



[image: ]







PRAISE FOR SINGULARITY RISING



“There are things in this book that could mess with your head.”


—Vernor Vinge, computer scientist; Hugo Award-winning author, A Fire Upon the Deep; essayist, “The Coming Technological Singularity”


“The arrow of progress may kick upwards into a booming curve or it may terminate in an existential zero. What it will not do is carry on as before. With great insight and fore thought, Miller’s Singularity Rising prepares us for the forking paths ahead by teasing out the consequences of an artificial intelligence explosion and by staking red flags on the important technological problems of the next three decades.”


—Peter Thiel, self-made technology billionaire; co-founder, Singularity Summit


“Many books are fun and interesting, but Singularity Rising is fun and interesting while focusing on some of the most important pieces of humanity’s most important problem.”


—Luke Muehlhauser, executive director, Singularity Institute
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—Aubrey de Grey, leading biomedical gerontologist; former AI researcher
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—Natasha Vita-More, chairman, Humanity+; editor,
The Transhumanist Reader




SINGULARITY RISING


SURVIVING AND THRIVING IN A SMARTER, RICHER, AND MORE DANGEROUS WORLD


James D. Miller


[image: ]


BenBella Books, Inc.


Dallas, TX




 This book is for informational purposes only. It is not intended to substitute for professional medical advice. A healthcare professional should be consulted regarding your specific medical situation. The author and publisher specifically disclaim any and all liability arising directly or indirectly from the use of any information contained in this book. The mention of a product or entity in this book does not imply endorsement of said product or entity by the author or publisher. Finally, medicine is not an exact science, and the author and publisher do not offer any assurances that the information contained herein will cure or prevent any medical condition.


Copyright © 2012 by James D. Miller


All rights reserved. No part of this book may be used or reproduced in any manner whatsoever without written permission except in the case of brief quotations embodied in critical articles or reviews.


[image: ]


BenBella Books, Inc.


10300 N. Central Expressway


Suite #400


Dallas, TX 75231


www.benbellabooks.com


Send feedback to feedback@benbellabooks.com


10 9 8 7 6 5 4 3 2 1


Library of Congress Cataloging-in-Publication Data is available for this title.


ISBN 978-1-9366-6178-7


Editing by Erin Kelley


Copyediting by Annie Gottlieb


Proofreading by Amy Zarkos and Cape Cod Compositors, Inc.


Indexing by Clive Pyne


Cover design by Sarah Dombrowsky and Moxie Studio


Text design and composition by RepoCat LLC


Distributed by Perseus Distribution


perseusdistribution.com


To place orders through Perseus Distribution:


Tel: 800-343-4499


Fax: 800-351-5073


E-mail: orderentry@perseusbooks.com




Significant discounts for bulk sales are available. Please contact Glenn Yeffeth at glenn@benbellabooks.com or 214-750-3628.







I dedicate this book to those working to bring about a positive
Singularity, particularly the employees and financial backers of the
Singularity Institute for Artificial Intelligence.
On your labors might rest the future of mankind.





INTRODUCTION





We are on the edge of change comparable to the rise of human life on Earth.


—Vernor Vinge1





Economic prosperity comes from human intelligence. Consider some of the most basic human inventions—the wheel, the alphabet, the printing press—and later, more complex and advanced inventions such as indoor plumbing, automobiles, radio, television, and vaccines. All are products of the human brain. Had our species been a bit less bright, these inventions might have escaped us. Yet we can only begin to imagine the many additional wondrous technologies we might now possess had evolution made us even smarter.


In the past, human intelligence was a gift of evolution. No more. We are now using our intelligence to figure out ways of increasing our brainpower.


The rapidly falling cost of gene sequencing will soon let us unlock the genetic basis of intelligence. Combining this knowledge with already existing fertility treatments will allow parents to raise the average intelligence of their children, while merging this genetic data with future reproductive technologies might yield children smarter than have ever existed. Even if democratic countries reject these biotechnologies, the historically pro-eugenic Chinese probably won’t. As I predicted in 2007,2 China has already embarked on a program to identify some of the genes behind genius.3


Artificial intelligence (AI) offers another path to expanding the sum of intelligence available to mankind. Over the coming decades, scientists may take advantage of continuous exponential improvements in computing hardware either to create stand-alone, general-purpose machine intelligences or to integrate AI into our own brains.


Vast increases in biological and machine intelligences will create what’s being called the Singularity—a threshold of time at which AIs that are at least as smart as humans, and/or augmented human intelligence, radically remake civilization.


A belief in a coming Singularity is slowly gaining traction among the technological elite. As the New York Times reported in 2010, “Some of Silicon Valley’s smartest and wealthiest people have embraced the Singularity.”4 These early adopters include two self-made billionaires: Peter Thiel, a financial backer of the Singularity Institute for Artificial Intelligence, and Larry Page, who helped found Singularity University. Peter Thiel was one of the founders of PayPal, and after selling the site to eBay, he used some of his money to become the key early investor in Facebook. Larry Page cofounded Google. Thiel and Page obtained their riches by successfully betting on technology.


Famed physicist Stephen Hawking is so concerned about a bad Singularity-like event that he warned that computers might become so intelligent that they could “take over the world.” Hawking also told the president of the United States that “unless we have a totalitarian world order, someone will design improved humans somewhere.”5



FIVE UNDISPUTED FACTS THAT SUPPORT THE LIKELIHOOD OF THE SINGULARITY



1.Rocks exist!


Strange as it seems, the existence of rocks actually provides us with evidence that it is possible to build computers powerful enough to take us to a Singularity. There are around 10 trillion trillion atoms in a 1-kilogram (2.2-pound) rock, and as inventor and leading Singularity scholar Ray Kurzweil writes:


Despite the apparent solidity of the object, the atoms are all in motion, sharing electrons back and forth, changing particle spins, and generating rapidly moving electromagnetic fields. All of this activity represents computation, even if not very meaningfully organized.6


Although we don’t yet have the technology to do this, Kurzweil says that if the particles in the rock were organized in a more “purposeful manner,” it would be possible to create a computer trillions of times more computationally powerful than all the human brains on Earth combined.7 Our eventual capacity to accomplish this is established by our second fact.


