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Chapter 1

The Imperfections of the Optimization Mindset

Contrary to current popular opinion, for most of its storied existence the United States Postal Service has been a hub of disruptive innovation. In 1792, Benjamin Rush, a signer of the Declaration of Independence, ushered the Postal Service Act into law, giving the federal government control over various regional postal routes and declaring that the content of mail was private, even if delivered by a public carrier. It also provided for a novel cost structure: rather than charging on the basis of weight, the postal service would charge one rate for letters and another much less expensive rate for newspapers. The exchange and broad dissemination of news and information would thus be subsidized.

In order to improve the efficiency and reliability of mail delivery throughout a quickly expanding nation, the post office regularly turned to new technologies. It introduced delivery by horse, the Pony Express, in 1862 and began experimenting with delivery by train a few years later. To connect as many people as possible, the post office introduced free delivery of mail to rural areas in 1902. And just a few years after Henry Ford invented the automobile in 1901 and the Wright brothers the airplane in 1903, the post office was trying out both technologies for mail delivery.

In 1913, during the height of railroad development and the dawn of the age of the automobile, the post office introduced another radical and innovative idea: parcel post, designed to facilitate the delivery of ordinary merchandise via mail. In the expanding age of commerce, the post office would deliver goods in addition to letters, newspapers, and magazines. New forms of business sprang up to take advantage of this new delivery mechanism. Mail-order companies boomed. With thousands of carriers spread across the country, including in rural areas, mail-order industry profits went from $40 million in 1908 to $250 million in 1920, a huge sum at the time.

Imagine a family in 1920 in a rural area of the United States that is planning a trip and needs to buy a bunch of supplies. Rather than having to go many miles to the nearest city by horse or train, the family can order by mail from the Sears, Roebuck catalogue, choosing from an array of goods much larger than any shop in their own town is likely to stock. After receiving the order, Sears, Roebuck will fulfill it using parcel post. The process from start to finish might take a few weeks. That is still a long time but much more efficient and convenient than the alternatives.

Fast-forward a century. The post office is facing a crisis in the digital age. Digital technologies have driven greater and greater efficiencies in the exchange of messages. Email and text messaging now permit the instantaneous delivery of personal messages across the greatest of distances. The volume of single letters sent by first-class mail declined by 61 percent from 1995 to 2013. With the ubiquity of email and text messaging, writing a letter has become more and more a rarity, an expression of some romantic inclination rather than the humdrum desire to communicate or get something done. Ordering merchandise from catalogues via mail still exists but has declined precipitously. The Sears, Roebuck catalogue folded in 1993, and the company filed for bankruptcy in 2018.

How would that family in a rural area outfit themselves for a trip today? They would likely order what they need from Amazon Prime with the click of a few buttons, and in two days the packages would be delivered, possibly by the post office or a private carrier such as FedEx. In some cities, the packages might even arrive in two hours with Amazon Prime Now, bypassing the post office altogether. And Amazon Prime Air promises the future possibility of delivery by drones in thirty minutes or less. A family could shop in the morning and be ready to head out with all their supplies in the afternoon.

What a story of progress through greater and greater efficiency! Instantaneous mail! Delivery of packages within a few days, hours, or even minutes!

The evolution of Netflix tells a similar story about the drive for efficiency. At its start, Netflix was a subscription service for movies, not unlike Blockbuster, the bricks-and-mortar behemoth of the movie rental business. For a monthly fee, Netflix would deliver DVDs using the US Postal Service, providing a custom-designed, instantly recognizable red postage-paid envelope for returning them. In the company’s early days, customer satisfaction hinged on there being as quick a turnaround time as possible between the return of a DVD and the arrival in the mail of the next movie in the customer’s queue. If customers had to wait a week for a new movie to arrive, they complained. Although Netflix made extraordinary efforts to make the turnaround time as short as possible, it wasn’t responsible for carrying the red envelopes in the mail; that was the post office’s job. Netflix provided customized machines in thousands of post offices to speed up the return process, aiming for one-day delivery to its subscribers. And at one point, looking for every possible means to improve on delivery and return times, it hired the former US postmaster general to be its chief operations officer. Who better to improve Netflix’s ability to navigate the postal system?

But even in its early days, Netflix’s long-term plan wasn’t just about mailing DVDs. Reed Hastings, the company’s founder and CEO, who holds a master’s degree in computer science, knew that it was only a matter of time until efficiency gains in internet communication would enable the streaming of video directly to consumers. In 2007, his vision came to fruition. Taking advantage of broadband access, Netflix could bypass the postal service altogether. The company, recognizing that it still needed to support customers with limited or no internet access, also spun out a separate service called Qwikster that would continue DVD delivery by mail. Quickly it pivoted almost entirely to delivering films and television shows on demand via streaming video. Now it’s possible to watch nearly any movie one wants to at any moment, instantaneously, via the internet. Blockbuster—which in 2000 had turned down an offer to acquire Netflix for $50 million—filed for bankruptcy in 2010.

Today the delivery of movies is not merely efficient; it has been optimized. In terms of time spent, there appear to be no possible further improvements after instantaneous delivery via streaming.

Efficiency gains have led not only to greater convenience but to outcomes that matter far more, including many that enhance democracy or economic opportunity: better distribution of essential medicines around the globe, the development of new vaccines, easier access to the world’s information, and more effective interventions for students with learning differences.

