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			Praise for What the Dormouse Said

			“At the core of Dormouse lies a valid and original historical point.”

			—The New York Times

			“A convincing case…. This makes entertaining reading.”

			—The New York Times

			“Evocative”

			—Newsweek

			“Fascinating”

			—Computerworld

			“Fascinating…Markoff is a wonderful writer and storyteller, and he effortlessly weaves together the stories of the main cast of characters. The individuals had the most unusual knack for crossing paths, and Markoff’s ability to show these sometimes tangential—but always important—relationships, without losing the thread of the story, is impressive.”

			—The Christian Science Monitor

			“Nobody writes about computer technology better than Markoff, who gives us insights into the people, history and societal pressures that drive breakthroughs and new developments. Here he convincingly traces the birth of personal computing to the counterculture ethos of the Bay Area in the ’60s.”

			—San Jose Mercury News

			“Shows how almost every feature of today’s home computers…can be traced to two Stanford research facilities that were completely immersed in the counterculture…. The combustive combination of radical politics and technological ambition is laid out so convincingly, in fact, that it’s mildly disappointing when, in the closing pages, Markoff attaches momentous significance to a confrontation between the freewheeling Californian computer culture and a young Bill Gates only to bring the story to an abrupt halt. Hopefully, he’s already started work on the sequel.”

			—Publishers Weekly (starred review)

			“A lively prehistory of Silicon Valley and its brilliant denizens of yore…. Technogeeks will know much of this history already, but Markoff does a fine job of distilling it here while pointing out how much bleaker the world might be if the pioneers had just said no.”

			—Kirkus Reviews

			
			“Striking…. a fine job of recording the history of that exceptional time. Both informative and entertaining, this book should appeal to a broad audience of technology readers.”

			—Library Journal

			“Thanks to the cunning of history and the wondrous strangeness of Northern California, the utopian counterculture, psychedelic drugs, military hardware and antimilitary software were tangled together inextricably in the prehistory of the personal computer. Full of interesting details about weird but not arbitrary connections, John Markoff’s book tells one of the oddest—because truest—of California tales and thereby helps illuminate the still unsettled legacy of the Sixties.”

			—Todd Gitlin, author of Media Unlimited and The Sixties: Years of Hope, Days of Rage

			“It is easy to see how the personal computer has shaped contemporary culture. But how did contemporary culture shape the emergence of the personal computer? In this innovative, lively narrative, veteran technology reporter and cultural critic John Markoff demonstrates how the values and obsessions of the 1960s, especially as centered in the San Francisco Bay Area, created the environment for the emergence of the personal computer as social tool and cultural catalyst.”

			—Kevin Starr, author of Coast of Dreams: California on the Edge, 1990–2003

			“John Markoff ’s wonderful recounting of the origins of personal computerdom makes a mind-blowing case that our current silicon marvels were inspired by the psychedelic-tinged, revolution-minded spirit of the Sixties. It’s a total turn-on.”

			—Steven Levy, author of Hackers, Crypto, and Insanely Great

			“Beautifully written, What the Dormouse Said does that important job of placing in a historical context the development of modern computer technology. It tells us not only what happened, but why. These people changed our world as much as any group ever and now I understand not only how it came to be but also why it was probably inevitable.”

			—Robert X. Cringely, author of Accidental Empires and host of the PBS series Triumph of the Nerds

			“Reviled and demonized, then trivialized by the official culture it so exuberantly opposed, the counterculture of the 1960s nevertheless remains the 2000-pound gorilla in the china closet of recent American history. With elegance and efficiency, What The Dormouse Said charts one of the most important and overlooked songlines from that mind-expanding moment. Tune in, turn on, boot up!”

			—Jay Stevens, author of Storming Heaven: LSD and the America Dream and Burning Down the House
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				When logic and proportion

				Have fallen sloppy dead

				And the White Knight is talking backwards

				And the Red Queen’s “Off with her head!”

				Remember what the dormouse said:

				Feed your head!

				Feed your head!

				Feed your head!

				—Grace Slick, Jefferson Airplane, “White Rabbit” (1966)

			

		

	
		
			
			
			
				PREFACE

			

			
				There are, generally speaking, two popular accounts of the invention of personal computing.

				The first roots the PC in the exploits of a pair of young computer hobbyists–turned–entrepreneurs, Stephen Wozniak and Steven Jobs. Wozniak, the story goes, built a computer to share with his friends at the Homebrew Computer Club, a ragtag group that began meeting on the San Francisco Midpeninsula in the spring of 1975. His high school friend, Steve Jobs, had the foresight to see that there might be a consumer market for such a machine, and so they went on to found Apple Computer in 1976.

				The second account locates the birthplace of personal computing at Xerox’s fabled Palo Alto Research Center in the early 1970s. There, the giant copier company assembled a group of the nation’s best computer scientists and gave them enough freedom to conceive of information tools for the office of the future. Out of that remarkable collection of talent came a computer called the Alto, the forerunner of today’s desktops and portables. Although Xerox is reputed to have “fumbled the future” by not commercializing the device successfully, the dozens of spin-offs that resulted from PARC became the basis for one of Silicon Valley’s most oft-told fables: that in 1979 Jobs visited PARC and took away with him the idea of the graphical user interface.

				Both stories are true, yet they are both incomplete.

				This book is about what came before, about the extraordinary convergence of politics, culture, and technology that took place in a period of less than two decades and within the space of just a few square miles. Out of that convergence came a remarkable idea: personal computing, the notion that one person should control all of the functions of a computer and that the machine would in turn respond as an idea amplifier. By the late 1960s, that idea was already in the air on the San Francisco Midpeninsula.

