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FOREWORD


I’m a technologist. And technologists, by our nature, embrace change, radical change. The technological wave marking this second decade of the twenty-first century is indeed radical. It is disruptive and transformational. But there is no need to fear it. We, as individuals, must learn to understand its current state and its future potential to affect our daily lives; leaders of corporations and heads of governments, as well, must adapt to its powerful forces or risk seeing what they have built perish in a relative instant.


I’ve written The Mobile Wave with the kind of appreciation for today’s formidable technological currents that a veteran sea captain or sailor might have for the Deep Blue and the rogue waves that can suddenly appear in its midst. Understand the wave, you can ride it. Refuse to adjust, you will be swallowed. We have seen, in a short amount of time, the disappearance of a large number of household brands that failed to take sufficient and early heed of the software revolution that is upending traditional bricks-and-mortar businesses and creating a globally pervasive digital economy.


Products we’ve lived with our entire lives are becoming software because of mobile computing technology. Magazines and newspapers are becoming software, as are books. Everything in our wallets from IDs to cash will become software, as we adopt pay-with-your-phone technology. Music, for nearly a decade, has been software, as Steve Jobs and the team at Apple so thoroughly understood. We see this transformation of physical objects into software rippling through industry after industry, driving changes like the bankruptcy of Kodak and Borders Books, which were rooted in the physical world, and the ascendancy of Amazon, which is rooted in the cyber world.


What amplifies the transformational power ahead is the confluence of two major technological currents today: the universal access to mobile computing and the pervasive use of social networks. Social networks radically increase the use of computing devices, and mobile computing increases the usefulness of social software. It’s a virtuous cycle that magnifies the impact of both waves.


It’s easy to underestimate the power of information. Mobile technology puts real time information in your pocket, allowing everyone to magnify his or her knowledge in any setting. In the hands of business executives we see faster and smarter decision making. In the hands of consumers we see smarter buying via “hijacked retail.” In the hands of third world farmers we see much more efficient markets. And real time information distributed through growing mobile social networks has proven powerful enough to drive revolutions, toppling long-standing governments in a matter of days. Information is powerful, and we are living through an Information Revolution, with consequences comparable to the Agricultural and Industrial Revolutions.


Developing nations are leapfrogging into the twenty-first century with the help of smartphones and tablets and cell towers. I firmly believe this will be a game-changer for the global economy: the ability to deliver a First World education—as well as critical, time-sensitive information—to nearly everyone for a thousand times less capital. By 2015, at the rate the world is building and consuming smartphones, we’re going to have 4.5 billion such devices connecting people worldwide. Mobile communications can only improve the quality of life for most, particularly in those parts of the world where paved roads and crowded airports are things left to the imagination. This is incredibly exciting for all of us who are interested in progress in general.


It is not just a question of economic betterment. Technological forces today—in the form of social networks such as Facebook and Twitter—are offering a chance at overnight democratization, a leveling of entrenched power in some of the most authoritarian states on record. These software application networks are giving new constituencies a voice. They will continue to destabilize many traditional institutions, as we have seen in the remarkable Arab Spring uprisings. Let there be no doubt: these same mobile networks and social networks will fundamentally impact politics in Europe, the United States, the Middle East, Asia, Latin America, and Africa.


These are forces that combine to form the Mobile Wave, a surging tidal force bearing down on corporations, governments, universities, nonprofits, and nearly every facet of society. These fundamental forces can either be harnessed for good or bad. As a founder and CEO of a large publicly traded company, I can assure you that they can be harnessed to help you grow your brand and build your business. They, alternatively, can be ignored and be harnessed by someone else—someone out to tear down your brand and destroy your business.


I personally believe that the combined forces of mobile and social software networks will transform 50 percent of the world’s GDP in the coming decade. They are reaching a crescendo level that will remake businesses, industries, and entire economies. With this book, it’s my hope to provide some navigational insights so that we may all learn to ride the wave upon us, to harness the power of information technology, and to come out on top.





CHAPTER 1



THE WAVE


The Shape of the Wave


Introduction – Mobile Computing Is Different, Not Just Smaller – The Universal Computer – Replacing Physical Products with Software – Planting the Software on Your Customer – The Changing Nature of Software: From Solid to Vapor – Disruption Ahead – Operating Businesses in Cyberspace – Accelerating the Information Revolution


In late June 2010, I happened to be eating lunch at New York’s Blue Water Grill with my niece Lauren and her mother. Lauren was turning thirteen, so I had flown them up from Sarasota, Florida, and shown them the town.


“Well, Lauren, what do you think of the Big Apple?” I asked as we settled in.


“I really like the operating system,” she replied, “and I want one for my birthday.”


It took a few moments, but realization dawned. To her generation, Apple was a company, and the “Big Apple” was the iPad—not the city. I knew teenagers liked iPhones, but the iPad had only been available for three months, and the eagerness she showed for it came as a surprise.


“Why do you want an iPad?” I asked, leaning forward.


“I can do my schoolwork on it, and I can play games on it,” she said. “I can read my email on it. And all my friends have one.”


“How many of your friends?” I asked.


“Hundreds,” she insisted. For me, this was an epiphany. Already her circle had snapped up the twelve-week-old tablet like candy.