Over the past several decades, the drive toward efficiency and optimization has come to play an increasingly dominant role across spheres and industries, from business (e.g., streamlining supply chains) to sports (e.g., Moneyball-style tactics using big-data analytics to drive decisions) and even to our personal lives (e.g., online dating apps and fitness trackers). It’s no coincidence that the industry and skill set most ascendant over the same time period has been computer science. In the digital age, the disruptive innovators tend to be the efficiency-obsessed tribe of people called coders, or software engineers. They are the ones who invent and bring to market the host of new technologies that are driving efficiency gains across so many aspects of life.

Should We Optimize Everything?

Efficiency is not always the good thing it seems to be. Consider the creation of a product called Soylent, another Silicon Valley innovation driven by engineers.

Soylent is a nutritional powder that can be made into a drinkable shake by adding water. This meal replacement product was developed because its inventor believed that food is a pain point in our daily lives, an inefficient delivery mechanism for the human body’s nutritional needs. Eating food is costly and requires shopping, cooking, and cleaning up or else going out to restaurants. And many meals are social affairs, with attendant expectations of conversation and social etiquette. All of this takes considerable time away from other potentially valuable activities, such as working.

Soylent is the brainchild of Rob Rhinehart, a Silicon Valley engineer who set out to solve a specific problem. After working at a failed start-up in San Francisco, he and his friends found themselves running short on cash and facing the challenge of making a decent meal. “I started wondering why something as simple and important as food was still so inefficient, given how streamlined and optimized other modern things are,” he told Vice. As he wrote on his personal blog, “In my own life I resented the time, money, and effort the purchase, preparation, consumption, and clean-up of food was consuming. I am pretty young, generally in good health, and remain physically and mentally active. I don’t want to lose weight. I want to maintain it and spend less energy getting energy.”

So he did what engineers do: he took an engineering approach to food and nutrition. He researched the vitamins and nutrients needed for bodily sustenance. He studied materials from the Food and Drug Administration and textbooks on nutrition and biochemistry, and he made a list of more than thirty nutrients required by the human body. He ordered the nutrients over the internet and began experimenting by blending them together in a powder form.

In 2013, he started living on the powder, which he would blend into a shake, making adjustments along the way when he realized that his concoction lacked iron and that he had miscalculated the amount of fiber he needed to feel healthy. After a month of subsisting on his powdered solution alone, he wrote a blog post entitled “How I Stopped Eating Food.”

Rhinehart called his invention Soylent, taking his inspiration from a 1966 novel depicting an overpopulated world with dwindling resources in which a new food, made from soy and lentils (soy + lent), is created in order to feed people. For most folks, however, the name evokes the 1973 film adaptation of the novel, Soylent Green starring Charlton Heston. In the movie, people live on a wafer they believe to be made from plankton. The wafer is revealed in the final scenes to be produced from human flesh, and the dystopia of overpopulation turns out to be an even greater horror in which cannibalism is the only way to survive. Rhinehart never claimed to be a branding genius.

Despite this, his blog post attracted attention. It was especially popular on a site called Hacker News, a place for the tech community to learn about clever inventions and gizmos to make life better and save time. Rhinehart saw an entrepreneurial opportunity, and he posted about Soylent on a crowdfunding site, promising to deliver a week’s worth of Soylent in return for a modest donation of $65. He hoped to raise $100,000 to bootstrap production. The response was enormous. He hit his target in just two hours. Eventually, more than six thousand people sent money to support his new venture, raising a total of more than $750,000.

Rhinehart and his collaborators went into business, and in 2014 they introduced Soylent to the public. The company is funded by some of Silicon Valley’s most prominent venture capital firms. In an introductory video posted on YouTube, Rhinehart explained, “What I really learned was how to break problems down. Everything is made of parts, everything can be broken down. Unlike most other foods which prioritize taste and texture, Soylent was engineered to maximize nutrition; to nourish the body in the most efficient way possible.”

It wasn’t just the desire to maximize his nutritional needs that motivated him. He told a reporter that farms where food is grown and animals are cultivated are “very inefficient factories.” “It’s really the labor that gets me,” he said. “Agriculture’s one of the most dangerous and dirty jobs out there, and it’s traditionally done by the underclass. There’s so much walking and manual labor, counting and measuring. Surely it should be automated.”

Soylent, he said, would solve multiple problems: the inefficiency of feeding oneself with food, the stress of worrying about optimal nutrition, the food industry’s reliance on farms. Soylent would deliver all that at relatively low cost. Win-win-win-win.

The press covered the release of Soylent as “The End of Food.” In the New York Times, Farhad Manjoo complained about its “stultifying utilitarianism,” calling it a “punishingly boring, joyless product.” Soylent may offer complete nourishment but only, the tech columnist wrote, “at the expense of the aesthetic and emotional pleasures many of us crave in food.”

The newspaper assigned Sam Sifton, its food critic and restaurant reviewer, to give Soylent a try. The results were predictable: “Imagine a meal made of the milk left in the bottom of a bowl of cut-rate cereal, the liquid thickened with sweepings from the floor of a health food store, and you have some sense of what it is like to consume the protein-packed shakes that have replaced Flamin’ Hot Cheetos and Red Bull in the diets of some tech workers in Silicon Valley.” Summoning up a small bit of charity, he concluded, “These instant meals are meant for work warriors for whom good and delicious food is secondary to perfect and unassailable engineering.”