2.Biological cells exist!8


The human body makes use of tiny biological machines to create and repair cells. Once mankind masters a similar kind of nanotechnology, we will be able to cheaply create powerful molecular computers. Our third fact proves that these computers could be turned into general-purpose thinking machines.


3.Human brains exist!


Suppose this book claimed that scientists would soon build a human teleportation device. Given that many past predictions of scientific miracles—such as cheap fusion power, flying cars, or a cure for cancer—have come up short, you would rightly be suspicious of my teleportation prediction. But my credibility would jump if I discovered a species of apes that had the inborn ability to instantly transport themselves across great distances.


In some alternate universe that had different laws of physics, it’s perfectly possible that intelligent machines couldn’t be created. But human brains provide absolute proof that our universe allows the construction of intelligent, self-aware machines. And, because the brain exists already, scientists can probe, dissect, scan, and interrogate it. We’re even beginning to understand the brain’s DNA- and protein-based “source code.” Also, many of the tools used to study the brain have been getting exponentially more powerful, which explains why engineers might be within a couple of decades of building a working digital model of the brain, even though today we seem far from understanding all of the brain’s operations. Would-be creators of AI are already using neuroscience research to help them create machine-learning software.9


Our fourth fact shows the fantastic potential of AI.


4.John von Neumann existed!


It’s extremely unlikely that the chaotic forces of evolution just happened to stumble on the best possible recipe for intelligence when they created our brains, especially since our brains have many constraints imposed on them by biology: they must run on energy obtained from mere food, must fit in a small space, and can’t use useful materials, such as metals and plastics, that engineers employ all the time.


We share about 98 percent of our genes with some primates, but that 2 percent difference was enough to produce creatures that can assemble spaceships, sequence genes, and build hydrogen bombs.10 What happens when mankind takes its next step, and births life-forms who have a 2 percent genetic distance from us?


But even if people such as Albert Einstein and his almost-as-theoretically-brilliant contemporary John von Neumann had close to the highest possible level of intelligence allowed by the laws of physics, creating a few million people or machines possessing these men’s brainpower would still change the world far more than the Industrial Revolution did. To understand why, let me tell you a bit about von Neumann.


Although a fantastic scientist, a pathbreaking economist, and one of the best mathematicians of the twentieth century, von Neumann also possessed fierce practical skills. He was, arguably, the creator of the modern digital computer.11 The computer architecture he developed, now called “von Neumann architecture,” lies at the heart of most computers.12 Von Neumann’s brains took him to the centers of corporate power, and he did high-level consulting work for many private businesses, including Standard Oil, for which he helped to extract more resources from dried-out wells.13 Johnny (as his biographer often calls him in tribute to von Neumann’s unpretentious nature) was described as having “the invaluable faculty of being able to take the most difficult problem, separate it into its components, whereupon everything looked brilliantly simple. . . .”14


During World War II, von Neumann became the world’s leading expert on explosives and used this knowledge to help build better conventional bombs, thwart German sea mines, and determine the optimal altitude for airborne detonations. 15 Johnny functioned as a human computer as a part of the Manhattan Project’s efforts to create fission bombs. 16 Whereas atomic weapons developers today use computers to decipher the many mathematical equations that challenge their trade, the Manhattan Project’s scientists had to rely on human intellect alone. Fortunately for them (although not for the Japanese), they had access to Johnny, perhaps the best person on Earth at doing mathematical operations quickly.17


Unlike many scientists, Johnny had tremendous people skills, and he put them to use after World War II, when he coordinated American defense policy among nuclear weapons scientists and the military. Johnny became an especially important advisor to President Eisenhower, and for a while he was “clearly the dominant advisory figure in nuclear missilery.”18




Johnny developed a reputation as an advocate of “first strike” attack and preemptive war because he advocated that the United States should try to stop the Soviet Union from occupying Eastern Europe. When critics pointed out that such resistance might cause a war, Johnny said, “If we are going to have to risk war, it will be better to risk it while we have the A-bomb and they don’t.”19


After Stalin acquired atomic weapons, Johnny helped put deadly deterrents in place to prevent Stalin from wanting to start another war. By the dawn of the atomic age, Stalin had demonstrated through his purges and terror campaigns that he placed little value on the lives of ordinary Russians. Von Neumann made Stalin unwilling to risk war because von Neumann shaped U.S. weapons policy—in part by pushing the United States to develop hydrogen bombs—to let Stalin know that the only human life Stalin actually valued would almost certainly perish in World War III. 20


Johnny helped develop a superweapon, played a key role in integrating it into his nation’s military, advocated that it be used, and then made sure that his nation’s enemies knew that in a nuclear war they would be personally struck by this superweapon. John von Neumann could himself reasonably be considered the most powerful weapon ever to rest on American soil.





Now consider the strategic implications if the Chinese high-tech sector and military acquired a million computers with the brilliance of John von Neumann, or if, through genetic manipulation, they produced a few thousand von Neumann-ish minds every year. Contemplate the magnitude of the resources the US military would pour into artificial intelligence if it thought that a multitude of digital or biological von Neumanns would someday power the Chinese economy and military. The economic and martial advantages of having a von Neumann-or-above-level intellect are so enormous that if it proves practical to mass-produce them, they will be mass-produced. A biographer of John von Neumann wrote, “The cheapest way to make the world richer would be to get lots of his like.”21 A world with a million Johnnies, cooperating and competing with each other, has a reasonable chance of giving us something spectacular, beyond what even science fiction authors can imagine—at least if mankind survives the experience. Von Neumann’s existence highlights the tremendous variance in human intelligence, and so illuminates the minimum potential gains of simply raising a new generation’s intelligence to the maximum of what our species’ current phenotype can sustain.