				Before the arrival of the Xerox scientists and the Homebrew hobbyists, the technologies underlying personal computing were being pursued at two government-funded research laboratories located on opposite sides of Stanford University. The two labs had been founded during the sixties, based on fundamentally different philosophies: Douglas Engelbart’s Augmented Human Intellect Research Center at Stanford Research Institute was dedicated to the concept that powerful computing machines would be able to substantially increase the power of the human mind. In contrast, John McCarthy’s Stanford Artificial Intelligence Laboratory began with the goal of creating a simulated human intelligence.

				One group worked to augment the human mind; the other to replace it.

				Although the two groups had only sporadic contact during the sixties, within each lab was a handful of researchers and engineers who early on understood a fundamental truth about the microelectronics industry then taking root in Santa Clara Valley: Unlike with any previous technologies, the very nature of the silicon chip would inexorably lead to an increase in the power of computing. Moreover, as the transistors etched onto silicon wafers shrank in size, the pace of the process would accelerate. For each reduction of the size of transistors by half, the area for circuits on a chip quadrupled. Computer speed and capacity would continue to increase while costs fell and the size of computers shrank. It was a straightforward insight, but for those who made the leap it was the mind-expanding equivalent of taking a psychedelic drug.

				In 1965, Intel cofounder Gordon Moore noted the phenomenon, which was later known as Moore’s Law and which became Silicon Valley’s defining principle. By the 1980s and 1990s, Moore’s Law had emerged as the underlying assumption that governed almost everything in the Valley, from technology to business, education, and even culture. The “law” said the number of transistors would double every couple of years. It dictated that nothing stays the same for more than a moment; no technology is safe from its successor; costs fall and computing power increases not at a constant rate but exponentially: If you’re not running on what became known as “Internet time,” you’re falling behind.

				Although Moore received the intellectual credit for the paradigm, his law had actually been uncovered some years earlier by a handful of computing pioneers who were among the first to contemplate the new semiconductor-manufacturing technology based on photolithographic printing of transistors and logic circuits on the surface of silicon wafers. At the beginning of the 1960s, a small group of computer designers and engineers working with integrated circuits had realized that the technology held stunning economic implications, and not just for moon shots and nuclear-tipped missiles. As semiconductor-manufacturing capabilities were refined, it became apparent that computing, then in the hands of just a few, would eventually be available to everyone.

				To these pioneers, the trajectory was obvious. As a result, while the early machines used by researchers at the Stanford laboratories were neither desktop-size nor personal, the central ideas of interactivity and individual control quickly became ingrained in everything they designed. The idea of personal computing was born in the sixties; only later, when falling costs and advancements in technology made it feasible, would the box itself arrive.

				The engineers’ insight did not take place in a vacuum, however. The shrinking silicon chip did not emerge in isolation from the surrounding world but grew out of the twin geopolitical challenges of placing a man on the moon and squeezing navigational circuitry into the nosecone of an ICBM. Today, this is hard to appreciate, particularly because the pace of the semiconductor industry has made progress seem almost mechanistic as each new generation of chips arrives like clockwork. In a similar fashion, the two Stanford laboratories came into existence in a remarkable place during an extraordinary time. The San Francisco Midpeninsula during the sixties and early seventies witnessed an epochal intersection of science, politics, art, and commerce, a convergence comparable to that at such landmark places in history as Vienna after World War I.

				Beginning in the fifties, the computer had come under attack as a symbol of large, centralized, bureaucratic institutions. Lewis Mumford, writing in The Myth of the Machine: The Pentagon of Power, asserted that the electronic computer had been created in opposition to human freedom and denounced the computer technicians who worked at creating superhuman machines. In the course of a single decade, however, that worldview changed. Computing went from being dismissed as a tool of bureaucratic control to being embraced as a symbol of individual expression and liberation. The evolution of the perception of the computer mirrored other changes in the world at large.

				By the end of the 1960s, the United States had been transformed by a broad political and social upheaval that stripped away the comfortable middle-class veneer of the previous decade. The civil rights, psychedelic, women’s rights, ecology, and antiwar movements all contributed to the emergence of a counterculture that rejected many of America’s cherished postwar ideals. The computer technologies that we take for granted today owe their shape to this unruly period, which was defined by protest, experimentation with drugs, countercultural community, and a general sense of anarchic idealism.

				Stewart Brand has argued in his essay “We Owe It All to the Hippies” that “the counterculture’s scorn for centralized authority provided the philosophical foundations of not only the leaderless Internet but also the entire personal-computer revolution.”1 Theodore Roszak has advanced a similar argument in From Satori to Silicon Valley (1986), a monograph that traces the rise of the personal-computer industry to countercultural values of the period.

				In fact, the New Left and the counterculture were then split between modern-day Luddites and technophiles. Some espoused an antitechnology, back-to-the-land philosophy. Others believed that better tools could lead to social progress. Brand’s tool-centric worldview, epitomized by one of the decade’s most popular and influential books, the Whole Earth Catalog (1968), made the case that technology could be harnessed for more democratic and decentralized uses. The catalog ultimately helped shape the view of an entire generation, which came to believe that computing technologies could be used in the service of such goals as political revolution and safeguarding the environment.

