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Philosophy begins in wonder. And at the end, when philosophic thought has done its best, the wonder remains. There have been added, however, some grasp of the immensity of things, some purification of emotion by understanding.

—Alfred North Whitehead

Sometimes the light’s all shinin’ on me.
Other times I can barely see.

—The Grateful Dead



Introduction
The Beginning of the Journey


I like very much people telling me about their childhood, but they’ll have to be quick or else I’ll be telling them about mine.

—Dylan Thomas

On the first day of kindergarten, Mrs. Rosenberg explained the routine: nap time, playtime, snack time—and every day, at 2 P.M., a collective “walk through the hall.”

She didn’t say where we’d be going and she didn’t say why, but I don’t think it occurred to me to wonder. Failure to wonder, in fact, plagued me through my entire elementary school career: In sixth grade I mastered everything there was to know about the textile industry without ever asking what a textile was, and for that matter without its ever having occurred to me that a textile had to be anything at all. If I’d been forced to guess, I probably would have said that a textile was something like linoleum, but I never got so far as guessing, or even realizing that there was anything to guess about.

Anyway, when 2 P.M. rolled around we all lined up outside the classroom and followed Mrs. Rosenberg through the hall. I was cheerfully keeping pace until we turned a corner and faced the most ominous thing I’d seen in my five years on earth: a sign on the wall—a sign that was all lit up so that you could not doubt its importance—with the words FIRE EXIT and a big red arrow pointing in the exact direction we were walking.

Now, I had no idea what an “exit” might be, but I certainly knew what a fire was, and there was no way I was going to follow Mrs. Rosenberg or anybody else directly into one. So I turned around, returned to the classroom, and waited quietly for news of the mass incineration to come.

I don’t think it ever occurred to me to warn the others. Maybe I thought it was their own fault for coming to kindergarten without first learning to read. Maybe I thought it was best not to call attention to myself, lest the powers that controlled Mrs. Rosenberg come find me and cast me into the flames. I don’t remember being particularly agitated. I just sat calmly in the classroom, and when the others returned, even though it was contrary to all my expectations, I don’t think I was particularly surprised or curious about how they had managed to avoid disaster.

Every day from then on, 2 P.M. would roll around, the rest of the class would line up for its walk through the hall, and I would sit quietly at my desk. Mrs. Rosenberg never said a word. She and the class took their walk through the hall and a little while later they returned. I never doubted that sooner or later, they’d all be burned to ashes. I did start to wonder where they went every day.

That was one of the two great mysteries of kindergarten. The other great mystery was this: Every day at about 2:30 P.M., Mrs. Rosenberg would assign one of the other students to take me to the bathroom. I could never figure out why I was singled out to be taken to the bathroom; surely the other students were as needy in that department as I was. Or maybe they weren’t. Maybe they were all robots made of metal. That would explain why they could walk through fire and survive.

One day, Mrs. Rosenberg pulled up a chair across from my desk and asked me, “Why don’t you ever come with us on our walk through the hall?” I was mortally embarrassed to tell her that I was afraid of the fire, so I said, “I just don’t like to.” With just the right blend of gentleness and firmness that must be the stock in trade of any great kindergarten teacher, she said, “Well, you have to.” And I said, “Okay.”

I had no trouble sleeping that night; I felt no panic, I made no plans to escape. I accepted with Zen-like serenity the fact that I would follow the class down the hall and none of us would be heard from again; the dozen round-trips that the others had already successfully negotiated never entered my consciousness as relevant data. Tomorrow we would walk through the hall and we would never return. So be it.

But when 2 P.M. rolled around the next day, my serenity began to dissipate. I had to steel up my courage to take my place in line. But Mrs. Rosenberg had said I had to. So I did.

We walked through the hall. Past the unambiguous sign, pointing the way to our doom. But—and here the reader might have anticipated me—at the end of the journey, there was no fire. Instead, there was: a bathroom!

