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How Alphabet Works

“What’s different now?”

This is one of Eric’s favorite ways to start a conversation (he’s a real hoot at dinner parties!). It usually generates an interesting response, because we are fortunate enough to live and work in a time when technology is advancing at an amazing pace, changing many lives and businesses along the way. The question is always relevant. Something is always different.

Today, many things have changed from when we first published How Google Works in the fall of 2014. One big difference is that the number of business leaders who trek from all over the globe to see what makes Silicon Valley Silicon Valley has increased substantially. Everything is speeding up, and executives from all sectors who are intrigued by the valley’s longstanding status as an innovation engine want to come and learn from it. These are people from proud and prosperous companies with rich legacies and strong leadership, and they have powerful questions: How do they keep pace? Who should they hire? How do they create new innovation? How do they shift their culture while retaining its best aspects?

We wrote How Google Works because we believe that the art and science of management has changed in the twenty-first century. Empowered by information and technology, individuals and small teams can have enormous impact, far greater than ever before. We witnessed this phenomenon firsthand at Google, and we believe that much of what we learned in helping build the company could be useful to other business leaders. So over the past couple of years, when these leaders have come to Google to see how we work and how they might adopt some of our principles, we (along with our coauthor, Alan Eagle) have happily listened to their questions and answered with the lessons we have learned.

The result? Lots of nodding heads and engaged conversation, but very few results. They listened but rarely acted. Although they never told us this directly, our visitors let us know that our lessons and insights were very interesting, and were perhaps what they needed, but were practically impossible to implement. They looked at us in an almost avuncular way, as if they were the wise parents and we the ebullient, bright, hopelessly naive teenagers. As if the things we were telling them to do wouldn’t work for them, and someday—when we grew up—we would understand why.

Another answer to Eric’s “What’s different now?” question, apart from the increasing number of business leaders visiting Silicon Valley, is Google itself. The Google we describe in the book is the one we helped lead as CEO (Eric) and head of products (Jonathan) from 2001 to 2011, when we both stepped down from those operating roles and took on new responsibilities. That Google grew from a small start-up to a multinational success story with over 25,000 employees. Impressive, to be sure, but that was a long time ago. Five years later, Google is a subsidiary of Alphabet, and we have grown into a much bigger (over 60,000 employees, $75+ billion revenue) and more complex enterprise, with businesses ranging from search and video advertising to mobile operating systems, digital media, laptops, and developer and enterprise solutions, alongside speculative projects such as self-driving cars, smart contact lenses, and high-bandwidth connectivity via fiber or helium balloons. This is a very different Google, so much so that while the principles we describe in How Google Works are still in practice, some very important new ones have emerged as well. 

This change was driven home for us in a typical Google way: A software engineer told us about it. We stood in the hallways of the Google offices in New York in late September 2014, a week after the publication of How Google Works and moments after having hosted a lively question-and-answer session about the book with our fellow Googlers. As we chatted with those coworkers, one of them explained that he had an issue. His manager was not letting him work on 20 percent projects (which is Google-speak for a side project of one’s own choosing). Offering Googlers this sort of freedom is a long-standing tradition and management philosophy at the company. However, this one engineer’s manager had chosen not to allow it. He performed well at his job, he told us, and he had some new things he wanted to try out, but his manager wouldn’t permit it. That’s when he suggested that our title might be off. “Maybe you should have called it How Google Worked.”

When we looked into it, we learned that this situation was an exception and that the concept of 20 percent time was (and is) still alive and well at Google. However, the “how Google worked ” sentiment was one we heard several times as we talked to Googlers about the book. It became apparent to us that as Google had grown, it had naturally become slower and more process-driven. This started to happen in the last few years of our tenures; at one point, while he was still CEO, Eric wrote a company-wide note called “Avoiding the Big Company Syndrome,” which was all about maintaining our speed. But the comments we were hearing from Googlers helped us realize that perhaps we had not been very successful in achieving that goal. Perhaps our avuncular friends from those big, mature companies were right. Our conclusion: Practicing what we preach in How Google Works gets very difficult when a company gets big.

In his 2013 Founders’ Letter1 Larry Page noted that “over time many companies get comfortable doing what they have always done, with a few incremental changes. This kind of incrementalism leads to irrelevance over time, especially in technology, because change tends to be revolutionary, not evolutionary.” Larry was concerned that as we were slowing down, becoming more process-driven, and acting like a big company, we ran the risk of realizing our worst possible fate: becoming irrelevant.