				Brand was the first outsider to catch a glimpse of this new cybernetic world and discern the parallels between mind expansion through the use of psychedelic drugs and through the new kinds of computing that were being developed around the Stanford campus. In 1972, he assembled a series of vignettes about the emerging computer scene into a Rolling Stone article: “Spacewar: Fanatic Life and Symbolic Death among the Computer Bums.” Two years later, he expanded the article into the book II Cybernetic Frontiers (1974), in which he became the first to popularize the term “personal computer.” Brand caught the spirit of the times perfectly in his Rolling Stone piece, which describes how one of the nation’s most advanced computer-research laboratories was transformed in the evenings into a video-game arcade. “These are heads, most of them,” he wrote. “Half or more of computer science is heads.”2

				Brand was right. Listen to the stories of those who lived through the sixties and seventies on the Midpeninsula, and you soon realize that it is impossible to explain the dazzling new technologies without understanding the lives and the times of the people who created them. The impact of the region’s heady mix of culture and technology can be seen clearly in the personal stories of many of these pioneers of the computer industry. Indeed, personal decisions frequently had historic consequences.

				

				If you put a stake in the ground at Kepler’s, an eclectic bookstore run by pacifist Roy Kepler that was located on El Camino Real in Menlo Park beginning in the 1950s, and drew a five-mile circle around it, you would have captured Engelbart’s Augment research group at SRI, McCarthy’s Stanford Artificial Intelligence Laboratory, and Xerox’s Palo Alto Research Center, as well as the hobbyists who made up the People’s Computer Company and the Homebrew Computer Club.

				It is not a coincidence that although it was at the periphery of the established computing world, California is where personal computing first emerged. For most of its history, the computing establishment had been centered in the upstate New York mainframe factories of IBM and in the research laboratories and the emerging high-technology world surrounding MIT and Cambridge. Beginning in the sixties, however, the Midpeninsula, a relatively compact region located between San Jose and San Francisco, became a crucible not only for political protest and a thriving counterculture but also a new set of computing paradigms.

				An argument can be made that the seeds of personal computing were planted simultaneously on both the East and West coasts. Certainly the idea of a single-user computer was alive around Route 128 in Massachusetts as well as on the Midpeninsula in the 1960s. Work had started on the LINC, the brainchild of MIT physicist Wesley A. Clark, as early as May 1961. That machine was used for the first time at the National Institute of Mental Health in Bethesda, Maryland, the following year to analyze a cat’s neural responses. The LINC appeared just a year before Ivan E. Sutherland’s Ph.D. thesis describing a remarkably innovative software-design program called Sketchpad. That program, which ran on an early MIT-designed TX-2 minicomputer, was the first program to embody a complete graphical user interface.

				With figures like Sutherland, Vannevar Bush, J. C. R. Licklider, Robert Taylor, Theodor Nelson, and the computer hackers3 at MIT, all of the intellectual ingredients for personal computing existed on the East Coast. Why, then, did the passion for the PC and later the PC industry emerge first around Stanford?

				The answer is that there was no discrete technological straight line to the personal computer on the East Coast. What separated the isolated experiments with small computers from the full-blown birth of personal computing was the West Coast realization that computing was a new medium, like books, records, movies, radios, and television. The personal computer had the ability to encompass all of the media that had come before it and had the additional benefit of appearing at a time and place where all the old rules were being questioned. Personal computers that were designed for and belonged to single individuals would emerge initially in concert with a counterculture that rejected authority and believed the human spirit would triumph over corporate technology, not be subject to it.

				The East Coast computing culture didn’t get it. The old computing world was hierarchical and conservative. Years later, after the PC was an established reality, Ken Olson, the founder of minicomputer maker Digital Equipment Corporation, still refused to acknowledge the idea: He publicly asserted there was no need for a home computer. Digital, though it had pioneered the minicomputer, machines intended for corporate departments and laboratories, underestimated the significance of the personal computer until it was far too late to catch up with the West Coast.

				In the sixties, the community surrounding Stanford University was a bundle of contradictions. Outwardly, it was a sleepy college community, complete with leafy, tree-lined streets, a properly stuffy neighborhood dubbed “Professorville,” understated shopping districts, and Leave It to Beaver high schools. But the Midpeninsula had never been a completely American-as-apple-pie Levittown. There had long been a bohemian fringe in the Bay Area, dating far back to the immigrant culture that created California, and even in the fifties and early sixties there was an undercurrent that ran at cross-purposes to the middle-class mainstream.

				On the surface, the area’s economy was driven by the rise of the military-industrial complex. Early on, Stanford University spun off electronics companies such as Varian, Ampex, and Hewlett-Packard, and after World War II the Midpeninsula had become a center for high-technology military manufacturing and research and development. To the south, the Midpeninsula was bounded by Lockheed Missiles and Space Corporation, which was building the Polaris nuclear missile; to the north was the Stanford Research Institute, serving as a think tank for both military and industrial concerns.

				But there were growing cracks in the facade. Outwardly middle-class, Palo Alto hid a more complex reality below the surface. The town played cameos in influential novels. Both Clancy Sigal’s Going Away, the largely autobiographical tale of a blacklisted Hollywood screenwriter, as well as Thomas Pynchon’s The Crying of Lot 49 commence in Palo Alto. The bohemian spirit embodied by Dean Moriarty in Jack Kerouac’s On the Road animated a tiny counterculture. It was not, however, the sort of openly radical counterculture that has long defined Berkeley, on the other side of the bay. In the sixties, the Midpeninsula was a different kind of melting pot, with folk music and a beat scene as well as a tiny radical left. In Positively Fourth Street, Robert Hajdu describes how in the early fifties a Pete Seeger concert at Palo Alto High School ultimately had a life-changing influence on David Guard, a Stanford student and founding member of the Kingston Trio. Joan Baez also attended the same concert with her sister Mimi and remembered it as a “major moment” in her life.

				And, of course, there was the Grateful Dead. Originally a pizza-parlor folk-rock band known as the Warlocks, during the mid-sixties the Dead literally became the house band for the Midpeninsula, their concerts offering a ready-made identity for members of all of the area’s unruly threads of political and cultural unrest. The group had emerged directly from a set of wrenching, mind-expanding LSD parties orchestrated by Ken Kesey and his Merry Pranksters called Acid Tests, which would transform the culture of the Midpeninsula and ultimately the rest of the country.

