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Chapter 1
Discovering Fire


For the second time in human history, we are on the verge of a great leap forward in health, personal freedom, and productivity, and networks are the reason. Not because the technology is amazing — which it is — but because the networks are changing organizations based on layers of power, replacing them with flatter communities based on collective intelligence and an open exchange of real-time experience. We are talking directly to each other in a connected world. 

Twenty-five thousand years ago cavemen suddenly began living longer, healthier, and more productive lives. With the help of a new generation of elders, families learned to see themselves as part of a larger community. They began to raise food together, hunt in packs, and trust each other in good times and bad. After two million years of failed variations, Homo sapiens became the new model of modern man. Today, networks are similarly connecting us in larger, flatter information collectives, and research now suggests that those are smarter, more competitive, and more articulate than the old hierarchical models. 

Networks are shifting power from a bureaucracy of the few to a noisy community of the many. Mandates and executive decisions are out; committees, marches, swarms, strikes, and insurrections are in, and authority is the weakest form of authority. Groups are bringing more diverse resources to the task, keeping in mind more aspects of the problem, and better engaging the imagination, loyalty, and enthusiasm of the participants. And they are making better decisions than individuals. Everyone knows what anyone knows, flash mobs storm the town square, and new ways to live and work together are rising all around us. 

Networks are also changing the nature of the information we share. On social media, forums, blogs, and guerrilla television, we are sending and receiving faster, more accurate, and more emotional messages. We are no longer preserving scientific and religious “truth” on illuminated pages, treasured for a thousand years. We are no longer exchanging chunks of established, authoritative “knowledge,” footnoted to the printed text. We are much more likely to be sharing experiences in real time. We are starting to think together. But without moderators to fact check and authenticate the dialogue, these new channels get polluted with false information and propaganda. Participants are manipulated and private information is exploited. In a freer, more caring, more interesting world, it is harder to tell who we are and where we belong. For some this is a feeling of freedom, for others it is a feeling of being lost. 

We are at the beginning of a great transformation.

This idea that a worldwide network might one day lead to a new global consciousness was first suggested a hundred years ago by a young priest serving as a stretcher-bearer on the Western Front, and the language of his notebook entry was indistinguishable from madness:

From day to day the human mass is... building itself up; it is weaving around the globe a network of organizations, of communication, and of thought... Through us, the earth is engaged in adding to its lithosphere, its atmosphere, its biosphere, and its other layers one more envelope — the last and most remarkable of all. This is the thinking zone, the ‘Noösphere.’ Is the world not in the process of becoming more vast, more close, more dazzling than Jehovah? Will it not burst our religion asunder, and eclipse our God?1 — Pierre Teilhard de Chardin, The Phenomenon of Man (written in 1915 and published after his death in 1955)

Pierre Teilhard de Chardin [1881-1955]

August 1915: The Bosche artillery had started booming again as it did every night, sending shells whistling toward Allied positions that zigzagged from Dunkirk on the English Channel south into the Belgian countryside. Night after night, the men of the 8th Moroccan Regiment climbed out of the muddy trenches and threw their bodies against the wire, dying in the crossfire of the new German machine guns massed against them in the fog. Then, with the enemy on three sides, firing down on them from an elevated position, they saw a green cloud of chlorine gas rolling slowly toward them across the killing field. 

Later, in the pre-dawn silence, a young man stepped around the blackened bodies of the dead waiting to be trucked back to the rear, names pinned to their crusty tunics, the watery, rose-red mix of heaved-up blood and spittle still drying around the mouth and nose. He was a French Jesuit priest serving as a stretcher-bearer, a scientist by training, and a mystic at heart, known to the Muslim soldiers of his regiment as Sidi Marabout, the holy man, the magician who held them in their agony and whispered them down into death. And he was strange. After a battle, it was his habit to sit alone in the low wind and the stink of blood and gunpowder, writing in his journal thoughts so heretical that the Church forbade their publication during his lifetime. 

Pierre Teilhard de Chardin was not thinking about a worldwide network. He was thinking about a worldwide consciousness. He imagined that if we could share our thoughts and prayers with each other we might understand each other better, dream together, and together be capable of ideas that could change the future of our species.

Teilhard was the son of a scientist father and a deeply religious mother, and he spent his life trying to resolve the conflict between those two worlds. A Jesuit trained in paleontology, he was moved by the experience of war to think about man’s relationship with the eternal and, as all soldiers do, about the deep communion that forms among men at the edge of death. 

He had grown up collecting insects and rock samples with his father, and everywhere he looked he saw the beauty of the natural world. He came to believe that evolution must be a testament to some Divine plan, “a consciousness gradually waking by way of countless fumblings.” Man’s miraculous rise from the primordial swamp, he thought, would continue. Evolution was not just the past, it was also the future, and he set out to see where that might lead. 

In the years that followed the war, he rose to become a world expert on the primitive origins of man and, as a religious thinker continuing to write in his journal, he became one of the important philosophical voices of the century. But the Church opposed his ideas on evolution and he was in trouble all his life. In 1923, after repeatedly offending the ultraconservatives in Rome, he was censored, relieved of his teaching post, and sent to China for the next twenty years to study bones. 

