technology, and brainpower, neces-
sary to invent the PC business, but the management just didn’t
see it, according to Moore: “Looking back, I know of one oppor-
tunity where an engineer came to me with an idea for a computer
that would be used in the home. Of course, it wasn’t yet called a
personal computer. And while he felt very strongly about it, the
only example of what it was good for that he could come up with
was the housewife could keep her recipes on it. And I couldn’t
imagine my wife with her recipes on a computer in the kitchen.
It just didn’t seem like it had any practical application at all, so
Intel didn’t pursue that idea.”

But someone did. In 1975, the first glimpse of a truly personal
computer occurred: not in Silicon Valley, certainly not in the re-
search divisions at IBM or Bell Labs, and not at Intel. (We’ll re-
turn to Xerox PARC later.) It was a last-gasp defense against
bankruptcy by an ex—air force engineer from Georgia, who really
wanted to be a doctor. But Ed Roberts, who ran MITS (Micro In-
strumentation Telemetry Systems) in Albuquerque, New Mexico,
speculated that he could build a kit computer, based on the Intel
8080 microprocessor. In January 1975, Popular Electronics maga-
zine featured what it announced as the world’s first personal
computer—the Altair 8800, brainchild of the ambitious, and des-
perate, Ed Roberts: “If you look at it, it was a kind of grandiose—
almost megalomaniac kind of a scheme—and now I couldn’t do
it because I could see right off there’s no way you could do this.
There isn’t any way you could do this. But at that time, we just
lacked the benefits of age and experience. We didn’t know we
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couldn’t do it. There were some of us that lusted after computers
really at that time. All the computers in the world tended to be in
big centers and you had to get permission to get close to them,
and you know, nobody had access to computers. And the idea
that you could have your own computer and do whatever you
wanted to with it, whenever you wanted to, was fantastic.”

Out in the desert near the airport in Albuquerque, New Mexico,
Ed Roberts ran his small electronic kits company. When hand-
held calculators from Hewlett-Packard cost $395, MITS brought
out a kit for less than a hundred dollars. Almost immediately,
Texas Instruments and Commodore entered the market, and drove
the price down to far below the MITS kit price. So MITS was
going bankrupt. Nobody was buying their calculators, and the rest
of the business, which sold kits and components to people who
wanted to play at being NASA, firing off miniature rockets, wasn’t
going to keep them afloat. Ed needed $65,000 just to stay afloat. So
he persuaded himself that he could build a “computer” around
the Intel 8080 chip, and went to explain it all to the bank manager:
“We went to the bank, we had a late-night meeting, and the issue
was whether we closed MITS down or they loaned us an addi-
tional $65,000. I was asked how many machines did I think we
would sell in the next year after it was introduced, and I said 800,
and was considered a wild-eyed optimist at that—I couldn’t really
think of anyone who would buy one. Within a month after it was
introduced, we were getting 250 orders a day.”

The front cover of Popular Electronics, January 1975, is a real
milestone in the story of personal computers. It announced to all
those frustrated hackers that maybe the dream of owning and
using a computer of their own wasn’t impossible. The Altair at-
tracted passionate interest. One of the technical writers at MITS
was David Bunnell, who went on to make his own fortune as
founder-publisher of PC Magazine, PCWorld, and MacWorld mag-
azines: “There were actually people that came to MITS, a couple
of people with camper trailers, and camped out in the parking lot
waiting for their machines. I mean, they were so eager. This is
what really amazed me was that there was a sort of pent-up de-
mand for having your own computer.”

Eddie Currie was a childhood friend of Ed Roberts, who had
watched Ed go through high school in Georgia as a medical sci-
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ence prodigy. While both were in college, or the service, and too
broke to make long-distance phone calls, they would send each
other “letters” on audiocassette tapes. On one of these, to Eddie
Currie’s astonishment, Ed announced he had figured out how to
develop a personal computer. Eddie Currie recalls, “I think every-
body had sort of a daydream. Ed Roberts had ‘Walter Mittyed’
about owning a computer. The surprise was that it would be pos-
sible for the average college student, for example, who was living
on bare subsistence, to actually buy a computer. And if it could
be that cheap, what a wonderful thing.”

Altair serial #1 was sent off to be photographed for the Popu-
lar Electronics cover, and was never seen again, lost in the mail.
At this point, legend has it, the computer-to-be had no name. The
problem was discussed at the home of Les Solomon, technical
editor of the magazine, whose family was watching a Star Trek
episode that referred to the (real) Altair constellation. The con-
sensus was: Why not? So the Altair 8800 was named.

The oldest personal computer in the world—Altair serial #2—
is owned by Roger Melen, a veteran computer scientist who has
been working at Stanford and in Silicon Valley companies for
thirty years: “I had the good experience to see the Altair before it
was sold. I made a special trip to New Mexico. I bought two on
the spot. Actually, they were bought built. We felt it was best that
way. I think it was $495 built and $360 in kit form.”

Built or not, this was a computer that bore almost no relation-
ship to the personal computer of today. It had a front panel with
switches for programming, one bit at a time, and lights that could
turn on and off, but it had no place to connect a keyboard, or a
monitor, or a printer. There was no software, minimal memory,
and no games. But in 1975, the people who had one were thrilled.
Despite its shortcomings, more expensive, industrial machines
had less performance, according to Roger Melen: “We had used
machines like this in research labs, but they were much, much
more expensive, and they were actually in some cases much
slower than this machine. So this machine was not only more
than ten times cheaper, but sometimes up to ten times faster than
what we were used to. A typical machine you might use in a re-
search lab at the time cost $50,000.”

The other great asset of the Altair was that it had expansion op-
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tions. Memory boards could be added, and peripheral devices
which would—at a price—allow screens, cameras, paper-tape
loaders, and more memory to be added to the basic system. Harry
Garland, who has been Roger Melen’s friend and business partner
for decades, remembers: “It created an opportunity because of the
expandability of the system, the fact that you could add cards to
increase memory or add interfaces.”

Garland and Melen invented a digital camera, called Cyclops,
and a color television interface they called Dazzler, as acces-
sories to the Altair 8800. Another enthusiast went overboard on
memory. Harry Garland recalls “a gentleman named Ed Hull in
the Homebrew Computer Club had 12K of memory in his Altair,
and that was considered on the lunatic fringe end of things, to
have 12K of memory.”

As Roger Melen points out, “That was three expensive memory
boards, $3,000 in memory, in his $500 computer.”

While MITS had started producing a “personal computer” in
New Mexico, the Homebrew Computer Club was the meeting
place for computer hobbyists in and around what was becoming
Silicon Valley. Bright students from local high schools rubbed
shoulders with professors of electrical engineering (like Garland
and Melen) from Stanford; and in the democratic spirit of the
times, and of a true hobbyists’ community, the older, more ex-
perienced participants could learn from the younger. The Home-
brew was by legend founded by Gordon French, a professional
engineer, and its first meeting took place in his garage. The sec-
ond meeting was held in a disused school building, the Peninsula
School, in Menlo Park, but as interest grew the club had to move
out to more spacious premises. Every Wednesday evening, the
Homebrew met in the large, raked lecture theater of the Stanford
Linear Accelerator Center complex (SLAC).

Larry Tesler was one of the first few people to turn up:

My next door neighbor said, “Come to our meeting—
we’re having a meeting of the Home Brew Computer Club,”
and I said, “What’s that?” He said, “We’re all going to make
computers at home, we’re going to get everybody to get a
computer kit. Everyone will make their own computers,
we’ll drive all the manufacturers out of business. IBM,
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Honeywell, they’ll all go out of business, Digital Equipment,
because everyone will make their own computer at home
and it’s a revolutionary movement.” I went to one of the very
early meetings. I think fifteen people showed up. After about
a half hour, I got extremely bored because these people were
showing all these boxes that had wires hanging out all over
them, and they got very excited if a light would turn on, and
I thought this is ridiculous, this isn’t personal computing,
and I don’t think I went to another meeting for a year.

Larry Tesler, immersed in real (if futuristic) personal comput-
ing in his office at Xerox PARC, was a difficult audience for the
baby steps in personal computing that the Altair 8800 repre-
sented. Meetings at SLAC were “moderated” by Lee Felsenstein,
a Berkeley-born-and-bred computer engineer with a devotion to
populist, liberationist causes. Felsenstein’s principal tool for
maintaining order amid the anarchy was a big stick. Home
movies show Felsenstein flourishing the stick from his position
in front of the chalkboards: “I would start the meeting by making
a horrendous loud noise because everyone was talking and I had
to get some attention somehow. And I would use it to call upon
the person in question. I'd make threatening gestures with it.
Most of us were in the electronics industry to a certain extent,
there was also a stratum of physicians and there were a lot radio
amateurs, finding a new technology that wasn’t stale. But most of
us were at a sort of middle level or downwards. We saw ourselves
as crazed, ignored geniuses or possibly geniuses but at least we
could each hope to get our hands on a computer of our own.”

The very awkwardness of the Altair is what brought the hob-
byists together. Some of them would prove, like Roger Melen
and Harry Garland, to be entrepreneurs. They started an early
computer company named Cromemco—after the dorm they had
lived in at Stanford.

The Altair was tedious to use. At first, the only way that data
and instructions could be given to the computer was by flipping
switches. To do a simple addition, one digit needed eight differ-
ent switches to be flipped, then a ninth switch flipped to load
that in the memory. And so on. Harry Garland explains further:
“You would put in the code for each byte to be loaded in the
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memory and you would enter that code on these front panel
switches marked Data, so you might enter a 11001100 for in-
stance, and once you had that in there you hit the switch to de-
posit that in the memory. That was displayed on the lights. You
would then go to the next memory location and would load each
byte of memory, byte by byte.”

For a program a hundred bytes long, one had to follow this pro-
cedure a hundred times to load it into the memory. Garland and
Melen came here to meet others, to display their switch-flipping
skills, and figure out what, if anything, could be done with this
new toy. At the second meeting of the Homebrew, one Steve
Dompier used his Altair for a demo that amazed everyone. Lee
Felsenstein describes one of the watershed moments of Home-
brew history: “Steve Dompier set up an Altair, laboriously keyed
a program into it. Somebody knocked a plug out of the wall and
he had to do that all over again. Nobody knew what this was
about. After all, was it just going to sit and flash its lights? No.”

Dompier had developed software that could create music as a
by-product. He placed a transistor radio next to his Altair, and by
manipulating the length of loops in the software—by repeating
instructions—he could create a signal to play tunes through the
radio. Felsenstein, like the others present, was transported: “The
radio began playing ‘Fool on the Hill.” Da da da daah, da da da da
daaaah...and the tinny little tunes that you could hear were
coming from the noise that the computer generated, being picked
up by the radio. Everybody rose and applauded. I proposed that
he receive the Stripped Philips Screw Award for finding a use for
something previously thought useless. But I think everybody was
too busy applauding to even hear me.”

Turning the Altair into a useful tool rather than a five hundred
dollar curiosity required a number of major improvements, not
least a programming language so users could enter their programs
from a terminal interface, or some kind of keyboard, rather than
flipping switches. What it needed was a computer language like
Basic, modified for the small memory capacity of the fledgling PC.
This was called a Basic interpreter, but no one thought that Basic
was basic enough to fit inside the tiny Altair memory. But in Janu-
ary 1975, two friends in Cambridge, Massachusetts, looked at the
front cover story of Popular Electronics and realized that their time
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had come. As teenagers, they had hung around the computer room
at school, and had started a company to analyze traffic patterns
(Traf-o-Data). They would have fit right in among the disheveled
members of the Homebrew Club. But Bill Gates was at Harvard,
and Paul Allen had a real job as a programmer with Honeywell.
Paul Allen remembers the occasion thus: “One day in Boston, I
was in Harvard Square and saw a cover of Popular Electronics with
this thing on the cover that looked like what I had been imagining,
so I grabbed it off the shelf, and I ran back to Bill’s dorm. I think he
was probably playing poker that night and usually losing money at
that point. One of the few times when that’s been the case.”

Gates and Allen had watched the arrival of the Intel 8080 chip,
wondering what might be made of it, and this was the develop-
ment that they believed was the start of a major opportunity. But
they could see things were moving fast. Bill Gates broke off from
his poker hand: “Paul showed that to me and here was a company
that would be needing software. We realized that things were start-
ing to happen, and just because we’d had a vision for a long time
of where this chip could go, didn’t mean the industry was going to
wait for us while I stayed and finished my degree at Harvard.”

Paul Allen was designated to make the momentous phone
call to New Mexico: “Bill said, ‘OK, we gotta call these guys up
and see if this thing’s for real.” So we called up Ed [Roberts], we
told him, ‘We’ve got this Basic and it’s just for your machine,
and it’s not that far from being done, and we’d like to come out
and show it to you.””

Having announced the Basic interpreter, and full of the confi-
dence of youth and brainpower, they sat down to create it. They
had first established that an Altair could be loaded with a punched
paper tape. As they didn’t have enough money for two plane tick-
ets, Paul Allen headed for Albuquerque alone. Bill Gates stayed at
Harvard: “So we created this Basic interpreter. Paul took the paper
tape and flew out. The night before, he got some sleep while I
double-checked everything to make sure that we had it all right.”

If Albuquerque and Ed Roberts were, respectively, the birth-
place and the founding father of the personal computer industry,
neither much looked the part. At the airport, Allen was met by
Roberts, driving a battered pick-up. They headed straight for the
wrong side of the tracks, where MITS was based. Paul Allen
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(himself an exceedingly shy Honeywell junior engineer) had
been expecting to encounter a captain of industry, not another
(older) disheveled engineer keeping his creditors at arm’s length.

What was worse, Gates and Allen had no idea what it would re-
ally be like to run the software: it had never been run on an actual
computer before. David Bunnell was one of those who witnessed
the event: “He was very nervous about whether this would actu-
ally work. He got to the office and we all gathered around him and
he put his fingers on the switches and he loaded Basic with paper
tape into the Altair.” Allen agrees: “I was so nervous, I felt this is
just not going to work—and it worked!” As Bunnell and others
watched, “It came up, and it could do a few little simple things.”
Gates heard the news back in Cambridge: “It was amazing, when
Paul called me up and said the thing had worked the first time.
And of course, it was incredibly fast. That was unbelievable. The
fact that it really worked was a breakthrough.”

MITS is long gone, but these two opportunists realized that
even a microcomputer would need software, just like big and
huge computers did. So they called themselves Microsoft. They
were hardly titans of industry. But such was their commitment to
the new venture that Gates quit Harvard, and Allen his job; Mi-
crosoft was founded in Albuquerque too.

David Bunnell remembers the less palmy days of the Microsoft
founders: “They lived across the street from MITS in the Sun-
downer Motel, with the prostitutes and the drug dealers out on the
corner, and they were writing Basic for the Altair computer, and
gradually they actually started Microsoft here in Albuquerque.
Maybe there wouldn’t be a Microsoft if that screen hadn’t come
alive. Who knows? It might all be quite different.”

Twenty years after finishing the first microcomputer Basic, Paul
Allen returned to Albuquerque for a MITS reunion in 1995. Some
of the pioneers were still driving pickups around the dusty streets
of Albuquerque, but Allen arrived in his $15 million private jet.
But the excitement and comradeship of the pioneering days
seemed to be fresh for many of those who came, including Allen
himself: “We hired some of our high school friends basically to
come down and stay with us in our apartment, which became very
crowded. Sometimes it would be Bill and these two other guys all
sitting on tables around the apartment with stacks and stacks of
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paper writing, converting the Basic for the 8080. We’d usually go
out, eat pizzas, and then.. . watch action movies.”

As David Bunnell remembers: “They worked really hard. They
listened to really loud music. I could hardly stand to go to the
software room sometimes because the music would be banging
off the walls, mostly acid rock. They would work all night long,
and there were days when Bill Gates would be sleeping on the
floor in the software lab.” Bill Gates was in his element: “We were
pretty young. We started when I was nineteen and so we just had
a lot of energy. I still know the source code by heart, and that was
a work of love; we just kept tuning and tuning that thing. And so
that kind of craftsmanship paid off.”

Bill Gates did not make it to the MITS Altair reunion in 1995.
The timing wasn’t good, coming just two months before the
launch of Windows 95, the software product that would emphati-
cally, definitively seal Microsoft’s status as the dominant software
provider worldwide for the personal computer. Had he made it to
the reunion, he would have witnessed a comic scene: at around
midnight, after all the speeches had been made and the rubber
chicken long digested, three of the group felt a little peckish. Paul
Allen had dismissed his limo for the night, so Eddie Currie, David
Bunnell, and their billionaire ex-colleague all walked through the
drive-up lane of FatBurger for a late-night snack.

Ed Roberts took some persuading to leave his home in Georgia,
where he now has a practice as an M.D., to celebrate the twenti-
eth anniversary of an inspiration that did create a revolution, but
mostly benefited and enriched others. MITS was ultimately taken
over, and Roberts went out of the computer business entirely, re-
suming his first love of medicine. “We created an industry and I
think that goes completely unnoticed. I mean there was noth-
ing—every aspect of the industry when you talk about software,
hardware, application stuff, dealerships, you name it.”

The Altair—and its users, its vendors, its imitators, and its
suppliers—spearheaded a small revolution. Finally, individuals
could imagine owning and using a computer. Not only was this
an intriguing product for hobbyists, but its very existence en-
abled both academic computer scientists (like those who built the
ARPAnet) and technological idealists (like Doug Engelbart, Stew-
art Brand, and Ted Nelson) to think creatively about how big-
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computer technology could be adapted to run on small comput-
ers, how small computers might be linked to share costs or func-
tions, and how recreation and education might be enhanced.

Bill Gates confirms the excitement and the novelty of the in-
dustry that began to evolve around MITS and its clunky Altair
computer: “It was a wild time. It was a very exciting time. At the
first [Altair] user convention, we got people to come in and tell
us what they were doing, what they were excited about. Other
companies like Processor Technology or Imsai or Cromemco got
going as add-on companies. These companies are long-forgotten,
but they were the humble beginnings of the PC industry.”

Not everyone thought the Altair was such a big deal. Gordon
Moore, whose Intel company manufactured the chip that made
the Altair possible, didn’t see the appeal at all. In this regard, he
was typical of the traditional thinking of the computer industry:
“One of our sales people brought in a kit that had been glued to-
gether by the New Mexico group actually, using one of our micro-
processors, where the program was put in by flipping a bunch of
switches, rather than using a keyboard or a disk drive or anything
we do today. The program actually had to be put in in ones and
zeros, depending on if a switch was up or down. Not very useful
for practical applications, but enough that hobbyists could play
with a computer, where they could program it themselves. Not
very much, frankly, [like a computer]. At that time a computer to
me was something that sat in a large room with glass windows
you couldn’t get in to without a special access card.”

However, “computer” dealerships began to spring up, selling
Altairs and add-on products. The very idea of retail computers
was laughable until 1975. But the Altair made the computer a
consumer product of sorts. Although Albuquerque was its geo-
graphical birthplace, Silicon Valley was the spiritual center of
this revolution. Hobbyists alone might have been necessary, but
could never be sufficient to bring the personal computer to the
shopping mall. To reach the wider market required a different
type of vision, and better, smarter engineering, too. At the Home-
brew Computer Club, there was a young pair who had these qual-
ities in ample supply: a true nerd and a true visionary.

Steve Wozniak was a prodigiously talented engineer who treated
each engineering problem as a game and a challenge: “I wound up
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with so few chips, when I was done I said, ‘Hey, a computer that
you can program to generate colored patterns on a screen, or data
or words or play games or anything!’ It was just the computer I
wanted for myself, pretty much, but it had turned out so good.”

Steve Jobs was a visionary with abundant self-confidence and a
philosophical streak: “Remember that the sixties happened in the
early seventies, and that’s when I came of age. To me the spark of
that was, it’s the same thing that causes people to want to be poets
instead of bankers. I think that’s a wonderful thing. I think that
same spirit can be put into products, and those products can be
manufactured and given to people, and they can sense that spirit.
There was something beyond what you see every day.”

At the Homebrew, there was more than just the presentations
and Q&A sessions moderated by Lee Felsenstein. In the hall out-
side the auditorium, hackers would bring in the boxes of wires,
transistors, and paper tape to demonstrate what they had
achieved. There was criticism, suggestions, competition to outdo
each other. And out of this creative show-and-tell came Apple
Computer, the first mass-market, legitimate consumer PC manu-
facturer.

The Apple founders, both recent graduates from Homestead
High School, were regulars at Homebrew meetings. Steve Woz-
niak, known everywhere as “Woz,” was almost mute with shy-
ness, so he would let his technical prowess do the talking. The
first Apple computer was primitive. It was cobbled together by
Woz to impress his friends at the Homebrew meetings. “I started
getting a crowd around me. Even though I was too shy to raise my
hand and say anything in a club meeting, after the meetings I
would put out my computer that I had built, and every week it
had a little bit more working on it, too. I would set it down and
let people type on the keyboard and I would explain what’s in it.”

Steve Jobs was not a hotshot technology geek, but his talent
search ended with “Woz.” Steve Jobs was the visionary who saw
microcomputers as a potential business beyond the ranks of
Homebrewers: “It was very clear to me that...there were a
bunch of hardware hobbyists that could assemble their own
computers, or at least take our board and add the transformers
for the power supply, and the case, the keyboard, and go get the
rest of the stuff. [But] for every one of those there were a thou-
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sand people that couldn’t do that, but wanted to mess around
with programming—software hobbyists. Just like I had been
when I was ten, discovering that computer.”

Apple Computer wasn’t their first business, but it was their
first legal business. Woz and Jobs had once built a device to cheat
the phone company—as Wozniak recalls, it was known as a “blue
box”: “Blue boxes were devices that could put tones into your
phone and direct the phone company to switch your calls any-
where in the world for free. It was weird for people to imagine
that: how could this worldwide phone system let you put a few
little tones into your phone just like punching a touchtone
phone, put the right tones in and it would direct your call any-
where in the world for free?”

Steve Jobs says that it was thanks to the Homebrew’s meeting
venue that they figured out the technical specifications they
needed: “We were at Stanford Linear Accelerator Center one night,
and way in the bowels of their technical library, way down at the
last bookshelf in the corner bottom rack, we found an AT&T tech-
nical journal that laid out the whole thing. That’s another moment
I'll never forget: we saw this journal, we thought ‘My God, it’s all
real!” So we set out to build a device to make these tones.”

Wozniak and Jobs were not primarily seeking to deprive the
phone giant AT&T of long-distance revenue, though this was,
given the counter-cultural atmosphere around Silicon Valley,
perfectly acceptable to most of the radicals who used their blue
boxes. There was a major element of sheer pranksterism (another
surviving Silicon Valley subculture, especially on April 1 each
year). They would use a reel-to-reel tape recorder as an ampli-
fier, and connect a telephone to it with alligator clips so that
everyone in the room could hear the phone conversations. Woz
would start by demonstrating how well the blue box worked:
calling “Dial-A-Joke” in Sydney, making dinner reservations at
the Ritz in London. “So one time I said I could call the Pope. I
called into Italy and asked for the number of the Vatican and
eventually got the call in to the Vatican. And I said, ‘This is
Henry Kissinger and I'd like to speak to the Pope about the sum-
mit trip’—he was on a summit trip. And they said, ‘Oh, wait,
wait a minute, we’ll have to wake him up.’ It was like 4:30 in the
morning there. And I hung on the line and they said, ‘We’re wak-
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ing him up.’ Finally the highest Bishop up, who was going to be
the translator for the Pope, came on and he said, ‘“You're not
Henry Kissinger.” And I went into a little accent and said, ‘Oh,
yes, I am. You can call me back at this number.” They never
called back—but I woke him up.”

Aside from the amusement of dorm-room residents, and some
real long-distance service for free, the Blue Box taught Steve Jobs
an important lesson about the way technology was changing:
“What we learned was that we could build something ourselves
that could control billions of dollars worth of infrastructure in
the world—that us two, we’re not much, but we could build a lit-
tle thing that could control a giant thing. That was an incredible
lesson. I don’t think there would ever have been an Apple com-
puter had there not been blue boxes.”

