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To Matt and Louisa Marsh




PROLOGUE



Back to the Future—The Ride


Back in the early 1990s, when I was running a newsletter company in an old warehouse next to the Housatonic River in western Massachusetts, the Future moved in.


At the same time, the past trudged in, too, in the person of the curmudgeonly special-effects virtuoso Douglas Trumbull. In a world rapidly going digital, Trumbull doggedly stuck to analog techniques. That meant building physical models of everything and putting his many-layered images onto high-resolution film.


Trumbull and my friend Nick Kelley had launched a venture called RideFilm to produce a theme-park ride based on Robert Zemeckis’s Back to the Future series of movies. I invested.


It wasn’t long before a nearly full-sized plastic and papier-mâché Tyrannosaurus Rex was looming over our dusty wooden stairwell, an unofficial mascot of Gilder Publishing. We never quite took him seriously, though he would become a favorite of time-traveling tourists at theme parks in Orlando, Hollywood, and Osaka in a reign lasting some sixteen years.


Trumbull was attempting time-travel himself. Famous for his special effects in the “Star Gate” rebirth sequence at the end of Stanley Kubrick’s 1968 film 2001: A Space Odyssey, he had abandoned Hollywood and exiled himself to a small Massachusetts town, where he nursed suspicions of conspiratorial resistance to his analog genius. After his triumph in 2001, Trumbull provided special effects for several other landmark films, including Steven Spielberg’s Close Encounters of the Third Kind (1977) and Ridley Scott’s 1982 Blade Runner.


But the world had gone digital, and Trumbull was nearly forgotten. Now in the early 90s he was attempting rebirth as the inventor of an immersive seventy-millimeter, sixty-frames-per-second film process called Showscan and a 3D ride-film. The result was an experience we now call “virtual reality.” Trumbull’s analog 3D achieved full immersion without 3D glasses or VR goggles. Eat your heart out, Silicon Valley.


Michael J. Fox’s original escapade—the hit movie of 1985, grossing some $500 million—was a trivial mind game compared with Trumbull’s ride. Universal’s producer Steven Spielberg speculated that the plot of Back to the Future could inspire a ride-film that would outdo Disneyland’s Star Tours, created by George Lucas and based on his Star Wars movies. Lucas dismissed the possibility of Universal’s matching the spectacle of Star Tours.


“Wanna bet?” Spielberg replied, and he launched the project.


Future and past in play; a Tyrannosaurus rampant; a “futuristic” DeLorean car; the wild-haired, wild-eyed Doctor Brown; the quaint clock-towered town of Hill Valley, California; the bully Biff—you recall them perhaps. They time-traveled into our three-story brick building, along with the Tyrannosaurus, the shell of a DeLorean, and a makeshift theater, for more than a year of filming.


Trumbull underbid Hollywood’s Boss Films to make the four-minute, three-dimensional ride-film, which ended up costing some $40 million. It brought in a multiple of that in revenues over more than a decade and a half and saved the Universal theme park in Orlando from extinction at the hands of Disney World. It was first screened for three of my children and me in the building where we rented our offices. My youngest, Nannina, six at the time, was barred from the ride out of fear she would be unable to distinguish between the harrowing images and reality.


The fact was that none of us could. Belted into the seats of the DeLorean under the dome of an OmniMax screen, senses saturated, we quickly forgot that the car could move only three or four feet in any direction. That was enough to convey the illusion of full jet-propelled motion to our beleaguered brains. From the moment the lights dropped, we were transported. Chasing “Biff” through time, we zoomed out into the model of Hill Valley, shattering the red Texaco sign, zipping down the winding streets, crashing into the clock tower on the town hall and through it into the Ice Age.


From an eerie frozen vista of convincing three-dimensional tundra, we tumbled down an active volcano and over a time cliff into the Cretaceous period. There we found ourselves attempting to evade the flashing teeth of the Tyrannosaurus rex. We failed, and the DeLorean plunged past the dinosaur’s teeth and into its gullet. Mercifully we were vomited out to pursue Biff, bumping into the back of his car at the resonant point of eighty-eight miles per hour, as we had been instructed to do by Doctor Brown. Shazaam, we plunged back into the present. Oh no!—are we going to crash through the panoramic glass window of the Orlando launch facility? Yessss! As thousands of shards fell to the floor, we landed back where we had started and stepped out of the DeLorean onto the dingy warehouse stage, no broken glass anywhere in sight.


The journey took only four minutes, but its virtual-reality intensity dilated time. Our eyes popping, our hearts racing, our lungs swollen, we felt as if we had been in the car for two hours. At least. We had actually undergone a form of time travel.


Like the earth, the Universe is not flat. Meager and deterministic theories that see the universe as shear matter, ruled by physics and chemistry alone, leave no room for human consciousness and creativity. Just as a 3D ride-film transcends a 2D movie, other dimensions of experience are transformative and artistically real. As Harvard mathematician-philosopher C. S. Peirce explained early in the last century, all symbols and their objects, whether in software, language, or art, require the mediation of an interpretive mind.1


From our minds open potential metaverses, infinite dimensions of imaginative reality—counter-factuals, analogies, interpretive emotions, flights of thought and creativity. The novelist Neal Stephenson, who coined the term metaverse,2 and Jaron Lanier, who pioneered “virtual reality,” were right to explore them and value them. Without dimensions beyond the flat universe, our lives and visions wane and wither.


This analogy of the “flat universe” had come to me after reading C. S. Lewis’s essay “Transposition,”3 which posed the question: If you lived in a two-dimensional landscape painting, how would you respond to someone earnestly telling you that the 2D image was just the faintest reflection of a real 3D world? Comfortable in the cave of your 2D mind, you had 2D theories that explained all you experienced in flatland—the pigments of paint, the parallax relationships of near and far objects, the angles and edges. The math all jibed. “Three dimensions?” you might ask. “I have no need for that hypothesis.”