And in that bathroom, I had the most astonishing intellectual revelation of my life. Here were two entirely separate mysteries: Where does the class go every day? and: Why do I, and only I, get escorted every day to the bathroom? And it turned out that the two mysteries had exactly the same answer. That was the moment when I learned that the world was an intricately woven place, beautiful in its complexity, that everything touched on everything else, and that real understanding somehow depends on seeing how everything fits together.

When I told Mrs. Rosenberg that I “just don’t like” to walk through the hall, I’m sure she sensed my embarrassment, and I’m sure she thought it was the bathroom itself that embarrassed me. Unlike me, poor Mrs. Rosenberg never learned the real truth.

After that day, I never worried about the fire-exit sign again. Life was far too rich to waste time on trivia like why someone had posted such a misleading sign or what a textile might be. At age five, I had my priorities straight.

—————

Determined as I was to stay focused on the big picture, I felt sure by the age of ten that I would devote my life to studying philosophy. All other paths seemed fraught with peril. You could build bridges or write poems or cure cancer, but without a lifetime steeped in philosophy, how could you ever know that a bridge, a poem, or a medical breakthrough is a worthy achievement?

A few years later, I had the twin “Aha!” insights that diverted me from my chosen career: First, all paths are fraught with peril. What if you devote your life to philosophy only to determine, at age ninety-two, that yes, you should have gone to medical school? And second, why should it take fifty years of intense study to figure out whether a cancer cure is a good thing?

Having dashed my own ambition with these insights, I drifted along for a few years until, sometime in my teens, I stumbled onto a little book called Space and Time in Special Relativity by a Cornell professor named N. David Mermin, and discovered that it is possible to think. I mean really think. With exceptional clarity—and in sparkling prose—Professor Mermin showed me how to start with a couple of simple and unambiguous assumptions, and then tease out their logical consequences to build a majestic and entirely unexpected vision of the nature of time and space. The material was the stuff of any freshman physics course, but to this pre-freshman, it was jaw dropping.

Many years later, I was thinking about the problem of population, and more specifically the question “What does it mean for the world to have the ‘right number’ of people?” Which, for example, is better: a world with a billion deliriously happy people or a world with ten billion who are somewhat less happy? Should we aim to maximize total happiness (whatever that means), or average happiness, or some other measure?

I started with a few simple and unambiguous assumptions that I thought everyone could agree to, and teased out their logical consequences. Although I achieved only a very partial solution to the problem, I was delighted to discover that my chain of reasoning led to exactly the same set of equations Professor Mermin had been led to in another of his papers on relativity. There was, then, an unexpected structural similarity between my problem and his. I sent Professor Mermin a copy of my paper, with a cover letter thanking him for his lifelong inspiration, and I still treasure his very gracious reply.

Smitten as I was with Professor Mermin’s book, it never occurred to me that I should study physics; I doubted—and continue to doubt—that I am the sort of person who should be let loose anywhere near a sensitive piece of laboratory equipment. So I went off to college and stumbled around from one major to another (English, history, political science) until the day my friend Bob Hyman, an exceptionally talented math major, told me that infinite sets come in a great variety of infinite sizes, some much bigger than others. This sounded so intriguingly bizarre that I had to know more about it, and on Bob’s recommendation I took a course in set theory and fell in love with math.

I loved math for the same reasons I’d loved that book on relativity—for its beauty, its logical clarity, and its profound and indisputable truth. From then on, I loaded up on math courses, to the point of neglecting the college’s distribution requirements, and failed to earn my degree.

Fortunately, by the time it became clear I wouldn’t be graduating, I’d already been accepted to graduate school at the University of Chicago; doubly fortunately, nobody at Chicago ever asked me whether I’d actually finished college.

While I was studying math at Chicago, I happened to fall in with a gang of scrappy economics students who invited me to join their daily lunchtime intellectual free-for-alls. Think of the Algonquin Round Table, but with substance—wit that not only sparkles, but illuminates. Economists, too, I learned, had techniques for advancing by logical steps from simple assumptions to unexpected conclusions. I wanted to master these techniques, and my friends proved to be good and patient teachers.