The other new component in the mix, a world away from the
academic environment of the ARPAnet, was the presence of en-
trepreneurs. True, they were mostly hippy entrepreneurs, but
whether their intention was to get rich or to buy more dope,
some of the players in the Homebrew and hacker worlds had an
instinct for making a buck. Not unlike Bill Graham, whose Fill-
more rock concerts defined the music of the Bay Area for
decades, these were people who were turning their passion into
public performance and, sometimes, profits. Stewart Brand was
a typical product of these times, the “Multimedia Performance
Entrepreneur.”

Another was the larger-than-life figure Jim Warren. A former
mathematics teacher at a Catholic girls’ school, Jim was imme-
diately fascinated by the PC, like many Bay Area hippies. He
was founder-editor of a serious, but absurdly-titled, computer
magazine: Dr. Dobbs’ Journal of Computer Calisthenics and Or-
thodonture: Running Light Without Overbite. As Warren says,
California counterculture was crucial to the PC’s development:
“The whole spirit there was working together, was sharing. You
shared your dope, you shared your bed, you shared your life,
you shared your hopes. A whole bunch of us had the same com-
munity spirit, and that permeated the whole Homebrew Com-
puter Club. As soon as somebody would solve a problem they’d
come running down to the Homebrew’s next meeting and say,
‘Hey everybody! You know that problem that all of us have been
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trying to solve, here’s the solution, isn’t this wonderful? Aren’t I
a great guy?’ It’s my contention that that is a major component of
why Silicon Valley was able to develop the technology as rap-
idly as it did, because we were all sharing—everybody won.”

Chris Espinosa, who had established a friendly rapport with
Steve Wozniak at the Homebrew meetings, was only fourteen
years old when he joined the fledgling Apple Computer, working
on the afternoons when he had early release from high school:
“Impressing one’s friends, especially impressing one’s circle of
technical friends, is crucially important. It’s part of the ‘demo or
die’ mentality. You are judged by how cool what you’ve created
is, and while impressing yourself is important, impressing astute
friends is really important.”

Steve Wozniak built the “Apple I” computer in and around the
Homebrew Club. The Apple I was even less of a computer than
the Altair—a single circuit board with neither a case nor a key-
board. At the time, he was a junior technician at Hewlett-Packard,
and had every intention of staying there for life. According to Jim
Warren, once Woz started fooling around with “personal comput-
ers” in his spare time, he did the obvious and right thing regard-
ing his employer: “He went to Hewlett-Packard and said ‘I would
very much like to work on a microcomputer project, would you
set up one?” And Hewlett-Packard said ‘Ha, ha, ha!’—essentially,
‘There’s no future in that.” And Woz said, ‘Well, would you sign a
release so I can work on it as my own hobby?’ And they said,
‘Sure, it’s not going anywhere, there is no business potential
there.” Great industrial insight. They signed a release.”

Steve Jobs demonstrated both insight and a singular talent in
sales by managing to sell fifty of them. Part of the motivation was
to recover some cherished personal possessions: “I sold my
Volkswagen bus and Steve sold his calculator and we got enough
money to pay a friend of ours to make the artwork to make a
printed circuit board, and we made some printed circuit boards
and we sold some to our friends. I was trying to sell the rest of
them so that we could get our microbus and calculator back.”

Business acumen was largely lacking from the first Apple ven-
ture. In what has become a mantra of the early personal computer
industry, Jobs admits “We didn’t know what we were doing.” The
plan was to buy a hundred sets of parts, build fifty Apple I boards,
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and sell them to the Byte Shop on El Camino Real (possibly the
world’s first personal computer store) for twice what it cost to
build them. This would cover the cost of all the parts, thus allow-
ing the partners to build the other fifty boards for their profit.

As Jobs explains, this venture provided an early lesson in the
cruel world of profit and loss, liquidity and inventory control:
“We convinced these distributors to give us the parts on ‘net thirty
days credit'—we had no idea what that meant, but sure, sign here.
So we had thirty days to pay them. We bought the parts, we built
the products, and we sold fifty of them to the Byte Shop and got
paid in twenty-nine days and then paid the parts people in thirty
days, and so we were in business. But we had the classic Marxian
profit realization crisis in that our profit wasn’t in a liquid cur-
rency, our profit was in fifty computers sitting in the corner.”

Nevertheless, that experience showed Jobs that there was a
market for a “real” personal computer. Something better than the
Apple I, something better than the Altair, something that didn’t
exist: “So my dream for the Apple II was to sell the first real
packaged computer.”

Steve Jobs’ dream was impossible. It needed too many chips,
making the product too complicated and expensive to build. But (as
Ed Roberts said of making the Altair) Jobs’ partner Wozniak didn’t
know it was impossible: “Why have memory for your TV screen
and memory for your computer, make them one. That shrunk the
chips down. And all these timing circuits—I looked through manu-
als and found a chip that did it in one chip instead of five, and re-
duced that. One thing after another after another happened.”

This was the computer Woz “wanted for myself.” And it
turned out to be a computer that Jobs believed could sell in
mass. Or so he told Woz. “He said, ‘I think we have a computer
we could sell a thousand a month of.” How can you sell a thou-
sand a month, you know?”

Jim Warren, a.k.a. Dr. Dobbs, a powerful hybrid of hippie and
hacker, conceived the remarkable idea of a trade show for an in-
dustry and product line that barely existed yet. But enough little
companies had spun out of the Homebrew Club to raise hopes
that there might be enough vendors and enough customers for
Jim not to have to return to teaching math. The First West Coast
Computer Faire (its final “e” a hip, neighborly reference to the
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Renaissance Faire, a grand annual hippy gathering in Marin
County) took place in San Francisco’s Civic Auditorium, in 1978.

Jobs had a clear vision of the Apple II: it should look not like
a piece of laboratory equipment, or a hobbyist’s lash-up of wires
and bulbs; rather, it should look like a domestic appliance. The
Apple II was launched at the Faire. The show drew thousands of
attendees and dozens of exhibitors, setting Jim Warren on the
way to a fortune as a convention entrepreneur. But there was only
one company showing something that looked like a modern per-
sonal computer. Right by the entrance, in a prime spot negotiated
by Steve Jobs, sat the Apple II. As Jim Warren says, “Unlike all
the rest of these techno-gadgets that looked like computers, that
had the flashing lights and the switch registers and all that stuff,
this looked like a human could use it. That was really neat. It
simply had a keyboard and a monitor. “

Steve Jobs remembers the event with his trademark confi-
dence: “My recollection is we stole the show, and a lot of deal-
ers and distributors started lining up and we were off and
running. I was twenty-one.”

Jim Warren claims that Jobs personally, and the Faire in gen-
eral, “precipitated a whole other viewpoint, in that business peo-
ple said, ‘Ho, ho, that’s a pretty interesting consumer product,
maybe this could be a business.’ Jobs was a stellar entrepreneur
and promoter. He saw the opportunity.”

The opportunity to mass-market a consumer product was en-
tering a new league for the Apple duo. Selling “a thousand a
month” required real manufacturing, which required real money.
Jobs persuaded a venture-capital investor, Don Valentine, to come
by the Apple HQQ (the Jobs family garage) and evaluate the busi-
ness opportunity. Valentine, who described Jobs at the time as re-
sembling “a renegade from the human race,” declined to invest at
first, but put the two enthusiasts in touch with Mike Markkula, a
former Intel executive who had retired early (and rich) thanks to
that company’s enormous success. Markkula, in turn, contacted
Arthur Rock, who had himself invested in Intel. But at least the
Intel team had graduated from university and owned suits.
Arthur Rock now faced a quite different prospect: “Jobs wore san-
dals and he had very long hair and a beard and a mustache, and
was kind of unkempt. .. but very articulate. He was at one time in
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his life, and it was probably when I first met him, eating nothing
but fruit. He’d just come back from spending a long period of
time in India with a guru.” To the sober venture capitalist: “This
is not the norm. This is not the norm.”

Jobs and Mike Markkula persuaded Arthur Rock to visit an-
other computer show, in San Jose, to judge for himself the nature
of the market and the enthusiasm that Apple was generating. “I
think it was called the Home Brew Computer Show. It was a
commercial show, where all the companies attended, wanted to
show all their products. No one was at any of the other booths—
everybody was at the Apple booth, and you couldn’t get next to
the Apple. It was the first time I'd ever seen anything like it, the
first and last time I think it’s ever happened. I said to myself
‘Gee, this has got to be something.””

Arthur Rock invested “less than $100,000 in Apple” but his in-
vestment was crucial to the growth of the company. It also solidi-
fied his reputation as a flawless judge of investment opportunities.
Apple in due course raised money also from Venrock (the Rocke-
feller investment vehicle) and from Valentine’s Sequoia, for a com-
bined total of around $600,000. Following the West Coast
Computer Faire, the next two years saw explosive growth for
Apple, with thousands of customers literally arriving on the
doorstep of their tiny office in Cupertino, California. Sales and
profits grew so quickly that Apple had more money than it could
spend. The company and its workforce were very young. The
founders were still in their early twenties and some employees
were even younger, like fourteen-year-old Chris Espinosa, who
never left. He was still working at Apple twenty years later. “There
would be public demonstrations of our product every Tuesday and
Thursday afternoon at three o’clock. That was good because it was
after school. So I would get out of my sophomore or junior year of
high school, I would ride my little moped down to the Apple of-
fices and at three o’clock I'd give the demonstrations of the
Apple II. And some of the people that I did original demos to came
up to me years later and said, ‘You know, I founded a hundred-
million-dollar chain of computer stores based on the demo you
showed me one Tuesday afternoon at Apple.’ It was really fun.”

Steve Wozniak’s life abruptly changed: “It went so successfully
that all of a sudden Steve [Jobs] and I wouldn’t have to worry
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about work for the rest of our lives. Then it got even more suc-
cessful and more successful after that, and it was sort of a shock.”
The Apple II set a new standard for personal computers and
showed there was some real money to be made. It vindicated the
venture-capital investors, and encouraged them and others to in-
vest in companies like Apple. The Apple offices were informal,
even anarchic, yet these unlikely pioneers launched an industry
sector that made an indispensable contribution to the ultimate net-
working of the world’s computers and computer users. First, this
industry made possible the spread of ownership. Now, instead of
having to negotiate access to time sharing terminals (whether run
by university managers or hippy radicals), individuals could own
and control their personal computing. Networking without owner-
ship existed for the old-style mainframes and terminals; ownership
and convenience had arrived for the stand-alone personal com-
puter users—but they weren’t connected. They would be, soon.



Chapter Seven
Copierheads

ENTER BoB METCALFE IN 1973 wITH his freshly minted Harvard
Ph.D. and a Hawaiian tan. He also has a notebook full of packet
radio networking ideas from Hawaii. In this happy state, he ar-
rives for work at Xerox Palo Alto Research Center, and steps into
the “time machine,” the “economics-free zone,” where ideas are
the preferred currency.

Until 1958, Xerox was known as the Haloid Company, then for
three years Haloid-Xerox, Inc. The company became Xerox Cor-
poration with the introduction of the Xerox 914, the first really
effective modern photocopying machine. From $32 million of
sales in 1959, the company saw their sales increase between 30
and 50 percent every year through the 1960s, until in 1968 sales
exceeded $1.1 billion, and profits $138 million. This was a blue-
chip company that dominated its sector, and had the funds avail-
able to pursue new product avenues. The Xerox Research Center
was the idea of Peter McColough, then CEO of the company, who
had a vision of a Bell Labs-style institution for Xerox, a place
where pure research could be conducted, by the brightest minds
in the country, without regard to short-term profit.

PARC’s first director, George Pake, had just resigned from a ca-
reer as a university administrator when Xerox approached him.
Once he was in place, Pake approached Bob Taylor to consult on
the planning and hiring for the research facility. Taylor had left the
Pentagon in 1969, and spent a year or so at the University of Utah.
Having recruited and managed the talent that created the ARPAnet,
Taylor had firm views about whom to hire and how to attract them
to this new institution. He argued that it needed to be close by a
major university with impeccable computer-science credentials,
and it should be in California, because it was easier to get people to
move there than anywhere else. The choice was simple: Xerox
PARC was built in the Stanford Research Park, which had been es-
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tablished in 1951 by Fred Terman. Jerry Elkind was hired, at Tay-
lor’s recommendation, after leaving Bolt, Beranek and Newman in
1971. He was a highly regarded acquaintance of Taylor’s from
NASA days, and later a recipient of some of Taylor’s ARPA research
dollars. Elkind was named manager of the computer science labo-
ratory, and Taylor (who thus recruited his boss) associate manager
of computer science. Unlike Elkind, Taylor was not a trained com-
puter scientist, and it would be eight years before he became the of-
ficial manager. But his managerial and recruitment skills helped to
define PARC as a frontier territory in computer science.

Bob Taylor’s hand-picked computer scientists had an extraor-
dinary degree of freedom to pursue their intellectual hunches or
obsessions, and spend generous research budgets. In return, he
got their total loyalty, according to Bob Metcalfe: “Bob Taylor was
the spiritual leader of the computer science lab. He hired us all
and took care of us. He wasn’t himself a computer scientist. He
has a knack for judging and attracting and motivating and taking
care of research scientists and protecting them from the outside
world. So it was a privilege to work in his lab.”

Xerox had a strong motivation to research the future of office
“information systems.” It was widely held that computers could
create “the paperless office”’—a bad place to be selling photo-
copying machines. But if Xerox could be at the forefront of that
technology, it could stay ahead of the competition. The intention
was to use computer technology in the office, making it a better,
more productive, more enjoyable place to work.

Larry Tesler joined Xerox PARC in 1973, where “The manage-
ment said ‘Go create the new world. We don’t understand it.’
Here are people who have a lot of ideas and tremendous talent,
[they’re] young, energetic. We really thought we were changing
the world, and that at the end of this project or this set of projects
personal computing would burst on the scene exactly the way we
had envisioned it, and take everybody by total surprise. We were
looking into distributed computing, personal computing, what
we now call imaging, laser printers, things like that. It was going
to be completely from left field. And that’s what we felt we were
doing, so we were very excited about it.”

Bob Metcalfe was equally excited by the opportunities: “We
were working in what Doug Engelbart might call an outpost or a
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time machine, where, in order to conduct research, you create a
completely artificial environment which is an approximation in
some dimensions of the remote future, and then you plop your
scientists down in it, and they develop things as if the world is
going to be the way it’s not yet, and you learn things.”

Another of the PARC alumni is John Warnock, who later left to
found Adobe Systems: “PARC was a magnificent place. From a
researcher’s point of view it was almost ideal. For all practical
purposes, they gave you very large resources to work with in
terms of computing equipment and in terms of intellectual free-
dom and in terms of ability to pursue your own creative bents. It
was an amazing place. A huge amount of creative activity came
out of it, a huge number of product ideas came out of it. The at-
mosphere was electric, there was total intellectual freedom.
There was no conventional wisdom: almost every idea was up for
challenge and got challenged regularly.”

Bob Metcalfe admits that modesty was in short supply: “We
were really proud of ourselves and we lived in this really posh re-
search center. We were frequently told and believed that we were
the world’s best computer scientists. So we were really elitist
swine basically. We really liked ourselves a lot.”

Adele Goldberg was one of the few women computer scientists
at Xerox PARC. Inevitably, she also left to found a software com-
pany, Parc Place Systems: “As far as I could tell, when I first got
there, there was no dictation from the corporation that you were
working on anything in particular. People came there specifically
to work on five-year programs that were their dreams.”

Larry Tesler recalls that beneath the glamour and privilege of a
well-funded research lab, there was a hint of anxiety about where
it was all leading: “There was this sort of heady feeling that you
were doing this momentous thing, this historic thing actually.
You were creating a future that was kind of semi-secret and you
were very grateful that the Xerox Corporation was taking all their
copier profits and investing them into this venture. At the same
time, it was very frustrating because it wasn'’t at all clear how any
of this was going to ever come to market.”

In April 1973, just about the time Bob Metcalfe arrived, a per-
sonal computer called the Alto was created at PARC. It was de-
signed principally by Butler Lampson and Chuck Thacker, two of
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the half-dozen people Bob Taylor recruited in 1971 when their
start-up company, Berkeley Computer Corporation, was heading
downhill fast. By the end of 1973, there were ten Altos around
PARC, and a year later, forty. It was the first ever embodiment of
what we now call a personal computer, intended to serve a single
person, sit on every desk in an office building—and be connected
to all the other Altos. It had a keyboard, a mouse, and a screen.
They called it “personal distributed computing,” echoing Lick-
lider’s notion of “distributing” computer resources for the sake of
economy and efficiency. By making it personal, they also
achieved the “Man-Machine Symbiosis” requirement.

The Alto was born a year before the feeble, complicated Altair.
The real world wouldn'’t see the IBM PC until 1981, or the Mac-
intosh, the first computer with built-in networking, until 1984.
So the Alto—which would have cost $20,000 or more, had it been
marketed—was a vision of the future, according to Bob Metcalfe:
“We worked in an economics-free zone. Even though it was un-
affordable and we had no clear idea what they were going to be
used for, we built computers to sit on everyone’s desk and then
watched what happened. We knew as a fact what the world was
going to look like in ten years, because we had already built it
and we saw that it worked. So we knew what to do. First you do
this, then you do this—because we did it already.”

John Warnock confirms the futuristic aspects of PARC:
“Everyone lived in an environment that in many cases today’s
environment doesn’t duplicate. We had reliable electronic mail
systems. We had reliable electronic printers that were very, very
fast and effective. We had color monitors and equipment that no
one else had.”

Having created the technology of the mid-eighties a decade
early, the PARC researchers proceeded to create a network of PCs,
or what Metcalfe calls “an internet of PCs.” Ten years ahead of
the rest of the world, PARC built their own Internet.

When Metcalfe arrived, Xerox PARC already had some experi-
mental personal computers based on Nova minicomputers about
the size of a microwave oven, and they even had a crude local area
network that connected them together. Up to fifteen of them could
be connected in this LAN by cable. The resident networking re-
searcher was one Charles Simonyi, who had begun his computing
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career as a teenage night watchman in a computer center in his na-
tive Hungary before graduating to learning programming, by pro-
gramming for free. As Metcalfe recalls: “He was designing an
ARPAnet that would run a thousand times faster than the real
ARPAnet, only it would run locally and connect all these PCs to-
gether. When I arrived, they gave me that project so Charles could
go off and write a text editor called Bravo, which became Microsoft
Word. I immediately, of course, threw away all of his work which
he had called SIGNet: Simonyi’s Infinitely Glorious Network.”

How Bravo “became” Microsoft Word is an exemplar of the
core problem at Xerox PARC. In almost every meaningful respect,
the technological roots of the personal computers we use today
can be traced to Xerox PARC. It is the Rome, the Jerusalem, the
Mecca, the Lord’s Cricket Ground of personal computing tech-
nology and imagination. Yet with the exception of a decent mar-
ket share in laser printers, none of the technologies or products
are associated with Xerox. The story is eloquently captured in the
title of a book about Xerox PARC—Fumbling the Future.

Bravo was a highly original word-processing program, devel-
oped at Xerox PARC with Xerox funds by Xerox staff, but it was
not marketed by Xerox. Xerox was not in the software business.
Ultimately, when Charles Simonyi was hired by Microsoft, the
ideas went with him—and Microsoft Word emerged.

One of the novel technologies developed for the Alto, and key
to the success of its innovations, is known as bitmapping.
Bitmapping is a technique for relating on-screen images to mem-
ory. Each bit of memory is a binary on/off switch; and each pixel
(abbreviated from picture/pix element, a single dot on the screen)
corresponds to a single bit. By mapping the memory bits on
screen, an image is created out of thousands of dots, whether it is
text or graphical material. The use of a bitmap display is central
to the use of computers with a mouse, and to create images as
well as text on the screen. But above all, with one bit of memory
per pixel or dot, it was hugely expensive in memory cost. As
Severo Ornstein, the ARPA veteran who came to PARC in 1976,
points out, the use of so much memory was bold. But everyone
here knew Moore’s Law: “It took a certain amount of courage.
Often more courage than genius is required in the computer field.
In that case, the realization that the cost of memory was going to
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come way, way down and that you could afford to spend it in this
spendthrift fashion—because it would be so cheap eventually—
at the time that they first did that, it was an act of some bravery.”

The first overlapping windows on screen were developed by
another PARC researcher named Dan Inglis in 1976. According to
Adele Goldberg, he invented a procedure for the movement of
whole blocks of bits on the screen which he called “Bit Flit.” The
movement of blocks of bits in turn allows overlapping windows
to be shuffled on screen—the basis of both the Macintosh user in-
terface and Microsoft Windows. But this was in 1976!

With the development of the laser printer, and post-script soft-
ware, bitmapping and bit images went one further step. As
Charles Simonyi recalls, PARC researchers created WYSIWYG—
by which the printer delivers almost exactly what the screen
shows: “We fed a transparency stock to the laser printer, printed
the transparent stock, and held it up against the screen to show
that they are identical. In fact, they were just similar. On Rowan
and Martin’s Laugh-In, Flip Wilson had a tag line, ‘What you see
is what you get,” and one of the visitors, when presented with this
demo, said, ‘I see, what you see is what you get.””

The same story is repeated for one product after another
until, most notably, the Xerox graphical user interface, win-
dows, and bitmap displays were hijacked wholesale to create
the Apple Macintosh.

Promotional film made in the mid-seventies to publicize Xerox
PARCresearch, shows how revolutionary the Alto was. Unlike its
near-contemporary, the Altair, it was user-friendly above all. But
of all the innovative features it had, perhaps the most remarkable
was the core concept: as Metcalfe says, “to put one on every desk.
In 1971 or 1972, you were lucky to have a computer in your city,
let alone your building. If it was in your building there would be
one. We were talking about putting them on every desk, and this
required a new kind of network.”

Until the mid-1970s, the world of networked or distributed
computing was confined technologically to the “big iron” of main-
frames, and sociologically to academic/government ranks. Personal
computers barely existed, and aside from PARC were a gleam in the
eyes of entirely different people: failing businessman Ed Roberts,
fruit-eating hippie Steve Jobs, multimedia impresario Stewart
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Brand, and company. PARC was the only place that had members
and influences from both constituencies. Bob Metcalfe and his col-
leagues added the component that would begin the slow conver-
gence of the stand-alone PC and the networked computer.
Metcalfe understood the packet switching of ARPAnet from his
experience in helping to connect IMP #6 in Licklider’s lab at MIT.
(IMPs #9, 10, and 11 wound up at Harvard, Lincoln Laboratory,
and Stanford University, respectively.) He had studied and written
about the randomized retransmission protocol of the Alohanet
packet radio network before arriving at PARC. Drawing on these
two technologies, and with Alto computers in place thanks to
Xerox PARC’s Thacker, Lampson, and others, Metcalfe invented
Ethernet and made networking a building or a company full of PCs
possible: “I used the ideas that I had collected from the ARPAnet
and the Aloha network to, on May 22, 1973, invent Ethernet.”
Given the futuristic assumption that there would be a com-
puter on every desk, Metcalfe and his collaborators (Thacker,
Lampson, and David Boggs) aimed to create a network for “hun-
dreds of computers at hundreds of kilobytes per second at hun-
dreds of meters of separation.” The specification that emerged
was a network of 2.94-megabits-per-second capacity, linking up
to 256 computers separated by up to a mile. The high-speed re-
quirement was imposed by another advantage of the PARC envi-
ronment: they were inventing the laser printer at the same time.
Unlike the ARPAnet, which connected the IMPs with 50-
kilobit telephone lines, and unlike the Alohanet, which trans-
mitted radio waves, the Ethernet used coaxial cable, a solid wire
that is shielded by insulating material to prevent interference.
The wire (the same kind that connects cable boxes to television
sets) was connected to each Alto by cable TV taps and connec-
tors. The name “Ethernet” is Metcalfe’s obscure joke, referring to
the outmoded notion of “the ether” as a “passive, omnipresent
medium for the propagation of electromagnetic waves. We began
to call our coaxial cable—that ran up and down every corridor to
which all these computers tapped in—the ether. And they would
send their packets up into the ether.” Metcalfe likes to tell people
how his mother has the New York license plate ETHERNET.
“Most people think that she’s a dentist.”
Like the ARPAnet, the Ethernet sent packets. There was soft-
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ware installed in the Altos to control transmission, ordering, and
reassembly of packets, like the IMPs of the ARPAnet. It sent mes-
sages at will, and in case of collision and corruption of the pack-
ets, it used the Alohanet idea of randomized retransmission for
packets that went unacknowledged. The store-and-forward
(“hot-potato”) method of the ARPAnet required expensive IMPs,
or something similar. But it was too expensive to build more
Altos to function as IMPs. The general transmission of messages
by the Alohanet via radio caused messages to collide and get
scrambled, like two phone conversations on one line. This is
why we have the busy signal.

