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			Praise for IT'S ALIVE

			“The pace of technological change is accelerating, and the line between biology and machine is blurring. It's Alive clearly captures the profound impact that biologically inspired technology and technology-infused biology will have on every aspect of our economy and society.” —RAY KURZWEIL, inventor and author of The Age of Spiritual Machines

			“Holy cow! Integrating biology, management, nanotech, and evolution—if you loved James Gleick's Chaos, you'll love this book!” —SETH GODIN, author of Survival Is Not Enough

			“This is the book to read for anyone concerned with business innovation at a time in which nothing seems to go right. The authors view the economy as the special kind of living organism it really is. Helped by a wide-ranging understanding of biology, they draw illuminating parallels between the systems studied by life scientists and those studied in a business school. The result is an engaging and necessary read.” —ANTONIO DAMASIO, Van Allen Professor of Neurology, University of Iowa, and author of Looking for Spinoza

			“Booms and busts do not prevent businesses and science from moving twice as fast as they did a decade ago—witness the impact of the World Wide Web. Now, the Web is marrying the biological revolution and driving change in one industry after another. Only those businesses able to adapt and evolve will be left standing. Chris Meyer and Stan Davis—two leading business minds—not only describe the coming revolution but provide a plan for prospecting in it.” —JUAN ENRIQUEZ, director of the Life Sciences Project, Harvard Business School, and author of As the Future Catches You

			“The relentless advance of technology simultaneously challenges our management models and provides powerful new tools to leverage uncertainty and accelerate innovation. Read this exciting and sweeping book to regrind your own conceptual lenses for understanding business in the twenty-first century—the age of discontinuity.” —JOHN SEELY BROWN, former director of Xerox PARC

			“A CEO-level guide to the forces reshaping our economy. Meyer and Davis have created an essential tool kit for future growth.” —MICK YATES, former group chairman, Johnson & Johnson Asia-Pacific

		

	
		
			Introduction

			This is a book about the next ten years.

			Your reaction might be: “Good luck!” Both social and technological data suggest that the rate of change itself is doubling every ten years.1 Recall that in 1993, President Clinton had just been elected, the CD-ROM had just been introduced, and the World Wide Web had not yet entered the general consciousness.

			How can we hope to predict what will happen in the decade to come if it's going to be twice as different?

			We can't, in detail, any more than when a hurricane is declared in the Gulf of Mexico we can predict precisely what's going to happen in Massachusetts a week later. But we can track the storm, and we can say in general terms where it's going, even if we can't describe the gusts and eddies that may prove horrific in Hilton Head or beneficial in Baton Rouge.

			The hurricane is clear, and it's a near-perfect storm, the confluence of two major economic forces, either of which on its own would cause us to head for shore. The first is the direct outcome of the investment in networks and the advances in autonomous software of the past two decades. The connected, instantly responding world has not just accelerated—it's become more volatile. It's a cliché, though seldom honored, that change is the only constant—now change is both relentless and unpredictable. Consequently, management is shifting from a stance of predicting and controlling change to one of building an organization to sense change and to respond appropriately. We refer to this as the shift to adaptive management.

			The second major economic force arises from molecular technologies, comprising biotechnology, nanotechnology, and materials science. These technologies are driving a new wave of innovation and will power an economic growth cycle comparable to the information economy. Together, these new developments will produce Joseph Schumpeter's “gales of creative destruction” and, equally, enormous opportunities for individuals, businesses, and for society as a whole.

			Though we don't know just when the gales will blow, we do have ideas about how to prosper in these conditions by becoming more adaptive. At the Center for Business Innovation, we've been studying adaptive systems and evolutionary models since 1995. In It's Alive, we take what we've learned and put it to use to describe the “Adaptive Enterprise.”

			As adaptive management takes hold, and as the molecular economy matures, the two will cross-fertilize. We will take lessons about adaptation from biology and apply them to management. And we will take information tools from business and apply them to biotech (this already has a name—“bioinformatics”) and to other molecular sciences. Our information systems themselves will become adaptive—otherwise, our businesses cannot be. By the end of the decade, business management, information systems, and biological concepts and technologies will converge around a common view of how change happens.

			Part I of It's Alive describes the forces of change of the next ten years, and provides a model of how our economy evolves. We present evidence that increased connectivity and autonomy of software will lead inevitably to a permanent increase in volatility, and that molecular science will drive another wave of industrial change. We introduce general evolution, the idea underlying the convergence of information, biology, and business. This convergence means that adaptation can occur not only in biology but in computer code, in business, and in the economy; it means that all three operate by similar evolutionary rules.

			Part II, “Code Is Code,” explores the weird science going on in biotech, nanotech, and materials labs today. Then we move on to show how our computer code is beginning to behave more like a living system than an engineered one.

			In Part III, “The Adaptive Enterprise,” we first look at management to translate the concepts of evolution into six practical business principles for the Adaptive Enterprise. These are principles that can be implemented today. Then we test them. Since one of our principles implies harvesting diversity, we look into four very different organizations that have discovered the value of adaptive behavior. These range from Capital One Financial, one of the fastest-growing issuers of credit cards worldwide, to the United States Marine Corps, BP, and Maxygen, a young biotech firm. We sum up the lessons from these cases in “Becoming an Adaptive Enterprise,” a chapter that describes ways that enterprises can become more adaptive today.