It’s not hard to spot some problems with Soylent. It may be a hyper-efficient means of meeting one’s daily nutritional needs while drastically cutting down on the time required to prepare and eat regular food. But for most people, food is not just a delivery mechanism for one’s nutritional requirements. Food serves many different ends. It brings gustatory pleasure. It provides social connection. It sustains and transmits cultural identity. A world in which Soylent spells the end of food also spells the loss of these values.

Maybe you don’t care about Soylent; it’s just another product in the marketplace that no one is required to buy. If tech workers want to economize on time spent grocery shopping or a busy person faces the choice between grabbing an unhealthy meal at a fast-food joint or bringing along some Soylent, why should anyone complain? In fact, it’s a welcome alternative for some people.

That’s fine. Engineering has obviously brought humanity lots of good. But the story of Soylent is powerful because it reveals the optimization mindset of the technologist. And problems arise when this mindset begins to dominate—when the technologies begin to scale and become universal and unavoidable.

The Education of an Engineer

In 1936, John Maynard Keynes, one of the most influential economists ever to live, observed the following:

The ideas of economists and political philosophers, both when they are right and when they are wrong, are more powerful than is commonly understood. Indeed the world is ruled by little else. Practical men, who believe themselves to be quite exempt from any intellectual influence, are usually the slaves of some defunct economist. Madmen in authority, who hear voices in the air, are distilling their frenzy from some academic scribbler of a few years back.

He wrote those words in the early part of the twentieth century, at a moment of extreme global upheaval, with the Great Depression giving way to a second world war. One might not have thought that ideas were what mattered most at such a moment. But he was right. The perspectives of economists and the contest of political ideologies served to shape the two world wars, the Cold War, the fall of the Berlin Wall, the rise of the financial sector, and a globalizing economy—virtually all of the greatest challenges of the twentieth century.

Economists also entered the innermost halls of political decision-making, advising leaders and directly crafting public policy. Prior to World War II, it was lawyers who dominated federal agencies, and courts ignored most economic evidence about the predicted effects of their decisions. But economists flooded into public service in the mid–twentieth century, growing their ranks from about two thousand in the federal government in the 1950s to more than six thousand in the 1970s. They were hired in droves by large companies to drive growth and provide economic forecasts. And the leaders of the booming Wall Street banks, private equity firms, and hedge funds that rose to prominence in the last quarter of the century all had a background in economics.

What economics and finance were to the twentieth century, engineering and computer science are to the twenty-first. Computer hardware, processing power, big data, algorithms, artificial intelligence (AI), and network power are the most important currencies of our age. The quants and financial engineers have invaded the big banks, and it is the venture capitalists of Palo Alto, not fund managers on Wall Street, who finance disruptive innovation. Yet the worldview of the technologist is sometimes poorly understood by those outside the tech industry. Unlike economists in the twentieth century, engineers are generally not entering politics as advisers and decision makers. They tend instead to bypass politics altogether.

In all the discussion of the political and societal problems brought about by new technology, what has been missing is an understanding of the small and anomalous group of human beings who create that technology and are constantly tweaking it, tuning it, optimizing it in response to their notions of how it ought to be better. The place where many of the most influential of those humans are educated is Stanford University, and the place they tend to congregate after they graduate is Silicon Valley. If we want to understand how and why technology is changing the world, we need to better appreciate the mindset of the engineer.

The emphasis on optimization starts early, with the introductory training one receives as an engineer or computer scientist. Students in engineering are taught to think of themselves as problem solvers, always on the lookout for better solutions. In the realm of computer science, computation is the primary tool for finding these solutions. And the idea of finding solutions as efficiently and optimally as possible is inculcated early on.

In one of the standard introductory algorithms textbooks—a book that clocks in at more than a thousand pages—an algorithm is defined as a “tool for solving a well-specified computational problem.” The task for the human writing an algorithm is to solve a given problem with the greatest speed or by using the least possible computer memory or processing power. It’s notable that the entire emphasis is on producing efficient solutions to well-specified problems. Nowhere does the text invite a reader to ask what problems are worth solving or whether there are important problems that cannot be reduced to a computational solution.

Computer science was influenced by work in decision theory and linear programming that dates back to the 1940s and 1950s. George Dantzig, a pioneer of optimization methods and professor at Stanford who retired in 1997, wrote in a 2002 retrospective that “Linear programming can be viewed as part of a great revolutionary development which has given mankind the ability to state general goals and to lay out a path of detailed decisions to take in order to ‘best’ achieve its goals when faced with practical situations of great complexity. Our tools for doing this are ways to formulate real-world problems in detailed mathematical terms (models), techniques for solving the models (algorithms), and engines for executing the steps of algorithms (computers and software).” He dated that effort to 1947—the year he published the celebrated Simplex algorithm for linear programming—and observed that “what seems to characterize the pre-1947 era was lack of any interest in trying to optimize.”