I had already come to believe that businesses would be keenly interested in tablet computers because of their ability to provide information anywhere and anytime to their workers. But suddenly, I realized that this same device was likely to transform the consumer space as well. The confluence of business interest and consumer interest would create a virtuous cycle of adoption, lower cost, and application innovation.


Whenever teenage girls and corporate CEOs covet the same new technology, something extraordinary is happening.


Over the following weeks, I had a series of additional telling observations. Once, during a walk along the beach in St. Tropez, I spotted a child, probably three years old, in a stroller. He was playing with an iPad. A Swedish woman leaned over and spoke to him.


“What are you doing?” she asked.


“I’m working on my music,” he said.


Such a thing would never have occurred with a laptop computer! And I doubt this three year old was some kind of prodigy. I think his parents were simply early adopters of what will become an essential learning tool for the next generation. Indeed, if you browse through the Apple App Store today, you’ll find a wide array of learning and creativity applications that are more approachable than anything ever produced before.


Watching that three-year-old boy, I realized just how envious I was of this young generation. I would have loved to write music or build skyscrapers with the unlimited resources available in cyberspace, rather than with the xylophone and wood blocks my generation had available to it. One might think $499 is too much money for a toddler’s toy, but consider how much families spend on toys, books, and videos. In addition to creating music and architectural wonders, this $499 investment would also enable the youngster to read books, sing songs, watch movies, and play games, and it would even help parents to monitor their child, as needed. With new software and updates continually becoming available, the iPad will become the obvious platform for many new birthday and holiday presents.


Suddenly, $499 seemed less like an extravagance and more like a necessary replacement for older, out-of-date equivalents. Games, toys, music, books, and even nannies are being transformed into software, and this new device will become the universal container for all of them. And the adult population will be impacted just as much, and perhaps more, as many physical objects we find in our pockets and purses today—like keys, wallets, credit cards, calendars, cameras, recorders, maps, and mirrors—become software, too, thanks to the mobile computing technology.


I also heard from a friend who bought his seventy-year-old mother an iPad. She has never been able to use a PC very well. The mechanics of the mouse and the bewildering array of interactivity on websites were too great a barrier. Infirmities prevented her from spending much time sitting upright in a chair, staring at a monitor. But she could easily sit on a couch with a tablet cradled in her lap.


Now she receives pictures every day from her children, who snap them on their cell phones and email them to her. She does her banking and shopping using mobile apps because they are far simpler than websites, and she watches her favorite television shows “on demand.” Once she learns how to use FaceTime or Skype for video connections, she will be able to read bedtime stories to her distant grandchildren and virtually attend birthday parties thousands of miles away.


So here was a new technology that appeals to three-year-old toddlers for play and learning, to thirteen-year-old girls for games and social interaction, to fifty-year-old CEOs for real-time information and enhanced decision-making, and to seventy-year-old grandmothers to stay connected with their children and grandchildren. All in a fraction of a year since its introduction.


But the effects of mobile technology reach far beyond the personal level, to have a startling impact on society.


For decades, rulers such as Hosni Mubarak of Egypt and Muammar Qaddafi of Libya had cowed their citizens with censorship, spies, and military strength. But in the so-called Arab Spring of 2011, people defied the national muzzle. Revolts flared up and were sustained by real-time social media and other platforms enabled by mobile devices. Such communication power in the hands of large numbers of individuals could not be suppressed, and today Mubarak and Qaddafi no longer reign. Though the ultimate winners and the new equilibrium remain unclear, the tumult was unprecedented, and all governments have come to realize that there is a fundamental new dynamic afoot.


Mobile Computing Is Different, Not Just Smaller


It’s easy to fall into the trap of assuming that a new technology is very similar to its predecessors. A new technology is often perceived as the linear extension of the previous one, and this leads us to believe the new technology will fill the same roles—just a little faster or a little smaller or a little lighter.


Yet every now and again, a truly disruptive technology appears and causes major changes to business, society, or economies. It yields nonlinear effects on so many levels and at such a grand scale that it’s very hard to grasp the scope until after the dust settles.


Mobile computing is this type of disruptive technology.


Mobile computing encompasses tablet computers and the newest generation of cell phones that I will call “app-phones” in order to distinguish them from previous generations of smartphones and feature phones. Those earlier models ran a limited range of applications and enabled users to browse the web. App-phones are true computers, with operating systems that are capable of supporting a wide range of applications and programming languages. In fact, they should be thought of as computers first and phones second.


But if app-phones and tablets were just small computers, they wouldn’t have much impact. We had small portable computers in the form of Windows-based “handhelds” and “pocket PCs” as early as the late ’90s and early 2000s, and they didn’t have much impact. So why should we think that small phone-computers and tablet-computers will be much different?


It turns out that the new mobile computing technology brings much more than phone calling to small computers. It also brings a dramatic new model for applications (the app), a whole new ecosystem in which to create and distribute those apps (app stores), and a whole new user interface experience (multi-touch). They are the least expensive computers on earth with the lowest-cost applications, making them affordable—for the first time—to the majority of consumers. And because most mobile devices are also phones, they will be the first computers to become truly pervasive, in most every pocket, purse, or backpack.


The Universal Computer


Mobile computers will become the standard universal computing platform on the planet.