			In Part IV, “Convergence,” we ask: If the next ten years unfold as we envision, what will emerge next? We look for the innovation that will change people's lives the way the automobile did in the Industrial Age, or the mobile PC did in the information era. We can't hope to be right in every detail, but we can suggest how little the economy in the future will look like the one we have today.

			Our preview of the decade to come is not idle stargazing. There are plenty of things we can do to take advantage of this convergence of information, biology, and business. One, of course, is to begin paying attention to biotech, nanotechnology, and materials science, as they move out of laboratories and into the commercial technologies that will change the economics of everything physical we make. If Xerox can print plastic transistors in 2006, Intel might reconsider building its next $5 billion wafer-fabrication lab. A second, wider reaching advantage is this: The tools are at hand to create organizations that adapt to change and volatility in the business environment more effectively, without the need for top-down instruction. Real-time information technology will help make this possible. The economic volatility that is already with us makes it imperative.

			The specific forces we track will be challenging enough individually. Even more interesting will be a deeper shift in the way we think. As these forces combine surrounded by objects, organisms, and companies that all act alive, we will come to understand that evolution is as universal a concept as gravity. In the past decade, information technology, time, and the implementation of change have become dominant issues in business thinking and, in many respects, in society more broadly. Nonetheless, business still clings to one of the most deeply rooted assumptions in management—stability. We've been nibbling at it, prizing fast cycle time for reducing inventory, employing mass customization to lengthen the useful life of physical plants, downloading software upgrades that keep products and services fresh. But we have yet to articulate a new management system that assumes that every day will bring not stability but volatility, not predictability but continual surprise. “Return on time” has not yet replaced “return on equity” as a fundamental measure of business, though we will eventually acknowledge that time is a scarcer resource than financial capital. Designing businesses to adapt is perhaps the biggest single step toward a time-aware management framework, in which the costs of change are counted not as extraordinary charges but as a cost of doing business. Costs of “doing” will shrink, but minimizing costs of “changing” will be the next management imperative.

			In 1987, in Future Perfect, Stan pointed out that time, space, and mass are the fundamental dimensions of the universe, and of your business, too. In the next decade, autonomous software will accelerate time, universal connectivity will banish distance, and molecular technology will miniaturize the mass of our economy. Responding to the adaptive imperative will rest not on the time, space, and mass of physics, but on the growth, recombinant creativity, and selective pressures of biology.

			 

			Where will it lead? When biology supplants physics as our dominant model of thought, when objects are smart, active, and connected, when we manage our health and agriculture at the level of atoms and molecules, what next? Complexity theorists speak of the “Adjacent Possible,” the potentials that become available once the next thing has happened.

			Our 1998 book Blur described the essence of an economy: It “uses resources to fulfill desires.” How an economy does so changes over time. Lynn Margulis, not a management theorist but a biologist, says something very similar: “Metabolism has been a property of life since it began. The first cells metabolized: They used energy and material from outside to make, maintain, and remake themselves.”2 Sounds just like businesses. We didn't realize we were saying that the one thing that's essential is that the economy is alive. We say that here. We think that's the biggest blur of all, erasing the boundary between what's real and what's virtual, what's organic and what's inorganic, what's alive and what's not.
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			The best way to predict the future is to invent it.

			—Alan Kay, Xerox PARC, 19711

			1

			ECONOMIC EVOLUTION: LEARNING FROM LIFE CYCLES

			IMAGINE that it's 1971 in Palo Alto, California.

			You've wandered into a building at the Stanford Industrial Park, a nondescript place with cinder-block walls and rented furniture. The 3180 Porter Drive site is as plain and drab as the surface of the moon, and the guys working here seem to be living in their own private universe, speaking their own unique language. Someone's nattering on about the new “Intel 4004.” Apparently, this new gadget he's talking about is called a “microprocessor.” Someone else seems to think it's really great that this thing contains 2,250 transistors. They're both worked up over the fact that this “microprocessor” has an entire “CPU” on a single “chip.”

			As an average person living in 1971, you have no idea what they're talking about. In this ugly building on Porter Drive, also known as the Xerox Palo Alto Research Center (PARC), the computer wonks are also talking about “operating systems” and “laser printing” and “icons.” Soon they will be going on about the “mouse,” “point and click,” and the “graphical user interface”; eventually, “bandwidth” and “network protocols.”

			In the early seventies, these terms were arcane jargon, but the words and the concepts they represent are as familiar to us now as “assembly line” and “mass production” were then. That's because the computer scientists at places like Xerox PARC and Bell Labs were, in fact, inventing the future—which is now our present—building the new economic engine that would overtake the industrial economy of the preceding 150 years. “Computer speak” is the lingua franca of the world we inhabit at the beginning of the twenty-first century.