John von Neumann and a few other Hungarian scientists who immigrated to the United States were jokingly called “Martians” because of their strange accents and seemingly superhuman intelligence.22 If von Neumann really did have an extraterrestrial parent, whose genes arose, say, out of an advanced eugenics program that Earth couldn’t hope to replicate for a million years, then I wouldn’t infer from his existence that we could get many of him. But since von Neumann was (almost certainly) human, we have a good chance of making a lot more Johnnies.


One Possible Path to the Singularity: Lots of von Neumann-Level Minds
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Before he died in 1957, von Neumann foresaw the possibility of a Singularity. Mathematician Stanislaw Ulam wrote, in reference to a conversation that he had with von Neumann:24




One conversation centered on the ever accelerating progress of technology and changes in the mode of human life, which gives the appearance of approaching some essential singularity in the history of the race beyond which human affairs, as we know them, could not continue.





Von Neumann was not a modest man; he knew that he could accomplish great things, especially compared to the average mortal. I bet that when he contemplated the future destiny of mankind, von Neumann tried to think through what would happen if machines even smarter than he started shaping our species’ affairs—which leads us to our fifth fact in support of a Singularity.


5.If we were smarter, we would be smarter!


Becoming smarter enhances our ability to do everything, including our ability to figure out ways of becoming even smarter—because our intelligence is a reflective superpower, able to turn on itself to decipher its own workings. Consider, for example, a college student taking a focus-improving drug such as Adderall, Ritalin, or modafinil, to help her learn genetics. After graduation, this student might get a job researching the genetic basis of human intelligence, and her work might assist pharmaceutical companies in making better cognitive-enhancing drugs that will help future students acquire an even deeper understanding of genetics. Smarter scientists could invent ways of making even smarter scientists who could in turn make even smarter scientists, ad infinitum. Now throw the power of machine intelligence into this positive feedback loop, and we could end up at technological heights beyond our imagination.



FURTHER IMPLICATIONS OF A SINGULARITY



From the time of Alexander the Great up to that of George Washington, the lot of the average person didn’t much change because there was little economic growth. On average, a man lived no better than his great-grandfathers did. But shortly after Washington’s death, an industrial revolution swept England that married science to business. The Industrial Revolution was the most important turning point in history since the invention of agriculture because it created sustained economic growth arising from innovation—the creation of new and improved goods and services. Innovation, and therefore economic growth, comes from human brains.


Think of our economy as a car. Before the Industrial Revolution, the car was as likely to move backward as forward. The Industrial Revolution gave us an engine powered by human brains. Technologies that increase human intelligence could supercharge this engine. Artificial intelligence that is beyond the ordinary human level could move our economy out of its human-brain-powered car into an AI-propelled rocket. An ultra-intelligent AI might even be able to push our economy through a wormhole to God knows where.


Let me tell you a story, soon perhaps to become true-to-life, which should put beyond all doubt the importance of the Singularity.


Imagine it’s the year 2029, and Intel has just made the most significant technological breakthrough in human history. The corporate tech giant has developed an AI that does independent scientific research. Over the past month, the program has written an article on computer design that describes how to marginally improve computer performance.


What, you might ask, is so spectacular about this program? It isn’t the superiority of the article it produced because a human scientist would have taken only a month to do work of equivalent quality. The program, therefore, is merely as good as one of the many scientists Intel employs. Yet because the program succeeded in independently accomplishing the work of a single scientist, the program’s designers believe that within a couple of decades, technological progress will allow the AI program to function a million times as fast as it does today!


Intel scientists have such tremendous hope for their program because of Moore’s Law. Moore’s Law, a pillar of this book, was formulated by Intel cofounder Gordon Moore and has an excellent track record of predicting increases in computer power and performance. Moore’s Law implies that the quantity of computing power you could buy for a given amount of money would double about every year. Repeated doubling makes things very big, very fast. Twenty doublings yields about a millionfold increase.


Let’s imagine that Intel’s AI program runs on a $1 million computer. Because of Moore’s Law, in twenty years a $1 million computer would run the program a million times faster. This program, remember, currently does the work of one scientist. So if the program is running on a computer one million times faster, it will accomplish the work of a million human scientists. Take a moment to think about that.


And twenty years into that future, other businesses would eagerly use Intel’s program. A pharmaceutical company, for example, might buy a thousand copies of the program to replace a thousand researchers and make as much progress in one year as a thousand scientists would in a million years—and this doesn’t even include the enhancements the AIs would garner from improved software.


If Intel really does create this human-level AI program in 2029, then humans may well achieve immortality by 2049. Because of this, I sometimes end my economics classes at Smith College by saying what I will soon be explaining to you: that if civilization doesn’t collapse, you all have a decent chance of not dying.


Intel’s breakthrough, unfortunately, wouldn’t necessarily go so well for mankind, because to do stuff, you need stuff.


Regardless of your intelligence, to achieve anything you must use resources, and the more you want to do, the more resources you need. AI technologies would, at first, increase the resources available to humans, and the AIs themselves would gain resources from trading with us. But a sufficiently smart AI could accomplish anything present-day people can do and at much lower cost. If the ultra-AIs are friendly, or if we upgrade ourselves to merge with them, then these machine intelligences will probably bring us utopia. If, however, the ultra-AIs view mankind the way most people view apes—with neither love nor malice but rather with indifference—then they will take our resources for their own projects, leaving us for dead. Our fate may be determined by how well we manage to infuse friendliness into our AIs.



WHY READ A SINGULARITY BOOK BY AN ECONOMIST?



I hope that I have convinced you by this point that learning about intelligence enhancement is well worth your time. But why should you read this particular book, given that its author is an economist and not a scientist or an engineer? One reason is that I will use economic analysis to predict how probable changes in technology will affect society. For example, the theories of nineteenth-century economists David Ricardo and Thomas Malthus provide insights into whether robots might take all of our jobs (Ricardo) and why the creation of easy-to-copy emulations of human brains might throw mankind back into a horrible pre-Industrial Revolution trap (Malthus). Economics also sheds light on many less-significant economic effects of an advanced AI, such as the labor-market consequences if sexbots cause many men to forgo competing for flesh-and-blood women.


