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PREFACE



EDGE OF THE WORLD


This is a book about the nature of machines. It is framed as history but makes no claim to have separated the fables from the facts. Both mythology and science have a voice in explaining how human beings and technology arrived at the juncture that governs our lives today.


I have attempted, in my own life and in this book, to reconcile a love of nature with an affection for machines. In the game of life and evolution there are three players at the table: human beings, nature, and machines. I am firmly on the side of nature. But nature, I suspect, is on the side of the machines.


In November of 1972, at the age of nineteen, I built a small tree house on the shore of Burrard Inlet in British Columbia, and settled in. In winter I consumed books and firewood; in summer I explored the British Columbian and Alaskan coasts. The tree house, ninety-five feet up in a Douglas fir, was paneled with cedar I found drifting in Georgia Strait, split into boards whose grain spanned as many as seven hundred years.


During those tree house winters I had lots of time to think. It got dark at four in the afternoon, rained for days on end, and, when the ocean fog rolled in, the earth, but not the sky, was obscured. At odd, unpredictable moments I found myself wondering whether trees could think. Not thinking the way we think, but thinking the way trees think; say, two or three hundred years to form the slow trace of an idea.


I spent the summers working on a variety of boats. When running at night I preferred to take the midnight-to-daybreak watch. By three or four in the morning, I was alone with the trace of unseen landforms on the radar screen and the last hour or two of night. I sometimes left the helm and paced the decks. The world receded in a phosphorescent wake, while birds appeared as red or green phantoms in the glow of the running lights, depending on whether they took wing on the port or starboard side. I also found myself slipping down into the engine room for more than the obligatory check.


When you live within a boat its engine leaves an imprint, deeper than mind, on neural circuits first trained to identify the acoustic signature of a human heart. As I had sometimes drifted off to sleep in the forest canopy, boats passing in the distance, and wondered whether trees might think, so I sat in the engine-room companionway in the small hours of the morning, with the dark, forested islands passing by, and wondered whether engines might have souls. This question threads its way through the chapters of this book.


We are brothers and sisters of our machines. Minds and tools have been sharpened against each other ever since a scavenger’s stone fractured cleanly and the first cutting edge was held in a hunter’s hand. The obsidian flake and the silicon chip are struck by the light of the same campfire that has passed from hand to hand since the human mind began.


This book is not about the future. Where we are at present is puzzling enough. I prefer to look into the past, exercising the historian’s privilege of selecting predictions that turned out to be right. The past is where we find answers to our questions: Who are we, and why? The future is where we see questions to which the answers are up to us.


Do we remain one species, or diverge into many?


Do we remain of many minds, or merge into one?
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She’s right.
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LEVIATHAN




Canst thou draw out leviathan with an hook?
or his tongue with a cord which thou lettest down?


Canst thou put an hook into his nose?
or bore his jaw through with a thorn?


Will he make many supplications unto thee?
will he speak soft words unto thee?


Will he make a covenant with thee?
wilt thou take him for a servant for ever?


Wilt thou play with him as with a bird?
or wilt thou bind him for thy maidens?


Shall the companions make a banquet of him?
shall they part him among the merchants?


Canst thou fill his skin with barbed irons?
or his head with fish spears?


Lay thine hand upon him, remember the battle, do no more.


—JOB 41:1–8





“Nature (the Art whereby God hath made and governes the World) is by the Art of man, as in many other things, so in this also imitated, that it can make an Artificial Animal,” wrote Thomas Hobbes (1588–1679) on the first page of his Leviathan; or, The Matter, Forme, and Power of a Common-wealth Ecclesiasticall and Civill, published to great disturbance in 1651. “For seeing life is but a motion of Limbs, the beginning whereof is in the principall part within; why may we not say that all Automata (Engines that move themselves by springs and wheeles as doth a watch) have an artificiall life?”1 Hobbes believed that the human commonwealth, given substance by the power of its institutions and the ingenuity of its machines, would coalesce to form that Leviathan described in the Old Testament, when the Lord, speaking to Job out of the whirlwind, had warned, “Upon earth there is not his like, who is made without fear.”


Three centuries after Hobbes, automata are multiplying with an agility that no vision formed in the seventeenth century could have foretold. Artificial intelligence flickers on the desktop and artificial life has become a respectable pursuit. But the artificial life and artificial intelligence that so animated Hobbes’s outlook on the world was not the discrete, autonomous mechanical intelligence conceived by the architects of digital processing in the twentieth century. Hobbes’s Leviathan was a diffuse, distributed, artificial organism more characteristic of the technologies and computational architectures approaching with the arrival of the twenty-first.