As of 2011, more than 5.3 billion people in the world possessed cell phones.1 That’s about 70 percent of the earth’s population. The use of traditional cell phones is waning, and most of these people will upgrade to full app-phone capability in the coming years. That means more than 5 billion people will soon be carrying a computer in their pockets. The sheer scale of these numbers will cause mobile computing to become the standard universal channel through which people will receive services from businesses and governments, and through which they will interact with one another using social media.


Currently people ask, “Why do I need a tablet computer or an app-phone to access the Internet if I already own a much more powerful laptop computer?” Before long the question will be, “Why do I need a laptop computer at home if I have a mobile computer that I use in every aspect of my daily life?” In 2010, 42 percent of Americans surveyed said they “can’t live” without their cell phones,2 and two thirds slept with their cell phones next to their beds.


You will never see those statistics with laptop computers.


Greater computing power does matter, but it matters a lot less than pervasive access to computing power and availability of a wider range of applications.


No other computing technology can beat the 24/7 accessibility of mobile technology. No other computing technology can beat the wide range and low price of applications available for mobile computers, and the supply of those apps will explode. In the mobile computing world, a developer could create a $1 app that might be used by five billion people. That’s economic incentive!


This new mobile computing platform will cause two fundamental changes to how businesses use software in the conduct of their business. It will cause companies to replace their physical products and services with software equivalents, and it will cause companies to extend their business processes beyond the four walls of the business and out to the software resident on their consumers’ mobile computers.


Replacing Physical Products with Software


Mobile computing will cause many companies to replace their physical products and services with software equivalents. The software versions of products and services will embody radical new features that are not possible with their physical counterparts. And the software-based products and services will be inherently cheaper to create. Factories will not be needed, distribution networks will be less necessary, and brick-and-mortar stores will disappear. Vast amounts of capital will be driven out of the production equation.


We’ve had a taste of this upheaval in the music industry. In the physical-product world, if you decided to buy a specific song, you drove to a record store, pored through the racks, and paid $16 for a CD that was physically packaged with a back-load of songs you probably didn’t actually want. To get the engine you had to buy the train.


Then MP3 and the iPod came along and turned music into software. As software, music no longer had to obey the physical constraints imposed by physical media. Thus it became possible to distribute music electronically (via iTunes), sell music by the song (for $0.99), and market music directly by the artist, without the involvement of any middlemen.


The iTunes store wasn’t a linear extrapolation of the record store model. It didn’t just replicate the physical music packaging and sales model. It reinvented music. Between 2003 and 2007, more than 2,700 record stores vanished,3 freeing up real estate and capital that could be used for other things. And thanks to the inexpensive nature and ease of the modern music purchase, consumers have more money to spend on other things.


Music is just one example of the new business models spawned by the shift to software on mobile devices—there are others in various stages of evolution. Publishing is turning into software. Travel agents have turned into software. Advertising is becoming software. News is becoming software. The credit and payment industries are under attack by software-based rivals like PayPal and many new start-ups who want a piece of the billion-dollar money stream currently going to the credit card companies. The software revolution is happening all around us.


Because software-based products and services require so much less capital to manufacture and sell, there will be an explosion of start-up companies that will enter markets that previously had high barriers to entry. These start-ups will be hungry, aggressive, and innovative.


With the parallel rise of cloud-based computing services, these start-ups can avoid even the capital they once needed for data centers to run their new products and services. They can grow their computing capacity incrementally, and at pace with the uptake of their products and services. It’s a remarkable low-barrier formula for innovation and commercialization of new products, and one that will be tapped by start-ups around the globe.


This is the start of a golden era for business-savvy twenty-something software engineers with great imagination and nothing to lose.


Planting the Software on Your Customer


Mobile computing will force every consumer-facing company to establish a direct application linkage with its customers.


Given the ability to plant their software directly on the person of every customer who owns a mobile device, businesses will open an explosive new front in the battle of competition. They will extend their business processes to include the customer directly in the sales process, influence and advise customers in a more intimate way, deliver value-added services to better differentiate their products, and interrupt the customer’s relationship with competitors. This direct application connection will shorten the value chain from manufacturer to consumer, cutting out middleman operations of retail, distribution, and service. Consumers should enjoy lower prices made possible by the elimination of the middleman costs and enjoy more direct and personalized service from their preferred suppliers.


With a compelling personalized mobile application, a company will be able to achieve a one-to-one marketing relationship with each of its customers that can influence buying decisions that already are under way—even when those buying decisions are taking place in a competitor’s store! Many of the big box retailers have already seen this. Consumers browse the brick-and-mortar store, examine the products, identify their favorite, and use an app on their mobile phones to scan the barcodes and identify an online retailer with a better price—and then the consumer will have the product shipped directly to their homes.


This is “hijacked retail.” One retailer hijacks the sale of another retailer simply by inserting himself into the sales process through their mobile app.


Every company will quickly recognize the potential benefit—and inherent danger—of this new connection. There will be a scramble as companies try to figure out how to offer special deals, discounts, loyalty programs, virtual sales assistance, product advice, and other services directly through their apps on their consumers’ mobile devices. The goal will be to offer the most useful app in your industry so that your app captures the attention, the usage, and the loyalty of the consumer base first.