Furthermore, the economics of financial markets shows how stock prices will change along our road to the Singularity. The economics of game theory elucidates how conflict will affect the Singularity-inducing choices that militaries will make. The economic construction called the Prisoners’ Dilemma establishes that rational, non-evil people might find it in their self-interest to risk propelling humanity into a Singularity even if they know that it has a high chance of annihilating mankind. Robin Hanson, one of the most influential Singularity thinkers, is an economist. Science shows us the possibilities we could achieve; economic forces determine the possibilities we do achieve.


But despite my understanding of economics, I admit that sometimes I get confused when thinking about a Singularity civilization. In the most important essay ever written on the Singularity, Vernor Vinge, a science fiction writer and former computer scientist, explained that accelerating technology was making it much harder for him to write science fiction because, as we progress toward the Singularity, “even the most radical [ideas] will quickly become commonplace.”25 Vinge has said that just as our models of physics break down when they try to comprehend what goes on at the Singularity of a black hole (its supposed point of infinite density), so might our models fail to predict what happens in an exponentially smarter world.26 Vinge told me that in the absence of some large-scale catastrophe, he would be surprised if there isn’t a Singularity by 2030.27


A father can much better predict how his six-year-old will behave in kindergarten than the child could predict what the father will do at work. If the future will be shaped by the actions of people much smarter than us, then to predict it, we must know how people considerably brighter than us will behave. While this is challenging, economics might make it possible. A high proportion of economic theory is based on the assumption that individuals are rational. If decision makers in the future, human or otherwise, are smarter and more rational than we are, then economic theory might actually better describe their behavior than it does our own.


Former US Secretary of Defense Donald Rumsfeld famously said:




There are known knowns; there are things we know we know. We also know there are known unknowns; that is to say we know there are some things we do not know. But there are also unknown unknowns—the ones we don’t know we don’t know.28





The Singularity will undoubtedly deliver many unknown unknowns. But economics still has value in estimating how unknown unknowns will affect society. Much of economic behavior in capitalist countries is based on an expectation that property rights will be valuable and respected in the future. If you’re saving for a retirement that you don’t expect will start for at least another thirty years, you must believe that in thirty years money will still (probably) have value, your investments will not have been appropriated, and our solar system will still be inhabitable. But these three conditions hold simultaneously only under extremely special circumstances and for only a minuscule percentage of all the possible arrangements of society and configurations of molecules in our solar system. The greater the number of unknown unknowns you expect to occur, the less you should save for retirement and the fewer investments you should make—which shows that expectations of certain types of Singularity will damage the economy.


We don’t know how mankind will increase its available intelligence, but as I will show, there are so many paths to doing so, and there are such incredible economic and military benefits of intelligence enhancement, that we will almost certainly create a smarter world. This book will serve as your guide to that world. We will discuss the economic forces that will drive intelligence enhancements and consider how intelligence enhancements will impact economic forces. Along the way, you will pick up some helpful advice on how to live in the age of the coming Singularity.


This book has one recommendation that, if you follow it, could radically improve your life. It’s a concrete, actionable recommendation, not something like “Seek harmony through becoming one with Creation.” But the recommendation is so shocking, so seemingly absurd, that if I tell you now without giving you sufficient background, you might stop reading.





PART 1



RISE OF THE ROBOTS


Exponential growth is deceptive. It starts out almost imperceptibly and then explodes with unexpected fury—unexpected, that is, if one does not take care to follow its trajectory.


—Ray Kurzweil29





CHAPTER 1



EXPONENTIALLY IMPROVING HARDWARE


If, as the title of the book by Ray Kurzweil proclaims, The Singularity Is Near, then why doesn’t it appear so? An ancient story about the Hindu God Krishna partially illuminates the answer:30




Krishna disguised himself as a mortal and challenged a king to a game of chess. The king agreed, and allowed Krishna to name the prize he would receive if he won the game. Krishna chose a seemingly modest reward requesting that upon victory the chess board be filled with rice so that the first square of the board had one grain, the second two, the third four . . . each square containing twice as much rice as the one before it. After losing the game the king initially thought that he could easily pay Krishna the promised prize, but then it became apparent to the king that he couldn’t possibly satisfy his debt.





A chess board has 64 squares. Filling up the first 5 is easy, requiring only 1 + 2 + 4 + 8 + 16 = 31 grains of rice, not enough for a small snack. Every twenty doublings, however, means about a millionfold increase in the number of grains. By the 60th square one would need a million times a million times a million grains of rice. As I said in the introduction, repeated doubling makes things very big, very fast. The yearly doubling power of Moore’s Law might bring us to Singularity.


In 1992, world chess champion Gary Kasparov, as Kurzweil tells us, “scorned the pathetic state of computer chess.”31 Yet in 1997, IBM’s supercomputer Deep Blue defeated Kasparov. Did his 1997 defeat prove that Kasparov was mistaken five years earlier in thinking so little of computer chess? No. Because of exponential improvements in computing speed, it’s entirely possible for a narrow computer intelligence to go from a skill level well below that of the best human to having superhuman abilities in its domain.


For many, computers as smart as people seem tremendously far off, but this might be because people are not thinking exponentially. If I told you that computers had to be a million times faster before we could create a human-level AI, then your intuitive reaction might be that it won’t happen for centuries. However, if Moore’s Law continues to hold, then in twenty years you will be able to buy one million times as much computing power per dollar as you can today.32 But will Moore’s Law persist? Yes, but not in its current form.


Today increases in computing power come mainly from reducing the size of computers’ transistors. The smaller the transistors, the closer together you can pack them, and the shorter the distance electrons have to travel.33 Unfortunately, quantum effects limit how small transistors can get, and problems with heat dissipation limit how closely engineers can bunch them together. Improvements in computing power under the current paradigm will probably end before we could build a single computer processor fast enough to run a von Neumann-level mind.


In the 1950s, engineers increased the power of their computers primarily by shrinking their machines’ vacuum tubes.34 Around 1960, further shrinkage was no longer feasible. Fortunately, as Kurzweil writes, transistors, already being used in radios, were ready to replace vacuum tubes in computers and continue Moore’s Law.