In order to optimize, computer scientists often form mathematical abstractions of the world to create computational problems. A classic problem that nearly all computer scientists encounter at some point in their education is the “Traveling Salesman Problem” (more recently renamed the “Traveling Salesperson Problem”), or TSP. In this problem, one is given a list of cities to which the salesperson must travel, visiting every city only once before returning home. There are “costs” associated with traveling from city to city, and the point of the problem is to find a path for the salesperson that minimizes the total cost of the trip. Although to some the problem seems simple enough, it turns out that finding an efficient algorithm that can always determine the least costly trip is notoriously hard—so hard, in fact, that there is a $1 million prize for either finding an efficient algorithm to solve the problem or proving that an efficient algorithm doesn’t exist. After decades of effort, the prize is still unclaimed.

Of course, many algorithms have been proposed that can find reasonably good solutions to TSP, even if they can’t always guarantee an optimal result. Some of them try different alternative paths—potentially billions of them—noting when an alternative path leads to a lower cost than the best previously known path. Simpler methods take a “greedy” approach (“greedy algorithms” in computer speak) in which they simply select the next city to travel to based on the lowest cost from the current location before returning home.

Though it might seem odd that solving the traveling salesperson problem would be worthy of a $1 million prize, its real power is that it’s surprisingly representative of a large class of problems, known as NP-complete problems, that underlies challenges as diverse as cryptography and DNA sequencing. Figure out an efficient algorithm to optimally solve TSP, and you will not only claim a $1 million prize but will also be able to break many encryption systems currently in use on the internet.

The choices made when creating abstractions of the world have real-world consequences. In TSP, if we choose the “costs” for traveling from city to city to be the dollar cost of airline tickets or gasoline for a car, we might make entirely different routing decisions than if the costs were based on the amount of carbon emissions produced during travel. If you’ve ever been puzzled why an airline travel site would suggest a trip from Los Angeles to Seattle with a layover in Chicago, it’s because the objective its algorithm was set to optimize was likely to minimize price rather than environmental impact.

What we choose to optimize raises the issue of representational adequacy. In order to optimize some quantity (ticket cost, travel time) we need to have a way to represent that quantity mathematically. If we can’t directly measure or represent that quantity, there’s no way to create an optimization method to find out it if it’s doing better or worse. And some things—simple things—are easier to measure than others. Measuring ticket cost is easy; measuring environmental impact is much harder. Even more difficult is determining how to optimize for more fundamental ideals such as justice, dignity, happiness, or promoting an informed democracy.

Despite these limitations, optimization is such an essential element of the computer science toolbox that it transcends simply thinking about technical problems. What begins as a professional mindset for the technologist easily becomes a more general orientation to life. It becomes second nature to perceive inefficiency, as Rob Rhinehart did with food, and get frustrated. The paramount goal becomes removing friction from everyday activities, automating repetitive tasks, and finding ways to save time while improving outcomes. There’s an entire subculture of folks, many of them engineers, who traffic in “life hacking,” and a popular website, Lifehacker: “the ultimate authority on optimizing every aspect of your life.”

When you look at the world through this mindset, it’s not just small inefficiencies that annoy. Optimization is an orientation to the big picture as well. It’s not uncommon for us to encounter students, for example, who ask us for advice about how to optimize their Stanford experience, optimize their summer internship, or choose the optimal career. A recent popular book, Algorithms to Live By: The Computer Science of Human Decisions, recommends the skills of a computer scientist as the basis for leading a better life: algorithmic insights as a form of wisdom.

The rise of the technologist and the optimization mindset can be seen in our very lexicon. The use of the word optimist has been more or less constant for the past century, but a search of Google Books Ngram Viewer, which tracks the usage of particular words in a large corpus of books across languages, shows that the terms optimize and optimization were basically unknown prior to 1950 and have been on a rapid rise from then until today. This coincides with the rise of computer science as a discipline in the 1960s.

Of course, there are obvious precursors to the optimization mindset, such as the movement to bring scientific management to the workplace at the turn of the nineteenth century. This has been called Taylorism after one of its most vocal advocates, Frederick Taylor. Using empirical methods to identify best practices and standardize work in mass production lines, scientific management sought to increase worker productivity and economic efficiency. One difference between this approach and the optimization mindset of the modern technologist, however, is that a hundred years ago when bosses tried to enforce efficiency on the shop floor it was understood to be a form of oppression. Today, we tend to embrace and celebrate optimization.

But having a devotion to efficiency and an obsession with optimization is not all upside. And now that technologists have become powerful, with their vision and their values about technology remaking our individual lives and societies, the problems with optimization have become our problems, too.

The Deficiency of Efficiency

A focus on efficiency and optimization can lead technologists to believe that increasing efficiency and solving problems optimally are inherently good things. There’s something tempting about this view. Given a choice between doing something efficiently or inefficiently, who would choose the slower, more wasteful, more energy-intensive path?

However, there are times when inefficiency is preferable: putting speed bumps or speed limits onto roads near schools in order to protect children; encouraging juries to take ample time to deliberate before rendering a verdict; having the media hold off on calling an election until all the polls have closed; or pursuing malicious goals—such as harming people—with greater efficiency. The quest to make something more efficient is not an inherently good thing. Everything depends on the goal or end result.

The real worry is that giving priority to optimization can lead to focusing more on the methods than on the goals in question. If a particular problem to be solved is simply delivered to a software engineer without consideration or debate as to its value, we are stuck with the results of optimizing the goal. And suddenly boosting screen time, increasing click-through rates on ads, promoting purchases of an algorithmically recommended item, increasing predictive accuracy in facial recognition, or maximizing profit leads to other important values being lost.

