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Paradise lost
May 8th 2003 
From The Economist print edition



So far, information technology has thrived on exponentials. Now it has to get back to earth, says Ludwig Siegele
CLOSE your eyes and think of information technology. You might picture your PC crashing yet again, and recall that your teenager was supposed to fix it. That leads you to the 12-year-old hacker who broke into a bank's computer system the other day, which brings to mind the whizz-kids in a garage inventing the next big thing that will turn them into the youngest billionaires ever.
In IT, youth seems to spring eternal. But think again: the real star of the high-tech industry is in fact a grey-haired septuagenarian. Back in 1965, Gordon Moore, co-founder of Intel, the world's biggest chipmaker, came up with probably the most famous prediction in IT: that the number of transistors which could be put on a single computer chip would double every 18 months. (What Mr Moore actually predicted was that the figure would double every year, later correcting his forecast to every two years, the average of which has come to be stated as his “law”.)
This forecast, which implies a similar increase in processing power and reduction in price, has proved broadly accurate: between 1971 and 2001, transistor density has doubled every 1.96 years (see chart 1). Yet this pace of development is not dictated by any law of physics. Instead, it has turned out to be the industry's natural rhythm, and has become a self-fulfilling prophecy of sorts. IT firms and their customers wanted the prediction to come true and were willing to put up the money to make it happen.
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Even more importantly, Moore's law provided the IT industry with a solid foundation for its optimism. In high-tech, the mantra goes, everything grows exponentially. This sort of thinking reached its peak during the internet boom of the late 1990s. Suddenly, everything seemed to be doubling in ever-shorter time periods: eyeballs, share prices, venture capital, bandwidth, network connections. The internet mania began to look like a global religious movement. Ubiquitous cyber-gurus, framed by colourful PowerPoint presentations reminiscent of stained glass, prophesied a digital land in which growth would be limitless, commerce frictionless and democracy direct. Sceptics were derided as bozos “who just don't get it”.
Today, everybody is older and wiser. Given the current recession in IT, the idea of a parallel digital universe where the laws of economic gravity do not apply has been quietly abandoned. What has yet to sink in is that the current downturn is something more than the bottom of another cycle in the technology industry. Rather, as this survey will argue, the sector is going through deep structural changes which suggest that it is growing up or even, horrors, maturing. Silicon Valley, in particular, has not yet come to grips with the realities, argues Larry Ellison, the chief executive of Oracle, a database giant (who at 58 still sports a youthful hairdo). “There's a bizarre belief that we'll be young forever,” he says. 
It is not that Moore's law has suddenly ceased to apply. In fact, Mr Moore makes a good case that Intel can continue to double transistor density every 18 months for another decade. The real issue is whether this still matters. “The industry has entered its post-technological period, in which it is no longer technology itself that is central, but the value it provides to business and consumers,” says Irving Wladawsky-Berger, a senior manager at IBM and another grey-haired industry elder.
Scholars of economic history are not surprised. Whether steam or railways, electricity or steel, mass production or cars—all technological revolutions have gone through similar long-term cycles and have eventually come of age, argues Carlota Perez, a researcher at Britain's University of Sussex, in her book “Technological Revolutions and Financial Capital: The Dynamics of Bubbles and Golden Ages” (Edward Elgar, 2002). 
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In her model (see chart 2), technological revolutions have two consecutive lives. The first, which she calls the “installation period”, is one of exploration and exuberance. Engineers, entrepreneurs and investors all try to find the best opportunities created by a technological big bang, such as Ford's Model T in 1908 and Intel's first microprocessor in 1971. Spectacular financial successes attract more and more capital, which leads to a bubble. This is the “gilded age” of any given technology, “a great surge of development”, as Ms Perez calls technological revolutions.
The second, or “deployment”, period is a much more boring affair. All the quick bucks have been made, so investors prefer to put their money into the real economy. The leading firms of the new economy become bigger and slower. The emphasis is no longer on raw technology, but on how to make it easy to use, reliable and secure. Yet this period is also the “golden age” of a technology, which now penetrates all parts of society. 
These two periods of a technological revolution are separated by what Ms Perez calls a “turning point”—a crucial time for making the choices that determine whether a technological revolution will deliver on its promises. In her book, she concentrates mainly on the social and regulatory decisions needed to allow widespread deployment of new technology. But the same argument applies to technology vendors and customers. To enter their “golden age”, they have to leave their youthful excesses behind and grow up.
A duller shade of gold
This survey will examine how much grey the IT industry (and their leaders' hair) has already acquired. The first three chapters are about technological shifts, and how value is moving from the technology itself to how it is applied. Many of the wares that made the IT industry's fortunes in the installation period are becoming a commodity. To overcome this problem, hardware vendors are developing new software that allows networks of machines to act as one, in effect turning computing into a utility. But the IT industry's most profitable layer will be services of all kinds, such as software delivered as an online service, or even business consulting. 
The second half of this survey looks at institutional learning, which has caused the value created by the IT industry to be increasingly captured by its customers. For the first time in its history, the IT industry is widely adopting open standards. Equally important, buyers are starting to spend their IT budgets more wisely. Meanwhile, the industry's relationship with government is becoming closer.
All this suggests that the technology industry has already gone greyish at the temples since the bubble popped, and is likely to turn greyer still. Sooner or later the sector will enter its “golden age”, just as the railways did. When Britain's railway mania collapsed in 1847, railroad shares plunged by 85%, and hundreds of businesses went belly-up. But train traffic in Britain levelled off only briefly, and in the following two decades grew by 400%.
So are the IT industry's best days yet to come? There are still plenty of opportunities, but if the example of the railways is anything to go by, most IT firms will have to make do with a smaller piece of the pie. As this newspaper (then called The Economist, Weekly Commercial Times, Bankers' Gazette, and Railway Monitor) observed in 1857: “It is a very sad thing unquestionably that railways, which mechanically have succeeded beyond anticipation and are quite wonderful for their general utility and convenience, should have failed commercially.”
Brad DeLong, an economics professor at the University of California at Berkeley, puts it somewhat more succinctly: “I am optimistic about technology, but not about profits.”
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Many of the innovations that made the IT industry's fortunes are rapidly becoming commodities—including the mighty transistor 