“What is the Heart, but a Spring; and the Nerves, but so many Strings; and the Joynts, but so many Wheeles, giving motion to the whole Body, such as was intended by the Artificer?” asked Hobbes. “Art goes yet further, imitating that rationall and most excellent worke of Nature, Man. For by Art is created that great LEVIATHAN called a COMMON-WEALTH . . . which is but an Artificiall Man.”2 Despite his reasoned arguments Hobbes was variously condemned by the monarchy, the Parliament, the universities, and the church. Hobbes saw human society as a self-organizing system, possessed of a life and intelligence of its own. Power was vested by mutual consensus, but not by divine right, in the hands of an assembly or a king. Loyalty was useful but need not be absolute. This ambivalence was viewed with suspicion from both sides. “Mr. Hobbs defyeth the whole host of learned men,” and was “dangerous to both Government and Religion,” warned Alexander Ross in Leviathan Drawn out with a Hook,3 the first of a series of attacks that culminated with the citing by the House of Commons of Hobbes’s blasphemies as a probable cause of the great fire and plague of 1666. Although threats against Hobbes were never executed, he destroyed his more incriminating manuscripts, fearing the worst. In his Historical Narration Concerning Heresie, and the Punishment Thereof, written in 1668, Hobbes maintained that his ideas did not fit the existing definition of heresy and accusations against him were unjust; in any event, he argued, there was no legal authority for burning heretics at the stake. Nonetheless, after Hobbes was safely dead, a decree by the University of Oxford in 1683 recommended that Leviathan, among other “Pernicious Books and Damnable Doctrines,” be burned.4


Hobbes’s blasphemy was his vision of a diffuse intelligence that was neither the supreme intelligence of God nor the individual intelligence of the human mind. Leviathan was a collective organism, transcending the individual beings and institutional organs of which it was composed. Human society, taken as a whole, constituted a new form of life, explained Hobbes, “in which, the Soveraignty is an Artificiall Soul, as giving life and motion to the whole body; The Magistrates, and other Officiers of Judicature and Execution, Artificiall Joynts; Reward and Punishment (by which fastned to the seate of the Soveraignty, every joynt and member is moved to performe his duty) are the Nerves, that do the same in the body Naturall; The Wealth and Riches of all the particular members, are the Strength; Salus Populi (the peoples safety) its Businesse; Counsellors, by whom all things needfull for it to know, are suggested unto it, are the Memory; Equity and Lawes, an artificiall Reason and Will; Concord, Health; Sedition, Sicknesse; and Civill war, Death.”5


Hobbes sought not to diminish the intelligence of any existing being, human or divine, but rather to discover evidence of intelligence in the vacuum that supposedly intervened. As he argued against the physical vacuum demonstrated by the air pump of Robert Boyle, so he argued against the metaphysical vacuum that separated God from man. Hobbes hinted at a science of complex systems as comprehensive (and potentially heretical) as the two new sciences by which Galileo, befriended by Hobbes in 1636, had revealed the relative motion of all things. Hobbes’s shortcomings as a mathematician, ridiculed by other natural philosophers, were outweighed by his facility with words. His ambition—when not distracted by civil war, the Restoration, or other social upheavals of the time—was to construct a consistent and purely materialistic natural philosophy of mind. “Motion produceth nothing but motion,” he argued.6 “And consequently every part of the Universe, is Body, and that which is not Body, is no part of the Universe: And because the Universe is All, that which is no part of it, is Nothing.”7 His analysis revealed deep-seated contradictions within the doctrines of the church. “Wee are told, there be in the world certaine Essences separated from Bodies, which they call Abstract Essences, and Substantiall Formes: For the Interpretation of which Jargon, there is need of somewhat more than ordinary attention. . . . Being once fallen into this Error of Separated Essences, they are thereby necessarily involved in many other absurdities that follow it. . . . Can any man think that God is served with such absurdities?”8