But he kept on. Again and again, he crossed the boundaries set by the Church until he was finally forbidden to teach or publish anything, settling into obedient silence. But supported and encouraged by close friends and colleagues, he continued secretly to develop the great idea of his life:

Man is evolving toward a new state of being in which we will all share our lives through love and become superhumans, joined in a single worldwide network he called the noösphere, “stretched like a film over the lustrous surface of the star which holds us.”2 

He saw that the network might enable men to one day share not only their knowledge but their thoughts, exchanging their opinions, their questions, and the selfless fragments of experience that lead to science. Later, living in exile at the edge of the Gobi Desert and corresponding with his old friends through letters, notes, and unpublished essays, Teilhard imagined that someday we would all be able to commune with each other around the world in the same way — beyond the physical limitations of our fragile selves, with love and respect, mind to mind. And he thought the glow of knowledge and fellowship would someday rise around the world, a divine aura that embraced each in all, all in each. 

In 1929, he was part of a small expedition to a cave system near Beijing. There, in the last days of their scheduled work, they found the first of several human skulls which Teilhard was able to date to approximately 700,000 years ago. Homo erectus, or Peking Man as the discovery became known, was clear evidence of man’s first direct ancestor, and Teilhard was there at the beginning, a key part of the understanding and reconstruction of man’s earliest origins. As much as any scientist of his day, he helped prove Darwin’s theory that man had evolved from an earlier ape-like species. 

Peking Man’s predecessor, Homo habilis, had been a small chimpanzee-like creature living in Africa, able to make and employ stone tools but unable to speak or plan. Then about two million years ago a new species, Homo erectus, rose on two legs and, with an enlarged brain capable of speech, became the first creature to use fire, the first to hunt in groups and care for the weak, the first to leave Africa and migrate across the Eurasian steppes. The evolution of man had not come about through gradual changes in physical capability. It had always advanced with the unheralded emergence of a new model, a few individuals at a time, competing with the old and then driving the old into extinction. And so it was between H. habilis and H. erectus. Habilis co-existed, struggled, and finally failed, and for the next million years, H. erectus was man’s most successful ancestor. Then H. erectus, in turn, gave way to the emerging Neanderthals who were stronger, had better eyesight, were able to bring down larger prey, cook their food, and murder each other. Then the Neanderthals gave way to Homo sapiens. 

A New Species

The most provocative aspect of Teilhard’s vision was his idea that this evolution was not just the past, it was also the future. He thought society was evolving toward a level of worldwide communication that, like the appearance of abstract thinking among the Neanderthals, would redefine the behavior of our society. A network might give birth to a model of man so new it deserved to be thought of as a different species.

This evolution offered Teilhard a way to resolve the conflict between science and religion. He wrote that the process of moving from simple to complex organisms was not random mutation and selection of the fittest, but some kind of internal attraction among the molecules of the world by which men would be drawn instinctively to accept one another in a “joyful unity.” As we rise along the evolutionary ladder, he wrote, we will converge. As we communicate across the noösphere, as we see each other truly and accept our differences in science and religious thought, then will human beings evolve again.

Teilhard wrote that man was on the verge of a new species — let’s call him Homo colloquium — characterized by shared consciousness and drawn together by a deeper understanding of each other in the same way that atoms are drawn together to create molecules. Homo sapiens had triumphed over the Neanderthals through a capacity for abstract thought, and Teilhard believed that the next species would triumph over ours by employing collective intelligence, sharing information, and caring for each other to the point where communities begin to think and act as one. 

The downside of writing alone for twenty years is that you don’t get the questions, the criticisms, and the challenges to your thinking that are so helpful in the happy fever of writing them down. Teilhard would have benefitted greatly from that. One idea blurs into another; theories shift across his books making it more difficult for us to know which variation comes closest to expressing his true belief. His irrational optimism and religious zeal twist his line of thinking, making it harder for the non-religious reader to hang on to the core idea. But from this great distance, we can see that he brought our hopes for the human race into a new light. 

He was not predicting technology. He was recognizing that the long history of man had taken him beyond tool making, speech, hunting with his friends, and feeding his family. Man was now moving into a world where information had become the primary plane of existence. Discovery, imagination, and understanding each other better were now the essential human activities. In the future, he wrote, we will not only live together, we will think together. 

A Mystical Vision

It is perhaps ironic that a man torn from his native country, isolated and silenced by his own church, and destined by his profession to live among the bones of his ancestors in the empty caves and deserts of the world, should give us the boldest vision ever of men living together in such an intimate new community. Ironic that a man so steeped in the dusty past should see so clearly into the future.

In the years between the discovery of Peking Man and the onset of the Second World War, Teilhard traveled, participating in many of the important developments in his field. He went on expeditions in Africa, India, Burma, and Java, toured the United States, and made occasional visits back to France where he spoke about his research to small groups. He was honored as a scientist but held under continued restriction by the Church. None of his new books or essays could be published, and those that had come out before the ruling were now banned from all Catholic libraries and bookstores. When Boston College invited him to accept an honorary degree, he arrived to find the Church had ordered the Jesuit school to rescind the honor. And as the Second World War broke out across Europe, he returned to China at the age of 60, to his little lab, and to his writing.

