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For David Rockefeller, Ph.D. in economics, 
Hayek tutee, who taught me the limits of knowledge and power 
and the valor of virtue






“While market economies are often thought of as money economies, they are still more so knowledge economies…. Economic transactions are purchases and sales of knowledge.”

 



“After all, the cavemen had the same natural resources at their disposal as we have today…. We are all in the business of buying and selling knowledge from one another, because we are each so profoundly ignorant of what it takes to complete the whole process of which we are a part.”

 




“‘How could we have gone so wrong?’ … 
The short answer is that power trumps knowledge.”


 



—THOMAS SOWELL, Knowledge and Decisions, 1979 (P. 47), 
AND Basic Economics, 2007 (P. 424)
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“Life is plastic, creative! How can we build this out of static, eternal, perfect mathematics? We shall use post-modern math, the mathematics that comes after Gödel, 1931, and Turing, 1936, open not closed math, the math of creativity….”

 



—GREGORY CHAITIN, Proving Darwin, 2012 (P. 14)





Foreword

A Venture Investor from Bell Labs Channels the Noise and the Knowledge

I GET OFF THE GREEN Number 5 train at the Wall Street stop as I’ve done a million times before. It could be this year or years ago. It doesn’t matter. I carefully shuffle out with the pack of humanity, half in suits, the other half wearing bike messenger bags; make my way out through the turnstiles; and, shoulder to shoulder with people in a hurry, slip and slide up the litter-strewn stairs onto the Street.

The sun is bright, piercing. You can see everything, but none of it comes into focus. I’m instead distracted by the racket. Cars honking, jack hammers rattling away, a guy selling the New York Post going on about the latest sensational Twittered sex crime. Trucks roar by me. Subways screech beneath me. An ambulance with sirens blaring goes up on the sidewalk to get around some construction. Bad music—someone rapping “Turn it up! Bring the Noise”—is blaring from a Starbucks that turns out to have no restroom. My head is spinning. I can hardly hear myself think.

But underneath all that noise, I hear a sound, sort of a thub-dub, thub-dub, a relentless reggae beat, sometimes loud, sometimes soft, faster, slower, but the pulse is always there. Is it a heartbeat, the predictable rhythm of life? Or does it bear a signal, a difference, a delta of news? The precious modulation of a wave of new creativity in the channels of the economy?

I’ve got “five hundred large” of other people’s money to invest. “I won’t lose any of your capital and I’ll find the next Microsoft,” I told them in 1995. What the hell was I thinking? It’s so loud down here it’s hard to make sense of anything. Every story sounds good and every stock looks like a bargain—but there are so many stories, they drown each other out. Too many stories essentially merge into one endless market oscillation—a random motion through time that will deceive most technical analysts who take it for a signal and will be left gasping and grasping for handfuls of noise.

I think I’m different. I’ve got alpha, baby—which in Wall Street–speak means I think I can generate excess returns over the market. I think I can find the profits of surprise, the yield of real knowledge. Everyone says that, of course, but most investors are all beta—just volatility, just the random motion of the surf. When markets go up the beta warriors outperform, and when markets go down they get killed.

To generate alpha, I need help, direction, signposts, analysts, and sometimes even brandy-toting salesmen. But about the only pointer in view is George Washington’s outstretched arm at Wall and Broad, aiming across the street to the New York Stock Exchange—almost as a warning to watch out for those guys in funny-colored blazers. On the other corner is 23 Wall Street, the J. P. Morgan headquarters bombed by anarchists in 1920. Now they blow these banks up from the inside—with combustible illusions of alpha.

I’ve got to put that money to work, buy stocks that go up five to ten times, and prove that my alpha is real. In this book, and in Claude Shannon’s classic model that it describes, alpha goes under the name of “entropy.” But it’s essentially the same thing. It is the unanticipated signal, the upside surprise, the unexpected return, the messages among the noise on the Street. The predictable returns are already in prices, in interest  rates. I have to achieve upside surprises that are not implicit in current prices and I have to get them not merely today or tomorrow, but month by month, year by year. And I have to hedge them with shorts of stocks that are overblown and going down faster than the Titanic. Simple enough, right? I wish.

Back on the subway this morning, I was channeling Larry, a guy in a leisure suit who ran “go-go money,” as we used to call it, back in 1973. “Ah,” he tells me, “those were the days and daze. A White Weld institutional salesman would call me every morning at nine with the early word on what his analysts were saying on Polaroid or Xerox or Philip Morris. Trading cost seventy-five cents a share, but who cares, there were only fifty stocks that mattered, the Nifty Fifty, and you just bought ’em, never sold. Maybe I’d get some ideas from the ‘Heard on the Street’ in the Journal, or maybe ‘Inside Wall Street’ from Business Week.”

Unfortunately, the Nifty Fifty melted into a worthless heap, and Vanguard, John Bogle’s pioneering new fund, rose from the ashes. Propelled by a Big Bang of market deregulation, negotiated commissions, and lower transaction costs, Vanguard back in 1975 figured that alpha was a myth, that no mere mortals could beat the market, so they indexed the whole damn thing. Buying a Vanguard fund, you merely bought a statistical sample of the market. It was like driving all the knowledge out of prices. Danny Noonan in Caddy Shack was told to “be the ball;” Vanguard told us to “be the market.” But if we are the market, we do not shape it; we are just bounced and dribbled around. Shannon, the ultimate alpha man of investing, as we learn in this book, would not have been amused.

Twenty-five years later, much of the market is mindlessly indexed. That means it is all beta. The knowledge is leaching away in the surf of noise and rapid trading. Computers in, humans out; this is classic 1970s sci-fi made all too real. A scream from a homeless man playing Angry Birds on his iPhone ends my subway séance with the wisdom of the 1970s.

An index is the market. It’s a carrier, a channel, as defined mathematically by Shannon at Bell Labs in his seminal work on information theory. An index can yield only the predictable market return, mostly devoid of  the profits of creativity and innovation, which largely come from new companies outside the index. I had to beat the indexes—by a lot. That means I needed knowledge. Riding on the channel, knowledge portends deformation of the mean. It is signaled by surprise, upside and downside, but it is not realized until the surprise—the information—is understood.

As the information revolution described in this book began to take off, I had an advantage. I started my career at Bell Labs, thirty-five years after Shannon. On your first day there, you are issued a nine-by-twelve brown leatherette bag with a Bell logo in the lower corner. There were guards at every entrance and exit making sure employees didn’t, uh, liberate equipment from the Labs. But the rule was that the guards would not search your Bell Bag.