For the Ethernet, Metcalfe and David Boggs didni’t-“insist on
success.” All messages went along the line, but only got delivered
to their addressed destinations. Interference did happen, but
could be detected. That would halt the transmission, briefly and
for a random delay, before it would be retried, much as a conver-
sation among half a dozen people involves a lot of false starts, in-
terruptions, and repetitions.

This access procedure has a heavyweight acronym, CSMA/CD,
standing for Carrier Sense Multiple Access with Collision Detec-
tion. Larry Tesler was present at the creation of Ethernet, inside
PARC: “Metcalfe and Boggs were working on getting their two
machines to talk to each other through the Ethernet. We had a lot
of late nights at PARC where they were working on their Ethernet
stuff. I'd sometimes take a break and go over there and see what
they were doing. It was an exciting time. It came up a little bit at
a time. First they were able to get, you know, a little bit across and
a little more across, and then at one point they said, you know,
we can all use it now, and we started building Ethernet boards
and installing them in all the machines and, after a while, every-
body in PARC was able to communicate through the Ethernet.”

Everyone was also, in due course, able to print documents via
Ethernet from their Alto, via another PARC invention, the Re-
search Character Generator, on yet another, the Scanned Laser
Output Terminal (SLOT), which we would now call a laser
printer. For this procedure, they came up with another laborious
acronym: Ethernet-Alto-RCG-SLOT, or EARS.

Like a team of tunnelers breaking through to meet another team
coming from the other side of the mountain, the network of per-
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sonal computers at PARC (a very local area network) was quickly
connected to the wide area network that was ARPA. By 1974,
there were sixty-four nodes on the ARPAnet, all over the United
States. One was at PARC. Two trends in networking had met
halfway. Bob Metcalfe recalls that “almost the first thing we did
with the Ethernet was to hook it up to the ARPAnet at Xerox. So
from your personal computer at your desk, you would go through
the Ethernet out through the IMP into the ARPAnet. With what we
built at the Xerox Research Center we did a lot to transform the
notion of the ARPAnet from a wide area network of hosts to an In-
ternet of LANs (Local Area Networks) and personal computers.”

Of course, this transformation could not take place until per-
sonal computers existed in the real world. Ethernet was a tech-
nology that was now waiting for its market application. Like so
many of the technologies developed at PARC, it wasn’t a com-
mercial product, because the company neglected to commercial-
ize it. Larry Tesler, like many others, was frustrated that a
company with both technological and marketing muscle was
doing so little with it all. “Everybody who came there thought
Xerox could be the company that pushed IBM aside and shot
past them and had enough marketing prowess in corporations to
actually displace IBM.”

John Warnock suggests that Xerox management had never fan-
tasized about what the future of the office was going to be: “When
it was presented to them, they had no mechanisms for turning
those ideas into real-life products. That was really the frustrating
part of it because you were talking to people who didn’t under-
stand the vision, yet the vision was getting created every day
within PARC: and there was no one to receive that vision.”

Somewhat belatedly, in 1975, Xerox’s head office approved the
formation of a Systems Development Division, intended to engi-
neer PARC inventions into products: operating across the street
from PARC, the new division recruited several of the pioneering
technologists to become product managers, including Bob Met-
calfe (Ethernet), Charles Simonyi (Bravo), and Chuck Thacker (the
Alto). Unfortunately, this new direction coincided with a very sig-
nificant downturn in Xerox’s overall fortunes and profitability.

First, they were hit with an antitrust suit by the Federal Trade
Commission. Outstanding success had allegedly tipped over the
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line into monopoly. Profits suffered as Xerox defended itself not
only against the federal suit but against numerous private suits
brought against it by disgruntled competitors kicking a corporate
giant while it was down. There was a general recession in 1974,
which hit the bottom line. And Xerox’s infamous acquisition of
Scientific Data Systems—an effort to acquire a computer busi-
ness at a stroke—was finally written off at a total estimated cost
in excess of $1 billion. This was not a good time for Xerox to
commit itself to a whole new departure—to market the office of
the future. So they put it all aside.

The central paradox of the Xerox PARC phenomenon was that
the company literally synonymous with copying had invested
heavily in technologies that might replace the central, profitable
role of copying in the office. Despite this excursion into the fu-
ture, Xerox management were, in Steve Jobs’ opinion, stuck in
their successful existing technology: “The people at Xerox PARC
used to call the people that ran Xerox toner-heads, and these
toner-heads would come out to Xerox PARC and they just had no
clue about what they were seeing.”

Adele Goldberg tells the story of how, on one occasion, Charles
Simonyi was asked to give a demonstration of Bravo to the chair-
man of the board. “Peter McColough came for the demo and was
very attentive.” Some weeks later, one of Goldberg’s colleagues
from Xerox PARC went back to corporate headquarters in Stam-
ford, Connecticut, for a dinner where McColough was present,
and asked what he had made of the demo. “And Peter said, ‘T've
never seen a man type so fast.””

Goldberg and company knew their vision of the future was in
trouble if that was all he saw. On the other hand, McColough had
been CEO of Xerox for about a dozen years, in which time the
company’s revenues grew tenfold. It is easy to understand why
Xerox management just didn’t see the need to go after an entirely
new, so far non-existent business. Like many others at PARC, Bob
Metcalfe came to a realization: “We were in a research center of a
copier company. At the time, we didn’t realize what a fatal situa-
tion that was. We thought we were in an information-technology
research center, in an information-technology company, and that
just as Xerox had been able to build a humongous and successful
copier business, as soon as we got the computer thing right, they
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would do that too. And it took a long time before we realized that
we and Xerox and those ideas were somehow immiscible.”

Nevertheless, entrepreneurial instincts were not absent from
Xerox PARC. Frustration and the pervasive culture of entrepre-
neurship fostered by Stanford University, venture capital, and
Californian spirit led a procession of PARC researchers to seek
their fortunes outside. They already had the considerable benefit
of theorizing, experimenting with, and testing their ideas at
PARC’s expense, over years.

John Warnock and Chuck Geschke (one of the first PARC
computer-science researchers, who arrived in 1972) quit in 1982
to start up Adobe Systems, the prime software venture in laser
printing and key to the desktop publishing revolution that the
Apple Macintosh ultimately fostered. Many others followed in
their footsteps: people like Adele Goldberg, who founded Parc
Place Systems; John Ellenby, who founded GRiD Systems; and
Charles Simonyi, who wrote Wordstar for Xerox, and rewrote it
as Microsoft Word farther north, becoming a centi-millionaire
and scientific philanthropist along the way. The modern Darwin,
Professor Richard Dawkins, holds the Simonyi Chair in the Pub-
lic Understanding of Science at Oxford University.

Despite the ease with which Xerox can be (and is) criticized for
letting so many hugely profitable products slip through its fin-
gers, it is worth remembering, as Bob Taylor points out, that
Xerox did exploit the laser printer, the product from PARC that
was closest of all to its core business: “We built the first laser
printer and the Xerox people can say correctly that taking advan-
tage of that one piece of work more than paid for all of their re-
search investment, time and time again because they built up a
billion-dollar business out of just that one piece of work. The ar-
gument has two sides. You can talk about the stuff they took ad-
vantage of—or you can talk about the stuff they dropped on the
floor—which Sun, Apple, Apollo, Digital, Microsoft have all
taken advantage of.”

Yet in due course even Bob Taylor was to move on. Digital
Equipment Corporation established a systems research center in
the heart of Palo Alto, and Taylor concluded that a research cen-
ter in a computer company was a better place to do computer re-
search than the research center of a copier (and printer) company.
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Among the PARC alumni who followed Taylor down the hill
were Chuck Thacker, Butler Lampson, and David Boggs.

Among the smarter commercial decisions Xerox made was to
invest modestly, through its ventures division, in Apple Com-
puter. As a consequence of this privileged relationship, and of the
buzz reaching from PARC to Apple headquarters in Cupertino,
Steve Jobs was invited in to see the futuristic computing ideas
Xerox researchers were turning into reality.

Steve Jobs had cofounded Apple Computer in 1976. The first
popular personal computer, the Apple II, was a hit—and made
Jobs one of the biggest names of a brand-new industry. At the
height of Apple’s early success in December 1979, Jobs, then all
of twenty-four, had a privileged invitation to visit Xerox PARC, to
see a demonstration of the Alto and all its innovations. Larry
Tesler was one of those present: “Because of the investment that
Xerox had made, one promise was that the Apple people could
come and see what was going on at PARC. A lot of people were
very irritated about that, that we would let in these people who
were kind of competing with us, so they had trouble finding peo-
ple willing to do the demo.”

Steve Jobs had been urged by several people at Apple “to get my
rear over to Xerox PARC and see what they were doing.” He made
an initial visit, then returned with the Xerox Ventures partner and
his Apple development team, which was then working on the Lisa
computer, the planned high-end office system successor to the
Apple II. But the second demo was delayed by a prolonged argu-
ment about whether it should happen or not. Adele Goldberg was
designated to present the demo, and demurred: “The way you re-
ally could influence what Steve was doing of course was to show
his own programmers. Steve—I almost said asked, but the truth
is—demanded that his entire programming team get a demo of the
Smalltalk System. The then head of the science center asked me
to give the demo because Steve specifically asked for me to give
the demo and I said, ‘No way.’ I had a big argument with these
Xerox executives telling them that they were about to give away
the kitchen sink. I said that I would only do it if I were ordered to
do it, because then of course it would be their responsibility, and
that’s what they did. So I gave them a full Smalltalk demo. One of
the members of their team, who is someone I've known a long
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time, has since told me that they went back and completely re-
designed how they were going to build their product.”

Smalltalk pioneered a whole array of language and develop-
ment techniques, not least the on-screen icons that were first seen
commercially in the “graphical user interface,” or GUI, of the
Apple Macintosh. As Steve Jobs remembers the occasion: “They
showed me really three things. But I was so blinded by the first
one I didn’t even really see the other two. They showed me
object-oriented programming, but I didn’t even see that. They
showed me a networked computer system—they had over a hun-
dred Alto computers all networked using e-mail etc., etc. I didn’t
even see that. I was so blinded by the first thing, which was the
graphical user interface. I thought it was the best thing I'd ever
seen in my life, and within ten minutes it was obvious to me that
all computers would work like this some day.”

Bill Atkinson, one of the members of the Lisa design team, and
later of the Macintosh, recalls that “mostly what what we got in
that hour-and-a-half was inspiration, and basically a bolstering of
our convictions that a more graphical way to do things would
make this business computer more accessible.”

To Larry Tesler, it was apparent that the young founder of
Apple was definitely not cut from the same cloth as Xerox exec-
utives: “Steve Jobs himself was a most impressive character. I had
met him before at an Apple company picnic but I hadn'’t ever felt
the power of his personality until this demo. After an hour look-
ing at demos, they understood our technology and what it meant,
more than any Xerox executive understood it after years of show-
ing it to them. And right then and there, I thought I'm in the
wrong company’ and I needed to go to a place like Apple.”

A few months later, Larry Tesler did go precisely to Apple,
where he became chief scientist and stayed for seventeen years.
The Damascene conversion of Jobs to the GUI has now taken on
the aura of nerdly scripture. Jobs’ “insanely great” Macintosh
computer, dogged by many early missteps, but ultimately
launched in a blaze of publicity in 1984, was the result and the
direct descendant of the Alto, a computer Xerox never marketed
or popularized. As Steve Jobs says, “Basically they were copier
heads that just had no clue about a computer or what it could do.
They just grabbed defeat from the greatest victory in the com-
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puter industry. Xerox could have owned the entire computer in-
dustry today. Could have been a company ten times its size.
Could have been the IBM of the nineties. Could have been the
Microsoft of the nineties.”

Perhaps Xerox was fatally restrained by the burden of antitrust
legislation from becoming bigger, or equally dominant in a new
field. And although their profitability did not benefit from the tech-
nologies invented at PARC (other than the laser printer), the per-
sonal computer industry put them all into service. Steve Jobs likes
to quote Pablo Picasso on homage: “Picasso had a saying, ‘Good
artists copy, great artists steal.”* We have always been shameless
about stealing great ideas, and I think part of what made the Mac-
intosh great was that the people working on it were musicians and
poets and artists and zoologists and historians, who also happened
to be the best computer scientists in the world. They brought with
them to this effort a very liberal arts air, that we wanted to pull in
the best that we saw in these other fields into this field.”

Not least among the innovations of the Macintosh computer—
unlike the IBM PC, which would precede it by three years—was
built-in networking.

Charles Simonyi left PARC, like so many others, because the
pleasure of research experimentation, without pressure, was re-
placed by the frustration of a scenario in which the product could
never be successful. He began to look outside for opportunities,
and Bob Metcalfe recommended a number of people for him to
talk to, starting with Bill Gates. In January 1981, this was not quite
such an obvious idea as it now seems. Microsoft had fewer than
forty employees, and had so far confined its activities to languages
and more recently the IBM DOS operating system. Microsoft had
no experience in applications, which was Charles’ specialty. But
that meant that Charles Simonyi got to start Microsoft’s applica-
tions business: “It took only a few minutes of conversation with
Bill to see his commitment to all of these ideas.”

Not everyone is in a position to become employee #40 at Mi-
crosoft, with stock options that represent a license to print
money. Many members of the Xerox staff set out to to seek their
fortunes in the venture-capital market, starting new companies to

* Did Picasso steal this, too, for T.S. Elict wrote, “Immature poets imitate;
mature poets steal.”
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“productize” the ideas they had already explored inside PARC.
Bob Metcalfe was no exception.

People once dreamed of finding El Dorado, a city whose
streets were paved with gold. Sandhill Road, in Palo Alto, is Sil-
icon Valley’s answer to that dream—home today to half of all the
venture-capital funds in the entire world. From tastefully low-
key cedar-and-glass office buildings, about $35 billion is being
invested in people, ideas, and products that exist because of the
personal computer and the microprocessor, and increasingly be-
cause of networks. In exchange for the money required to get a
business up and running, venture capitalists (VCs) also make
certain demands of the entrepreneurs with start-up companies.
It’s often summarized as “adult supervision.” They will insist on
bringing in professional management, marketing consultants,
and board members from related business areas to build strate-
gic alliances, and will generally shift the growing company from
being an embodiment of wild and youthful enthusiasm into a
more mature, focused enterprise.

All of this Bob Metcalfe was to learn as he embarked on his ca-
reer as an entrepreneur. Metcalfe saw Ethernet going unexploited
as a commercial product by the Xerox Systems Development Di-
vision, and saw his opportunity. He had already, while at Xerox,
succeeded in forging an alliance between Xerox, Digital, and Intel
to establish Ethernet as a 10-megabit-per-second (mbps) standard,
ratified by the IEEE. Somewhere in there, as costs fell and engi-
neering improved, he felt there was a business opportunity. So he
employed his most basic research skills: looking under V for ven-
ture capital in the Yellow Pages. In fact, he got a copy of the
Western Association of Venture Capitalists directory, and started
his research: “Starting in November 1978, I started going through
that directory having breakfast, lunch, and dinner with every-
body I could find in that directory. Not to raise money. I just
asked them how to start a company. I did this for three years,
while doing lots of other things. And I boiled that all down to
three lessons, the three ways in which companies fail most often.
Number one, the uncontrollable ego of the founder. Number two,
a lack of money. Number three, a lack of focus.”

After three years, Metcalfe was offering these three lessons
back to the VCs, who were naturally impressed by his insight:
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“I would tell them that I'm going to make a lot of mistakes when
I get around to starting a company, but I'm not going to make
any of those three mistakes.”

The business opportunity Metcalfe identified was again a repe-
tition of the same core insight that has driven every advance in
networking: overcoming incompatibility. The advance of informa-
tion technology was being held back. In local area networks, and
wide area networks like the ARPAnet, technologies were incom-
patible: printers and drivers and software would not connect to-
gether. “If we could somehow get compatibility under control, the
rate of progress would accelerate. That was my grand idea. That,
incidentally, is how 3Com got its name. In June of 1979; I sat down
to name my company and ended up calling it Computer Commu-
nication Compatibility—3Com—to pursue that grand idea.”

Technological difficulty was not the issue for 3Com. Using
twenty or more Altos as “gateways,” PARC researchers by the
summer of 1979 had connected several hundred computers, on
twenty-five or more Ether-networks in a “Xerox internet service.”
Metcalfe had built network interfaces for the ARPAnet back at
MIT, and with colleagues had built Ethernet interfaces at PARC:
“We had done it before—two, three, four, five times. The chal-
lenge wasn’t building it, so much as getting it to be cheap and re-
liable and small. So the first Ethernet cards we built cost $5,000
per connection. The personal computers in those days cost
$2,000, or $3,000 or $4,000, but the cards were completely inap-
propriate for personal computers. So we built them for minicom-
puters, which were much more expensive.”

The breakthrough that made Ethernet a universal standard,
and 3Com a huge success, was a combination of technology and
timing. Metcalfe worked with a semiconductor company to move
the Ethernet onto a chip, instead of a board: “So what we
achieved was a card, called the Etherlink, that plugged into the
IBM PC, which in 1982 was brand new, the IBM PC having been
announced in August of '81.”

The arrival of the IBM PC in 1981 was a milestone for net-
working in every way. While networked Alto personal computers
had been created, nobody had them. Networking the IBM PC, the
computer that allowed American business to take the personal
computer seriously, was a huge new market. It would allow many
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new businesses to be created and thrive, before being overtaken
by the next technology. In the meantime, 3Com and Bob Metcalfe
did nicely: “A thousand dollars could put your PC on the Ether-
net. Of course, we had to build a network operating system to
make it useful, which we did. And we shipped all that in Sep-
tember of 1982 and people started buying it. And by 1983, we
were growing 50 to 80 percent per quarter sequentially. And by
March of 1984, we were public with about $12 million in rev-
enue. By the time I left in 1990, we were $400 million a year with
two thousand people. And in 1997, 3Com is a $5 billion company
with twelve thousand people. Incredible.”

Today Bob Metcalfe enjoys an enviable lifestyle: he is a youth-
ful industry elder statesman, with a farm in Maine devoted to
preserving rare breeds, a majestic townhouse in Boston’s Back
Bay, and an unassailable reputation as a networking Hall of
Famer. The transformation from cabana boy to gentleman farmer
has taken him just about thirty years. He attributes his success
not to inventing Ethernet, but to a long career of selling, travel-
ing, jetlag, hiring, firing, managing people and compensating
them fairly, and more selling. After all, he is the man who sold
Xerox PARC on the idea of a research trip to Hawaii in 1972. “It
helps to have good parents, and it helps to work really hard for a
long period of time and go to school forever, and it helps to drop
quite by accident into the middle of Silicon Valley, where you’re
swept up into an inexorable process of entrepreneurship and
wealth generation, and you pop out the other side with a farm in
Maine. I hate to oversimplify.”
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Chapter Eight
“0K for Corporate America”

A YEAR AFTER THE INTRODUCTION OF the Apple II, in October 1979,
a new software application went on sale in one store in Bedford,
Massachusetts. Although VisiCalc was not a network product, and
the Apple II was not a networked computer, the event set the stage
for the rise of the PC in the 1980s as a serious, useful tool of busi-
ness. VisiCalc inventor Dan Bricklin remembers the impact it had:
“I remember showing it to one accountant around here and he
started shaking and said, ‘That’s what I do all week, I could do it
in an hour.” They would take their credit cards and shove them in
your face. I meet these people now they come up to me and say, ‘1
gotta tell you, you changed my life. You made accounting fun.’”

Visicalc made what some dismissed as a toy into a business ma-
chine. IBM saw a market they could no longer afford to neglect.
Network hardware and software were developed to connect IBM’s
PCs. The pool of users grew until networking was a desirable ac-
tivity not just for business but for social contacts, game-playing,
and virtual communities. In parallel, on campuses and federal in-
stitutions, and increasingly among the largest corporations, net-
works like ARPAnet were being supplemented and duplicated
until they linked themselves into an Internet. If the 1960s was the
decade when packet switching was discovered, and the 1970s was
the decade when the personal computer and the ARPAnet were
first developed, the 1980s was the decade in which the founda-
tions and ground floor of today’s wired world were truly built.

It was really a matter of supply and demand. Networking
wasn’t in commercial demand until there were enough comput-
ers to be networked. Until computers became personal, that was
an impossibility. Back in the 1960s and 1970s, multiple users
could access one mainframe from terminals—either locally or via
dial-up service along a phone line. But such time sharing use was
limited to perhaps dozens of users at a time, per mainframe; or
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hundreds of users all told, per installation. By the end of the sev-
enties, ARPAnet had less than 200 host computers. Despite SAT-
net and Alohanet, probably fewer than 250,000 people had ever
used a networked computer or terminal.

The economics of the personal computer revolution created a
paradigm shift in thinking about who could use computers and for
what. The first, huge change was the fact that non-technologists,
non-scientists, even women and children could use computers.
Networking, especially in the business world, was the second.

The advent of a true personal computer coincided with the
widespread deregulation of the financial services industries in
the United States and UK. Suddenly there was vigorous competi-
tion on Wall Street and in the Square Mile—requiring speed, re-
sponsiveness, and ease of use—for services that had been the
comfortable private fiefdoms of banks, or insurers, or brokerage
houses. The personal computer, whether used “personally,” or
within a corporate office setting, became a remarkably useful tool
in this new environment.

At the start of the eighties, in the boardrooms of corporate
America, a computer still meant something the size of a truck that
cost at least a hundred thousand dollars. The idea of a $2,000
computer that sat on your desk in a plastic box was laughable. In
addition, Apple Computer’s hippie corporate tone was well
known. (Apple’s competitors, such as Atari, Commodore, and
Tandy were also tainted with the “toy computer” problem,
though with some justification thanks to “Pong” and other early
computer games.) But with VisiCalc, even corporate types started
to enthuse over the Apple. Marv Goldschmitt was the retailer
who sold the first VisiCalcs: “A killer app is the one that just
makes everybody sit up and say, ‘Wow, now I understand what
this thing does.’ Every technology has a killer app or it doesn’t get
accepted into society. The telephone had a killer app, connecting
two people together. All of sudden I could talk to my uncle in
New Jersey. That’s a killer app. The internal combustion engine
had a killer app, and that was putting it in an automobile and giv-
ing people the ability to drive around on their own. The com-
puter had a killer app and that was VisiCalc.”

The Apple II was a product of the hacker and hippie culture
of Silicon Valley but its killer application was not. It came
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straight from the blackboards of the Harvard Business School.
Perhaps inevitably, following the pattern of invention and ex-
ploitation in the industry, the very first electronic spreadsheet
was created by two men whose names are not widely known,
and whose invention was imitated and copied widely, to the
great financial benefit of others. Invented by a Harvard Univer-
sity graduate student, Dan Bricklin, the code for VisiCalc was
written by his programmer friend Bob Frankston.

A spreadsheet is a tool for financial planning. Dan Bricklin’s
professor at Harvard’s Graduate School of Business showed how
company accountants used a grid of numbers on a blackboard to
project expenses and profits. The trick to a spreadsheet is that all
the values in the table are related to the others. So changes in one
year or column would ripple through the table, changing cost and
profit estimates for subsequent years. Students were asked to cal-
culate how future profits would be affected by various business
scenarios. It was called “running the numbers” and even with
hand-held calculators it was laborious drudgery. As each value
was linked to others, one mistake could mean disaster.

Dan Bricklin had worked as a programmer and started day-
dreaming about how he could use a computer to replace the te-
dious hand calculations: “I imagined that there was this magic
blackboard that worked like word processing does word wrap-
ping—if you make a change to a word it automatically pulls
everything back. Well, why not recalculate in the same way? So
that if I change a number, if I should have used 10 percent instead
of 12 percent, I could just put it in and it would recalculate every-
thing. That would be this idea of an electronic spreadsheet.”