			Today, in commercial laboratories with names like Maxygen, Diversa, and Nanosys, it's happening again. A new generation of scientists is inventing the next new world with its own novel nomenclature. Their terms of art, phrases such as “combinatorial chemistry,” “gene shuffling,” “high-throughput screening,” and “MEMS” sound just as arcane to the average person now as computer terminology did in 1971.

			But pay attention. In the same way that researchers at PARC and Fairchild Semiconductor and Bell Labs created technology that established a new economy based on information, scientists in labs today are inventing a future based on molecular technologies. These include not just biotechnology but nanotechnology and materials science as well. Cargill Dow Polymers is growing polymers for plastics in corn plants. PPG Industries is making nano-scale coatings that enable windows to wash themselves in the rain. Bio-Rad Laboratories is attaching naked strands of DNA to gold nanospheres and injecting them into people with a nano-BB gun.

			A new “molecular economy” is on its way, while the information economy hasn't completely matured. As the information economy comes of age, a surprising thing is happening: Information systems are starting to take their cues from biological ones. Information is converging with biology, and business is following suit.

			At John Deere, for example, the art of breeding—as in thoroughbreds and show dogs—has been used to evolve a schedule for a highly complex factory that makes seed planters. Using a computer, the metal-benders create a few random schedules that express the sequence of planters to be built in a digital code made of zeros and ones. That code is a set of instructions, just as DNA carries a set of instructions, its “genetic code.” Deere engineers evaluate each schedule with a simulator, which is like letting the horses grow up, and then racing them—in silico. The winning sequences are then mixed, put out to stud in an approach that is essentially sex for software. Through this approach, which uses a “genetic algorithm,” parts of the best schedules are recombined to create a new generation, just as horse genes are recombined, albeit through a somewhat messier process. Forty thousand new schedules run simulated races every night, and the winner is the schedule that runs tomorrow's real-life production derby on the John Deere factory floor.

			Genetic algorithms are already in widespread use, improving jet-engine designs, credit-scoring forms, and stock-trading rules. The bigger story than sex for software is the abstract principle that biological behavior—in this case sex—can be written into digital code, then applied to the most intractable business problems. Stay with us, and you'll see that this translation of a biological function into a computer process is only one of many ways in which the concepts of evolution apply to business, in this case through precisely measurable operations improvements.

			In 1984, a multidisciplinary group formed the Santa Fe Institute and began a research program based on a really big idea: that biology is not the only system that evolves, and that the concepts of evolution help to explain the process of change in any connected system, be it an ecology or an economy. Since then SFI has extended its work to other social systems—a business, a tribe, a crowd, a stock market, or a political party. Their work (and similar work at the University of Michigan, IBM, and many other places) has created some early tools, and a point of view that lets us see the economy as an ecology, and an organization as an organism, at the level of rigor needed to do empirical science. That's the level at which you begin to use evolutionary concepts to schedule factories.

			These techniques, in time, may become as pervasive as the computerized spreadsheet is today. In fact, you can get started on your PC right now with a Microsoft Excel add-on called Evolver.

			The theory of evolution through selection goes back to Charles Darwin in 1859, though the practice goes back to hunters and gatherers and their dogs. In Darwin's time, scientists recognized that biological systems evolve without any conception of the future, and yet the systems' future paths are significantly affected by their past. The new wrinkle for business today is the computing power that enables us to cast forward to test different evolutionary paths. At a startup called Icosystem, for example, former Santa Fe Institute research fellow Eric Bonabeau uses genetic algorithms to breed strategies for Internet service providers (ISP), then simulates an industry of competing strategies to observe the evolutionary adaptation of each “species” of ISP.

			As these tools continue to develop, they will start to provide insight into the business problems currently reserved for senior strategists. A generation ago, the spreadsheet “deskilled” financial analysis, meaning that the most junior assistant in your company, equipped with the right software on a PC, could organize and manipulate data and enter the province of a once-highly specialized profession. In the years to come, new tools relying on the power of evolution can similarly “deskill” a wide range of activities, including strategy and planning. Today, the focus is on operations; the frontier, as at Icosystem, is strategy. Tomorrow, the boundary will move to organization, and managers will be able to test evolved organization designs and compensation systems to optimize the cultures that emerge.

			Why is this worth reading about now? Well, consider what it would have meant in terms of your business, your career choices, and your investments, if you could have anticipated the impact of computers and information technology. Putting you well ahead of the curve in understanding the molecular economy is one of the ambitions of this book.

			An even more urgent reason to pay attention to these converging economic life cycles is that the new technologies they are spawning hold the answer to the toughest problem business faces today: the inability of most companies to adapt to changes in the economic environment as fast as those changes occur. As we'll discuss shortly, it doesn't just seem that the world is changing faster and that volatility is greater than it used to be. Both are measurably and demonstrably true, and both emerge from our increasingly connected economy. Our institutions, businesses included, have been built for stability, not for change. As connectivity proceeds, business leaders face an imperative to create organizations that can adapt continually and rapidly, to keep pace with shifts in their markets, technologies, and society itself.

			It is the world of biology that holds the key to meeting that adaptive imperative. Adaptation, the process by which organisms respond to volatility in their environments, has been going on for the past four billion years. As businesses today are struggling with volatility, they can look to nature's example for lessons on adaptation. And, as the Deere example makes clear, we're not talking only about language and metaphor, but about technical solutions and management approaches as well.