Hobbes protested strongly against the metaphysics of René Descartes (1596–1650). His objections, along with a terse response, were published in 1641 as an appendix to Descartes’s Meditationes de prima philosophia, translated into English as Six Metaphysical Meditations; Wherein it is Proved that there is a God. And that Mans Mind is really distinct from his Body. “The question may be put infinitely, how do you know that you know, that you know, that you know? &c,” argued Hobbes. “Wherefore . . . we cannot separate thought from thinking matter, it seems rather to follow, that a thinking thing is material, than that ’tis immaterial.”9 Hobbes countered all the arguments that would reappear much later as arguments against the possibility of mind among machines. “Ratiocination will depend on Words, Words on Imagination, and perhaps Imagination as also Sense on the Motion of Corporeal Parts; and so the Mind shall be nothing but Motions in some Parts of an Organical Body,” he explained, treading dangerously close to heresy, though failing to dissuade Descartes.10


In suggesting, as Alexander Ross put it, “that our natural reason is the word of God” and that “it was a winde, not the holy spirit which in the Creation moved on the waters,”11 Hobbes raised an upheaval that reverberated for three hundred years. The seeds of the Darwinian revolution, with all its ensuing controversies, were sown by Hobbes. The precedent for Bishop Samuel Wilberforce versus Thomas Huxley and Charles Darwin in 1860 was set in 1658 by Bishop John Bramhall versus Thomas Hobbes, launched with a sweeping salvo titled The Catching of the Leviathan, or the Great Whale, Demonstrating out of Mr. Hobbs his own Works, That no man who is thoroughly an Hobbist, can be a good Christian, or a Good Common-wealths man, or reconcile himself to himself, Because his Principles are not only destructive to all Religion but to all Societies; extinguishing the Relation between Prince and Subject, Parent and Child, Master and Servant, Husband and Wife; and abound with palpable contradictions.


Hobbes bore these attacks without flinching and made few concessions to the authorities of his time. He was famous for his irreverences, including an opinion that “the Episcopalians ridiculed the Puritans, and the Puritans the Episcopalians; but . . . the Wise ridiculed both alike.”12 Charles II, then the sixteen-year-old Prince of Wales, had been tutored by Hobbes while exiled in Paris in 1646; with the restoration of the monarchy in 1660 he invited Hobbes into his court. The king awarded Hobbes a small pension and gave him a measure of protection against his enemies, describing him as “a bear, against whom the Church played their young dogs, in order to exercise them.”13 The insults against Hobbes grew bolder on his death, such as the anonymous Dialogues of the Living and the Dead, which appeared in 1699, satirizing Hobbes as “a parcel of atoms jumbled together by chance.” Hobbes had prepared for a protracted battle, leveling his own broadsides at his opponents, epitomized by his Considerations upon the Reputation, Loyalty, Manners, & Religion, of Thomas Hobbes of Malmsbury, written by himself, by way of a Letter to a Learned Person, in which he asked: “What kind of Attribute I pray you is immaterial, or incorporeal substance? Where do you find it in the Scripture? Whence came it hither, but from Plato and Aristotle, Heathens, who mistook those thin Inhabitants of the Brain they see in sleep, for so many incorporeal men; and yet allow them motion, which is proper only to things corporeal? Do you think it an honour to God to be one of these?”14


Hobbes advocated neither the pantheism of the ancients- nor the atheism of which he was accused. He believed life and mind to be natural consequences of matter when suitably arranged; God to be a corporeal being, of perhaps infinitely higher mental order but composed of substance nonetheless; and damnation, to those so afflicted, a temporary state. The eloquence of his arguments wounded his critics deeply, whereas Hobbes suffered only superficially from the charges of heresy and promises of eternal hellfire pressed against him in response. “In writing books just as in real life,” he wrote to Cosimo de’ Medici in 1669, “enemies are more useful than friends.”15 Leviathan circulated widely, reprinted by underground or offshore press. “To my bookseller’s, for ‘Hobbs’s Leviathan,’” noted Samuel Pepys in 1668, “which is now mightily called for; and what was heretofore sold for 8s. I now give 24s. at the second hand, and is sold for 30s., it being a book the Bishops will not let be printed again.”16


Hobbes was a lifelong pacifist, a disposition he attributed to a premature birth precipitated by anxiety over the approach of the Spanish Armada in 1588. He meticulously cultivated new ideas and distilled them into words. “He walked much and contemplated,” wrote his contemporary John Aubrey, “and he had in the head of his Staffe a pen and inke-horn, carried always a Note-book in his pocket, and as soon as a notion darted, he presently enterd it into his Booke, or els he should perhaps have lost it.”17 He played tennis until the age of seventy-five (“this he did believe would make him live two or three yeares the longer”) and served up a lively game of words until silenced by a peaceful death at the age of ninety-one. “Neither the timorousness of his Nature from his Infancy, nor the decay of his Vital Heat in the extremity of old age,” reported Aubrey, “chilled the briske Fervour and Vigour of his mind, which did wonderfully continue to him to his last.”18 His most outspoken critics were among the first to grant his intellect their respect. Steven Shapin and Simon Schaffer concluded their exhaustive study of the argument between Hobbes and Robert Boyle with an unambiguous judgment: “Hobbes was right.”19 Hobbes’s vision was never so much extinguished as transformed.