				Now, more than three decades later, the sixties are at best a hazy apparition. The joke, of course, is that if you can remember the sixties, you weren’t really there. Today, it’s easy to laugh at the long hair, headbands, VW buses, and love beads that were trademarks of the counterculture. Two fingers held aloft in a V no longer stood for victory but for peace, and millions of people united in idealistic causes ranging from civil rights to ending the war in Vietnam. How unlike the cynical, selfish nineties, or even our own increasingly uncertain decade.

				It’s easy to forget, too, especially from the vantage point of today’s “just say no” antidrug morality, and almost impossible to understand how different attitudes were toward drugs during the sixties. LSD, in particular, has become an incendiary subject. Demonized today, its impact is glibly dismissed. Yet four decades ago, LSD was a defining force in a cultural war. Consider the June 28, 1966, issue of Look, which reported on California and its “turned-on” people. “Many Californians, among them honor students and leading professionals, have used the drug in a most ‘serious’ manner, under careful controls,” the magazine reported. “These people have tried LSD neither for kicks nor therapy, but to gain glimpses of new and rich worlds of consciousness.”4

				For those who grew up during the 1960s, though, the decade is still a touchstone, having transformed everyone who lived through it—and that is especially true for many of the computer scientists, entrepreneurs, and hackers whom I interviewed for this book. Over and over again in my research, I ran into engineers and programmers who came to computing research in the sixties to avoid military service. While it was a convenient way of avoiding being drafted to fight in Vietnam, that generation was also certain it was going to change the world. Even those who weren’t standing at the barricades were deeply caught up in a set of events that was to thoroughly change America over the course of a decade and a half. It seemed inevitable that the old order would collapse and that a different, more spiritual path—to somewhere—lay just ahead.

				For some of Silicon Valley’s most influential figures, the connection between personal computing and the counterculture has not been forgotten. Early in 2001, I met with Apple’s cofounder, Steve Jobs. I have interviewed Jobs dozens of times over two decades and have come to know his moods well. This was not one of our better conversations. A photographer had accompanied me, and if there is one way to insure that Apple’s mercurial chief executive will be irritated, it is to attempt to take his picture during an interview.

				After only a handful of photographs, Jobs threw the photographer out, and things went downhill from there. Jobs was in a particularly bad mood. However, as our session ended, he sat down in front of one of his Macintosh computers to demonstrate a new program he had introduced earlier that morning before the legions of faithful. iTunes was to turn any Macintosh into a digital music player that stored and played CDs or music downloaded from the Internet. It included a simple visualization feature that conjured up dancing color patterns that pulsed on the computer’s screen in concert with the beat of the music.

				Obviously pleased with the feature, Jobs turned to me with a slight smile and said, “It reminds me of my youth.” I responded by mentioning the names of several of Silicon Valley’s best-known pioneers who had taken psychedelic drugs in the 1960s. That ignited an unexpectedly candid and passionate response. It is widely known that Jobs, a dropout from Reed College in Portland, had experimented with drugs and pursued a countercultural lifestyle both before and after helping found the quirky computer maker. Despite the fact that he now flies around the world in his own corporate jet and has a personal net worth of more than one billion dollars, Jobs has maintained deep emotional ties to the era in which he grew up.

				He explained that he still believed that taking LSD was one of the two or three most important things he had done in his life, and he said he felt that because people he knew well had not tried psychedelics, there were things about him they couldn’t understand. He also said that his countercultural roots often left him feeling like an outsider in the corporate world of which he is now a leader.

				Over the span of three decades, much of the original spirit of the sixties has been lost. For many today, the era serves almost as a historical Rorschach test: either an idealistic moment in time, symbolized by a protester placing a flower in the barrel of the gun, or a target for a conservative pundit like Newsweek columnist George Will to rail against, whether because of the evils of LSD or the millions of lives said to be ruined by the hedonism of the Grateful Dead.

				The sixties likewise serve a similar function for attitudes about information technology. Today, the modern computing industry has become divided into two warring camps: On one side, giant Microsoft champions the private ownership of information. Software, the company believes, is a commodity to be bought, sold, and jealously guarded. Opposed to Microsoft are growing legions of computer programmers who have formed an open-source movement that is committed to the idea that information should be free and that shared software can be used to animate increasingly powerful computers.

				The schism between information propertarians and information libertarians divides not only the computer industry but increasingly the entire digital world, affecting the consumer electronics, recording, and motion-picture industries. The defenders of information as private property make the case that unregulated information availability, whether in the form of file sharing or in the doctrines of the open-source movement, is a fundamental threat to industry as well as innovation. Led by Microsoft and the recording and film industries, there is a great cry that the vandals are at the gates and that information sharing is the digital-age equivalent of the threat communism posed to developing industrialism in the nineteenth and twentieth centuries.

				When societal benefits are weighed against those of private interests, however, the consequences of allowing information to be shared without restriction become more nuanced. Consider the roots of Silicon Valley. The transistor was invented at AT&T’s Bell Laboratories in New Jersey, but the giant telecommunications company was later forced to license the invention freely under the terms of an antitrust settlement with the Justice Department. The Valley’s very existence—the product of the most dramatic technological and entrepreneurial boom in the nation’s history—was made possible by the enforced availability of the transistor.