			In this book, we'll see the lesson of PARC once again: By paying attention to what's going on in the labs of the next economy, we can find the management solutions we need to thrive in this one.

			
				ECONOMIC LIFE CYCLES

				The future is already here—it's just unevenly distributed.

				—William Gibson2

				The economy of the future derives from the science of today.

				It happened this way in the information economy, and in the industrial economy before that, and it will happen again in the molecular economy. A new economic life cycle begins as science learns something new about the way the world works. Next, technology shows us how to turn new science into new productive capabilities. As a life cycle reaches maturity, every business employs the new technology to improve its performance. Ultimately, as an economy ages and the once-new technology becomes a commodity, we encode the deeper lessons from science and technology and apply them to the way work gets done and the way society is organized (see Figure 1-1).
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				We can use this simple four-quarter model to parse the Industrial Revolution:

				Q1: Gestation. The Industrial Revolution began with scientific breakthroughs such as Maxwell's equations, which describe electricity, and Boyle's law, which taught us about heat and pressure, the beginning of thermodynamics.

				Q2: Growth. These scientific advances translated directly into the technologies that powered the industrial economy: electrical networks, steel mills, and oil companies. These technologies were the basis of enormous fortunes—the equivalent of the high-tech industry in the subsequent life cycle, the information economy.

				Q3: Maturity. Entrepreneurs of the industrial economy then organized around these new capabilities, recombining them with new management concepts such as the assembly line and interchangeable parts. Expanding by way of the growth-phase industries such as railroad, petroleum, electricity, and telephone, they went on to build national, then global, firms such as General Electric, General Motors, and General Foods.

				Q4: Decline. These enterprises required a new form of organization—a steel mill employed thousands, while its predecessor, a blacksmith shop, employed only a handful—and billions in capital. New ways of organizing work arose, leading to the now-familiar functional and divisional structures first observed in the railroads and at DuPont and General Motors. Even though these companies continued to thrive for a time, the period of exuberant growth ended, and industries consolidated into markets served by two or three companies, profitable not because of their growth or innovation but through their oligopoly power and their organization skills.

				The pattern is straightforward: The economy transforms science into useful technology; business determines how to use the technology and then optimizes the resulting tasks organizationally. Society's trend-setters, decision-makers, and managers—sometimes unconsciously, sometimes deliberately—incorporate the concepts that bubble up and migrate out from these more fundamental, technical disciplines. Exposure to new technological capabilities alters the way we think. In the process, society, language, and politics change, too. In the industrial economy, this meant the shift of rural populations to cities, the shift of economic power to corporations, which led to the labor movement and antitrust laws, and so on. The incoming mind-set not only expands what is possible—it redefines our views of what will be possible next.

				The Maturing Information Economy

				In the mid-twentieth century, a new economic life cycle started. The information theory of Claude Shannon and the silicon semiconductor developed by William Shockley (both scientists from Bell Labs) gave rise to a new set of possibilities. Technology built on Shannon's and Shockley's insights enabled the manipulation of large quantities of data at high speed, building an infrastructure for providing cheap computer hardware, then software, then communications networks, and currently, an explosion of wireless devices. Today, we're in the middle of the third quarter, the Growth phase, when every kind of business incorporates the new technologies to improve their value, cost, and quality performance (e.g., through mass customization, online order confirmation, and mobile connectivity), and to launch entirely new businesses based on real-time information like Yahoo!, OnStar, and Travelocity.

				The information economy is just now beginning to glimpse its organizational phase, which will come into focus much more in the decade ahead. We see it as practices like Internet-based virtual teams, telecommuting, and networked organizations start to take hold. Self-organized entities like Linux have challenged the institutional framework, but now it's consumers as well as workers who are organizing. Napster has been quashed, at least for now, by the existing power structure. But, then again, unions were at first suppressed, too. Nonetheless, Linux has been embraced. Freeware like Shockwave Player, “open source” software, and ad campaigns developed by customers are all growing. Companies have begun seeing themselves as part of economic networks rather than freestanding entities. And the World Wide Web, one of the key infrastructure technologies of this economy, isn't provided by a corporation at all.

				This is the beginning of a new organizational model built around a key technology from the growth phase: networks. The resultant social changes include the blending of work and the rest of life, the growing labor force working outside of a traditional full-time employment arrangement, the shift of economic power toward individuals, and the global economy that brings us summer vegetables year-round—and makes around-the-world terrorism possible.
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				Remember though, that all these aspects of today's economy were set in motion by the inventiveness of places like PARC and Bell Labs decades ago. Information technology has created cheap, intelligent, connected software agents. It has pushed miniaturization beyond the limits of ordinary comprehension. It has enabled autonomy in products and processes. It has given rise to artificial intelligence, offering a new wave of economic opportunity. And there have been other, unexpected consequences. Just as the industrial economy led to environmental degradation, the hyper-connected information economy has led to new assaults on privacy. What has been less well observed is that connectivity has created the marked increase in economic volatility that will define the key challenges of the next decade.