Around the time of Back to the Future: The Ride in the early 1990s, I was prophesying the end of television and the rise of networked computers.4 In the 1994 edition of Life after Television, I explained, “The most common personal computer of the next decade will be a digital cellular phone with an IP address . . . connecting to thousands of databases of all kinds.”5 As I declared in scores of speeches, “it will be as portable as your watch and as personal as your wallet; it will recognize speech and navigate streets; it will collect your mail, your news and your paycheck.” Pregnant pause. “It just may not do Windows. But it will do doors—your front door and your car door and doors of perception.”6


Rupert Murdoch was one of the first people who appreciated this message, flying me to Hayman Island, Australia, to regale his executives in Newscorp and Twentieth Century Fox with visions of a transformation of media for the twenty-first century. At the same time, the Hollywood super-agent Ari Emanuel proclaimed Life after Television his guide to the digital future. I later learned that long before the iPhone, Steve Jobs read the book and passed it out to colleagues.


Much of Life after Television has come true, but there’s still room to go back to the future. The Internet has not delivered on some of its most important promises. In 1990 I was predicting that in the world of networked computers, no one would have to see an advertisement he didn’t want to see. Under Google’s guidance, the Internet is not only full of unwanted ads but fraught with bots and malware. Instead of putting power in the hands of individuals, it has become a porous cloud where all the money and power rise to the top.


On a deeper level, the world of Google—its interfaces, its images, its videos, its icons, its philosophy—is 2D. Google is not just a company but a system of the world. And the Internet is cracking under the weight of this ideology. Its devotees uphold the flat-universe theory of materialism: the sufficiency of deterministic chemistry and mathematics. They believe the human mind is a suboptimal product of random evolutionary processes. They believe in the possibility of a silicon brain. They believe that machines can “learn” in a way comparable to human learning, that consciousness is a relatively insignificant aspect of humanity, emergent from matter, and that imagination of true novelties is a delusion in a hermetic world of logic. They hold that human beings have no more to discover and may as well retire on a guaranteed pension, while Larry Page and Sergey Brin fly off with Elon Musk and live forever in galactic walled gardens on their own private planets in a winner-take-all cosmos.


Your DeLorean says no. The walls can come down, and a world of many new dimensions can be ours to enrich and explore. Get in and ride.




CHAPTER 1



Don’t Steal This Book


“The economy has arrived at a point where it produces enough in principle for everyone. . . . So this new period we are entering is not so much about production anymore—how much is produced; it is about distribution—how people get a share in what is produced.”


—W. Brian Arthur, Santa Fe Institute, 20171


Before you read this book, please submit your user name and password. We are concerned with your identity, cyber-safety, and literary preferences. We want to serve you better.


Please also transcribe the tangle of case-sensitive CAPTCHA letters in the box (to prove that unlike some 36 percent of Web addresses you are not a robot that has phished your identity).


Sorry, your user name and password combination does not match our records. Do you need help? If you wish to change your user name, your password, or your security questions, please click on the URL we have supplied in an email to the address you provided when you purchased our software.


Sorry, that address is inoperative. Do you wish to change your email address?


By the way, iTunes desires to upgrade your software to correct dangerous vulnerabilities. This software patch cannot be installed until you submit your Apple ID and password. Sorry, this combination does not match our records. Do you want to try again?


To repeat this procedure, you must first unlock your Macintosh drive. Please submit your password to decrypt your Macintosh drive. If you have lost your password for your Macintosh drive, you may have to wipe your drive and start over. You will lose all your contents that you failed to back up, including this book. Let’s try again.


But first, Google requires you to resubmit your Google password. No, not that Google password. You changed that two weeks ago. Yes, we know that you have several Google passwords, linked to various user names. We also know that you have Apple passwords that are tied to your Gmail address as a user name. In order to assure your privacy and security, we rely on you to know which user name and password combination is relevant in any particular situation on any one of your multiple devices. No, that password does not match our records. Do you want to change it? Are you sure you are the actual owner of this book?


Before you log out, please fill out a survey about your experience with our customer service. To enable us to better coordinate your addresses in the future, please provide your phone number, your digital image, and your finger print. Thank you. We also would like your mobile number. We value your cooperation.


You also might wish to read a number of other books that our algorithm has selected on the basis of the online choices of people like you. These works explain how “software is eating the world,” as the venture capitalist Marc Andreessen has observed, and how Google’s search and other software constitute an “artificial intelligence” (AI) that is nothing less than “the biggest event in human history.” Google AI offers uncanny “deep machine learning” algorithms that startled even its then chairman, Eric Schmidt, by outperforming him and other human beings in identifying cats in videos. Such feats of “deep mind” recounted in these books emancipate computers from their dependence on human intelligence and soon will “know you better than you know yourself.”


To download these carefully selected volumes, you will need to submit a credit card number and security code and the address associated with the credit card account. If any of these has changed, you may answer security questions concerning your parents’ address at the time of your birth, your favorite dog, your mother’s maiden name, your preschool, the last four digits of your Social Security number, your favorite singer, and your first schoolteacher. We hope that your answers have not changed. Then you can proceed. Or you can change your password. Take care to select a password of more than eight characters that you can remember, but please do not employ any passwords you use for other accounts, and be sure to include numbers, case-sensitive letters, and alphanumeric symbols. To activate your new password, Google will send you a temporary code at your email address. Sorry, your email address is inoperative. Do you wish to try again? Or perhaps this book is not for you.


According to many prestigious voices, the industry is rapidly approaching a moment of “singularity.” Its supercomputers in the “cloud” are becoming so much more intelligent than you and command such a complete sensorium of multidimensional data streams from your brain and body that you will want these machines to take over most of the decisions in your life. Advanced artificial intelligence and breakthroughs in biological codes are persuading many researchers that organisms such as human beings are simply the product of an algorithm. Inscribed in DNA and neural network logic, this algorithm can be interpreted and controlled through machine learning.