In 1950, Teilhard de Chardin was named to the French Academy of Science, the highest accolade his country could offer, and yet the Church refused to permit him to attend the International Congress of Paleontology, the ultimate gathering of friends and colleagues who had brought love and meaning to his life. In his last years, he moved into the residence of the Jesuit Church of St. Ignatius Loyola in New York, and there he died of a heart attack in 1955 at the age of 74, never knowing whether his thoughts would be shared with others.

Connection: More than anyone, Teilhard gave us a vision of man connected in real time with others around the world, sharing ideas and experiences in a way that would draw us together and make us more powerful as a species. In 1915, when only one in five households in the developed world even had a telephone, he could not have imagined the technology that would make this possible. Nor was the evolution of that network clear to others at any point. As we shall see, it just grew.

Community: Neither could he have foreseen how this network would shift the organization of groups from hierarchies to collectives, from the primitive ziggurats of emperors and warlords and priests where the organization held ultimate power, to a flatter world where individuals were free to share their lives directly with each other, up, down, and everywhere in private. In Teilhard’s day, information was passed up the chain of command where it was gathered, selected, adjusted, and then redistributed back down to the people. Decisions followed the information, power followed the decisions, and wealth followed power. But a hundred years later, with information flying out in all directions, all that is up for grabs.

Most of all, he could not have imagined how a worldwide noösphere would change the way individuals think about their own identity, about membership in a tribe, a community, or a nation, and about the balance between individual freedom and social order. 

Today’s world is being shaped by networks. In the realm of war, non-state actors coordinate their forces online to strike from the shadows anywhere they wish. In the last fifty years the most efficient and destructive armies have not been top-down hierarchies but loosely coordinated coalitions operating in peer-to-peer networks that cannot be decapitated. Without uniforms or flags, without conventional supply lines, and with very low administrative overhead, they slip undetected back and forth across old borders, faster, smarter, and more lethal than the armies of the twentieth century still marching around in the dust. 

More ominously, the events surrounding Russia’s invasion of Ukraine in 2022 demonstrate that coordinated non-military attacks by a network of banks, governments, airlines, energy companies, technology suppliers, and even sports teams can now isolate and destroy the economies of even the largest nations, effectively expelling them from the international community. The first great blow struck against Russia was not to charge across their border or bomb them from the air but to throw them off a network (SWIFT). The age of traditional armies may be drawing to a close. 

In the realm of business, global corporations with superior networks have become the new empires, as powerful as any government. They roam the world, dodging the taxes and regulations of unfriendly administrations. The ideas of citizenship and patriotism have been shaken as national borders fade into irrelevance. 

Living together in a worldwide network, individuals are now free to join or leave their native group, to raise or topple governments, change the culture, brush religious beliefs aside, form new knowledge communities, and strike out into the world with new languages, new values, and new gods. 

Consciousness: But of all the futures Teilhard could imagine, squatting there in the blood and smoke of war, the vision that most captured his imagination was a worldwide network that would bring people of all nations together, sharing information and “spirits.” He saw a world connected into a single consciousness, even though he couldn’t imagine how it would be done. He thought that when all men had equal access to information there might arise a different, less violent model of society, more like the small collegial world of scientists in which he lived. And he hoped that such a network would allow scientists the freedom to explore new ideas, even those in conflict with the institutions that ruled his life. There might be a new balance of power between social order and freedom of the individual. 

After Teilhard had been banished to ecclesiastic oblivion, after his notebooks had been forgotten, after he died unnoticed in a New York retirement home and few if any could even remember what the old Frenchman was talking about, the idea that we might all be connected somehow in a future community of thought seemed to stumble forward in the writings of a few dreamers, each, like Teilhard, imagining a new world. Here is how we can build it. Here are some changes in our social behavior that could work. Here are some rules for thinking together that will help. They listened to each other, they traded ideas across time like old friends, and one by one they appeared among us, pointing the way. And then seventy years ago, in labs in Boston and San Francisco, funded by the Department of Defense of all people, the network Teilhard had been talking about started to wiggle up into view.


 




Chapter 2
The Network Comes to Life


At the outbreak of World War II, Grace Hopper was too skinny to enlist in the Navy and as a woman of 34, too old. But she appealed the ruling and after being commissioned in 1944, with her youth and marriage behind her, the brilliant young Vassar professor was assigned to a “math” project in Boston. There Howard Aiken was building the Mark I computer, the first sequence-controlled analytical calculator. 

Grace Hopper [1906-1992]

The idea for a calculating machine was first proposed in 1642 by the child prodigy and mathematician Blaise Pascal. It was a simple odometer capable of adding numbers together, but the future was clear, he said. “The arithmetical machine produces effects which come closer to thought than anything.”3 In 1826, Charles Babbage and Ada Lovelace designed the first analytical engine, and in 1842 they drew up plans for an even more powerful machine. But the metalworkers of the time could not build such an intricate device, and the idea languished for another hundred years.