In the days before personal computers, Bell Labs employees—OK, by that I mean me!—tried to take home a Digital Equipment PDP-11 minicomputer by taking it apart and fitting it into their Bell Bag, much as M *A *S *H’s Radar O’Reilly shipped home a Jeep. Rumor has it that the Bag was the reason Shockley and others invented the transistor. Machines made out of vacuum tubes didn’t fit—too much material, not enough information. At Bell Labs we were reducing everything to information. Today it is almost all information, and you could steal its crown jewels of software in a thumb drive.

Anyway, in a few years I left Bell Labs and moved to Wall Street.

As I strolled down Wall Street, the thub-dub was getting louder. It was the market, the pulse of the street. It’s what everyone thinks. Every day, you’re hit with a fire-hose blast of information—in the Wall Street Journal, on Yahoo! Finance, in real-time stock quotations, in press releases, on StockTwits.

But I still don’t have knowledge, interpreting the surprises that others don’t know about, that will drive a new narrative. You have to work and think and stress and fret to surmise the surprises by first fathoming the pulse.

The battle is just filtering out the few tiny gems, the insights that make up the new knowledge. If not, my “five hundred large” gets returned to the index cesspool. Thub-dub this.

Except in a few exceptional periods of a bubble market, if there is no noise, there is no return. If it’s so painfully obvious, like the Nifty Fifty of the ’70s; if retired couples are talking about buying more Apple shares in the quiet of an airport Admiral’s Club; run away until the noise returns.

As an investor, I need to feel the pulse every day and wade through the drivel in order to pan the gold. The pulse has to reverberate in my veins, but only so I understand what the market is saying today. Then I have to resist the calming effect of that thub-dub of conventional thinking and venture out into the noise, out on the edge, to find new information and what’s next, which can lead to knowledge. It’s as elusive as humpback whales, but it’s there.

Amid the clutter of trends running around the Street, though, it is hard to tell what is real and what is just Synsonic synthesized sound. “Reg FD”—regulation full disclosure—means companies only give “guidance” on how they see business tracking once a quarter, on an earnings release conference call with questions like “Congratulations on the great quarter, uh, what’s your tax rate going forward?” That is what Shannon might call zero-entropy communication. It removes information from the market when I need more and more.

With a beta of 1.0, any sample of the market exactly recapitulates the market averages. It’s the insight extracted from the information—that alpha—that separates the winners from the snoozers on Wall Street. Indexing is a waste heap—information so merged and muffled that it hides knowledge rather than reveals it. All beta, no alpha.

So what do the best modern money managers do? They live for the pulse, in the pulse, but then they work out, often by an educated gut instinct, what is different and what is going to change—where the surprises will come—where Shannon hid the entropy. That’s valuable knowledge. No more leisure-suit Nifty Fifty, no more indexing, no more day traders, no momentum investing, and no more fooling around.

So I went to Palo Alto in the midst of Silicon Valley. Why Silicon Valley, where a 1,500-square-foot house runs $2.5 million? Because it’s where the surprises are. Beating the market turned out to have nothing  to do with trading or the plumbing of Wall Street. It had to do with understanding and predicting the surprises, the changes, and the productivity fabric of the economy. The rest is noise.

Every day in Silicon Valley, someone writes a clever piece of code that changes retail or uses information theory to write a security algorithm or invents a new way to shape Wi-Fi beams. These are all surprises. Getting away from the scopes of stock market trading and into the microscopic detail of how technology is changing and its effect on human-machine interfaces and why many existing industries will collapse is the only way to gain real actionable knowledge.

A day doesn’t pass that I’m not surprised. Many years ago I met with a team that could very cheaply jam five gigabits of information per second down a couple of meters of cable, unheard of at the time. I didn’t know you could do that, but voilà, HDMI (high-definition multimedia interface) was born. I can almost guarantee it is how you get high-def video to your flat screen TV. A game changer—not overnight, but over years. It might not have been the next Microsoft, but it was good enough. It went from noise to the narrative, the pulse, and huge amounts of wealth were created.

No index can capture that. The index is retrospective. The crucial alpha, the entropy, the signal modulating that linear advance—information light enough to stash away in your Bell Bag or thumb drive and shape the future—comes from knowledge of the entrepreneurial surprises harbored on the edge of the noise.

The big narrative of the economy changes daily. That’s productivity and progress. It is that high-energy message that the market as medium carries into the future.

—Andy Kessler





PART ONE

 The Theory
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 The Need for a New Economics

MOST HUMAN BEINGS understand that their economic life is full of surprises. We cannot predict the value of our homes or prices on the stock market from day to day. We cannot anticipate illness or automobile accidents, the behavior of our children or the incomes of our parents. We cannot know the weather beyond a week or so. We cannot predict what course of college study will yield the best lifetime earnings or career. We are constantly startled by the news. We are almost entirely incapable of predicting the future.

Yet economics purports to be strangely exempt from this fact of life. From Adam Smith’s day to our own, the chief concern of the discipline has been to render economic events unsurprising. Given a supply x of corn and a demand y, the price will be z. Change x or y and hold all else equal and the price will instead be a predictable z. The discernment of orderly rules governing the apparent chaos of life was a remarkable achievement and continues to amaze. Economists such as Steven Leavitt of Freakonomics fame and Gary Becker of the University of Chicago  became media stars for their uncanny ability to unveil what “we should have known.”1 Closer investigation, however, reveals that even these ingenious analysts are gifted chiefly with 20/20 hindsight. They prosper more by explaining to us what has happened than by anticipating the future with prescient investments.

The passion for finding the system in experience, replacing surprise with order, is a persistent part of human nature. In the late eighteenth century, when Smith wrote The Wealth of Nations, the passion for order found its fulfillment in the most astonishing intellectual achievement of the seventeenth century: the invention of the calculus. Powered by the calculus, the new physics of Isaac Newton and his followers wrought mathematical order from what was previously a muddle of alchemy and astronomy, projection and prayer. The new physics depicted a universe governed by tersely stated rules that could yield exquisitely accurate predictions. Science came to mean the elimination of surprise. It outlawed miracles, because miracles are above all unexpected.

The elimination of surprise in some fields is the condition for creativity in others. If the compass fails to track North, no one can discover America. The world shrinks to a mystery of weather and waves. The breakthroughs of determinism in physics provided a reliable compass for three centuries of human progress.

Inspired by Newton’s vision of the universe as “a great machine,” Smith sought to find similarly mechanical predictability in economics. In this case, the “invisible hand” of market incentives plays the role of gravity in classical physics. Codified over the subsequent 150 years and capped with Alfred Marshall’s Principles of Economics, the classical model remains a triumph of the human mind, an arrestingly clear and useful description of economic systems and the core principles that allow them to thrive.