I’ve spent the rest of my life seeking—and, to my delight and astonishment, finding—lunchtime companions with the same mix of energy, brilliance, humor, and passion for truth that I first found in graduate school. For thirty years, I’ve counted my lunch companions among the greatest blessings of an exceedingly blessed life.

I went on to a career of research and teaching in both mathematics and economics, with a little dabbling in physics along the way, but I never lost sight of my fascination with the big questions of philosophy: Where did the Universe come from? Why is there something instead of nothing? How is knowledge possible? What justifies a belief? How can we tell right from wrong, and good from evil? How should we live our lives?

Philosophers have useful ways of thinking about these questions, but so do people who are not philosophers. Physicists know something about the origins of the Universe; mathematicians know something about the patterns of reality; economists know something about how our choices affect the lives of others, which is not distinct from the problem of distinguishing right from wrong. I’ve come to believe these disciplines provide some of the best available tools for chipping away at the problems of philosophy.

When a man with a hammer tells you that everything looks like a nail, you should doubt his objectivity. When a man who knows some math and economics tells you that the problems of philosophy can be solved with math and economics, you’re entitled to exactly the same reaction. But in this case I believe the causality runs the other way: I was drawn to math and economics because they illuminate the big questions. I saw the nails and went out to find a hammer.

In this book, I’ll tell you what I believe about the nature of reality, the basis of knowledge, and the foundations of ethics. I’m not sure any of my beliefs are right, but I’ll explain why I think they’re plausible—and more likely to be right than any other beliefs. (Though of course I might eventually be convinced otherwise by new arguments.)

Along the way, I’ll digress into illuminating bits of science, math, and economics—sometimes to illustrate a point and sometimes just for fun. So we’ll learn something about the lore of very large numbers, the mechanism of color vision, the real meaning of the Heisenberg uncertainty principle, the Talmudic prescription for dividing a bankrupt estate, and much more.

Like the memories of childhood, a ramble through philosophy has no order and no end. Sometimes, following a digression, I’ll return to the main topic; other times, I’ll move on to something new.

An original idea is a great rarity and I’m sure this book contains very few. Others will have had—and perhaps rejected—these thoughts long before I did. But I hope I’ve packaged them in a way that will intrigue and challenge you, and that we can enjoy ourselves along the way.



Part I
Reality and Unreality


The economist John Kenneth Galbraith once explained the division of labor in his marriage: His wife settled the small issues and he settled the big ones. So while Mrs. Galbraith decided where to live and how many children to have, Mr. Galbraith decided how to formulate foreign policy and restructure the tax code.

This book is about even bigger questions, and Part I is about the biggest questions of all: What exists, and why? What are we made of, what are our minds made of, and what is the Universe made of? How should we think about God, and the ultimate causes of things?

Along the way, we’ll wander down some side paths to talk about the foundations of mathematics, the prospects for artificial intelligence, the nature and purpose of economic models, and the origins of life.



1 On What There Is


God wrote the Universe in the language of mathematics.

—Galileo Galilei

Why is there something instead of nothing? Why is there a Universe, and why isn’t it empty? Whence all these galaxies and mountain ranges, centipedes and rainbows? Where did all this stuff come from?

For many years these questions struck me as fascinating but impossible to think about. I couldn’t even imagine what an answer might look like. This bothered me, but there didn’t seem to be much I could do about it.

It’s possible there are no answers. Perhaps the questions are simply misguided, like “Why does my computer hate me?” Your computer doesn’t hate you; it just seems that way when you run Microsoft products. But when your cursor freezes, some part of your brain makes the mistake of looking for malicious intent. Perhaps it’s some equally misguided part of my brain that looks for fundamental causes. Perhaps the Universe just is, and that’s all there is to it.