In our experience, the job interview questions for software engineers typically involve scalable solutions to abstract coding problems. This encourages young candidates to focus on scale and algorithmic efficiency. It does not encourage them to think critically about the company or its societal impacts when looking for a job.

The pioneering computer scientist Donald Knuth famously said that “premature optimization is the root of all evil.” We could interpret this quote any number of ways, and indeed it has been widely misunderstood. Knuth uses optimization and efficiency synonymously: to optimize code is to make it more efficient. Knuth himself was not anti-efficiency; rather, he was arguing that there is a time and a place for efficiency. Usually, he observed, the biggest improvement in the running time of a program comes from modifying a small part of the code, as long as you optimize the right snippet. And making code efficient often makes it needlessly complicated, lowering overall performance because the code becomes harder to debug and maintain. An unchecked drive to make code efficient, Knuth argues, can actually create inefficiency for the programmer.

For Knuth, the time and place to be efficient is when you have figured out what is worth making efficient by analyzing the effects of efficiency at a higher level. But suppose that a technologist focuses on those bits of code that will make the code faster and writes the program in a way that doesn’t sacrifice code readability. Overall, the program becomes more efficient. Has the technologist avoided premature optimization? Not necessarily. Suppose the program is used for an undesirable end: suppose it is used successfully by a malicious hacker or to guide an economy into a state of massive inequality. Perhaps then we could interpret Knuth’s quote even more broadly than he intended: even if technologists know how to make a program run efficiently, if they have not considered its possible uses and impacts, optimization may yet be premature.

This points to another kind of problem that comes up when goals are not assessed. Technologists sometimes describe the tools they build as dual or multi-use. There is frequently no fixed goal or purpose for a particular technology; it can be deployed for different purposes by different users. The phrase originated in geopolitical and diplomatic circles to distinguish between civilian and military purposes of different technologies. For example, the engineers who developed nuclear energy technologies recognized that their work could be put to potentially positive uses for civilian purposes in nuclear power plants and potentially negative uses in constructing and detonating nuclear weapons. It required the scientific ingenuity of engineers to develop nuclear energy, but it was imperative that the technology be accompanied by a governance framework that would facilitate civilian uses and limit military ones.

The same is true of the digital inventions of twenty-first-century technologists. Computer scientists can create an astonishing new tool—say, facial recognition—and it can be optimized for the highest possible accuracy in identification. In a limited sense, the objective function here is to recognize a face. But having succeeded at that task, the downstream applications are many, and the ends to which the technology can be put range across a wide spectrum of good to bad. Facial recognition can be deployed so that photos can be autotagged or you can unlock your smartphone by looking into its camera. Or it can be installed on consumer drones for you to surveil your neighbors or the government to track peaceful protesters or radical terrorists to create weaponized drones that kill with newfound accuracy. What responsibility does the technologist have for trying to ensure that a technology is used for good rather than bad?

Such questions are becoming more and more urgent in tech companies as engineers increasingly grapple with the unexpected ways in which their work may be used. In 2018, thousands of employees at Google signed a letter in protest against the decision by executives at the company to sell artificial intelligence technology to the US military in order to assist in identifying people in video images. “We believe,” the petitioners wrote, “that Google should not be in the business of war.” In this instance, at least, Google decided not to renew its contract with the government.

It’s worth emphasizing that whoever makes the choice of what to optimize is effectively deciding what problems are worth solving. The glaring lack of racial and gender diversity in the ranks of technologists and start-up founders means that these choices rest in the hands of a small group of people not representative of the wider world. No surprise that many new start-ups show a bias in favor of solving the problems of a privileged demographic. A more diverse group of technologists and founders might well deploy the power of optimization for a broader set of problems.

What Is Measurable Is Not Always Meaningful

Let’s assume that the technologist has successfully addressed the first problem. The focus on optimization has been accompanied by scrutiny and an independent evaluation of the goal or objective function. With some level of confidence that the problem is worth solving, the technologist gets to work.

Technologists are always on the lookout for quantifiable metrics. Measurable inputs to a model are their lifeblood, and like a social scientist, a technologist needs to identify concrete measures, or “proxies,” for assessing progress. This need for quantifiable proxies produces a bias toward measuring things that are easy to quantify. But simple metrics can take us further away from the important goals we really care about, which may require complicated metrics or be extremely difficult, or perhaps impossible, to reduce to any measure. And when we have imperfect or bad proxies, we can easily fall under the illusion that we are solving for a good end without actually making genuine progress toward a worthy solution.

The problem of proxies results in technologists frequently substituting what is measurable for what is meaningful. As the saying goes, “Not everything that counts can be counted, and not everything that can be counted counts.”

There is no shortage of examples of this phenomenon, but perhaps one of the most illustrative is an episode in Facebook’s history. Facebook vice president of ads and business platform Andrew Bosworth revealed in an internal memo in 2016 how the company pursued growth in the number of people on the platform as the one and only relevant metric for its larger mission of giving people the power to build community and bring the world closer together. “The natural state of the world,” he wrote, “is not connected. It is not unified. It is fragmented by borders, languages, and increasingly by different products. The best products don’t win. The ones everyone use win.” To accomplish its mission of connecting people, Facebook simplified the task to growing its ever more connected user base. As Bosworth noted, “The ugly truth is that we believe in connecting people so deeply that anything that allows us to connect more people more often is *de facto* good.” He then catalogued the controversial strategies that Facebook had deployed in order to grow the user base: “the questionable contact importing practices. All the subtle language that helps people stay searchable by friends. The work we will likely have to do in China some day.” He even acknowledged that connecting people would not always be beneficial: “Maybe it costs a life by exposing someone to bullies. Maybe someone dies in a terrorist attack coordinated on our tools.” After the memo was published, Mark Zuckerberg repudiated it and Bosworth apologized, saying he was simply being provocative.