First movers will take and hold a disproportionate share of a consumer app usage—especially in the world of social networking and viral references. Whereas in the 1990s companies scrambled to acquire the best Internet domain names, today the winners will be those companies whose app icons appear on the first two pages of people’s phone screens.


The Changing Nature of Software—from Solid to Vapor


Mobile technology is changing the nature of software.


It’s causing software to transform from a “solid form” to a “vapor form.” With desktop computers, software exists in a solid form—like a large rock that sits on a desk, to which people must go to use the software. That imposes severe restrictions in when and where people can use their software, but lacking anything else, we’ve been very happy to have those rocks.


With laptop computing, software exists in “liquid form.” It’s available along river ways and oases demarcated by coffee houses where people can sit at the Wi-Fi watering holes.


With mobile technology, software has boiled off into a vapor form that surrounds us everywhere we go. Unlike the visits to the rock or the drinks at the watering holes, we will use vaporous mobile software as constantly as we breathe.


To fully grasp the new gas-like nature of mobile software, visit a shopping mall and observe a group of teenagers. In a group of four, you might see one person talking, one listening, one texting, and the fourth connected to the Internet on her phone. Yet these teenagers will all be engaged in the same conversation. The texter is extending the conversation to distant friends. The one on the Internet is posting the conversation to a Facebook page, as well as checking the time of the movie they intend to see. These teenagers are breathing the mobile technology that is available to them. They are using it as an integral part of their immediate social activity.


Alternatively, observe a group of business people engaged in a meeting. In the traditional model, each person will be talking or listening, and when a topic comes up that requires outside information, someone will say, “I’ll get back to you on that,” or “I’ll email him later and find out.” The decision-making slows down or grinds to a halt. With desktop computers, people get their information and communication only when they visit the rock. Even liquid software on a laptop is not a replacement for mobile software since it requires participants to be seated, with Internet access, a fully booted up computer, and superimposes a screen in between all participants.


But as the teenagers have shown us, mobile software can be used in every moment of daily activity, whenever and wherever it needs to be available.


Imagine what it will mean when decision-making information is always available during the course of any business conversation. Imagine discussions with employees where the latest production numbers are just a tap away. Or conversations with customers where their latest orders can be reviewed and prices can be compared in an instant. Or conversations with suppliers where years of performance data can be reviewed and analyzed from every angle.


Not only will business be a lot “smarter,” it will be a lot faster, too.


Disruption Ahead


Mobile computing technology will cause software to replace physical objects and services. It will provide a universal computing platform to the majority of humankind, and it will spur the creation of innumerable new applications that are not possible without a universal networked computer that is carried on one’s person 24-hours a day.


This new capability will disrupt long-standing behaviors and institutions affecting consumers, businesses, governments, and the global economy.


The Destruction of Paper: Paper has been the most common container of information on our planet. It holds novels, news items, magazine stories, homework assignments, and business reports of every type. But the mobile screen is magic paper. It can show any page and blend text with multimedia seamlessly. It’s searchable, send-able, and zoom-able. It weighs the same few ounces whether it holds one book or one thousand books. Why buy a physical book when you can hold the entire Library of Congress in your hand? Why pay for a map when a free one can speak to you? Soon the long-mocked “paperless office” will become everyone’s office.


Instant Entertainment: Other containers such as DVD cases and film stock have held movies, television shows, video games, and photos. To enjoy their content, you had to accommodate their restrictions. You had to travel to where they were made available. Or you had to watch them according to a broadcaster’s schedule. But on the mobile screen you can watch what you want, where you want, and when you want.


The Intelligent Wallet: Money, credit, and loyalty programs will all become software on your phone, taking a myriad of new shapes enabled by software. You will be able to give digital cash to your daughter, but limit the time window in which she can spend it. Or let your son use your credit account—but only in a few predetermined stores to buy school clothes. Digital cash knows who owns it, who should have it, and it can alert police if either of those is suspect. With digital cash, credit fraud could drop so sharply that companies could justify giving every patron a mobile device for free with the money saved.


A Showroom World: With mobile technology, we will be able to purchase any item we see in the world around us, instantly. If we see a neighbor’s sofa that we like, we can order one instantly and have it shipped to our home from the lowest cost supplier. Our environment will become a megastore showroom, and the need for retail inventory and physical showrooms will diminish. The effect will be especially pronounced with big-ticket items like furniture, electronics, and cars, but it will impact low-end items, too.


Hyperfluid Social Networks: People spend far more time on social networks sites than on any other internet destination. Mobile technology will amplify that usage, making social interconnection instantaneous and pervasive. People will live in social telepathy with their friends. With more than 800 million subscribers at the start of 2012,4 Facebook holds the world’s richest repository of consumer demographic and psychographic data. Businesses will tap into that data to create an array of new “friendly applications” that tie businesses to consumers in more rewarding and loyal relationships.


Worldwide Availability of Medical Care: Genuine globalization will occur when it will be possible to hire a doctor in Bangalore to examine us through our mobile screen for $10. That physician will check our temperature, blood pressure, heart rate, and conduct an EKG through med sensors connected to our phones or available at a medical kiosk. Medical service centers, like call centers, will arise in places such as Brazil and China to serve the world, creating tremendous price competition. Mobile technology will also bring doctors’ presence to sick farmers in isolated villages and will monitor populations for outbreaks of disease.