But I think it’s generally good policy to assume that things have causes. They often do, and even when they don’t, you generally learn more by looking for nonexistent causes than by refusing to look for existent ones. Besides, I can’t seem to stop myself.

So I assume—at the risk of grave error—that the Universe is no mere accident. There must be some reason for it. And if it’s a compelling reason, it should explain not only why the Universe does exist, but why it must.

A good starting point, then, is to ask whether we know of anything—let alone the entire Universe—that not only does exist, but must exist. I think I know one clear answer: Numbers must exist. The laws of arithmetic must exist. Two plus two equals four in any possible universe, and two plus two would equal four even if there were no universe at all.

I’m not just saying that the laws of arithmetic are eternal and immutable; I’m saying more than that. Eternal means for all time, but mathematics exists outside of time. Even if there were no time, there would still be mathematics.

Why do I say that? Maybe it’s just another brain malfunction. You could argue that numbers are a human invention, and the laws of arithmetic are empirical regularities, not necessary truths. You put two stones on the table, you put another two stones on the table, you notice there are now four stones, the same thing happens over and over, you summarize your results by saying “two plus two equals four,” and that’s all there is to it. I feel quite sure that’s wrong. I take my stand with those who believe that “two plus two equals four” is not a truth about stones or about physical objects generally, but a truth about numbers, which existed long before there was anyone around to count with them.

The philosopher Paul Benacerraf once proposed a thought experiment that neatly distinguishes the two points of view. Suppose you put two stones on your kitchen table, then two more, then count and discover that there are five stones altogether. Whenever you’ve done this in the past there have been four stones, but this time, oddly enough, there are five.

Your first thought will probably be that you miscounted, or failed to notice that there was already a stone on the table before you began. But over the course of the day, the same thing keeps happening. Two friends join you for lunch, then another two, and somehow you’ve now got five companions. You climb two flights of stairs from the basement, then another two, and somehow you’re on the fifth floor.

Eventually you’re forced to conclude that something has drastically changed. But what? You might say that mathematics has changed—two plus two used to make four, but now it makes five. Or you might say that physics has changed—two plus two make four, just as always, but the physical world no longer seems to care.

In many ways, it doesn’t matter which description you pick. Either way, all you’re saying is that the old laws of mathematics are no longer useful for describing physical reality. But your choice of description says a lot about your instincts. If you view mathematics as a human construction, designed to explain the world, then you’ll be comfortable saying, “Okay, it’s time to throw out the old math and create a new math,” and to believe that once we stop maintaining it, the old math sort of falls into disrepair and rusts away to nothing.

But if, like me, you view the laws of mathematics as necessary truths, you’ll describe things very differently. Instead of throwing out the old math, you’ll want to throw out the old physics. The old physics said that when you put two bunches of objects together, you could predict the total by using addition. The new physics says you’ve got to use something more complicated than addition. But addition itself has not changed.

I believe, then, that arithmetic is both immutable and necessary. Numbers exist, and they exist because they must. Admittedly, I’m being a little vague about what I mean by existence. Clearly numbers don’t exist in exactly the same sense that, say, my dining-room table exists; for one thing, my dining-room table is made of atoms, and numbers are surely not. But not everything that exists is made of atoms. I am quite sure that my hopes and dreams exist, but they’re not made of atoms. The color blue, the theory of relativity, and the idea of a unicorn exist, but none of them is made of atoms.

I am confident that mathematics exists for the same reason I am confident my hopes and dreams exist: I experience it directly. I believe my dining-room table exists because I can feel it with my hands. I believe numbers, the laws of arithmetic, and (for that matter) the ideal triangles of Euclidean geometry exist because I can “feel” them with my thoughts.