Two centuries after Hobbes, the French electrodynamicist André-Marie Ampère sought to categorize all branches of human knowledge in his Essay on the Philosophy of Science, or Analytic exposition of a natural classification of human knowledge.20 Reaching the field of political science through territory first explored by Hobbes (who composed Leviathan during his exile in Paris, before the French clerical authorities grew agitated by his ideas), Ampère coined a word with a far-reaching destiny: Cybernétique. Derived from Greek terminology referring to the steering of a ship, Ampère’s Cybernétique encompassed that body of theory, complementary to but distinct from the theory of power, concerned with the underlying processes that direct the course of organizations of all kinds. In the second, posthumous volume of Ampère’s Essay, published by his son in 1843, Ampère explains how he came to recognize a field of knowledge “which I name Cybernétique, from the word κυβερνετική, which was applied first, in a restricted sense, to the steering of a vessel, and later acquired, even among the Greeks, a meaning extending to the art of steering in general.”21


Ampère, an early advocate of the electromagnetic telegraph and mathematical pioneer of both game theory and electrodynamics, thereby anticipated the Cybernetics of Norbert Wiener, who, another century later, reinvented both Ampère’s terminology and Hobbes’s philosophy in their current, electronic form. “Although the term cybernetics does not date further back than the summer of 1947,” wrote Wiener in 1948, “we shall find it convenient to use in referring to earlier epochs of the development of the field.”22 Wiener, who was involved in the development of radar-guided anti-aircraft fire control, which marked the beginning of rudimentary perception by electronic machines, was unaware until after the publication of Cybernetics of the coincidence in choosing a name coined by the same Ampère we now honor in measuring the flow of electrons through a circuit. In 1820, by demonstrating that electric currents are able to convey both power and information, Ampère had laid the foundations for Wiener’s cybernetic principles of feedback, adaptation, and control.


We live in an age of embodied logic whose beginnings go back to Thomas Hobbes as surely as it remains our destiny to see new Leviathans unfold. Hobbes established that logic and digital computation share common foundations, suggesting a basis in common with mind. “Per ratiocinationem autem intelligo computationem,” declared Hobbes in 1655, or, “by ratiocination, I mean computation. Now to compute, is either to collect the sum of many things that are added together, or to know what remains when one thing is taken out of another. Ratiocination, therefore is the same with Addition or Substraction; and if any man adde Multiplication and Division, I will not be against it, seeing Multiplication is nothing but Addition of equals one to another, and Division nothing but a Substraction of equals one from another, as often as is possible. So that all Ratiocination is comprehended in these two operations of the minde, Addition and Substraction.”23


This statement launched an argument far from settled after 340 years: If reasoning can be reduced to arithmetic, which, even in Hobbes’s time, could be performed by mechanism, then is mechanism capable of reasoning? Can machines think? (Or, as Marvin Minsky put it, “Why do people think computers can’t?”)24 Hobbes, the patriarch of artificial intelligence, was succeeded in this line of questioning by the young German lawyer and mathematician Gottfried Wilhelm von Leibniz (1646–1716), who made the first attempt at a system of symbolic logic and the first suggestion of a binary computing machine. The holy grail of capturing intelligence within a formal, mechanical system, however, slipped through Leibniz’s grasp.


Or did it? The binary arithmetic and logical calculus of Leibniz and Hobbes’s vague notions of reason as a mathematical function are now executed millions of times per second by thumbnail-size machines. Our formalization of logic is embedded microscopically in these devices, and by every available means of digital communication, from fiber optics to circulating floppy disks, the kingdom of the microprocessor is building a collective body of results. Philosophers and mathematicians have made limited progress at deconstructing the firmament of mind from the top down, while a grand, bottom-up experiment at building intelligence from elemental bits of addition and subtraction has been advancing by leaps and bounds. The results have more in common with the diffuse intelligence of Hobbes’s Leviathan than with the localized artificial intelligence, or AI, that has now been promised for fifty years.


