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For Fatima




YOU CAN SWIM ALL DAY IN THE SEA OF KNOWLEDGE  AND NOT GET WET.


 


–Norton Juster, The Phantom Tollbooth




PREFACE


Did you know that Richard Feynman started developing the equations that won him the Nobel Prize after seeing someone throw a plate in the air? Or that John von Neumann modeled parts of his electronic computer on a friend’s idea about how memories are stored in the human brain? Or that the sight of a kicking and screaming orangutan at the zoo led Charles Darwin to his big idea? What Feynman, von Neumann, Darwin, and others have in common is that they see physics and mathematics and science everywhere, way beyond the confines of their laboratories.


Even if you’re not gunning for a Nobel Prize, you probably do things in your everyday life that can be modeled as algorithms. In fact, you apply them on a daily basis to solve various problems: finding pairs of socks in a pile of clothes, deciding when to go to the grocery store, determining how to prioritize your tasks for the day, and so on. An algorithm is a series of unambiguous steps that achieves some meaningful objective in finite time. The series might begin with some input and is expected to produce an output. Those are an algorithm’s characteristics. What’s fascinating is that Babylonian tablets from around 1800 to 1600 BCE reveal that ancient Babylonians wrote down their procedures for determining things like, say, compound interest or the width and length of a cistern given its height and volume using algorithms. That is to say, their procedures were made up of an unambiguous series of steps; they had some input, some output, they eventually terminated and they were useful. Algorithms can thus be found in the works of various contributors to mathematics over the centuries. After the advent of computers, these characteristics have proved crucial because they allow computers to carry out tasks in a way that is predictable.


Despite the importance of algorithms in our lives, texts on the subject tend to focus largely on intricate details—the “how”—while perhaps ignoring the more practical lessons of those algorithms that make them appealing. The seemingly simple everyday tasks we just mentioned can be undertaken in a number of different ways. The more aware we are of those ways, the better we can hone our ability to achieve a task in the most efficient way. Think of it like enhancing a general-purpose intuition that we all possess. That’s where Bad Choices comes in. This book aims to acquaint you with algorithmic thinking by highlighting different ways of approaching everyday tasks and pointing out how these approaches fare relative to each other. For instance, two methods of looking for a shirt in your size on a rack of shirts might be described like the following graph.1
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Those shapes of lines have names like linear and logarithmic, which we will flesh out and discuss throughout the book. And while both approaches are comparable in terms of performance when we have a few things, notice how that changes as the number of things increases. This book includes twelve familiar scenes, such as a living room, a tailor shop, and a department store. In each scene, there are a number of potential tasks to be done. After each illustration, a paragraph describes the scene, and a few pages of commentary and discussion relate the scene to concrete concepts from computer science and highlight at least two possible ways of undertaking the fundamental task at hand. One that’s slower and one that’s faster. That difference is what the book’s title aims to emphasize, albeit somewhat provocatively. The title is partly inspired by computer scientist Donald Knuth’s talk of “good” algorithms, which is to say fast or effective ones.2




INTRODUCTION


Why Focus on Relative Magnitudes?


Comparisons are amazingly powerful. One of the first things children learn are abstractions like big and small, which is why when a child asks, “How tall is that titanosaur that they now have at the Natural History Museum?” one finds that it is less meaningful for the child to hear the response, “Seventeen feet tall, little one,” and more meaningful to hear, “If Ms. Susan, Ms. Margaret, and Mr. Jascha were to stand on each other’s shoulders, Mr. Jascha would probably be able to tickle the titanosaur’s chin.”


Thinking in terms of relative magnitudes may in fact be an ability that we are all born with. Recent experiments seem to suggest that babies show as much brain activity in response to a change in an image they are seeing as they do in response to noticeable changes in the number of images they are seeing. Other experiments in remoter parts of the world suggest that people who have not been subjected to what we might call formal education reason about numbers in terms of orders of magnitude. It’s an intuition that we appear to have innately.


One subspecies of humans whose appreciation for this intuition is manifest is computer scientists. It’s what gives them the ability to recognize, fairly quickly, which of several competing approaches to solving a problem might be better. That fact is a reminder that seeing things in terms of relative magnitudes is an ability that remains useful even after you develop mastery of a field. Think of it like the mathematical notation you learned in primary school, which you continued to use throughout school and college and beyond.