As Kurzweil documents, the exponential improvements in computer processing power have been going on for at least a century.35 Whenever engineers run out of ways to continue these giant gains using existing technologies, another means always arises. Kurzweil believes that three-dimensional molecular computing based on nanotubes offers a likely path to continue this trend.36 He explains that nanotubes were first synthesized in 1991 and are “made up of a hexagonal network of carbon atoms that have been rolled up to make a seamless cylinder.”37 Furthermore, nanotubes “are very small: single-wall nanotubes are only one nanometer in diameter, so they can achieve high densities.”38 Carbon nanotubes could easily supply the hardware requirements of an AI Singularity, since one cubic inch of them would, if fully developed, be “up to one hundred million times more powerful than the human brain.”39


To prove practical, nanoelectronics would have to be self-assembling; otherwise, hardware manufacturers would need to “painstakingly” assemble each of the trillions of circuits.40 Fortunately for the Singularity, scientists have already made some progress in working with self-assembling circuits.41


Other technologies could maintain Moore’s Law after it becomes impractical to further shrink transistors: building three-dimensional circuits using otherwise conventional computer chip-making techniques; computing with DNA, light, or the spin of electrons; or, most tantalizingly, by constructing quantum computers.42 Quantum computing, which takes advantage of the strange properties of the quantum world, might never work out. If it did, however, then for some types of calculation a relatively small quantum computer would vastly outperform “any conceivable nonquantum computer.”43 Quantum computers make the proverbial “lemonade out of lemons” by taking advantage of the quantum forces that will eventually halt the shrinkage of transistors.


Kurzweil predicts that by around 2020 it will cost approximately $1,000 to buy sufficient hardware to “emulate human-brain functionality.”44 By 2030 it would take about a thousand human brains to equal the power of a single $1,000 computer.45 Even after 2030 there will be plenty of room for computers to keep expanding their lead over natural-born human brains.46


We have strong economic reasons for thinking that Moore’s Law will continue. As electrical and computer engineering professor and Intel consultant Eric Polizzi told me, since Intel is the company most responsible for maintaining it, and Intel would be financially decimated if the price-performance ratio of its computer chips didn’t continue to improve at a rapid rate, the company has a strong incentive to maintain Moore’s Law.47 Many companies produce computer chips, and Intel is only able to keep its high profit margin in the face of this competition because it keeps producing higher-quality (if more expensive) chips than almost all of its competitors. If innovation at Intel faltered, however, then the company’s products would soon be no better than its rivals’, and Intel would end up losing much of its market value as it became forced to compete purely on price.


The many benefits of faster computing also give Intel an incentive to innovate. Computing performance is a bottleneck for many software products, such as virtual reality, massive data analysis, and artificial intelligence. Knowing this, Intel and others realize the profits they will be able to gain by producing more-powerful computing hardware, so I’m confident that we’ll continue to see exponential improvement in the performance of computers—at least until physics finally puts a stop to it.


When my son was three, my wife and I kept telling him how quickly he was growing. He agreed with our assessment and concluded that he would soon be so tall that he wouldn’t fit in our car, or even our house. And had he continued to grow at the same rate, he indeed would have become too large for our house. Of course, while he soon outgrew his car seat, we never had to buy a new house to accommodate his height because (like all children’s) his rate of growth eventually slowed.


Biological limits to human growth prevent people from becoming so big they cannot fit in a typical house. Similarly, the laws of physics limit how fast a computer can process information, and even Kurzweil thinks that these limits will eventually stop the exponential growth in computing power. But an MIT engineering professor estimated that, given the known laws of physics, the ultimate laptop computer could perform 1051 operations per second.48 This is almost certainly more than a trillion trillion times faster than the human brain operates.49


Even if computers never get any faster than they are today, it should still become practical to create a von Neumann-level AI so long as computers keep getting cheaper. Rather than running an AI program on just one computer, we could run it on hundreds or even millions of them using what’s known as massive parallel processing. It’s much harder to program a large number of computers working in parallel than it is to program one computer that goes very fast, so AI software would be easier to write if you had one expensive but fast computer than if you had millions of cheap but relatively slow ones. However, even though it would be difficult, it must still be possible to run a von Neumann-level mind on a massive parallel processing system, because that’s what the original von Neumann had. Human intelligence arises in large part from the interaction of the billions of computational units (neurons) in our brains.


Singularity-enabling computers would require a lot of memory as well as sufficient processing speed. Fortunately for those hoping for a speedy Singularity, computing memory (both random access memory and hard drive capacity) is also undergoing exponential improvements.50




Human intelligence is a product of information processing in a brain made of meat. . . . Information processing on a faster, more durable, and more flexible platform like silicon should be able to surpass the abilities of an intelligence running on meat if we can figure out which information processing algorithms are required for intelligence. . . .


—Luke Muehlhauser51


Let an ultraintelligent machine be defined as a machine that can far surpass all the intellectual activities of any man. . .Since the design of machines is one of these intellectual activities, an ultraintelligent machine could design even better machines; there would then unquestionably be an “intelligence explosion,”. . . .


—Irving John Good52


CHAPTER 2


WHERE MIGHT THE SOFTWARE COME FROM?


Computing hardware, no matter how powerful, will never suffice to bring us to a Singularity. Creating AIs smart enough to revolutionize civilizations will also require the right software. Let’s consider four possibilities for how this software might arise.


1.Kurzweilian Merger


Ray Kurzweil believes that our brains will provide the starter software for a Singularity. Kurzweil predicts that the Singularity will come through a merger of man and machines in which we will gradually transfer our “intelligence, personality, and skills to the non-biological portion of our intelligence.”53 Although we might never reach it, economic, medical, and military incentives push us toward a “Kurzweilian merger.”


Humans enhance themselves with tools, be it with sticks that leverage our strength, glasses that focus our vision, or helmets that protect our skulls. 54 With cochlear implants for the deaf and brain stimulation implants for Parkinson’s patients, we have started directly connecting tools to our brains. Kurzweil’s merger prediction comes from his thinking that the steady exponential improvements in information technology and computing hardware will lead mankind to put more and more machines of increasing power into ourselves.