				PERMANENT VOLATILITY

				An analysis of the history of technology shows that technological change is exponential, contrary to the common sense, “intuitive linear” view. So we won't experience 100 years of progress in the twenty-first century—it will be more like 20,000 years of progress (at today's rate).

				—Ray Kurzweil in “The Law of Accelerating Returns,” March 7, 2001

				[I]t is time to hail the new age of volatility.

				—“Learning to Swing,” The Economist, August 8, 2002

				Place an order online, and your confirmation appears in your inbox before you go offline. Try to have your Walkman repaired, and you find that it's been replaced by a newer model. And the expectation of today's customers is that any feature they've seen anywhere should be available everywhere instantly. Formulate a business strategy or a new product-development cycle, and your plans are superseded by events before you can implement. The time between internal management changes and external responses is shorter and shorter. And the degree of unexpected disruption is greater.

				As we said earlier, it's not just your perception—the rate of change is genuinely accelerating, the world is genuinely less predictable, and the swings in demand, mood, and prevailing wisdom are genuinely more volatile. And it's not just recession, the dot-com bubble, the aftershocks of 9/11, or the spate of corporate scandals. Change has become more rapid and volatility permanent. If you doubt it, consider the following indicators:

				Accelerated Change

				•  The number of Fortune 300 CEOs with six years' tenure in that role has decreased from 57 percent in 1980 to 38 percent in 2001.3

				•  In 1991, the number of new household, health, beauty, food, and beverage products totaled 15,400. In 2001, that number had more than doubled to a record 32,025.4

				•  From 1972 to 1987, the U.S. government deleted 50 industries from its standard industrial classification. From 1987 to 1997, it deleted 500. At the same time, the government added or redefined 200 industries from 1972 to 1987, and almost 1,000 from 1987 to 1997.
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				•  In 1978, about 10,000 firms were failing annually, and this number had been stable since 1950. By 1986, 60,000 firms were failing annually, and by 1998 that number had risen to roughly 73,000.5

				Increased Volatility

				•  From 1950 to 2000, variability in S&P 500 stock prices increased more than tenfold. Through the decades of the 1950s, 1960s, and 1970s, days on which the market fluctuated by three percent or more were rare—it happened less than twice a year. For the past two years it happened almost twice a month (Figure 1-3).

				•  The number of firms that take “special items” in their accounting has grown dramatically.6 The number of S&P 500 firms declaring “special losses” has grown from 68 in 1982 to 233 in 2000. Special items are, by definition, an admission of being caught flat-footed by change more volatile than the normal course of the business cycle.

				We need to stress that our argument here contains two distinct points. The first is that change has accelerated. That means whatever trend you look at will be proceeding more rapidly. Volatility is the degree of variability around a given trend. Our second point is that volatile events are of greater magnitude and occur more frequently. These reinforce each other, but they're not the same thing.

				CONNECTIVITY AND THE CHANGE IN CHANGE

				What could cause a permanent increase in volatility and the rate of change? While no single answer provides the whole explanation, one clear cause is connectivity. Without belaboring the well-known point, connectivity has transformed our world:

				•  In the six years starting in 1996, the percentage of the U.S. population online grew from 14 percent to almost 52 percent.8

				•  The maximum speed of connection in 1940 was about 1,000 bits per second; by 2000, it had reached 10 trillion bps.

				•  The number of Internet hosts—important as a measure of the information a person can connect to—rose from several hundred in 1981 to about 100 million in 2001, while the cost of ISP service fell by a factor of 10 million.

				•  The cost of a three-minute phone call between New York and London fell from $300 in 1930, to $60 in 1960, to about $1 today (in constant dollars).9

				•  In 2002, the number of mobile phones worldwide reached one billion.

				These leaps in the mobility of information make it possible to disseminate new ideas more quickly and cheaply than ever before. When information is codified and information technology modularized, upgrades, add-ons, plug-ins, and innovation can all happen quickly. The ease of adopting (or copying) software drives the pace of change, as does the ease of global communication, which enables rapid learning and transfer of know-how.

				Every jump in connectivity—from clipper ships, to railroads, to telegraphs, to mobile phones, to BlackBerries—has shrunk the globe in space, in time, and in the effort required to support interactions among people, companies, and ideas. (Okay, maybe not the phones with cameras, but be patient.) Every jump has contributed to shrinkage in cycle time, as well as an increase in the rate at which ideas spread.

				Connectivity between ideas creates the next new product, and connectivity of companies creates the next merger and change in industry structure. Connectivity between buyers, sellers, supply chains, and financial institutions shortens both the marketing cycle (“awareness, interest, purchase” is as fast as “see the ad, go to the website, research it on the Web, and order online”), and the order-to-cash cycle.

				Connectivity is clearly a root cause of the acceleration of change, but in a more subtle way, connectivity must also be held accountable for increased volatility. Greater connectivity in information systems increases both the speed of communications and the permeability of boundaries that were once much more difficult to breach. This means that a signal created in any market, society, or system can propagate faster and travel farther than ever before, meaning that the climate in Brazil affects the price of coffee on the shelves more quickly and in more parts of the world. And though in a given network we can take steps to reduce the swings, we can never know when some newly made connection will create an unanticipated instability.

