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II. The Information Technology Revolution

The story is well known.  We retell it because it is the foundation on which everything rests.  We experience it in our daily life: at the office, at the bank, at the supermarket, and at home. In a few brief years the seemingly accelerating surge in information technology has moved us from an age in which computers filled special climate-controlled rooms with raised floors and few had ever heard of any data transmission other than Morse code over telegraph wires to an age in which every hotel room door has its own embedded chip. Information processing and data communications may not yet be ubiquitous, but already it is the case that many of us are rarely more than thirty feet from a microprocessor. 

Others are impressed not with the technology per se but with the new forms of employment, new approaches to compensation, and new ways of launching enterprises which together make up what is often referred to as the Silicon System. Still others focus on analogies--to the modern computer network as the equivalent of telephones, telegraphs, radios, televisions, and books all rolled into one, and even more. From movies, "You’ve got Mail," to magazines depicting the new “E-life” it is evident that as with communications systems before, the interlinked networks of computers, the Internet, will permeate our lifes bringing changed habits, styles, manners, and behavior. 

In any case this story must be told in two ways.  It can be told as a story of unfolding technology.  It can be told as a story of the innovations in organizations and business practice which permit technology to move out of the lab into the economy and daily life, into we live, work, and play.

A. The E-conomy Unfolds:  The Technology Story

There are many pieces of evidence of the speed and breadth of the technological surge.  Let us begin at the beginning.

1. The Semiconductor Revolution: 
The chip revolution underpins it all, makes possible the explosion in computing power and on which everything rests.  Back in 1965 Intel Corporation founder Gordon Moore projected that the density of transistors on a silicon chip would double every twelve months. He was somewhat overoptimistic (now people say every eighteen months), but largely correct. And to this day people wanting to refer to this technological explosion in microelectronics call it "Moore's Law".  Consequently, our computers today have 66,000 times the processing power at the same cost as the computers of 1975, and, as noted,  it will reach 10 million times in ten years. 

2.   Power and Price

We now expect--routinely--that today’s $2,000 personal computer ordered over the internet has the power of a $20,000 scientific workstation of five years ago. Indeed, recent Apple Computer television commercials make much of the fact that its personal computers are now classified as "supercomputers" not to be exported to potentially hostile countries because of their powerful military uses (in weapons design, intelligence, and other applications). 

The classic measure of the state of semiconductor technology that underpins all information processing is the density of transistors on a wafer of silicon: how many electronic switches can be packed into a square centimeter. Since the beginning of integrated circuits manufacture, the density of transistors has more-or-less doubled every eighteen months.

[Figure 1: Moore's Law in Silicon]
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Source: Robert Atkinson and Ranolph Court (1999), "The New Economy Index" (Washington: PPI); http://www.neweconomyindex.org/

Such a pace of doubling means that semiconductor components manufactured today have 256 times the transistor density of those manufactured in 1987--and 65,000 times the transistor density of those manufactured back in 1975. The proportional jump from 16K memory chips to 64 K memory chips is the same as the jump from 16 M chips to 64 M chips, but the absolute numbers are staggering: the laptop on which this sentence is being written has as much memory now as was in 2048 of the original IBM PCs.

[Figure 2: Increases in Microprocessor Power]

The increase in semiconductor density is matched by an increase in processing power. Today's leading microprocessors have roughly 1000 times the raw processing power of the Intel 8088 or the Motorola 6502 microprocessors that powered the generation of personal computers introduced in the early 1980s.
 Thus calculations that took the first computers days now take seconds.  The increase in power is matched by the increase in pervasiveness. At the end of the 1950s, the moment at which electronic computers had largely replaced electromechanical calculators, there were roughly 2000 installed computers in the world with processing power that averaged perhaps 10,000 instructions per second.  Today, forty years later, there are approximately 200 million active computers in the world with processing power that averages approximately 100,000,000 instructions per second.
[Figure 3: Practical Computing Tasks as a Function of Computing Power]

3. User Industries Transform and Are Transformed by Computing

Raw processing power is just a potential.  The question is what is it is useful for.  As important as the increase in raw data processing power was the users discovery of how to use this power to do the previously impossible.  
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Source: Robert Atkinson and Ranolph Court (1999), "The New Economy Index" (Washington: PPI); http://www.neweconomyindex.org

Leading-edge users soon created the first mass market for large scale computing. Large bureaucratic organizations already had substantial electromechanical sorting and classifying procedures. These were soon replaced by electronic computers. 