				Likewise, the hacker’s ethos of sharing information lies at the very heart of the explosive growth of the personal computer. It is not a coincidence that, during the sixties and early seventies, at the height of the protest against the war in Vietnam, the civil rights movement, and widespread experimentation with psychedelic drugs, personal computing emerged from a handful of government-and corporate-funded laboratories, as well as from the work of a small group of hobbyists who were desperate to get their hands on computers they could personally control and decide to what uses they should be put.

				Science fiction writer William Gibson has said, “The future’s already arrived; it’s just not evenly distributed yet.”5 That observation is particularly true of a tiny microcosm that was as localized but has become as influential in the world as fifteenth-century Florence was when it gave the world the Renaissance half a millennium ago.

				 

				This book grew out of a spirited dinner held several years ago on a Sausalito, California, houseboat. The evening was an informal reunion of a computer-industry pioneer—Douglas Engelbart—with a small group of people who had once worked for him: Bill and Roberta English and Bill and Ann Duvall. Also present was Ted Nelson, an itinerant writer, inventor, and social scientist who can best be described as the Don Quixote of computing. Nelson was a contemporary of Engelbart in the sixties, and the two men had pursued many of the same innovations.

				Engelbart, however, had been the first to demonstrate a vision that led directly to today’s computing world. He came early on to understand that computing had the potential to range far beyond crunching numbers. He foresaw that computers would become machines that could help human beings communicate and extend the reach of their intelligence.

				When he began his crusade in the sixties, computing was almost exclusively the province of a handful of scientists, giant corporations, and the military. Several years earlier, Engelbart had begun to sketch a remarkable plan outlining a new set of information tools based on powerful computers. From that original inspiration, both personal computing and the Internet ultimately emerged. A soft-spoken man with a mane of prematurely silver hair, Engelbart was able to launch in 1963 a leading-edge computer-science experiment funded by the air force, NASA, and the Pentagon because he had been able to capture the attention of several far-seeing scientists who were at the time working in the Pentagon as program managers.

				While it was a singular vision, Engelbart’s “Augmentation Framework” was brought to life by a small band of researchers who were deeply influenced by the political and cultural climate of the Midpeninsula. Indeed, within Stanford Research Institute, the research center where Engelbart began his work in Menlo Park, his researchers came to be seen as the lunatic fringe.

				In the midst of this engineers’ world of crewcuts and white shirts and ties arrived a tiny band distinguished by their long hair and beards, rooms carpeted with oriental rugs, women without bras, jugs of wine, and on occasion the wafting of marijuana smoke. Just walking through the halls of the SRI laboratory gave a visitor a visceral sense of the cultural gulf that existed between the prevailing model of mainframe computing and the gestating vision of personal computing.

				Setting aside its countercultural trappings, Engelbart’s view of the future of computing in the sixties ran directly counter to the precepts of the mainstream of the computing business. The era was dominated by a belief that artificial intelligence was at hand and would soon create a world populated by thinking machines. Engelbart’s notion of creating work groups where human intelligence was instead “augmented” by computers was thought of as quaint and beside the point. It might be suited for the office, or it could improve the skills of a secretary, but it certainly could not be considered real computer “science.”

				Indeed, Engelbart’s augmentation philosophy was in many ways the polar opposite of the ideal of artificial intelligence, which sought to replace humans with machines. AI was in fashion both elsewhere in SRI and on the other side of the Stanford campus, where John McCarthy, a brilliant mathematician and computer-science researcher who had come from MIT, was busy creating his own research center, the Stanford Artificial Intelligence Laboratory. SAIL, as it came to be known, served as a second source for the ideas, people, and technology that were to come together beginning in 1970 at Xerox PARC. Yet though SAIL and Augment were philosophically opposed, the labs shared a computer hacker culture and deeply antiauthoritarian outlook. Funded by the Pentagon’s Advanced Research Projects Agency, at the height of its most creative and unconstrained period, SAIL served as a home to many of the most inventive minds in the computing world. SAIL was as unconventional as it was innovative. Researchers lived in the attic above their offices, encounter groups met in the steam tunnels in the basement, and from that tumult emerged the technological insights that would help reshape both Silicon Valley and the entire world during the next decade.

				At dinner with Engelbart, I realized that, in spite of reading widely about the history of Silicon Valley and computing, I wasn’t familiar with the stories being told that evening. What struck me was that the tales weren’t about the technologies but rather about the lives of the researchers themselves, their personal relationships, the drugs they took, the sex they enjoyed, the rock and roll they listened to, and the political protest in which they took part.

				I’ve attempted to set down some of that history before it is lost. The stories collected in this book set out to explore the brief period in a turbulent place that gave the world personal computing.

				San Francisco
December 2004

			

		

	
		
			
			
				1| THE PROPHET AND THE TRUE BELIEVERS

			

			
				In February of 1960, two young California engineers boarded a plane on their way to an annual electronics technical meeting in Philadelphia. The International Circuits Conference had until recently been focused on the world of radio, but that was changing as electronic systems began to find their way into a broader range of consumer, business, and military equipment.

				It was, of course, a time of great hope. John Kennedy was campaigning for the presidency. California, caught in the throes of the post–World War II economic boom, was seen as the Promised Land. Santa Clara County, in particular, long before it became Silicon Valley, was known as the Valley of Heart’s Delight, a term coined by the San Jose Chamber of Commerce to promote the region during the 1920s. In 1922, the county had eighty thousand acres of plum orchards, but by 1960 they and local cow pastures were giving way to tract homes for the waves of engineers and scientists who were arriving in the area. Sputnik had shocked the nation out of its complacency, and Santa Clara County was quickly becoming an important aerospace and technology center.

				Despite the overall climate of optimism, it was a troubling time for both engineers, for in recent years they had been working at the Stanford Research Institute on research that now seemed to have rapidly diminishing prospects. The project, led by one of the young men, Hewitt Crane, explored developing magnetic solid-state circuits.