In 1939, inspired by Babbage and funded by IBM, then a typewriter company, Howard Aiken, a post-graduate student at Harvard, designed and built the first computer, and when America entered the war in 1941, he and his machine were quickly conscripted into the Navy. It worked, and faced with demands for more and more engineering calculations, Aiken needed someone to set the machine up for each problem it was to solve. But when Hopper joined the team she did far more than that. More than anyone in the history of computing, she and her computer took the first steps toward a man/machine relationship that over the next three decades would become the essential foundation for a worldwide network. 

Hopper’s skills with language were legendary. In order to finish her Ph.D. at Yale, she taught herself German from a bi-lingual math book, and she could later write on the blackboard in German with her left hand then switch and continue writing with her right hand in French. In her first meeting with Aiken, he pointed to the machine — the first of its kind in existence — and told her to learn how to program it and develop the interpolation coefficients for the arctangent series by next week. She later called her early days with the Mark I “great fun.”4

As the principal programmer of the new machine, Hopper’s job was to break down a given mathematical problem into a series of finite steps, set those functions up in the switches and dials of the computer, and supervise a small team of Navy mathematicians who operated and maintained the complicated mechanism. It could do three things: add two numbers, subtract one number from the other, and determine whether one number was higher or lower than the other. Pick up data from one location, apply one of those three processes, store the result in another location, and go to the next step. Hopper ran the operations, organized the input data, supervised the coders, and directed the operators. In a surviving one-page description of the work breakdown for a typical problem, she described who was to do what and when, ending with the notation: “Computed, designed, coded, babied, nursed, pleaded with, and mothered by LT(jg) Grace Murray Hopper, USNR.”5

From 1944 to 1949, the work flowing through the Harvard Computation Lab involved most of the advanced technologies of the war, including calculations for guided missiles, radar, experimental aircraft, and a secret project going on in the desert out in Los Alamos, New Mexico. Building a fire control table for a new five-inch gun, for example, took sixty hours of uninterrupted Mark I machine time. Harvard folklore says that the vacuum tubes in early versions of the Mark I created so much heat that while it was running the operators had to keep all the windows open and work in their shorts. It was normal for Hopper and her crew to be on the job for two or three days in a row, catching naps at their desks. Aiken seemed never to leave the building at all except each day, promptly at noon, when he walked a few blocks home to have lunch and two martinis with his mother. 

The challenge from the beginning was to find a way for fumble-fingered and impetuous humans who were good at conceptual thinking and semantic expression to communicate with a very precise and complicated machine — the apotheosis of spinning shafts, electric relays, vacuum tubes, and thousands of dials and switches. But while Hopper’s staff struggled to master the functions of the Mark I, Aiken was adding higher and more complex capabilities, tweaking the system and calling for new computing strategies. It was obvious that with the instruction set changing all the time, her staff could never catch up. They could never acquire the kind of deep competence that would be necessary if the full power of the computer was ever to be realized. 

As a person who naturally thought in multiple languages, she saw that an intermediate communications method was required, allowing mathematicians to state the task in human terms and specify the calculations using commands that did not change with every technical improvement. Then each successive generation of machines could interpret those commands according to its own new and more powerful capabilities. She called this a “programming language” and over the next few years, she developed Flowmatic, later known as COBOL, the forerunner of all programming languages today. 

Hopper’s language worked, and programming computers became a crucial part of a suddenly emerging industry. Like a true Navy captain speaking of his ship, Hopper had a habit of referring to the Mark I as “she,” and may have been the first to see a glimmer of something spiritual in the machine. In time, she developed ever more powerful and efficient ways to deliver its instructions. With her Navy colleagues and a generation of programmers trained by her, she lifted the massive, stammering, and temperamental apparatus out of its cradle in the basement of the Harvard physics lab and raised it among humans. 

Later, ascending slowly through the ranks of the postwar military, this still skinny, no-nonsense woman with blue eyes, thick glasses, and her bobbed hair tucked behind her ears, took charge of all programming for the Navy and led the way for the other services as well. A heavy smoker (Lucky Strikes) and always a heavy drinker (Manhattans), she was an administrator, an inventor, a teacher, and an evangelist, and in 1976 she began to entertain a very different idea about how large-scale computing might be done. 

And here was her second and most extraordinary insight: she was naturally averse to authoritarian hierarchies and suspected that if people could talk directly to each other, they might be more productive. Then she applied that insight to machines. As recalled by computer pioneer Russell McGee: 

 While all of this was going on, we began to hear stories out of the Pentagon about an approach to data processing and computing being fostered by my old acquaintance Grace Hopper. Large computers were going to be replaced by networks of small ones capable of communicating with one another and with common databases that might be hosted on computers of any size. Any user at any node could then communicate with any other user at any other node, provided he or she had the proper clearance and permission to do so.6 — My Adventures with Dwarfs (2003)

In a world where computers were designed as top-down processors, each step dictated by the actions of a higher entity, her vision was of a broad, egalitarian connection of processors, working together peer-to-peer, and sometimes acting on their own. It was a dream of the world to come. She thought it should be called a “network.”