Economists have long worried about the problem of proxies, especially in situations where employees receive incentives for meeting their targets. In such situations, employees will quickly orient themselves not toward the worthy end but toward the proxy. The metric becomes the goal, and the means justify the end. This is called Goodhart’s Law, which states that when a measure becomes a target, it ceases to be a good measure. A common sequence would look like this: The boss says we must make progress toward a large and difficult-to-measure goal. The leaders of the company choose some proxies that seem to have a plausible connection to the goal. Employees are tasked with making progress on these proxies. Though they may recognize that the given proxy is a useful but imperfect measure for the goal, they begin to lose sight of the imperfections of the proxy and thereby of the good goal, too. Soon enough, the proxy becomes the only thing that matters.

What Happens When Multiple Valuable Goals Collide?

Assume that the goal chosen by the technologist is worthy and that the proxies to bring about that goal more efficiently have been carefully selected and indeed effectively solve the problem. We should still ask: What happens if the engineer succeeds in optimizing one goal while ignoring other relevant values that are affected by this very success? This is the lesson of Soylent. Rob Rhinehart engineered a product that maximizes the nutritional goal of feeding oneself but neglected to consider the rival values associated with eating a meal made of actual food.

In some cases, technologies are developed to solve single and self-contained problems, so this issue never comes up. Take, for example, the heralded successes of artificial intelligence when applied to games such as checkers, chess, and Go, where machines have beaten human world champions. These are impressive technical accomplishments. And we celebrate them because the purpose of the game is clear cut: to win. Other than winning, there are no competing goals in competitive chess.

But in any circumstance involving broader aims, where our technologies interact with our personal, social, and political lives, we are typically seeking to keep multiple goals in balance at the same time. The realm of worthy ends is vast, and when it comes to world-changing technologies that have implications for fairness, privacy, personal safety, national security, justice, human autonomy, freedom of expression, and democracy, there is no guarantee that all values will happily coincide and form a grand and unified whole. It’s much more realistic to assume that in many circumstances, values will conflict, and so our solutions involve a precarious trade-off among competing values.

This problem is a kind of “success disaster.” The issue is not that the technologists have failed in accomplishing something but rather that their success in solving for one particular task has wide-ranging consequences for other things we care about. Think, for example, of the amazing technological advances in agriculture that have massively improved productivity. Factory farming has not only transformed the practices of growing vegetables but also made possible the widespread and relatively cheap availability of meat. Whereas it once took fifty-five days to raise a chicken before slaughter, it now takes thirty-five, and an estimated 50 billion chickens are killed every year—more than 5 million every hour of every day of the year. But the success of factory farming has generated terrible consequences for the environment (massive increases in methane gases that are contributing to climate change), our individual health (greater meat consumption is correlated with heart disease), and public health (greater likelihood of transmission of novel viruses from animals to humans that could cause a pandemic).

“Success disasters” abound in Silicon Valley technologies as well. Facebook, YouTube, and Twitter have succeeded in connecting billions of people in a social network, but now that they have created a digital civic square, they and not the government have to grapple with the conflict between freedom of expression and the spread of misinformation and hate speech. The problems created by optimizing technologists arise not because their companies have failed but rather because they have succeeded profoundly at something and become powerful as a result.

The bottom line is that technology is an amplifier. It requires us to be explicit about the values we want to promote and how we trade off among them, because those values are encoded in some way into the objective functions that are optimized. Technology is also an amplifier because it can often enable the execution of a particular policy to reach a goal far more efficiently than a human can. It can power an autonomous vehicle to drive more safely than your neighbor does or be the basis of a recommendation system that keeps you watching online videos far longer than you intended. Even well-meaning policies can easily become objectionable when technology enables their hyper-efficient automation. With current GPS and mapping technology it would be possible to produce vehicles that would automatically issue a speeding ticket every time the driver exceeded the speed limit—and would eventually stop the car from moving and issue a warrant for the driver’s arrest when he or she had accumulated enough speeding tickets. Such a vehicle would provide extreme efficiency in upholding traffic laws related to safe driving speeds. However, this amplification of safety would infringe on the competing values of autonomy (to make our own choices about safe driving speeds and the urgency of a given trip) and privacy (not to have our driving habits constantly surveilled).

•  •  •

It was not that long ago that computer scientists were hackers in a garage, meeting up in computer clubs to show off their latest feats of engineering. They were people who exercised little political power and had limited social standing. There was even a time when computer science departments struggled to attract students. But over the past thirty years, the programmer Davids have defeated the industrial Goliaths and become the new masters of the universe. Enrollments in computer science classes are booming almost everywhere. The reason is obvious: programming and data science are hugely valuable, and students want a chance to contribute to the digital revolution that is profoundly reshaping our world, changing individual human experience, social connection, community, and politics at a national and global level. Of course, the salary premium and chance of amassing start-up riches don’t hurt, either. Today’s lists of billionaires are topped by tech CEOs. Few people can name the CEO of an investment company; almost everyone knows the names of the founders of Microsoft, Apple, Amazon, Facebook, and Google.