Is intelligence a formal (or mathematically definable) system? Is life a recursive (or mechanically calculable) function? What happens when you replicate discrete-state microprocessors by the billions and run these questions the other way? (Are formal systems intelligent? Are recursive functions alive?) Life and intelligence have learned to operate on any number of different scales: larger, smaller, slower, and faster than our own. Biology and technology evidence parallel tendencies toward collective, hierarchical processes based on information exchange. As information is distributed, it tends to be represented (encoded) by increasingly economical (meaningful) forms. This evolutionary process, whereby the most economical or meaningful representation wins, leads to a hierarchy of languages, encoding meaning on levels that transcend comprehension by the system’s individual components—whether genes, insects, microprocessors, or human minds.


Binary arithmetic is a language held in common by switches of all kinds. The global population of integrated circuits—monolithic networks of microscopic switches that take only billionths of a second to switch between off and on—is growing by more than 100 million units per day.25 Production of silicon wafer, approximately 2.5 billion square inches for the year 1994, is expected to double by the year 2000—enough raw material, to use an existing benchmark, for 30 billion Pentium microprocessors, of 3.3 million transistors each.26 Intel’s Pentium microprocessors are now manufactured, tested, and packaged at a cost of less than forty dollars each, while 350,000-transistor 486SXL embedded microprocessors cost less than eight dollars to manufacture and sell in quantity for about fifteen dollars each.27 Microcontrollers—specialized microprocessors embedded in all kinds of things—were produced at a rate of more than 8 million units per day in 1996.28 Over 200,000 non-embedded 32-bit microprocessors per day were shipped in 1995, and worldwide sales of personal computers exceeded 70 million units for the year. But the distinction between microprocessors and microcontrollers is increasingly obscure. Embedded devices are being integrated into the computational landscape, while computers are reaching beyond the desktop to become more deeply embedded in the control of all aspects of our world.


This digital metabolism is held together by telecommunications, spanning distance, and by memory, spanning time. Annual production of dynamic random-access memory (DRAM) now exceeds 25 billion megabits, and the manufacturing cost of 16-megabit memory circuits dropped beloW $10.00, or $0.62 per megabit, in 1996.29 More than 100 million hard disk drives—averaging 500 megabytes each—were shipped in 1996. The market for electronic connectors now exceeds 20 billion dollars a year. Long-distance transmission of data has exceeded transmission of voice since 1995, with current telecommunications standards allowing the multiplexing of as many as 64,000 voice-equivalent channels over a single fiber optic pair.


Physicist Donald Keck, who wrote “Eureka!” in his Corning laboratory notebook after testing the first 200 meters of low-loss optical fiber in August 1970, estimated the worldwide installed base of optical fiber at more than 100 million kilometers at the end of 1996.30 Eight million kilometers of telecommunications fiber were deployed in 1996 in the United States alone.31 Much of this is “dark fiber” that awaits the growth of high-speed switching elsewhere in the global telecommunications network before it can be used. “The AT&T network is the world’s largest computer,” according to Alex Mandl of AT&T. “It is the largest distributed intelligence in the world—perhaps the universe,” he claimed in 1995 (assuming that extraterrestrial civilizations have broken up their telecommunications industries into pieces smaller than AT&T).32


The emergence of life and intelligence from less-alive and less-intelligent components has happened at least once. Emergent behavior is that which cannot be predicted through analysis at any level simpler than that of the system as a whole. Explanations of emergence, like simplifications of complexity, are inherently illusory and can only be achieved by sleight of hand. This does not mean that emergence is not real. Emergent behavior, by definition, is what’s left after everything else has been explained.


“Emergence offers a way to believe in physical causality while simultaneously maintaining the impossibility of a reductionist explanation of thought,” wrote W. Daniel Hillis, a computer architect who believes that architecture and programming can only go so far, after which intelligence has to be allowed to evolve on its own. “For those who fear mechanistic explanations of the human mind, our ignorance of how local interactions produce emergent behavior offers a reassuring fog in which to hide the soul.”33 Although individual computers and individual computer programs are developing the elements of artificial intelligence, it is in the larger networks (or the network at large) that we are developing a more likely medium for the emergence of the Leviathan of artificial mind.