What Kurzweil has going for him is a most remarkable coincidence: The process of making computers faster also makes them better suited to being placed in our bodies. The room-size ENIAC computer of the 1940s that helped John von Neumann and other weapons scientists build the hydrogen bomb would have made a poor brain implant not only because of its size and weight but also because it lacked sufficient speed and memory—its computational power was minuscule compared to that of even a single human brain. A necessary step to improve computers, as it turned out, was to make them smaller; eventually they will be so tiny that billions could fit in our bodies.


The nanotechnology that will probably allow engineers to continue to improve computing hardware would also be the key enabler of a Kurzweilian merger: that is what we would use to construct and regulate the nonbiological part of ourselves. Kurzweil expects us to develop powerful nanotechnology by around 2025.55


Having many tiny but powerful machines in our bodies would bring numerous benefits, including keeping us young and healthy; giving us virtual reality from within our own nervous systems; allowing us to remember anything we have ever seen or experienced; letting us transfer skills and knowledge into our brains (you’d be only a quick download away from mastering Mandarin or becoming a skilled skier); boosting our capacity for abstract thought (I’ll be better at math than John von Neumann ever was!); and enabling us to directly control our emotions and levels of happiness. The military advantages of having nanotech in soldiers’ bodies will likely spur the US Department of Defense (DOD) to pour billions into the industry. The DOD is already researching ways of connecting brains and machines to help troops navigate battlefields.56


The benefits of being stronger, smarter, and healthier are so enormous that if it’s possible to use machines to improve oneself, some people will. Thanks to Moore’s Law, these advantages would steadily grow larger over time.


This is your brain on Moore’s Law: every year, you replace your old implants with new ones that are twice as fast. The nonbiological part of your intelligence grows exponentially, and you become very smart, very fast. And if you work for a biotech company, you’ll use your extra intelligence to come up with even better ways of merging mind and machine, further pushing us to Singularity.


Kurzweil forecasts that by the 2030s, most of our intelligence will be nonbiological. He sets the date for the Singularity at 2045 because he estimates that “the nonbiological intelligence created in that year will be one billion times more powerful than all human intelligence today.”57


The exponential improvements in computing power lend considerable robustness to Kurzweil’s merger prediction.58 Imagine, for example, that Kurzweil underestimates by a factor of a thousand how much computing power will be needed to take us to a Singularity. Because of Moore’s Law yearly doubling of the amount of computing power you can buy per dollar, such a thousandfold error would cause Kurzweil’s predictions to be off by only a decade.


Kurzweil believes that mankind will end up using a significant percentage of the resources of the solar system, and eventually of the galaxy, to increase its own intelligence. After we have mastered nanotechnology, it will always be possible to increase our intelligence by using additional matter. Since at least some people (myself included) would desire to become as smart as the laws of physics allow, mankind would build as many computers as possible and would consequently convert much of the matter we encounter into computing hardware. Kurzweil foresees mankind colonizing the universe at almost the maximum speed allowed by the laws of physics.59


I’m uncertain whether bioengineers will ever be able to figure out how to make extremely smart people by integrating computers into our brains. But the possibility that this could happen is a path to the Singularity that mankind has a reasonable chance of following.


2.Whole Brain Emulation


An argument against using the brain as the basis for AI is that our brains are so complex it might take centuries for us to understand them well enough to merge them with machines. But even if we don’t completely understand how the brain works, we still might be able to create machine emulations of it. Brain emulation would essentially be an “upload” of a human brain into a computer. Assuming sufficiently high fidelity in both simulation and brain scanning, the emulation would think just as the original, biological human did. For any given input, the silicon brain and the biological brain would produce the same output. In any given situation, the emulution would think, feel, and act just as the original person would have in the same circumstances.


Think of the human brain as a black box that receives information from the body’s sensory organs. The brain takes these inputs, processes them, and then outputs commands to various parts of the body. If you can get the same outputs from the same information inputs, then—the argument goes—the emulation will be just as real and just as alive as the original brain. Economist and former AI researcher Robin Hanson, who has written extensively on emulations, told me that, conditional on civilization not collapsing, he’s 80 percent confident that emulations will be developed sometime between 25 and 150 years from now.60 Hanson identifies the three key technologies needed to simulate the brain:


BRAIN SCANNING—In order to upload the brain, you would have to scan it at a sufficiently high level of detail. One way to do this would be to thinly slice the brain, scan each of the slices, and then use a computer program to assemble the two-dimensional images of each slice into a three-dimensional model of the brain. Scientists have already fully scanned the brain of a mouse, but probably not at a high enough resolution to create a simulation.61 Obviously, this slicing method couldn’t be used on a living person. Eventually, nondestructive scanning technology might become powerful enough to allow for uploading that would leave the original brain intact. Kurzweil has shown that the resolution of noninvasive brain scanning has been rapidly increasing.62 Eventually, Kurzweil predicts, we will have billions of nanobots in our brains recording real-time data on how our brains work.63


A key question for brain scanning is how much image detail is needed to convert the original brain scans into an emulation. I find it extremely unlikely that creating an emulation would require scanning at the atomic level because the atoms in our brains keep moving around and getting replaced, and yet the person we are today seems to be the same person we were a year ago.


UNDERSTANDING BRAIN CELLS—Our brains contain many different types of cells, and to successfully emulate a brain, we would need to know how all of them function. As with the whole brain, you can think of each individual cell as a black box that receives inputs and produces outputs. Creating emulations would probably require us to understand only which inputs produce which outputs for each type of cell, rather than having to discover their complete biochemistry.64 Hanson claims that figuring out the input/output relationship for any one type of brain cell isn’t all that difficult, but there are many types, and not that much effort is currently being expended on figuring out how each type works. In 2012, after my interview with Hanson, Microsoft co-founder Paul Allen committed to giving $500 million to the Allen Institute for Brain Science.65 Part of the Institute’s objective is to study how the brain stores, encodes, and processes information.