IF GOOGLE were to close down its popular web-search service tomorrow, it would be much missed. Chinese citizens would have a harder time getting around the Great Firewall. Potential lovers could no longer do a quick background check on their next date. And college professors would need a new tool to find out whether a student had quietly lifted a paper from the internet.
Yet many IT firms would not be too unhappy if Google were to disappear. They certainly dislike the company's message to the world: you do not need the latest and greatest in technology to offer outstanding services. In the words of Marc Andreessen of Netscape fame, now chief executive of Opsware, a software start-up: “Except applications and services, everything and anything in computing will soon become a commodity.”
Exactly what is meant by “commoditisation”, though, depends on whom you talk to. It is most commonly applied to the PC industry. Although desktops and laptops are not a truly interchangeable commodity such as crude oil, the logo on a machine has not really mattered for years now. The sector's most successful company, Dell, is not known for its technological innovations, but for the efficiency of its supply chain.
As the term implies, “commoditisation” is not a state, but a dynamic. New hardware or software usually begins life at the top of the IT heap, or “stack” in geek speak, where it can generate good profits. As the technology becomes more widespread, better understood and standardised, its value falls. Eventually it joins the sector's “sediment”, the realm of bottom feeders with hyper-efficient metabolisms that compete mainly on cost.
Built-in obsolescence
Such sedimentation is not unique to information technology. Air conditioning and automatic transmission, once selling points for a luxury car, are now commodity features. But in IT the downward movement is much faster than elsewhere, and is accelerating—mainly thanks to Moore's law and currently to the lack of a new killer application. “The industry is simply too efficient,” says Eric Schmidt, Google's chief executive (who seems to have gone quite grey during his mixed performance at his previous job as boss of Novell, a software firm).
The IT industry also differs from other technology sectors in that its wares become less valuable as they get better, and go from “undershoot” to “overshoot,” to use the terms coined by Clayton Christensen, a professor at Harvard Business School. A technology is in “undershoot” when it is not good enough for most customers, so they are willing to pay a lot for something that is a bit better although not perfect. Conversely, “overshoot” means that a technology is more than sufficient for most uses, and margins sink lower.
PCs quickly became a commodity, mainly because IBM outsourced the components for its first venture into this market in the early 1980s, allowing others to clone the machines. Servers have proved more resistant, partly because these powerful data-serving computers are complicated beasts, partly because the internet boom created additional demand for high-end computers running the Unix operating system. 
But although expensive Unix systems, the strength of Sun Microsystems, are—and will probably remain for some time—a must for “mission-critical” applications, servers are quickly commoditising. With IT budgets now tight, firms are increasingly buying computers based on PC technology. “Why pay $300,000 for a Unix server,” asks Mr Andreessen, “if you can get ten Dell machines for $3,000 each—and better performance?”
Google goes even further. A visit to one of the company's data centres in Silicon Valley is a trip back to the future. In the same way that members of the Valley's legendary Homebrew Computer Club put together the first PCs using off-the-shelf parts in the early 1970s, Google has built a huge computer system out of electronic commodity parts. 
Modern Heath Robinsons
When the two Stanford drop-outs who founded Google, Sergey Brin and Larry Page, launched the company in 1998, they went to Fry's, an electronics outlet where the Valley's hardcore computer hobbyists have always bought their gear. Even today, some of the data centres' servers appear to be the work of tinkerers: circuit boards are sagging under the weight of processors and hard disks, and components are attached by Velcro straps. One reason for the unusual design is that parts can be easily swapped when they break. But it also allows Google's servers to be made more powerful without having to be replaced completely. 
What makes it easier for Google to swap off-the-shelf components is that much of its software is also a commodity of sorts. Its servers run Linux, the increasingly popular open-source operating system developed by a global community of volunteer programmers, and Apache, another open-source program, which dishes up web pages.
Because Google has always used commodity hardware and software, it is not easy to calculate how much money it has saved. But other firms that have recently switched from proprietary gear say they have significantly reduced their IT bill. Amazon.com, the leading online shopping mall, for instance, managed to cut its quarterly technology spending by almost $20m (see chart 3). 
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The most interesting feature of Google's data centre, however, is that its servers are not powered by high-end chips, and probably will not have Itanium, Intel's most powerful processor, inside for some time yet. This sets Google apart among hot Silicon Valley start-ups, whose business plans are mostly based on taking full advantage of the exponential increase in computing power and similar growth in demand for technology.
“Forget Moore's law,” blared the headline of a recent article about Google in Red Herring, a now-defunct technology magazine. That is surely overblown, but Google's decision to give Itanium a miss for now suggests that microprocessors themselves are increasingly in “overshoot”, even for servers—and that the industry's 30-year race for ever more powerful chips with smaller and smaller transistors is coming to an end.
Instead, other “laws” of the semiconductor sector are becoming more important, and likely to change its underlying economics. One is the fact that the cost of shrinking transistors also follows an exponential upward curve. This was no problem as long as the IT industry gobbled up new chips, thus helping to spread the cost, says Nick Tredennick, editor of the Gilder Technology Report, a newsletter. But now, argues Mr Tredennick, much of the demand can be satisfied with “value transistors” that offer adequate performance for an application at the lowest possible cost, in the same way as Google's. “The industry has been focused on Moore's law because the transistor wasn't good enough,” he says. “In the future, what engineers do with transistors will be more important than how small they are.”
This is nothing new, counters Paul Otellini, Intel's president. As chips become good enough for certain applications, new applications pop up that demand more and more computing power, he says: once Google starts offering video searches, for instance, it will have to go for bigger machines. But in recent years, Intel itself has shifted its emphasis somewhat from making ever more powerful chips to adding new features, in effect turning its processors into platforms. 
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It recently launched Centrino, a group of chips that includes wireless technology. The Centrino chips are also trying to deal with another, lesser-known, limiting factor in chipmaking: the smaller the processors become, the more power-hungry and the hotter they get (see chart 4). This is because of a phenomenon called leakage, in which current escapes from the circuitry. The resulting heat may be a mere inconvenience for users of high-end laptops, who risk burning their hands or thighs, but it is a serious drawback for untethered devices, where it shortens battery life—and increasingly for data centres as well, as Google again shows. 
Cool chips
The firm's servers are densely packed to save space and to allow them to communicate rapidly. The latest design is an eight-foot rack stuffed with 80 machines, four on each level. To keep this computing powerhouse from overheating, it is topped by a ventilation unit which sucks air through a shaft in its centre. In a way, Google is doing to servers what Intel has done to transistors: packing them ever more densely. It is not the machines' innards that count, but how they are put together.
Google has thus created a new computing platform, a feat that others are now replicating in a more generalised form. Geoffrey Moore (no relation), chairman of the Chasm Group, a consultancy, and a partner at Mohr, Davidow Ventures, a Silicon Valley venture-capital firm, explains it this way: computing is like a game of Tetris, the computer-game classic; once all the pieces have fallen into place and all the hard problems are solved, a new playing field emerges for others to build on
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The network is becoming the computer—and the IT industry's dominant platform