Sixty years ago, English logician Alan Turing constructed a theory of computable numbers by means of an imaginary discrete-state automaton, reading and writing distinguishable but otherwise intrinsically meaningless symbols on an unbounded length of tape. In Turing’s universe there are only two objects in existence: Turing machine and tape. Turing’s thought experiment was as close to Leibniz’s dream of an elemental and universal language as mind, mechanism, or mathematics has been able to get so far. With the arrival of World War II, statistical analysis and the decoding of computable functions became a matter of life and death. Theory became hardware overnight. Turing and his wartime colleagues working for Allied intelligence at Bletchley Park found themselves coercing obstinate lengths of punched paper tape, at speeds of up to thirty miles per hour, through an optical mask linked by an array of photoelectric cells to the logical circuitry of a primitive computer named Colossus. Some fifteen hundred vacuum tubes, configured for parallel Boolean arithmetic, cycled through five thousand states per second, seeking to recognize a meaningful pattern in scrambled strings of code. The age of electronic digital computers was launched, secretively, as ten Colossi were brought on line by the time the war came to an end.


It has been nothing but Turing machines, in one form or another, ever since. Ours is the age of computable numbers, from the pocket calculator to Mozart on compact disc to the $89.95 operating system containing eleven million lines of code. We inhabit a computational labyrinth infested by billions of Turing machines, each shuffling through millions of internal states per second and set loose, without coordinated instructions, to read and write mutually intelligible strings of symbols on a communally unbounded, self-referential, and infinitely convoluted supply of tape.


Although our attention has been focused on the growth of computer networks as a medium for communication among human beings, beneath the surface lies a far more extensive growth in communication among machines. Everything that human beings are doing to make it easier to operate computer networks is at the same time, but for different reasons, making it easier for computer networks to operate human beings. Symbiosis operates by way of positive rewards. The benefits of telecommunication are so attractive that we are eager to share our world with these machines.


We are, after all, social creatures, formed by our nature into social units, as we ourselves are formed from societies of individual cells. Even H. G. Wells, who warned of a dark future as he approached the close of his life, held out hope for humanity through the globalization of human knowledge, described in his 1938 book World Brain: “In a universal organization and clarification of knowledge and ideas . . . in the evocation, that is, of what I have here called a World Brain . . . a World Brain which will replace our multitude of uncoordinated ganglia . . . in that and in that alone, it is maintained, is there any clear hope of a really Competent Receiver for world affairs. . . . We do not want dictators, we do not want oligarchic parties or class rule, we want a widespread world intelligence conscious of itself.”34 As we develop digital models of all things great and small, our models are faced with the puzzle of modeling themselves. As far as we know, this is how consciousness evolves.


Wells acknowledged memory not as an accessory to intelligence, but as the substance from which intelligence is formed. “The whole human memory can be, and probably in a short time will be, made accessible to every individual. . . . This new all-human cerebrum . . . need not be concentrated in any one single place. It need not be vulnerable as a human head or a human heart is vulnerable. It can be reproduced exactly and fully, in Peru, China, Iceland, Central Africa, or wherever else seems to afford an insurance against danger and interruption. It can have at once, the concentration of a craniate animal and the diffused vitality of an amoeba.”35 Writing from a perspective about midway, technologically, between the diffuse, largely unmechanized nature of Hobbes’s Leviathan and the diffuse, highly mechanized information-processing structures of today. Wells held out the hope that this collective intelligence might improve on some of the collective stupidity exhibited by human beings so far. Let us hope that Wells was right.


Not everyone agrees that our great network of networks represents an emerging intelligence, or that it would be in our best interest if it did. Our intuitive association of intelligence with computational complexity has no precedent by which to grasp the combinatorial scale of the computer networks developing today. “Since the complexity is an exponential function of this kind of combinatorics, there is really a gigantic gap between computers and flatworms or any other simple kind of organism,” warned Philip Morrison, considering the prospects for artificial intelligence in 1974. “Computer experts have a long, long way to go. If they work hard, their machines might approach the intelligence of a human. But the human species is not one person, it is 1010 of them, and that is entirely a different thing. When they tell you about 1010 computers, then you can start to worry.”36


Those ten billion computers are not here yet, but the advance guard is settling in. Most are safely minding their own business, performing innocuous routines with no more intelligence than it takes to recalculate a spreadsheet, schedule a meeting, or adjust the ignition timing as you drive. Some are more visible than others, especially personal computers—microprocessors linked more or less intimately to the memories, intuitions, and decision-making abilities of individual human brains. Suddenly, with the convergence of the computer and telecommunications industries (not to mention the banking industry, which led the way) everything is being connected to everything else.