Over the course of the 1960s, the 1970s, and the 1980s, leading-user industries played a substantial role in discovering what developing information-processing technology was good for. The insurance industry first automated back office applications, then created customized insurance products. The financial sector likewise became a very heavy user of information processing services. At its origin in the 1950s, even the discoverers of the tools of modern quantitative finance dismissed them as of theoretical but no practical use--the calculations required to figure out what an optimally-diversified portfolio was were totally impractical. That is not the case today.

As computing power has grown, computer-aided product design from airplanes built without wind-tunnels to pharmaceuticals designed at the molecular level for particular applications became possible. Production and distribution processes likewise have been changed.  It is not just robotic painting or assembly that has become possible, but robot-guided hip surgery as well.

In the beginning it was thought that computers were useful primarily as calculators writ large: performing complicated or tedious and lengthy sets of arithmetic operations. But by the 1970s it became clear that the computer was at least as useful in stuffing information into and pulling information out of large data bases: not a calculator writ large, but an ordinateur. In the 1980s as computers became ubiquitous in the office it became clear that they had another powerful function as well: spreadsheets, word processors, presentation design, planning, tax preparation, and desktop publishing programs all used the CPU and its memory not primarily as a calculator or a sorter of databases but as a trial-and-error device, a possibility generator, a way of rapidly  manipulating the virtual image of a document to see what the actual, final document would look like and say. 

But these may not turn out to be the most useful and powerful long-run functions of the revolution in information processing and communications technology. In the 1990s the computer has acquired two additional functions: the computer as window not onto one structured local database but as a window onto the world wide web of network-accessible information; and the computer as embedded control system.

4. Computers Become Embedded   (Note to author’s and Josh…% of auto value in electronics)

As computers grew in power, shrunk in size, and dropped in cost it became practical to embed computing power in a wide variety of products.  In the first stage programmable electronic sensors and controllers replaced mechanical and electro-mechanical ones. The second stage saw anti-lock brakes and power-conserving refrigerators. Practically all the standard consumer durables of 1950 now depend on embedded electronics for a large part of their modern function and efficiency.

[Figure: Embedded Electronics]

Perhaps the story is most easily represented by a single case, the automobile .  The E-conomy has captured  major chunks of the value of this once principally mechancial sector.  Numbers.  This of course just the value added in the machine.  There is an entire other domain, how autos are designed, produced, marketed, and distributed.  

5.  Computers Become Linked: The Spread of Networks

As communications hardware and software became capable of carrying more and more bits at lower and lower costs, it became possible to link individual sensing, computing, and storage units so that large amounts of data could be transmitted in an eyeblink. Today we complain when it takes an ATM machine half a minute to verify the balance we hold in a bank in a distant city. We complain about the world wide wait--but when the conversation at internet pioneer Vinton Cerf's dinner table turns to the Chisholm trail, he can display a map of the trail within sixty seconds.   Again, as with computing it is not just that rapid transmission is technically possible, but that it costs dropped making economically possible for us all extensively to use data transmission.  
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With the early data networks, once again it was leading edge users of data communications networks who began to use them to create advantage in their own industries.  The first phase of networking began either as private corporate networks or as in the case of  the French Minitel, public networks with defined services.  In the United States private networks that linked defined groups of participants began a phase of business experimentation.  The networks expanded exponentially when the users could experiment with the applications and configurations.  In the case of Hewlett Packard, network usage in the company grew at the rate of more than 20% a month. 
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[Table: Network Applications from Bar/Borrus]