This is what drove the creation of Alphabet, which we announced in August 2015. Google became a subsidiary of this new holding company, and several other businesses that had been operating as autonomous units under Google spun out and became independent companies under Alphabet. We call them “bets”: Waymo (self-driving cars), Nest, Verily, X (formerly Google[x], includes Loon and other “moonshots”), Calico, Fiber, Google Ventures, DeepMind, Google Capital, and Sidewalk Labs are now separate from Google, with their own culture, processes, and leadership. They have the freedom to operate as they choose and to succeed (or fail) on their own. And with a rigorous internal capital allocation process, their CEOs face similar financial pressures as any other CEO trying to grow a business.

There were several reasons behind the Alphabet
   restructuring, but the most important one was that it would allow
   us to get more ambitious things done. Not just putting more
   ambitious things on our to-do list, but doing things that are more
   ambitious than the things already on the list (which seems like a
   semantic distinction at first, but in fact is different). The
   Alphabet decision itself was ambitious, and typically Larry: bold, innovative, decisive. To our knowledge, no company of our size has ever done a corporate restructuring like this. Companies create operating divisions with presidents; they don’t cleave themselves into multiple pieces, at least not when things are going well, as they are at Google right now. They don’t create a new holding company with a new name when the existing brand is one of the strongest in the world. And when they do any form of restructuring, they don’t announce a thing until all the i’s are dotted, t’s crossed, and the FAQ2 sheet is chock-full of well-scripted responses to every possible question. They don’t finalize the decision and announce it mere weeks later, with many of the details still to be worked out. But all of these are things that Larry did with the Alphabet decision. Once he and the management team decided (and the board agreed), he moved quickly and didn’t look back. He didn’t have all the answers, but he knew he had to act.

The core principle we espouse in How Google Works is still absolutely true: The only way to succeed in business in the twenty-first century is to continually create great products, and the only way to do that is to attract smart creatives and put them in an environment where they can succeed at scale. The problem is, as we have discovered, in a large company it becomes more and more difficult to create that environment. In fact, forces in big companies can actively conspire against those smart creatives who are trying to do something different: You aren’t just trying to climb a mountain; people are dropping rocks on you as you ascend! Alphabet is our bid to defeat these forces and keep Google and its sister companies nimble, uncomfortable, and relevant.

This new chapter is our opportunity to update How Google Works with principles from today’s Google and Alphabet, which we hope may be helpful for business leaders at other companies who may agree with the concepts in our book but think that their companies are too big, slow, or entrenched to adopt them. We still stand behind everything we say in the book. But recent changes at Google have taught us a few new lessons on how to keep those smart creatives we so dearly love excited and doing amazing things. We start by describing the thing that often holds big companies back—process—and how sometimes the best approach is to ignore it. Then we talk about those new management principles that we have been applying here at Google and that led to the formation of Alphabet: organizing around CEOs whose impact is the highest, (still) betting on technical insights, thinking big and acting small, de-risking technology and business, and taking on “roofshot” projects as well as “moonshots.” And we conclude by reasking ourselves another favorite question: What could be true in five years? You’ll have to stick around to the end of the chapter to get our answer, but here’s a hint: Like many human problems, eventually a machine will be able to figure it out.

Give them air cover

Process is a great thing. It is the art and science of taking something that needs to be done and reducing it to a documented set of steps, often supported by information tools and systems. With process comes scale; you absolutely need process to grow a company profitably.

At some point, though, process starts to take over. It becomes so entrenched that it can trump common sense and cause executives to, as our head of business operations, Kristen Gil, says, “lose muscle memory.” People stop thinking and instead just depend on the process to make decisions for them. As process gets better, judgment can weaken. It’s like there is a big pendulum in companies, swinging from centralized control and consistency on one side to decentralized chaos on the other. In a big company, that pendulum always pulls toward the control side. But a start-up, or any new venture that is trying to do something big and new, favors the chaos. Start-ups don’t run on process, they run on ideas, passion, and a common set of goals. They don’t wait for the meeting to make decisions. Dependence on process, no matter how well intentioned, squelches start-ups and the start-up spirit. 