Universal Education: U.S. public education is costly, and it’s less effective than education in many other modernized nations. But why should an education system incur the costs of 20,000 people to teach eighth grade algebra, if only 2,000 are excellent at it. Mobile technology can bring the nation’s best teachers and top experts into every classroom and improve the quality of education while freeing-up budgets. Skilled engineers can be trained for the cost of a few hundred dollars a year instead tens of thousands. In developing nations, where approximately one-fourth of children never finish primary school, and one billion people remain illiterate,5 mobile computing will spread education where it hasn’t gone before.


Jumpstart to the Emerging World: Mobile technology is a stunning gift to economies in places like India and Africa, which can leapfrog older capital-intensive infrastructure and join the newer mobile-enabled world. In some areas, mobile devices will be the first true infrastructure that residents have ever seen, and already their economies are accelerating because of it. Perversely, developed countries find themselves at a disadvantage as they must replace entrenched infrastructures and institutions before they can take advantage of newer mobile-enabled technologies. The rise of developing countries through mobile infrastructure will remake global trade and human resourcing.


Operating Businesses in Cyberspace


“You may not be interested in war, but war is interested in you.”


This quote is loosely attributed to Trotsky6 and its idea applies to our situation today. Your business might not be interested in software, but software is interested in your business. Industries will be transformed by mobile software much more quickly and substantially than the Internet transformed them. Mobile technology will create new manifestations for common products and services, new mechanisms for delivery, new partnerships, new customer relationships, and new economics. In this software-based world, many businesses will make big mistakes by assuming the wrong “physics.”


In our physical world, goods and services are subject to the forces we observe every day: gravity, air pressure, and friction. On earth, a pitcher can throw a baseball 3 feet in water and 300 feet in the air. We understand this and we design a game around these physics. If we were thrust into outer space, things would be very different. There’s no gravitational field. There’s no air pressure. There’s no friction caused by ambient atmosphere. In space, a pitcher can throw a baseball 300 million miles, and if a base runner misses his slide into second by just a millimeter, he will careen on forever.


It’s hard to imagine at first how one might design a game for baseball in outer space, but at least Newton’s laws of physics still apply. So with a little thought, we could design an outer space version of baseball, and no one would be killed.


But in cyberspace, where software lives, there are no laws of physics to provide an anchor. There are no laws of conservation of mass, momentum, or energy. In cyberspace, a baseball can loop around the pitcher twice, then accelerate to the speed of light before turning into a beach ball that explodes into a thousand baseballs. Software-based products are constrained only by what the developers can imagine and by the physical things with which the software might ultimately interact.


Most companies that provide physical products and services today will make the mistake of trying to re-create those physical products in cyberspace. What they must do is re-imagine their products, services, and businesses altogether.


For example, a traditional lock company that is accustomed to the physical world might consider creating a software-based key for your cell phone that can open your home door. They might even extend the idea of their “software key” so that if you lost your phone, the company could deactivate your old key and download a replacement.


On the other hand, a software company wouldn’t stop there—it would re-imagine keys altogether. It would create a key that I could send directly from my phone to another person’s device, so a delivery person could get into my house to deliver a sofa while I was at work. But I could also specify that the key not be transferred to anyone else. It would only open the front door, and no interior doors. The key would only be valid for a two-hour time period that I stipulate, and then it would expire. And it would work only if none of my children were at home—something I could track by the use of their software keys. I could give keys to any of my neighbors, which they would use to watch my house while I was away, but none of those keys would work while I was home. And the variations can go on and on. Whose key would you buy—the traditional lock company’s key or the software company’s key? Obviously the challenge for all traditional companies that are accustomed to operating in the physical world will be to forget about physics and “think like a software company.”


Traditional businesses that are suddenly thrust into the cyberspace with mobile software will be like the earthlings in science fiction books, who suddenly find themselves in outer space and get everything wrong. For instance, the executives in the newspaper business have given up on advertising, yet the executives in social networking are raking in tremendous profits. In 2011, Google and Facebook together were worth more than $300 billion.7 They could buy every newspaper, every publisher, and every television company on the face of the earth. And somehow the traditional media companies seem unable to copy them. Why isn’t the Wall Street Journal free, for instance, and why don’t its executives expect to get 500 million users, so they can finance it with advertising? In physical space, they can’t.


In cyberspace, they could.


[image: FIGURE 1.1 Software-minded companies are rapidly growing while bricks-and-mortar companies are declining.]


FIGURE 1.1 Software-minded companies are rapidly growing while bricks-and-mortar companies are declining.


Data Source: Ycharts, 2012.


In a friction-filled environment here on Earth, if I drop an item I need, it will roll downhill until it stops and I can walk over to pick it up. Drop the same item in outer space and I might have a split-second to grab it before it floats away and I lose it for eternity. Trivial events on the earth can become deadly mistakes in outer space and cyberspace. Companies that do well in cyberspace are ones like Google, Facebook, and Apple, because at the core they are software companies and they think like software companies—unconstrained by physics and scale. Those that do poorly are the bricks-and-mortar companies because their thinking is still bound by earthbound physics.