				When networks become intensely connected, they start to become “nonlinear.” Small changes can lead to disproportionately large effects. In short, they make our world more volatile. The huge power blackout that struck the northeastern United States on November 9, 1965, was caused by a single circuit breaker in Ontario, Canada, that was functioning normally. It did its job, which was to shut down power on a segment on the network. As expected, this caused a power surge that propagated to the parts of the system connected to it. What was not understood at the time was that the configuration of that network would amplify that surge, eventually leaving 30 million people in eight states and Canada in the dark. Today, it might be possible to simulate that network sufficiently to have found this glitch, but the principle remains: The more connected any system becomes, the harder it is to anticipate all such risks.

				As more software functions autonomously, the risks escalate. Software viruses, in particular, represent the insidious side of autonomy. On November 2, 1988, at a time when the Internet was confined largely to universities and research labs, Bob Morris Jr. released into the Net a piece of code that could propagate itself from one PC to the next and reproduce with such enthusiasm that no capacity was left for the user. Six thousand computers were affected—then a large fraction of the Internet population—at a cost estimated at $10 million. Twenty-two years later, the I Love You virus cost an estimated $10 billion.

				Another example of connectivity and autonomous software driving volatility comes from the financial markets. On October 19, 1987, the New York Stock Exchange lost 23 percent of its value in a single day, trading 600 million shares, nearly double the previous record volume. This cataclysm was the result not of an act of terror or even bad economic news but, rather, of the connection, in a logical sense, of a set of trading instructions that had been programmed into the accounts of institutions and individuals.

				Black Monday was the wakeup call, and it led to steps by the securities exchanges to put the brakes on when such volatility starts to occur. The trend to volatility has continued, and been incorporated into investor expectations (Figure 1-4). “Mr. Market's mood swings have become more violent,” The Economist concludes. “[I]t is not just price gyrations that have increased, but the volatility of volatility itself.”10
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				THE ADAPTIVE IMPERATIVE

				With autonomous software and a high degree of connectivity giving rise to big, unexpected swings and nonlinear effects, volatility will continue to surprise us, though seldom in the same way twice. While change and volatility are hard to separate when they are happening, we'll use both terms to refer to the core point: The increased rate of change in the economy poses the “adaptive imperative.” To survive, business must learn to adapt as fast as the business environment changes. According to futurist Paul Saffo, “Business as usual has become business as unusual: unpredictable, unplannable, and above all, unmanageable . . . the stately equilibrium of Keynes has yielded with a vengeance to the unnerving creative destruction of Schumpeter.”11

				At some level, volatility has always been a part of the human condition, but our worldview and our business models belied that. We tried to forecast, always looking for the perfect plan. Then we acknowledged that there was no single best way, only probabilities and the art of decision-making under uncertainty.

				Now we need to change our framework again, from one in which even these uncertain decisions are permanent, to one in which the costs and implications of continuing change are integral. This will take us from physics to biology, from engineering to evolution, from the top-down to the bottom-up, and from narrow efficiency to adaptability.

				There are already examples of companies trying to act on the adaptive imperative. Businesses spent the twentieth century squeezing the fat out of industrial production, tuning processes to accomplish fixed tasks ever better, faster, and cheaper. To achieve this, however, they standardized their repertoires and put little weight on flexibility. Business became brittle. When MCI began taking customers from AT&T in droves with its “Friends and Family” marketing program, AT&T was unable to respond because its billing system wasn't built for such an offer. Worse, it wasn't built to be changed at all. Companies trying to create new strategies and capabilities are continually thwarted by the limitations of their systems. What Churchill observed about architecture is even truer of business processes: “First we shape our buildings; then they shape us.”

				As the costs of change become the regular costs of doing business, people's roles in organizations are shifting from doing work to managing the evolution of their companies' capacity, whether by creating new software or new relationships. There's nothing wrong in this—it means more interesting, less repetitive jobs. But it's time to acknowledge that change is not the exception, and that the costs of change are not a small part of total costs.

				Quite the contrary: The costs of labor and materials that we worked so hard to minimize in the past have become much less significant, while the fixed cost of infrastructure that supports the business have become dominant. This shift has been going on for decades as we moved toward a service economy. The major cost of running the airline, the car-rental company, the franchise chain, and even the automobile company is in the management system that supports it.

				Every time something changes in a business environment—a new technology, a new market expectation, or a new competitor—there's an opportunity to make a change in the business. As AT&T found out, however, if the fixed costs are supporting an equally fixed infrastructure, change doesn't happen.

				Compare this with the speed of change at Amazon.com, which seems to introduce a new interface, program, or feature every week. Amazon, bred in the fast-changing environment of the Net, was built to respond rapidly to environmental volatility. AT&T, reared in an environment of regulatory oversight and forty-year depreciation schedules, was not. AT&T adapted beautifully to the environment created by the Communication Act of 1934. Every enterprise either adapts to its environment, or dies.

				As the environment changes more rapidly, the costs of adapting become an ever-larger part of the total. The costs of never-ending product development as at Netscape or Microsoft, of parallel development teams as at Intel, and of “special” projects at every business are a mounting proportion of the costs of doing business.