When our longtime friend and colleague Salar Kamangar was head of YouTube, he was having trouble attracting engineering talent from other groups at Google to come work for him. (Salar is currently an advisor to Larry Page. Susan Wojcicki is YouTube’s CEO.) It slowly dawned on him why. Because YouTube was much smaller, there were fewer opportunities for moving up the chain. Therefore, the promotion process made it easier to get promoted when working for the Google mother ship, and harder to do so when working for YouTube. Engineers intent on promotion saw moving to YouTube as being detrimental to their careers. That’s screwed up.

It’s not just people processes that can hurt innovation; budget processes can do it too. Looking at YouTube again, in late 2014 Susan Wojcicki was negotiating her operating budget for 2015 and wasn’t happy with what she was getting. The budget process dictated that operating expenses be allocated in accordance with revenue; generate more revenue, and you get more money to run your business. This is a classic approach to budgeting, and it makes sense if your primary objective is efficiency.

But Susan (and any other start-up CEO) doesn’t think of budget just in terms of operating expenses to run the business. It’s an investment in growing the business. The typical MBA finance jock might want to allocate the budget by estimating the cost of capital, setting that as the target hurdle rate, ranking all projects based on their IRR (internal rate of return), NPV (net present value), or CUF (complex useless formula), and then doling out the cash until it runs out. The typical CEO knows that the budget shouldn’t be set by how much revenue the business will generate in that fiscal year, but rather the potential ultimate market value of the venture some years down the road. While Susan was battling Google’s budgeting process to get the investment she thought she needed, she knew that if YouTube were a separate company she could have easily gone to the venture capital community and raised that much and more in a few days. For this small company within the big company, the process had become counterproductive.

When companies get big, they devote most of their care and feeding to the business that got them big. This is as it should be, but it makes things much harder for new businesses that aren’t tied to the core. The noncore business needs to convince the CEO and other leaders of its value, and those execs usually try to assess that value in terms of the core. It’s a matter of numbers: A new venture within a big company won’t be able to move the bottom line enough, so the tendency is to say, “Why bother?” It almost always looks like a better use of capital (and certainly less risky) to invest in the core business than in something that’s highly speculative and not likely to contribute in a meaningful way for years to come.

The antidote to these issues is to break your own processes. This usually requires “air cover” from a senior leader in the company, someone who says it’s OK not to follow the rules and has the power and authority to fend off the antibodies who will attack the rule-breaker. John Hanke’s Niantic Labs was one of our early experiments in process-breaking. John joined us in 2004 when we acquired Keyhole, which provided the technology that helped us launch Google Earth. John was CEO and cofounder of Keyhole, and went on to lead our mapping (aka “geo”) products for several years. But by 2011 he was getting restless and had what he thought was a great idea: a new gaming platform that would use technologies like mobile phones, Google’s map products, and an emerging experience called “augmented reality” to let people play digital games in the physical world. He decided to leave Google so he could start this new venture, but when he told Larry Page of his decision, Larry had a surprising response. At the time, we were experimenting with different ways we could give people like John—proven leaders with an itch to start something new—a way to pursue their vision within Google. Larry agreed that John should start his new venture, but he should do it within Google.

We had a few autonomous units operating within Google at that time. John’s venture, which he called Niantic Labs, included a separate compensation structure and independent decision-making. It was fairly challenging to set up, but once the details had been worked out, John and team had the freedom to set their own hiring practices, create their own offices, work unfettered across numerous Google product teams (“breaking walls,” John calls it), and launch products under a much more streamlined process. It was about as close to a start-up environment as could be achieved within a big company.

Niantic first introduced a mobile app called Field Trip, and, in 2012, a multiplayer game called Ingress that’s sort of like capture the flag with a sci-fi story line. Ingress was a moderate success, and it paved the way for Pokémon Go, the gaming craze created by Niantic (in partnership with the Pokémon Company and Nintendo) that swept the United States and other countries in the summer of 2016. Niantic Labs spun out of Google in September 2015 and is now an independent gaming and platform company based in San Francisco.

John got to pursue his idea and see it become successful, and Google got to see that this experiment of giving a strong leader the means to create a start-up within the company was feasible and potentially quite productive.