The cloud computing and big data of companies such as Google, with its “Deep Mind” AI, can excel individual human brains in making key life decisions from marriage choices and medical care to the management of the private key for your bitcoin wallet and the use and storage of the passwords for your Macintosh drive. This self-learning software will also be capable of performing most of your jobs. The new digital world may not need you anymore.


Don’t take offense. In all likelihood, you can retire on an income which we regard as satisfactory for you. Leading Silicon Valley employers, such as Larry Page, Elon Musk, Sergey Brin, and Tim Cook, deem most human beings unemployable because they are intellectually inferior to AI algorithms. Did you know that Google AI defeated the world Go champion in five straight contests? You do not even know what “Go” is? Go is an Asian game of strategy that AI researchers have long regarded as an intellectual challenge far exceeding chess in subtlety, degrees of freedom, and complexity. You do not possess the mental capability to compete with computers in such demanding applications.


Don’t worry, though. For every obsolescent homo sapiens, the leading Silicon Valley magnates recommend a federally guaranteed annual income. That’s right, “free money” every year! In addition, you, a sophisticated cyber-savvy reader, may well be among the exceptional elites who, according to such certifiable geniuses as Larry Page and Aubrey de Grey, might incrementally live unemployed forever.


You may even count yourselves among the big data demiurges who ascend to become near-divinities. How about that?


As Google Search becomes virtually omniscient, commanding powers that previous human tribes ascribed to the gods, you may become a homo deus. A favored speaker on the Google campus, Yuval Noah Harari, used that as the title for his latest book.2


In the past, this kind of talk of human gods, omniscience, and elite supremacy over hoi polloi may have been mostly confined to late-night bibulous blather or to mental institutions. As Silicon Valley passed through the late years of the 2010s with most of its profits devolving to Google, Apple, and Facebook, however, it appeared to be undergoing a nervous breakdown, manifested on one level by delusions of omnipotence and transcendence and on another by twitchy sieges of “security” instructions on consumers’ devices. In what seemed to be arbitrary patterns, programs asked for new passwords, user names, PINs, log-ins, crypto-keys, and registration requirements. With every webpage demanding your special attention, as if it were the Apple of your i, you increasingly found yourself in checkmate as the requirements of different programs and machines conflicted, and as scantily-identified boxes popped up on your screen asking for “your password,” as if you had only one.


Meanwhile, it was obvious that security on the Internet had collapsed. Google dispatched “swat teams” of nerds to react to security breakdowns, which were taken for granted. And as Greylock Ventures’ security guru Asheem Chandna confided to Fortune, it is ultimately all your fault. Human beings readily fall for malware messages. So, says Fortune, the “fight against hacking promises to be a never-ending battle.”3


In the dystopian sci-fi series Battlestar Galactica, the key rule shielding civilization from cyborg invaders is “never link the computers.” Back in our galaxy, how many more breaches and false promises of repair will it take before the very idea of the network will become suspect? Many industries, such as finance and insurance, have already essentially moved off-line. Healthcare is deep in this digital morass. Corporate assurances of safety behind firewalls and 256-bit security codes have given way to a single commandment: nothing critical goes on the Net.


Except for the video game virtuosi on industry swat teams and hacker squads, Silicon Valley has pretty much given up. Time to hire another vice president of diversity and calculate carbon footprints.


The security system has broken down just as the computer elite have begun indulging the most fevered fantasies about the capabilities of their machines and issuing arrogant inanities about the comparative limits of their human customers. Meanwhile, these delusions of omnipotence have not prevented the eclipse of its initial public offering market, the antitrust tribulations of its champion companies led by Google, and the profitless prosperity of its hungry herds of “unicorns,” as they call private companies worth more than one billion dollars. Capping these setbacks is Silicon Valley’s loss of entrepreneurial edge in IPOs and increasingly in venture capital to nominal communists in China.


In defense, Silicon Valley seems to have adopted what can best be described as a neo-Marxist political ideology and technological vision. You may wonder how I can depict as “neo-Marxists” those who on the surface seem to be the most avid and successful capitalists on the planet.


Marxism is much discussed as a vessel of revolutionary grievances, workers’ uprisings, divestiture of chains, critiques of capital, catalogs of classes, and usurpation of the means of production. At its heart, however, the first Marxism espoused a belief that the industrial revolution of the nineteenth century solved for all time the fundamental problem of production.


The first industrial revolution, comprising steam engines, railways, electric grids, and turbines—all those “dark satanic mills”—was, according to Marx, the climactic industrial breakthrough of all time. Marx’s essential tenet was that in the future, the key problem of economics would become not production amid scarcity but redistribution of abundance.


In The German Ideology (1845), Marx fantasized that communism would open to all the dilettante life of a country squire: “Society regulates the general production and thus makes it possible for me to do one thing today and another tomorrow, to hunt in the morning, to fish in the afternoon, rear cattle in the evening, criticize after dinner, just as I have in mind, without ever becoming hunter, fisherman, shepherd or critic.”4


Marx was typical of intellectuals in imagining that his own epoch was the final stage of human history. William F. Buckley used to call it an immanentized eschaton, a belief the “last things” were taking place in one’s own time.5 The neo-Marxism of today’s Silicon Valley titans repeats the error of the old Marxists in its belief that today’s technology—not steam and electricity, but silicon microchips, artificial intelligence, machine learning, cloud computing, algorithmic biology, and robotics—is the definitive human achievement. The algorithmic eschaton renders obsolete not only human labor but the human mind as well.