				In July 2002, for example, IBM opened a $2.5 billion chip factory in East Fishkill, New York, the company's largest capital expenditure ever.12 This flies in the face of the current trend of relying on the assets of others. Why didn't IBM just buy chips from a fabricator in Asia? “To play to win in technology, you innovate and lead,” IBM CEO Samuel J. Palmisano told the New York Times. “What we call the lab-to-fab time should be as close to zero as possible,” according to John Kelly, senior vice president in charge of IBM's technology group. The closer the fabrication's cycle time gets to zero, the less disruptive is the market's unpredictability. This doesn't mean that volatility is made irrelevant. Quite the contrary: Market change is so relevant that it becomes the natural environment, the water to the fish. Kelly continued, “The core of our strategy is to lead in technology . . . if our strategy were anything but to be on the leading edge, we'd have put the plant in Asia.”

				IBM is spending extra money on the plant itself, and thus raising the unit cost of each chip it will produce, in order to have a better chance of being faster to market. Given a strategy of technological leadership, as well as the volatility of the chip business, the benefit in time of being close to the company's labs in Westchester County is worth paying for.

				There's a second level to this story, and it's about flexible, adaptive manufacturing. If IBM has miscalculated the demand, it will suffer badly. High operating costs and depreciation on a huge capital investment will drag down earnings. But industry analysts say that the plant is likely to be insulated from a fall-off in one or a few segments of the semiconductor market. It is highly automated and designed to shift flexibly to produce many different kinds of chips to suit demand. “The diversity is the big difference with this plant,” said Richard Doherty, director of The Envisioneering Group, a technology-assessment and research company.

				IBM has devised a solution to the impossibility of forecasting demand. The new approach is to stop guessing about the future, and to build so as to adapt to it by creating a diverse set of capabilities. The intent is to deal with a volatile market, protect IBM from flux in demand, and build an adaptive factory, one that can manufacture a diverse portfolio of chips for everything from mainframes to cell phones to video game consoles. The previous generation of manufacturing stressed the “focused factory,” designed to minimize unit cost by doing just one thing superbly. Presumably forever.

				CEMEX, the world's third-largest cement company, faced a different adaptive imperative: intractable volatility. Fresh cement has a shelf life even shorter than that of fresh fish. Once the mixture is turning in the truck, the driver has only a couple of hours to deliver the load. Now imagine making an appointment to deliver cement to a construction site in Mexico City. The job may be behind schedule; traffic tie-ups may intervene; workers may not be available to receive the shipment.

				In response to the risks of spoilage, cement makers in Mexico once charged their customers high fees to reserve a time for delivery, and even higher penalties if they were unable to take delivery as scheduled. The relationship between suppliers and customers was adversarial, costs were high, and service was poor.

				CEMEX developed an adaptive solution: Treat the cement trucks like taxicabs. Station them in appropriate areas around the city, and have them respond to customers when summoned. Customers don't have to forecast, CEMEX doesn't have to commit extra resources, and the scheduling and late fees go away. CEMEX learned not to fight the volatility but, rather, to adapt to it. As a result, the company's guaranteed on-time delivery window has gone from the market-standard three hours to just twenty minutes, and it delivers loads within that window 98 percent of the time.13

				IBM's new plant design and CEMEX's cruising cement trucks are two examples of what we call adaptive management. Information technologies (intelligent machines in IBM's case, radios in CEMEX's) support many such solutions throughout industry. Many business thinkers have noted this trend, including us in our 1998 book Blur. Here's the new wrinkle: As volatility and the cost of managing it become the new imperative, we need more than point solutions. We need a set of principles that support a comprehensive adaptive approach to management. We'll be developing this idea in Chapter 5, and analyzing Adaptive Enterprises in all of Part III. Yet before we're ready for that, we need to understand that the adaptive imperative is only one of two economic changes of the next ten years. Let's look at the second one.

			

			
				THE NEXT ECONOMIC LIFE CYCLE

				Even as the information economy matures, a new economic life cycle—the molecular economy—is reaching puberty. Watson and Crick's deciphering of the DNA molecule in 1953 marked its birth. For fifty years, the developmental curve for the molecular economy has lagged behind the curve of the information economy. At the same time, driven by the desire to scribe ever-smaller features on a silicon wafer, our power of magnification has grown from 1,000X in the 1930s—enough to see bacteria—to 300,000X in the 1980s to 100,000,000X in the 1990s—the scale of a single atom.

				There are two threads here: a greater understanding of the molecules that control chemical and biological functions and the super-miniaturization of manufacturing. They are converging to give us the ability to see, simulate, and manipulate matter at the molecular level. The result is an enormous acceleration in biotechnology, to be followed by the development of novel materials and the takeoff of nanotechnology. Collectively, these three developments are what we call the “molecular economy.”