[Figure: Network Use Expansion]
6.  Computers Become Hyper-linked:   The Coming of the Internet

But few saw the true long-run potential of high-speed data networking until the http protocol and the image-displaying browser allowed people to peek at the potential benefits of linking networks to networks--of making your desktop or laptop machine a window onto the world's data store. As Vinton Cerf said, "What's our culture going to be like when you can find out literally anything in a few seconds? When the brilliance of every human being is suddenly available to you?" As the telecommunications pioneers of AT&T's drive for universal service new early in this century, the more people there are on a network the greater is the value of a network to each user--a principle that we now call Metcalfe's law, after 3Com founder and ethernet designer Bob Metcalfe. 

The build-out of the internet has been extraordinarily rapid compared to the earlier build-out of other innovative communications technologies such as the telegraph and the telephone in large part because the initially run over the existing telecommunications system. No one two decades ago had expected that it would be possible, but data could run over voice lines at surprisingly high speeds. Even before the new technologies designed from the ground up to manage data communications emerged--and they will replace data-over-voice--the global internet had already established an incredible reach. 

[Figure 6 : The build-out of the internet]

7. Networks Transform Industry  (Bolster

The simple numbers and total value of ebusiness transactions hide much of the story of how the growth of the network will transform business organization and business competition throughout the economy.  

[Figure 7: E-Business Transactions]

It is not just the traditional businesses that act as intermediaries, stock brokers and travel agents, will be irrevocably altered.  New products will be created--downloadable music, for example. Traditional products--cars--will be marketed in new ways.  Stores will not disappear, but the mix of stores and what stores do will change.  New ways of reaching customers will in turn drive new ways of organizing production and delivering goods to consumers. 

Given this rapid spread of access to the internet, how large is the “internet economy”? How important is it as a support of business? Cisco Systems commissioned a study that concluded that in 1998 the internet generated $301 billion in economic value added and was responsible for employing 1.2 million people--370 thousand employed in the network infrastructure layer, 230 thousand employed in the applications infrastructure layer, 250 thousand employed by intermediaries and market layers, and 480 thousand employed in electronic commerce.

But it is already clear that such counts miss a substantial part of the economic impact.

It is perhaps best to say that within two years there will be no “internet economy.” There will be no slice of the economy that can be carved out of the rest and assigned to the “internet.” Instead, it will all be linked to the internet.
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The emergence of an "information" economy, the successive clusters of innovation--semiconductors and computers, microprocessors, the net--the reconfiguration of existing economic activities from package delivery to customer support--it is clear that what we have here is not a garden-variety leading sector that greatly amplifies productivity in making some small slice of commodities, but instead a wave of innovation that is going to greatly amplify productivity practically everywhere. The new economy is truly of economy-wide scope: every business organization and consumer marketplace can make use of the information-processing and communications tools that are this current wave of technological advance, even ones seemingly far removed from computers-and-communications.

How will it be linked? We do not yet know. What he have now are a range of strategic experiments, in the form of new companies trying to exploit the web and established companies trying to defend their positions.

For example, between the turn-of-the-last-century Sears catalogue and today, many entrepreneurs have thought that the relatively small stores of small town America incurred very large inventory and other distribution costs, and that there should be a way to combine economies of scale in purchasing with economies of scale in distribution in order to satisfy small-town and rural consumers at significantly lower cost. But until the coming of Wal-Mart no one had managed to solve the associated problems of control and distribution. (Indeed, the last decade saw the spectacular financial disaster of Federated Department Stores, as promised economies of scale turned out to be administratively unattainable.) 

At least some observers have credited Wal-Mart’s extraordinary efficiency advantage to its early investments in modern information technology, and to careful thought and skilled execution of how modern information technology can achieve economies of distribution. Thus there is a sense in which the first network deka-billionaire was Samuel Walton, who captured in his personal fortune a small amount of the increased efficiencies in distribution from the information management and goods shipment control systems that his people developed. 