Better yet, I believe in numbers because I know some facts about them. For example, every positive integer is the sum of at most four squares. That’s been true forever, though it wasn’t proved (by the French mathematician Joseph Lagrange) until the year 1770. Because the facts of arithmetic were true long before humans existed, arithmetic cannot be a mere human invention.1

That, then, is my first assertion: Mathematical objects—such as the natural numbers and the laws of arithmetic—are real.2 I cannot give you an absolute proof of this assertion, just as I cannot give you an absolute proof that I am a thinking being and not a zombie. For that matter, I’m not sure I can even give a completely coherent account of what it means (though I promise to come back to this in Chapters 9 and 10). Nevertheless, I know it to be true.

And so do you. When you add a column of numbers in two different directions and get two different answers, you never seriously entertain the notion that mathematics is inconsistent; instead you are 100 percent certain that you made a mistake. Why is that? If arithmetic were just a system of arbitrary rules, it could very well be self-contradictory. The reason you’re sure it’s not self-contradictory is that deep down, you’re sure the rules of arithmetic are about something. That “something” is the natural numbers (i.e., the counting numbers 0, 1, 2, and so forth). You and I know that the natural numbers are real. Not only are they real, they are necessary. By their very nature, they could not fail to exist.

And likewise for other mathematical structures, of varying degrees of complexity. A point is a mathematical structure, though there’s not much to say about it. Euclidean geometry—the geometry you learned about in high school, with its lines, angles, and circles—is a richer structure.3 The natural numbers together with the laws of arithmetic form a mathematical structure of profound complexity. The human genome, with its combinatorial structure of A’s, C’s, G’s, and T’s, can be described entirely in the language of arithmetic, so at the very least, arithmetic is as complex as human life, and therefore as complex as your brain and the pattern of your consciousness.

I believe that everything—you, your consciousness, and the Universe that you and I inhabit—exists because everything is a mathematical structure. First I’ll explain what it means for your consciousness to be a mathematical structure; then I’ll move on to the rest of the Universe.

Patterns are mathematical structures, and the idea that consciousness is a pattern—the pattern of neural activity in your brain—is a mainstay of the approach to artificial intelligence that is sometimes called “strong AI” and sometimes called “functionalism.” Your brain contains about a hundred billion neurons, which spend their time sending signals to each other. Depending on the mix of signals it’s recently received, a neuron might or might not send a signal to another neuron down the line. According to the functionalists, it’s the pattern of activity (as opposed to, say, the makeup of the neurons themselves) that generates your consciousness. If you were to build an artificial brain, with artificial neurons made of silicon, scrap metal, or cascading marbles, and if those artificial neurons interacted in the same pattern as the neurons in a human brain, your creation would be as conscious as you are.

In his magnificent book Consciousness Explained, Daniel Dennett imagines a wine-tasting machine. You pour a sample wine in through a funnel, and the system responds: “A flamboyant and velvety Pinot, though lacking in stamina.” Dennett summarizes the functionalist philosophy thus:

If you reproduced the entire “functional structure” of the human wine taster’s cognitive system (including memory, goals, innate aversions, etc.), you would thereby reproduce all the mental properties as well, including the enjoyment, the delight, the savoring that makes wine-drinking something many of us appreciate.

It might seem implausible that something as subtle and ethereal as a sense of delight could arise from a mere pattern of firings. But one thing I’ve learned from Dennett is that a world of prejudice is built into that word mere. It is quite thoroughly impossible for you or me to begin to imagine the complexity of a network of a hundred billion neurons. So when we try to imagine it, we conjure up images of, say, several dozen neurons, interacting in complicated ways, and that image leads us badly astray. It completely fails to account not just for the amount of complexity, but for the kind of complexity that can arise in a system with trillions of potential connections, containing systems and subsystems reflecting and modifying each other’s activity.

According to the strong AI crowd, it’s that pattern—the software that runs on your brain as opposed to the hardware (i.e., neurons) on which it’s implemented—that accounts for consciousness. Your neurons communicate through chemical and electrical signals, but those are irrelevant details. If you replaced the neurons with tubes full of marbles that communicated by propelling those marbles through the air, the experience of consciousness would be the same. Dennett and others, including Douglas Hofstadter, have elaborated on all this in great and fascinating detail. You should read all their books.