				[image: image]

				On the day we did final proofing of the manuscript for It's Alive, a story appeared in the New York Times headlined “Scientists of Very Small Draw Disciplines Together,” and began with by stating that Nanotechnology, Biotechnology, Information technology, and Cognitive science “are converging into a new field of science vital to the nation's security and economic clout”14 They call it NBIC (and it's so new no one knows whether to say “NIB-bick” or “EN-bick,”). The article reported on a three-day meeting in Los Angeles that attracted participants like the National Science Foundation, Hewlett-Packard, and IBM, not to mention investors. The Times continued: “The organizers say the greatest opportunities lie in bridging the gaps between the rapidly growing ranks of nanoengineers and researchers in other fields . . . because all the activities of living cells are governed by nanoscale interactions of atoms and small molecules.”

				Call it NBIC or call it molecular science, it is the convergence at the molecular level that is new, and it's the science driving the next economic wave.

				At the Xerox PARCs of today, in places like Cambridge, Massachusetts, and San Diego, California, scientists have gotten down to “the bottom” of things. Researchers now have the technological prowess to push individual atoms around, to make images of genes in action, and of individual proteins as they fold. At IBM, physicists have managed to slow down light in order to “capture” a photon. At the University of Konstanz in Germany, researchers have created an optical microscope that uses a single fluorescent molecule as its light source.

				Feats of biological manipulation include genetically modified organisms, highly controversial creations such as corn plants endowed with pest resistance by the insertion of bacterial genes into the corn genome. Scientists, giving new meaning to the term “monkey shines,” have monkeyed with the genes of a rhesus monkey to give him a gene for bioluminescence borrowed from a jellyfish.

				[image: image]

				Zeiss, an optics company headquartered in Germany, has taken the traditional electron microscope, given it a laser-powered “cut and paste” component, and turned it into, essentially, “PhotoShop” for cells. A laser can excise a piece of tissue as small as a chromosome. Then photonic pressure can catapult that chromosome directly into the cap of a microfuge tube. Future applications include transferring drugs or genetic material into cells without needles. Simply cut and paste.

				This control of the very small arises in part from the desire to make even smaller electronics. IBM has developed a transistor made not of silicon but from a nanotube (a structure made of a handful of carbon atoms) that can compete at lab scale with the leading prototypes of silicon transistors. And Isaac Chuang, a professor at the MIT Media Lab's Center for Bits and Atoms, built a quantum computer that uses the spinning nuclei of atoms to represent the ones and zeros of binary code.

				Despite extraordinary lab-scale developments like these, the molecular economy is today only entering its growth phase, just as the information economy was when we saw the first transistors. Initially, transistors gave us pocket radios. We had to wait until the microprocessor before the world could fundamentally change, and for the modem before the change could begin to reach its full potential.

				Following the life-cycle model, today the information economy is in its third quarter, meaning that information technology has become a part of every business, and software and connectivity are becoming elements of every product. The molecular economy, as we've said, is still an awkward adolescent, just now entering its growth phase, when science moves out of the laboratory to become commercial technology. Except in a few industries like pharmaceuticals, the technology is not yet in general use.

				That will come, but today, we can see the molecular economy taking off by looking at the growth of resources devoted to it.

				•  Biologists have replaced physicists as the leading users of supercomputers, according to IBM's Life Sciences group.

				•  In just ten years, employment in the biotech sector has more than doubled, rising to 191,000 in 2001.15

				•  Biotechnology has attracted more investment in 2001 and 2002—two off years following the 2001 zenith—than in the entire five-year period of 1994–98, which included the previous peak in 1996.16

				•  The number of biotech patents filed each year has increased fivefold in the past ten years.17

				•  The National Nanotechnology Initiative's budget has surged nearly sixfold in the past six years, with over $700 million allocated for 2003.

				During the next decade, molecular technologies will follow the same progression we've seen in the information technologies before them: They will move out from the lab and the basement, and into the fabric of enterprise itself. This will first take the form of new approaches to existing tasks, molecular tasks—a watch that reads your blood glucose level without needles, or a new class of ceramic materials that reduce the fuel consumption of jet engines. The second step is entirely new businesses such as decoding the genetic profiles of the inhabitants of Iceland, Estonia, Tasmania, and Taiwan,18 then encoding them in a database, and then marketing the data. New capabilities for manipulating the molecules of living, evolving matter have already changed how we reproduce, how we heal, how we develop our foods and medicines and fibers.

				In the third phase, molecular solutions will appear in industries outside of pharmaceuticals, agriculture, and materials. Compare the way that information content now drives value far beyond the high-tech industry. Automobiles, for example, the archetypal product of the late Industrial Age, now contain more than 100 microprocessors. The information technology sector is still a relatively small part of the economy; its share of the GDP was estimated at 8.3 percent in 2000. What proves our point is that although the information-technology industry accounts for a small portion of GDP, it accounted for almost 30 percent of overall real economic growth between 1996 and 2000 despite its rapidly declining unit costs.19 This growth pattern will be repeated in “molectech.” And in the fourth quarter of this new economy, our understanding of biology and molecular science will give shape to new and different organizational structures, more than a few decades away and still too far off to see.

				Even as the pattern repeats, something unprecedented is happening. Because the molecular economy is arriving before the information economy has fully matured, the two economic waves are converging. What we learn about evolution (in this second quarter of the molecular economy) will change
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