Hopper continued to develop revolutionary programming strategies and techniques, and to set the standards for all the computer languages used by the Department of Defense in the ‘60s, ‘70s, and ‘80s, as one of the most highly respected leaders in a rapidly changing industry. She received the Defense Service Medal, the National Medal of Technology, and many other honors, including having an Arleigh Burke-class guided-missile destroyer named after her, and later a college at Yale. She was not just a pioneer in computer technology, she was a world-class groundbreaker for women in the military, an honor she bore with great humor. “I see that there aren’t many women here,” she often told her audience, “but I’ll go slow, and hopefully you will be able to keep up.”7 

 Hopper served in the Navy for a total of thirty-four years. She accepted mandatory retirement at the age of sixty in 1966, was called back to active duty in 1967, was retired again in 1971, was called back again in 1972, and after several special Acts of Congress was finally retired involuntarily in 1985 with the rank of Rear Admiral. She was 79. The retirement ceremony was held on the deck of the USS Constitution, the oldest and most precious ship in the Navy, anchored three miles from where the Mark I had first gone operational 40 years before. Admiral Hopper appeared wearing white gloves and carrying her beloved Navy-issue black handbag.

Within a few years, the whole idea of what could be done with computers began to change.

Douglas Engelbart [1925-2013]

A thousand people filed into the main ballroom at the Fall Joint Computer Conference in San Francisco. It was December 1968, and computer systems in those years meant punched-card batch processing and mainly numerical or scientific calculations. A big topic on the program was the potential for time-sharing, allowing multiple users to run programs on the same computer at the same time. Other papers announced new programming languages, better memory technology, and the latest scientific applications. But the title for this session stood out for its sheer otherworldliness and audacity: “A Research Center for Augmenting Human Intellect.” On the stage was a neat, middle-aged man in a short-sleeved white shirt and tie, sitting at a table facing a standard video terminal and a strange keyboard. Behind him rose a projection screen twenty-two feet high. In what would later be called “the Mother of All Demos,” he nodded awkwardly toward the audience and without introduction began a ninety-minute presentation that changed the computer world.8 

Doug Engelbart grew up poor in rural Oregon, and while a young Navy radar technician in the Philippines, read Vannevar Bush’s 1945 article “As We May Think,” which described the Memex, a hypothetical online electromechanical library of all knowledge.9 Engelbart never forgot it. 

Ten years later, he was an electrical engineer at the Stanford Research Institute in California, quietly diverting funds from other government-sponsored projects to bootstrap the development of this Memex idea. He wrote papers about a man/machine interface that would allow multiple users to tell the computer what to do and see the results in real time, and in 1961 he created his own lab to pursue what he called the “Augmentation Framework.” He said computer networks could be used to exchange thoughts.

By 1967, Engelbart had accumulated enough Department of Defense funding to put his prototype up on a time-shared computer so others in the lab could access the Augment machine. But pushing the boundaries of human intelligence was a concept too abstract for people to support, and he decided he had to somehow make it real. Sneaking more money out of research and into the prototype, he bet everything on a demo to show the whole computer world what he was trying to do. 

It was not at all clear at the time what the role of computer technology should be. Lewis Mumford, a widely respected culture critic, wrote that the computer was a threat to individual freedom. Like science fiction writers and other contemporary pundits, he feared that engineers intended to build a giant brain that would rule the masses. And he was partly right. Corporations were heralding automation as a way to control many traditionally labor-intensive office jobs and procedures, eliminate costly errors, and reduce the need for clerical employees. Computers were the new engines of authority, imposing order and discipline on famously errant and unpredictable humans. Punched cards were appearing everywhere in our lives with the warning: “Do not fold, spindle, or mutilate.” 

The Augmentation Project

But Engelbart saw a very different future. Beyond Grace Hopper’s world of interconnected computers, he thought a more powerful network might enable the users to communicate directly with each other, share ideas, and expand the unique power of human intelligence into new realms. “My colleagues at SRI thought I was crazy,” he said later.

To them, hearing about people using computers to communicate through a network to collaborate was crazy talk. They laughed at me when I talked about word processing. Using computers for writing. Ha! Why would we need that? We have secretaries that do our typing for us.10 

The idea of “word processing” was radical enough for its time, but Engelbart’s demonstration that day went much, much further. 

On the giant screen behind him, the audience saw the first graphical user interface. Instead of the usual green text blinking against a black background, here was black text moving around on a paper-white screen along with graphs, drawings, and even live video inserts showing his colleagues back at the lab. In his hand, he had a small block of wood connected to a wire, and when he moved it around on the table a “tracking spot,” as he called it, moved around the screen, allowing him to hover over a word or a phrase and click on it to call up related information. He called the block of wood a “mouse.” 

He could select a word and edit it on the fly. He could type in messages and send them over a temporary microwave link back to his fellow researchers thirty miles away. He could click on an item and call up a new document linked to that item. As the audience watched, he searched for a memo in an online library of materials, edited it on the screen, and then saved the new version back in the library for later retrieval. He called up a video panel on the screen, side by side with the text, showing a colleague back at the lab as they chatted back and forth. None of this had ever been seen before.