COMPUTING is supposed to be the ultimate form of automation, but today's data centres can be surprisingly busy with people. When an application has to be updated or a website gets more visitors than expected, system administrators often have to install new programs or set up new servers by hand. This can take weeks and often turns out to be more complicated than expected.
Google's data centres, however, look deserted most of the time, with only about 30 employees to look after a total of 54,000 servers, according to some estimates. This is in part because machines doing searches need less care than those running complex corporate applications; but more importantly, the firm's programmers have written code that automates much of what system administrators do. It can quickly change a computer that sifts through web pages into a server that dishes up search results. Without the program, Google would have to hire many more people.
It all goes to show that another law in computing, proclaimed by Gordon Bell, another greying industry legend, still holds true: in IT, the dominant platform shifts every ten years or so. Mainframes, minicomputers, PCs and servers are now likely to be followed by a grid of computers, either within a data centre or as a disparate collection of connected machines. The network will at last be the computer, to paraphrase a slogan coined by Sun Microsystems. Machines will no longer simply be attached to a network: instead, the network will allow them to act as one.
Yet this new platform, which computer scientists like to call “grid computing”, is less about replacing old technology and more about managing the existing gear—another sign that IT is maturing. Merrill Lynch's Steve Milunovich, one of the leading hardware analysts on Wall Street, says that IT has entered the era of “managed computing”. Forrester Research, a high-tech consultancy, has coined the term “organic IT”—a computing infrastructure that is not only built on cheap parts, but is also as adaptive as a living organism. Whatever label the industry settles for, the race to lead in the next round of computing is already on. The new platform gives those threatened by commoditisation a chance to differentiate themselves by moving up the technology stack to a potentially more lucrative layer.
There is every incentive for HP, IBM, Microsoft and Sun, as well as a raft of start-ups, to encourage this shift, but there is also a real need for a new platform. Computing has certainly got faster, smarter and cheaper, but it has also become much more complex. Ever since the orderly days of the mainframe, which allowed tight control of IT, computer systems have become ever more distributed, more heterogeneous and harder to manage.
Managing complexity
In the late 1980s, PCs and other new technologies such as local area networks (LANs) allowed business units to build their own systems, so centralised IT departments lost control. In the late 1990s, the internet and the emergence of e-commerce “broke IT's back”, according to Forrester. Integrating incompatible systems, in particular, has become a big headache.
A measure of this increasing complexity is the rapid growth in the IT services industry. According to some estimates, within a decade 200m IT workers will be needed to support a billion people and businesses connected via the internet. Managing a storage system already costs five times as much as buying the system itself, whereas less than 20 years ago the cost of managing the system amounted to only a third of the total (see chart 5).
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What is more, many of today's IT systems are a patchwork that is inherently inefficient, so firms spend 70-90% of their IT budgets simply on keeping their systems running. And because those systems cannot adapt quickly to changes in demand, companies overprovide. They now spend almost $50 billion a year on servers, but the utilisation rate for these computers is often below 30%. 
Besides, complexity is bound to increase, predicts Greg Papadopoulos, Sun's chief technology officer. Today, the electronics to hook up any device to the network cost about $1. In ten years' time, the price will be down to one cent. As a result, he says, the number of connected things will explode, and so will the possible applications. For example, it will become practical to track items such as razor blades (10% of which apparently disappear on their way from the factory to the shop).
When things get too complicated, engineers usually add a layer of code to conceal the chaos. In some ways, the current shift in computing is the equivalent of what happened when cars became easy to use and drivers only had to turn the key instead of having to hand-crank the engines. In geek speak, adding such a new layer is called “raising the level of abstraction”. This happened when PC operating systems first hid the nuts and bolts of these computers and gave them a simple user interface, and it is happening now with the new platform, which is already being compared to an operating system for data centres or computing grids.
Just like Google's management program, this grid computing software (only half-jokingly called “griddleware” by some) automates much of the work of system administrators. But it is also supposed to serve a higher purpose: “virtualisation”. Put simply, this means creating pools of processing power, storage capacity and network bandwidth. A data centre, or a collection of machines on a network, thus becomes a virtual computer whose resources can be allocated as needed. The ultimate goal is that managed computing will become rather like flying a modern jet plane: IT workers will tell the system what kind of applications it should run, and then deal only with exceptions.
Although the rivals in this new field are pretty much on the same technological track, their strategies are different. Some of the numerous start-ups already have working products—and no hidden agenda, says Mr Andreessen, of Opsware, the leading newcomer: “We don't need to push our customers also to buy other stuff from us.” The incumbents, on the other hand, want the new software layer to protect their old business models as well. HP's Utility Data Centre (UDC) initiative and Sun's N1 plan are supposed to help these firms sell their profitable hardware. IBM's “autonomic computing” effort goes hand-in-hand with Big Blue's IT services business. And Microsoft's Dynamic Services Initiative (DSI) is tightly linked with its Windows operating system. 
Yet despite such arm-twisting, customers are unlikely to bet solely on newcomers. Only the biggest vendors will really be able to deliver managed computing, argues Shane Robinson, the chief technology officer of HP, which has much riding on the new platform. According to the Gartner Group, a consultancy, HP is leading in virtualisation, and views management software as its big opportunity.
Once thing is clear: once all the technical challenges of grid computing have been overcome, hardware will have become a true commodity. Machines, storage devices and networks will lose their identity and feed into pools of resources that can be tapped as needed. This liquefaction of hardware, in turn, will allow computing to become a utility, and software a service delivered online. 
Techniques, not technology
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IT firms hope to turn the dismal science into a profitable business


TO MOST people the world is round, but geeks often see it as a stack of layers. In corporate computing, it starts with the hardware, on top of which sits the operating system, then the database, the applications and finally IT services. When their layer is getting commoditised, technology companies tend to move up the stack, where more money can be made.
In their quest for greener pastures, IT firms have reached new heights by moving into cutting-edge economics. Both HP and IBM have opened labs to conduct research on the subject, in the hope that this will help them to offer their customers more sophisticated services.
To be sure, economics has had its place in the IT industry for some years now. HP, for instance, already uses software that simulates markets to optimise the air-conditioning systems in its utility data centres. And IBM's Institute for Advanced Commerce has studied the behaviour of bidding agents, in the hope of designing them in such a way that they do not engage in endless price wars.
Now HP is reaching even higher, with experimental economics. As the name implies, researchers in this field set up controlled experiments with real people and real money to see whether economic theories actually work. Perhaps surprisingly, it seems that they do, as demonstrated by the work of Vernon Smith of George Mason University in Virginia. (Mr Smith is considered the founding father of this field and won last year's Nobel prize in economics.)
Secret agent
HP goes further. The firm's team of five researchers does not test economic theories, but tries to create “novel mechanisms to improve the fluidity of interactions in the information economy”, says Bernardo Huberman, head of the group. In everyday language, the researchers are working on clever tools that make it easier to negotiate online, establish reputations and make forecasts.
Mr Huberman's group already has something to show for its efforts. It has developed a methodology for predicting uncertain events using a small group of individuals. First, they find out about their subjects' attitudes towards risk and their ability to forecast a given outcome. They then use this information to weight and aggregate their predictions of events, resulting in fairly accurate forecasts.
These tools will first be used inside the company. The top management of one of HP's divisions is already testing the forecasting methodology to predict its revenue. But ultimately the firm wants to find outside customers for its research findings. American intelligence agencies, such as the CIA, have already shown interest. They need better tools to weigh the opinions of those who analyse incoming information.
So at what point will firms such as HP and IBM have moved far enough up the stack to cease to be traditional IT vendors and become service providers or consultancies? Most analysts agree that this metamorphosis is still some way off. But it already seems certain that in future IT firms will increasingly be in the business of techniques rather than technology.
At your service
May 8th 2003 
From The Economist print edition