Organize around people CEOs whose impact is the highest

In How Google Works we preach that organizational design is challenging and that leaders should always organize around people whose impact is the highest. This is still absolutely the case, but we’d like to add a new corollary. As a company gets big and complex, you can’t just organize around people who create innovation; you need to organize around people who can create and lead entire new ventures and businesses. This is a special class of smart creative: the CEO.

The decision to create Alphabet was driven in part by the realization that leaders with the audacity and talent to start new businesses are a special breed and are often averse to working within the structure of a big company. They need the freedom to build things their way, without being forced to adhere to cumbersome processes or politic across various teams. When you are a big company, it can be hard to hire people like this, and when you do hire them, it’s hard to make it work. Besides, big, audacious ideas don’t usually all fit in one home, under one brand. 

We wish we could say we came to this conclusion by smart strategic analysis and sage wisdom. But in fact we had to figure it out the old-fashioned way, by trial and error. We were able to hire a few CEO types to run a smattering of autonomous groups, like Art Levinson to run Calico and Andy Conrad to run the life sciences team at Google[x] (which subsequently became Verily). Art and Andy are people who constantly think about solving big problems, which is exactly the type of person that Larry likes running things at Alphabet. But sometimes even the little things can get in the way of big ideas. One of our “bet” CEOs was surprised one day to see a well-meaning Google workplace-safety person carting perfectly good salt out of a lab because it was past its expiration date (perhaps important for cafés, not so much for labs). Later, he found himself caught up in drafting a public relations question-and-answer document for a Google issue that touched his company only in a most peripheral way. Freeing him from requirements like these would let him focus on the work he actually wanted to do.

When we started to work with people like Art, Andy, Demis Hassabis of DeepMind (owned by Google), and Astro Teller of X, we started to see that the best approach would be to do what we did for Niantic on a grander scale. Alphabet was created so we could attract the best CEOs, the ambitious visionaries who want to solve big problems with technology, and give them an environment where they can thrive at scale.

Still bet on technical insights

There was another reason the Niantic experiment worked, besides the fact that in John Hanke it had a strong leader. They got the product right. They had the insight that digital technologies could be used to create amazing game-playing experiences in the physical world, and so far that looks like a sound bet. None of this stuff about giving people air cover and organizing around CEOs works if you don’t get the product right. In fact, Alphabet was created with the idea of letting our CEOs spend all of their time on creating products. The best products are still the ones that are based on technical insights, those unique ideas that apply one or more technologies in a new way to solve big problems. When it comes to evaluating where to create autonomous units, this is the primary thing we look for: not a business strategy or financial model (although those are necessary), but a strong set of technical insights.

We list several examples of technical insights later in the book, but recently we came across a new one that demonstrates just how powerful they can be. A few years ago, a Google engineer named Jim McFadden, who was part of our research team, was looking into how he could observe user behavior (on an anonymized basis) and conduct linear regression on those observations at a massive scale. This could potentially help us get smarter at customizing user experiences. (Let’s call this insight #1.) He realized that this capability might be interesting to other teams at Google, so he created an API for it (a standard way for other programs to access his system). Some YouTube engineers heard about this and seized upon it as a way to get smarter about recommending what videos a user should watch next. They implemented their change, and the impact was amazing: The number of video views (the times someone watches a video) went up.

Meanwhile, an engineering director named Cristos Goodrow had just come over to YouTube from our commerce group. YouTube’s most important metric at the time was video views, which Jim McFadden’s system had recently so admirably boosted. Cristos came from commerce, where success is measured by how much people spend. Cristos decided that the equivalent of money in the YouTube world wasn’t views, it was time. The point isn’t getting people to click on videos, but to watch them. (Insight #2.) Cristos was able to convince Salar and the rest of the YouTube leadership team that he was right, and they took the system that Jim McFadden had built (by now Jim had come over to YouTube) and used it to optimize for watch time. If you noticed that YouTube has gotten much better at suggesting the next videos you should watch, you’re right. And you’re not alone: The total amount of time people spend watching videos on YouTube has increased substantially. That’s the power of technical insights.

It is pretty easy to tell these stories now, with 20/20 hindsight. It’s much harder to actually develop, refine, and build upon technical insights. Fortunately, we are smart enough to realize that we aren’t that smart and that many great technical insights are being developed by people who don’t work for Google. This has led us to acquire a lot of companies, and along the way, we discovered that our mergers and acquisitions (aka M&A) process, and a meeting called “deal review,” is in itself a critical tool to test the insights of our product strategies against the best companies emerging in the field.