If you do that, you’ll come across Hofstadter’s essay “A Conversation with Einstein’s Brain,” where he envisions a book with about a hundred billion pages—one for each of the neurons that resided in Albert Einstein’s brain on the last day of his life. On each page is a series of numbers, detailing which other neurons this neuron is capable of signaling, which incoming signals cause which outgoing signals, and so on. The book also includes a set of rules for altering these numbers in response to signals that have been sent and received (this is meant to model the way the brain stores memories—as changes in the rules for which neurons will fire under which circumstances). And there’s also a preface, detailing the exact pattern of neuron firings that went on in Einstein’s brain in response to any given visual or auditory stimulus.

Now you can converse with Einstein. You say: “Hello, Professor Einstein; how do you feel today?” Your voice registers as a series of tones. And then:

We’d take the first tone … and [using the Preface] see which cells it would make fire, and how. That is, we’d see precisely how each number on each page would change. Then we’d go through the book painstakingly page by page, and actually effect those changes. You might call that “round one” … . We’ve gone through the book once, neuron by neuron. But there is the fact that some of the neurons are firing, you know, so we have to take that into account. Which means we have to proceed to the pages [that receive those signals] and modify those pages in the way that is directed by the “structure-changing numbers.” That is round two. And those neurons, in turn, will lead us to still others, and lo and behold, we’re off on a merry loop around the brain … .

Perhaps on each page the time taken for the neuron in question to fire is specified—the time it took to fire in real life, in Einstein’s brain—a quantity best measured, probably, in thousandths of a second. As the rounds progress, we sum up all the firing times, and when the times add up to the length of the first tone, we start in on the second tone....

[Eventually], certain of the “speech neurons” will begin to fire....

Then we consult tables showing how the firing of speech neurons affects the shape of the mouth and the tension in the vocal cords, and we calculate what Einstein is “saying.”

The process in practice would take many hundreds of millennia, but in principle, there’s no reason to doubt that we’d get exactly the same responses that we’d have gotten had we spoken to Einstein himself. After all, his responses are entirely determined by the movements of his mouth and vocal cords, which are entirely determined by the firing of speech neurons, which is entirely determined by the firing of other neurons, all the way back to the initial firings caused by the tones coming from the questioner.

Better yet—instead of following Hofstadter’s recommendation to do all the painstaking lookups by hand—imagine employing a family of demons who zip through the book at near light speed doing your lookups for you. Now you can talk with Professor Einstein in real time.

The system responds to every stimulus, every question, every sound, and every sight, exactly as Einstein would. Why, then, asks Hofstadter, should we doubt that the system experiences consciousness exactly as Einstein did?4

Your mind, in other words, is software, while your brain is mere hardware. The same software running on completely different hardware would still be you.

Or maybe not. The philosopher John Searle believes that conscious thought is fundamentally a biological process, a product of flesh and blood. He warns against confusing simulations of that process with the process itself. You could write a computer program that simulates every cell in your stomach and all of their interactions, but it still couldn’t digest food. Why, then, should a computer program—even one that simulates every neuron in your brain and all their interactions—be able to think?

If Searle is right, then consciousness is more than just a pattern of neuron firings. But it can still be a pattern at a deeper level—say the pattern of interactions among the atoms in your brain, as opposed to the neurons. If consciousness is not a pattern at some level, I’m not sure what else it could be.

Consciousness, then, is apparently software. But the Universe is hardware. Where does all the hardware come from? I suspect that the hardware, too, is made of pure mathematics. I was led to this insight by a series of side comments in the physicist Frank Tipler’s wonderfully provocative and original book on The Physics of Immortality: If consciousness can emerge from sufficiently complex software, and if it makes no difference what hardware the software runs on, then the hardware ought to be dispensable altogether. Once you’ve granted that the hardware is insignificant, why do you need it in the first place? Complex software is a purely mathematical object, so if mathematics exists, then the software that constitutes your mind exists—quite independent of the hardware that it runs on. And sufficiently complex software should, just by existing, be enough to generate consciousness.