Tech innovators and leaders have also become among the most powerful people in the world, not only by becoming wealthy but increasingly through their political influence as well. As their power grows, it becomes ever more important that the rest of us understand the potential problems that may result. The problems are worrisome enough when they reveal themselves in the technological innovations that have revolutionized so many aspects of our lives. They are more worrisome still when the optimization mindset is directed beyond questions of technology toward questions of social and political life. Why is that so?

Several years ago, Rob received an invitation to a small dinner. Founders, venture capitalists, researchers at a secretive tech lab, and two professors assembled in the private dining room of a four-star hotel in Silicon Valley. The host—one of the most prominent names in technology—thanked everyone for coming and reminded us of the topic we’d been invited to discuss: “What if a new state were created to maximize science and tech progress powered by commercial models—what would that run like? Utopia? Dystopia? Ultimately human evolution propellant?”

A researcher at the secretive lab leapt into the conversation. Not a hypothetical question, he said. We have already spec’d this out! Your first thought is that we should find an island and build there, but it turns out to be difficult to optimize for scientific discovery on islands. Creating infrastructure is difficult. You have to find a plot of land elsewhere, and all the desirable plots of land are already occupied. So the first problem you confront is: What do you do about the natives? We decided that the best approach is to just pay them to leave.

The conversation progressed, with enthusiasm around the table for the establishment of a small nation-state dedicated to the maximal progress of science and technology. Rob raised his hand to speak. “I’m just wondering, would this state be a democracy? What’s the governance structure here?” The response was quick: “Democracy? No. To optimize for science, we need a beneficent technocrat in charge. Democracy is too slow, and it holds science back.”





Chapter 2

The Problematic Marriage of Hackers and Venture Capitalists

In 1996, at the World Economic Forum in Davos, Switzerland, John Perry Barlow—a lyricist for the Grateful Dead, onetime cattle rancher, and a cofounder of the Electronic Frontier Foundation—penned “A Declaration of the Independence of Cyberspace.” Reacting to the passage in the United States Telecommunications Act of 1996, Barlow channeled the techno-libertarian spirit, writing “Governments of the Industrial World, you weary giants of flesh and steel, I come from Cyberspace, the new home of Mind. On behalf of the future, I ask you of the past to leave us alone. You are not welcome among us. You have no sovereignty where we gather.” Taking things one step further, he espoused a utopian view of the possibilities afforded by the online world: “We are creating a world that all may enter without privilege or prejudice accorded by race, economic power, military force, or station of birth.” Barlow’s words were celebrated by the hackers of his time, including the young Aaron Swartz, not yet a teenager.

Few people would have anticipated the sheer concentration of power in the hands of a tiny number of private technology companies that now, more than twenty years later, determine what content we see, how we see it, and what—if any—control we have over it. In 1996, the top five companies by market capitalization were General Electric, Royal Dutch Shell, Coca-Cola, Nippon Telegraph and Telephone, and ExxonMobil; in 2020, the top five were Microsoft, Amazon, Apple, Alphabet, and Facebook. The utopian notions of technology as a great equalizer have given way to dystopian stories of data breaches, surveillance capitalism, biased algorithms, and rampant misinformation. So how did we end up here? It’s a far cry from the free and decentralized internet that the early pioneers imagined.

To understand the forces at play, we need to examine the evolution of the personal computing industry from its roots in the counterculture of the 1960s to its current role as the powerhouse of the global economy. These days, the high-tech ecosystem is fueled by capital—the availability of money for investment in new companies—which creates nearly endless opportunities for building new businesses that disrupt the old economic order. In the early days of Silicon Valley, federal funding drove the development of the semiconductor industry, which laid the foundation for the development of personal computers. But federal funding was soon replaced by venture capital as a driving force in the valley’s growth. Sand Hill Road, just up the hill from Stanford, is ground zero for some of the most storied names in venture capital, with billions of dollars at the ready to invest in the next world-changing idea of a twenty-two-year-old down the hill.

Though “venture capital” might evoke the stuffy world of finance, the venture industry fueling Silicon Valley has a decidedly technical mindset. Eugene Kleiner, a cofounder of the legendary venture capital firm Kleiner Perkins, was an engineer by training, who after cofounding Fairchild Semiconductor in the 1950s went on to be an early investor in Intel. John Doerr, now the chairman of Kleiner Perkins and an early investor in Amazon, Google, and Netscape, holds degrees in electrical engineering and began his career at Intel. A key figure in the formation of the dot-com bubble of the late 1990s, Doerr claimed that “we witnessed (and benefited from) the largest legal creation of wealth on the planet.” Realizing that his statement had contributed to dot-com mania and a mercenary sense that making mountains of money was what mattered, he would later offer an apology.