A circuit-switched communications network, in which real wires are switched to connect a flow of information between A and B, would be swamped by the intractable combinatorics of millions of computers demanding random access to their collective address space at once. All the switches in the world could never keep up. But with packet-switched data communications, collective computation scales gracefully as the number of processors (both electronic and biological) grows. Thanks to “hot-potato” routing algorithms, individual messages—the raw material from which intelligence is formed—are broken into smaller pieces, told where they are going but not how to get there, and reassembled after finding their own way to the destination address. Consensual protocols, running on all the processors in the net, maintain the appearance of robust connections between all the elements at once. The resulting free market for information and computational resources determines which connection pathways will be strengthened and which languish or die out. By the introduction of packet switching on an epidemic scale, the computational landscape is infiltrated by virtual circuitry, cultivating a haphazard, dendritic architecture reminiscent more of nature’s design than of our own. Rules are simple, results complex. Does this signal the emergence of intelligence or merely the intellect of a bamboo forest growing toward the light?


Network architecture appears entirely random—as does, by coincidence or by design, the initial wiring of our own brains. Randomness has its reasons, however. “An argument in favor of building a machine with initial randomness is that, if it is large enough, it will contain every network that will ever be required,” advised Irving J. Good, one of the pioneers of the Colossus, in a lecture on parallel processing given at IBM in 1958.37 Whether growing a brain or evolving a telecommunications system, this seems to be good advice.


Computers may never embody mind at the level of human beings, despite a resurgence of such predictions every few years. But it is differences that make symbiotic relationships work. Symbiosis implies cooperation between distinguishable organisms, often a competition between host and parasite from which fruitful coexistence evolves. New and less distinguishable coalitions, such as lichens or eukaryotic cells, may be formed. “Life did not take over the globe by combat, but by networking,” observed Lynn Margulis, describing how life evolved from the exchange of information between primitive chemical microprocessors the first time around.38 Life began at least once and has been exploring its alternatives ever since. The cooperation between human beings and microprocessors is unprecedented, not in kind, but in suddenness and scale.


Front simple congregations of simple molecules life moved, against all odds, to complex associations of complex molecules, forming a prolific molecular ecology eventually leading to living cells. Simple organisms were then established by associations of simple cells, followed by increasingly complex and differentiated cells forming increasingly complex and differentiated living forms. The social insects evolved elementary but highly successful collective organisms based on the behavior of individually simple parts, as Hobbes’s Leviathan introduced the idea of an enduring collective organism composed of our own exceedingly complicated selves. And now, in the coalescence of electronics and biology, we are forming a complex collective organism composed of individual intelligences—governed not at the speed of Parliament but at the speed of light.


Is this the end of nature? Not by any means! Just as J. D. Bernal observed that “we are still too close to the birth of the universe to be certain about its death,”39 so we are still too close to the beginning of nature (not to mention the beginning of science) to be certain about its end. As Hobbes’s Leviathan sparked debate over the divine right of kings, so this new Leviathan signals an end to the illusion of technology as human beings exercising control over nature, rather than the other way around. The proliferation of microprocessors and the growth of distributed communications networks hold mysteries as deep as the origins of life, the source of our own intelligence, or the convergence of biology and technology toward a common language based on self-replicating strings of code. How can we imagine what comes next? As Loren Eiseley suggested concerning the possibility of life on other planets, in 1953, “It is as though nature had all possible, all unlikely worlds to make.”40


Among the unlikely worlds that nature has yet to finish is the one that we call home. “And in this hope I return to my interrupted Speculation of Bodies Naturall,” wrote Thomas Hobbes in the final paragraph of Leviathan, “wherein, (if God give me health to finish it,) I hope the Novelty will as much please, as in the Doctrine of this Artificiall Body it useth to offend.”41


Nature, in her boundless affection for complexity, has begun to claim our creations as her own.
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DARWIN AMONG THE MACHINES




As the vegetable kingdom was slowly developed from the mineral, and as in like manner the animal supervened upon the vegetable, so now in these last few ages an entirely new kingdom has sprung up, of which we as yet have only seen what will one day be considered the antedeluvian prototypes of the race. . . . as some of the lowest of the vertebrata attained a far greater size than has descended to their more highly organized living representatives, so a diminution in the size of machines has often attended their development and progress. . . . It appears to us that we are ourselves creating our own successors . . . giving them greater power and supplying by all sorts of ingenious contrivance that self-regulating, self-acting power which will be to them what intellect has been to the human race.