The demo was made even more exciting by the addition of sound. Stewart Brand was then creating The Whole Earth Catalog, a hip compendium of new technology tools and resources that would become the bible of the computer revolution for the next decade. But Brand had taken time out to help his friend Engelbart jazz up the demo with the sound of keys tapping, motors whirring, and engineers breathing and muttering as they clicked and glided through each task. Of course, everything on the screen was being driven remotely by a dedicated mainframe computer back in the Stanford lab, and the ability to mix video and graphics was accomplished with established television techniques, not computer processing as we know it now. But Engelbart’s vision, so magically presented, sent the imagination of a generation leaping ahead into the future. 

When he was finished, the crowd rose in a standing ovation. Friends and fellow researchers rushed to the stage. The press hurried back to their typewriters and telephones, and for the rest of the conference, people talked of little else. One reporter said Engelbart was “dealing lightning with both hands.” Another called it the “Fantastic World of Tomorrow’s Computer.” This was a world in which man was technology’s master, not its servant, augmenting his intelligence with online access to an information library and collaborating in real time with colleagues miles away. It was a world of intellectual creativity and freedom, a world of people working in parallel with machines, thinking together. 

Department of Defense grants were increased, military and corporate customers trooped to Palo Alto to see how this new magic could be put to a profitable purpose, but Engelbart started to have problems keeping his young team focused. At the time, Stanford University was a magnet for a generation of bright and ambitious computer engineers, and Engelbart’s lab was a conspicuously crazy gathering place. Technicians, staffers, and barefoot hippies, including high school students Steve Jobs and Stephen Wozniak, were drifting unchecked in and out of the building day and night, camping out in the corridors, trying to catch available machine time. Hackers were smoking pot, sleeping under their desks, and naming their programs and projects after characters and places in Tolkien’s Lord of the Rings saga. The Grateful Dead were the hometown band, and encounter groups, anti-war demonstrations, and LSD parties were regular weekend fare. Haight Ashbury, the capital of America’s drug culture, was only thirty miles away in San Francisco, an hour up the coast by bus.11 

If the information revolution had begun in any other American city, the outcome might have been different. But San Francisco was, down to the bone, a city settled by risk-taking individuals who had tossed convention aside in their hunt for gold, by immigrants from Chile, China, and elsewhere who were coming out to the new frontier and betting everything they had on their ability to innovate and survive. If there was ever an American city that valued individual freedom over social order, this was it. And in this soil the new network technology took root.

While his corporate and government sponsors wanted more powerful computers to automate our lives, the young people building the technology were going in the opposite direction, seeking more personal freedom and less social integration. Their goal was to discover and promote the greatest fulfillment of the individual, not the community. According to John Markoff, whose book What the Dormouse Said chronicled Engelbart and his times, personal empowerment, not community solidarity, became the central theme of the information technology revolution from the ‘60s on. 

Engelbart’s father-knows-best, white-shirt-and-tie world was in danger of disintegrating into an undisciplined techno free-for-all, a bootstrap project simultaneously giving birth to a hundred more bootstrap projects. It wasn’t clear who was in charge, or what the program goals really were, and Engelbart began to worry. With his whole program at stake, he sent the team off to a commune in the mountains north of Taos, New Mexico, but he — older than the others, a loner, shy, fiercely committed to his own vision — stayed home. Without a leader, the problems with the organization metastasized.

When Xerox started the Palo Alto Research Center (PARC), an office automation lab a few miles away, Engelbart’s key people began to trickle out, and in 1971 the company offered to take over Engelbart’s Augment project with him as chief scientist, bringing it into the corporate fold. But Engelbart declined, unwilling to give up any control. He reorganized his project again, seeking still more ambitious ways to liberate the human intellect. He sank deeper into the human potential counterculture, became more committed to the movement, and imagined that his new network technology would change the world, one lab at a time. But a shiny new future was beckoning to his staff, and the great migration of people and money began. 

In 1974, the Department of Defense cut off Engelbart’s funding and he went back to Xerox, hoping to rekindle their interest in his lab. But by then they had all his best people, his innovative technology, and his ideas. He had nothing left to offer. 

I visited PARC myself in the late seventies. As an information technology consultant, I was asked by Xerox to look at several of their office automation projects and offer a critique. In Dallas, a research team had assembled an electric typewriter with interchangeable fonts, a four-line display screen, and an eight-inch floppy disc where text could be stored. They thought it would be a competitive replacement for the then ubiquitous IBM Selectric typewriter. 

At a skunkworks out near the Los Angeles airport, another team was struggling to improve the resolution of a small CRT display, hoping that they might soon be able to present proportional black type fonts against a white background. Elsewhere in a low-ceilinged conference room, a small group of engineers explained their idea for a cable connecting computers together with enough capacity to handle the transmission of document images. Ethernet, as they called it, could already send pages to laser printers stationed on each floor of the office, although it was impractical to consider sending the pages to a printer across the street. They wanted to know if such a network had the potential to become standard office technology. 