In most companies, M&A is a multilayer, finance-driven process. In high tech, acquisition targets are usually introduced by product or corporate development teams, with the corp dev team then conducting due diligence that is focused primarily on the financial aspects of the deal. There are review steps—finance, legal, etc.—and then finally the deal is presented to senior leadership for approval. The multilayer process is designed to weed out most of the bad deals, so by the time the initial idea reaches the CEO for final approval, it has been thoroughly scrubbed. Many proposed deals never get to that point, which means that the company leaders never get to have a discussion about whether or not the target company is doing something interesting.

Our process is much simpler. Product teams still work with our corporate development teams to suggest acquisition ideas, and we still conduct the necessary financial and legal reviews. Some filtering occurs, but as long as a product lead is willing to sponsor a deal, it will end up on the docket of our weekly deal-review meeting even if others around the company harbor serious concerns. At the meeting, which includes Larry Page, Sundar Pichai, and most other leaders, the M&A team introduces the company and covers its financial metrics. Then we spend the balance of the time looking at the product drivers behind the acquisition. Product teams lead this discussion, which is usually focused on our own strategy and how the potential acquisition sheds light on and potentially improves that strategy. Do we have the right insights, or has the market or technology shifted in some fundamental way? Have we set the right milestones for ourselves? Are we executing successfully? Is there a better way to achieve our objectives? What does the data show? Ultimately, the deal isn’t assessed on financial or legal terms, but primarily on its value from a product and organizational standpoint.

We think this type of discussion is tremendously helpful, which is why we are willing to spend precious management time debating a broad pipeline of deals. It could be a small deal or an obviously bad one, but we still might put it on the agenda because the ensuing debate will be valuable. Rather than seeing that as time wasted, we have come to realize that it is time well invested.

Many of our success stories started as acquisitions (YouTube, DoubleClick, Keyhole, and Android, to name just a few), so we now have a senior team of leaders at Google and Alphabet who are quite comfortable with innovations and insights sourced from outside the company. Not-invented-here attitudes are a real danger in big companies; you need to have leaders who are OK with acknowledging the limitations (or outright failure) of internal efforts in light of the success of outside ones. It was this attitude that let us buy YouTube and shut down our own Google Video. And that led us to see the tremendous value in Waze as a complement to our own hugely successful Google Maps. It takes humility to make deals like this, which is exactly what our M&A process is designed to engender.

Let the core focus on the core

We mentioned a few paragraphs back that new ventures within a company are apt to get squeezed, because people will always default to investing in and paying attention to the core business. This happened at Google too, but once we started creating autonomous units within the company for ventures like self-driving cars and Google Fiber, we noticed an opposite but just as potentially damaging trend: The new ventures were drawing attention away from the core.

This epiphany came to us during a corporate off-site meeting in spring 2014. Called the Executive Circle, it was part of a regular series of meetings attended by Google leadership to discuss the company’s most pressing issues and our strategy. That year the event was being held in Santa Barbara, California, and as attendees arrived on-site they were shown an agenda that included several of the moonshot projects currently under way: Loon, Fiber, self-driving cars, Calico, and various life sciences. In fact, a disproportionate part of the day would be spent on moonshots. Eric’s maxim, which he learned from Bill Gates, is to spend 80 percent of your time on 80 percent of your revenue. In planning for that day in Santa Barbara, we got the numbers wrong; most of the time was going to be spent on projects that were not, as yet, generating substantial revenue.

Several people noted the discrepancy and we were able to make some adjustments on the fly, but the oversight symbolized another motivation for the Alphabet restructuring: to help Google focus on its core businesses without the distraction of the alluring moonshots. As Larry said in his letter announcing Alphabet, the new structure doesn’t just allow us to pursue new ideas that are “pretty far afield” from Google; it also lets us “keep tremendous focus on the extraordinary opportunities we have inside of Google.” Moving the bets out from under the Google umbrella has helped Googlers to focus more on driving growth and innovation in the core business.