Despite early failures, computing will eventually become a utility 


MARC BENIOFF (not a grey hair in sight) is not afraid to mix religion and business. In late February, the practising Buddhist and chief executive of salesforce.com, a San Francisco start-up, invited 200 customers and friends to a benefit concert featuring David Bowie, with proceeds going to the Tibet House, a New York cultural centre whose patron is the Dalai Lama. But Mr Benioff also used the event to get his firm's message across: “Freedom from software”.
The unusual mixture raised some eyebrows, but in a way Mr Benioff's technology does indeed dispense with software. Clients can access the firm's service via a web browser, which saves them having to install a complicated customer relationship management (CRM) program on their own computers. Some 6,300 customers in 110 countries have already signed up for it, generating $52m in the past fiscal year, says Mr Benioff.
Sceptics maintain that salesforce.com is not so much the leader of a new trend as a lone survivor of better times. Hundreds of application service providers (ASPs) were launched late in the dotcom boom, but few others have succeeded. This is mainly because with existing technology it is difficult to make money on a high-end software service.
But not for much longer. Thanks to the technological trends outlined in the previous two articles, computing is becoming a utility and software a service. This will profoundly change the economics of the IT industry. “The internet spells the death of the traditional software business model,” predicts Mr Benioff.
This is not as earth-shattering as it sounds. As other technologies matured, buyers were given more choice in how to acquire them, says IBM's Irving Wladawsky-Berger. In the early days of electricity, for instance, most firms had to have their own generators. Now most can get their power from the grid. Similarly, he says, it would be surprising if in 20 years' time most of IT was not outsourced.
Traditionally, companies wanting to invest in computer systems did not have much choice: they had to build and operate their own. To be sure, they could outsource the work to companies such as EDS and IBM Global Services, but in technical terms that did not change much, because such firms usually operate dedicated computer systems for each customer.
There must be a better way
When it comes to enterprise software, in particular, this way of delivering technology creates a somewhat perverse set of economics. Software is a service at heart, albeit an automated one, but it is sold much like a manufactured good. Customers have to pay large sums of money up front, bear much of the risk that a program may not work as promised, and cannot readily switch vendors. 
IT firms, for their part, have to spend a lot of resources on marketing and distribution, rather than concentrating on developing software that works well and is easy to use. Network effects and Wall Street make matters worse. In many markets it is a great advantage to be first, so vendors are tempted to release programs even if they are still riddled with bugs. And because equity analysts rightly consider software firms a risky investment, such firms must grow quickly to justify their relatively high share prices, pushing them to sell more programs than customers need.
All this explains several peculiarities of the software business. One is the fact that many of the licences sold are never used, a phenomenon known as “shelfware”. More importantly, many software firms have grown so fast, often mortgaging the future, that they collapse when they reach $1 billion in annual revenues, sometimes never to recover. Then there is the end-of-quarter rush, spurring many firms to do anything to get deals signed and meet analysts' expectations.
The need to grow quickly also explains why IT industry leaders are such a “truly extraordinary cast,” in the words of Louis Gerstner, who was IBM's chief executive for eight years. “They make outrageous remarks, they attack one another publicly with great relish,” he writes in his book “Who Says Elephants Can't Dance?” (HarperBusiness 2002). Bosses of software firms, in particular, need to demonstrate that they will pursue growth at almost any price—which explains why they are often paired with grey-haired chief financial officers as a calming counterweight.
Mr Gerstner, who has spent most of his career outside the IT industry, does not point fingers, but examples of the industry's “bizarre practices”, as he puts it, are not hard to find. The most obvious one is Oracle, a database giant which had a near-death experience in 1991, having cut some reckless deals to meet expectations. The firm is also known to have released software prematurely, most recently its e-business suite. And it is run by Larry Ellison, arguably the most colourful boss in the industry, and Jeff Henley, the archetype of a grandfatherly CFO. To be fair, it must be said that the company has matured greatly in recent years.
In future, technology itself could lead to a better balance in the sector as a whole. The internet made it possible to run ASPs such as salesforce.com, but it also enabled hardware makers to monitor servers and bill customers remotely on the basis of the average use per month. This is the sort of thing HP does with its high-end Superdome machines.
As data centres become automated, computing will increasingly turn into a true utility. With the management software described in the previous article, firms can share computing resources, which means they always have enough of them but pay only for what they actually use. They no longer need to run their own dedicated machines, any more than they need to run their own power plants.
Waiting for web services
For software truly to become a service, however, something else has to happen: there has to be wide deployment of web services. These are not, as the term might suggest, web-based offerings such as salesforce.com, but a standard way for software applications to work together over the internet. Google, for instance, also offers its search engine as a web service to be used in other web offerings, such as Googlefight, a site where surfers with time to waste can find out which of two related key words produces more search results. 
Ultimately, experts predict, applications will no longer be a big chunk of software that runs on a computer but a combination of web services; and the platform for which developers write their programs will no longer be the operating system, but application servers. These are essentially pieces of software that offer all the ingredients necessary to cook up and deliver a web service or a web-based service such as salesforce.com.
Just as with management software for data centres, vendors are already engaged in a battle for dominance. Ranged on one side is Microsoft with its .NET platform (although it has recently toned down the use of this name). Jostling on the other are BEA, IBM, Oracle and Sun, with different versions of technology based on the Java programming language.
Both camps are likely to coexist, but the economics of software services will be different. Most important, vendors will be much more motivated than previously to keep their promises. “In the old world, we didn't care if you were up and running, we only cared about the numbers,” says Mr Benioff, who cut his professional teeth at Oracle. “Now, I get paid only if my customers are happy.”
A different kind of grey
Shifting more of the implementation risk to vendors will profoundly change the nature of the software business. Wall Street will have to view software firms more like utilities, which tend to grow rather slowly if steadily. And, perish the thought, software bosses could get more boring. The tone in the industry may no longer be set by people such as Mr Ellison, but by more prudent and cerebral chief executives such as SAP's Henning Kagermann.
Incumbents will not find it easy to manage this transition: they will have to wean themselves from the heroin of growth. Of the industry heavyweights, Oracle has arguably travelled farthest, having put most of its programs online as early as 1998. As yet, this part of its business contributes only a tiny share of the total revenue, but Mr Ellison expects it to grow quickly. He also acknowledges that the time for visionary leaders like himself may well be over: “It is mainly going to be about execution.”
On the vision front, however, IBM has recently bested Mr Ellison. Last October, Samuel Palmisano, now the firm's chief executive, announced that IBM was making a $10-billion bet on what he called “on-demand computing”—essentially an effort to turn IT from a fixed into a variable cost. American Express has already signed a seven-year, $4 billion contract with IBM which allows the credit-card company to pay only for the IT resources it needs.
Yet the American Express contract still looks more like a classic outsourcing deal with flexible pricing. If computing is to become truly on-demand, much remains to be done, says Mr Wladawsky-Berger, who leads IBM's initiative. Getting the technology right is probably the easy part. The more difficult problem is persuading the industry to settle on open standards. 