The rest of the increased efficiencies went to boost the real incomes of shoppers in rural and small-town America who benefited from Wal-Mart’s lower prices. (And these increases in real incomes were missed by the Bureau of Labor Statistics’s statistical system, which did not take account of the rise of discount stores like Wal-Mart in its estimates of the cost of living.) Who would have thought ex ante that among the biggest gainers from exploitation of the possibilities of computing and communications would be people shopping for plastic doghouses at discount stores in small-town America? Yet it may indeed be the case.

8. The Future

We can already see the coming of broadband residential network connectivity to America. We can see that the future will bring at least one and probably several additional many-fold jumps in our ability to process and distribute information. What we cannot see, however, is what will turn out to be the uses of these future capabilities that businesses and consumers will value the highest. These uses will emerge only at the end of a process of experimentation and search—and may well be something that we do not now expect. Economic historian Paul David points out that it took nearly half a century for business users to figure out the possibilities for increased efficiency through factory reorganization opened up by the small electric motor. Finding the most valued uses for the next wave of computer-and-communications technology will probably not take as long, but it will take time.

This point is worth expanding. Changes in the powers and capabilities made available by modern information technologies are changing what the appropriate business models are. They are changing efficient business practices. They are triggering changes in sustainable market structures. They will trigger changes in what activities belong inside and what activities are purchased from outside a corporation. We do not know nearly as much about what these changes in business organization triggered by the new powers and capabilities provided by high-tech will be. But we can guess that they will be profound.

We do know that at every stage up to now, the key killer application of each stage of this wave of technological innovation has been a surprise. Indeed, if we are wise we should expect to be surprised by what will be the most valuable uses fifteen years from now: Who in the mid-1970s before Visicalc understood that the greatest value of a computer to an office worker would come from a spreadsheet program? Who at the start of 1980s—besides the founders of Adobe—thought that desktop publishing would be important? Who at the start of the 1990s understood that proprietary on-line services—no matter how good their content and connectivity—would be doomed by the end of the decade unless they offered transparent e-mail  and browser-access gateways to the broader network outside?

B. The E-conomy Unfolds:  Innovations in Organization and Business Practice 

Can we Find Critical Numbers>  Josh/…Volume of Intra Industry Trade with Taiwan…

Breakthrough technologies and revolutionary increases in productivity require new businesses and new forms of organization that serve new niches in the market with newly-configured technologies.
 They do not simply appear in their places, in the midst of already-existing business organizations and patterns. They shift the direction of economic activity: new technologies--or at least newly-configured technologies--are used not just to satisfy old but to satisfy new markets and fill needs that had not been previously possible. 

Has anything changed to accelerate the pace or character of innovation in business organization? The answer is surely yes. A greater proportion of ideas for new businesses are reaching the stage of being tested by the market. The 1980s and 1990s have seen both an acceleration in the pace at which the high-tech sectors experiment with new products and new approaches, and also the development of an infrastructure to support the flood of high-tech start ups. 

Almost all of the high-tech start ups will fail. But it is only through variation and experimentation that the way to organize business in the information age will be discerned. And whatever is learned from each successful start-up will be quickly diffused throughout the high-tech sectors of the economy.

Innovations in business and social organization have spawned and nurtured the wave of start-ups that are, collectively, our society's experiments in how to make effective use of the innovations in computing and communications technologies. Integrated circuit and microprocessor technologies blossomed in start-up companies. Hardware router and software protocol internet technologies emerged almost entirely outside the established telecommunications equipment firms. 

1. Resolving the Innovation Dilemma  (VC investment, startups, speed with which they crack fortune five hundred…number of stock options outstanding)
Consider as one example the so-called "innovation dilemma." Often large established firms are not very good at incorporating technologies that disrupt their existing markets and procedures. The markets it imagines and the innovation it invests in are principally for its current clients.  An elaboration of an existing product can generate considerable returns, and new markets are hard to imagine, and even harder to quantitatively assess. Similarly established suppliers and systems of delivery lock companies into assumptions about how their industry will unfold.  AT&T certainly asserted that an Internet styled communications system was impractical. Motorola, the leader in analog mobile phones, missed the step in the shift to digital. IBM feared lest its personal computers get too powerful too fast, and cannibalize its other businesses.