Think big, act small

Innovation can be particularly challenging in a company of Google’s size. In a way, the idea to move the bets such as self-driving cars and Fiber out from under Google solved the easier problem: how to let these start-ups, which are unrelated to the core business, operate autonomously. But once Alphabet was formed and the bets moved, we had to consider the tougher part of the problem: how to continue to inspire and allow innovation within the core Google business. Google’s entire culture, values, and operating practices were all created with innovation in mind, and even as the company grew, innovation flourished, pushing product areas like search, ads, Android, and YouTube forward with continuous improvements. Still, what about the brand-new big bets that might emerge from the core business? We knew there were tons of big new opportunities in there somewhere. What else could we do to find them and let them grow?

We have long felt that the start-up model, with small, autonomous teams located in one office led by passionate founders, is the most effective way to achieve remarkable new things (or fail quickly in the effort). So we wondered, What if you could figure out a way to think big (solving big problems by taking advantage of big-company assets such as talent, resources, and technology) while simultaneously acting small (growing “start-ups” built through bottoms-up insights and with the autonomy to move fast)? This think-big-act-small concept was the inspiration for a new program called Area 120. We have always had “20 percent projects,” where Googlers are allowed and encouraged to work on projects of their own choosing. Area 120 gives a select group of Googlers the opportunity to spend 100 percent of their time on 20 percent projects (100 + 20 = 120!). Teams are given the money, space, and autonomy to pursue their ideas, and founders are given the chance, in the words of Don Harrison, who runs the lab alongside Bradley Horowitz, “to throw themselves against it as hard as they can.” We attempt to re-create the Darwinian world of start-ups by establishing aggressive milestones and timelines. For example, of the inaugural class of fourteen teams that started at Area 120 in September 2016 (selected from more than three hundred applicants), we expect half to fail within six months. Area 120 becomes a new arrow in our innovation quiver, giving Googlers another way to try new big things.

De-risk and dipstick

One day John Krafcik, the CEO of Waymo (our self-driving car initiative), was leaving the building to go check out some new office space. Given the growth trajectory of his team, he knew it would soon outgrow its space in the X building and would have to find a new home. On his way out, he ran into Larry Page. John explained to Larry what he was doing. Larry’s response, John later told us, was to tell John that office space was something the Alphabet facilities team could take care of for him. Instead, Larry suggested that they spend the time reviewing the team’s technical progress on the next-generation car.

One beautiful characteristic of a structure like Alphabet’s is that once you get those dynamic CEOs in place, they can focus on the most important aspects of a new venture—namely, as John Krafcik terms it, “de-risking the product and business.” They don’t need to spend time on things like office space (which can be remarkably time-consuming and political for senior execs); Alphabet takes care of that. Instead, they can focus on making sure the product works and is consistent with their vision, and that the business model is commercially viable. De-risk the product and de-risk the business; everything else is secondary. Only after those two things have been proven to work do we look to scale the business.

The de-risking process is highly iterative. Astro Teller often says that projects at X succeed only when they “fail to fail.” Each step along the way is an effort to make the project fail, to prove that it is flawed. We look at granular technical, business, and financial milestones, and pace investments to those milestones. When the team fails to fail, we move the project on to the next step. (X sometimes gives bonuses to teams that fail well, reasoning that by calling it quits on a project that was bound to fail, the team saved the company money.) Each iteration is done as cheaply as possible— “scrappy” is a big word around here—with small teams building clumsy prototypes out of off-the-shelf parts. For example, in mid-2016 the self-driving car team was planning its next prototype, and discovered it could drive down the unit cost of a critical part by committing to a big order. The plan called for only a relatively small number of prototypes, much smaller than the order required, but the team reasoned that it would use the additional parts later in the project.

That idea didn’t fly. (“Come with me back to prototype land,” Larry told John.) The ethos is always to build the prototype as cheaply as possible, and to worry about scaling only after the prototype fails to fail. This was how Google innovations such as the Street View car got started, and this is the approach the bets take as well.