Ignored in all this luminous achievement, however, was the one unbridgeable gap between physics and any such science of human behavior: the surprises that arise from free will and human creativity. The miracles forbidden in deterministic physics are not only routine in economics; they constitute the most important economic events. For a miracle is simply an innovation, a sudden and bountiful addition of  information to the system. Newtonian physics does not admit of new information of this kind—describe a system and you are done. Describe an economic system and you have described only the circumstances—favorable or unfavorable—for future innovation.

In Newton’s physics, the equations encompass and describe change, but there is no need to describe the agent of this change, the creator of new information. (Newton was a devout Christian but his system relieved God or his angels of the need to steer the spheres.) In an economy, however, everything useful or interesting depends on agents of change called entrepreneurs. An economics of systems only—an economics of markets but not of men—is fatally flawed.

Flawed from its foundation, economics as a whole has failed to improve much with time. As it both ossified into an academic establishment and mutated into mathematics, the Newtonian scheme became an illusion of determinism in a tempestuous world of human actions. Economists became preoccupied with mechanical models of markets and uninterested in the willful people who inhabit them.

Some economists become obsessed with market efficiency and others with market failure. Generally held to be members of opposite schools—“freshwater” and “saltwater,” Chicago and Cambridge, liberal and conservative, Austrian and Keynesian2—both sides share an essential economic vision. They see their discipline as successful insofar as it eliminates surprise—insofar, that is, as the inexorable workings of the machine override the initiatives of the human actors.

“Free market” economists believe in the triumph of the system and want to let it alone to find its equilibrium, the stasis of optimum allocation of resources. Socialists see the failures of the system and want to impose equilibrium from above. Neither spends much time thinking about the miracles that repeatedly save us from the equilibrium of starvation and death.

The late financial crisis was perhaps the first in history that economists actually caused. Entranced by statistical models, they ignored the larger dimensions of human creativity and freedom. To cite an obvious example, “structured finance”—the conglomerations of thousands of dubious mortgages diced and sliced and recombined and all trebly  insured against failure—was supposed to eliminate the surprise of mortgage defaults. The mortgage defaults that came anyway and triggered the collapse came not from the aggregate inability of debtors to pay as the economists calculated, but from the free acts of homebuyers. Having bet on constantly rising home prices, they simply folded their hands and walked away when the value of their houses collapsed. The bankers had accounted for everything but free will.

The real error, however, was a divorce between the people who understood the situation on the ground and the people who made the decisions. John Allison is the former CEO of a North Carolina bank, BB&T, which profitably surmounted the crisis after growing from $4.5 billion in assets when he took over in 1989 to $152 billion in 2008. Allison ascribed his success to decentralization of power in the branches of his bank.

But decentralized power, he warned, has to be guarded from the well-meaning elites “who like to run their system and hate deviations.” So as CEO, Allison had to insist to his managers that with localized decision-making, “We get better information, we get faster decisions, we understand the market better.”3


Allison was espousing a central insight of the new economics of information. At the heart of capitalism is the unification of knowledge and power. As Friedrich Hayek, the leader of the Austrian school of economics, put it, “To assume all the knowledge to be given to a single mind … is to disregard everything that is important and significant in the real world.”4 Because knowledge is dispersed, power must be as well. Leading classical thinkers such as Thomas Sowell and supply-siders such as Robert Mundell refined the theory.5 They all saw that the crucial knowledge in economies originated in individual human minds and thus was intrinsically centrifugal, dispersed and distributed.

Enforced by genetics, sexual reproduction, perspective, and experience, the most manifest characteristic of human beings is their diversity. The freer an economy is, the more this human diversity of knowledge will be manifested. By contrast, political power originates in top-down processes—governments, monopolies, regulators, and elite institutions—all attempting to quell human diversity and impose order. Thus power always seeks centralization.

The war between the centrifuge of knowledge and the centripetal pull of power remains the prime conflict in all economies. Reconciling the two impulses is a new economics, an economics that puts free will and the innovating entrepreneur not on the periphery but at the center of the system. It is an economics of surprise that distributes power as it extends knowledge. It is an economics of disequilibrium and disruption that tests its inventions in the crucible of a competitive marketplace. It is an economics that accords with the constantly surprising fluctuations of our lives.

In a sense, I introduced such an economics more than thirty years ago in Wealth and Poverty and reintroduced it in 2012 in a new edition. That book spoke of economics as “a largely spontaneous and mostly unpredictable flow of increasing diversity and differentiation and new products and modes of production … full of the mystery of all living and growing things (like ideas and businesses).” Heralding what was called “supply-side economics” (for its disparagement of mere monetary demand), it celebrated the surprises of entrepreneurial creativity. Published in fifteen languages, the original work was read all around the globe and reigned for six months as the number one book in France. President Ronald Reagan made me his most-quoted living author.

In the decades between the publications of the two editions of Wealth and Poverty, I became a venture capitalist and deeply engaged myself in studying the dynamics of computer and networking technologies and the theories of information behind them. In the process, I began to see a new way of addressing the issues of economics and surprise.

Explicitly focusing on knowledge and power allows us to transcend rancorous charges of socialism and fascism, greed and graft, “voodoo economics” and “trickle-down” theory, callous austerity and wanton prodigality, conservative dogmatism and libertarian license.

We begin with the proposition that capitalism is not chiefly an incentive system but an information system. We continue with the recognition, explained by the most powerful science of the epoch, that information itself is best defined as surprise—what we cannot predict rather than what we can. The key to economic growth is not acquisition of things by the pursuit of monetary rewards but the expansion of wealth through  learning and discovery. The economy grows not by manipulating greed and fear through bribes and punishments but by accumulating surprising knowledge through the conduct of the falsifiable experiments of free enterprises. Crucial to this learning process is the possibility of failure and bankruptcy.

Because the system is based more on ideas than on incentives, it is not a process that is changeable only over generations of Sisyphean effort. An economy is a “noosphere” (a mind-based system), and it can revive as quickly as minds and policies can change.

That new economics—the information theory of capitalism—is already at work in disguise. Concealed behind an elaborate mathematical apparatus, sequestered by its creators in what is called information technology, the new theory drives the most powerful machines and networks of the era. Information theory treats human creations or communications as transmissions through a channel, whether a wire or the world, in the face of the power of noise, and gauges the outcomes by their news or surprise, defined as “entropy” and consummated as knowledge. Now it is ready to come out into the open and to transform economics as it has already transformed the world economy itself.





2

The Signal in the Noise

I FIRST ENCOUNTERED the information theory at the center of the contemporary economy of capitalism in 1993 during a trip into the sandy hills of La Jolla, California, north of San Diego.