The fortune of the commons
May 8th 2003 
From The Economist print edition
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For the first time, the IT industry is widely adopting open standards—thanks to the internet


BUYING a screw is easy today, if you know what kind you want. But in America in the middle of the 19th century, such a purchase could get quite complicated. Most screws, nuts and bolts were custom-made, and products from different shops were often incompatible. The craftsmen who made them liked it this way, because many of their customers were, in effect, locked in.
Yet it was one of these craftsmen's leaders who set America's machine-tool industry on the path of standardisation. In 1864, William Sellers proposed a “uniform system of screw threads”, which later became widely adopted. Without standardised, easy-to-make screws, Mr Sellers' argument went, there could be no interchangeable parts and thus no mass production.
Not every technology sector had such far-sighted leaders. But railways, electricity, cars and telecommunications all learned to love standards as they came of age. At a certain point in their history, it became clear that rather than just fighting to get the largest piece of the pie, the companies within a sector needed to work together to make the pie bigger.
Without standards, a technology cannot become ubiquitous, particularly when it is part of a larger network. Track gauges, voltage levels, pedal functions, signalling systems—for all of these, technical conventions had to be agreed on before railways, electricity, cars and telephones were ready for mass consumption. Standards also allow a technology to become automated, thus making it much more reliable and easier to use.
Today, the IT industry is finally getting the standards religion. In fact, standards have always played an important role in high-tech, but they were often proprietary. “For the first time, there are true standards to allow inter-operability—de jure standards not controlled by a vendor,” points out Steve Milunovich, the analyst at Merrill Lynch. 
This is not simply a question of protocols and interfaces. Entire pieces of software are becoming open standards of sorts. Operating systems, for instance, are technically so well understood that they can be developed by worldwide virtual communities of volunteer programmers, as with Linux, the most popular piece of open-source software.
The taming of the screw
It would be hard to overestimate the importance of this shift. So far, just as in the early days of the screw, the name of the game in IT has been locking in customers, making it costly for them to switch from one brand of technology to another. In some ways, although IT firms are the epitome of mass production, when it comes to standards they are still stuck in the craftsmen era, which explains in large part why they have been so amazingly profitable.
Network effects make it even more attractive to control a technology, argue Carl Shapiro and Hal Varian, two economics professors, in “Information Rules”, still the best read on the network economy (Harvard Business School Press, 1998). If the value of a technology depends not just on its quality but also on the number of users, positive feedback can help one firm to dominate the market. For example, the more people are already connected to a data network using a particular transmission standard, the more people will see the point of hooking up to it.
These network effects also explain why the IT industry in the 1980s already started to move away from completely proprietary technology, the hallmark of the mainframe era. Microsoft, in particular, figured out how to strengthen feedback loops by encouraging other software firms to develop applications for its operating system. This kind of openness made Windows a standard, but users were still locked in.
Now it seems that, thanks to the internet, the IT industry has entered a positive feedback loop in favour of open standards. Looking back, says Mr Wladawsky-Berger, historians will say that the internet's main contribution was to produce workable open standards, such as TCP/IP, its communication protocol, or HTML, the language in which web pages are written. The internet has also made it much easier to develop standards. Most of the work in the Internet Engineering Task Force (IETF) and the World Wide Web Consortium (W3C), the internet's main standards bodies, is done online. Global open-source communities are able to function because their members can communicate at almost no cost using e-mail or other online tools.
The success of these groups has also inspired traditional IT companies to create their own open-source-like bodies. Sun, for instance, launched the “Java Community Process”, or JCP, to develop its Java technology. But because Sun is worried that its standard could splinter, just as that for the Unix operating system did, the firm has installed itself as the JCP's benevolent dictator. 
Sun is not the only firm to have learned that creating standards can be good for business—for instance, to commoditise a complementary good or to prevent a single firm from controlling an important technology. If operating systems become more of a commodity, reason IBM and others who back Linux, this will make customers spend more money on other products and weaken both Microsoft and Sun.
A new incentive
The emergence of web services has concentrated minds wonderfully on developing open standards. Displaying an unprecedented degree of co-operation, the computer industry is developing a host of common technical rules that define these new kinds of online offerings. Hence the proliferation of new computer-related acronyms such as XML, SOAP, UDDI, WSDL and so on.
To be sure, standardising web services is not always easy. As standardisation moves into more complex areas, such as security and the co-ordination of different offerings, consensus seems to be harder to achieve. Incumbents in particular have started to play games to give their wares an advantage. They are also trying to lock in customers by adding proprietary extensions to the standards mix.
Most worrying, however, is the possibility that software firms will have to pay if they implement web-services standards. Most standards bodies currently allow firms to continue owning the intellectual property they contribute as long as they do not charge for it. But the more involved that standards for web services become, the greater the pressure that firms should be able to charge for the use of the patents they have invested in.
Smaller web-services firms have already started ringing the alarm bells. The IT industry is at a crossroads, says Eric Newcomer, chief technology officer of Iona Technologies. One road leads to a truly standardised world in which companies are able to reap all the benefits of web services. The other road “leads back to yesteryear, where proprietary systems ruled the day”.
The controversy points to a more general problem with technology standards: where to draw the line between the IT commons and the areas where firms should compete with proprietary technology. If the commons area is too large, there might not be enough incentive to innovate. If it is too small, incompatibilities could keep web services from becoming a standard way for computer systems to communicate.
This dividing line is flexible, particularly when it comes to something as malleable as software. But in the long run, says Ken Krechmer, a telecommunications-standards expert, information technology itself will help to reconcile standardisation and innovation, because it will increasingly turn standards into “etiquettes”.
Systems such as railways or electricity and telephone networks, Mr Krechmer argues, need “compatibility” standards—clear specifications on how they can interoperate. But information technology is “adaptive”, meaning that as devices become more intelligent, they can negotiate which standard they want to use to communicate. What is needed is a “meta-protocol”, regulating the back and forth.
Faxes already work this way. Before transmitting anything, they negotiate over the speed at which they want to communicate. The extensible markup language (XML), the lingua franca underlying most web-services standards, also enables etiquettes. If the computer systems of two companies want to exchange the XML document for an order, they can first come to a common understanding of what the file's information means. Etiquettes thus allow for proprietary innovation while ensuring compatibility, argues Mr Krechmer.
The customer is king
In the end, though, how proprietary or how open the IT industry is likely to be will depend on its customers—who seem increasingly keen on open standards. “Vendors no longer lock in customers,” says Robert Gingell at Sun. “Now it's customers locking in vendors—by telling them which standards they have to support.”
What is more, customers themselves are making their voices heard more clearly in the standards-setting process. The Liberty Alliance, an industry group developing specifications on how to manage identities and personal information online, was originally launched by Sun as a counterweight to Microsoft's Passport service, but is now driven by large IT users such as United Airlines, American Express and General Motors.
And it is not just because they hate to get locked in that customers get involved. Increasingly, says William Guttman, an economics professor at Carnegie Mellon University, standards must take account of public-policy issues such as privacy. Without the input of users, governments and academics, as well as IT firms and their customers, specifications risk becoming irrelevant, Mr Guttman maintains. He himself has launched an inclusive group called the Sustainable Computing Consortium (SCC), which among other things is looking for ways of measuring software quality. 
Customers, in short, are getting more sophisticated all round—but most notably when it comes to investing in IT. 
Cold killer application
May 8th 2003 
From The Economist print edition