Dan Bricklin designed the program, and enlisted his friend
Bob Frankston to write the actual computer code. After months of
programming late at night when computer time was cheaper, the
Harvard Business School blackboard came to life. His partner
Bob Frankston points out: “You have to remember, in those days
we did not use the word spreadsheet because nobody knew what
a spreadsheet was. I came up with the name ‘visible calculator’ or
VisiCalc, because we wanted to emphasize that aspect.”

VisiCalc appeared in October 1979, priced at $100. After a slow
start, VisiCalc took off. Marv Goldschmitt sold the first ones: “It
gave people who were obsessed with numbers, whether they were
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in business or at home—how much am I worth today? what’s my
stock portfolio worth? how am I doing against budget on this proj-
ect?—it gave them an ability to play with scenarios and say ‘Well,
what if I do this.’ It put people in a sense in control of the thing
that lots of people feel is driving them, and that’s numbers.”

It is an irony that the first serious business application for the
Apple II, and for the eighties, was developed by two software en-
trepreneurs who had a somewhat unbusinesslike, sixties outlook.
It is very difficult to patent software, and Dan Bricklin decided
not to patent his spreadsheet idea. The conceptual basis of soft-
ware cannot be patented, nor can the software’s performance,
only the code. Thus, a new application can be written that pre-
cisely imitates a previous application, but as long as the code is
different, there’s no way for the originator to claim paternity of
the offspring. There are startling similarities between VisiCalc
and Lotus 1-2-3 (which fueled the IBM PC), and between VisiCalc
and Microsoft Excel. Though tens of millions of spreadsheets
have been sold since 1979, Bricklin and Frankston haven’t
earned VisiCalc royalties in years.

Dan Bricklin is sanguine about their achievement: “Looking
back at how successful a lot of other people have been, it’s kind
of sad that we weren’t as successful. We're kids of the sixties and
what did you want to do? You wanted to make the world better,
and you wanted to make your mark on the world and improve
things, and we did it. So by the mark of what we would measure
ourselves by, we’re very successful.”

Bob Frankston has the same accepting attitude: “It would be
very nice to be gazillionaires, but you can also understand that
part of the reason was that that’s not what we’re trying to be.”

Given the pedigree of personal computers, from MITS in Albu-
querque to Apple in Cupertino, it might seem absurd that the next
milestone would be a competing product embossed with the three
letters that guaranteed quality, reliability, and conservatism in the
American corporate mind. Such was the enthusiasm and buzz
about personal computers that IBM ultimately had no choice but to
pay attention. Apple’s Steve Wozniak remembers the heady days of
Apple’s apogee: “Everybody you talked to just seemed excited talk-
ing about what we were doing. There was this huge media explo-
sion, like the Internet is receiving today, of ‘This is the happening
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thing.” You read about it over and over and over, and every time
you took an airplane flight you read about it, in every newspaper
every week you’d read something about small computers coming,
and Apple was one of the highlight companies. We were being por-
trayed as a leader of a revolution, and we really felt that we were a
leader of a revolution. We were going to change life a lot.”

Big Blue made and serviced “Big Iron”—mainframe computers
for large, blue-chip American companies. IBM ran its business by
having committees to verify each decision. It was designed to en-
sure that good decisions were made, bad decisions were weeded
out; and the chain of command ran from bottom to top through-
out the enormous company. The ultimate decision forum was the
CMC, the Corporate Management Committee, chaired in 1980 by
Frank Carey. Recalls twenty-five-year IBM veteran Rich Seidner:
“IBM had created this process and it absolutely made sure that
quality would be preserved throughout the process, that you ac-
tually were doing what you set out to do and what you thought
the customer wanted. At one point, somebody kind of looked at
the process to see well, you know, what’s it doing and what’s the
overhead built into it, what they found is that it would take at
least nine months to ship an empty box.”

This was not a nimble, passionate venture like the upstart start-
ups of California. But by 1979, IBM had to take notice of the ex-
plosive growth of personal computer companies like Apple. For
the company synonymous with computers, it was galling at least
to observe a growing computer business they didn’t control. In
1980, IBM decided they wanted a piece of this action. Jack Sams
was a senior IBM executive at the time, observing Apple comput-
ers making inroads: “There were suddenly tens of thousands of
people buying machines of that class and they loved them. They
were very happy with them, and they were showing up in the en-
gineering departments of our clients as machines that were
brought in because ‘You can’t do the job on your mainframe.” The
people who had gotten it were religious fanatics about them. So
the concern was we were losing the hearts and minds.”

The solution to IBM’s problem was far from the boardroom
where the CMC met. In August 1979, Bill Lowe ran a small IBM
research laboratory in Boca Raton, Florida. He knew the com-
pany was in a quandary, and he thought he had a solution. Un-



182 NERDS 2.0.1

like every IBM product ever made, designed, and engineered in-
house, Lowe proposed to buy off-the-shelf technologies to create
an IBM PC in one year flat.

If it took nine months to prepare and ship an empty box, they
would have to work very fast. Lowe pitched his idea to Chairman
Frank Carey: “He said, ‘Well, what should we do?’ and I said, ‘We
think we know what we would like to do if we are going to pro-
ceed with our own product.” He said, ‘No, at IBM it would take
four years and three hundred people to do anything, I mean it’s
just a fact of life.” And I said, ‘No sir, we can provide you with
product in a year.” He abruptly ended the meeting; he said, ‘You're
on, Lowe, come back in two weeks and tell me what you need.””

The IBM Personal Computer would prove to be the second im-
portant product in the story of networking (the first was Ethernet)
that advanced the cause of networking by espousing “open ar-
chitecture.” As defined by the Microsoft Press Computer Dictio-
nary, Third Edition, open architecture is “Any computer or
peripheral design that has published specifications... [that let]
third parties develop add-on hardware for a computer or device.”
IBM had no time to build the processors, hardware, operating
system, or applications themselves, and contracted with others to
supply them all. Neither IBM sales nor IBM service departments
had anything to do with the PC, either. As Bill Lowe understates
it, “This was a new concept for IBM at that point. Mr Carey
bought it. And as result of him buying it, we got through.”

For the operating system, IBM ultimately contracted with the
tiny Microsoft company, which had decamped from Albuquerque
to Seattle, Bill Gates and Paul Allen’s home town. In 1980, IBM
was three thousand times the size of Microsoft in market capital-
ization. In a moment of earthshaking opportunism, Microsoft
seized the opportunity to retool and resell an operating system
they acquired from a local competitor for $50,000 as the PC-DOS
operating system inside not only every IBM PC, but also every
other IBM-like PC manufactured for the next ten years or more.
Bill Gates could scarcely believe his own luck: “IBM was the dom-
inant force in computing. At a lot of these computer fairs, discus-
sions would get around to how people thought the big computer
companies wouldn’t recognize the small computers, and it might
be their downfall. But now to have one of the big computer com-
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panies coming in and saying, at least the people who were visit-
ing with us, that they were going to invest in it, that was amazing.”

The story of Microsoft’s coup has been exhaustively told else-
where, and will not be repeated here. The most important con-
sequence of that opportunity was that it created a continuous
flow of revenues to Microsoft, which enabled it to ride and take
advantage of every successive software, applications, and net-
working opportunity. Without the IBM PC’s success, Microsoft
might today be unknown.

When they launched the PC, IBM forecast sales of half a mil-
lion computers by 1984. In those three years, they sold two mil-
lion. Members of the PC management team, like Jack.Sams, felt
vindicated, or at least relieved: “Euphoric, I guess, is the right
word. At that point, with two million or three million, they were
now thinking in terms of a hundred million, and they were prob-
ably off the scale in the other direction.”

Sparky Sparks was another IBM manager who had invested
his energy and reputation in the PC project: “What IBM said was
‘It’s okay, corporate America, for you to now start buying and
using PCs.” And if it’s okay for corporate America, it’s got to be
okay for everybody.”

The IBM PC not only transformed the personal computer mar-
ket, it also transformed IBM itself. In the words of Rich Seidner:
“IBM was an extraordinarily successful company. It was a com-
pany of around two hundred thousand people when I joined.
Probably closer to four hundred thousand when I left. IBM went
from being a company where it had thousands of customers to
which it sold million-dollar machines to a company where it had
millions of customers that were sold thousand-dollar machines.”

With the IBM logo and the IBM imprimatur, the personal com-
puter became accepted as a serious business tool, and many of the
pioneering PC users in the business world were on Wall Street.
Oddly enough, the entrance of this huge competitor greatly bene-
fited Apple’s sales, as Chris Espinosa, the former fourteen-year-old
product demonstrator observed: “We had been struggling to estab-
lish personal computers as a credible alternative to institutional
computing. [It was felt] personal computers had no place in busi-
ness. They were things that weirdos in the lab use, but certainly an
accountant or a designer or an executive would not use a personal
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computer. No, they’d use the company mainframe. Only when IBM
endorsed the idea that personal computers belonged as part of a
company’s information system, and only when IBM endorsed the
idea that it wasn’t abnormal to have a computer at home, our sales
went up. If you look at Apple’s sales after the introduction of the
IBM personal computer they continued to rise steadily.”

IBM helped the sales of many competitors, and even facilitated
the creation of new competitors. Thanks to the published speci-
fications of the IBM PC, anyone could examine how it worked,
and copy its performance by “reverse engineering.” One such
venture broke all records for new business revenues. The Com-
paq company was founded by ex-Texas Instruments executives,
including Rod Canion: “In our first year of sales, Compaq set an
American business record. I guess maybe a world business
record. Largest first year sales in history. It was $111 million.”

American corporations bought vast numbers of PCs, even
though they often already had mainframes with terminals. It
quickly became apparent that these smaller computers, useful as
they were, would be still more productive—lowering overhead,
increasing efficiency, and improving competitiveness—if they
would behave more like the mainframe terminals. And there in-
deed was Bob Metcalfe’s 3Com company, ready in 1982 to sell
Ethernet connections at $1,000 per unit, to begin the next major
era of networking: connecting “the suits” and the desktop com-
puters of corporate America, together.



1. Bob Taylor, the Pentagon bureaucrat who devised the ARPA network.
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2. The Pentagon’s ARPAnet Request for Quotations, 1968.




3. The Bolt, Beranek & Newman (BBN) team, including Dave Walden
(third from left), Bob Kahn (fifth from left), Frank Heart (sixth from left),
and Severo Ornstein (far right).
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4. BBN’s proposal to build the ARPAnet, 1968 (Frank Heart’s copy).



5. Frank Heart, with Interface
Message Processor (IMP).

6. The pioneers at BBN who built the IMPs and created the ARPAnet, in-
cluding Dave Walden (front center), Frank Heart (standing center, with tie),
Severo Ornstein (second from right), and Bob Kahn (far right).



8. The pioneers of Bolt, Beranek & Newman in Cambridge, Massachusetts,
including Frank Heart (top, left) and Severo Ornstein (top, right).



9. Norm |
Abramson
developed a radio
packet-switching
network, named
Alohanet, at the
University of
Hawaii.

10. Norm Abramson on his trademark surfboard.
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11. Bob Metcalfe, coinventor of Ethernet and founder of 3Com.
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12. Computer Lib/Dream Machines, Ted Nelson’s 1974 hacker bible.
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14. Ted Nelson, inventor/discoverer of Hypertext, creator of Xanadu.




15. Bob Taylor in a beanbag chair at Xerox PARC.

16. Bob Taylor in the corridors at Xerox PARC.




17. An IMP or Interface Message Processor, part of the ICCC demo of the
ARPAnet, October 1972.

. Vint Cerf, coinventor of the Internet protocol TCP/IP, at his terminal.




Whole Earth Epilog

access totools

19. Stewart Brand’s Whole Earth Catalog.



20. Howard Rheingold, hippie savant.




21. Bill Gates: “A personal computer in every home and in every office,
running Microsoft software....”




22. Cofounders of Sun Microsystems (left to right): Scott McNealy, Andy

Bechtolsheim, Bill Joy, and Vinod Khosla.

23. Andy Bechtolsheim, cofounder of Sun Microsystems.
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24. Andy Bechtolsheim’s Sun staff pass.
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6 - Bill Joy
25. Bill Joy’s Sun staff pass.
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26. Scott McNealy’s Sun staff pass.
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27. The Sausalito-based server of the WELL, or Whole Earth ’Lectronic Link.




28. Sandy Lerner and Len Bosack, founders of Cisco Systems.
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29. Cisco’s first router, from Sandy Lerner’s hand-colored scrapbook: Kirk
Lougheed (left), Len Bosack (center), and Sandy Lerner (right).

\

TLKIG ong BRI ..

30. The Cisco headquarters
(the living room), 1985.




w;y* \4(1 31. Sandy Lerner, the
Annie Hall look.
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32. Len Bosack, as interpreted by Sandy Lerner.




33. The original team at Cisco Systems: Len Bosack (front left) and Sandy
Lerner (front right).

34. Sandy Lerner, show-
ing her own logo design
for Cisco.
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35. Upside magazine, featuring Don Valentine of Sequoia Capital.
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37. Harvard roommates, Microsoft billionaires: Chairman Bill Gates (left)
and President & CEO Steve Ballmer (right).



CERN DD/OC Tim Berners-Lee, CERN/DD
Information Management: A Proposal March 1989

Information Management: A Proposal

Abstract

This proposal concerns the management of general information about ! s and cxpeni at

CERN. It discusses the problems of loss of infonnation about complex evolving systems and derives a
solution based on a distributed hypertext sytstem.

I Keywords: Hypertext, Comp fc ing, D retricval, Information management, Project
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38. Tim Berners-Lee’s diagram of the World Wide Web.



40. Cofounders of Netscape Communications: Jim Clark (left) and Marc
Andreessen (right).
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41. The founders of Architext, later known as Excite: (left to right, from

top) Joe Kraus, Mark van Haren, Ben Lutch, (bottom) Graham Spencer,
Martin Reinfried, and Ryan McIntyre.




Chapter Nine
Close to the Silicon

THE COMPANY THAT WOULD DOMINATE networking software through
the 1980s was in tough shape in the summer of 1982. As a con-
sultant saw it: “The company was really in trouble. They were
shopping around for new venture capitalists. They’d run out of
money. And actually at the eleventh hour, we actually had a lit-
tle auction at the company and we were selling desks and chairs
and equipment so we could make the payroll the next week.”

This corporate corpse was the remains of a computer hardware
company, Novell Data Systems, based in Orem, Utah—nowhere
near the power centers of Silicon Valley or IBM’s New York. Not
only was it distant in geographical terms: nothing could be further
from the free-wheeling social attitudes of California or the corpo-
rate grandeur of Big Blue than the straitlaced Mormon culture of
Utah. The people of Utah are different—godfearing, hardworking,
highly educated. Mormon values of hard work, children, and a
family focus could not have been more different from the often-
bizarre workplace style of the Silicon Valley industry.

David Bradford, general counsel of Novell, is a lawyer who has
the distinction of having once practiced Hollywood law along-
side Judge Lance Ito, of Simpson trial fame. He graduated from
the Mormon Brigham Young University Law School in Salt Lake
City, and after working for other computer companies in Califor-
nia, returned to Utah: “The workforce, because there’s not a lot of
places to go, remains very loyal. There’s pioneer stock here,
Brigham Young crossing the plains and so forth. It’s 150 years ago
that Brigham Young came and said, ‘This is the place.” It’s that
heritage of hard-working, loyal, moral people that form a good
workforce foundation.”

3Com, Bob Metcalfe’s Ethernet company, was the standard-
bearer of a new breed of ventures, which from the early 1980s
emerged as a huge second wave of start-up businesses, company
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formation, venture-capital investment, and wealth creation, ri-
valing that of the PC and software industry that preceded and fa-
cilitated it. These companies created both hardware and software
to meet the needs of local and long-range networking in business,
manufacturing, design, architecture, engineering, and media.
Novell, relaunched in 1983, was another. In 1983, it managed rev-
enues of $3.8 million. In 1995, revenue of more than $2 billion
made Novell the fourth-largest software company in the world.

Today, fifteen years since networking took off, 60 million
Americans work in networked offices. That multibillion-dollar
business has been generated and divided by 3Com, Novell, Sun
Microsystems, and Cisco Systems (and many other competitors)
in turn. Each company was created to address one particular
piece of the networking puzzle, and oddly, the founders of each
acknowledge that had they looked at the whole market more
broadly, they might have precluded their successors from enter-
ing onto the stage. Each company tended to stick to its knitting,
stay focused, and miss cashing in on the next wave—from Ether-
net to the network operating system, to workstations to gateways
and routers.

Novell Data Systems was a start-up that failed. The silhouette
of its name can still be made out on the high brick wall of the
building where it expired. In a grimy industrial neighborhood,
close to a noisy and foul-smelling steelworks, it’s easy to imagine
the depression that set in as the company sold off the furniture.
But this start-up was not destined to die. It would be rescued and
refocused, thanks to a remarkable combination of luck and vision.
It wasn’t the U.S. Cavalry that came riding up over the hill at the
eleventh hour, but the next best thing: Raymond J. Noorda, a vet-
eran businessman, turnaround wizard, and venture capitalist.

Ray Noorda was called in by the investors in Novell Data Sys-
tems to see if he could rescue the company. It’s said that for a few
hundred thousand dollars he took it off their hands. Noorda grew
up in a Dutch Mormon family in Ogden, Utah, during the De-
pression. He had a variety of arduous and unrewarding jobs as
bartender, bowling-alley pinsetter, and railroad cargo hauler. The
frugal habits imposed by that experience have lasted a lifetime,
according to his staff and associates: he always flies coach, es-
chews limousines, and doesn’t believe in raises—he always
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makes the staff take stock options to enhance their commitment
to the company’s growth and their shared success.

Noorda served in the navy in World War II, got an engineering
degree from the University of Utah, and worked for General Elec-
tric for twenty years before going independent, as a company
doctor. When he saw Novell, in 1982, the patient was in terminal
condition. One of those present at the time—and still working
there as chief scientist and vice president of advanced develop-
ment—was Drew Major: “Noorda had a great knack for turning
companies around, identified companies that had potential but
had some business problems. He’d done it two or three times in
the past. The day we walked into Novell Data Systems, which
was the predecessor to Novell, we knew they were going to prob-
ably go under. His wife told me he kind of felt sorry for us. He
saw us working really hard. Ray Noorda literally came at the
eleventh hour and rescued us.”

If Ray Noorda was to prove to be Novell’s new battle com-
mander, Drew Major was the secret weapon. According to Brian
Sparks, a former colleague who ran a development group at No-
vell: “I think Drew Major is a man that lives right above the Sili-
con. I don’t know anybody on the planet who lives so close to the
Silicon but actually doesn’t get involved in the Silicon. He knows
the Intel chips as well as Intel does, and how to utilize them and
grab all of the performance out of them.”

At the time Noorda arrived, Drew Major and three ex—Brigham
Young University colleagues, Kyle Powell, Dale Neibaur, and Mark
Hurst (a consulting group known as SuperSet), had been working
on a six-week contract for Novell Data Systems, to build a network
of computers running the CP/M operating system of Digital Re-
search. (CP/M stands for Control Program/Monitor, and the CPM-
80 was an operating system designed for the Intel 8080 processor
in the Altair era. Digital Research famously lost out to Microsoft
when IBM went looking for an operating system for their PC.)

As Drew Major recalls, their jobs weren’t at risk as Novell Data
Systems fell apart, because they didn’t have jobs. As contractors,
they had dreamed up another project while they were there: “We
knew that the industry was going to need file servers and they
were going to need to share data. Though the company was
falling apart, we just kept cranking on it because for example, if
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the company had gone bankrupt, we were contractors. We would
have had at least some right to what we’d developed. So that kept
us going, even though the company itself, business-wise, was in
real trouble. Ray [Noorda] saw that enthusiasm. I think he got a
glimpse of how big it was.”

According to Willie Donahoo, a Novell executive from 1990 to
1998, Ray Noorda was the antithesis of the expansive Wall Street
CEO whose caricature tended to define business in the eighties.
“Ray was an older gentleman in an industry of young people. He
brought wisdom and maturity but also a simple-mindedness in a
very complex eighties. The eighties was ‘Buy low, sell high’ and
‘Greed is good’ and all this stuff, and Ray had simple principles—
Plan, make, sell. Ship, cash, fast. His four-letter business plans.
He also had the five E’s rule: Enthusiasm, excitement, exuber-
ance, entrepreneurism. But when you got euphoric, the next E
was extinction.”

The gold dust that Ray spotted in this near-extinct company
was four weeks of work on a software program called Netware. It
was a “network operating system” aimed at the just-announced
IBM Personal Computer.

In December 1982, the SuperSet quartet saw the first IBM PC
in Utah, and concluded that it was going to succeed. Major saw
this was the direction to focus on their networking idea: “IBM
had done a lot of stuff right. And so we thought, ‘Well, hey! We
could network that.” And so we bought the first IBM PC in Utah.
We were the first guys to network the IBM PC.”

As Bob Metcalfe points out (and no one knows better than he):
“Personal computers are not really built to be on networks.
They're built to be personal. A network operating system is soft-
ware that you add to the personal computer to put it on the net-
work. Now, in the future, the notion of a network operating system
will fade because all operating systems will be networked. But in
1982, a network operating system was the software that you added
to retrofit the personal computer to put it on a network.”

Novell’s “Netware” concept was first demonstrated at a com-
puter conference in Houston, Texas, in June 1983. By this time,
Novell Data Systems was disappearing: that same year, Novell In-
corporated rose from the ashes. Noorda’s commitment was not
just to the hard-working consultants and their product idea: it
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was to a wider vision of what networking would mean across the
industry. According to Major: “Ray caught the vision of what net-
working really meant. The fact that you had networking meant
that all the computers could be connected together. It meant that
the different proprietary barriers of older systems were going to
get broken down. He had this philosophy of ‘coopetition’ where
we would work with our competitors because customers wanted
that. If they connected two or three things on the same wire, they
wanted it to talk. In the old world, the old way of doing things,
they wouldn’t.”

This was indeed what networking meant, and had meant since
the ARPAnet first inserted IMPs between incompatible hosts to
create a compatible packet-switching network. Once again, com-
patibility is key to the advance of networking technology. But
Ethernet had already achieved the physical interconnection of
desktop computers: what did Netware add?

To understand, we need to undertake a brief, simplified techni-
cal digression. The core difference between Ethernet (developed
for the Alto, but promptly launched to serve the IBM PC) is that it
was primarily hardware providing “access” rather than “sharing.”
An Ethernet pipe connected to a PC allowed that PC to send
e-mail messages, or any kind of data packets, to a central laser
printer, or a hard-disk drive. It also allowed users to retrieve ma-
terial stored on a common (expensive) disk drive. Incidentally,
there were competitors to Ethernet, also developed in the 1970s.

Thus Ethernet allowed disk-sharing; but in Drew Major’s view
that was of limited value, segmenting a big hard-disk into the
storage equivalent of separate users’ floppy disks: “We said, ‘Hey,
that’s stupid.” You’d really want to be sharing it. Instead of a disk
server, splitting it up into a bunch of floppy disks, you want to
make it into a file server and have everyone share the same files.
We caught that there ought to be a file server instead of a disk
server. In a time-share system, you take a big machine, you slice
it up into a whole bunch of little pieces. What we wanted to do
instead is take a whole bunch of little computers and combine
them together in a system and have something equivalent.”

Replicating a time-share system with multiple personal com-
puters might seem like a step backwards; but it had another value
that has more to do with office politics than technology itself, or
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so thinks Dave Walden, who helped create the ARPAnet from
BBN: “Desktop computing caused local area networking to hap-
pen. This is where Ethernet came from. You had to hook these
computers together. Now, the reason people wanted to hook
those computers together, I believe, is that people in branch of-
fices, people in departments wanted to escape the central control
of their corporate computer center who was making them do
things exactly this way.”

Novell was not selling an alternative to the PC, or to Ethernet:
their product (first ShareNet, then Netware) was software that ran
on the PCs IBM made, connected by the Ethernet cards 3Com
made, to create a network operating system, which suddenly
every business that had bought multiple PCs wanted. (Every PC
had its own internal operating system inside the box, supplied by
Microsoft.)