				
				The idea of magnetic computing had been attractive to the project’s military backers, concerned that warfare would increasingly move off the planet and into space, where the bulky and unreliable vacuum tubes then in use would be inappropriate. The hunt was on for a new generation of electronic switches that could be squeezed into the cockpits of rocket ships bound for the moon or the nose cones of the ballistic missiles aimed at the Soviet Union. But the previous year both Texas Instruments and Fairchild Semiconductor had perfected new techniques for etching transistors directly onto wafers of silicon and churning them out as easily as if they were photographic prints, an innovation that had seriously tarnished the prospects of the SRI effort.

				Hew Crane had a remarkably curious and fertile mind and had been one of the first men to program and design computers. As a graduate student at Columbia University in the late 1940s, he had taken a night job programming IBM’s Selective Sequence Electronic Calculator, a room-sized machine that had been installed in the company’s Madison Avenue offices in New York City, where it was visible from the street, a powerful symbol of the company’s high-tech panache. Composed of thirteen thousand mechanical relays, the SSEC, which could perform a lumbering twenty-five instructions per second (today an Intel Pentium microprocessor will easily surpass three billion instructions in the same second), was a computing machine that straddled the divide between calculators and modern computers. It didn’t have a memory in the modern sense, and programs were entered via punched paper tape.

				The skills Crane developed on the SSEC later proved useful when he was hired to work on a new computer being built by the legendary mathematician John Von Neumann at the Institute for Advanced Study in Princeton. Frustrated with the slow speed of getting data into and out of his machine, Von Neumann had persuaded IBM’s founder, Tom Watson Sr., to donate a punch-card reader to help speed up the process. Since he was one of the few people who knew how card readers worked, Crane was enlisted in the project.

				In Princeton, he was witness to one of the world’s first artificial light shows when, late at night, he sat and watched the Johniac’s one hundred thousand neon tubes dance on and off in rhythmic patterns. Before long, he learned to recognize which programs were running by watching the hypnotic sequences. The Johniac was one of the first computers to use a new type of storage known as magnetic-core memory. Shaped like tiny LifeSavers, each magnetic ring in its memory bank could store a one or a zero, and the technology came to dominate the world of computing for the next two decades.

				After the Johniac project ended in 1955, Crane moved several miles down the road, where he continued to work on magnetic storage technology at Sarnoff Laboratories. He invented a quirky memory called a Multi-Aperture Device (MAD), which was capable of storing more than a single bit of information. He also began to muse about the possibility of building computers out of wires and magnets. It was an obvious train of thought, because the computers of that era could run for only an hour or so at a time before one of their tube-based switches failed.

				His magnetic explorations were delayed, however, by an urgent call from Stanford Research Institute, inviting him to come west to help debug a new data processor that the research group’s “whiz kids” were building for the Bank of America. In 1950, when the company had first approached SRI with the idea of automated check processing, it was customary for banks to close their doors at 2:00

				P.M. every day so that armies of bookkeepers could manually process and update the day’s accounts. In the midst of the postwar economic boom, Bank of America was adding twenty-three thousand accounts each month, and its check-processing system was groaning under the load. Now, five years later, the bank was getting edgy about whether the engineers could actually succeed in building a working machine capable of automatically handling its checks.

				
				Since Crane had already been through the design of two major computing systems, he was considered a seasoned expert. He moved to California and for the next year spent virtually every day and night on his knees on the floor poring over the blueprints of the circuits for ERMA, which stood for Electronic Recording Machine Accounting.

				After he completed his work on ERMA, Crane looked around for an interesting project, and his attention returned to the field of magnetics. The work in that area was fun, but everyone in the SRI group could see the writing on the wall: Magnetic computers simply weren’t fast enough to meet the demands of the coming data-processing era. Still, Crane had found the challenge intellectually stimulating, and his MADs ultimately made their way into several commercial and military systems, including the New York City subway system, where they are still functioning nearly five decades later.

				In the winter of 1960, Crane’s group was working on a magnetic shift register, one of the key components of a computer. The previous year, he had introduced the idea of an all-magnetic computer at an industry technical conference and now was planning to deliver a report on the group’s work at the Philadelphia meeting. His traveling companion, Douglas Engelbart, was a member of Crane’s small team of engineers that was exploring magnetic storage and magnetic computing systems. The two men frequently socialized and were both devotees of Greek folk dancing, which they performed in their homes on the Midpeninsula.

				Yet Engelbart presented special managerial headaches for Crane. A dreamy engineer with a mind of his own, Doug Engelbart was not an easy person to control. He had joined the group in 1957, and though he recognized that he had to earn his keep by working on SRI projects, he had arrived with his own agenda: a scheme for building a machine to “augment” human intelligence. It was not a popular idea, and one of the people he had interviewed with when he applied for a job at the institute had warned him to keep quiet about it. If the think tank discovered what he was planning, the interviewer said, it would never hire him.

				Doug Engelbart had always understood he was a bit different. He had grown up on a farm in Portland, Oregon, without a father during his teenage years, in a family that was barely able to get by. He was aware early on that he could be oblivious to some basic social insights that were immediately obvious to most people. One day in his senior year of high school, he was sitting in class when he happened to look down the aisle at a row of his schoolmates. He was struck by the fact that his only pair of shoes were the old and battered high tops he was wearing. As he looked at the other students’ carefully polished shoes, he also realized that his were the only ones that had milk stains and cow shit on them.1

				Being a bit eccentric, however, was not considered a liability within the nerdy world of 1950s engineers. Engelbart quickly became a valuable member of the SRI magnetics laboratory, contributing a number of his own ideas and receiving a series of patents for his work. Still, there was no denying that Engelbart was quirky and from the outset was a handful. He had his own vision, and little else mattered. At one point, Crane threw up his hands and ended up going from one manager at SRI to another looking for help in coping with him. No one had much useful advice to offer, and so one day Crane finally walked into the office of one of the research center’s top managers and said, “Jerry, I know you well enough. I have two things to say, and it will only take sixty seconds. Point number one is that you have to choose. You either have to risk it on this guy or you have to fire him. The second thing I have to say is that this is the brightest guy I have ever worked with.” He then said good-bye and turned around and walked out the door.