The IT industry's customers are demanding more bang for fewer bucks


THE internet bubble and the subsequent accounting scandals had at least one merit: most people now know what chief information and chief financial officers do. In years to come, they will have to get used to a combination of both jobs: the CFO of IT.
Yet for now, hardly anybody has heard of such a thing. Marvin Balliet, whose official title at Merrill Lynch is “CFO, Global Technology & Services”, says that even internally he has a lot of explaining to do. Simply put, his job is to make sure that the bank's annual IT budget of more than $2 billion is wisely spent. This means bridging two worlds: IT people on the one hand and business units on the other. The business people need to know what is technically possible, and the IT lot what is financially feasible.
Mr Balliet, and the growing number of managers with similar titles, are living proof that technology buyers too are on a steep learning curve. Companies that invested recklessly during the bubble years, and stopped when it burst, are at last getting ready to make more rational technology decisions. “Capitalism has made its entry into IT,” says Chris Gardner, co-founder of iValue, a consultancy, and author of “The Valuation of Information Technology” (John Wiley, 2000).
Yet this is not just a predictable reaction to the boom-and-bust cycle. There is big money at stake. After almost 40 years of corporate IT, technology investment now often makes up more than half of capital spending. As John O'Neil, chief executive of Business Engine, a project-management firm, puts it: “IT can't hide any more.”
Why should it have wanted to hide in the first place? Part of the reason is that IT projects are usually highly complex affairs that change constantly and tend to get out of control. “Traditionally, managing technology was magic, with quality and performance delivered only through incredible feats of highly skilled people,” says Bobby Cameron, who cut his professional teeth in the days of punch cards and is now an analyst with Forrester Research.
Even today, IT departments, particularly in America, are often magic kingdoms full of technology wizards where basic business rules do not seem to apply. Investment decisions are generally guided by gut feeling and by the latest wheeze, rather than by the firm's overall business strategy and sound financial analysis.
This is not just the fault of IT people who cherish their role as lone gurus, but also of their bosses who often abdicate responsibility to technologists and set no clear rules on how to make decisions. Business units, for their part, often start too many projects and do not take responsibility for their success or failure. After all, in most companies, IT costs are not directly allocated to those who incur them.
Whose job?
This set-up creates permanent tension between the IT departments and the business units, which is why most CIOs do not survive in their jobs for more than two years. It is also the main reason why so many IT projects are over budget and late. And when they are up and running at last, they often turn out to be obsolete already; or they do not get used because they take no account of how employees actually do their work. 
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High-tech consultancies estimate that more than half of all IT projects go wrong. They may have an incentive for exaggerating the failure rate (the more problems there are, the greater the perceived need for consultancy), but there is no question that much IT investment is wasted. To complicate matters, firms appear to differ widely in how efficiently they invest in IT. Looking at the relationship between the technology budgets and the financial results of 268 American firms, Forrester recently found that those that spend the most on IT are not necessarily the best performers (see chart 7).
Such statistics, along with their own unhappy experiences, have led many firms to rethink the way they spend their IT dollars. Using complex valuation methods, they try to work out beforehand whether IT projects are likely to return the investment. “They now have to compete for capital with other forms of spending,” says Chris Lofgren, chief executive of Schneider National, an American trucking and logistics company.
The trend has already generated a cottage industry for tools to calculate return on investment (ROI) and similar financial measures. One of the most sophisticated of these is offered by iValue. This start-up assesses all possible effects of an IT project—from customer loyalty and likely adoption rates to the company's share price—by building complex economic simulations for its customers, which include Citibank's Global Securities arm and Baan, a software firm. 
Other tools allow firms to budget for IT projects, keep track of them and allocate the costs. Business Engine operates a web-based service that brings together all the information about a project and allows everybody involved to collaborate. One of the reasons why in the past there was no real dialogue between the business and the IT sides was a lack of good data, explains Business Engine's Mr O'Neil.
The firm, which has its roots in the defence industry, also helps companies with a technique at the cutting edge of technology management: balancing IT projects in the same way that many investors optimise their portfolios. Like different types of financial assets, IT projects can be classified according to risk and potential returns, allowing firms to pick a selection that fits their particular business strategy. 
Peter Weill, a professor at MIT's Sloan School of Management, suggests that firms divide up their IT projects among four buckets representing different management objectives: cost reduction, better information, shared infrastructure and competitive advantage. Risk-averse and cost-conscious companies should have more projects in the first two buckets, whereas firms that put a premium on agility and are not afraid of failures should weight their portfolio in favour of the other two categories.
Who calls the shots?
All this fancy footwork, however, says Mr Weill, is not worth much without effective IT governance, by which he means rules that specify who makes the decisions and who is accountable. If his study of 265 companies in 23 countries is representative, most IT decisions—and not just those on geeky subjects such as picking the right IT infrastructure or architecture—are currently taken by technologists.
Some companies have already started to re-balance their governance. Merrill Lynch, for example, has put business people in charge of their technology portfolio. One of the things they have to do to get a project approved is to calculate its cost over five years, which they have a strong incentive to get right because these costs are charged back to a project's sponsors. They also have to re-assess every quarter whether it is still viable. Financial markets can change very rapidly, so a project begun in 2000 to increase the capacity to process Nasdaq trades, for example, no longer makes much sense today.
Schneider National goes even further. It has an IT steering committee that acts like a venture-capital firm, screening all proposed IT projects and picking those with the best business plans. But the firm's in-house entrepreneurs do more than produce good ROI numbers. They also point out the necessary changes in business processes and organisation to ensure that employees are willing to use the new IT system. “People can undermine any technology,” says Mr Lofgren.
Given the chill in the industry, it is no wonder that companies everywhere are rationalising their existing IT infrastructure and keeping purse strings tight. General Motors, for instance, has reduced the number of its computer systems from 3,000 to 1,300 by consolidating applications and servers. Merrill Lynch has cut its annual IT budget from $3 billion to $2 billion, mostly through what UBS Warburg, another investment bank, calls “cold technologies”—the sort that do not create new revenues for IT firms and often actually reduce spending. One of these is Linux, the free open-source operating system. Another is web services, which allow companies to integrate existing gear cheaply, thus giving new life to old, “legacy”, systems such as mainframes.
No wonder, either, that companies spend their IT dollars differently from the way they used to. Software vendors, in particular, can no longer depend on quick multi-million-dollar deals, but must work hard to get much smaller contracts. Customers want bite-sized projects with quick returns, and increasingly pay up only if they are successful.
The danger of this new buying pattern is that companies may miss out on important long-term “architectural” investments, says John Hagel, a noted IT consultant. If vendors want IT spending to pick up again, they will have to concentrate more of their efforts on selling to business people rather than technologists. Yet many firms are “still stuck in the old world”, he complains.
Luckily for IT companies, there is one customer that is spending more now than it did during the internet bubble: government. And that is only one of the reasons why the IT industry is becoming more involved in Washington, DC. 