Venture capitalists brought their own innovations to the companies they funded, and making lots of money certainly featured heavily. To more directly align the interests of employees with those of founders and investors, the inclusion of stock options in compensation packages became standard for rank-and-file engineers. As one Silicon Valley company founder and former venture capitalist told a new Stanford graduate he was recruiting, “No one ever got wealthy from salary. For that you need equity.” Fresh out of graduate school in the late 1990s, Mehran saw that firsthand. Interviewing for a software engineering position at a small start-up, he finished the day by meeting with one of the company founders, a serial entrepreneur, who started the interview by saying, “I don’t have any questions for you. But I can tell you that we’re all going to be fucking rich.” He wasn’t wrong. Less than two years later, that company would hold an initial public offering (IPO) and reach a market capitalization of more than $10 billion, making all its early engineers millionaires—at least on paper for a short time. The dot-com crash of the early 2000s would begin only a few months later.

The potential for gaining riches from a future IPO adds more tinder to the fire that fuels the breakneck pace of technological development. Even established companies have used the lure of equity to grow their ranks. Microsoft recruiters, for example, would ply new candidates with projections of the potential future value of stock options.

With engineers often at the helm of companies and the firms funding them, it’s no surprise that the optimization mindset would come to play an important role in how these companies are managed. In his book Measure What Matters: How Google, Bono, and the Gates Foundation Rock the World with OKRs, Doerr espoused the management principle of objectives and key results (OKRs), a concept originally developed by Andy Grove at Intel and now widely used at a number of technology companies, including Google, Twitter, and Uber. OKRs are the metrics that drive performance evaluations and corporate growth. As Larry Page noted in the foreword to Doerr’s book, “OKRs have helped lead us to 10x growth, many times over.” And an increase in a business’s profitability translates into higher stock prices and greater wealth for those granted stock options.

It also translates into reward systems that shine a spotlight on engineers who help companies realize their OKRs. In 2004, Google initiated the Founders’ Award to recognize teams that made substantial contributions to the company. One of the first such awards was to a team of ten engineers who had worked on the company’s early ad-targeting system. The award, presented at a company all-hands meeting, led to audible gasps when the prize amount was revealed: $10 million to be split among the team.

The marriage of technology and capital has come to define the “move fast and break things” culture of Silicon Valley. The countercultural notion of a free and uncontrolled cyberspace has given way to the new mantra of “blitzscaling,” where companies grow as quickly as possible to grab a dominant market position, demonstrate hockey-stick growth to their investors, and lock in any potential network effects before competitors can respond.

The monopolistic tendencies of two-sided markets that often appear on the internet only serve to reinforce the “winner-take-all” dominance of the largest players in each market. Name the largest online auction site? eBay. Name the second largest? Who knows. Buyers want to go to the place with the most sellers, and sellers want to go to the place with the most buyers. And when the buyers at those sites are advertisers, the product they’re buying is you—or, more accurately, your attention. Conveniently, tech pioneers are happy to invert economic orthodoxy when it serves their interests. Peter Thiel, a founder of multiple venture capitalist firms, believes in monopoly, at least in technology markets. “Competition,” he says, “is for losers.”

The Engineers Take the Reins

The oft-told history of Silicon Valley as an epicenter of technological innovation traces its way back to Frederick Terman, a Stanford engineering professor who after World War II would go on to serve as dean of engineering and ultimately provost. Terman encouraged both students and faculty to spend time in industry or even start their own companies. In one of the seminal stories in the creation of Silicon Valley, two of his most famous mentees, William Hewlett and David Packard, started their eponymously named company in a garage with Terman’s encouragement.

The early emphasis on entrepreneurship, especially the focus on having researchers and engineers rather than business school graduates as company founders, laid a blueprint for how the engineering mindset would come to play a critical role in many subsequent tech companies. Whereas the first wave of Silicon Valley tech companies focused on hardware—semiconductors, microprocessors, and personal computers—with companies such as Fairchild, Intel, and Apple, it was only a matter of time before software—ethereal bits, not physical atoms—would become the dominant force in Silicon Valley’s growth.

Fast forward to 1989, half a world away from California. The mild-mannered British scientist Tim Berners-Lee, working at the CERN laboratory in Geneva, Switzerland, proposed the creation of the World Wide Web as a means of sharing research data between labs worldwide. In his acceptance speech after winning the 2016 A. M. Turing Award—regarded as the Nobel Prize of computer science—Berners-Lee recounted that the idea for the Web had initially received little fanfare and he had been heartened that his supervisor at the time hadn’t canceled the project altogether.

A confluence of events transformed a set of technical protocols developed by Berners-Lee for posting data from physics experiments into the basis for one of the greatest technological and business transformations of our lifetimes. In the early 1990s, several private internet service providers were making the Web accessible to millions and then billions of people. Many of us remember getting CD-ROMs in the mail touting America Online (later renamed AOL) or CompuServe. And by 1995, the last vestiges of government restriction on commercial use of the internet had been eliminated, making possible the “dot-com boom.” Around the same time, a pair of young engineers, Marc Andreessen and Eric Bina, were busy working on the Mosaic browser at the University of Illinois Urbana-Champaign. Released in 1993, Mosaic helped bring the Web to public consciousness, transforming it from a resource for academic data sharing into something that the public could readily access. Andreessen would shortly thereafter go on to become one of the cofounders of Netscape Communications along with Jim Clark, a former Stanford engineering professor and the founder of Silicon Graphics, and release the Netscape Navigator browser in December 1994, bringing the Web to the masses. Within a year after Navigator’s release, Netscape held its massively successful IPO, giving Andreessen, at the age of twenty-four, a net
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