This idea is a large part of the motivation behind writing this book. I had long used comparisons, estimates, and approximations to understand various concepts during my school and college years, but I dared not admit that to anyone because it felt like a less sophisticated way of learning. It wasn’t until I read books like The Strangest Man1 and that I realized I wasn’t the only one who found that way of thinking useful. Much later, I read The Art of Insight in Science and Engineering and similar books, which talk of the same idea and its implications for insight.


It is my hope that this book impresses on you the ability to better think about decisions throughout your life and better understand what trade-offs they come with. The book doesn’t aim to teach you how to better match socks, an intuition that most people will likely already have, but rather to persuade you to turn the mirror on yourself and ask, “I didn’t realize I could think about my socks in that way.” Much like critical thinking, algorithmic thinking is a highly capable tool that has the potential to impact behavior for the better.


Why Focus on Everyday Tasks?


Algorithms can be complex, but they’re also critical and often already a part of our lives. We just don’t know it or think about it much.  By highlighting those parts of our lives that serve as good models for various algorithms, we end up with an approach that has several  benefits.


It is relatable: Many of the explanations in this book leverage illustrations. Explaining by way of illustrations is not only useful because of the appeal that illustrations bring to an otherwise pedestrian work, but also because illustrations can place one in a world that is relatable, and relatable worlds are engaging and encourage you to be more sophisticated in your reasoning as you connect newly acquired knowledge with what you already know. That is precisely why analogies are so effective.


It is interactive: If you look at human history, you’re likely to find that many of the names you recognize belong to people who were educated as apprentices rather than as note takers. Algorithms are often referred to as recipes, but I find following recipes to be too much like note taking: dry, rote, and vapid. In such a model, you’re seen as a sort of container and your instructor’s task is to pour in the knowledge. To borrow yet another metaphor, it’s like watching a sitcom with a laugh track, in which somebody else is doing the laughing on your behalf. In this book each lesson is presented through an everyday scenario, encouraging you to develop your own understanding by interacting with the scenes, talking through them, and thinking beyond them to your own life and daily routines. I believe this interactive approach makes for a more compelling read and a more engaging learning experience. My greatest memories of childhood learning involve conversations with one of my parents or with a teacher, all of whom seemed to realize that process is as important for learning as intelligence.


It acknowledges multiple outcomes: One of my favorite lines about learning comes from Francis Bacon, “That use which is collateral and intervenient is no less worthy than that which is principal and intended.” Questions can have more than one possible answer. Works that are more exploratory are therefore more amenable to having multiple outcomes. One might imagine them like a science museum—parents walk up to an installation, read a label, and then try to explain to their children the lesson embodied in that installation. No one comes in a scientist, no one leaves a scientist, and yet everyone gets something valuable from the experience.
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1.


MATCH THOSE SOCKS


Baroness Margie Wana is a member of a formerly influential Viennese family who was recently indicted for smuggling Kinder Surprise eggs into the United States. She now works as an au pair in Bern and is folding clothes for the first time. Margie is shocked to discover that each member of her host family sweats through a pair of socks every half hour, making finding and matching pairs more time-consuming than she ever imagined. On the plus side, they have different shoe sizes and like different colors.


Hint: While there might be several tasks here, perhaps start with the fundamental one.


Have you ever thought about how essential a biological feature memory is in humans? The image of someone leaning back into her chair, putting one hand to her forehead, and pressing her eyes shut as she calls to mind a verse or an equation or a telephone number—that’s the quintessential human. Imagine the struggle of having to go through life without that feature, as do sufferers of dementia. For starters, you would end up having to repeat a lot of the same work. Like in Memento, where every morning the protagonist has to fill up his mind all over again with all the bits of information that he needs to carry out his primary task.


I mention this at the outset because of the fact that faster methods of solving problems are often faster because they happen to leverage memory.1 Consider AlphaGo, which last year beat a champion at the game of Go thanks to its ability to learn not only from expert humans but also from itself, thus amassing a greater memory from which to work.2 Put differently, many of the faster ways of solving problems that we will encounter in this book, simple though they are, are fast because of their ability to avoid doing the same action on the same thing multiple times. 


Let’s not get ahead of ourselves though. Back to the socks, and to poor old Margie Wana, the irony of whose name was lost on the federal agents who recently seized her stash of chocolate goodness. Margie is facing the daunting task of matching pairs of socks from a humongous pile of clothes. Let us focus on one of several tasks that exist here and consider two possible methods for taking on that task:
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Before reading any further, I would suggest working through these scenes using pen and paper, props, or whatever else you feel comfortable with. Think about what achieving the objective entails in terms of individual steps and assumptions. Try to do that for all the scenes that follow.
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