FAST COMPUTERS—We would need highly powerful computers to turn brain scans into a three-dimensional model of the brain and to run emulations quickly enough to think at least as fast as a person. If the exponential doubling of Moore’s Law continues, my guess is that we will almost certainly have fast-enough computers by 2050.


The ease of copying emulations from computer to computer would make creating them stupendously profitable. The first people to be emulated would almost certainly be highly productive individuals who could earn tremendous salaries and could function well as emulations.66 True, an emulation might not be able to use a humanlike body—but many people, such as authors, computer programmers, and stock analysts, don’t really need bodies to do their jobs. Once you have a single emulation, the cost of making each additional emulation would be equal to the cost of buying another computer that could run the emulation. Moore’s Law would cause this cost to fall exponentially.


It’s counterintuitive to think that we could emulate the human brain on a computer without understanding everything about how brains work. But even without knowing much about how a piece of software operates, it’s certainly possible to take software that’s running on one computer, make an exact copy of it, transport the copy to another computer, and then run the software on the other computer. This is easily accomplished if the two computers have the same operating system; and, through porting, you can sometimes transfer software between different types of hardware. 67


I spent too much of my youth playing Atari video games. Although some of my old games are probably still in my parents’ basement, hardware incompatibilities stop me from running any of them on modern computers. Pretend, however, that it became very important for me to figure out how to run these games on the relatively fast computer I’m using to write this book.


One approach I could take would be to study the code of each of the Atari games and translate it into a language that my current computer can understand. But a more economical method would be to create an emulator on my current machine that makes my computer look to the Atari software like an Atari console. If, say, the software code X32 caused a blue dot to appear on the Atari, while the code for the same action is Y78 on my current computer, then the emulator would translate X32 to Y78 so that the original Atari commands would work on my Intel machine. Doing this wouldn’t require me to understand why a game had blue dots. Once my computer had the emulator, it could run any Atari game without my having to understand how the software worked. An emulator for the human brain, similarly, could allow the uploading of a brain by someone ignorant of most of the brain’s biochemistry.


The success of whole brain emulations would, in large part, come down to how well our brains can handle small changes because the emulations would never be perfect. Human brains, however, are extremely robust to environmental stress. You could hit someone, infect his brain with parasites, raise or lower the temperature of his environment, and feed him lots of strange information, and he’d probably still be able to think pretty much the way he did before.68 Evolution designed our brains to not go crazy when they encounter an unfamiliar environment. Consequently, there’s an excellent chance that the software “essences” of our brains are robust enough that they could survive being ported to a machine. Of course, porting might introduce alterations that evolution never had a chance to protect us against, so the changes might make our brains nonfunctional. But whole brain emulation is still a path to the Singularity that could work, even if a Kurzweilian merger proves beyond the capacity of bioengineers.


If we had whole brain emulations, Moore’s Law would eventually give us some kind of Singularity. Imagine we just simulated the brain of John von Neumann. If the (software adjusted) speed of computers doubled every year, then in twenty years we could run this software on computers that were a million times faster and in forty years on computers that were a trillion times faster. The innovations that a trillion John von Neumanns could discover in one year would change the world beyond our current ability to imagine.


3.Clues from the Brain


Even if we never figure out how to emulate our brains or merge them with machines, clues to how our brains work could help scientists figure out how to create other kinds of human-level artificial intelligence. More than fifty thousand neuroscientists are currently studying the brain, and the tools they use are getting exponentially more powerful.69 Shane Legg, a machine intelligence theorist and programmer, told me he spends much of his time studying neuroscience to give him insights into how to create AI.70 He explained that the brain has been found to use learning algorithms that were, coincidentally, being used in some limited-scope AI programs. Shane told me that very few neuroscientists are interested in AI. But he believes that if machine intelligence became more respected as an academic field, many neuroscientists might switch to AI, meaning there could be a tipping point after which AI research among brain scientists explodes.


4.Intelligence Explosion


The most exciting and terrifying concept in this book is the intelligence explosion, because through it, a single AI might go from being human-level intelligent to being something closer to a god, what I call an ultra-AI, in a period of weeks, days, or even hours.71 If an intelligence explosion occurred, it would happen through recursive self-improvement: as the AI became smarter, it would figure out more ways to make itself smarter yet. Quickly, the positive feedback loop would make the AI as intelligent as the laws of physics allow.


Here’s a simple example of how it could work: somehow, a human-level AI is created that wishes to improve its cognitive powers. The AI examines its own source code, looking for ways to augment itself. After finding a potential improvement, the original AI makes a copy of itself with the enhancement added. The original AI then tests the new AI to see if the new AI is smarter than the original one. If the new AI is indeed better, it replaces the current AI. This new AI then proceeds in turn to enhance its code. Since the new AI is smarter than the old one, it finds improvements that the old AI couldn’t. This process continues to repeat itself.


The goal of many members of the Singularity movement, particularly the Singularity Institute for Artificial Intelligence, is to create a “seed AI” designed to undergo an intelligence explosion and quickly grow to become a friendly ultra-AI.


An AI would have a decent chance of exploding its intelligence if it mastered some form of cheap, all-purpose nanotechnology. An AI with a command of nanotech would be able to quickly turn raw materials into computing hardware, for example by using the carbon in the atmosphere to make diamondoid microprocessors. A human-level AI wielding nanotech could exponentially grow by creating self-replicating factories. For example, the first factory could spend an hour making two other factories and one computer. Each new factory would then itself make two additional factories and another computer. This process could quickly turn much of the earth into computational hardware.


If the first human-level AI had minimal hardware requirements and could be run off the processing power of a smartphone, then little time might elapse between the first and the billionth copy of this AI. As the number of its copies increased, the collective intelligence of the AIs would become better at figuring out how to acquire additional hardware through purchase or theft.