Many existing companies that fail to transform themselves into software companies and compete in the new cyber economy could disappear.


Accelerating the Information Revolution


There have been three great economic revolutions in human history—the Agricultural Revolution, the Industrial Revolution, and now the Information Revolution. Each great economic revolution was triggered by technology advancements that harnessed some form of energy, and by so doing, it freed up human energy that could be shifted to more varied and productive uses. The end result was an overall gain in worldwide wealth and better living standards.


In the Agricultural Revolution, humans harnessed bio-energy by domesticating plants and animals, thus freeing people from the daily burden of foraging and hunting for food. The resulting food surplus created a surplus in human energy that allowed hunter-gatherers to transform themselves into farmers, builders, craftsman, and shopkeepers. Nomads became city-dwellers, and everyone grew wealthier as the depth and complexity of their economies increased.


Likewise, with the Industrial Revolution people harnessed chemical energy from coal and oil to replace animal power, and in so doing opened the door for the manufacture of innumerable new products on a mass scale. Electricity then propelled the lumbering industrial complex past the limits of petrochemical fuels and steam-driven devices. Along the way, human energy was channeled from food production to product production and transportation systems, increasing the availability of physical goods at lower costs and increasing the overall wealth of mankind.


The Information Revolution is also about harnessing energy. In this case it’s the “information energy” that makes everything we do in our economy more productive and more efficient. Computers are at the heart of the Information Revolution, helping us track and manage the assets of the world and automating many of the services that currently are labor-intensive, time-intensive, and error prone. Mobile computing, with its universal platform, will be the force that propels the Information Revolution to a dramatic new level. Just as electricity was the tipping point technology that accelerated the lumbering Industrial Revolution past the limits of petrochemical fuels and steam-driven machines, mobile computing is the tipping point technology that will accelerate the Information Revolution past the limitations of traditional computing.


However, every revolution has also brought disruption to the social structure, political systems, and economics. The transition from nomadic lifestyles in the Agricultural Revolution forced human societies to learn to live in large communities and to cooperate economically. It shifted the balance of economic power from the most talented hunters to the most talented planners. It shifted the political power from chiefs and tribes to kings and empires. In the Industrial Revolution, people left farms to live in densely populated cities. New lines of economic power were drawn between labor and management, and political power shifted from monocratic structures to more democratic structures.


And so, too, disruption will also be part of the Information Revolution in which we find ourselves today. It’s early to say what form the disruptions will take, but it appears that privacy issues and social networking will drive new societal norms. Political power will be harder to hold by a dictatorial few. Brick-and-mortar establishments will be replaced by virtual storefronts. And labor will be displaced from the lower-skilled service workers as those jobs are automated away by software. As with all of the previous economic revolutions, the Information Revolution will free up human energy and capital that will be re-applied to the greater wealth and health of more people across the globe.


Mobile computing will be the most disruptive technology of our generation, and the revolution it leads is happening fast. The Agricultural Revolution took thousands of years to run its course. The Industrial Revolution required a few centuries. The Information Revolution, propelled by mobile technology will likely reshape our world on the order of decades. But despite the turbulence ahead, we live at one of the greatest times in history. Software will suffuse the planet, filling in every niche, and exciting opportunities will lie everywhere.





CHAPTER 2



COMPUTERS


The Evolution to Mobile Computing


The First Wave: The Mainframe – The Second Wave: The Minicomputer – The Third Wave: The Desktop – The Fourth Wave: The Internet PC – The Road Toward Mobile Computing – Early Mobile: From Cell to BlackBerry – The Fifth Wave: Mobile Internet – Multi-touch and More


Aninety-nine-year-old woman in Oregon bought an iPad as her first home computer. It changed her life, she said. It let her magnify text just by touching it, so she rediscovered one of her great lost joys: reading. She needed just the barest of instruction, since the screen felt like a playground, and she could use the iPad anywhere.


The iPad appealed to her partly because it distilled computers to a beautiful essence: just the screen. It didn’t even seem to have circuitry. Yet it descended from screen-less machines that were as portable as a house and about as much fun as the Russian bureaucracy. Since then, computers have repeatedly shrunk, opened up to consumers, and conquered new environments.


Technologists have forged four great waves of computing, all leading up to mobile computing: the mainframe, the minicomputer, the personal computer, and the Internet PC. Each wave built on the previous one, and each had a greater impact on society.



The First Wave: The Mainframe


The Industrial Revolution extended human power in almost every domain. For instance, in the year 1700 a person needed 200 hours to make one pound of yarn; by 1824, the task took 80 minutes, freeing up more then 198 hours.1 We became stronger by augmenting muscle power with motors. We became faster with cars. We extended our voices with the telephone. But no machine surfaced to make us smarter. The abacus and slide rule were centuries old, but they had only made math a bit faster. You certainly couldn’t ask them questions and expect an answer.


The clever Charles Babbage invented a mechanical computer in the nineteenth century, which produced mathematical tables of logarithms and trigonometry. It existed, but it might as well not have. There was no business demand for it.