At PARC I saw the Alto system, which then consisted of one or two graphical displays showing black monospaced text and images against a white background. The researchers had made major improvements on Engelbart’s mouse, and the cursor now moved quickly and dependably across the digital page. A user could compose the document on the screen, edit it, and send it to a printer nearby. But further progress was blocked by the lack of computer power. Even the small Alto screen required a computer capable of refreshing 100,000 pixels fifteen times a second. (The current laptop displays more than a million pixels, refreshed 60 times a second.) Any increase in screen size or resolution was beyond the speed and processing power of the computers available to them. They could imagine maps, full-screen images, and even color, but the technology was not there, and a device like Alto for every office worker seemed out of the question.

IBM‘s Hursley Lab in England was by then privately demonstrating a computer prototype that could “sit on the desk.” In the mid-seventies, they asked several technology consultants to suggest possible uses for such an extraordinary machine, and I am chagrined to report that as far as office applications were concerned, the best we could come up with was standard word processing functionality. We could not imagine a future of email, text messaging, spreadsheets, database access, music, interactive video, color graphics, slide presentations, and video conferencing. But of course, IBM could not imagine them either. 

Few people at Xerox or IBM could foresee how these new tools would make much of a difference. Xerox saw itself as a document company. They thought office automation was about new devices for the traditional workplace, designed to speed up the preparation and exchange of paper so management could reduce unnecessary clerical labor. Engelbart’s idea that technology might augment human intelligence and allow people to share ideas in real time had no attraction for the corporate world. They just didn’t get it. 

At the same time, the Homebrew Computer Club was meeting monthly in rooms they could schedule around Stanford, swapping hardware, software, and designs. After work, the Xerox PARC people were all having beers with the Stanford lab people and trading ideas, but Xerox management saw no future in “little computers,” one to a worker. Good for games, maybe. After a while, the company walked away and left the opportunity to others. 

Ten years later, the personal computer revolution was firmly established in both businesses and the home, launched by many of the people who grew up in Engelbart’s lab. It was now clear that the power of computer technology would expand steadily into the future, and people like Alan Kay, who had moved from the Augmentation lab to Xerox PARC, confidently predicted the day when even young people would have their own computers to play games, listen to music, draw, write, and learn. 

By then the Augmentation technology was owned by Tymeshare and MacDonald Douglas, and while they found Engelbart’s ideas interesting, they declined to fund him any further. In 1986 at the age of sixty-one, he retired and started his own research institute, loosely affiliated with Stanford. Federal funds trickled in, but he was one old man trying to keep up with the dazzling whirligig of computer technology he had done so much to set in motion.

The Unfinished Revolution

On January 14, 2000, Engelbart, then seventy-five, was invited back to Stanford to give a lecture he called “The Unfinished Revolution.” Jacques Vallée, a fellow researcher and longtime friend, wrote that there were forty-five people in the room.12 

Engelbart thought, as Grace Hopper did, that databases attached to large computers could become the great repositories of scientific knowledge, and he had designed an index system that would help people navigate such a world. Some of this had already been done by others, and what had not been done was dismissed as blue-sky. He said that technology could boost mankind’s collective capability for coping with complex problems, but then he observed, perversely, that networks cannot force agreement. They sometimes have the opposite effect, allowing people to challenge authority with raucous impunity. 

He thought the technology would provoke people to restructure their information communities, allowing them to escape the constraints of traditional organizations and achieve a new openness where anyone could speak up, even if what the person said was wrong. Life on the network would be like a big encounter group, he thought, noisy, turbulent, and frank. He did not expect the smooth evolution toward consensus and rational problem solving that other futurists were promising. On the contrary, he thought there would be a much more disruptive shift toward anarchy and peer-to-peer debate with millions of voices bordering on chaos. But he thought such freedom might lead to an increase in the “collective IQ.” 

His next comment was the most interesting one, and it went right over the heads of his audience. He said that in this worldwide Memex of ever-changing knowledge, the way we find information was going to change. 

In the early days of large information databases, Ted Nelson and others proposed that items be “hyperlinked” to related material so the user could follow an article to a biography of its author, to other articles by that author, to the source of data used in the article, and so on. These links were created when the document was entered into the knowledge base, and every item was linked to every other relevant item until all knowledge was deeply “intertwingled,” as Nelson put it. But the problems were obvious. As the database grew, the latest documents to be added — the most valuable of all — would be the slowest to get linked. Older links would get out of date. A document might be moved to another file and the link would no longer work. The importance of index terms and relationships would change over time as new research and insights appeared. In 1993, the upstart World Wide Web was being indexed by hand. When this became impossible, an effort was made to automatically index documents by simple attributes like author, date, and title, but even this was hard.

Then serious search engines emerged. Programs scoured all known documents on the web and tried to capture the keywords into a general index. Later all the words in the document were indexed, allowing a search command to find a document based on the appearance of words, word strings, or words within a distance of other words. The old hand-made hyperlinks were abandoned. The sovereignty of an index disappeared forever, and now the user could search the world’s content in real time for a document based on the words it contained, often getting millions of hits. 

But Engelbart was talking about a still more powerful way to navigate knowledge. He understood that words are merely proxies for the idea the document presents, and he thought we should use artificial intelligence to “structure” knowledge, parsing its attributes and meanings so we could search even more deeply.