All this is temporal provincialism and myopia, exaggerating the significance of the attainments of their own era, of their own companies, of their own special philosophies and chimeras—of themselves, really. Assuming that in some way their “Go” machine and climate theories are the consummation of history, they imagine that it’s “winner take all for all time.” Strangely enough, this delusion is shared by Silicon Valley’s critics. The dystopians join the utopians in imagining a supremely competent and visionary Silicon Valley, led by Google with its monopoly of information and intelligence.


AI is believed to be redefining what it means to be human, much as Darwin’s On the Origin of Species did in its time. While Darwin made man just another animal, a precariously risen ape, Google-Marxism sees men as inferior intellectually to the company’s own algorithmic machines.


Life after Google makes the opposing case that what the hyperventilating haruspices Yuval Harari, Nick Bostrom, Larry Page, Sergey Brin, Tim Urban, and Elon Musk see as a world-changing AI juggernaut is in fact an industrial regime at the end of its rope. The crisis of the current order in security, privacy, intellectual property, business strategy, and technology is fundamental and cannot be solved within the current computer and network architecture.


Security is not a benefit or upgrade that can be supplied by adding new layers of passwords, pony-tailed “swat teams,” intrusion detection schemes, anti-virus patches, malware prophylactics, and software retro-fixes. Security is the foundation of all other services and crucial to all financial transactions. It is the most basic and indispensable component of any information technology.


In business, the ability to conduct transactions is not optional. It is the way all economic learning and growth occur. If your product is “free,” it is not a product, and you are not in business, even if you can extort money from so-called advertisers to fund it.


If you do not charge for your software services—if they are “open source”—you can avoid liability for buggy “betas.” You can happily evade the overreach of the Patent Office’s ridiculous seventeen-year protection for minor software advances or “business processes,” like one-click shopping. But don’t pretend that you have customers.


Security is the most crucial part of any system. It enables the machine to possess an initial “state” or ground position and gain economic traction. If security is not integral to an information technology architecture, that architecture must be replaced.


The original distributed Internet architecture sufficed when everything was “free,” as the Internet was not a vehicle for transactions. When all it was doing was displaying Web pages, transmitting emails, running discussion forums and news groups, and hyperlinking academic sites, the Net did not absolutely need a foundation of security. But when the Internet became a forum for monetary transactions, new security regimes became indispensable. EBay led the way by purchasing PayPal, which was not actually an Internet service but an outside party that increased the efficiency of online transactions. Outside parties require customer information to be transmitted across the Web to consummate transactions. Credit card numbers, security codes, expiration dates, and passwords began to flood the Net.


With the ascendancy of Amazon, Apple, and other online emporia early in the twenty-first century, much of the Internet was occupied with transactions, and the industry retreated to the “cloud.” Abandoning the distributed Internet architecture, the leading Silicon Valley entrepreneurs replaced it with centralized and segmented subscription systems, such as Paypal, Amazon, Apple’s iTunes, Facebook, and Google cloud. Uber, Airbnb, and other sequestered “unicorns” followed.


These so-called “walled gardens” might have sufficed if they could have actually been walled off from the rest of the Internet. At Apple, Steve Jobs originally attempted to accomplish such a separation by barring third-party software applications (or “apps”). Amazon has largely succeeded in isolating its own domains and linking to outside third parties such as credit card companies. But these centralized fortresses violated the Coase Theorem of corporate reach. In a famous paper, the Nobel-laureate economist Ronald Coase calculated that a business should internalize transactions only to the point that the costs of finding and contracting with outside parties exceed the inefficiencies incurred by the absence of real prices, internal markets, and economies of scale.6 The concentration of data in walled gardens increases the cost of security. The industry sought safety in centralization. But centralization is not safe.


The company store was not a great advance of capitalism during the era of so-called “robber barons,” and it is no better today when it is dispersed through the cloud, funded through advertising, and combined with a spurious sharing of free goods. Marxism was historically hyperbolic the first time round, and the new Marxism is delusional today. It is time for a new information architecture for a globally distributed economy.


Fortunately, it is on its way.





CHAPTER 2



Google’s System of the World


Alphabet, Google’s holding company, is now the second-largest company in the world. Measured by market capitalization, Apple is first. Joined by Amazon, and Microsoft, followed avidly by Facebook in seventh, the four form an increasingly feared global oligopoly.


This increasing global dominance of U.S. information companies is unexpected. Just a decade ago leading the list of the companies with the largest market caps were Exxon, Walmart, China National Petroleum, and the Industrial and Commercial Bank of China. No Internet company made the top five. Today four of the top five are American vessels of information technology.


Why then is this book not called Upending the Apple Cart? Or Facebook and the Four Horsemen?


Because Google, alone among the five, is the protagonist of a new and apparently successful “system of the world.” Represented in all the most prestigious U.S. universities and media centers, it is rapidly spreading through the world’s intelligentsia, from Mountain View to Tel Aviv to Beijing.


That phrase, “system of the world,” which I borrow from Neal Stephenson’s Baroque Cycle novel about Isaac Newton and Gottfried Wilhelm Leibniz, denotes a set of ideas that pervade a society’s technology and institutions and inform its civilization.1


In his eighteenth-century system of the world, Newton brought together two themes. Embodied in his calculus and physics, one Newtonian revelation rendered the physical world predictable and measurable. Another, less celebrated, was his key role in establishing a trustworthy gold standard, which made economic valuations as calculable and reliable as the physical dimensions of items in trade.


Since Claude Shannon in 1948 and Peter Drucker in the 1950s, we have all spoken of the information economy as if it were a new idea. But both Newton’s physics and his gold standard were information systems. More specifically, the Newtonian system is what we call today an information theory.