I came to visit Qualcomm Corporation, a company founded eight years before. By computerizing the communications of all the mobile devices you use every day—your cell phone, iPad, Kindle, or netbook—Qualcomm has become one of the world’s most valuable and influential corporations. It reached a market capitalization of over $110 billion in 2012, surpassing Intel as the most highly valued U.S. microchip producer. But in the early 1990s, it aroused the kind of enmity usually reserved for tobacco companies.

Writing articles every month for the new technology magazine Forbes ASAP, I found myself surrounded by ardent enemies of this apparently innocent wireless vendor. Highly placed executives and consultants—and even the occasional engineer or scientist—urged me to expose the conspiracy of a fanatical cult led by Qualcomm to fool the world into  adopting what they called its impossibly complex and physically impractical digital wireless technology. While I was giving a speech in Germany, a fervent Qualcomm opponent actually interrupted me from the floor, warning my audience of European telecom executives against my seditious message that Qualcomm’s technology would prevail.

The usual charge against Qualcomm’s system was that it “violates the laws of physics.” So Bruce Lusignan, a learned professor of electrical engineering at Stanford, informed me. A man with sixteen patents in signal processing and related fields, Lusignan generally knows what he is talking about. The laws of physics, he pointed out, “actually favor analog transmission over digital.” If as much investment had been made in improving the existing system as was lavished on digital, he said, the future of cell phones would be analog.

Lusignan was right about the laws of physics. Analog signals reproduce the full sound waves of voices in the form of full electrical waves rather than waves sampled twice a cycle or hertz for a numerical approximation of the sound. The analog transmission is radically more efficient for transmitting sounds, and at the time, it accounted for more than 60 percent of all U.S. cell phone service.

What Lusignan missed was the effect of the laws of information, with which Qualcomm had overcome the physical laws. In our time, the intellectual prestige of physics, at least among non-scientists, is supreme. But for conveying information, physical models are relatively impoverished compared with chemical models, which in turn compare poorly with the biological. A few thousand lines of genetic code (a tiny fraction of any organism’s genome) convey more information than anything in the realm of physics.

We admire physics because, compared with biology, it is relatively complete. We know pretty well how the solar system works; the immune system baffles us. We split the atom before we cured polio. Physics is more complete precisely because the information content of the system is so limited. Killing a virus without killing the man who carries it turns out to be a vastly more complex and information-intensive exercise than orbiting the planet, exploring Mars, or incinerating Hiroshima. The latter task, recall, needed only an airplane driven by a propeller and an  internal combustion engine and a bomb constructed in less than five years to be accomplished.

Physics is not the final word. Qualcomm triumphed by moving beyond physics to the new science of information, transforming the physical scarcity of “bandwidth” into an abundance of wireless communications.

“Bandwidth” is the apparent physical carrying capacity of a connection, whether wire, air, cable, fiber optic web of light, or dark telecom “cloud.” At the receiving end, we must be able to distinguish between the signal and the “noise”—the word and the wire. If content is to get through, the payload must be separable from its packaging.

In biology, Francis Crick dubbed this proposition the Central Dogma: information can flow from the genetic message to its embodiment in proteins—from word to flesh—but not in the other direction. Similarly, in communications, any contrary flow of influence, from the physical carrier to the content of the message, is termed noise.

One way to enhance transmission is by eliminating noise: making the channel as stable as possible so that every modulation of the carrier can be interpreted as “signal.” We communicate through the physical contrast between silent channel and loud signal. Qualcomm would change all this, seeking not to eliminate noise but to transcend and transform it into information. Mastery of the permutations of noise, as I was to discover, is central to the achievements of Qualcomm and the insights of information theory.

Before my trip to Qualcomm, my chief enthusiasm in technology was the physics of silicon. In 1989 I had written a book called Microcosm: The Quantum Era in Science and Technology, which used physics to understand the dynamics of the new semiconductor industry. I liked to cite Blake’s poetic vision of seeing “worlds in grains of sand,” which I took to anticipate the microchip, inscribing vast webs of intricate circuitry on slivers of opaque silicon. I extended the vision into “spinning out the grains of sand around the world” in worldwide webs of glass and light. I believed that the transparent silicon of fiber optics was opening a new and unprecedented promise of bandwidth abundance. In both cases, mastery of the physical characteristics and behavior of silicon,  making it predictable and controllable, laid the foundation for an industry in which creativity constantly surprises.

With the encouragement of a fiber optics pioneer named Will Hicks and an IBM engineer named Paul Green, I suggested in 1991 that these worldwide webs of glass and light—with bandwidths millions of times greater than those possible with copper wires—would usher in a new era of economics. Fiber optics enabled an all but limitless broadband flow of information between peoples once linked chiefly by narrow seaborne channels of trade and noisy copper cables. Webs of glass would achieve a new economics of abundance. I dubbed this the “fibersphere” and I conceived it as primarily an achievement of quantum physics and its engineering derivative, solid-state chemistry.

I soon realized, however, that to serve mobile human beings wherever they moved, the fibersphere would need the atmosphere as your lungs need air. And in the atmosphere, bandwidth was far less abundant. It would not be possible to compete with the sun in San Diego in transmitting photonic signals through the air. Restricted to frequencies outside the hyper-broadband blast of sunlight, bandwidth in the atmosphere would face daunting limits. This scarcity of bandwidth was the catalyst for information theory, which became the foundation for wireless communications.

At the time people were warning me about Qualcomm, I knew little about the company or about information theory. But I thought I should visit Qualcomm’s headquarters before some physics professor in Palo Alto put its executives under citizen’s arrest.

At a small table overlooking the atrium of Qualcomm’s new headquarters, the company’s founders, Andrew Viterbi and Irwin Jacobs, tried to explain their controversial technology to me. Jacobs was tall, lanky, and soft-spoken. He used homely analogies to describe the virtues of Qualcomm’s solution. Viterbi was short and paunchy and determined to expound the decisive points from information theory. There was a discernible tension between the two, one talking down to me and one talking up. I was not surprised when Viterbi left the company less than a decade later.

Both men possessed intellects far superior to those of most executives I met, even in cerebral Silicon Valley. Jacobs was clearer in explaining his system to me and was more quotable for my articles in Forbes. As he later  explained to me, he went to MIT in the mid-1950s to study the physics and engineering of electromagnetism. But all the excitement at the time surrounded Claude Shannon, the “playful polymath” (in the words of John Horgan) who had first identified the laws of information theory less than a decade earlier. Jacobs ended up studying information theory with Paul Elias, Robert Fano, and Shannon, and, when Jacobs became a professor, his office was just down the corridor from Shannon’s.