Not long after John’s excursion to see new office space was abruptly canceled, he was walking through the details of a set of systems in the latest version of the self-driving car with Larry Page and Sergey Brin. One or the other would question a detail, and the three of them would head off into a deep discussion about the design of some component. John calls this practice “dipsticking” (is he a car guy or what?), and when he told us this story it reminded us of working with Larry and Sergey at Google, where they frequently engage the engineers in deep design discussions. The point of these discussions is to ensure that project leads and engineers are deeply focused on the product, understand their technical insights, and can defend their decisions. It also helps bring a different, bigger perspective to these decisions. On that day, when John sat on the couch between Larry and Sergey, dissecting the different systems of the car prototype, Larry picked up on one decision that he thought was a poor one. He pushed John to consider a future a decade down the road (our pun, not Larry’s), when the technology would be much, much better. The outcome of this seemingly minor decision would probably still be in place, and by then it would be hampering the progress of the project. John reconsidered, consulted the team, and they changed direction. Larry and Sergey’s dipsticking tendencies had helped improve the design of the prototype and reminded the team of their bigger-picture objectives.

Moonshots and Roofshots

Perhaps the best known of Google’s innovation principles is our mantra to think big, to make things ten times (or “10X”) better and not just 10 percent better. This has led us to take on moonshot projects such as self-driving cars, smart contact lenses that monitor glucose levels in diabetics, affordable Internet access for everyone on the planet via helium balloons, and airborne kites that generate wind energy at one-tenth the cost of traditional windmills. Thinking 10X and pursuing moonshots are great and we still believe in them, but as they have gotten more and more attention both internally and externally, the “think big” approach has threatened to eclipse the less sexy but just as important work of continuous improvement. We wish we could say that we spotted this potential issue through our finely honed skills of observation and judgment, but that would be fibbing. We spotted it because one of Google’s smart creatives, Luiz Barroso, talked about it in a smartly worded internal Google+ posting in late 2014 that was forwarded to us. He called it his Roofshot Manifesto (“We choose to go to the roof not because it is glamorous, but because it is right there!”), and it quickly spread among Googlers.

In his manifesto, Luiz correctly called out the “over-glamorization” of the moonshot 10X dogma at the expense of the very real accomplishments of “methodical, relentless, persistent pursuit of 1.3–2X opportunities,” which he called “roofshots.” Examples of these roofshots include Google search, which launches around five hundred improvements every year, and our powerful and efficient data centers, which started as a pile of machines in the cages of an external hosting service. When you look at how great search is now, and at the amazing efficiency of the data centers that power it, these developments can seem like moonshots, because they are well over ten times better than when we started. But they didn’t get that way through a few giant leaps. Rather, it was lots of small steps that built them. Luiz concludes that “a sequence of roofshots is a compelling innovation model that can produce both quick returns and sustained transformative results.” We talked a few paragraphs back about YouTube and its shift to focus on watch time as a metric rather than video views. Once they made that shift, they set for themselves a moonshot goal of one billion watch hours per day, which is a very audacious number (global TV viewing totals around 10 billion hours per day). At the time, we were registering a bit over 100 million hours per day, so this was a 10X goal. To get there, the team has focused almost entirely on 1–2X projects, which have been quite effective. The math works: If you do something 1.3X every quarter, you’ll hit 10X within three years.

The other advantage of roofshots is that they give the people working on the products faster gratification: They get to ship things that work and make a difference. Moonshots can fail, and a lot of hard work can get put aside and never see the light of day. This rarely happens with roofshots.

Finally, moonshots are fun and sexy, but most people don’t get to work on them. Our “moonshot factory,” X (formerly Google[x]), gets lots of press but is tiny compared to the size of the rest of the company. A few people get to work on moonshots, but everyone can work on roofshots, driven by 10X goals but working on 2X ideas. Luiz sums it up perfectly with this advice: “Go out there and have huge dreams, then show up to work the next morning and relentlessly incrementally achieve them.”

The new five-year question

It’s easy to have huge dreams when technology is driving exciting change across so many businesses. In the conclusion of How Google Works we suggest that business leaders should be constantly asking themselves the question, What could be true in five years? We ask ourselves and those around us this question quite a bit, mainly because the answer can change so quickly. It forces us to look at what’s different today and then imagine what could happen if that trend continues or accelerates into the future.

So what’s different today? The thing that has really astonished us recently is the rapid progress that has been made in machine learning. Computers, as we all know, are great at calculating things, but not nearly as good at solving the mushy, complex problems that humans deal with every day (“Where should we go for dinner?”), as well as the less complex ones (“What kind of dog is that?”). This is where machine learning comes in. It refers to the idea that machines can actually learn and get smarter as they go. They no longer have to be programmed with the answers (or the formulas to calculate the answer) from the outset; they can figure it out based on data they accumulate along the way.