Newton’s biographers typically underestimate his achievement in establishing the information theory of money on a firm foundation. As one writes,


Watching over the minting of a nation’s coin, catching a few counterfeiters, increasing an already respectably sized personal fortune, being a political figure, even dictating to one’s fellow scientists [as president of the Royal Society]; it should all seem a crass and empty ambition once you have written a Principia.2


But build a better money ratchet and the world will beat a path to your door. You can traverse the globe trading for what you want and transmitting the values for which you trade. The little island of Britain governed an empire larger and incomparably richer than Rome’s.


Many have derided Newton’s preoccupation with alchemy, the attempt to reverse-engineer gold so that it could be made from base metals such as lead and mercury. “Everyone knows Newton as the great scientist. Few remember that he spent half his life muddling with alchemy, looking for the Philosopher’s Stone. That was the pebble he really wanted to find.”3 Newton’s modern critics fail to appreciate how his alchemical endeavors yielded crucial knowledge for his defense of the gold-based pound.


All wealth is the product of knowledge. Matter is conserved; progress consists of learning how to use it.4 Newton’s knowledge, embodied in his system of the world, was what most critically differentiated the long millennia of economic doldrums that preceded him from the three hundred years of miraculous growth since his death. The failure of his alchemy gave him—and the world—precious knowledge that no rival state or private bank, wielding whatever philosopher’s stone, would succeed in making a better money. For two hundred years, beginning with Newton’s appointment to the Royal Mint in 1696, the pound, based on the chemical irreversibility of gold, was a stable and reliable monetary Polaris.5


With the pound note riveted to gold at a fixed price, traders gained assurance that the currency they received for their goods and services would always be worth its designated value. They could undertake long-term commitments—bonds, loans, investments, mortgages, insurance policies, contracts, ocean voyages, infrastructural projects, new technologies—without fearing that inflation fueled by counterfeit or fiat money would erode the value of future payments. For centuries, all countries on a gold standard could issue bonds bearing interest near 3 percent.6 Newton’s regime rendered money essentially as irreversible as gold, as irreversible as time itself.


Under Newton’s gold standard, the horizons of economic activity expanded. Scores of thousands of miles of railway lines spread across Britain and the empire, and the sun never set on the expanding circles of trust that underlay British finance and commerce. Perhaps the most important result of free commerce was the end of slavery. Reliable money and free and efficient labor markets made ownership of human laborers unprofitable. Commerce eclipsed physical power.


In the Google era, Newton’s system of the world—one universe, one money, one God—is now in eclipse. His unitary foundation of irreversible physics and his irrefragable golden money have given way to infinite parallel universes and multiple paper moneys manipulated by fiat. Money, like the cosmos, has become relativistic and reversible at will. The three hundred years of Newtonian prosperity having come to an end, the new multiverse seems unable to repeat the miracle of a golden age of capitalism. It is now widely held that citizens are essentially owned by the state on which they depend. Slavery, in the form of servitude to governments, is making a comeback as money transactions become less trustworthy.


Fortunately the lineaments of a new system of the world have emerged. It could be said to have been born in early September 1930, when a gold-based Reichsmark was beginning to subdue the gales of hyperinflation that had ravaged Germany since the mid-1920s.


The site of the unnoticed birth was Königsberg, the historic seven-bridged Gothic city on the Baltic. The great mathematician Leonhard Euler had proved in the early eighteenth century that all seven bridges could not be traversed without crossing at least one of them twice. Euler was on to something: Mathematics in all its forms, including all its quintessential manifestations in computer software, is more treacherous than it looks.


Mathematicians gathered in Königsberg that September for a conference of the Society of German Scientists and Physicians to be addressed by one of the giants of their field, David Hilbert. Himself a son of Königsberg and about to retire from the University of Göttingen, Hilbert was the renowned champion of the cause of establishing mathematics at the summit of human thought.


Hilbert had defined the challenge in 1900: to reduce all science to mathematical logic, based on deterministic mechanical principles. As he explained to the society, “The instrument that mediates between theory and practice, between thought and observation, is mathematics; it builds the connecting bridge and makes it stronger and stronger. Thus it happens that our entire present-day culture, insofar as it rests on intellectual insight into and harnessing of nature, is founded on mathematics.”


And what was mathematics founded on? Responding to the Latin maxim ignoramus et ignorabimus (“we do not know and will not know”), Hilbert declared: “For us [mathematicians] there is no ignorabimus, and in my opinion none whatever in natural science. In opposition to the foolish ignorabimus our slogan shall be: ‘We must know, we will know’ ”—Wir müssen wissen, wir werden wissen—a declaration that was inscribed on his tombstone.7


Preceding the conference was a smaller three-day meeting on the “Epistemology of the Exact Sciences” addressed by the rising mathematical stars Rudolf Carnap, a set theorist; Arend Heyting, a mathematical philosopher; and John von Neumann, a polymathic prodigy and Hilbert’s assistant. All were soldiers in Hilbert’s epistemological campaign, and all, like Hilbert, expected the pre-conference to be a warmup for the triumphalist celebration of the main conference.


After the pre-conference ended, however, everyone might as well have gone home. A new system of the world, entirely incompatible with Hilbert’s determinist vision, had been launched. His triumphal parade across the bridges between mathematics and natural phenomena was over. The mathematicians and philosophers might talk on for decades, unaware that they had been decapitated. Their successors talk on even today. But the triumphs of information theory and technology had put an end to the idea of a determinist and complete mathematical system for the universe.


At the time, the leading champion of Hilbert’s program was von Neumann. The twentieth-century counterpart of Euler and Gauss, von Neumann had written seven major papers in the cause. In 1932, he would complete work to extend “Hilbert space” into a coherent mathematical rendition of quantum theory. At the time, von Neumann’s career seemed assured as Hilbert’s protégé and successor.


Closing out the pre-conference was a roundtable with Carnap, von Neumann, Heyting, and other luminaries. On the edge of the group was Kurt Gödel, a short, shy, owl-eyed twenty-four-year-old hypochondriac. Because his University of Vienna doctoral dissertation, written the year before, offered a proof of the consistency of the functional calculus, he seemed to be a loyal soldier in Hilbert’s army.