Part of my job as a professor of economics is to write down mathematical descriptions (we call them “models”) of simple (in other words, imaginary) economies and figure out how the inhabitants of those economies would react to, say a change in tax policy.5 Some of my colleagues like to program their models into their computers so they can actually watch the model-people’s reactions to different policy experiments.

Now, suppose my models were unfathomably more detailed, and unfathomably more complex: Instead of assigning a separate mathematical symbol to each inhabitant of the model-world, I assign a separate symbol to each neuron in the brain of each inhabitant, and I keep careful track of all the interactions among all the neurons. Then, according to the strong AI view, if my colleagues implement this model on their computers, the inhabitants of the model will experience real consciousness.6 Not only that, but they will experience the model-world as a physical reality. That’s because this more detailed model contains more than just descriptions of the actors’ neurons; it contains also equally detailed descriptions of the physical environment and the actors’ interactions with it.

In fact, I believe that even if my colleagues don’t implement the model on their computers, the inhabitants will still experience real consciousness and experience the model-world as a physical reality. This is a leap, but it strikes me as not a very big one; if a model can generate consciousness on any computer, then the computer itself can’t be an important part of the process. So why shouldn’t the model generate consciousness with no computer at all? (On the other hand, everyone I know thinks this is a much bigger leap than I do.)

But any model I can write down exists—as a mathematical structure—long before I ever conceive of it. So my model-people are already alive someplace, living in a world that, to them, is the only reality. And conceivably, we are they.7

The Universe itself, in other words, is a mathematical pattern, containing your consciousness and mine as subpatterns. The Universe exists because it can; a logically possible Universe is a mathematical object, and mathematical objects exist by necessity. Most of those objects are pretty tame. A point is a mathematical object, but it’s as boring an object as you can imagine. It’s a rare pattern indeed that contains subpatterns capable of consciousness. Frank Tipler makes the marvelous suggestion that we take the presence of such subpatterns as the definition of physical (as opposed to purely mathematical) existence. In other words:

A Universe physically exists if its inhabitants know it’s there.

So I believe your dining-room table, your pornography collection, and your mother-in-law are all mathematical objects—subobjects of a larger mathematical object called the Universe. Is there something odd about observing a mathematical object and perceiving it as physical? No odder, I claim, than observing a physical object and perceiving it as green. Color is not a physical property; it’s a property imposed by your nervous system.8 If your brain can conjure colors into existence, why can’t it conjure physicality?

None of this is meant to deny that the Universe we live in is governed by the laws of quantum mechanics, natural selection, and the rest of orthodox science. All of those things—along with our methods for discovering them—are part of the mathematical structure that is our Universe.

There is nothing radical here. Every modern cosmological theory begins with the assumption that the Universe is a mathematical object—usually a geometric object, where fundamental forces like gravity and electricity are aspects of the geometry. Gravity, for example, is curvature: Apples fall from trees because they’re trying to travel along the straightest possible paths in a curved space. Nobody has the slightest idea how to describe the Universe as anything but a mathematical object. All I’m suggesting is that we listen to what the physicists’ theories are trying to tell us.

Many cosmological models posit that our Universe is part of a grander structure called the multiverse, which contains many universes similar to our own, but with histories that differ in detail. In some of those universes, Al Gore was elected president of the United States in the year 2000. In others, he was elected in the year 2008. In others, he is currently the president of Kazakhstan. When I say that “every possible universe exists,” I am not talking about the multiverse. The multiverse itself is a mathematical structure, containing our Universe as a substructure, but it is just one of many mathematical structures. I assert that every mathematical structure exists. Some have no physical manifestations. Some are too bizarre for us to contemplate. Some are universes. One of them is our Universe. Some are multiverses. If we live in a multiverse, then one of them is our multiverse.
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