It was Viterbi, however, who posed for me a profound riddle of information theory that launched me on a twenty-year exploration of Shannon’s ideas, from communications to biology and on to economics. Viterbi earnestly identified the secret of Qualcomm’s superiority as the recognition that a communications system is most capacious and efficient when its contents most closely resemble not a clear channel and decisive signal but a fuzzy stream of “white noise.”

What could he have meant? I stubbed my neurons on the idea of noise as a carrier of information. Viterbi’s view seemed to wrap the Qualcomm riddle in a mystery. Surely noise is the opposite of communication, and “white” means that the racket is equally dispersed among all frequencies, or “colors,” of noise, enveloping the mystery in an enigma of uniform static—to complete the Churchillian image.

Viterbi’s statement not only defied common sense, but it also contradicted what nearly everyone else I talked to in the industry said. That might explain why the rest of the industry was so resistant to Qualcomm. All telecom was engaged in a war against noise, laboring to banish it, suppress static, enhance signal-to-noise ratios, and jack up the volume of the signal to overcome the buzz. The industry was coalescing around digital transmission standards that broke up the signal stream into time slots and assigned each slot to one message alone with no noise from other transmissions.

The favored digital system was time division multiple access (TDMA), which was popular in Europe. Telephone companies liked TDMA because they already used it to share or multiplex all their wire-line links, which did not have to deal with the vagaries of mobile communications. By encapsulating each packet of data in an exclusive slot of time and frequency, TDMA shielded its packets from interference.

This virtue, however, made TDMA a relatively rigid and inefficient system because it wasted all its unused time slots. (Most access phone wires are empty most of the time, after all). TDMA allows precious time slots to pass irretrievably by like empty freight cars receding down the tracks. Moreover, because the traditional strategy was to shout across an exclusive channel (in the case of TDMA, only momentarily exclusive), the “walls” of TDMA’s slots had to be thick. This meant taking more bandwidth for insulation, so that next-door neighbors’ domestic incidents did not come through as noise.

Qualcomm’s system—called code division multiple access, or CDMA—was completely different. Rather than speaking more loudly to make themselves clear over longer distances, all communicators would speak more quietly. Jacobs likened Qualcomm’s scheme to a cocktail party in which each pair of communicators spoke its own language. They would differentiate their calls not through time slots or narrow frequency bands but through codes. Spread across the available spectrum, these codes would resemble white noise to anyone without a decoder.

In An Introduction to Information Theory: Symbols, Signals, and Noise, John R. Pierce, Shannon’s close colleague at Bell Labs (and coiner of the word “transistor” ), puts numbers on this multilingual cocktail party.1 Engineers have a choice between two strategies to maximize channel capacity: they can increase the bandwidth of the signal or they can increase its power-to-noise ratio. Most of the industry was seeking to enhance the signal-to-noise ratio, speaking more loudly to be heard more clearly. As James Gleick commented in his definitive history, The Information , “Every engineer, when asked to push more information through a channel, knew what to do: boost the power.”2 But as Pierce showed in 1980, doubling the bandwidth of the signal from four megahertz to eight megahertz allows for a more than thirty-three-fold drop in the power-to-noise ratio.3 Reducing the power and expanding the bandwidth was over sixteen times more efficient in the example than increasing the signal power at the same bandwidth. There was a paradox of loudness. One person could be heard better by speaking at higher volume, but if everyone did it, communication would drown in the ambient noise.

Pierce concluded, “If we wish to approach Shannon’s limit for a chosen bandwidth we must use as elements of the code long, complicated signal waves that resemble gaussian noise.”4 This was Viterbi’s insight behind the success of spread-spectrum CDMA.

Shrouded in an extended code that seemed like low-level background noise, the spread-spectrum message could get through while only slightly interfering with other messages. Noise would build up incrementally in the cell as more users made calls. Allowing all the calls to use all the frequencies in the cell all the time without the wasteful rigidity of TDMA time slots or the noisy chaos of high-power analog transmissions, CDMA maximized capacity. To accommodate more users during traffic jams on the freeway, coded calls could even move into less crowded neighboring cells, because all calls and cells used the same frequencies.

With a future of wireless Internet on my mind, the Qualcomm advance excited me. I could see that CDMA would be far superior for bursty data communications that might overflow time slots or narrow frequency bands. The CDMA cocktail party would maximize communication if everyone spoke as quietly as possible in his chosen language, or code. To everyone else in the cell, the conversation would be indistinguishable from background noise. These “quasi-noise” codes would be readily translated by ever more powerful microchips in the cell phones that Qualcomm would supply or license for a reasonable fee. It was evident that, other things being equal, the Qualcomm strategy would prevail.

But the real news was better than that. For other things were not equal. In a Moore’s Law world, with the cost of computing capacity falling by half every two years, the economics of silicon favored technologies that wasted computer power but conserved “physical” resources such as wireless spectrum. This was the true meaning of an “information economy” that Peter Drucker and others had merely glimpsed.

In an information economy, entrepreneurs master the science of information in order to overcome the laws of the purely physical sciences. They can succeed because of the surprising power of the laws of information, which are conducive to human creativity. The central concept of  information theory is a measure of freedom of choice. The principle of matter, on the other hand, is not liberty but limitation—it has weight and occupies space.

The power of any science is limited by its information potential. We tend to overestimate the technological usefulness of physics and its laws precisely because its limited information potential makes it seem so rational and predictable. But as Shannon showed, predictability and information operate in opposition.

Transcending the laws of physics by the laws of information is not a pie-in-the-sky idea. It has been happening in the most dynamic sectors of the economy since the last century. This same step-by-step transcendence of the physical by the informational, of matter by idea, has powered all economic development through all of history and before. In previous eras, this process was less obvious because the power of information was manifested in harnessing the laws of physics rather than in transcending them. From the wheel to the Roman arch to the fragile wings lifting off the sand at Kitty Hawk, man used physics to ease the burdens of matter, to control, guide, or support more with less, to enliven matter with mind. In the information age, it is physics itself that is subdued. In the early 1990s, Qualcomm was the center of that effort.