The concept of machine learning has been around
   since 1955, when computer scientist John McCarthy,3 who was teaching at Dartmouth College, proposed a summer research project to look at how computers could possibly develop what he termed “artificial intelligence.” The problem turned out to be a bit more challenging than originally envisioned, but it got a real boost in the 1980s when computer scientists started developing “deep neural networks.” These are layers of computer algorithms that work together to recognize patterns in data and learn from them. At that time, computers were not nearly powerful enough to bring the theory to life except in the most rudimentary way, but today they are. One of those deep neural net pioneers, Geoff Hinton, came to Google in 2013 and immediately joined Jeff Dean (one of the heroes in our “These ads suck” story in the Culture chapter) and several other smart creatives in an effort to develop a machine learning platform. They called their team “Google Brain,” and the platform they created yielded some pretty spectacular results.

Let’s say you use Google Photos as your primary photo app (shameless promo: you should). You can set it up to automatically back up any photos you take with your phone, and can easily upload any images you may have on your home computer as well. All of these photos and videos are securely and privately stored in Google’s cloud, where you can search, sort, edit, and share them. It is the searching part where things get really interesting. It used to be that searching your photos was pretty limited: You looked things up by date, just like you did when you (or your parents!) had negatives and prints in shoe boxes. But today, in Google Photos, you can search your photos by place (“London”, “San Francisco”), subject (“dogs”, “cars”), person (“Mom”, “baby”), or even what people are doing in the photo (“hugs”, “dancing”). It automatically groups photos into collections, organized by people, places, and things. No training is required. Rather, Google Photos has learned, via a neural network dozens of layers deep, what all of these things are—just so you can search all of the photos you’ve ever taken for that one picture of that time you were tossing a ball with your family on the beach, at sunset, in Maui.

Today, machine learning is used by over a hundred Google services to get smarter. It has helped us get much, much better at things like recognizing speech (a whopping 25 percent improvement the first time we turned it on), translating from one language to another, image search, running our data centers (up to 40 percent reduction in energy spent on cooling), routing through traffic using Google Maps, detecting spam in Gmail, and several others.

We were so excited with this progress that we decided to share the technology externally, so in November 2015, we published an open-source version of our machine learning platform, now called TensorFlow. Machine learning is still in its infancy: Computers are stumped by problems that a four-year-old solves routinely, like understanding natural language or naming dinosaurs. We hope that by making this amazing platform generally available, we can accelerate research on machine learning technology and spread its benefits to many new types of uses.

What sort of uses could those be? What could happen as machine learning gets better and better over the next five years? Coming up with awesome ways to search for photos sure is nice, but it’s not exactly life shattering. If you look around, though, you can easily see lots of situations where we have dumb systems working on complex problems. Traffic jams are horrendous in megacities around the globe, wasting eons of time and tons of energy. Could we reduce them with smarter metering systems and better urban planning? Language barriers hamper trade, diplomacy, and commerce. Could we eliminate them with real-time, 99-percent accurate translation systems, the Star Trek universal translator two hundred years early? Lots of energy is wasted through inefficient power systems and a grid that can’t precisely match supply to demand. Could we save much of it through a smarter grid and systems that talk to each other? Hundreds of thousands of people die in car accidents every year. Could we reduce that tragic loss through cars that drive themselves and automatically communicate with each other? Doctors diagnose medical conditions every day. Could they get better and faster at it with the help of computer imaging systems and lots of data? Do you need a doctor to tell you that your child has an ear infection? Or could your smartphone do it?

Think of any situation where lots of data is available and there are complex problems to be solved. With machine learning platforms, computers can be trained to solve that problem. In our conclusion to How Google Works, we speculate about the next smart creative, toiling away in a garage, lab, or conference room somewhere on a new venture, intent on making Google irrelevant. Today we realize that’s probably not what she’s doing. Yes, she’s toiling away on something potentially great, but she’s not trying to make Google irrelevant; she’s trying to create the next Google, a company that uses machine learning and other evolving technologies to solve very large, complex, painful human problems. Transportation, health care, genomics, climate science, cybersecurity, or even something as confounding as scheduling meetings: The opportunities abound. You haven’t heard of her yet, but in another decade or so, her company will be a household name with a product so ubiquitous and powerful that we won’t imagine how we lived without it. Sound familiar?
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