Thus before the information age the innovation dilemma is inescapable. Only established firms have the technological and market expertise to successfully develop technology. But it is extremely difficult to convince large firms to adopt technologies that cannibalize its existing structure: regardless of the impact of innovations on the entire corporation's bottom line, divisions that lose out can be counted on to wage bureaucratic total thermonuclear war against innovations that will destroy their portions of the organization.

Thus the more effectively a company is tied into its network of customers and suppliers, the more likely it is to sustain a course of innovation that maintain its position within existing markets and technologies. The less likely it will be to undertake radical innovation. And the more likely it is to be blindsided by breakthrough technologies. The established company may generate and literally drip with technology, but nevertheless be unable to capture its value. The creation at Xerox PARC of the functioning GUI interface, the page description language, the ethernet--and their commercial exploitation by others (Apple and Microsoft, Adobe, 3Com) is simply one of many examples of breakthrough technology lost inside of excellent established companies.

Thus start-ups--entrepreneurial companies--have driven much of the radical innovations in this transition.  They have defined and developed entire new industries not just new markets.  But entrepreneurial companies face substantial problems. They require money, help developing business plans and strategies supplier contacts, access to clients, legal advice, international business judgment--the list is very long. And America in the 1980s and 1990s is unique in having built up a business ecology that makes it not easy and straightforward but possible to establish an entrepreneurial start-up.

The stock options that reward stunning success with stunning wealth create the incentives for talent to leave established firms and start out on their own.  The institutions of the venture community have provided solutions to many of these requirements.  The scale of venture money….(need those numbers from S Hackwood)  suggests not just the amounts of money available, but the breadth of institutions for structuring new breakthrough businesses.  Because the breakthrough start up community is so well entrenched, and the capacities of entrants to challenge incumbents so developed, established firms have themselves begun to explore ways of creating arms length start ups, corporate start-ups.  Those corporate startups, and corporate venture funds are ways to follow the evolving technology product market as well as to raise internal returns.  

This entrepreneurial venture community rests on institutions, and on policy, not just on norms and values.  The early venture money paved the way, but the change in the prudent-man rule that allowed institutional money to enter the venture business changed the scale.
The scale of investment changed as well.  Individual projects could become much larger scale, as is the case of Global Crossing.  But it is not just how large particular projects are, it is how pervasive the venture phenomena became. The funds were suddenly available for the venture world to move from niche to centerpiece.  Similarly, the tax and accounting treatment of options underpins the venture reward system.  A cut in pay and a move across country, could suddenly represent an opportunity not a failing, if the reward were the option share of a venture start up.

2. The Production Dilemma (Numbers… Asian Production Factory – intra corporate numbers  total amount of intra-business to business sales as a % of total sales…outsourcing numbers….)
Starting in the late 1970s it became clearer and clearer that a group of Japanese manufacturing firms had managed to create the first significant innovation in the organization of manufacturing business since Alfred P. Sloan. Reformulating the production and design process into a lean production system simultaneously eliminated inventories and their costs, permitted constant quality improvement, and reduced cost. In consumer durable products, autos and televisions, that had lots of parts, complex procurement, precision manufacturing, the Japanese production innovations seemed to have established an enduring marketplace advantage.

The challenge to unlean American manufacturing became an irresistible onslaught and a rout in the mid-1980s, as lower and declining relative real costs in Japanese manufacturing conbined with a dollar severely overvalued as a result of mistakes in macroeconomic policy. The result was the hollowing-out large chunks of American manufacturing capacity--and in the process the destruction a lot of valuable human- and firm-specific capital. 