Emerging as the grim reaper at the party of twentieth-century triumphalism, however, Gödel proved that Hilbert’s, Carnap’s, and von Neumann’s most cherished mathematical goals were impossible. Not only mathematics but all logical systems, Gödel showed in his paper—even the canonical system enshrined in the Principia Mathematica of Alfred North Whitehead and Bertrand Russell, even the set theory of Carnap and von Neumann—were fated to incompleteness and inconsistency. They necessarily harbored paradoxes and aporias. Mere consistency of a formal system offered no assurance that what the system proved was correct. Every logical system necessarily depends on propositions that cannot be proved within the system.


Gödel’s argument was iconoclastic. But his method of proving it was providential. He devised a set of algorithms in which all the symbols and instructions were numbers. Thus in refuting the determinist philosophy behind the mathematics of Newton and the imperial logic of Hilbert, he opened the way to a new mathematics, the mathematics of information.8 From this demarche emerged a new industry of computers and communications currently led by Google and informed by a new mathematics of creativity and surprise.


Gödel’s proof reads like a functional software program in which every axiom, every instruction, and every variable is couched in mathematical language suitable for computation. In proving the limits of logic, he articulated the lineaments of computing machines that would serve human masters.


No one in the audience showed any sign of recognizing the significance of Gödel’s proof except von Neumann, who might have been expected to resent this incisive attack on the mathematics he loved. But his reaction was fitting for the world’s leading mathematical intellect. He encouraged Gödel to speak and followed up afterwards.


Though Gödel’s proof frustrated many, von Neumann found it liberating. The limits of logic—the futility of Hilbert’s quest for a hermetically sealed universal theory—would emancipate human creators, the programmers of their machines. As the philosopher William Briggs observes, “Gödel proved that axiomatizing never stops, that induction-intuition must always be present, that not all things can be proved by reason alone.”9 This recognition would liberate von Neumann himself. Not only could men discover algorithms, they could compose them. The new vision ultimately led to a new information theory of biology, anticipated in principle by von Neumann and developed most fully by Hubert Yockey,10 in which human beings might eventually reprogram parts of their own DNA.


More immediately, Gödel’s proof prompted Alan Turing’s invention in 1936 of the Turing machine—the universal computing architecture with which he showed that computer programs, like other logical schemes, not only were incomplete but could not even be proved to reach any conclusion. Any particular program might cause it to churn away forever. This was the “halting problem.” Computers required what Turing called “oracles” to give them instructions and judge their outputs.11


Turing showed that just as the uncertainties of physics stem from using electrons and photons to measure themselves, the limitations of computers stem from recursive self-reference. Just as quantum theory fell into self-referential loops of uncertainty because it measured atoms and electrons using instruments composed of atoms and electrons, computer logic could not escape self-referential loops as its own logical structures informed its own algorithms.12


Gödel’s insights led directly to Claude Shannon’s information theory, which underlies all computers and networks today. Conceiving the bit as the basic unit of digital computation, Shannon defined information as surprising bits—that is, bits not predetermined by the machine. Information became the contents of Turing-oracular messages—unexpected bits—not entailed by the hermetic logic of the machine itself.


Shannon’s canonical equation translated Ludwig Boltzmann’s analog entropy into digital terms. Boltzmann’s equation, formulated in 1877, had broadened and deepened the meaning of entropy as “missing information”. Seventy years and two world wars later, Shannon was broadening and deepening it again. Boltzmann’s entropy is thermodynamic disorder; Shannon’s entropy is informational disorder, and the equations are the same.


Using his entropy index of surprisal as the gauge of information, Shannon showed how to calculate the bandwidth or communications power of any channel or conduit and how to gauge the degree of redundancy that would reduce errors to any arbitrary level. Thus computers could eventually fly airplanes and drive cars. This tool made possible the development of dependable software for vast computer systems and networks such as the Internet.


Information as entropy also linked logic to the irreversible passage of time, which is also assured by the one-way passage of thermodynamic entropy.


Gödel’s work, and Turing’s, led to Gregory Chaitin’s concept of algorithmic information theory. This important breakthrough tested the “complexity” of a message by the length of the computer program needed to generate it. Chaitin proved that physical laws alone, for example, could not explain chemistry or biology, because the laws of physics contain drastically less information than do chemical or biological phenomena. The universe is a hierarchy of information tiers, a universal “stack,” governed from the top down.


Chaitin believes that the problem of computer science reflects the very successes of the modern mathematics that began with Newton. Its determinism and rigor give it supreme power in describing predictable and repeatable phenomena such as machines and systems. But “life,” as he says, “is plastic, creative! How can we build this out of static, eternal, perfect mathematics? We shall use postmodern math, the mathematics that comes after Gödel, 1931, and Turing, 1936, open not closed math, the math of creativity. . . . ”13 That is the mathematics of information theory, of which Chaitin is the supreme living exponent.


Cleaving all information is the great divide between creativity and determinism, between information entropy of surprise and thermodynamic entropy of predictable decline, between stories that capture a particular truth and statistics that reveal a sterile generality, between cryptographic hashes that preserve information and mathematical blends that dissolve it, between the butterfly effect and the law of averages, between genetics and the law of large numbers, between singularities and big data—in a word, the impassible gulf between consciousness and machines.


Not only was a new science born but also a new economy, based on a new system of the world—the information theory articulated in 1948 by Shannon on the foundations first launched in a room in Königsberg in September 1930.


This new system of the world was consummated by the company we know as Google. Google, though still second in the market cap race is by far most important, paradigmatic company of our time. Yet I believe the Google system of the world will fail, indeed be swept away in our time (and I am seventy-eight!). It will fail because its every major premise will fail.