He thought that each sentence could be analyzed to reveal the verb, the object of the verb, the attributes of the event, and a record of previous associations between this document and others. The time of the event being described could be inferred and tagged, as well as the implied certainty of the verb: it happened, it might have happened, it will happen, it is in dispute. The location of the event, the time the event took place, and the source of the report would all be automatically detected and coded, along with other information about the event, including source, reputation, and places or personalities involved. 

Each part of an argument can be coded with its own symbol to help the reader determine fact from opinion, research, analysis, etc. New symbols may be created to define parts of an argument such as research, premises, findings, opinions, hypotheses, or other categories.

Pointers would link the searcher to other documents that have questioned these results or made this version obsolete, all being updated all the time. 

What if groups of people could access their collective knowledge quickly when faced with a decision, sorting through all other “noise,” and keying in on the most relevant information? It would vastly improve our ability to deal with complex, urgent problems — to get the best possible understanding of the situation, including the best possible solutions.

He imagined that sensors on the body might pick up non-verbal signals, allowing us to communicate with gestures as well as words, with a twitch or a flick of the eyeball — the kind of expression that is visible face to face, but not in a digital channel. Handwriting and speech recognition would be too slow, he said, too limited to control the power of a machine. But in a less hierarchical organization, with people slipping in and out of roles, gesturing to each other beyond language, we could break through to a new level of knowledge. He said technology was being held back by our limitations as humans. 

And whenever he described this idea, then and in other speeches, he would move his arms as if swimming or flying. He thought we could communicate our search request with gestures, less like this, more like that, flying through color-coded three-dimensional infospace by flapping our hands and pushing irrelevant data out of the way. We would be freed from the boundaries of clumsy wording and the static, two-dimensional plane of the printed page. 

And then he would sigh and smile, fully aware that no one in the room understood what he was talking about.13 

In 2007 Doug Engelbart was diagnosed with Alzheimer’s and he died in 2013 at the age of 88. He often said that according to the Whorfian hypothesis the thoughts we can think are restricted by the vocabulary available to us. But with a greater technical and emotional vocabulary we might think greater thoughts. 

 Alan Kay, who later became an Apple evangelist for the personal computer, said 

Doug was like a biblical prophet... His talks were not for information, but to show a promised land that needed to be found and the seas and rivers we needed to cross to get there... He always had a powerful physical presence, and his demos with the projector reminded me of Moses, as played by Charlton Heston, parting the Red Sea in ‘The Ten Commandments.’14

 


 




Chapter 3
The Deep Network


Bob Kahn, one of the inventors of the internet, told me once that in the very early days of the network he kept a list of all the subscribers on an index card in his shirt pocket, and if he wanted to send a message he would take the card out and look up the network address. Today there are 4.5 billion users around the world, and any one of them can connect to any others on web in about three seconds. This changes how we think of knowledge, how we organize for work, and how we live together beyond the traditional boundaries of geography and kinship. 

In 1966, the first commercial computer in general use filled a room. IBM had sold about 5,000 of these by then and had 20,000 more on order. The Model 360 central processor alone cost almost a million dollars, about $8 million in today’s economy. For that, you got a machine that could store about sixteen thousand characters in memory (16 Kbytes), could access another ten million characters (10 Mbytes) on a removable disk pack the size of a small washing machine, and was sequestered behind glass in a large, air-conditioned room with raised flooring, separate power, and several full-time operators. Fifty years later a high-end laptop costs about $1,500, offers a trillion bytes of storage, runs all day on a single rechargeable battery, and can be operated with two fingers. 

Today, for less than $100, you can buy a processor or neural stick like the Raspberry PI, the size of a stick of gum, able to be squeezed into any household object. With four billion bytes of memory, a USB port, Bluetooth, and Wi-Fi capability, it can drive a display screen, support a mouse, control security cameras, drones, and robots, and manage industrial-strength process control devices.15 These are still in the hands of hobbyists, but they already show how much processing power is moving into the smallest corners of the network. 

In 2030, if the price/performance of computers continues to improve at the current rate, forecasters tell us a machine with the functionality of today’s laptop will be about the size of a silver dollar, cost as much to manufacture, and run on sunlight. More specialized computers will be the size of a shirt button or a gelcap. And beyond that, the continued advance of nanotechnology means that in a few more years we can have processors the width of a human hair. From research reports and patent filings by Sony, Samsung, Google, and several startup companies we can see the development of smart contact lenses ten to fifteen years from now that might take a snapshot or transmit a video of what you are seeing, focus more closely on a small object, help you see in the dark, or display the prompts, alerts, and reports we now expect from our smart watches.16 17

And these processors will be fast. Grace Hopper’s Mark I computer took 3.3 seconds to complete a typical multiplication function. The new “Exascale” computers expected to come on line in a few years will be capable of five billion such calculations in the same 3.3 seconds, and they will be connected over a network 500 times faster than the one we use today.18 Facebook, now known as Meta, has announced the development of an even larger computer intended for natural language analysis and boasting five billion billion operations per second.19 At that speed, the computer can crack any twelve-character alphanumeric password in a second. 
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