Regulating rebels
May 8th 2003 
From The Economist print edition



Despite its libertarian ideology, the IT industry is becoming increasingly involved in the machinery of government


EVEN among the generally libertarian Silicon Valley crowd, T.J. Rodgers stands out. In early 2000, when everybody else was piling into the next red-hot initial public offering, the chief executive of Cypress Semiconductor, a chipmaker, declared that it would not be appropriate for the high-tech industry to normalise its relations with government. “The political scene in Washington is antithetical to the core values that drive our success in the international marketplace and risks converting entrepreneurs into statist businessmen,” he wrote in a manifesto published by the Cato Institute, a think-tank.
A laudable sentiment, but in real life things are more complicated than that. In a sense, Silicon Valley is a creation of government. Without all the money from the military establishment, the region around San Jose would probably still be covered with fruit orchards. In any case, Mr Rogers's worst fears appear to be coming true. America's technology industry is becoming more and more intertwined with government. It has realised that the machinery of government in Washington can greatly influence its growth and profitability, and is becoming increasingly involved in lobbying. Conversely, the American government has become keenly aware of IT's crucial importance for the nation's well-being, heightened by the new emphasis on homeland security.
This should not come as a surprise, argues Debora Spar, a professor at Harvard Business School. “When technologies first emerge, there is a rush away from government and a surge of individualism. Over time, however, the rebels tend to return to the state,” she writes in her book “Ruling the Waves” (Harcourt, 2001). And if the rebels become too powerful, the state tries to rein them in.
Take the development of the telegraph, in which government played an important role even though it was mainly driven by private firms. In the early days, the state protected the patents of Samuel Morse (who originally wanted government to fund and control the technology he had invented in 1835 because “this mode of instantaneous communication must inevitably become an instrument of immense power”). Later, the US Congress passed several laws regulating Western Union, the company that had monopolised telegraphy.
The reason public rules usually find their way into a technology, Ms Spar argues, is because government can protect property rights and restore order. But it also happens when a technology becomes widely used. “We cannot say the internet will have a huge influence on everyday life, and also say ‘Hey Washington, keep out of it',” says Les Vadasz, a senior manager at Intel (due to retire next month).
Discovering a conscience
The chipmaker never had any ideological qualms about co-operating with government. In that sense, it has always been a mature company. Intel benefited from government money in the 1980s when it came under competitive pressure from Japanese manufacturers. Other Silicon Valley firms, too, owe much to the state. Oracle, for instance, grew out of a consulting job for the CIA, and the taxpayer stumps up for over a fifth of its orders.
The Valley as a whole, however, did not develop a political conscience until 1996, when it successfully campaigned against a California ballot initiative that would have made shareholder lawsuits much easier. This alerted the region's leaders to the need to get more involved to defend their interests, leading to the creation of such groups as TechNet, a lobbying and fund-raising organisation.
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This environment also provided fertile ground for having a go at Microsoft. The antitrust case against the company might never have been brought without its competitors stirring up the trustbusters. The trial itself led to mass lobbying by both sides, as well as a rise in campaign-finance contributions. In fact, Microsoft has become one of the biggest donors to the Republican Party (see chart 8). 
Now that the IT industry is in recession, the issues have changed. High-tech has discovered the Washington pork-barrel, a development that the Cato Institute calls a “Digital New Deal”. At the top of the wish list is much more widespread high-speed internet access, or broadband. The number of connections has recently risen faster than expected, but companies such as Intel and Microsoft still think government should do something to push broadband, which would increase demand for high-tech goods and services. Security and privacy issues too are a high priority.
Yet the sector's most important political battle will be over property rights. Two conferences in the past couple of months, one in Silicon Valley and one near it, highlighted the issues. “The law and technology of digital-rights management”, was the theme of the event at the University of California at Berkeley. “Spectrum policy: property or commons?”, asked the organisers at Stanford University.
To be sure, in technical terms intellectual property and radio spectrum are altogether different issues, but they pose similar policy challenges. In both cases technology is unsettling the status quo: the balance in copyright and the bureaucratic allocation of frequencies. And in both cases the main question now is how to organise markets to maximise innovation and investment.
The corporate interests battling it out in Washington naturally take a less lofty view. Hollywood wants nothing less than anti-piracy systems built into every electronic device, and is threatening to use its formidable lobbying power to get the legislation through if the IT industry does not comply voluntarily. Silicon Valley, worried that it will have to include government-dictated technology in its gear, has launched a huge lobbying campaign.
Battle for survival
The outcome of this battle, many industry experts argue, will determine to a large extent how fast the IT industry will grow. Without a balanced solution, online media and broadband are unlikely ever to take off. If its wares are not sufficiently protected online, Hollywood will not make them available. And if electronic devices are put into a technological straitjacket, consumers will not use them.
The dispute surrounding the allocation of frequencies, triggered by the success of wireless internet access, known as WiFi, might turn out to be even more important. The incumbents that currently own wide swathes of the radio spectrum, such as TV stations and cellular carriers, will fight tooth and nail to defend the status quo. Silicon Valley, for its part, is pushing for more of the spectrum to become a commons for everybody to use, which is what happens with WiFi.
All this may sound like Washington business as usual, but the American government has definitely acquired a new interest in high-tech. Even before the terrorist attacks on September 11th 2001, it had identified the internet as part of the nation's critical infrastructure in need of better protection. Now IT is playing a central role in the war on terrorism and homeland security, both as a means to gather information and to improve the connections between different government agencies.
Shortly after September 11th, Congress passed the Patriot Act, which gives law enforcers new surveillance powers, such as monitoring internet traffic without a court order. More recently, the Bush administration launched its Total Information Awareness (TIA) initiative, a highly controversial system developed by the Pentagon to sift through the electronic transactions of millions of people to spot suspicious activity.
All this makes government a key customer rather than just a big buyer. Most large enterprise software firms have launched “homeland security” initiatives in the hope of providing the federal government with technology to integrate its disparate databases to allow it to identify possible terrorists.
Vendors have also made their top engineers and researchers available as advisers, and are adapting their plans to reflect the fact that security has become the main priority. Some in Silicon Valley now liken the climate to that of the late 1970s, when government and military contractors employed more than 20% of the region's workforce.
Will the IT industry ever become as intertwined with government as, say, the car or media sectors? Nobody knows; but if it does, says Google's Eric Schmidt, high-tech will lose its innovative spark and, just like other sectors, turn to rent-seeking. 