Having begun with the exalted Newton, how can we proceed to ascribe a “system of the world” to a couple of callow kids, who started a computer company in a college lab, invented a Web crawler and search engine, and dominated advertising on the Web?


A system of the world necessarily combines science and commerce, religion and philosophy, economics and epistemology. It cannot merely describe or study change; it also must embody and propel change. In its intellectual power, commercial genius, and strategic creativity, Google is a worthy contender to follow Newton, Gödel, and Shannon. It is the first company in history to develop and carry out a system of the world. Predecessors such as IBM and Intel were comparable in their technological drive and accomplishment, from Thomas Watson’s mainframes and semiconductor memories to Bob Noyce’s processors and Gordon Moore’s learning curves. But Moore’s Law and Big Blue do not provide a coherent system of the world.


Under the leadership of Larry Page and Sergey Brin, Google developed an integrated philosophy that aspires, with growing success, to shape our lives and fortunes. Google has proposed a theory of knowledge and a theory of mind to animate a vision for the dominant technology of the world; a new concept of money and therefore price signals; a new morality and a new idea of the meaning and process of progress.


The Google theory of knowledge, nicknamed “big data,” is as radical as Newton’s and as intimidating as Newton’s was liberating. Newton proposed a few relatively simple laws by which any new datum could be interpreted and the store of knowledge augmented and adjusted. In principle anyone can do physics and calculus or any of the studies and crafts it spawned, aided by tools that are readily affordable and available in any university, many high schools, and thousands of companies around the world. Hundreds of thousands of engineers at this moment are adding to the store of human knowledge, interpreting one datum at a time.


“Big data” takes just the opposite approach. The idea of big data is that the previous slow, clumsy, step-by-step search for knowledge by human brains can be replaced if two conditions are met: All the data in the world can be compiled in a single “place,” and algorithms sufficiently comprehensive to analyze them can be written.


Upholding this theory of knowledge is a theory of mind derived from the pursuit of artificial intelligence. In this view, the brain is also fundamentally algorithmic, iteratively processing data to reach conclusions. Belying this notion of the brain is the study of actual brains, which turn out be much more like sensory processors than logic machines. Yet the direction of AI research is essentially unchanged. Like method actors, the AI industry has accepted that its job is to act “as if” the brain were a logic machine. Therefore, most efforts to duplicate human intelligence remain exercises in faster and faster processing of the sort computers handle well. Ultimately, the AI priesthood maintains that the human mind will be surpassed—not just in this or that specialized procedure but in all ways—by extremely fast logic machines processing unlimited data.


The Google theory of knowledge and mind are not mere abstract exercises. They dictate Google’s business model, which has progressed from “search” to “satisfy.” Google’s path to riches, for which it can show considerable evidence, is that with enough data and enough processors it can know better than we do what will satisfy our longings.


Even as the previous systems of the world were embodied and enabled in crucial technologies, so the Google system of the world is embodied and enabled in a technological vision called cloud computing. If the Google theory is that universal knowledge is attained through the iterative processing of enormous amounts of data, then the data have to be somewhere accessible to the processors. Accessible in this case is defined by the speed of light. The speed-of-light limit—nine inches in a billionth of a second—requires the aggregation of processors and the memory in some central place, with energy available to access and process the data.


The “cloud,” then, is an artful name for the great new heavy industry of our times: gargantuan data centers composed of immense systems of data storage and processors, linked together by millions of miles of fiber-optic lines and consuming electrical power and radiating heat to an extent that excels most industrial enterprises in history.


So dependent were the machines of the industrial revolution on sources of power that propinquity to a power source—first and foremost, water—was often a more important consideration in deciding where to build a factory than the supply of raw material or manpower. Today Google’s data centers face similar constraints.


Google’s idea of progress stems from its technological vision. Newton and his fellows, inspired by their Judeo-Christian world view, unleashed a theory of progress with human creativity and free will at its core. Google must demur. If the path to knowledge is the infinitely fast processing of all data, if the mind—that engine by which we pursue the truth of things—is simply a logic machine, then the combination of algorithm and data can produce one and only one result. Such a vision is not only deterministic but ultimately dictatorial. If there is a moral imperative to pursue the truth, and the truth can be found only by the centralized processing of all the data in the world, then all the data in the world must, by the moral order implied, be gathered into one fold with one shepherd. Google may talk a good game about privacy, but private data are the mortal enemy of its system of the world.


Finally, Google proposes, and must propose, an economic standard, a theory of money and value, of transactions and the information they convey, radically opposed to what Newton wrought by giving the world a reliable gold standard.


As with the gentle image of cloud computing, Google’s theory of money and prices seems at first utterly benign and even in some sense deeply Christian. For Google ordains that, at least within the realm under its direct control, there shall be no prices at all. With a few small (but significant) exceptions, everything Google offers to its “customers” is free. Internet searches are free. Email is free. The vast resources of the data centers, costing Google an estimated thirty billion dollars to build, are provided essentially for free.


Free is not by accident. If your business plan is to have access to the data of the entire world, then free is an imperative. At least for your “products.” For your advertisers, it’s another matter. What your advertisers are paying for is the enormous data and the insights gained by processing it, all of which is made possible by “free.”


So the cascades of “free” began: free maps of phenomenal coverage and resolution, making Google master of mobile and local services; free YouTube videos of luminous quality and stunning diversity that are becoming a preferred vessel for Internet music as well; free email of elegant simplicity, with uncanny spam filters, facile attachments, and hundreds of gigabytes of storage, with links to free calendars and contact lists; free Android apps, free games, and free search of consummate speed and effectiveness; free, free, free, free vacation slideshows, free naked ladies, free moral uplift (“Do no evil”), free classics of world literature, and then free answers, tailored to your every whim by Google Mind.