As David Bradford describes it: “Netware provides the road
map to allow a series of personal computers to talk to one an-
other, and share files and share hard-disk storage. That’s what a
PC LAN operating system is. LAN stands for local area network.
So the Netware operating system links all of that together and
acts as a traffic cop. In one Netware operating system, you can
link up to a thousand users and do so pretty efficiently.”

3Com also sold a network operating system to run on top of
Ethernet hardware. But Novell’s product (and legendary market-
ing skills) gave them a running start in the network software sec-
tor. As Drew Major says: “We just built software that delivered
the solution on top of these other components that other people
were developing. This was the second wave after the PC wave.
PCs added so much power and then we came in and made them
work together as a group. Sharing the resources was just a very
natural second wave.”

The second wave made Novell into high-speed surfers. The
company grew rapidly, and gained a high profile in both the soft-
ware industry and the corporate world. Brian Sparks was one of
those who worked 100-hour weeks helping Novell cope with suc-
cess: “When I started at Novell, we were in the Ogden carpet
building up in North Orem. There was a bunch of us in the bot-
tom floor and there was another company upstairs, and it was
chaos. Every month, we would rewire the whole company be-
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cause we were adding people so fast that the network just became
total chaos. And the testing process of Novell was, if it compiled
you shipped it.”

Since Novell’s software needed other people’s hardware (like
Ethernet) to run, Ray Noorda realized that the more connections
there were in the world, the more Novell Netware he would sell.
So he came up with the idea of Novell’s selling Ethernet (and an-
other competing product, ARCnet) adapters, at a heavily dis-
counted price, to “grow the market.” This was a highly unusual
practice, in that Noorda was selling the product of a competitor,
for less, to the very people 3Com would otherwise have hoped to
sell to at full price. Then Novell sold Netware to sit on top of the
Ethernet hardware. Inevitably, the result was that Novell suc-
ceeded in reducing the cost of getting PCs connected, and in-
creased the size of the market for their Netware.

This caused 3Com a most peculiar dilemma. At one time, No-
vell was their single biggest customer, at the same time as being
a competitor to Bob Metcalfe’s company: “Novell succeeded fa-
mously. 3Com fought them tooth and nail. At one point, we dis-
covered that Novell was our largest customer. They were buying
adapters and reselling them to their customers. We immediately,
stupidly I think, shut them off. We called up Novell and said,
‘We’re not going to sell you adapters anymore,” which only added
to our problems.”

Drew Major was on the other side of the fence: “3Com thought
we were their competitors. We were selling some of their
adapters. We were like 25 percent of their business. And most of
the people that were buying their adapters were running our soft-
ware with it.”

In the annals of missed opportunities, an encounter at Comdex
between Bob Metcalfe and Ray Noorda has to rank highly. Instead
of competing, the two companies could have cooperated from the
start. But things didn’t work out that way. 3Com had their own
network operating system, sold with Ethernet since 1982, and Met-
calfe wasn’t interested in Noorda’s coopetition. “Ray Noorda came
into our booth at Comdex. 3Com, tiny little company. At Comdex,
tiny little booth. In shuffles this guy, saying that he wanted us to
use his network operating system. But we had a network operating
system and it was selling like hotcakes, so I threw him out of the



220 NERDS 2.0.1

booth. Because you don't have a booth to talk to competitors. You
have it to talk to customers. So I literally asked him to leave.”

Drew Major recalls that when Noorda and his colleague, Kyle
Powell, showed up, “Metcalfe was very anxious. He thought, first
of all, that his disk-sharing was as good as file-sharing, and we
were competitors. We thought he would get it, that this would
sell more networking hardware.”

Metcalfe’s other concern was that if the two companies joined
forces they would risk attracting an antitrust action from the gov-
ernment. That fear now seems misplaced, but it prevented Metcalfe
from appropriating much of Novell’s later success for 3Com:
“There’s been a lot of chuckling about this since. Noorda went on to
sell a better operating system than we had, called Netware. Had we
been on the ball, built a better operating system or licensed one
from Mr. Noorda, there wouldn’t be a Novell. But there is a Novell.”

By networking the personal computer effectively, Novell
clearly helped to increase demand for the PC—which also bene-
fited Microsoft. As Major expresses it: “We sold a lot of MS-DOS.
We helped Microsoft take the PC beyond just being a standalone
personal productivity thing into a real genuine business tool. Be-
cause networking was so fundamental.”

Bill Gates, whose Microsoft company developed MS-DOS as
the operating system for the PC and its clones, doesn’t disagree:
“Starting in probably 1984, every year people are saying this is
the year of the network. And that meant inside the business, that
100 percent of the PCs would be connected up. Novell became
the high-volume provider of the file-sharing software in the late
’80s and that helped grow the market, grow the distribution chan-
nels. So networking was a feature that we thought was very im-
portant in the operating system.”

Despite the impact of networking on the PCs that businesses
bought, there was relatively little effective competition for No-
vell’s increasing dominance of the network operating system
market in the 1980s, created by Drew Major and his SuperSet
team: “The thing that’s amazed me the most is other people, for a
number of years, didn’t get it. They were focusing on other
things, the sexy things. This was plumbing. Who wants to write
a file server, file systems? But it was very strategic and very fun-
damentally valuable for us.”
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As Larry Ellison, founder of the huge database company Ora-
cle, points out, Novell had provided a timely and cost-effective
solution to a real, if limited demand: “They had figured out the
most cost-effective way to link a bunch of personal computers to-
gether. They had taken a very small part of the problem: to let you
share files off disks, to attach all these computers in a network, to
share printers and maybe send e-mail back and forth. That’s
pretty much it, and virtually everyone wanted to do that with
their PC network. And they came to utterly dominate the PC net-
work world. That red box, at their height, was as common as any
logo I can think of. It was the equal, certainly the equal of Mi-
crosoft in those days.”

Microsoft themselves were not (yet) a player in this field. But
the business model of grabbing and building market share is one
that Chairman Bill Gates recognizes readily: “In the computer
market, when the first person comes along and does something
very well, if they get over a certain threshold then it really de-
velops momentum because the distribution channel doesn’t want
to learn a lot of products. Once you get a customer base, they start
talking to you about ‘Why don’t you fix this, why don’t you im-
prove that?” We’ve seen many, many products like that in the his-
tory of personal computing. Some Microsoft products, some
non-Microsoft products. Netware’s a great example of that where
it got good enough that the customers got interested and the re-
finement process took place.”

In due course, Microsoft was bound to get involved in this mar-
ket. At the time, in say 1984, Microsoft was a far smaller company,
with almost no applications business and none of the omnipotent
aura it enjoys, or suffers, today. One of the people who was re-
cruited to Microsoft, and was thrown into the front line of the com-
pany’s effort to get into the networking business was Rob Glaser.

Glaser was another computer-mad kid from New York, who
was programming in the fourth grade. He went to Yale, where he
switched from mathematics to a dual major in computer science
and economics. At the age of twenty-one he started a computer
games company with friends from Yale, and spent the summer of
1981 working at IBM, at the very moment of the launch of the
IBM PC: “In the spring of 1983, Paul Allen and Steve Ballmer
came to Yale to recruit. Microsoft was doing college recruiting
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even back then when the company was about 200 to 250 people.
I met Paul on campus, and I guess Paul thought that some kid that
started a software company while I was still in school must know
a little bit about PCs. I didn’t flunk the IQ test.”

Glaser is today the founder and CEO of Progressive Networks,
the Seattle company that makes Real Audio and Real Video Inter-
net media products. He’s been networking since fourth grade, one
way or another. He was able to observe, from close at hand, the im-
pact upon Microsoft and Bill Gates of Novell’s unfettered rise to
dominate the PC network market: “A thing that’s always been true
of Bill is whenever someone builds a big business—some people
say that this is a bad thing, some people say it’s a good thing, but
it’s clearly a thing—Bill looks at how does that business relate to
the businesses we'’re in? If that’s a good business, on a standalone
basis, let’s get into it, and certainly, if it’s a good business, and it’s
adjacent or linked to our business, we had better get into it.”

In the mid-1980s, Novell Netware was dominant. Their red
box and logo were ubiquitous. Their stock price rose and rose.
But staff pay did not rise in the same way. Ray Noorda is leg-
endary for his policy on salary raises, as Brian Sparks recalls: “It
came up once at a board meeting and Ray’s mentality was, “You
know, we don’t give raises. If you want more money, we’ll give
you more equity in the company. And you just grow your com-
pany.’ That’s his mentality and there was a fair amount of shared
wealth there at Novell. There was a lot of people who had a lot of
stock options and I was grateful to be one of them that did quite
well riding the stock.”

The value of the stock accurately reflected the growing success
of Novell. As Rob Glaser recalls: “By 1985, Netware was reaching
critical mass. Microsoft felt really like there was a huge missed
opportunity. In fact, I remember some memos Bill wrote, in ’84,
’85, '86, where he said, ‘One of the biggest disasters for the com-
pany is that we have no assets in networking, or very weak assets
in networking.’”

As we shall see ten years later, the point at which Bill Gates
writes memos to the troops is when things really start to happen.
But throughout the eighties, no one could catch Novell. Drew
Major’s timing proved to be impeccable, and the fire sale was
soon forgotten: “Novell Netware was a gigantic accident. We hap-
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pened to be at the right place at the right time, and had the
experience of knowing that just disk-sharing wasn’t enough. We
caught the vision that network and sharing resources was going
to be very fundamentally valuable to the industry. We just tried
to ride it from then on. You just had to grab it. You just had to
build it. Fortunately, we saw that vision a few years before any-
one else did, and then we also decided not to quit. We kept going
and that was good. Because Microsoft was always coming.”

This was the beginning of Microsoft’s major effort to acquire
market share for LAN software. Ironically, Microsoft would
prove to be handicapped by their greatest asset: the relationship
with IBM.

Although Novell, 3Com, and other companies were forging an
entirely new business in networking the PC and compatible ma-
chines for business, the original networking trend begun by ARPA
had meanwhile spun off a variety of new, larger, faster networks
in universities, corporations, and research institutions. The num-
ber of nodes on the ARPAnet doubled in two years from 213 in
September 1981 to 562 in September 1983; doubled again in one
year to 1,024 by October 1984; and doubled again, to over 2000,
by the end of 1985. Growth and use was accelerating everywhere.

Ever since the beginnings of ARPAnet, other institutions, both
private and public, had been building networks for research or
communications purposes. The more there were, the more it
made sense to hook more people in. As we have learned, over-
coming incompatibility with the Internet protocol TCP/IP made
all the difference in enabling the interconnection of different
networks.

A wider range of scientific and research interests became con-
nected: networking of the research community was no longer
confined to computer scientists. As Len Kleinrock of UCLA ob-
serves: “Now we had physicists, meteorologists, geologists,
oceanographers. Once research opened up, then other research
labs could join, like IBM research labs, and AT&T research, and
Xerox PARC, and Honeywell research. These research labs were
affiliated with commercial companies. And so they had their
foot in the door and began to experience what it meant to be on
this network.”

The government origins of the ARPAnet were also replicated,
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starting around 1980, as the ARPAnet became more visible to the
wider academic research community. Other agencies began to
sponsor networks, including NASA, the Department of Energy,
and most particularly the National Science Foundation (NSF). In
the 1980s, the NSF had created supercomputer centers around
the country, and in order to provide connectivity among the su-
percomputers, a new network backbone, a kind of Super-
ARPAnet, was funded and built by the NSF.

The NSF Net had its own origins in the ARPAnet. In 1982-83,
at the University of Maryland, a proposal was drafted to connect
its computers with those of other universities and with other or-
ganizations that could help the universities and the commercial
world connect together. Glen Ricart, now a Novell executive, was
at Maryland, and was instrumental in planning this new net-
work: “The important thing was we wanted to connect together a
diversity of these different computers. How could we do that?
The main protocol we could find that was available on all these
computers was implemented by the ARPAnet. So we adopted the
ARPAnet protocols and decided that we could try to band to-
gether all the computers at major universities and research cen-
ters in the Southeast using these ARPAnet protocols. That
became SURANet, the first network that was a part of the Internet
apart from the ARPAnet.”

When the University of Maryland approached the NSF for
funding, it is said the NSF had never heard of networking. In re-
sponse to the SURAnet proposal, the NSF created a new Division
of Networking and Computing Research Infrastructure, and many
more regional networks were established: an alphabet soup of
acronymous and punning names proliferated. The SURAnet ex-
ample will suffice to demonstrate how inexorably networking was
tying together the different computer-using communities. As Ri-
cart describes events: “About a year or year-and-a-half in, we con-
nected the first commercial [entity] that hadn’t been part of the
ARPAnet. That was IBM in Raleigh-Durham, North Carolina. We
were already connecting the three universities in that triangle re-
search area so it made sense to connect them. Then we were faced
with an additional question. Should we bring on additional com-
mercial organizations or leave them to be a separate network?”

The lesson of networking’s decade-long history was already
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clear: one network is better than several. So SURAnet embraced
commercial partners—even though Ricart’s expectation was that
“eventually the university community would lose control of that
Internet network because eventually the commercial organiza-
tions would vastly outnumber us.”

Len Kleinrock, on the other side of the country at UCLA, saw
the expansion to the commercial world as an endorsement of net-
working itself: “So it became easy for certain kinds of commercial
activity to take place. E-mail was now reaching beyond the re-
search community and organizations to managers, to the chief
technology officer, to people who were building product. And so
the commercial world began to get some interest and realization
this is a very interesting thing to do.”

In due course, the NSF Net would swallow the ARPAnet. Start-
ing more than ten years later, it had the advantage of faster tech-
nology, wider pipes, hugely more memory. The original ARPA
IMPs were ultimately retired in 1989.

While figuring out the SURAnet at the University of Maryland,
Ricart and his colleagues also polished off another piece of the
puzzle. At the time, the IBM PC had just been launched: “We
found that although we had implementations from the Depart-
ment of Defense [ARPA] for the big computers, for the DEC com-
puters, for the IBM computers, there was no implementation for
the personal computer. So we took it upon ourselves at the Uni-
versity of Maryland to create the first implementation of the In-
ternet protocols for the IBM personal computer.”

We have already learned that the next ground-breaking per-
sonal computer, the Apple Macintosh, owes much of its design
and performance to some Picassoesque thievery from Xerox
PARC. Although 3Com and Novell turned the IBM PC into a net-
worked computer, Apple built the Macintosh as a networked
computer. This was no accident. Another of the hires Steve Jobs
made from Xerox PARC, to be head of engineering on the Mac-
intosh project, was Bob Bellville. He had worked for Bob Met-
calfe, who is proud to claim indirect paternity: “Lo and behold,
out comes the Macintosh with—if you step way back from it—a
very cheap version of the Ethernet. He used off-the-shelf chips
to achieve this local inter-network. One of the beauties of the
Macintosh has always been that the local area network, a de-
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scendant of Ethernet through Bob Bellville, was built in.
Frankly, the notion of building LANs into computers should
have been adopted much earlier.”

The inclusion in the design of “AppleShare” and “AppleTalk”
was intended to have the Macintosh leap over the functionality
standard of the IBM, providing multiple users with the ability to
share each other’s files, and storage, and—perhaps most impor-
tant—the laser printer.

In one of his most notorious and visionary moves, Steve Jobs
had Apple invest $2.5 million in Adobe, the print software com-
pany that emerged from Xerox PARC. He persuaded John
Warnock to write the PostScript software (the interface between
computer and printer) and let Apple build the laser printer (the
Apple Laser Writer)—all of which would deliver laser-quality
printing of WYSIWYG desktop-publishing. In fact, the only way
it made any sense to sell a $6,000 or $7,000 printer with a $2,000
computer, was if multiple computer users could share. But it
worked, and at one time in the mid-1980s, Apple Computer was
the world’s largest manufacturer of laser printers.

The early 1980s saw a quantum leap in the utility of comput-
ing devices and computing activities. Networking across main-
frames was interesting, but hardly easy. The Alto was a
wonderful, but unsaleable product. In the 1980s, the IBM PC le-
gitimized personal computers, networking software made them
much more useful, and the Macintosh had an inspirational qual-
ity (“insanely great”) that lifted the whole field another notch or
two in public acceptance and operational value.

Steve Jobs likes to recall the article he read, as a child, in Sci-
entific American. This compared the efficiency of locomotion for
various species, according to how many kilocalories per kilome-
ter they consumed. In this study, of bears, birds, human beings,
and other animals, the condor was the most efficient. People ap-
peared well down the list. But, as Steve Jobs remembers: “Some-
body there had the brilliance to test a human riding a bicycle. It
blew away the condor, all the way off the charts. I remember this
really had an impact on me. Humans are tool-builders, and we
build tools that can dramatically amplify our innate human abil-
ities. We actually ran an ad like this very early at Apple, that the
personal computer was ‘the bicycle of the mind.’ I believe that
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with every bone in my body—that of all the inventions of hu-
mans, the computer is going to rank near, if not at, the top as his-
tory unfolds and we look back. And it is the most awesome tool
that we have ever invented.”



Chapter Ten
Earthquakes and Vulcans

THERE IS NOTHING QUITE LIKE THE intensity of the true nerd: the
ability to exclude all external influences, work hundreds of hours
apparently without sleep, and memorize mathematical formulae
or pages of code. In the 1980s, while Novell had shifted the cen-
ter of gravity in the networking business away from Silicon Val-
ley, the researchers and entrepreneurs of California were far from
idle. In the space of about a year, two huge new enterprises were
established out of the very same building at Stanford University,
by people with all the intellectual firepower and unworldliness
of the authentic nerd.

One of these ventures was to become Sun Microsystems: a
company that intended, in the words of founder Scott McNealy,
to “shoot for the moon.” But the fireworks really began when the
two engineering wizards, Andy Bechtolsheim and Bill Joy, first
met: “The first time they met, they did a Vulcan mind meld. One
of these things where they weren’t even talking.They were just
holding each other’s forehead. You could just see that stuff was
happening. You couldn’t get too near them because of the sparks
and the smoke and the flame and all the rest of it.”

The second was Cisco Systems, and the people who established
Cisco, in a nutshell, solved Stanford’s networking incompatibility
problems with an updated 1983-vintage IMP, which they called a
router. The powers of concentration required to figure out, build,
market, and refine this technology were amply illustrated in 1989.
Company founders Len Bosack and Sandy Lerner were recording
a video tutorial when the walls (and the video camera) began to
shake, and both threw themselves to the floor. “Well, that was very
interesting,” says Len as the tape continues. “That wasn’t the
Wellfleet marketing department (a competing router company)
bombing the Cisco premises, that was a genuine San Francisco
earthquake, looks like over Richter 5. But we’re back.”
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Then they resumed the talk. It shows just how single-minded
computer-scientist entrepreneurs can be. Not even an earthquake
could divert their attention from the glorious business of routers,
bridges, and building a $60 billion company.

While Novell might have the advantage of the Mormon work
ethic, Sun, Cisco, and others around the Stanford campus had the
benefit of operating in a hothouse atmosphere of constant problem-
solving, innovation, and regular infusions of research grants and
venture capital to provide an incentive. It had been this way for a
couple of generations. Stanford Research Institute had the second
node on the ARPAnet, and the university got one of the next
dozen. One of the most successful companies in Silicon Valley
history was born right there. Stanford’s active encouragement of
start-up companies, since Fred Terman’s fostering of Bill Hewlett
and David Packard in the 1930s, enabled students and employees
of Stanford to develop and exploit ideas they had developed in re-
search labs on campus. Where Hewlett-Packard led, literally hun-
dreds of later companies have followed, commercializing the
intellectual property developed at Stanford University.

Sun Microsystems was another classic Stanford start-up, in
which three Stanford graduates (and an outsider, Bill Joy from
across the Bay at Berkeley) brought different skills to found a
computer workstation company to embody their slogan “The
Network Is The Computer.” The Sun workstation has become an
$8 billion a year business.

When the personal computer was little more than a high-
powered typewriter, workstations offered the processing power
to meet the needs of Wall Street, NASA, and even Hollywood. It
was a product that embodied perfect timing. In 1982, when Sun
was launched, it was too late to start competing for market share
in personal computers, but it was early enough to build on the
value of networking and open standards—which had been
demonstrated most clearly by the Alto’s Ethernet network. The
Sun workstation began as a solution to a problem in the Stanford
computer science department, with the expensive, unprogram-
mable Alto as a role model. Sun founder Andy Bechtolsheim
wanted to create something that would massively outperform the
toylike PCs: “We had this crazy idea that if we build a 32-bit mi-
crocomputer with a big screen display and the Ethernet connec-
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tion running the UNIX operating system, we would have the per-
fect product for, you know, the researchers and the scientists and
the students at Stanford. And sure enough, once we started the
company, we had the perfect product for the researchers and the
scientists and the engineers.”

The personal computer was not the perfect product for heavy-
duty, memory-intensive operations that serious researchers
needed. While the PC of the time was a 16-bit machine, Andy’s
was 32-bit. While PCs did not have virtual memory (a way of
using more memory than the machine physically has), Andy’s
had virtual memory. And the PC of 1982 did not have an Ether-
net connection (though it could be added on) while Andy’s ma-
chine had Ethernet built in. The workstation had muscle, and
was designed to be networked from the beginning.

Andreas Bechtolsheim came to Stanford from Germany: “I was
actually quite frustrated with the German university program at
the time because I truly felt I was wasting my time. So the first
thing, when I went to a German university in the middle 1970s,
was I applied to come here. It was very boring. Simple things like
we had to sign up for terminals to use a computer and then you
could only get one hour of terminal time per week. I mean, how
could you even learn programming in this way?”

Until Vinod Khosla arrived, Andy had no intention of starting
a business with his workstation—he had a Ph.D. to finish. But the
persuasive Vinod—a Stanford MBA who had already started one
successful company, Daisy Systems—was determined to pursue
his Silicon Valley dreams: “Ever since I was sixteen going to high
school in India, I dreamed of coming to Silicon Valley to start a
company. I was a technology geek. And it was very much a dream
of mine to start a company. In fact, in 1976 when I graduated from
engineering school in India, I tried to start a technology company
in India, which was a hopeless task.”

Because he was a penniless graduate student, Andy Bechtol-
sheim had, in designing the workstation, used standard parts like
the Motorola 68000 processor, the Intel multi-bus, and standard
software like the UNIX operating system. From the fourth floor of
Margaret Jacks Hall, Andy Bechtolsheim built a modest licensing
business for his workstation. Anyone who wanted to license his
design could do so, and he anticipated that soon someone would
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build the workstation commercially: “I had licensed about seven
or eight companies, prior to Sun starting. The problem was they
didn’t see the opportunity in the workstation space. I tried to ex-
plain it to them, but they just didn’t do it. They all could have
done Sun, but none of them did.”

Vinod Khosla did not want to buy a license. He wanted to buy
Andy: “Andy was developing the Sun technology at Stanford. He
had complete rights to it. He said he didn’t want to start a com-
pany but he would license all of the Sun technology to me for
$10,000. I said, ‘I don’t want to do that.” He said he didn’t want
to quit his Ph.D. and he said he had already licensed it to about
five other players. And I said, ‘I want the goose that'lays the
golden egg. I don’t want the golden egg.””

Vinod made Andy an offer that was too good to refuse—half of
his share in the proposed company. The next person Vinod
Khosla recruited was his best friend and former roommate, Scott
McNealy. Another Stanford MBA, with a background in the au-
tomobile business—and a fanatical Detroit Red Wings fan—
McNealy already had a job at a company called Onyx Computer.
Over a power McLunch at McDonalds, Khosla persuaded
McNealy that they could do something big. “We used to say we
own a great rocket ship but it doesn’t matter how high it goes if
it doesn’t reach orbital velocity. If we’re going to fail, we’ll be a
big splash. We’ll go high and shoot for the moon and be the
biggest belly flop ever, but our goal is truly to get in orbit.”

McNealy caught the enthusiasm, and has been cheerleading for
Sun ever since: “We said there were not going to be any small
computer companies, in the same way there are no small car
companies. We said scale matters. We're going to grow big, grow
fast, grow like crazy and if we’re going to do a belly flop, we want
to empty the pool out. That was our strategy: Go big, early.”

