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Introduction
As the title suggests, this book is less about artificial intelligence—i.e., the science of building machines that mimic or augment human intelligence—than about the debate surrounding it.
Since its emergence in the years immediately following World War II, the field of artificial intelligence has been home to one of the fiercest intellectual battles in modern science. Like the debate over evolution a century ago, it is a battle in which faith and ego play as much a role as fact.
The comparison with evolution is double-edged. In many ways, the debate over artificial intelligence is undergoing its own subtle evolution. The last five years have triggered a changing of the guard in terms of the debate’s leading participants. What was once a discussion largely confined to academic circles has opened up into a mainstream debate as a growing number of engineers and lay authors weigh in on the acceleration of modern technology and the future of mankind. Given the rapid emergence of the Internet, continuous exponential increases in computing power, and recent, notable breakthroughs such as Deep Blue’s 1997 victory over human chess champion Garry Kasparov, writers are no longer asking “how” or “if” artificial intelligence will reach the level of human intelligence so much as “when?”
Indiana University professor Douglas Hofstadter, author of the 1979 Pulitzer Prize–winning A.I. treatise Gödel, Escher, Bach, summed up the recent trend in a speech to colleagues in July 2000: “More or less simultaneously in the closing year of the twentieth century, there came out a curious coterie of books whose central, sensational-sounding claim was that humanity was on the verge of producing its own successors.” Hofstadter cited as examples of this trend Raymond Kurzweil’s The Age of Spiritual Machines, Hans Moravec’s Robot: Mere Machine to Transcendent Mind, and Bill Joy’s much-publicized Wired magazine essay “Why the Future Doesn’t Need Us,” works and authors that will appear in the coming chapters.
For Hofstadter, a scientist famous for defending the possibility of machine consciousness, the current trend is a troubling one. Although writers such as Kurzweil, Moravec, and Joy seem to defend the notion of sentient machines appearing in the near future, they do so with an almost casual disregard for the monumental difficulties of A.I. research. The evolution of machine intelligence, like the evolution of human intelligence, is a self-driven, self-optimizing process, these new authors argue. As machines become faster and more powerful, the ability to improve the design of the next generational cycle becomes that much easier. Witness the speedy ascendance of programs such as Deep Blue.
“The irony of this vision is its profound anti-intellectualism,” notes Hofstadter. Should such a vision come to pass, it would mean a future in which machines know all there is to know about humans and human intelligence, with humans knowing little or nothing about machine intelligence in return. “We will indeed have built thinking beings,” Hofstadter supposes, “and yet we will not have designed them ourselves, nor will we have the foggiest idea what their operating principles are.”
In the forty-five years since the term “artificial intelligence” first appeared in scientific journals, the field of artificial intelligence has been no stranger to controversy. Deep Blue notwithstanding, many leading A.I. researchers see the community’s continued inability to come up with a central theory of intelligence or a central theory of consciousness as evidence of an underlying structural failure. Some even go so far as to compare the entire A.I. field with the medieval protoscience of alchemy. No matter how many theories scientists throw up at the wall, nothing seems to stick. Why is this?
The generous answer is to note the exceedingly complex nature of the subjects under scrutiny—that is, human intelligence and the human mind. Unlike their counterparts in the chemistry lab or the physics department, A.I. researchers have found their efforts to break intelligence down into a few foundational precepts continually rebuffed. Together with meteorologists, economists, and evolutionary theorists, they have spent much of the post–World War II period honing the mathematical models and scientific tools necessary for the study of chaotic, complex systems. Only now, after a half century’s worth of effort, are the pieces of the puzzle even becoming discernible.
The harsh answer is to point out the artificial-intelligence research community’s well-established reputation for scientific hubris. The fact that today’s researchers see intelligence as a complex quagmire doesn’t erase the fact that many of the field’s earliest proponents saw intelligence in much simpler terms. To early pioneers such as Alan Turing, John McCarthy, and Allen Newell, artificial intelligence was the scientific world’s equivalent of a limited land war. The brain was small, and machines were big. As long as the field continued to attract the best and the brightest, victory was never in question. The only disagreements seemed to be over how long that victory would take: five years or ten?
Given such early misconceptions, it’s not hard to understand why the debate over artificial intelligence has remained so hot for so long. Still, if the words of Kurzweil et al. are to attract any supporters, one would expect them to come from within the traditional A.I. research community. As Hofstadter’s words indicate, the support has been lukewarm at best. The natural response is to ask, “Why?”
Citing Deep Blue and Moore’s Law, Kurzweil and his cohorts see the emergence of machines exhibiting human-level intelligence as a form of technological manifest destiny. 1 Once the average computer system reaches the computational power and structural complexity of the human brain—an event that, if measured in raw hardware terms, should occur between the years 2020 and 2030—the emergence of fully intelligent machines will become an almost foregone conclusion.