Jacobs’s cocktail-party analogy quelled my objections for the moment. But at the time I still didn’t comprehend what Viterbi was telling me. I returned to the Forbes ASAP offices determined to plow through Shannon’s information theory papers to get to the bottom of this apparent enigma of “white” or random noise and maximum information transmittal. That pursuit made me an enthusiastic supporter of Qualcomm, the best major-market American stock of the 1990s, rising in value twenty-five-fold in ten years. It also impelled me toward an information theory of capitalism that is as much a departure from standard economics as CDMA was from the prevailing protocols in the phone industry. From the equilibrium and spontaneous order of Adam Smith and his heirs, from invisible-handed markets and perfect competition, supply and demand, and rewards and punishments, I was pushed to theories of disequilibrium and disorder, and information and noise, as the keys to understanding economic progress.
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The Science of Information

THE CURRENT CRISIS of economic policy cannot be understood as simply the failure of either conservative or socialist economics to triumph over its rival. It cannot be understood, as Paul Krugman or Ron Paul might wish, as a revival of the debate between the Keynesian and Austrian schools—John Maynard Keynes and Paul Samuelson against Friedrich Hayek and Ludwig von Mises. The hard science that is the key to the current crisis had not been developed when Keynes and Hayek were doing their seminal work.

That new science is the science of information. In its full flower, information theory is densely complex and mathematical. But its implications for economics can be expressed in a number of simple and intelligible propositions. All information is surprise; only surprise qualifies as information. This is the fundamental axiom of information theory. Information is the change between what we knew before the transmission and what we know after it.

From Adam Smith’s day to ours, economics has focused on the nature of economic order. Much of the work of classical and neo-classical economists was devoted to observing the mechanisms by which markets, confronted with change—especially change in prices—restored a new order, a new equilibrium. Smith and his successors followed in the footsteps of Newton and Leibniz, constructing a science of systems.

What they lacked was a science of disorder and randomness, a mathematics of innovation, a rigorous measure and mandate for freedom of choice. For economics, the relevant science has arrived just in time. The great economic crisis of our day, a crisis of theory as well as practice, is a crisis of information. It can be grasped and resolved only by an economics of information. Pioneered by such titans as Kurt Gödel, John von Neumann, and Alan Turing, the mathematical structure for this new economics was completed by one of the preeminent minds of the twentieth century, Claude Elwood Shannon (1916–2001).

In a long career at MIT and AT&T’s Bell Laboratories, Shannon was a man of toys, games, and surprises. His inventions all tended to be underestimated at first, only to later become resonant themes of his time and technology—from computer science and artificial intelligence to investment strategy and Internet architecture. As a boy during the roaring twenties in snowy northern Michigan, young Claude—grandson of a tinkering farmer who held a patent for a washing machine—made a telegraph line using the barbed-wire fence between his house and a friend’s half a mile away. “Later,” he said, “we scrounged telephone equipment from the local exchange and connected up a telephone.” Thus he recapitulated the pivotal moment in the history of his later employer: from telegraph to telephone.

There is no record of what Shannon and the world would come to call the “channel capacity” of the fence. But later, Shannon’s followers at industry conferences would ascribe a “Shannon capacity” of gigabits per second to barbed wire and joke about the “Shannon limit” of a long strand of linguini.

Shannon’s contributions in telephony would follow his contributions in computing, all of which in turn were subsumed by higher abstractions in a theory of information. His award-winning master’s thesis at MIT  jump-started the computer age by demonstrating that the existing “relay” switching circuits from telephone exchanges could express the nineteenth-century algebra of logic George Boole invented, which became the prevailing logic of computing. A key insight came from an analogy with the game of twenty questions: paring down a complex problem to a chain of binary, yes-no choices, which Shannon may have been the first to dub “bits.” Then this telephonic tinkerer went to work for Bell Labs at its creative height, when it was a place where a young genius could comfortably unicycle down the hallways juggling several balls over his head.

He worked on cryptography there during the war and talked about thinking machines over tea with the visiting British mathematician Alan Turing, whose conception of a generic abstract computer architecture made him, one can argue, the progenitor of information theory. At Bletchley Park in Britain, Turing’s contributions to breaking German codes were critical to the Allied victory. During these wartime teas, the two computing-obsessed cryptographers also discussed what Shannon described as his burgeoning “notions on Information Theory” (for which Turing provided “a fair amount of negative feedback”).

In 1948, Shannon published those notions in The Bell System Technical Journal as a seventy-eight-page monograph, “The Mathematical Theory of Communication.” (The next year it reappeared as a book, with an introduction by Warren Weaver, one of America’s leading wartime scientists.)1 It became the central document of the dominant technology of the age, and it still resonates today as the theoretical underpinning for the Internet.

Shannon’s first wife described the arresting magnetism of his countenance as “Christlike.” Like Leonardo da Vinci and his fellow computing pioneer Charles Babbage, he was said by one purported witness to have built floating shoes for walking on water. With his second wife, herself a “computer” when he met her at AT&T, he created a home full of pianos, unicycles, chess-playing machines, and his own surprising congeries of seriously playful gadgets. These included a mechanical white mouse named Theseus—built soon after he wrote the information theory monograph—which could learn its way through a maze; a calculator  that worked in Roman numerals; a rocket-powered Frisbee; a chair lift to take his children down to the nearby lake; a diorama in which three tiny clowns juggled eleven rings, ten balls, and seven clubs; and an analog computer and radio apparatus, built with the help of blackjack card-counter and fellow MIT professor Edward Thorp, to beat the roulette wheels at Las Vegas. (The apparatus worked in Shannon’s basement but failed in the casino). Later an uncannily successful investor in technology stocks, Shannon insisted on the crucial differences between a casino and a stock exchange that eluded some of his followers.

When I wrote my book Microcosm, on the rise of the microchip, I was entranced with physics and was sure that the invention of the transistor at Bell Labs in 1948 was the paramount event of the postwar decade. Today, I find that physicists are entranced with the theory of information. I believe, with his biographer James Gleick, that Shannon’s information theory was a breakthrough comparable to the transistor. While the transistor is ubiquitous today in information technology, Shannon’s theories play a role in all the ascendant systems of the age. As universal principles, they grow more fertile as time passes. Every few weeks, I encounter another company whose work is rooted in Shannon’s theories, full of earnest young engineers conspiring to beat the Shannon limit. Current technology seems to be both Shannon-limited and Shannon-enabled. So is the modern world.

Let us imagine the lineaments of an economics of disorder, disequilibrium, and surprise that could explain and measure the contributions of entrepreneurs. Such an economics would begin with the Smithian mold of order and equilibrium. Smith himself spoke of property rights, free trade, sound currency, and modest taxation as conditions necessary for prosperity. He was right: disorder, disequilibrium, chaos, and noise inhibit the creative acts that engender growth. The ultimate physical entropy envisaged as the heat death of the universe, in its total disorder, affords no room for invention or surprise. But entrepreneurial disorder is not chaos or mere noise. Entrepreneurial disorder is some combination of order and upheaval that might be termed “informative disorder.”