By odd coincidence, Bechtolsheim at the time had turned
down an offer to join Microsoft. The person who tried to recruit
him, Steve Ballmer, had known Scott McNealy since they were in
high school together in Detroit.

Among the three founders, there were two MBAs and a nearly
Ph.D. hardware specialist. They needed a software guru to add to
the team, and the best candidate was an obvious choice. The core
concept of the Sun workstation was its network capability; what



232 NERDS 2.0.1

provided this was the operating system Andy had chosen, Berke-
ley UNIX, developed at U.C. Berkeley and licensed to anyone for
about one hundred dollars. UNIX had been originally developed
at Bell Laboratories for use on minicomputers, and is more
“portable” (less machine-specific) than other operating systems.
Berkeley UNIX, most importantly, included the Internet protocols
that would enable the Sun workstation to be truly connected. The
legendary programmer who had written the Berkeley UNIX was
Bill Joy, often referred to (by people who should know) as “the
best computer scientist of his generation.” So he was the man that
Andy, Scott, and Vinod went across the Bay Bridge to recruit, all
crammed into a VW Beetle. “They showed up in my office, and I
thought they didn’t look old enough to be in charge of anything so
I kept them waiting till the rest of the people showed up.”

Bill Joy had some experience with ARPA-funded research,
when Berkeley had received funding to “put inter-networking in
a portable system.” The virtues of the network were thus already
clear to him. In addition, he was unimpressed by the lack of
power available in the PCs of the time: “My background was in
scientific computing, so I was more interested in making bigger
computers, in doing interactive graphics, these ‘Star Trek’ ma-
chines, not in spreadsheets and word processors. I didn’t really
get interested in that.”

According to Eric Schmidt, who worked alongside Bill Joy at
Berkeley, spent fourteen years at Sun, and in 1997 became chair-
man and CEO of Novell, Joy’s capacity to write and evaluate com-
puter code is prodigious: “At Berkeley, Bill would simply take
the UNIX system, and rewrite it over the weekend. No human on
the planet could do this except for Bill. And you’d come in in the
following week and say, ‘What has Bill changed now?’ Every
once in a while, he’d decide to do a new release and he would
personally rewrite all of the code in the system including all the
applications. Inconceivable today and amazing at the time.”

Bob Kahn, who with Vint Cerf published the TCP/IP protocol
that allowed the ARPAnet to expand and grow into the Internet,
attributes great importance to Bill Joy’s decision to incorporate
the Internet protocol into Berkeley UNIX: “The mechanism by
which the Internet really came to be was, I think, through the
work that Bill Joy had done, by embedding TCP/IP into the
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Berkeley UNIX system, which was widely used in the research
community. People got it for free without having to figure out
how to roll their own, so to speak.”

Furthermore, the decision to use Berkeley UNIX in the Sun
system meant that for the first time the Internet protocol would
become available and widespread through the commercial world,
rather than merely the academic research community. As Bob
Kahn explains: “It happened on a major scale because here was
now a major computer company, Sun Microsystems, that essen-
tially made this part of their normal product service offerings.
You could buy it from commercial folks.”

It took several months for the trio to persuade Bill Joy.to make
Sun a quartet. According to Vinod Khosla, what convinced Bill
Joy was the opportunity to work with Andy Bechtolsheim. Joy
shared Andy’s desire to create a workstation capable of serious
engineering, design, and communications applications: “I was
very frustrated in 1982 that there was better graphics on video
games than was available to scientists, and I felt that we needed
good computers for scientists. Some of the problems that we’d
created with growth could only be solved with an intelligent in-
vestment after understanding how things worked with simula-
tion and visualization.”

Whether it was going to be a “Star Trek” computer or not, this
was the Vulcan mind-meld of Andy and Bill’s hardware and soft-
ware objectives, which underpinned the design and execution of
the Sun workstation. Now it was time to create the company.
Though Vinod Khosla had done a start-up before, he offered
McNealy to pick his role: “He said, ‘What job do you want?’ And
I go, ‘I don’t know. I don’t know anything about this stuff.” And
he said, ‘Well, why don’t you be CEO?’ And I said, ‘No, no. I don’t
know anything about it. You be it.” So we had an argument and
he finally agreed to be CEO.”

So far this was a start-up out of a textbook. It had a technology
entirely based on open standards. It had a three-page business
plan. Now this quartet from America’s melting pot had to cross
another hurdle—financial backing for their idea. The founders,
all twenty-seven years old, went looking for money. They found
it almost immediately, first from Robert Sackman, a general part-
ner at U.S. Venture Partners, who provided an initial $300,000.
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Another investor who was in the right place at this time was
John Doerr, of the venture-capital firm Kleiner, Perkins, Caufield
& Byers, whose investing insights have always been combined
with an impeccable capacity for being in the right place at the
right time: “I was a wise thirty-year-old venture capitalist and
there were these four twenty-seven-year-old kids, and none of us
knew what we were doing. We all thought that UNIX was a big
idea and that building a computer out of standard parts was the
way it ought to be done. I’ll never forget first seeing Andy Bech-
tolsheim in Margaret Jacks Hall at Stanford when he had devel-
oped the first Sun motherboard. The team said, ‘Well, we need
some money and some help,” and I'd been hanging around with
them so they asked us to invest.”

Andy Bechtolsheim recalls that the initial trio (sans Joy) got to-
gether in late January 1982: “We wrote a five-page business plan.
A week or two later, we showed it to some venture people. They
said, ‘Oh, this is great. Here’s a check for you.” Basically we
showed them the plan on Thursday, Friday. On Tuesday, we had
a check in the hand and we started the company.”

Bill Joy remembers the moment the company began its exis-
tence: “We got our first load of furniture for the new office and
got asset tags for it, and we put a tag on a chair and took a pic-
ture of Andy holding all the motherboards in a box on his lap, so
that was the first picture at Sun Microsystems, of employee #1
sitting in asset #1, with all the intellectual property of the com-
pany in the box.”

Sadly, no one can now find the picture they snapped that day.

As the ARPAnet had demonstrated with mainframes and
minis, and as Ethernet tried to replicate with PCs, a network of
computers allows efficiencies, cost savings, convenience, and
computing power. Vinod Khosla explains that the concept was
first facilitated by Ethernet: “You could share the disk drives,
which were thousands of dollars, and not share the microproces-
sors, which were getting very, very cheap. The magic was Bob
Metcalfe had invented Ethernet that let you separate those two
physically. So we put the memory and the CPU [central process-
ing unit, i.e., the hardware] and the display [the monitor] on peo-
ple’s desks and put the disk drives [the storage], etc. in the back
end. Now the notion of a computer was spread over a network.”
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Sun targeted a new market sector—more expensive than PCs,
less costly than minicomputers—with the networking gospel.
McNealy says the slogan and the strategy are one: “The whole
concept of ‘The network is the computer’ we started at Sun based
on the fact that every computer should be hooked to every other
computing device on the planet. And that’s been our strategy and
our goal from day one.”

At some stage in the early life of Sun, Bob Metcalfe of 3Com,
and his partners, Bill Crouse and Howard Charney, had the op-
portunity to put their belief in “focus” to the test. Metcalfe, we re-
call, had learned that “lack of focus” was one of the three ways
start-ups most often fail. “We had focus on the brain. When Bech-
tolsheim came and said, ‘There’s this Sun workstation, and here’s
3Com with a factory, why don’t you build it, build workstations?’
And we, by the way, were specializing in UNIX and Ethernet at
the time, and TCP/IP. Andy said, ‘You should really make this
workstation.” We said, ‘Focus.” So we promised Andy that we
would sell him Ethernet cards for his workstations, and we did.
Of course, we then began to notice how many cards they were
buying and what an opportunity we had passed up.”

Sun was not the inventor of networked computing. Scott
McNealy gives credit for that to a Boston company founded in
1980, Apollo, which also adopted many lessons from Xerox
PARC. But unlike the Apollo, which was a proprietary system,
the Sun workstation was based on open standards. Because Andy
had used off-the-shelf hardware and software for his workstation,
Sun made a virtue of necessity. It made them different from com-
panies like Apollo, or Apple, or Microsoft, as Scott McNealy
pointedly observes: “We had openness. In other words, nobody
should own the written and spoken language of computing. In
the same way, nobody owns English, French, or German. Now,
Microsoft might disagree and think that they ought to own the
written and spoken language of computing and charge us all a
$250 right-to-use license to speak English or Windows or what-
ever they happen to own.”

Sun Microsystems, based in “rent-by-the-hour” office space in
Santa Clara, was profitable from its first quarter. This was no sur-
prise to Andy Bechtolsheim, who had designed the workstation
to meet the requirements and preferences of engineers all over
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the country. He had done all his market research, via the Internet,
and received hundreds or thousands of e-mail messages indicat-
ing what the workstation should be able to do. He and Bill Joy
gave the customers what they wanted. McNealy recalls their ini-
tial collaboration: “Bill Joy was extroverted, very, very outgoing
and very seventy-thousand-foot level. Didn’t do a lot of prototyp-
ing. Wrote some code. But mainly it was helping on the strategy
side and very software oriented. Andy Bechtolsheim was in the
lab. Totally focused on building prototype after prototype after
prototype—he would crank the products out and Bill would
make sure of the strategy direction.”

From 1982, the first year of business, every Sun employee had
e-mail. Networked communications, by computer, was the way of
life at Sun. But the company’s name was not always Sun. The
business plan was originally entitled “VLSI Systems.” It became
Sun for two reasons: one, to poke fun at Apollo, the then-leader
in workstations; and two, as an acronym for Stanford University
Network, where Andy’s prototype workstations were running a
real network already. The fact that Sun Microsystems is not a
wholly owned subsidiary of Stanford may seem surprising. The
explanation is a mixture of enlightened policy, and perhaps,
missed opportunity.

Most networking advances have in fact been funded by fed-
eral government grants and developed in university research
centers, yet it’s the individual scientist-entrepreneurs who have
exploited the research commercially and reaped the financial re-
wards. Stanford especially has encouraged this trend. It is not a
commercial, manufacturing enterprise; and there is a well-
founded belief that fostering successful business efforts of
alumni will ultimately benefit the school in the form of endow-
ments, donations, and intellectual cross-fertilization. In any
case, as Vinod Khosla recalls, “Stanford never owned a piece of
Sun. They did not want any piece of it. In fact, the funny story
is Prime Computer and Digital Equipment both looked at the
technology, evaluated it, and said they didn’t want it. On that
basis, I think Stanford decided it wasn’t of much value and they
let Andy own it.”

Indeed, the pre-launch development of the Sun technology
was a major advantage in the effort to shoot for the moon. Andy
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contrasts the Sun experience with that of truly independent start-
ups: “It was a very unusual setting because we had the product
pretty much developed at Stanford and at Berkeley, in terms of
the software and the hardware, and we simply launched it to the
market. Most of the companies that start from scratch have one or
two development cycles, and while you’re doing that your mar-
ket can change. Whereas, our whole mission, you know, was de-
fined from day one in terms of what we had.”

Scott McNealy sees Stanford’s hands-off attitude as being both
sophisticated and ultimately beneficial to the university. “Stan-
ford and Berkeley had a very enlightened technology perspective,
and still do. That is, the student developed it, they could take the
intellectual property. So Andy, when he created the Stanford
University Network under government grants as well as help
from Stanford, was allowed to walk out with the intellectual
property, and start a company with that. Many companies have
been able to spin out of the university environment. It’s helped
Stanford a lot, because obviously we give a lot back. We certainly
paid back Stanford with huge amounts of donations. So you
know, I think there’s been a really synergistic relationship.”

Sun’s timing was perfect. Between the modest PC and the ex-
pensive minicomputer there was a market niche, and Sun offered
a low-cost, high-end computer that used the collective processing
power of a network to tackle heavy-duty tasks in architecture, en-
gineering, air-traffic control, movie special effects, and especially
financial data. “The network is the computer” provided a solu-
tion for another growing need. This was the 1980s, and Wall
Street was crunching numbers faster than ever for junk bond is-
sues, arbitrage deals, and other financial smoke and mirrors. Sun
workstations filled the trading rooms of banks, brokerages, and
perhaps minimum-security prisons. As Andy says, “The thing
with Wall Street is it’s extremely competitive. In other words, if
somebody can compute something or figure something out faster
than the guy next door, it doesn’t matter what the equipment
costs—that’s what they want. So each trader wanted the faster,
highest-powered workstation right at their tables so they could
do better trading. And Sun eventually became the dominant
standard on Wall Street for trading workstations. Not just on Wall
Street, actually. Worldwide.”
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Sun did attain what founder Vinod Khosla called “orbital veloc-
ity.” They became the second-fastest computer company ever to
reach $1 billion in annual sales (in 1988), and maintained the
ARPA/Stanford practice of juggling Indian clubs, while also gener-
ating a renowned tradition for truly spectacular April Fool’s
pranks. In 1986, Eric Schmidt found an entire Volkswagen Bug,
dismantled and reassembled, in his office. (He still has the driver’s
door, as a souvenir.) In 1987, Bill Joy’s Ferrari was winched onto a
platform constructed inches below the surface of a campus pond.
He paddled out to the car in a rubber dinghy, and called for help
from his car phone. In 1991, the pranksters transported the entire
office of a scuba-diving executive, Wayne Rosing, to a fish tank at
the San Francisco Aquarium. And in 1988, Scott McNealy discov-
ered that his office, and his neighbor’s, had been converted into a
miniaturized golf course, with tee, green, pond, and sandtraps.

The jollity could not deflect Vinod Khosla from his original
ambition: to retire at thirty, build a Frank Lloyd Wright house,
and raise nine children. He did the first, has yet to do the sec-
ond, and stopped at four offspring, before acquiring a small reg-
iment of dogs: “I left an operating role late 1984, early 1985. I
left the board in 1987. When I left Sun, I had no plans of ever
working again. My plans were to do some things I really wanted
to do. Top of my list was running the ten hardest rafting rivers
in the world.”

Despite these plans, Vinod Khosla was drafted into the start-up
world in another capacity: as venture capitalist. He is a partner at
Kleiner, Perkins, Caufield & Byers, where John Doerr, one of Sun’s
first investors, enjoys the reputation as Silicon Valley’s sharpest
VC. Venture capitalists, almost invariably, are indispensable to
the initiation and growth of the average start-up. A company can
be started (as we are about to learn) on dedication and credit
cards, but the ramping-up of manufacturing, sales, and market-
ing, and then grabbing a share of the market require one thing
above all: money.

John Doerr controls a lot of money on behalf of Kleiner,
Perkins, and he has distilled his experience of mostly successful
investments and a few failures into simple rules. Doerr is a man
who likes to make lists. Lists of risks, lists for success:
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Caesar said all of Gaul was divided into three parts. All of
risk is divided into four parts. The first is people risk; that
is, how the team is going to work together, because, invari-
ably, one of the founders doesn’t work out and falls out,
which is why you want their options or equity to vest. The
second risk is market risk and that’s an incredibly expensive
risk to remove. That’s about whether or not the dogs are
going to eat the dog food. Is there a market for this product?
And by the time you get the product to market, you may
have expenses of a million dollars a month. You don’t want
to be wrong about market risk. The third risk that we’re
quite willing to take on is technical risk. That’s- about
whether or not we can make a pen computer that works or
be the first to commercialize a Web browser or to split the
atom, if you will. That technical risk is one we’re comfort-
able trying to eliminate and take en. The fourth and final
risk is financial risk. If you have all of the preceding three
right, can you then get to the capital that you need to go
grow the business? And typically you can. There’s plenty of
capital to finance rapidly growing new technologies that are
addressing large markets.

The four parts of risk are accompanied by the five factors for
success, in Doerr’s taxonomy:

Technical excellence, whether or not there’s a technical
genius inside that company. An attitude that we’re going to
be the very, very best. The second is outstanding manage-
ment. Usually a venture doesn’t possess that at the start.
You've got to add it over time. The third key success factor
is strategic focus on a rapidly growing, very large new mar-
ket. And there’s no better advantage to have than being first
or second in a large new market. The fourth success factor
for anew venture is a reasonable financing strategy. I've seen
ventures raise too much money as well as too little. The fifth
factor, what really sets the best companies apart and you can
sense it when you walk in the door, is this sense of urgencys;
that time is the most precious advantage a new venture has.
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It’s a Valley tradition to start new ventures in garages. But the
biggest networking company of all, Cisco Systems, was founded
in 1983 in the living room of the house where Stanford academ-
ics Len Bosack and Sandy Lerner used to live. The technological
foundations were laid in the basement of the same Stanford
building, Margaret Jacks Hall, where Sun sprang to life. Andy
Bechtolsheim witnessed the beginnings of Cisco: “Len was really
in charge of networking and running the computer operations, so
part of his job was to hook up all of these computers with these
networks. He started with the problem that he had to solve right
here. Running the wire, getting interfaces in machines, getting
the protocols to work. And that’s how Cisco started.”

Len Bosack was director of Stanford’s computer science de-
partment. He has degrees in electrical engineering from the Uni-
versity of Pennsylvania and a Masters in computer science from
Stanford. His wife, Sandy Lerner, was director of computer facil-
ities for Stanford Graduate School of Business. She has degrees in
econometrics from Claremont Graduate School, and Masters in
statistics and computer science (which she refers to as “sadistics
and confusing science”) from Stanford.

Legend has it that as they worked in different departments,
they were unable to send e-mail messages to each other, so they
invented the router. The reality is more complicated. But the
company they created in 1983, Cisco Systems, has a market val-
uation of tens of billions of dollars, and created great wealth for
the founders. Their story is an entrepreneurial saga that began
largely by accident and ended in a drama that many founders,
from Steve Jobs to Bob Metcalfe, have experienced to their cost.

In the late 1970s, Sandy Lerner was one of very few women
who spent time at the LOTSS building—the Low Overhead Time
Sharing System—where computer-science nerds gathered to get
access to computer facilities. Sandy’s recollection is of a some-
what unappetizing sample of the male gender, those who eat
three meals a day from vending machines and those who are
strangers to the laundromat: “When I got to Stanford, I found out
that there were ways in which male nerds did compete in front
of the female nerd cohort, which most of the time was me. One of
which was to flame each other out with ridiculously hot Chinese
food. They would be sitting there with perspiration pouring
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down their foreheads, saying how great all of this stuff was. Well,
they couldn’t really speak. So that was my first introduction to
the nerd testosterone games.”

Yet Sandy is a self-confessed female nerd, and proud of it:
“Nerd to me is a very complimentary term. It’s just someone who
cares enough about something to study it very thoroughly and re-
ally apply themselves. There are dirt nerds (geophysicists) and
music nerds and horse nerds and electronic nerds.”

Her nerd credentials are genuine: “I remember there being mo-
ments of ecstasy when something would run, the compiler would
actually do what you asked it to, and those were moments of
great joy. Once you got a terminal, you stayed on it for like ten or
twelve hours. I think my longest non-stop terminal session cov-
ered three days.”

Len Bosack was running the department of computer science’s
computer facilities during this time. And he struck Sandy as
being unusually clean: “I’ll just have to tell you something that’s
so bizarre you’ll just have to assume that it’s true. Len’s mother
had done this miraculous job and Len actually knew how to
bathe and eat with silverware, and I was absolutely enchanted. If
you’ve been around LOTSS, you understand that statement. He
used to take Wisk and wash his collars and cuffs, which was way
more than I ever did and I just didn’t think that a more perfect
man could exist.”

Len was not only the perfect nerd, he was also a brilliant net-
work technologist, who arrived at Stanford after a spell at Digital
Equipment, helping to design the PDP-10 memory management
architecture.

Ralph Gorin was the manager of LOTSS, and recalls that com-
puters and terminals were scattered all over the campus; and stu-
dents would say, “Well, I have to do my homework here, but I do
my research there, and I can’t get them to talk to each other.”

Sandy Lerner remembers that the crying need was “to promote
electronic transfer of course work. Certainly, there was a second-
ary agenda, which was the ARPAnet tradition of shared research
communication. The big thing we were really trying to do was to
make it easy for the kids to get their homework in and the teach-
ers to look at it.”

The Cisco Systems Employee Handbook explains that in the
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late 1970s, Stanford was desperate for hacker graduate students
to make its computers work. The Stanford University network,
where Andy Bechtolsheim’s workstations were running, was a re-
search effort among multiple departments of Stanford and two
nearby neighbors, Xerox PARC and Hewlett-Packard Laborato-
ries. As the handbook states, “Microcomputers, minicomputers
and terminals/mainframes were gaining ground, but there were
no large integrated network systems.”

By 1980, this local area network covered about fifteen square
miles, and included about 5000 computers of various types.
Those computers were linked in building-size networks by Ether-
net. But there was no campus-wide network. They were like is-
lands. What was needed were causeways, or bridges, to connect
them together—which Len Bosack devised: “We first built some
bridges, and then we built some crude routers, and then we built
better routers. We solved the problem of how to get terminal ac-
cess to all of the computers on campus by producing things that
we called ether TIPs. And that solved, for Stanford, the same sort
of problem that it solved ten years earlier for ARPA of how to use
a computer anywhere you want it.”

At this time, the Xerox Corporation had made a grant to Stan-
ford of Alto computers and Ethernet network devices. There was
also a machine known as the Dover, which was the forerunner of
all laser printers. Ralph Gorin had access to the grant equipment:
“With considerable effort and initiative on our own part, we
started solving the problem. We went and invented—I guess
that’s the proper word for it—the interface by which we could
connect the DEC System 20s to the network. And we started
snaking little wires here and there throughout the campus.”

Stanford had meanwhile been building an ambitious broad-
band network, which according to Sandy Lerner largely failed to
function, after three years’ work and millions of dollars. In the
meantime, Sandy, Len and others were hacking together a net-
work of their own, as Sandy Lerner recalls: “Len and I and Ralph
Gorin from the student computer center, and Kirk Lougheed from
electrical engineering had put together this extralegal network
that basically connected the DEC-20 sites on campus. We basi-
cally pulled wire through manholes. We pulled wire through dis-
used sewer pipe. We built a lot of things by ourselves. I mean, it
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was very, very much, at that point, a guerrilla action. We had no
money and we certainly didn’t have any official sanction.” Len
Bosack calls it “do-it-yourself networking. If you wanted it, you
had better do it yourself because no one else was going to do it
for you. You couldn’t buy it.”

But as Sandy Lerner points out, the guerrilla network did
work: “At the end of three years, it was pretty embarrassing to the
Stanford University Network, SUN, that everybody was on this
bootleg Ethernet thing, including the business school. And any-
body else that had a 36-bit machine on campus. And so—poof!
One day it became the Stanford University Network.”

As the Cisco Employee Handbook reports, Cisco’s-goal, from
the very beginning, was “to link widely diverse computers &
technologies ... The Cisco router prototype was built to connect
the LANs into a multi-protocol, campus-wide internet, which
grew to include over 100 Ethernets (computers on a single coax-
ial cable) and thousands of terminals, PCs, workstations and
mainframe systems.”

Networking history was repeating itself. As Bosack pointed
out, the router solved the problem of the ARPAnet all over again;
indeed the router was largely an updated IMP. The need for the
router existed because networking was half-done in many places.
And as soon as word got out, largely by e-mail around the
ARPAnet, that Stanford’s SUNet had fixed this problem, com-
puter scientists and managers from other universities were clam-
oring to buy or license the technology. The router was a potential
business, just like the Sun workstation. But whose business was
it to be? Stanford’s Office of Technology Licensing (OTL) had al-
lowed Andy Bechtolsheim to leave with his “intellectual prop-
erty.” This time they were more cautious, as Sandy Lerner says:
“They’d let Andy out with this really charming letter kind of dis-
claiming any financial interest in Sun whatsoever. Unfortunately,
a number of other companies had also all spun out of Stanford. I
think OTL felt very embarrassed and the Stanford board of direc-
tors was unhappy.”

Lerner and Bosack asked Stanford for permission to manufac-
ture and sell (or even donate) the technology to colleagues at
other universities, and at Xerox and Hewlett-Packard. Sandy
Lerner was horrified when “Stanford just said no. And we just
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didn’t think that you could just say no. I mean, this was a very ac-
ademic network. It had happened over the ARPAnet. It was paid
for by government money.”