Déjà vu all over again
May 8th 2003 
From The Economist print edition



If history is any guide, the IT industry's future will be about services and customer power


ONE would expect Eric Schmidt, one of Silicon Valley's leading lights, to have an oversized inner geek. But these days, he sounds more like a closet historian. He enjoys talking, for instance, about how America's transcontinental railroad in the 1860s was built on debt, a bubble and scandals. Another favourite topic is the laying of the first transatlantic cable in that period, a seemingly impossible mission. 
To Mr Schmidt, reading and thinking about history is a kind of redemption, for himself as well as for the high-tech industry: “We believed that the bubble would never end. We were wound up in a state of hubris.” But of course, he says, it was déjà vu all over again: “People in high-tech didn't take any history classes.”
If history is any guide, what does it tell us about the way the IT industry will evolve? As a technological revolution matures, its centre of gravity tends to shift from products to services. In railways, for instance, equipment makers and train operators struggled, but lots of money was made by firms that used the railway infrastructure to offer new kinds of services, explains Brad DeLong at the University of California at Berkeley. One example was Sears, Roebuck & Co., which brought city goods to rural areas by mail order, offering a cheaper alternative to high-priced rural stores. In the same way, after the radio bubble, it was not the makers of the hardware that benefited most from the new medium, but broadcasters such as CBS.
A similar shift is bound to take place in the IT industry, predicts Geoffrey Moore of the Chasm Group. He says the sector's traditional business models are past their prime. Software firms, for instance, have made much of their money from shrink-wrapped products and platforms such as operating systems and databases. Increasingly, selling services of all kinds would be a better business to be in.
But it is not just IT firms that are becoming service providers, writes David Moschella in his recent book, “Customer-Driven IT” (Harvard Business School Press, 2003). IT customers themselves are moving in this direction. Instead of buying computer systems to become more efficient in their own business, he says, they will increasingly be using IT to create services for their clients, in effect becoming part of the sector's supply chain. 
Obvious examples are internet companies such as Amazon, E*Trade and eBay. But it is increasingly useful, says Mr Moschella, to think of more traditional firms such as banks, insurance companies and publishers as if they were a new kind of IT supplier: “All of the above are now in the business of systematically creating IT value for IT users, much as software and services companies have done in the past.” From the user's point of view, there is not much difference between an online banking site and Microsoft's Hotmail service.
Being on top of the value chain, argues Mr Moschella, customers will increasingly be the industry's driving force. He urges them to band together and jointly develop new applications, platforms and standards in the same way that the financial industry has created credit cards and networks of ATMs. Such efforts could turn into “industry operating systems”, a term coined by Tom Berquist, an analyst with Smith Barney: huge IT hubs that will take over many of the functions common to firms in a particular sector.
All of this suggests that IT customers will capture more of the sector's rent. But even if things play out differently, the balance of power is likely to shift away from vendors and in favour of buyers. Having learnt the painful lessons of over-investment during the boom, they will no longer allow themselves to be locked into proprietary technology.
Nimbler than airlines
So will IT firms end up, in Mr Schmidt's worst-case scenario, “like today's airlines”, which always seem to be in or close to Chapter 11? Fortunately for shareholders, they probably won't, at least in the foreseeable future—for the simple reason that they will make active efforts to prevent such a calamity. In fact, vendors are already changing their business models, mostly by moving up the technology stack. Sun, which made a killing during the dotcom boom by selling high-end servers, is trying to become more of a software firm and a builder of power plants for computing utilities. And much of Microsoft's .Net effort is about software as a service. 
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Yet it is IBM that is betting most on the prediction that the IT industry will follow historic patterns of evolution. Big Blue expects profits to migrate to software and services (see chart 9), and is managing its product portfolio accordingly. For example, it has sold its hard-drive business and acquired the consulting arm of PricewaterhouseCoopers, an accountancy firm. Slowly but surely, IBM is morphing from a technology vendor with a strong IT-services arm into a business consulting firm that also sells software and hardware.
Bigger and better
The industry has also already begun to consolidate in response to the shifting balance of power. The merger of Compaq and HP looks much more prescient today than when it was announced in September 2001. Future corporate marriages will not necessarily be that huge, but there will be many of them. By 2004, predicts the Gartner Group, half of the vendors that were in business in 2000 will have disappeared. Oracle's Mr Ellison says there are at least 1,000 Silicon Valley companies that need to go bankrupt.
Such a mass exodus, again, would not be without historical precedent. Most industries have seen shake-outs when they grow up, says Steven Klepper, an economic historian at Carnegie Mellon University. In America's car industry, for instance, the number of producers peaked at 274 in 1909. By 1918, it had dropped to 121. By 1955, only seven were left.
The car industry is also instructive in that much of its production has been outsourced to suppliers. Similarly, predict George Gilbert and Rahul Sood, two software-industry analysts, software firms will now develop something they never had before: a supply chain. In a way, open-source is an early incarnation of this: a veritable army of volunteer programmers contribute patches to software such as Linux. In future, Messrs Gilbert and Sood predict, a large part of software development will be “outshored” to countries such as India and China, which are already generating much code (and not just the easy stuff). This will mean that big software vendors will become more like aggregators. At least one of them, SAP, is aiming at exactly that. It wants suppliers to develop applications, so-called xapps, and assemble them along with its own components into software suites.
But perhaps the best news for the industry is that there are still plenty of opportunities in the new world of IT. “If we go with the market, help our customers to realise the business value of IT, then we can be a good business,” says IBM's Mr Wladawsky-Berger. For a start, all that experimentation during the dotcom boom actually produced some useful results. Things tried during a technological bubble tend to make a comeback. The first transatlantic cable, for example, was a disaster, but it prompted others to try again.
Most business-to-business marketplaces failed dismally, because these start-ups thought technology would quickly overthrow existing power structures, explains Mr Moore. But these firms got one thing right: there are lots of assets trapped in inefficient supply chains. Established institutions are now pragmatically adopting these technologies, for instance in the form of private exchanges controlled by buyers. 
And there still remain many more new things to try out, which is where IT arguably differs most from previous revolutions. Whether railways, cars or even electricity, all are relatively limited technologies compared with IT, which in time is likely to embrace the whole of business and society.
Currently, wireless technologies are all the rage, although again nobody knows how much money will be in it for vendors and carriers. Optimists hope that surfers will soon be able to roam around freely and remain continuously connected to the internet. And small radio chips called RFID tags will make it possible to track everything and anything, promising to make supply chains much more efficient. But even a new killer application is unlikely to bring back the good old times. “After a crash, much of the glamour of the new technology is gone,” writes Brian Arthur, an economist at the Santa Fe Institute. The years after the British railway mania, for instance, were “years of build-out rather than novelty, years of confidence and steady growth, years of orderliness.”
This kind of “new normal”, in the words of Accenture, another IT consultancy, may be hard to swallow for a sector that has always prided itself on being different. But for its customers, a more mature IT industry is a very good thing: just as the best technology is invisible, the best IT industry is one that has completely melted into the mainstream. Thriving on exponentials was certainly fun. But even paradise can get boring after a while. 