So what’s wrong with free? It is always a lie, because on this earth nothing, in the end, is free. You are exchanging incommensurable items. For glimpses of a short video that you may or may not want to see to the end, you agree to watch an ad long enough to click it closed. Instead of paying—and signaling—with the fungible precision of money, you pay in the slippery coin of information and distraction.


If you do not charge for your software services—if they are “open source”—you can avoid liability for buggy “betas”. You can happily escape the overreach of the patent bureau’s ridiculous seventeen-year protection for minor software advances or “business processes” like one-click shopping. But don’t pretend that you have customers.


Of all Google’s foundational principles, the zero price, is apparently its most benign. Yet it will prove to be not only its most pernicious principle but the fatal flaw that dooms Google itself. Google will likely be an important company ten years from now. Search is a valuable service, and search it will continue to provide. On search it may prosper, even at a price of zero. But Google’s insidious system of the world will be swept away.





CHAPTER 3



Google’s Roots and Religions


Under the leadership of Larry Page and Sergey Brin, Google developed the integrated philosophy that currently shapes our lives and fortunes, combining a theory of knowledge (nicknamed “Big Data”), a technological vision (centralized cloud computing), a cult of the commons (rooted in “open source” software), a concept of money and value (based on free goods and automated advertising), a theory of morality as “gifts” rather than profits, and a view of progress as evolutionary inevitability and an ever diminishing “carbon footprint.”


This philosophy rules our economic lives in America and, increasingly, around the globe. With its development of “deep learning” by machines and its hiring of the inventor-prophet Raymond Kurzweil in 2014, Google enlisted in a chiliastic campaign to blend human and machine cognition. Kurzweil calls it a “singularity,” marked by the triumph of computation over human intelligence. Google networks, clouds, and server farms could be said to have already accomplished much of it.


Google was never just a computer or software company. From its beginning in the late 1990s, when its founders were students at Stanford, it was the favorite child of the Stanford Computer Science Department, married to Sand Hill Road finance across the street, and its ambitions far transcended mere business.


Born in the labs of the university’s newly opened (Bill) Gates Computer Science Building in 1996 and enjoying the patronage of its president, John Hennessy, the company enjoyed access to the school’s vast computer resources. (In 2018 Hennessy would become chairman of Alphabet, the Google holding company). In embryo, Google had at its disposal the full bandwidth of the university’s T-3 line, then a lordly forty-five megabits a second, and ties to such venture capital titans as John Doerr, Vinod Khosla, Mike Moritz, and Don Valentine. The computer theorists Terry Winograd and Hector Garcia Molina supervised the doctoral work of the founders.


Rollerblading down the corridors of Stanford’s computer science pantheon in the madcap spirit of Claude Shannon, the Google founders consorted with such academic giants as Donald Knuth, the conceptual king of software, Bill Dally, a trailblazer of parallel computation, and even John McCarthy, the founding father of artificial intelligence.


By 1998, Brin and Page were teaching the course CS 349, “Data Mining, Search, and the World Wide Web.” Sun founder Andy Bechtolsheim, Amazon founder Jeff Bezos, and Cisco networking guru Dave Cheriton had all blessed the Google project with substantial investments. Stanford itself earned 1.8 million shares in exchange for Google’s access to Page’s patents held by the university. (Stanford had cashed in those shares for $336 million by 2005).


Google moved out of Stanford in 1999 into the Menlo Park garage of Susan Wojcicki, an Intel manager soon to be CEO of YouTube and a sister of Anne, the founder of the genomic startup 23andMe. Brin’s marriage to Anne in 2007 symbolized the procreative embrace of Silicon Valley, Sand Hill Road, and Palo Alto. (They divorced in 2015.) By 2017, Google’s own computer scientists had authored more of the world’s most-cited papers in the subject than had Stanford’s own faculty.1


Google’s founders always conceived of their projects in prophetic terms. An eminent computer scientist, Page is the scion of two Ph.D.s in the subject, and no one will deny, not even his mother, that his “PageRank” paper behind Google search is better than any doctorate.2 His father, Carl, was an ardent evangelist of artificial intelligence at Michigan State and around the family dinner table in East Lansing.


Brin saw the word “googol,” meaning ten to the one-hundredth power—an impossibly large number—as a symbol of the company’s reach and ambition. A leading mathematician, computer scientist, and master of “big data” at Stanford, Brin supplied the mathematical wizardry that converted the PageRank search algorithm into a scalable “crawler” across the entire expanse of the Internet and beyond.


By exploring search—what Page called “the intersection between computer science and metaphysics”—Google was plunging into profound issues of philosophy and neuroscience.3 Search implies a system of the world: it must begin with a “mirror world,” as the Yale computer scientist and philosopher David Gelernter puts it, an authentic model of the available universe.4 In order to search something with a computer, you must translate its corpus into digital form: bits and bytes defined by Shannon as irreducible binary units of information. Page and Brin set out to render the world, beginning with its simulacrum, the Worldwide Web, as a readable set of digital files, a “corpus” of accessible information, an enormous database.


As the years passed, Google digitized nearly all of the available books in the world (2005), the entire tapestry of the world’s languages and translations (2010), the topography of the planet (Google Maps and Google Earth, 2007), down to the surfaces and structures on individual streets (StreetView) and their traffic (Waze, 2016). It digitized even the physiognomies of the world’s faces in its digital facial recognition software (2006, now upgraded massively and part of Google Photos). With the capture of YouTube in 2006, Google commanded an explosively expanding digital rendition of much of the world’s imagery, music, and talk.


Accessed through a password system named Gaia, after the earth goddess, this digital mirror world and its uncountable interactions comprised a dynamic microcosm worthy of a googolplex. As Page put it, “We don’t always produce what people want; it’s really difficult. To do that you have to be smart—you have to understand everything in the world. In computer science, we call that artificial intelligence.”5
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