				Engelbart survived.

				Moreover, he remained passionate about his ideas in a way that few men manage to be in the course of doing their jobs. He had been fortunate to stumble upon the defining purpose in his life more than a decade earlier while he had been waiting out the formal end of World War II, in the Philippines. He had been trained as a navy radar technician in 1944, and as his boat backed out of its berth on the San Francisco waterfront in August of 1945, headed for the Pacific, he stood on deck waving good-bye. Suddenly there was a burst of whistles, firecrackers, and cheers from the shoreline, and the sailors gathered on deck turned and asked one another if they did this for every ship that left port. Then the ship’s PA speaker announced that the Japanese had surrendered—it was V-J Day!2 Engelbart had been struggling with his fears about combat, but now they vanished. On deck the shouts rang out, “Turn around! Turn around!”

				Thirty-eight days later, the ship dropped the technicians off on the island of Samar in the Philippines. Although everyone was tremendously relieved that the war was over, it was to be a full, monotonous year before Engelbart returned to California. He amused himself during these long days by watching the towering, tropical cloud formations. The tops of the clouds would be bathed in white light and would pass through the spectrum of colors to their base, where they were dark purple. Engelbart frequently found himself stopped in his tracks with his head back, gazing at the sky. In the evenings, he made a habit of walking down to the gate of his base and asking the shore-patrol soldiers if he could go out and sit on the seawall and watch the sunset.3

				During his stay, he was relocated with another group of sailors to the neighboring island of Laiti, where he stumbled across a Red Cross reading library in a native hut set on stilts, complete with a thatched roof and plentiful bamboo.

				It was in that library that he found what would become his calling. On the bookshelves he discovered a pile of magazines, and while reading an issue of Life he came across a description of an article that had appeared in the Atlantic Monthly in July of 1945.4 It contained a proposal by the physicist Vannevar Bush for the creation of a machine that could track and retrieve vast volumes of information. As director of the Pentagon’s Office of Scientific Research and Development, Bush had overseen science and engineering during the war. Now he speculated on the application of these fields to the deluge of data that was threatening to overwhelm researchers.

				The piece was a Popular Mechanics–style vision of tools for the scientist of the future, but toward its conclusion Bush briefly outlined his concept for a machine that startled Engelbart:

				
					Consider a future device for individual use, which is a sort of mechanized private file and library. It needs a name, and, to coin one at random, “Memex” will do. A Memex is a device in which an individual stores all his books, records, and communications, and which is mechanized so that it may be consulted with exceeding speed and flexibility. It is an enlarged intimate supplement to his memory.5

				

				The idea of a device that could extend the power of the human mind left Engelbart awestruck, and he wandered around for days afterward telling people what he had read. But Bush’s Memex vision was not the only idea that he came across on the beach in the Philippines. He also found an essay written by William James titled “What Makes a Life Significant,” which also made a lasting impression. It may, in fact, have left a mark as enduring as Memex, inspiring the young man to pursue a head-down, dogged commitment to his goal.

				When Engelbart returned to the United States after a year he went to Corvallis, Oregon, to finish the studies he had begun before joining the navy, obtaining his degree in electrical engineering at Oregon State University, graduating in 1948. Out of school, he was recruited to work at the Ames Research Center in Mountain View, California. The center was part of the National Advisory Committee for Aeronautics, or NACA, the forerunner to NASA. There, he served as an electrical engineer in the electrical section, a service and support group. The department was responsible for maintenance of the center’s giant wind tunnels as well as for creating specialized electronic gadgets. The job didn’t evoke any special enthusiasm in Engelbart, but it exposed him to a number of new technologies and intriguing ideas.

				Engelbart remained a bookworm, and he soon gravitated to Stanford’s vast libraries. They were wonderful places for someone who was shy, and he roamed through the stacks after work. This was not, however, a great way to meet women or socialize, and after several years he was still very much a lone engineer and a bachelor.

				One day, a colleague suggested that one way he could meet girls was to go folk dancing. Engelbart initially resisted, as the idea seemed silly to him. But his friend insisted, and eventually he was persuaded to attend an intermediate folk-dancing class at the Palo Alto Community Center. After briefly watching the lively scene, he plunged in, dancing with everyone. It was not long afterward that he met his wife-to-be, Ballard, at one of the classes.

				Getting engaged precipitated a deep crisis for Doug Engelbart. The day he proposed, he was driving to work, feeling excited, when it suddenly struck him that he really had no idea what he was going to do with the rest of his life. He stopped the car and pulled over and thought for a while.

				He was dumbstruck to realize that there was nothing that he was working on that was even vaguely exciting. He liked his colleagues, and Ames was in general a good place to work, but nothing there captured his spirit.

				It was December 1950, and he was twenty-five years old. By the time he arrived at work, he realized that he was on the verge of accomplishing everything that he had set out to accomplish in his life, and it embarrassed him. “My God, this is ridiculous, no goals,” he said to himself.6

				That night when he went home, he began thinking systematically about finding an idea that would enable him to make a significant contribution in the world. He considered general approaches, from medicine to studying sociology or economics, but nothing resonated. Then, within an hour, he was struck in a series of connected flashes of insight by a vision of how people could cope with the challenges of complexity and urgency that faced all human endeavors. He decided that if he could create something to improve the human capability to deal with those challenges, he would have accomplished something fundamental.