“Evolution’s greatest creation—human intelligence—is providing the means for the next stage of evolution, which is technology,” writes Kurzweil in The Age of Spiritual Machines. “This next stage of evolution was necessarily created by human intelligence itself, another example of the exponential engine of evolution using its innovations from one period (human beings) to create the next (intelligent machines).” 2
Whether Deep Blue turns out be the Lucy or the Piltdown Man of artificial intelligence remains to be seen, but this tension over the future of technology merits study. Coming on the heels of the last decade’s Y2K hysteria, it reflects the growing suspicion, even within engineering circles, that technology has already slipped the bonds of human control. It also reflects the growing divide between those who see intelligence in anthropocentric terms and those who do not. The tension essentially boils down to a modern update of the old Zen koan: If a machine does something smart but no human is there to design it or benefit from it, does the machine qualify as intelligent? Like most Zen koans, the answer is neither obvious nor helpful. What is helpful is the insight gained by examining the strengths and weaknesses of each viewpoint.
The specter of Darwin haunts both sides of the renewed A.I. debate. From the Kurzweil perspective, mechanical evolution is merely the continuation of human evolution “by other means.” From the perspective of Kurzweil’s critics, most notably Jaron Lanier, author of the 2000 Wired article “One-Half of a Manifesto: Why Stupid Software Will Save the Future from Neo-Darwinian Machines,” evolution is a helpful metaphor for studying the technological world but only that, a metaphor. Although both sides may disagree on how much faith to put in Darwin, they seem to agree on the basic terms of engagement: Computer systems have gotten faster, smarter, and more organic over the last decade, making comparisons with biological systems less far-fetched than they once were.
A.I. isn’t the only field experiencing a recent spate of evolutionary revisionism. Since the 1975 publication of Richard Dawkins’s neo-Darwinian classic The Selfish Gene, authors have imported evolutionary theory into fields as wide-ranging as human psychology (David Buss’s The Evolution of Desire), political science (Richard Wright’s Nonzero), and human history (Jared Diamond’s Guns, Germs, and Steel).
Such revisionism reflects what Tufts University philosopher Daniel Dennett, author of the 1998 book Darwin’s Dangerous Idea, calls the “universal acid” nature of Darwinian theory. 3 Like a solvent that eats away everything, including its own container, Darwin’s “dangerous idea” that natural selection, variation, and competition are enough to explain the evolution of most complex systems is quietly burning its way through modern culture. Once it passes through everything, Dennett assures us, we are “left with stronger, sounder versions of our most important ideas.”
Granted, Dennett has his own ulterior motives for advancing this process. As a steadfast opponent of Cartesian dualism, the school of philosophy that sees the body and mind as distinct entities, Dennett has spent the last three decades battling fellow scholars’ attempts to depict the mind as anything more than the complex, collective output of an underlying biochemical machine, read: the brain. His 1991 book Consciousness Explained has provided an intellectual platform for bullish A.I. authors such as Kurzweil and Moravec.
In Darwin’s Dangerous Idea, however, Dennett provides colorful insight as to why Kurzweil, Moravec, and others would begin the twenty-first century by looking back to one of the leading minds of the nineteenth century for inspiration. Like the debate over evolution, the debate over artificial intelligence has absorbed new participants and new perspectives over time. Unlike the former debate, however, the debate over A.I. has done so without building upon a set of fundamental underlying principles. Nearly a century and a half after Darwin wrote The Origin of Species, scientists still debate various aspects of Darwinian theory, but the central theory of evolution via natural selection remains, in Dennett’s words, “like Gulliver tied down in Lilliput.” 4 Each new piece of evidence, whether it be Gregor Mendel’s pea plants, Watson and Crick’s DNA double helix, or the latest breakthroughs in genetic engineering, reinforces the stability of the overall system. In the battle for scientific survival, Darwin has grown stronger with each passing year.
The current outpouring of A.I.-related books, papers, manifestos, and “half manifestos” suggests an attempt to pin down that field in similar fashion. Frustrated by the research community’s perceived lack of progress, authors have turned to Darwinian theory in an attempt to skirt the intellectual sand traps that have hampered the discipline for so long. Thanks to Darwin, what was once a battle between philosophers and scientists has become a battle between engineers and software developers. While not everybody accepts the new terms of this debate, its metamorphosis parallels the evolution of high technology over the last half-century. Like the computer, the A.I. debate has become more accessible, more dumbed-down with time. It has also become more beholden to complex forces, including market dynamics and public mood.