If Stanford was not going to permit the technology to be ex-
ploited, was Stanford itself going to exploit it? No again. Ralph
Gorin was clear that that was not a function of the school: “I
was buying the engineering that went into forming the Sun I
And we also bought the engineering that subsequently became
the foundation of the Cisco routers. We viewed the establish-
ment of Sun and Cisco with glee because we didn’t perceive
ourselves in the business of building computing equipment and
selling it to people. And as soon as you had one of these gadg-
ets, why, you know, your friends at Carnegie or MIT or God
knows where, they all wanted them. And we weren’t set up to
be in that business, and apparently we found some people who
wanted to be in that business.”

Len Bosack concluded that Stanford, as an academic institu-
tion, is not in the business of manufacturing and sales. Although
it would have been good to share the technology with other aca-
demic colleagues, “There really wasn’t a mechanism in the uni-
versity to do that. So it was clear that, ultimately, there had to be
a company that did it. Because that’s what companies do.”

Len and Sandy were “scandalized” that Stanford “just said
no.” They decided not to take no for an answer, and in late 1984
incorporated the company in their living room anyway. As
Sandy admits: “Len and I did not invent the router. No way. We
did not invent terminal servers and we did not invent Ethernet
interfaces and we did not invent Ethernet. Or TCP/IP or any of
the rest of that. That was a community effort that was born of
that original group of network nerds. It was the fruits of their
labor that Stanford was basically holding hostage, and that’s why
we started that company. So with tears in our eyes we took our
$5 up to the secretary of state’s office in San Francisco and made
Cisco Systems anyway.”

The name, Cisco, was Sandy’s choice: the last half of San
Fran....She designed the company logo (her impression of the
Golden Gate Bridge), and for a long time everything about the
company was handmade and home based. Corporate headquar-
ters was the living room at 199 Oak Grove Avenue, Atherton; the
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technology was either borrowed or hijacked from Stanford; and
the corporate finance was in the form of credit cards.

Len Bosack sees this as being in the familiar pattern of start-up
life: “The same tradition as anyone else in the gulch. You go out
and buy a bunch of parts and try to make the stuff, and then go
sell it and solve the problems that come up.”

For two years, the house in Atherton was Cisco’s only home.
For three years, Sandy and Len (and their coworkers Kirk
Lougheed, Richard Troiano, and Greg Satz) worked unpaid by
Cisco, with consulting day jobs to keep the wolf from the door. At
nights, they worked on network servers. Mitten and Clutter were
the company cats. Sandy’s Cisco scrapbook includes -a hand-
colored photograph of herself, Bosack, and Lougheed, proudly
displaying the first Cisco router to be shipped, in 1987.

The early days of Cisco resembled psychological crowding ex-
periments designed to test subjects’ patience to the point of vio-
lence. The endless hours of work were also seen by Len Bosack
as a kind of test: “Sincerity begins at a little over 100 hours a
week. You can probably get to 110 on a sustained basis, but it’s
hard. You have to get down to eating once a day and showering
every other day, things of that sort, to really get your life organ-
ized to work 110 hours.” Beyond 110 hours a week is the level
Len calls “Commitment.”

Len and Sandy’s commitment was never in question. The 1989
instructional video shows the single-minded founders describing
Cisco technology, pausing only briefly for the earthquake that lev-
elled the Embarcadero Freeway and caused massive destruction
in San Francisco’s Marina district. In Silicon Valley, the demo
must go on. Nothing could divert their attention from the glori-
ous business of routers and bridges.

The house was no place for entertaining. One bedroom was the
lab. Another bedroom was an office. When it was time to build
and test a design, the living room was the only space left. As the
Cisco routers began to sell, mostly by word of mouth on e-mail,
the team bought parts on their credit cards and tried to stay ahead
of the bills as checks came in from customers. As to pricing, Len
Bosack admits, “We guessed.”

In fact, they stayed well ahead. By the time Cisco opened its
first office, at 1360 Willow Road, Menlo Park, in November 1986,
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revenues had reached $250,000 a month—a business funded on
plastic and with no venture capital—though not for want of try-
ing. They had been turned down by seventy or more venture cap-
italists.

Finally a venture capitalist listened to this strange story, with
a half-million-dollar-a-month punchline. The seventy-sixth VC
was something of a Silicon Valley legend: Don Valentine of
Sequoia Capital. Valentine had been a founder of National Semi-
conductor, and a marketing executive with Fairchild Semicon-
ductor. He set up Sequoia in 1972, and began his enviable track
record by investing in Nolan Bushnell’s Atari company. There
was a brief hesitation over whether the distribution of coin-
operated games was Mafia controlled. But Sequoia was satisfied
that it was in fact controlled by Jewish businessmen with roots in
Tel Aviv, and the investment went ahead. Most famously, Valen-
tine recommended Mike Markkula, the ex-Intel executive, to
Steve Jobs, and Markkula became the founding President, along-
side Jobs and Wozniak, of Apple Computer. In due course,
Sequoia also invested in Apple.

Valentine had also funded 3Com, so he had good instincts for
the potential of networking technology. Sequoia’s other invest-
ments include Tandem; Oracle; Electronic Arts; Cypress; LSI
Logic; various biotech companies; and a fancy Palo Alto watering
hole, Il Fornaio. In December 1987, Sequoia invested $2 million,
in exchange for one-third of Cisco. As always, the venture capi-
talists began to recruit experienced management, financial,
marketing, and sales people. Len Bosack, uninterested in man-
agement, became chief scientist, while Sandy Lerner was ap-
pointed vice president of customer services.

By May 1988, sales were at $500,000 per month. In August,
$1 million per month. In November, sales hit $3.5 million per
month. By the end of the 1988/89 fiscal year, sales had reached
$27 million, and were flying upwards. Cisco celebrated with
their first company holiday party in 1988, but in the same year
Sandy Lerner and Len Bosack separated. When Cisco went pub-
lic, in February 1990, the company was valued by the market at
just under $300 million. In just over two years, Sequoia’s in-
vestment had gained in value thirtyfold. Len and Sandy were
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each worth about $40 million. A year later, those numbers had
all trebled again.

One of the many ironies of the Cisco story is that Len Bosack
does not claim to have actually invented anything: “The only
thing I actually did with regard to Internet technology was make
it economic to build a large, fast Internet. People had surely built
routers before me and people had built fast networks. The ques-
tion was how to do it economically. By taking a functional com-
puting approach where we built very specialized computing
devices to actually solve the problem, we were able to drive the
cost per function down to the point where you might care to own
one of these devices.”

Almost a decade later, so many people have cared to own these
devices that Cisco is worth $60 billion. On the tenth anniversary
of Cisco’s founding, Len and Sandy endowed the Leonard Bosack
and Sandy Lerner Professorship in Information Systems Tech-
nology at the Stanford University School of Engineering. And in
other respects, Stanford did not entirely miss out on the wealth
creation opportunities of Cisco Systems. As Ralph Gorin recalls:
“I understand the athletics department was advised by their fi-
nancial adviser to buy stock in the company. And they made out
very well. I think the computer science department was offered
stock in the company and wanted cash instead.”

The stock would have been a far better bet.



Chapter Eleven
It Takes Two to Sign a Contract

THESE VARIEGATED COMPANIES, IN Utah and California, shared
many of the classic attributes of the Silicon Valley model. They
started with nothing, they demonstrated a passion for a single
idea, and they grew at remarkable speed. But the networking mar-
ket was somewhat different from the market for new PC consumer
software—games, accounting programs, or word-processing pro-
grams. The customers for networking were businesses rather than
individuals, and that gave one company a big potential edge. But
IBM, which had both mainframe networking products and its new
PC selling like hot cakes, largely missed the market—despite the
fact that its junior partner, Microsoft, was convinced that net-
working PCs would be essential.

Steve Ballmer and Bill Gates—who then, as now, drove the
strategic and sales vision for Microsoft, were already convinced
that networking computers would enhance the product itself. Bill
Gates saw it as part of the corporate mantra: “The whole vision of
why personal computers would be a great thing on every desktop
and every home had to do with using them as a communications
tool, had to have them connected together. .. Starting in probably
1984, every year people are saying, ‘This is the year of the net-
work.” And that meant, inside the business, that 100 percent of
the PCs would be connected up.”

Steve Ballmer is emphatic that Microsoft saw the value of local
area networks for business relatively early:

It was clear, clear, clear to us way back then that net-
working would be a key to really getting people to love and
accept computers. The notion that people could communi-
cate with one other on these machines, not just do some of
their own thinking and planning, that’s a big idea. That was
always a big idea. And to customers it clearly adds so much
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value. So we were starting to build networking into our DOS
operating system. There was a lot of the ARPAnet even back
in ’81-'82. Product development was clearly focused ini-
tially on the local area network. We said, look, if we get
these companies to just hook themselves up, let alone con-
nect to the mother of all networks, that would really be
something important in terms of PC development.

Microsoft had created the original operating system DOS for
the IBM PC. IBM, “the everything company,” still of course did
far more mainframe business than PC business. But IBM PCs and
clones were selling well, creating a market for PC networking that
3Com and Novell were exploiting, with dominant products like
Ethernet and Netware. The fact that Microsoft did not have a
stake in this lucrative and growing market was a major irritant to
Microsoft chairman Bill Gates. But their partnership with IBM
kept Microsoft largely out of networking while they focused on
working with IBM. But Microsoft was ready to push IBM to add
networking to the next PC generation and, ultimately, to work
with others to get into the field. It would become a civil war—
which sometimes became very uncivil.

By 1984, with the advent of the Apple Macintosh, IBM was get-
ting ready to bring out the second-generation PC. Microsoft and
IBM were jointly developing OS/2, the next operating system for
the PC. Microsoft was now trying to persuade a reluctant IBM to
include networking in the OS/2. According to Ballmer: “Bill
[Gates] kept saying to IBM management, ‘Please, oh, please, oh,
please. This thing will fail without networking.” So we had what
I'll call a reluctant partner as the lead partner.”

IBM management was neither blind nor asleep in lacking en-
thusiasm for the idea of adding networking capabilities to the
0S/2. Although the PC division might have thought it was a good
idea, another part of the company—the mainframe division, re-
sponsible for most of IBM’s profitability—had its own networking
products. As long as IBM saw the corporate market for network-
ing in mainframes, it would be reluctant to compete with itself by
introducing networking for the PC—despite the fact that com-
petitors were successfully selling products to do exactly that.

As Ballmer remembers these events, the majority view at IBM
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was that networking would be delivered via SNA (Systems Net-
work Architecture): “We had to run these huge SNA protocol
stacks on every machine. It was lunacy. It’s the old networking
technology that hooks up big IBM mainframe computers. And
they wanted to stick that basically at every PC. That was corpo-
rate strategy. Anyway, they got kind of all bollixed up.”

Drew Major of Novell realized that IBM was actually enabling
Novell’s success: “I remember one day realizing how good a posi-
tion we were in because I knew that IBM couldn’t do a really great
job with their software. Because, of course, we were focusing on
trying to replace minicomputers and low-end mainframes with
networks of PCs around, you know, shared data. So we were in the
best of both worlds. IBM was pushing the technology and helping
us break down the barriers in getting networking into companies,
and then they couldn’t come in and exploit it like we could.”

Jon Shirley joined Microsoft (from Tandy) as president and
chief operating officer in 1983 and witnessed the internal contra-
dictions of IBM’s position: “There were many groups within IBM
that didn’t want to see PCs become highly successful and cer-
tainly not to the extent that they cannibalized any other business.
Their idea was ‘Why should we bother to make networking soft-
ware available?” Of course, the answer was ‘Because our cus-
tomers want us to make it available.” But there were some people
that rightfully felt that this was a challenge to some of the other
businesses that they had.”

Microsoft veterans of the OS/2 era have difficulty finding kind
words for OS/2 today: the most common terms are “boat anchor”
and “albatross.” Meanwhile, Novell took advantage of this ab-
sence of competition. As former Novell executive Willy Dona-
hoo reflects, “Novell grew up with a gun to its head. When
Novell started, there were two companies. They were Microsoft
and IBM. They were creating the next generation of operating
systems, Operating System 2—0S/2. Right? Novell was an acci-
dent in their minds. A ‘should-not-have-been,’” and I guess we
challenged that. We’re an underdog.”

Steve Ballmer admits that Microsoft itself wasn’t very sure
how to make money from networking, as they saw it as being
ideally incorporated into operating systems—clearly a forerunner
of the debate about “bundling” that has led Microsoft into con-
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flict with the regulators. Ballmer’s word for this corporate hesi-
tancy is “jimmyjanging.” They were slow out of the gate.

It is not surprising that Microsoft would hesitate to confront
IBM over what should be in OS/2. The Seattle company was
booming thanks to the sales of DOS to IBM and the clone-makers.
IBM was the superpower in the PC world, and Microsoft’s for-
tunes were intimately tied to their ongoing relationship. Gates
and his senior managers, like Steve Ballmer, would do whatever
it took to keep the OS/2 joint venture on track. Around Microsoft
it was known as riding the bear: “You just had to try to stay on
the bear’s back and the bear would twist and turn and try to buck
you and throw you, but darn, we were going to ride the bear be-
cause the bear was the biggest, the most important, you just had
to be with the bear, otherwise you would be underthe bear in the
computer industry. IBM was the bear, and we were going to ride
the back of the bear.”

As Bill Gates points out: “It’s easy for people to forget how per-
vasive IBM’s influence over this industry was. When you talk to
people who’ve come in to the industry recently there’s no way
you can get that into their head, that was the environment.”

Cultural differences between IBM’s managerial style and Mi-
crosoft’s super-smart hacker culture began to show. Steve Ballmer
was always bemused by IBM’s standard practice for measuring—
and paying for—software development: “In IBM there’s a religion
that says you have to count K-locs. A K-loc is a thousand lines of
code. How big a project is it? ‘Oh, it’s a ten K-loc project. This is
a twenty K-locker.” IBM wanted to make it the religion about how
we got paid. We kept trying to convince them, if a developer’s got
a good idea and he can get something done in four K-locs instead
of twenty K-locs, should we make less money? Smaller and faster,
less K-locs. That always makes my back just crinkle up at the
thought of the whole thing.”

Battling IBM over OS/2 wasted years of Microsoft’s time and
gave the competition in network software a huge head start. No-
vell’s market share rose continuously. In due course, Microsoft
embarked on its own networking development program, creating
server and client software intended to integrate with OS/2 and
create OS/2 LAN Manager anyway.

Despite IBM’s lack of interest, Rob Glaser recalls that it was a
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characteristically thorough Microsoft venture: “It was a very broad,
ambitious strategy characteristic of how Microsoft does things.
When it rolls the tanks, it rolls the tanks. It was quite an education.
It got a lot of things right strategically, technologically. It had one
fundamental thing wrong strategically: the operating system it was
based on didn’t become the mainstream operating system. The
Holy Grail strategic operating system was OS/2. It wasn’t just some
plot that Bill dreamed up to confuse his competitors.”

Rob Glaser is a philosophical man. After more than a decade at
Microsoft, immersed in the intensity of engineering development
and a largely unsuccessful strategy, he went to Egypt. Staring at
the 5,000 year-old pyramids, he reflected that for 4,980 years of
their existence there had been no Microsoft Corporation. It gave
him a sense of perspective. He needed one, after the frustrations
of the Microsoft networking effort: “It was a very interesting ex-
perience because I was there for two-and-a-half years and it was
the least successful thing I've ever been involved in—in some
sense, I think [the thing] I learned the most from. Because we had
a great strategy except for one minor detail called OS/2. It’s one
of these things where if you have a great strategy and concept and
you’'ve got a fundamental Achilles heel, you lose.”

Microsoft managed to get some market share in networking,
but was decidedly in third place. It tried to catch up with this
elusive market another way—by forging alliances or acquisi-
tions—with the two companies that were ahead of it in network-
ing, 3Com and Novell. With Novell leading the market, the
obvious partner was the number two player, Bob Metcalfe’s
3Com, which sold Ethernet products with the related operating
system and software. Bob Metcalfe recalls: “In the late 1980s, in
our frustration with Novell, we, 3Com, threw in with Microsoft to
unseat Novell in the networking software business.”

It did not prove a marriage made in heaven. Bob Metcalfe ulti-
mately became the ex-CEO of the company he founded, and
blames Microsoft’s “double-crossing” him for his untimely exit.
All now agree that it didn’t go well, but they disagree as to why.
Scott Oki, the former head of marketing for Microsoft, observes:
“We entered into a kind of a strategic relationship with 3Com that
ultimately didn’t turn out very well. But nevertheless it actually
got us bootstrapped and into the networking business.”
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It was clear to Steve Ballmer that 3Com was the natural part-
ner, and he negotiated the partnership: “We both went into it
with a lot of enthusiasm, a lot of energy. I think we wound up
having a business relationship that was cumbersome at best. A
technical relationship that was a little bit difficult.”

3Com’s product was called 3Plus. Partnering with Microsoft
would enable 3Com to concentrate on the hardware end, leaving
software to a software-only partner. Metcalfe saw the fit between
3Com’s networking software technology and Microsoft’s operat-
ing system. Rob Glaser recalls that 3Com’s attitude was “We want
to get out of the software business, and partner with you.”

In addition, Bob Metcalfe had scarcely failed to notice that
“Microsoft had a big powerful partner, called IBM, with whom
they were tight and we calculated that the partnership of IBM,
Microsoft and 3Com would be able to overcome Novell, who was
then quite a powerful force.”

The role of IBM would prove important, because despite Mi-
crosoft’s “riding the bear” for half a dozen years, OS/2 was to prove
to be the undoing of the relationship, as Microsoft pursued their
Windows strategy. Metcalfe claims that “what Microsoft failed to
tell us was that their relationship with IBM was falling apart at that
moment. Which came as a big surprise about three days after we
signed the deal....And that enterprise met a horrible end in the
late ’80s—ultimately leading to my departure from 3Com.”

The two companies joined forces in 1987, developing net-
working products around the OS/2 system. The products would
have Microsoft variants and 3Com variants, and each company
would sell its own version to its defined market. Their common
product was known as 3Plus Open LAN Manager. Both parties
committed to sales goals for their versions of the product, and set
about displacing Novell as number one. Rob Glaser, then twenty-
five years old, was exhilarated by the opportunity to create a
high-level alliance aimed at winning a market: “We put together
a relationship that if you hadn’t had the problem with the OS/2
boat anchor, might have actually worked.”

At this point, versions of history diverge. According to Rob
Glaser, then at Microsoft, 3Com quickly detected the market re-
sistance to OS/2, and neglected the joint venture products to con-
centrate on their original business instead. “3Com didn't give a
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shit about OS/2. It became clear that 3Com did not have an inde-
pendent reason to push OS/2 against gravitational forces so 3Com
ended up deciding, ‘Hey, we're in the adapter business. We're in
the router business. We’re in the hardware and systems integra-
tion side of things. We don’t want to get squeezed out of that by
being theologically tied to an operating system that’s a boat an-
chor.’” So the relationship fell apart.”

Steve Ballmer also acknowledges that the 3Com-Microsoft
joint effort foundered on OS/2: “We had built on good old OS/2,
which wound up being an albatross of epic proportion which
eventually IBM took and we didn’t. That was the real ultimate
problem at the end of the day with 3Com. The core technology in
which we had built was no longer the technology in which we
were going to build on a go-forward basis.”

The joint venture was strategically a dead end. But there were
sales targets to be met by both parties. Bob Metcalfe claims that
3Com was placed at a great disadvantage by the technicalities of
the deal, though he admits that it was “a very stupid deal with
Microsoft, where we gave them our technology and then we be-
came a reseller of our technology.”

3Com gave their 3Plus technology to Microsoft to be repackaged
and licensed back to 3Com for minimum quarterly fees. And Mi-
crosoft licensed the technology to other resellers besides 3Com. Al-
though 3Com sold more of the product than other resellers, the
sales were not good enough for Microsoft. As Metcalfe describes
events, “Microsoft started selling the same product to our cus-
tomers, which made an impossible deal. The way the contract was
set up, they were allowed to do that and we still had to pay them
these horrendous fees, quarterly minimums to license our own
product back from them while they were selling it around us.”

The financial outcome of the deal was bad for 3Com. In one
quarter of 1990, the company wrote off more than $80 million in
losses, at least partly due to the fiasco of 3Plus Open LAN Manager.
The personal outcome for Metcalfe was also negative: “3Com went
into a loss situation just long enough for the board of directors of
3Com to decide they needed a change, a new management.”

Metcalfe resigned from 3Com, after eleven years in which the
company had grown from one employee to two thousand, from
zero to $400 million a year in sales. As it turned out, that was just



It Takes Two to Sign a Contract 255

the rehearsal: the growth show was yet to come. But it left Met-
calfe with a deep dissatisfaction with how Microsoft does busi-
ness: “When I complained to Microsoft, the guy involved, whom
I will not name, said ‘Your mistake was, you trusted us.’”

The Microsoft executives know that Metcalfe was distressed by
the outcome. But they also hold firmly to the view that business
is tough, and a contract is a contract. Steve Ballmer says this: “I
think there was good intent on both companies’ part. I, frankly, to
this day, think we managed the thing very professionally. I know
Metcalfe has some bitterness about it. But we were both properly
looking after our business interests and properly, both compa-
nies, trying to be good partners.”

Jon Shirley retired from Microsoft in 1989, after six years, to
polish his collection of vintage Ferraris. According to Forbes
magazine, those six years made him the twentieth-richest person
in technology, with a personal worth of around half a billion dol-
lars. About Metcalfe, he commented: “I don’t think he has a rea-
son to be as bitter as he is. We were two grown companies, with
grown people operating the companies, and we attempted to do
a business deal together. We attempted to make LAN Manager sell
and attempted to make their products sell, and they committed to
selling a certain amount of it with their products and they
weren’t able to do that. I think that he felt that we unfairly got
them into the contractual situation. But, you know, it takes two
people to sign a contract.”

In networking as in the operating system business, Microsoft
proved the toughest and maybe the most ruthless competitor of
all. Meanwhile, Microsoft also considered another way of grasp-
ing leadership in the networking market, as expressed in the old
adage “If you can’t beat ’em, join ‘em.” If Microsoft, with or with-
out 3Com, could not overtake Novell and their market leadership,
then perhaps Microsoft would acquire both.

With Novell, there were two separate, abortive discussions
about merging the two companies. Ten years later, the executives
involved cannot agree on who initiated the courtship, or why it
didn’t lead to the altar. But neither proposal worked out. Bill
Gates says that one discussion was initiated by Microsoft, the
other by Novell. Both happened in the context of IBM’s industry
dominance, Gates recalls: “One thing that’s hard to remember
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now is that all of us were in fear of IBM, because IBM wasn'’t just
thought of as a hardware company. They were thought of as the
everything company. We all thought, hey, maybe if we banded to-
gether we’ll be able to compete and get some portion of a market
in a world that IBM dominates. And so that was a motivating fac-
tor of both of the times that we sat down and talked.”

The first conversation, according to Novell’s David Bradford,
was begun by Microsoft in late 1989, the same year that the Mi-
crosoft OS/2 LAN Manager was launched. As Bradford reflects: “I
can remember reading the headlines: ‘OS/2 LAN Manager going to
put the Netware operating system out of business.” They predicted
by 1991 Microsoft would have 60 percent share of the network op-
erating system market with OS/2 LAN Manager and said that No-
vell’s share of the same market would drop to 25 percent by 1991.
Well, by 1991, our share—50 percent that we had in 1989—had
grown to 75 percent and they still hadn’t made a dent.”

With the Microsoft-IBM joint effort to develop OS/2 finally col-
lapsing (as Microsoft launched Windows 3.0) in 1990, Novell
found a surprising new collaborator coming their way. As Gates
explains, “IBM, actually, as part of not working with us, then
went and started working with Novell for a couple of years and
gave them a lot of momentum.”

Despite Microsoft’s wooing, Novell didn’t want to be bought, or
to merge, though out of the obligation to stockholders it listened
carefully. After a while, the conversation ended inconclusively.
Bradford says that Steve Ballmer wrote to say that Microsoft had
concerns about antitrust issues, and that Bill Gates wasn’t com-
fortable with a geographically divided, merged company. Gates
confirms that reservation: “The thing that makes it tough, though,
is that you get two different development sites and if you have this
vision of a single operating system that’s going to do everything,
having those multiple sites and those different visions is tough.
But I have to say it’s surprising that we never got together.”