But World War II created urgent new demands for thinking machines. The Allies had to calculate the trajectory of artillery shells quickly and accurately in order to hit their targets. Yet the equations were maddeningly complex and a smart human needed at least twenty hours to “compute” them. Hence scientists developed the first modern electrical computer, the ENIAC (Electronic Numerical Integrator and Computer), which made the calculations in thirty seconds. Ironically, it had no effect on the war, since it entered operation three months after Hiroshima. But it led directly to the development of mainframe computers.


Mainframes were monsters.


The ENIAC weighed more than thirty tons and covered more than 1,800 square feet. As smaller machines were developed, they still filled whole rooms, cost millions, and could only be used by highly skilled operators. If you wanted it to solve a problem, you wrote a program, coded it in punch cards, put your stack of cards in line with other punch card programs, and waited sometimes days for the result, which arrived as a roll-like printout from a large electric typewriter. And if the program had a glitch—as it often did—you repeated these steps and waited again to see if you had fixed the error. Starfish interact more swiftly with the world.


At first, each mainframe was hand-built and unique. As the technology advanced, computers such as the UNIVAC (UNIVersal Automatic Computer) entered repeatable production, and became smaller and less costly. The UNIVAC found its first civilian use in the 1950 census, where it doubled the counting speed, and in 1952 it flouted pollsters by predicting the election of Dwight Eisenhower.


Mainframes let us perform feats that had previously been impossible, such as launch satellites and leave footsteps on the moon. But commercially their key contribution lay in automating the task of tabulating—eliminating the error-prone effort of repetitive calculations and record keeping. If a business needed to employ an army of people sitting at desks to carry out some exacting, repetitive task, that job was probably just right for mainframes. They took over billing, accounting, compound interest calculations, phone bill tabulation, inventory tracking, and paychecks.


The machines also streamlined logistics. Companies could handle a much greater flow of raw materials from truck to warehouse to factory, and the flow of finished goods from factory to warehouse to store. So items didn’t linger in one place through lack of information, and companies could slash inventory costs. Airlines manage seats as inventory, and mainframes led to Sabre, a reservation system that let airlines broaden their routes and offer far more seats. Sabre cost American Airlines $40 million to implement in 1960,2 an enormous sum at the time, but it easily paid for itself.


Mainframes enabled businesses to break through barriers of scale by automating the bookkeeping and other forms of tabulating that would have otherwise crushed operations. They enabled the multinational expansion of businesses in the 1950s and ’60s. On a societal level, mainframes lowered costs, created new jobs, and yielded some new products. But mainframes didn’t visibly affect the average person’s daily life. We never saw them. We just heard about them and the army of lab-coated priests in horn-rimmed glasses who operated them.


Even so, mainframes were something new on the earth, and the public felt a kind of awe about them.


Mainframes were synonymous with computers through the 1960s because there were no others. By 1980, there were perhaps 100,000 mainframes sold. They were colossi with Rain Man brains, excelling at certain narrow tasks and not much else. You fed them immense tasks and then they went to work, slavishly counting millions or billions of records with tireless perfect precision.


The first mainframes used vacuum tubes as the switches for their logic circuits. The tubes were big and expensive and you needed a lot of them chained together to create the thinking logic of a computer. So early mainframes were expensive to build and delicate to operate, and they guzzled power. A single mainframe might use 160 kilowatts, enough to dim lights in a whole section of Philadelphia. Moreover, the tubes could overheat and burn out. As long as computers relied on vacuum tubes, these devices would remain costly rarities.


The wonder wasn’t that they were smart; it was that they existed at all, especially given the cost.


Mobile computers and all modern computers owe their existence to the transistor. A team at Bell Labs developed this device in 1947—using paper clips and a razor blade for the early prototypes—and won a well-deserved Nobel Prize in 1953. The major innovation with the transistor was that it was made of semiconductor material like silicon, rather than expensive and fragile vacuum tubes. It was cool, fast, thrifty with power, and stable. And it was small. You could squeeze hundreds of these little three-legged spiders onto a small circuit board that previously would have taken a cabinet of vacuum tubes with its hundreds of yards of wiring. The vacuum tube was helpless next to this efficient invader and vanished after transistors entered mass production in 1955.


Transistors were originally produced as small discrete components, each one about the size of a pea with three stiff wires protruding from below. While this was much smaller than sausage-sized vacuum tubes, it still wasn’t small enough to catalyze a new wave of computing technology. In fact, if they had tried to build the first IBM PC with discrete transistors, the 29,000 transistors in the Intel 8088 processor would have required a circuit board that was at least five feet on each side—assuming they were able to line up all the transistors in perfect rows and columns. If they had tried to build the venerable Intel Pentium microprocessor, which contains 140 million transistors, it would require a circuit board 390 feet on each side.


Clearly another technology innovation was needed to propel computing forward.


By the 1960s, technologists were perfecting a new technique for fabricating hundreds of transistors onto a single semiconductor “chip,” rather than trying to wire up discrete transistors on a circuit board. This was the birth of the integrated circuit (IC). Today, integrated circuits can support billions of transistors on a single chip no bigger than the palm of your hand. This mass assemblage of circuitry opened the door for new, vastly less expensive computers, and many of the original mainframe providers—like RCA, Westinghouse, General Electric, Sylvania, and Raytheon—dropped out of the computing business, making room for computer start-ups that could enter with a lot less capital and new ideas for smaller computers.