Shannon defined information in terms of digital bits and measured it by the concept of information entropy: unexpected or surprising bits. The  man who supposedly coined the term was John von Neumann, inventor of computer architectures, game theory, quantum math, nuclear devices, military strategies, and cellular automata, among other ingenious things. Encountering von Neumann in a corridor at MIT, Shannon allegedly told him about his new idea. Von Neumann suggested that he name it “entropy” after the thermodynamic concept. According to Shannon, von Neumann liked the term because no one knew what it meant.

Shannon’s entropy is governed by a logarithmic equation nearly identical to the thermodynamic equation of Rudolf Clausius that describes physical entropy. But the parallels between the two entropies conceal several pitfalls for the unwary. Physical entropy is maximized when all the molecules in a physical system are at an equal temperature and thus cannot yield any more energy. Shannon’s entropy is maximized when all the bits in a message are equally improbable and thus cannot be further compressed without loss of information. These two identical equations point to a deeper affinity that the physicist Seth Lloyd identifies as the foundation of all material reality—at the beginning was the entropic bit.2


For the purposes of economics, the key insight of information theory is that information is measured by the degree to which it is unexpected. Information is “news,” gauged by its surprisal, which is the entropy. A stream of predictable bits conveys no information at all. A stream of uncoded chaotic noise conveys no information either.

In Shannon’s scheme, a source selects a message from a portfolio of possible messages, encodes it by resorting to a dictionary or lookup table using a specified alphabet, and then transcribes the encoded message into a form that can be transmitted down a channel. Afflicting that channel is always some level of noise or interference. At the destination, the receiver decodes the message, translating it back into its original form. This is what is happening when a radio station modulates electromagnetic waves, and your car radio demodulates those waves, translating them back into the original sounds from the radio station.

Part of the genius of information theory is the understanding that this ordinary concept of communication through space extends also through time. A compact disk, iPod memory, or Tivo personal video  recorder also conducts a transmission from a source (the original song or other content) through a channel (the CD, DVD, microchip memory, or “hard drive”) to a receiver separated chiefly by time. In all these cases, the success of the transmission depends on the existence of a channel that does not change substantially during the course of the communication, either in space or in time.

Change in the channel is called noise, and an ideal channel is perfectly linear. What comes out is identical to what goes in. A good channel, whether for telephony, television, or data storage, does not change substantially during the period between the transmission and the receipt of the message. Because the channel is changeless, the message in the channel can communicate changes. The message of change can be distinguished from the unchanging parameters of the channel.

In that radio transmission, a voice or other acoustic signal is imposed on a band of electromagnetic waves through a modulation scheme. This set of rules allows a relatively high-frequency non-mechanical wave (measured in kilohertz to gigahertz and traveling at the speed of light) to carry a translated version of the desired sound, which the human ear can receive only in the form of a lower frequency mechanical wave (measured in acoustic hertz to low kilohertz and traveling close to a million times slower). The receiver can recover the modulation changes of amplitude or frequency or phase (timing) that encode the voice merely by subtracting the changeless radio waves. This process of recovery can occur years later if the modulated waves are sampled and stored on a disk or long term memory.

The great accomplishment in information theory was the development of a rigorous mathematical discipline to define and measure the information in the message sent down the channel. Shannon’s entropy or surprisal defines and quantifies the information in a message. Like physical entropy, information entropy is always a positive number measured by minus the base two logarithm of its probability.

Information in Shannon’s scheme is quantified in terms of a probability because Shannon interpreted the message as a selection or choice from a limited alphabet. Entropy is thus a measure of freedom of choice. In the simplest case of maximum entropy of equally probable elements, the  uncertainty is merely the inverse of the number of elements or symbols. A coin toss offers two possibilities, heads or tails; the probability of either is one out of two; the logarithm of one half is minus one. With the minus canceled by Shannon’s minus, a coin toss can yield one bit of information or surprisal. A series of bits of probability one out of two does not provide a 50-percent correct transmission. If it did, the communicator could replace the source with a random transmitter and get half the information right. The probability alone does not tell the receiver which bits are correct. It is the entropy that measures the information.

For another familiar example, the likelihood that any particular facet of a die turns up in a throw of dice is one-sixth, because there are six possibilities, all equally improbable. The communication power, though, is gauged not by its likelihood of one in six, but by the uncertainty resolved or dispersed by the message. One out of six is two to the minus 2.58, yielding an entropy or surprisal of 2.58 bits per throw.

Shannon’s entropy gauged the surprisal of any communication that takes place over space or time. By quantifying the amount of information, he also was able to define both the capacity of a given channel for carrying information and the effect of noise on that carrying capacity.

From Shannon’s information theory—his definition of the bit, his explanation and calculation of surprisal or entropy, his gauge of channel capacity, his profound explorations of the effect and nature of noise or interference, his abstract theory of cryptography, his projections for multi-user channels, his rules of redundancy and error correction, and his elaborate understanding of codes—would stem most of the technology of this information age.

Working at Bell Labs, Shannon focused on the concerns of the world’s largest telephone company. But he offered cues for the application of his ideas in larger domains. His doctoral thesis in 1940 was titled “An Algebra for Theoretical Genetics.” Armed with his later information theory insights, he included genetic transmissions as an example of communication over evolutionary time through the channel of the world. He estimated the total information complement in a human being’s chromosomes to be hundreds of thousands of bits. Though he vastly underestimated the size of the genome, missing the current estimate of six billion bits by  a factor of four thousand, he was nevertheless the first to assert that the human genetic inheritance consists of encoded information measurable in bits. By extending his theory to biological phenomena, he opened the door to its extension into economics, although to the end of his life in 2001 he remained cautious about the larger social applications of his mathematical concept.

It was Shannon’s caution, his disciplined reluctance to contaminate his pure theory with wider concepts of semantic meaning and creative content, that made his formulations so generally applicable. Shannon did not create a science of any specific kind of communication. His science is not confined to telephone or television communications, or to physical transmission over radio waves or down wires, or to transmission of English language messages or numerical messages, or to the measurement of the properties of music or genomes or poems or political speeches or business letters. He did not supply a theory for communicating any particular language or code, though he was fascinated by measures of the redundancy of English.

Shannon offered a theory of messengers and messages, without a theory of the ultimate source of the message in a particular human mind with specific purposes, meanings, projects, goals, and philosophies. Because Shannon was remorselessly rigorous and restrained, his theory could be brought to bear on almost anything transmitted over time and space in the presence of noise or interference—including business ideas, entrepreneurial creations, economic profits, monetary currency values, private property protections, and innovative processes that impel economic growth.

An entrepreneur is the creator and manager of a business concept that he wishes to make a reality in time and space. Let us imagine Steve Jobs and the iPod. When he conceives the idea in his mind, he must then express, or “encode,” it in a particular physical form that can be transmitted into a marketplace. This requires design, engineering, manufacturing, marketing, and distribution. It is a complex endeavor dense with information at every stage.