A second discussion took place between the two companies
between July 1991 and March 1992, prompted in part by Novell’s
acquiring Digital Research, and with it, a competing operating
system to DOS. Microsoft reacts quickly to perceived or real
threats to its dominant position in any market sector. Neverthe-
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less, out of antitrust concerns and lack of momentum, the second
conversation ended like the first.

By 1990, Bob Metcalfe had retired from 3Com to tend his
stock portfolio, enjoy life, and ultimately assume the role of in-
dustry sage with a column in the technology-industry newspa-
per InfoWorld. He and his family moved from an Italianate
spread in Silicon Valley’s toniest neighborhood, Woodside, to
raise rare breeds of sheep, horses, pigs, and goats on Kelmscott
Farm in Maine. Metcalfe is still enough of an entrepreneur to
take pride in his “scrumptious lamb chops” which fetch $15 a
pound at the best butchers’ shops in New England. Julia Child is
on the waiting list.

Like Rob Glaser at the pyramids, Metcalfe is another philo-
sophical fellow. In 1990, the 3Com board rejected his suggestion
that he become CEO of the company. The board appointed Eric
Benhamou CEQ, and Metcalfe chose to retire, in June 1990, after
eleven years with the company: “When he took over I was not op-
timistic. The company was losing money and going horizontally,
which is to say, nowhere. Eric Benhamou [the new CEQ] has
completely amazed me. He focused the company by cutting back
on all sorts of operations we shouldn’t have gotten into, and the
company has grown from $400 million to $5 billion since I left.
So I thank him often for having made me the founder of a $5 bil-
lion company.”

As for the painful experience of having the board—which he
constructed—decline his services, Metcalfe is sanguine: “I take
credit for the decision that ejected me from that company.” He as-
sembled a group of people smart enough to let him go, in the in-
terests of the greater good of the company. He cheerfully admits
that 3Com’s multibillion dollar valuation shows they were right.

Bob Metcalfe, let us remember, is the man who was not going
to let his company fail through excess of ego, lack of money, or
lack of focus. 3Com did maintain focus, as he sheepishly admits;
while Sun, Novell, and others built very big businesses: “Had we
been on the ball and had we not focused as much as we did, there
would be no Sun and there would be no Cisco and there would
be no Novell and there would be no Bay [Networks] and there
would be no Cabletron, because we would have done it all. In-
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stead, we just focused and ended up with this piddling little $5
billion company.”

Metcalfe parted company with 3Com in 1990, and it proved to
be a bad year for network industry founders, including the Cisco
founders, themselves the beneficiaries of Metcalfe’s focus problem.

A paradox of the venture-capital phenomenon is that no
sooner have the ambitious founders of a company convinced
their investors that their vision of a new product and market will
work, than the balance of power shifts to the investors. Their pri-
ority is not “the vision” but “the return.” Consequently, a com-
pany may be shifted rapidly away from one product and toward
another, even to an entirely new business area; and if the
founders are no longer the best people to have at the helm as cir-
cumstances change, they’re dispensable.

The fact is that the talents and vision required to work 110-
hour weeks and launch a business in a garage or on a dining
table—passion, technical excellence, focus, and insomnia—are
mostly different from those needed to build a company and make
it grow ever larger, create national and international marketing
plans, and manage the profit-and-loss accounting of revenues of
hundreds of millions—the activities of grown-up technology
companies.

Despite the well-understood dangers, there’s an almost limitless
supply of founders ready to take their chances on fame, fortune,
and even firing. Increasingly, they are not just graduates of Stanford
and MIT, but graduates of the Moscow State School of Engineering
and IIT (the Indian Institute of Technology, in Madras).

Venture capitalists, themselves often experienced managers,
frequently decide to step in and hire new CEOs to move the com-
pany from the founder era to the multibillion-dollar-revenue era.
These are the dangers of “adult supervision.”

Like Bob Metcalfe at 3Com, and Steve Jobs at Apple, Sandy
Lerner and Len Bosack found themselves no longer working at
the company they founded on their credit cards. In the case of
Cisco Systems, the founders even by their own admission were
unusually naive, and entered into agreements with their venture-
capital backer, Don Valentine of Sequoia Capital, that they claim
no lawyer would have let them sign. Unfortunately, no lawyer is
what they had. The recriminations about Cisco still fly.
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For the Cisco founders, Don Valentine was Venture Capitalist
#76. And his previous investments show that he knew his busi-
ness: “We did have an idea of how big the industry was or how
big the problem was. We had previously financed 3Com and Bob
Metcalfe in the establishment of the Ethernet as the LAN device
to connect PCs. Having also financed Apple, we knew that the
world was going to be connected.”

When Len Bosack and Sandy Lerner pitched Don Valentine,
in mid-1987, Cisco was enjoying sales of more than $250,000 a
month, with neither a professional sales staff nor marketing
campaign. As Bosack says, “It wasn’t a bad business just right
then. So I think just for the novelty of it, the folks at Sequoia lis-
tened to us.”

If Cisco was to grow bigger, faster, it needed more than just the
receivables income from sales. Monthly sales demonstrated the
existence of real demand, but to ramp up to the next level, capi-
tal was a requirement. And Sandy Lerner says that the Cisco
founders were getting tired of working at Len Bosack’s 100-hour-
a-week “sincerity” or 110-hour “commitment” level: “You can
get a little bit burnt out. So the idea of having some extra money
and having some extra people was kind of appealing. We finally
did get two firms that thought that we were other than stark rav-
ing mad. Of course, when you're selling a half million dollars a
month on the Internet, it’s not quite such a stretch.”

Sequoia Capital’s Don Valentine invested promptly: “When we
understood the solution that Cisco was advocating, we were
quick to commit to the company and we were the only investor.
We invested $2.5 million in Cisco, September of 1987. And I
joined the board and the rest is history.”

But the history comes in different versions. Both the founders,
nearly a decade after the events played out, remain upset about
the terms of Sequoia’s investment. Sandy Lerner admits that she
and Len were innocents abroad: “We ended up taking money
from Don Valentine and Sequoia Capital, who’s a very savvy
player, and Len and I were not, and I think that’s probably about
the best way to put that. We ended up with a four-year vesting
agreement and 30 percent of the stock in the company and no em-
ployment contract. I would strongly advise anybody [else] not to
do it that way. You should certainly get your own lawyer.”
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Len Bosack agrees: “They essentially dredged out of their word
processors the standard agreements and said, ‘Here.” Not know-
ing any better, we signed them. Sandy and I agreed to a forfeiture
contract, a type of indentured servitude where if we didn’t do
what the company asked, they would have the right to repur-
chase the shares that we actually already owned.”

Don Valentine sees the Cisco story much differently: “The
commitment we jointly made to each other is that we at Sequoia
would do a number of things. We would provide the financing,
we would find and recruit management, and we would help cre-
ate a management process. None of which existed in the com-
pany when we arrived. We all began with that understanding and
a vision of the future.”

To Sandy Lerner, this represented a systematic effort to side-
line the founders: “We had someone in as a CEO that Don re-
placed. We had someone in as a CFO that Don replaced. I think
we only understood in hindsight that Don was very much afraid
that after all the years of grinding in the trenches with all of the
very early Cisco people, that Len and I had such a cult of per-
sonality in the company that it was going to be very difficult for
him to effectively control it. And I think he was probably right.
He was certainly much more sagacious about that than we
were ... and just set about systematically replacing enough of the
company management to where Len and I would ultimately be
expendable. And we were expended.”

Soon afterward, two paradoxical dramas played out. On the
positive side, Cisco grew in the stereotypical fashion of success-
ful start-ups. The corporate history notes milestones such as “Is-
sues first coffee mug” (1987), and “Holds first company picnic”
(1988). In 1990, the company was ready to go public, and at the
IPO (initial public offering) on February 4, the company was val-
ued at $288 million. At that point, the founders’ shares were
worth about $40 million each, and Sequoia’s the same.

On the negative side, the founders, by their own admission,
grew increasingly uncomfortable with the requirements of corpo-
rate life as Cisco grew ever larger. Nor did the investors feel
comfortable with them as managers, though Don Valentine em-
phasizes that each was maintained and encouraged in the most
appropriate roles: “Both were very critical and helpful people to
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launching Cisco. No question about it. Len is a very, very good
technician and recognizes that he has little interest or little abil-
ity in management, and positions himself accordingly. So in the
company he was the chief technical officer. Sandy is very acutely
sensitive to how well the customers were treated. So, as a conse-
quence, the company started what may have been the first cus-
tomer advocacy program any company has evolved and [kept]
intact, as Cisco now races towards $10 billion in revenue.”

Yet six months after the IPO, Sandy Lerner discovered what
many entrepreneurs before her have experienced—that the com-
pany she founded was no longer the place she worked: “It was
August 28, 1990, but who’s counting? Quite simply, I got fired.”

Len Bosack admits that this was not a surprise; in Silicon Val-
ley, it’s never a surprise: “We had discussed this event and that
sooner or later the venture capitalists always want to get rid of
the founders. That’s just part of Don’s formula.”

Don Valentine does not accept that firing founders is part of the
formula, or that there is a formula. But the kind of tension that ex-
isted between these founders and this investor made it perhaps
an inevitable outcome. According to Sandy Lerner: “Don’s open-
ing words to me, the first time I ever met that man—I wouldn’t
have known him from the man on the Moon—were, ‘I hear you're
everything that’s wrong with Cisco.” I'm also the reason why
there is a Cisco.”

Len Bosack was still a board member, but with Sandy Lerner’s
departure, he became an ex-board member. “When they decided
that they wanted to get rid of Sandy, what they hadn’t anticipated
was that it was time for me to go as well. And so I did.”

Don Valentine had rarely spoken about these events until this
interview—and he put on the record the event that precipitated
the final split. “What went wrong back at the ranch? Well, the end
of the story is that one day, with President John Morgridge’s prior
approval, seven vice presidents of Cisco Systems showed up in
my office. We had a reasonably civil meeting in our conference
room, the outcome of which was a very simple alternative. Either
I relented and allowed the president to fire Sandy Lerner; or they,
all seven, would quit, because they found it impossible and intol-
erable to work with Sandy and the nature of her then-behavior.”

The behavior, which Valentine will only describe as “conduct
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unbecoming,” was perhaps the most persuasive symptom of the
need for the founders to move on and out. As Sandy admits, “It
was probably time for Len and me to go. In that Len and I do not
have company personalities, and I think that we were finding it
difficult to work in a larger organization. I think that the way that
this happened was wrong.”

Despite the bitterness engendered by their departure, and the
manner of their departure, most people would count Sandy
Lerner and Len Bosack fortunate, though certainly they earned
their success. In their disgust at the conclusion to their Cisco ca-
reers, they sold their holdings in the company. Don Valentine re-
marks: “They lost perspective and urgently sold their shares in
Cisco at a time when the valuation of the company was a mere $1
billion or so. Had they somehow or other suffered this outrage
with a little more financial wisdom, they might have sold when
the company’s market value was $10 billion or $20 billion, or
maybe even now at $56 billion.” Since he said that, the number
has continued to rise.

Nevertheless, the pain of not having a $10 billion fortune can
be compensated by the pleasure of having $100 million to your
name. And Len and Sandy have followed another Silicon Valley
pattern, by embarking on philanthropy, as well as new business
and technological ventures. In 1992, Sandy Lerner acquired the
manor house in Chawton, Hampshire, the English village where
Jane Austen wrote her novels. She had discovered that it was for
sale at the same time that she learned that there are hundreds of
“lost” women novelists who pre-date Jane Austen: “This came up
for sale in 1992 and I, for some very illogical reason, bought it
thinking that it would be just a wonderful place for the Center for
the Study of Early English Women’s Writing.”

Today Sandy is also the proprietor of a cosmetics empire,
Urban Decay—launched with her own money, not venture capi-
tal: “We do lips, eye shadow, eye liner, mascara, a really awesome
line of temporary tattoos. Some stuff called Body Haze. Basically,
alternative makeup and alternative colors.”

The company glories in its selection of post-punk colors with
names like Frostbite, Bruise, Shattered, Mildew, and Acid Rain.
Whatever would Jane Austen have thought? Sense and Sensibil-
ity? Or Pride and Prejudice?
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Meanwhile Len Bosack runs a Seattle technology company,
and his charitable donations support the search for extra-
terrestrial intelligence. Far from being a whimsical notion, Bo-
sack treats this venture with a typical philosophical intensity:
“It’s one of the most important questions that a sentient being can
ever formulate, and that is: Are we alone? Either answer, if you
could obtain it, is of tremendous import. But you surely do not
expect little green men to come and present you with a message.
On the other hand, if you don’t listen, if you don’t in any organ-
ized way ask the question of the universe, what if it has an an-
swer waiting for you? Think of what you’ve missed.”.

Both founders earned from Cisco a level of wealth that most
people, like Len Bosack, would regard as sufficient: “Well, you
sort of wonder what’s going to become of all that, but then you go
look and add up what it is all worth and say, well, that’s enough.
But most of the money that I've made is destined to be given
away. I certainly hope to give a billion dollars to charity before
I'm all done.”

It’s hard to know whether to regard the Cisco story as a fairy-
tale or a cautionary tale. In reality, it is both. Like 3Com, Cisco
has accelerated its growth since the founders fell away. In March
1997, the company had a market capitalization greater than its six
closest competitors combined. In another year, that value had
doubled again. But despite this breathtaking success, Sandy
Lerner expresses the wish that growth, success, and experienced
management can still find better ways of working with the nerds
who get things started: “I think it would have been good for the
company and good for the people in the company not to have
quite such a sudden, jarring transition. I just wish that as this
whole industry gets better, older people would learn how to be-
have better. You don’t have to do that to founders and inventors
and little nerdy people who don’t know any better.”



Chapter Twelve

Steal My Software

IN THE 1980S, FAR FROM THE HIGH-STAKES gambling of venture cap-
ital and new networking technologies, the grassroots of the Inter-
net were steadily growing too, and in unconventional directions.
It was still only fifteen years since networking began, and enthu-
siasts like John McAfee were figuring out what to do with their
skills. McAfee deserves at least a footnote in the history of net-
working, because he was the first person to use the Internet to
create a business—by giving away his software. The technologi-
cal feasibility of doing so has existed since BBN used the
ARPAnet to send out new software releases for the ARPA proto-
cols, saving BBN’s Dave Walden a lot of jetlag in the era before
frequent-flyer programs.

On the other hand, the commercial desirability of distributing
software freely, and for free, over the Net has been a matter of
some debate. There is a hierarchy of freeness in software, aside
from what one buys by mail order or in a computer store. There
is freeware (users are not usually free to copy or distribute it fur-
ther), free software (with source code, which users may modify
and redistribute, with credit), fringeware (unreliable freeware),
public domain software (as free as can be, not covered by copy-
right, for copying and distribution), shareware (try-before-you-
buy) and even shelfware (unsold or unused software). The Free
Software Foundation was founded by Richard Stallman, an MIT
pioneer for the practice, whose advocacy was recognized by a
MacArthur Foundation “genius” grant. None of these classifica-
tions of software, however, would have pleased the earliest soft-
ware creators in the Altair community, Bill Gates and Paul Allen.

At the time of writing, the U.S. Justice Department is preparing
its case to confront Microsoft’s de facto monopoly of the operat-
ing system business, and its use of that monopoly to build a new
de facto monopoly over Internet access via the Windows operat-
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ing system. The principal tool for this maneuver has been the
“bundling” in new personal computers—or giving away for free,
by other means—of Microsoft’s Internet Explorer Web browser.
As we will learn, Microsoft disputes whether or not it can be con-
sidered free, when it is “bundled” with a product people pay for.
Semantics aside, there’s an irony in this tale, for the first person
ever to make a fuss about software’s being shared and copied for
free was Bill Gates himself.

Among Altair users, and in the early days of the Homebrew
Computer Club, nerds copied paper tapes and cassette tapes—car-
rying the first usable programs—in a spirit of collegiality, friend-
ship, and shared enthusiasm. There is little doubt that it was
illegal to do so and that it deprived those who wrote the software
of legitimate expectations of income, not to mention great wealth.
But it was Bill Gates, the then-twentyish founder of Microsoft,
who in the earliest days of the Altair, in New Mexico, objected in
an open letter to hobbyists that copying the paper tape of the Mi-
crosoft Basic for the Altair was “stealing.” Nor was he wrong.

Bill Gates’ first battle as a software entrepreneur pitted him
against those who can only be regarded as his own customers. In
the period when the Altair was still experimental, and a van was
touring the country to demonstrate it, bootleg copies would pro-
liferate. This was not the way Gates had planned it: “People took
the paper type of Basic from the van and copied it, and so there
were literally hundreds of copies out there before we could actu-
ally officially release the Basic, because we still had it in testing.”

Single copies would multiply into hundreds. Paul Allen
points out that the Microsoft business was those tapes: “Well,
you had to realize that Bill and I were getting a royalty for each
one of those tapes. We put a lot of blood, sweat, and tears into
making that Basic; a lot of late nights, you know, a lot of hard
work went into those.”

The hippie attitude around Jim Warren’s hot tub was that Bill
Gates “wasn’t making as much money as his greed and avarice
desired. That’s some people’s interpretation of it.”

But Gates had no intention of seeing his vision of corporate
success blown off course by people who thought “sharing” was
cool. Bill Gates saw that “the whole question of ‘Should people
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pay for the software or not pay for the software?’ was a hot topic.
And I had a clear point of view.”

Gates decided to express his point of view, so he approached
David Bunnell, and asked for his assistance in writing and pub-
lishing, in the fledgling PC Magazine, “An Open Letter To Com-
puter Hobbyists”—“where I said, ‘Come on, I think it’d be better
if people paid for software.” And it was run in a number of other
publications.”

Jim Warren remembers the impact on the hobbyists’ ranks:
“‘These hobbyists are all a bunch of thieves, they’re stealing our
life’s work,” and all this stuff. And called them all, I don’t re-
member, ‘thieves’ and ‘stealing valuable property’ and everything
else. And—it was true.”

Gates’ partner, Paul Allen, was no less concerned about their
potential losses from the sharing of their software: “We had very
strong feelings about it. I guess we were a little bit surprised with
the reaction, but we still believe we were 100 percent right in our
position.”

David Bunnell, Boswell to Gates’ Johnson, admits that “It cre-
ated a firestorm. And the basic problem was, in my opinion any-
way, that in the letter he said, ‘“You are all thieves.” And the
problem with that was that they weren’t actually all thieves, just
most of them. It was really the first time that, at least in the per-
sonal computing industry, where software piracy became a big
issue. And so, that was a lot of fun.”

With the determination that would become Gates’ professional
hallmark, and despite much grumbling from the hackers, Gates
established the model of charging users for every copy of a soft-
ware program. The willingness to confront a problem and win
has not deserted him for more than twenty years, while his per-
sonal fortune has grown to uncountable size. The original paper
tape that he and Paul Allen created for the Altair is now behind
glass in the Computer Museum in Boston, Massachusetts.

Although today Gates is most renowned for his extraordinary
business skills, they are undoubtedly built on a foundation of
outstanding technical ability. In Albuquerque, he and Paul Allen
were scheduled to deliver a disk-based version of Basic for the
Altair; but Bill was also scheduled to return to Harvard to con-
tinue his studies. His parents were very concerned about this ex-
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tracurricular business in New Mexico. But Paul Allen was con-
cerned that the extra-curricular business wasn’t getting done: “He
kept postponing and postponing actually writing the code. He
said, ‘T know how to write it, I have a design in my head, I'll get
it done, don’t worry about it, Paul.” Four days before he was due
to go back to Harvard he checked into a hotel and he was incom-
municado for three days. Bill came back three or four days later
with this huge sheet of paper. He’d written 4K of code in three
days, and typed the whole thing in, got it working, and went back
to school, just barely. It was really one of the most amazing dis-
plays of programming I've ever seen.”

To the non-nerd, the idea of spending days on end chewing
over computer instructions holds few charms. But to men like
Gates and Allen, and women like Sandy Lerner, the fascination is
genuine. John McAfee, founder of McAfee Associates and later of
PowWow/Tribal Voice, is a lifelong software engineer who loves
his work the way others love solving crossword puzzles or exca-
vating prehistoric bones. His career began as the ARPAnet was
born. In 1968, he left graduate school and started his romance
with software with General Electric, as a programmer trainee:
“That’s all I've ever done. It’s been my whole life and my real
love. It’s like unraveling a mystery. There’s something that you
know you want to do, and the technology of software can solve
the problem. It’'s how? How can you do it? How do you structure
it? What will the architecture look like? And the challenge is so
spectacular and seductive that I've stayed with it all my life.”

McAfee’s great innovation would come at the very end of the
1980s, and it occurred in the grassroots of the networking indus-
try rather than the high-powered corporate world of the civil war
between IBM, Microsoft, Novell, 3Com, Cisco, and others. Gener-
ally, those companies were catering to the business world—serv-
ing the suits—while the millions of individual PC buyers were
using standalone machines. But there was an undercurrent of
networking for individual users nevertheless. The first significant
trend was the creation of bulletin board systems (BBS). A BBS
was, as it sounds, a digitized version of the cork-faced bulletin
board on an office or dorm-room wall.

Bulletin board systems provided the first glimpse of “virtual
communities.” These were computers dedicated to providing in-
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formation; news; gossip; and a forum for exchanging opinions,
messages, or sometimes abuse, among a community of like-
minded souls whose shared interest drew them to that BBS. It
might be devoted to aficionados of one particular software prod-
uct, or art-form, or sport. Technically, it was a computer, whether
personal or mainframe, usually equipped with modems to enable
remote users to access information, leave each other messages, and
sometimes interact in real time. Usually some form of monthly
subscription was required in order to participate. Someone with a
personal computer, and a modem, and a good deal of expertise,
could hook up to a BBS in the eighties and experience the thrill of
networking without being on the staff of Xerox PARC, or having
access to an ARPAnet terminal at a university. As John McAfee re-
members: “Prior to the Internet, we had bulletin board systems,
which were a loose collection of electronic exchange mechanisms
where individuals could buy a personal computer, install bulletin
board software, and have two thousand users who would dial in
and exchange programs and messages and information. The Inter-
net is merely the world’s largest bulletin board system.”

Len Kleinrock recalls walking into his graduate students’ of-
fices looking for a book one of them had borrowed. In the course
of chatting with the students, he asked about a particular piece of
telephony equipment. “And before I knew it, that student clicked
away at his terminal, connected to a newsgroup devoted to te-
lephony, and got a detailed answer for me. I was amazed to find
that most of the computer science graduate students were spend-
ing hours each day accessing all manner of newsgroups. Here was
an underworld alive with activity and energy! These were the
precursors to today’s bulletin boards.”

Another who was brave enough to try this was Steve Case, the
founder of America Online. This is a man who should have net-
working in his blood—born and raised in Hawaii, home of the
Alohanet, and educated in Massachusetts, home of BBN and
birthplace of the IMPs that created the infrastructure of the
ARPAnet: “In 1982, I bought my first computer and wanted to
hook it up and be part of this online world, and I went to great
lengths to make that happen. It took many months, and hundreds
of dollars to get the modem to work with the software to work
with the cable to work with the computer to actually connect to
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this world. So it was very frustrating. At the same time, I found it
exhilarating that I actually got it to work, and I was able to access
information and talk to people all around the world from my lit-
tle desktop in Wichita, Kansas, which was where I was living at
the time. So I thought the whole thing was really quite magical.”
By 1984, as the Macintosh was launched, the hippie origins of
networking were once again beginning to show themselves. Part
of the impetus came from an electronic version of the Whole
Earth Catalog (whose Epilog had come and gone a decade earlier).
Inevitably, it was Stewart Brand who originated and branded
what he called the “Whole Earth ’Lectronic Link,” or WELL. Now
more users were able to tune in and turn on to the highs of net-
working, attracted by the chance to connect with like-minded
people—even “Dead” people. One should not underestimate the
importance in the history of the Internet of the Grateful Dead.
The WELL was launched in 1984, in full consciousness of the
Orwellian, totalitarian implications of that date. But the WELL'’