Since computing hardware is improving at an exponential rate, the longer it takes for someone to develop AI software, the more likely it will be that an intelligence explosion will occur. Pretend, for example, that Google just wrote the code for a human-level AI, but this code must be run on a billion-dollar computer. If the AI lacked nanotech, it couldn’t possibly explode its intelligence by running itself on millions of computers. In contrast, if Google doesn’t invent the AI software for thirty years, at which time computers will be a billion times cheaper than they are today, then an intelligence explosion could easily occur very soon after the code is first run. An intelligence explosion might also quickly follow the creation of human-level AI if small changes could translate into huge differences in intelligence.


In most ways, computers today are not as smart as chimps. Let’s imagine that AIs get steadily smarter and within two decades are brighter than chimps. How much longer will it take them to become vastly smarter than any human who has ever existed? If the following diagram is right, we would likely have a lot of warning time between when AIs reach chimp level and when they become ultra-intelligent.


[image: ]


But this first diagram might overstate differences in intelligence. The basic structure of my brain is pretty close to that of chimps and shockingly similar to John von Neumann’s. Perhaps, under some grand theory of intelligence, once you’ve reached chimp level it doesn’t take all that many more tweaks to go well past John von Neumann. If this next diagram has the relative sizes of intelligences right, then it might take very little time for an AI to achieve superintelligence once it becomes as smart as a chimp.


[image: ]


As I’ll discuss in Chapter 7, there are a huge number of genes, each of which slightly contributes to a person’s intelligence. Chances are no human has come anywhere close to having all of those genes. Perhaps, after someone creates an AI based on the human brain, that AI would determine how to emulate the human brain that would arise from any given DNA. This AI could then create an emulation of a human who possessed all of the genes that enhance intelligence and none of those that retard it.


Evolution’s inability to coordinate mutations provides another reason to hope—or fear—that an intelligence explosion will happen shortly after the first human-level AI is created. To grasp this, imagine that the efficiency of the human brain would be greatly increased if 100 specific mutations occurred. If it were true that the more of these mutations you had, the smarter and fitter you would be, then evolution would have an excellent chance of eventually giving our species the entire set of mutations. But if you needed to have all of the mutations to receive any benefit, and if having only some of them reduced the number of offspring you would have, then it is extraordinarily unlikely that the blind forces of evolution would ever produce a human possessing the full 100 mutations. In contrast, an AI might easily be able to emulate an intelligence that did have all of the mutations.


Because an intelligent AI designer of AIs could use materials, techniques, energy sources, and physical structures that evolution can’t, this designer can search for brain architectures in places evolution never looked.72 It’s as if evolution gets to mine for some precious metal on Earth, whereas an intelligent AI designer can look for the metal on Earth or anywhere else in the galaxy.


Reasons to Believe in the Likely Development of AI through Either a Kurzweil Merger, Clues from the Human Brain, Brain Emulation, or Creating an AI from Scratch:


•The human brain exists, showing that it’s possible to create intelligent, flexible entities that can study their own intelligence.


•The human brain runs slowly compared to what we think should be possible. As one AI theorist wrote, “Physically speaking, it ought to be possible to run a brain at a million times the speed without shrinking it, cooling it, or invoking reversible computing or quantum computing.”73


•The human brain is being studied by tens of thousands of neuroscientists, many of whom will undoubtedly (and at least for now, mostly unintentionally) provide clues to how to build AIs.


•Human-level or better AIs would confer significant benefits on a nation’s military.


•Long-term and well-studied trends support the probable continuation of Moore’s Law.


•Future technologies, such as carbon nanotubes, will likely make it possible for companies like Intel to continue Moore’s Law.


•There are many paths to human-level and better AI.


•There are also many paths to enhanced human intelligence, and smarter humans will have greater skills at designing smarter and more powerful computers.


•AI offers fantastic profit opportunities to technology companies. As Microsoft founder Bill Gates wrote, “If you invent a breakthrough in artificial intelligence, so machines can learn, that is worth ten Microsofts.”74 The market just for robots with human-level intelligence that could work as soldiers, farmers, housekeepers, sex companions, industrial manufacturers, and care workers for the elderly would almost certainly exceed $1 trillion a year. AI software that exceeded human abilities in teaching students, predicting financial markets, diagnosing diseases, offering personalized medical advice, and conducting scientific research would also be worth trillions. Brain implants that significantly reduced or delayed the cognitive decline caused by Alzheimer’s disease would be worth hundreds of billions of dollars. I could literally fill up this book with descriptions of different business, military, and medical applications of AI that might lead us to a Singularity.


VIDEO RECOMMENDATION SYSTEMS




Rating the cuteness-overload kitten video you just watched on YouTube might bring us a bit closer to the Singularity. How? Video recommendations offer a fantastic training ground for AI.


The millions of videos on YouTube would have minimal value without an efficient way to identify the content that appeals to people’s idiosyncratic preferences. In contrast to books, which we choose fairly deliberately and take hours to read, the average YouTube user views so many videos so quickly that he can’t conduct an in-depth investigation of each one—you don’t want to spend ten minutes deciding whether you would enjoy a five-minute video. Hence, after you watch a video on YouTube, the website gives you a list of other videos it guesses you will enjoy. This recommendation system bases its decisions on statistical analysis of the videos that viewers with tastes similar to yours have chosen and rated positively.75


Let me now offer you thirteen reasons why video recommendation is an excellent medium in which to develop AI:


1.Massive Profits—The growing proliferation of Internet videos means that a high-quality AI recommender would be worth billions to its owner.


2.Implicitly Knows a Lot About Us—Although we humans often understand why we like a video and can accurately guess what other types of people would like it, we frequently can’t reduce our reasoning to words, in part because mere language generally isn’t rich enough to capture our video experiences. A big part of our brain is devoted to processing visual inputs. Hence, a good recommendation system would necessarily have powerful insights into a significant chunk of our brains.


3.Measurable Incremental Progress—Think of AI as a destination a thousand miles away with the entire pathway hidden by fog. To reach our destination, we need to take many small steps, and for each step we need a way to determine if we have gone in the right direction. A video recommendation system provides this corrective by gathering continuous feedback on how many users liked the recommended videos.
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