As an entrepreneur and the CEO of Apple, Jobs controls many of the stages. But the ultimate success of the project depends on the existence  of a channel through which it can be consummated over nearly a decade, while many other companies outside his control produce multifarious competitive or complementary creations. Vital to Apple’s wireless achievements are advances in ceramic and plastic packaging, digital signal processing, radio communications, miniaturization of hard disks, non-volatile “flash” silicon memories, digital compression codes, and innumerable other technologies feeding an unfathomably long and roundabout chain of interdependent creations.

In biology itself, chemical and physical laws define many of the enabling regularities of the channel of the world. In the world of economics in which Jobs operated, he needs the stable existence of a “channel” that can enable the idea he conceives at one point in time and space to arrive at another point years later. Essential to the channel is the existence of the Smithian order. Jobs must be sure that the essential features of the economic system that is in place at the beginning of the process are still there at the end. Adam Smith defined those essential features of the channel as free trade, reasonable regulations, sound currencies, modest taxation, and reliable protection of property rights. No one has improved much on this list.

In other words, the entrepreneur needs a channel that in these critical respects does not drastically change. Technology can radically change, but the characteristics of the basic channel for free entrepreneurial creativity cannot change substantially. A sharp rise in tax rates, or laws against the ownership of rights to music, or regulations gravely inhibiting international trade would have impeded the channel for the iPod.

One fundamental principle of information theory distills all these considerations: the transmission of a high-entropy, surprising product requires a low-entropy, unsurprising channel largely free of interference. Interference can come from many sources. Acts of God like tsunamis and hurricanes have been known to do the job, though otherwise vigorous economies quickly recover from these disasters. For a particular entrepreneurial idea, interference may come in the form of a more powerful competing technology.

The most common and destructive source of noise, however, is precisely the institution on which we most depend to provide a clear and  stable channel in the first place. When government either neglects its role as guardian of the channel or, worse, tries to help by becoming a transmitter and turning up the power on certain favored signals, the noise can be deafening.

A friendly government that excluded all Jobs’s rivals from the channel or granted Jobs a monopoly on the distribution of music might have benefited Jobs for one product. But a ban on competitive products would thwart the necessary technological advances on which Jobs’s future products would depend, and a high-entropy, government-dominated channel, full of unpredictable political interference and noise, would depress the sacrificial long-term investment of capital.

An entrepreneur contemplating his invention and its prospects for success must estimate its potential profitability. Profit is the name that economics assigns to the yield of investments. The levels of interest rates and their time- and risk-structures express the average yield across an entire economy, reflecting the existing pattern of production and expected values of currencies. Interest rates will define the opportunity cost of investments in new products: what other opportunities are missed on average as a result of pursuing one in particular.

Interest rates are critical for information-theory economic analysis because they are an index of real economic conditions. If the government manipulates them, they will issue false signals, breeding confusion that undermines entrepreneurial activity. For example, if the government keeps interest rates artificially low for institutions that finance it—as it has been doing in the United States—the channel is seriously distorted. The interest rates are noise rather than signal. Interest rates near zero cause finance to hypertrophy as privileged borrowers reinvest government funds in government securities. Only a small portion of these funds goes to useful “infrastructure,” while the rest is burned off in consumption beyond our means.

An entrepreneur making large outlays to bring a major product to market over a number of years will normally have to promise a profit, perhaps to venture capitalists or a board of directors, far exceeding the interest rate. The economy at large does not expect this entrepreneurial  profit. The large, established companies that dominate the marketplace do not anticipate it. Profits differentiate between the normally predictable yield of commodities and the unexpected returns of creativity. The entrepreneur’s new product or business surprises the economy, and his payback will be surprising—it will disrupt the equilibrium of the existing order. If established companies can manipulate the channel to protect their own products, businesses, and margins, a new product cannot pass through.

The unexpected financial profit is surprisal or entropy—what Peter Drucker called an “upside surprise.”3 Drucker pointed out that most measured financial “profits” are not real in this sense. They merely cover the cost of capital—the return of interest. Innovation is the source of real profit, entropic profit, which derives from the upside surprises of entrepreneurial creativity.

In order for the entrepreneur to succeed, he must know that, if his creation generates an upside surprise, the related profits will not be confiscated or taxed away. If they may be confiscated, his entire project will not be able to attract the necessary resources to bring it to market.

Linking innovation, surprise, and profit, Shannon’s entropy is the heart of the economics of information theory. Signaling the arrival of an invention or disruptive innovation is first its surprisal, then its yield beyond the interest rate—its profit, a further form of Shannon’s entropy. As the market absorbs a new product, however, its entropy declines until its margins converge with prevailing risk-adjusted interest rates. The entrepreneur must then move on to new surprises.

The economics of entropy describe the process by which the entrepreneur translates the idea in his imagination into a practical form. In those visionary realms, entropy is essentially infinite and unconstrained and thus irrelevant to economic models. But to make what he has imagined practical, the entrepreneur must make specific choices among existing resources and strategic possibilities. Entropy here signifies his freedom of choice.

As Shannon understood, the creation process itself defies every logical and mathematical system. It springs not from secure knowledge but  from falsifiable tests of commercial hypotheses. It is not an expression of past knowledge but of the fertility of consciousness, will, discipline, imagination, and art.

Like all logical systems founded on mathematical reasoning, information theory depends on axioms that it cannot prove. These axioms comprise the content flowing through the conduits of the economy, and they come from the minds of creators endowed with freedom of choice. Once the entrepreneur turns his idea into a reality, projecting it into the channel of the economy as a falsifiable experiment, it falls into the Shannon scheme. Measured by their entropy—their content and surprisal—new products face the test of the market that they create and the profits they engender.
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Entropy Economics


THROUGH WARS AND DEPRESSIONS, through booms and benisons of prosperity, the central failure of economics has been its inability to grasp the centrality of entrepreneurial creation in economic life.

The key force of economic advance is the entrepreneur, who on his own, without governmental cues or expert consultation or even a defined market, creates new goods, services, business plans, and projects. Economic growth and progress, jobs and welfare, markets and demand all stem from this creativity of the entrepreneur. Population growth, capital accumulation, economic efficiency, and even scientific advances are all less important than entrepreneurial creativity. And governmental interventions in the economy are distractions—“noise on the line”—that nearly always retard expansion. Failing to see the centrality of entrepreneurial creativity, economists everywhere have counseled governments to attend to the money supply, aggregate demand, consumer confidence, trade imbalances, budget deficits, capital flows—to attend to everything except what matters most: the environment for innovation.
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