Nevertheless, American companies have proved remarkably successful at adopting "lean production" innovations. The Japanese manufacturers may have taught American producers a painful lesson. But the American producers really learned. By the mid 1990s--with a stronger yen and reconfigured manufacturing processes--the balance of manufacturing advantage in high-technology industries appeared much more even.

Partly the eclipse of the Japanese challenge came about because the leading edge of consumer electronics, defined as anything you can buy with a three year guarantee at a discount electronics store, shifted from broadcast/entertainment--TVs, VCRs, radios and related products--to wireless and computer based products where the Americans had set standards. And companies such as Hewlett Packard now understood how large the long-run benefits from learning-by-doing were that came from controlling the low end of a market through high-quality volume production even if cost accountants told top managers that low-end margins were low. With the inkjet printer, HP dominated the market by systematically defending the bottom end of the market as it introduced new low cost product. 

But a larger part of the change came with recognition that better communications allowed for a finer division of labor--that producers could lower their costs by concentrating on what they did best and contracting to buy the rest from those with a firm-specific advantage in productivity or a nation-specific factor cost-based comparative advantage. Outsourcing, cross-national production networks, and the emergence of contract manufacturing have been at the heart of the solution of the production dilemma.

First came the shift from a market dominated by integrated producers to one in which firms located anywhere in the distinegrated value chain can, potentially control the evolution of key standards and in that way define the terms of competition, not just of their particular segment, but critically in final product markets as well.  Market power has shifted from the assemblers such as Compaq, Gateway, IBM, or Toshiba, to key producers of components (such as Intel); operating systems (such as Microsoft); applications (such as SAP, Adobe); interfaces (such as Netscape); languages (such as Sun with Java); and to pure product definition companies like Cisco Systems and 3COM. 

What all of these firms have in common is that, from quite different vantage points in the value chain, they all own key technical specifications that have been accepted as de facto product standards in the market.  The radical start up companies had begun to define the direction and fate of the industry.  

Second,  companies that had found production a weakness began to outsource both component production and assembly.  But new highly flexible and adaptable production systems emerged. Cross-national Production Networks. Network (CPN) is a convenient label to apply to the consequent dis-integration of industrial value chain into constituent functions that can be contracted out to independent producers wherever those companies are located in the global economy. And such independent producers can locate wherever factor costs and local levels of technological development provide a comparative advantage.

CPNs permit and result from an increasingly fine division of labor both between firms and between nations. The networks permit firms to weave together the constituent elements of the value-chain into competitively effective new production systems, while facilitating diverse points of innovation. They are not principally about lower wages as such, nor about access to markets and natural resources--although these objectives often motivated initial investments. Rather they are about the emergence of locations that can deliver different mixes of technology and production at different cost-performance points. 

Third, and perhaps most important, CPNs have turned large segments of complex manufacturing into a commodity available in the market. Supply chain management took on a strategic meaning.  Fourth, this set the stage finally for companies such as Dell to more tightly link marketing and production, convert themselves into a service business tying design to the customer.  More generally this service model set the stage for a web based service orientation.

3.  The Silicon Valley System (Must be finished…)
Silicon Valley is the set of institutions that underpin these solutions to the "innovation dilemma" and the "production dilemma." In the swirl of tactics and strategies--downsizings, outsourcings, mergers, and spin-offs, stock options, labels such as the virtual corporation--we can see the pattern of a business ecology favorable to entrepreneurship in a unique way. Today capital, high-skilled workers, and entrepreneurs from all over the world move to the United States because it possesses the best support system and environment for the growth of businesses that take advantage of the technological opportunties that are becoming the "new economy."

�A relationship called Moore's Law, after Intel Corporation founder Gordon Moore.


�And ___ times the raw processing power of the microprocessors that powered the very first personal computers in the mid-1970s.


�Citing Probe Research and Bellcore as sources.


�Citing Forrester Research.


�William Davidow (1993), The Virtual Corporation (New York: Harper Business: 0887306578). Other citations…