The Second Wave: The Minicomputer


Scientists long chafed at the “priesthood” that guarded the mainframes, as they sought smaller, more accessible computers that would fit into a laboratory. Chips and IC’s made possible the minicomputers.


“Minis” were about the size of a refrigerator and far cheaper than mainframes. Digital Equipment Corporation (DEC) introduced the first commercial success, the PDP-8, in 1965. At $18,000 a customer could buy five for the price of a small IBM 360 mainframe, and eventually the price would drop to $4,000. The low cost and smaller size of minis made possible many new applications that simply could not be cost-justified with mainframes.


The result was an explosion of new uses for computing.


Minis showed up on factory floors, where they controlled robots that assembled cars, cut glass, welded metal, sliced paper, and inserted parts into machines.3 Soon they were running equipment everywhere from oil refineries to wastewater treatment plants. By the 1970s minis were acting as central servers for ticket agencies, running mass-transit systems, operating grocery store cash registers, processing radar data from CIA reconnaissance flights, and helping aircraft control towers all over the world. While mainframes automated the bookkeeping side of businesses, minis were automating the business processes themselves.


Along with DEC, new multibillion dollar companies sprang up to serve this market, boasting names like Data General, Prime Computer, Apollo, and Wang Laboratories. By 1979, minis were outselling mainframes 81,300 units to 7,300, and over a million had entered the world by 1985.4 Part of the fascinating drama of the new minicomputer market was told in the Pulitzer Prize–winning book The Soul of a New Machine by Tracy Kidder (2000).


Meanwhile, somewhat out of sight, an innovation was emerging that soon would tip the scales of computing away from newly ascendant minicomputers. Microprocessors were being developed that would commoditize the very heart of the computer—the central processing unit, or CPU. While minicomputer and mainframe CPUs were highly proprietary electronics, jealously guarded by each computer manufacturer, microprocessors were produced as commodities, and sold to other manufacturers as a standard part.


Intel introduced the first commercially successful microprocessor, the Intel 4040, in 1975. While microprocessors were much less powerful than their minicomputer and mainframe CPU counterparts, they had the unique advantage of being available to anyone who wanted to make a computer. Suddenly clever twenty-year-olds in a garage could build their own computers.


And they did.


The Third Wave: The Desktop


In 1975 a cover story in Popular Electronics introduced an early desktop computer, the Altair, and it took many people by surprise. Suddenly, a small computer was sitting right in front of you. And you could own it. You could keep it at home. You could put it on your desk at work. You didn’t have to share it with others. You didn’t have to be a company, a scientist, or even a programmer.


The Altair was a build-it-yourself kit sold out of an Albuquerque strip mall, where a kid named Bill Gates was hanging around. Gates left Albuquerque, founded Microsoft, and developed the DOS operating system for the first IBM PC. The Intel 8080 microprocessor that powered the first IBM PCs was so important to success of the PC industry, that even to this day on the Microsoft campus you dial “8080” to reach reception.


In 1980, 500,000 personal computers were sold,5 which is six times the number of minicomputers sold in the same year. And the PC industry was just getting started.


On the desktop, computing had entered another new world, and it quickly adapted to new uses. We had previously written using typewriters; now it was done using PC software. Tasks that required adding machines were now done with PC software. Information that had lived in file cabinets was stored using PC software, too. Even interoffice mail, once sent by messengers on rolling carts, was done by PC software. And in every case, the software was more powerful and more efficient than the physical mechanism it replaced. The days moved faster, more got done, and it was done better.


The PC automated the office worker.


It also led to innovations no one expected. One was the first “killer app”—the spreadsheet. The spreadsheet was an utter novelty when first introduced. What was revolutionary about the spreadsheet was that it was sort of like programming, but not. For the first time an average office worker could input a series of commands into the computer—such as, “Total up the numbers in cells A2 through A6 and add that sum to the number in cell D25”—without calling in a programmer. This capability unleashed a torrent of small and crucial spreadsheet applications to do things like manage finances, develop budgets, track inventory, handle call lists, perform “what-if” analyses, and much more. There appeared to be no end to what people could do with rows, columns, and a little math.


Almost overnight, the PC spreadsheet became an irreplaceable business tool.


The PC remade the office cubicle, and its proliferation has become the stuff of legends. By 1995 Bill Gates was the richest person on earth. Yet, throughout this era the often-anxious question continued to be asked: “Do I need a computer at home?”


In fact, not everyone did. But as we eased into the twenty-first century, that question seemed to evaporate. And the reason was the Internet.


The Fourth Wave: The Internet PC


The classic PC was self-sufficient. You bought programs for it at stores like Egghead Software and loaded them through the disk drive. You typed on it. You calculated on it. You played games on it. It was your own private tool for personal productivity and games. But the PC didn’t stay isolated for long.


As early as 1960, J.C.R. Licklider—a psychologist-turned-computer scientist—proposed the idea of computer “thinking centers” and noted, “The picture readily enlarges itself into a network of such centers, connected to one another by wide-band communication lines and to individual users by leased-wire services.”6 He was describing the Internet before it was born. In his vision, PCs were portals into a much wider worldwide network of information. And since Licklider held a high position at the government’s Advanced Research Projects Agency (ARPA), he possessed the influence needed to move the concept along.
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