Simply put, the current tension over artificial intelligence is a reflection of our own society’s tension over the future and what it holds. Authors are using the natural milestone provided by a fresh century to look back on the achievements and mistakes of the last. This tactic is nothing new. In fact, as we shall soon see, it is the tactic that gave birth to the science of artificial intelligence in the first place. Still, it is something we should keep in mind as we listen to both sides of the A.I. debate.

A.I. Debate Timeline
1900 David Hilbert’s “Mathematical Problems” speech lays the foundation for twentieth-century mathematics and ignites many of the intellectual arguments that will give birth to both computer science and artificial intelligence.
1910 Publication of Principia Mathematica, Bertrand Russell and Alfred North Whitehead’s attempt to provide a more philosophically sound foundation for modern mathematics.
1920 Einstein’s general theory of relativity extends the post–Euclidean geometry work of Hilbert and other nineteenth-century mathematicians into the realm of physics. In the process, Einstein demonstrates that the viewpoint and motion of the observer are as important as the event being observed when factoring cosmological phenomena.
1921 Publication of Tractatus Logico-philosophicus, by Ludwig Wittgenstein, applying the Russell-Whitehead approach to language itself. All metaphysical debates stem from the inconsistencies and loopholes of human language, Wittgenstein argues, and such debates will become unnecessary once the hidden, logical structure of language is determined.
1927 Werner Heisenberg proposes that “uncertainty” is a fixed constant when examining the behavior of subatomic particles. In other words, an observer can never be entirely certain of a particle’s position or direction, because the act of observation automatically affects the system being observed. Like relativity, Heisenberg’s uncertainty principle becomes a weapon for philosophers who dismiss all forms of objective scientific inquiry as subjective inquiry in disguise.
1931 Kurt Gödel’s “incompleteness theorem” provides the deathblow to the thirty-year Hilbert “program.” Gödel proves the incompleteness of arithmetic as a logic-based system and, by extension, the susceptibility of any complex formal system to logical inconsistencies. Later A.I. critics will use this as proof that human intelligence, with its ability to identify and overcome logical paradoxes, cannot be replicated through formal logic or mechanical processes.
1936 Alan Turing’s paper “On Computable Numbers” extends Gödel’s arguments while offering a machine’s-eye view of formal logic. Introducing a theoretical device called the “logical computing machine,” Turing lays out a mechanical method for executing any arithmetically defined function, or algorithm. Turing thereby introduces a new field of mathematics dubbed computation.
1938 “A Symbolic Analysis of Relay and Switching Circuits,” a master’s thesis paper by MIT graduate student Claude Shannon, applies nineteenth-century forms of symbolic logic developed by Gottlob Frege and George Boole to the science of electromechanical relays and telephone networks. This paper lays out the foundation for information theory and future investigations of human cognition from an electromechanical perspective.
1939 World War II begins in Europe. Turing goes to work for the British government as a code-breaking expert, employing many of the ideas laid out in “On Computable Numbers.”
1940 Turing and his Bletchley Park colleagues develop a series of devices, dubbed “bombes,” capable of calculating the massive numbers needed to decode encrypted radio messages.
1943 “A Logical Calculus of the Ideas Immanent in Nervous Activity,” by Warren McCullough and Walter Pitts, introduces the neuron model of the brain. The authors liken the brain to a large telephone network composed of binary state (i.e., on or off) neuronal “switches.”
1944 Stanford professor and former Hilbert student George Polya publishes How to Solve It, a book that attempts to lay out a mathematical approach to problem solving. Polya dubs this new field of mathematics “heuristics.”
1944 Turing and fellow Bletchley Park researchers complete construction of Colossus, an 1,800-vacuum-tube device used to break down encoded German messages.
1945 U.S. engineers John W. Mauchly, John P. Eckert, et al. complete the construction of ENIAC, a machine considered by most technology historians to be the first modern computer.
1947 University of Illinois researcher Arthur Samuel begins his first experiments with computer checkers.
1948 Cybernetics, or Control and Communication in the Animal and the Machine, by MIT professor Norbert Wiener, argues that the human nervous system and mechanical communications systems such as the Bell Telephone network are indistinguishable, at least from a theoretical perspective.
1948 The Hixon Symposium on Cerebral Mechanisms and Behavior at Caltech hosts the first major gathering by psychologists, mathematicians, and electrical engineers to discuss the electromechanical nature of the human brain. “The General and Logical Theory of Automata,” a lecture by Hungarian mathematician John von Neumann, introduces the notion that all life can be boiled down to self-reproducing systems following fixed mathematical rules.
1950 “Computing Machinery and Intelligence,” by Alan Turing, introduces the Imitation Game—later dubbed the Turing test. If a machine can make a human believe he is communicating with another human, argues Turing, the machine must be considered intelligent.
1950 EDVAC, a successor to ENIAC, becomes operational. The first computer to employ internally stored programs, EDVAC is also the
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