				In a single stroke, Engelbart experienced a complete vision of the information age. He saw himself sitting in front of a large computer screen full of different symbols. (Later, it occurred to him that the idea of the screen probably came into his mind as a result of his experience with the radar consoles he had worked on in the navy.) He would create a workstation for organizing all of the information and communications needed for any given project. In his mind, he saw streams of characters moving on the display. Although nothing of the sort existed, it seemed the engineering should be easy to do and that the machine could be harnessed with levers, knobs, or switches. It was nothing less than Vannevar Bush’s Memex, translated into the world of electronic computing.

				In order to create such a machine, he realized that he would need to learn more about computing, which led him to think again about the William James essay he had read in the Philippines. Every project has a first step, he remembered. And the first step in this case was to write to graduate schools. He was accepted at both Stanford and at the University of California at Berkeley, but after learning that Stanford offered nothing special in computing, he immediately enrolled in Berkeley when he discovered that a professor there was beginning to build an early computer.

				School was a hectic period during which the Engelbarts had three children and the young researcher explored some esoteric ideas for gas-based computing devices, leading to his doctorate. Afterward, he taught for another year as an assistant professor at Berkeley, but the demands of teaching proved all-consuming, and it soon became clear that he would not be able to pursue his Augment vision at a university. He explored working for several corporate research laboratories, but none seemed a perfect match. In his interviews, he couldn’t find anyone who shared his passion. General Electric Research Labs tried to hire him, but when he broached the idea of digital computing, he came up against a stone wall.

				He contacted Hewlett-Packard, which was then a successful manufacturer of test equipment and analog oscilloscopes in a small Palo Alto factory. Barney Oliver, the company’s director of research, considered some of Engelbart’s technology ideas, and after deciding that HP might be able to harness them for its products, introduced him to both Hewlett and Packard. Bill Hewlett tried to sell him on the idea of coming to work for the test equipment maker, while after speaking with him Dave Packard suggested that the company simply hire him and pay him a royalty for any of his inventions that it decided to use.

				“Everything you can disclose in the first six months of your employ, whether you think about it during that time, or brought it in, is yours, and everything after that is ours,” said Packard.

				The idea appealed to Engelbart as a simple and fair solution. “Sold,” he said.

				He was preparing to go to work at HP when, while driving home several nights later, it occurred to him that he hadn’t asked the company’s managers whether they planned to enter the market for digital computers. He had naturally taken it for granted that their instrumentation business would take them in that direction.

				He pulled over, found a phone booth, and immediately called Oliver. It was a short and disappointing conversation.

				“I am assuming you are going to go into digital technology, aren’t you?” he asked.

				The research director replied that the company had no such plans.

				“Well, I should have found that out earlier, and I’m sorry to take your time,” a crestfallen Engelbart said, “because I just can’t then go ahead.”7

				Gradually, Engelbart came to the conclusion that he was going to have to do it himself. He made the acquaintance of two wealthy young San Francisco brothers, whose family owned a successful store in the city. They seemed intrigued with his idea of using gas-discharge components for computing or possibly as display devices. He also met a patent attorney who told him he had a “fond place in his heart for two kinds of people: ministers and college professors,”8 and that he would be interested in helping him. Engelbart finally created his company, Digital Techniques, in the summer of 1956.

				The enterprise didn’t last long. Engelbart’s investors hired Stanford Research Institute to prepare a report on the technology, and it came back pessimistic. For a time, the business tried to soldier on, making a go of it with commercial ideas like outdoor electronic displays. Then one morning Engelbart woke up and realized he simply couldn’t shake his original vision of building a machine to augment human intelligence. He called his three partners and told them he was backing out of the company. They drove over to his house, and everyone sat around the kitchen table feeling bad, but his mind was made up.

				He approached Stanford University about a teaching position in computing again, but the school had not yet instituted a computer-science program and still saw computing as a service function rather than an academic discipline. Engelbart received a terse note thanking him for his interest, and he returned to the idea of finding a research laboratory where he might be able to sell his vision. That led him back to Stanford Research Institute. He had since come to the conclusion that, if he paid his dues by working on electrical engineering research projects at the center, he might earn the freedom to fund his own project. Three months later, he was hired as an electrical engineer.

				Stanford had created the institute as an interdisciplinary research center shortly after World War II on the grounds of what had once been the Hopkins estate, an early mansion in Menlo Park. During the war, the land had been occupied by the U.S. Army, which had built a hospital there in anticipation of a wave of wounded soldiers from the planned invasion of Japan. By the mid-fifties, SRI was still housed in its scattered Quonset huts and temporary buildings. The think tank was a collection of young engineers and Ph.D.s, most in their twenties, all eager to build careers and develop skills. Although the new world of digital systems was already on the horizon, analog versus digital computing was still a hotly debated topic. In the wake of the Bank of America ERMA project, SRI research efforts had spread out in a variety of directions, including computer logic, magnetic storage, and artificial intelligence. It was an environment in which a new idea would get others excited, and though Engelbart was at heart a loner, he thrived in it, not only developing concepts that extended the field of magnetic storage but discovering the fundamental principle underlying all of modern microelectronics.9

				 

				Much of what we take for granted in the modern world is the direct consequence of an industrial process known as photolithography, which is used to make silicon chips. The transistors, wires, resistors, capacitors, and other components of an integrated circuit are etched onto a thin silicon wafer using various
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