—SAMUEL BUTLER1





At the end of September 1859, a twenty-three-year-old Samuel Butler (1835–1902) sailed from England aboard the Roman Emperor, bound for Canterbury Settlement in New Zealand. The estranged son of Reverend Thomas Butler (rector of Langar, Nottinghamshire) and grandson of Dr. Samuel Butler (headmaster of Shrewsbury and bishop of Lichfield) was off to establish his independence as a sheep farmer in the New Zealand hills. Canterbury Settlement, founded by Church of England pilgrims granted title to “waste land in the middle island,” was barely nine years old. Butler was renouncing the position (in church or college) his father expected of him, although he did not renounce some £4,400 in family capital that followed him from home. This and a degree in classics from Cambridge were the young emigrant’s chief resources. He made good on both accounts.


“The world begins to feel very small when one finds one can get half round it in three months,” wrote Butler during the voyage out.2 On arrival at Port Lyttelton, near Christchurch, he purchased an experienced horse named Doctor, “a good river-horse, and very strong.” Together they explored the surrounding territory, taking up a run of country at the divided headwaters of the Rangitata River (the homestead was christened Mesopotamia accordingly), where Butler put up a hut, established several thousand sheep, and lived happily until selling out his eight thousand acres at a substantial profit in 1864. Butler took well to the adventures along the way. The fellowship and solitude he found among the remote sheep stations is portrayed within the pages of his First Year in Canterbury Settlement in textures that suggest a Cambridge don making the rounds of his fellows’ rooms. “After proceeding some few miles further I came to a station,” he noted (13 February 1860) during his initial search for unclaimed territory, “where, though a perfect stranger, and at first (at some little distance) mistaken for a Maori, I was most kindly treated, and spent a very agreeable evening.”3 In March, after an excursion “in the extreme back country, and, positively, right up to a glacier,” Butler and a fellow homesteader headed down from the hills: “We burnt the flats as we rode down, and made a smoke which was noticed between fifty and sixty miles off. I have seen no grander sight than the fire upon a country which has never before been burnt.”4


New Zealand left its impression on Butler, and Butler left his impression on New Zealand. He adopted the landscape and antipodean character of the remote colony as the model for his Erewhon; or, Over the Range, a satirical novel set in an isolated valley whose inhabitants had turned back the clock so as to preclude the development of intelligence among machines. Published anonymously in 1872, Erewhon was greeted with immediate success. “The reviewers did not know but what the book might have been written by a somebody whom it might not turn out well to have cut up, and whom it might turn out very well to have praised,” Butler would later explain.5 Unfortunately, “the demand fell off immediately on the announcement of my being the author,”6 or, as Butler’s friend and biographer Henry Festing Jones (1851–1928) put it, “as soon as The Athenaeum announced that Erewhon was by a nobody the demand fell 90 percent.”7


Nonetheless, Erewhon made a name for Butler and provided the only measurable profit of his literary career, with 3,842 copies sold for a net gain of £69 3s. l0d. by his 1899 accounts.8 Butler’s father, who, according to H. F. Jones, “felt that success in this kind of literature was even more to be deprecated than success in any kind of painting,”9 refused to read Erewhon and claimed that the book’s appearance precipitated Mrs. Butler’s death. Yet the world of the Erewhonians and the futility of their attempted sanctuary from machines remains as enduring a landmark as the New Zealand valley that bears the imprint Mesopotamia to this day.


Butler possessed an ability to find what he wanted in the world and to create life’s accessories as he wished. He enjoyed art, so he took up painting, with enough success to exhibit at the Royal Academy. In honor of Handel, he took up composing and wrote, with Henry Festing Jones, a Handelian oratorio (Narcissus, 1888) as well as an album of gavottes, minuets, and fugues (Novello & Co., 1885). He cut a legendary figure in the New Zealand bush. “I shall never forget the small dark man with the penetrating eyes,” remembered Sir Joshua Williams, “who took up a run at the back of beyond, carted a piano up there on a bullock dray, and passed his solitary evenings playing Bach’s fugues; and who, when he emerged from his solitude and came down to Christchurch, was the most fascinating of companions.”10 Robert Booth, who hired on with Butler during Mesopotamia’s second year, remembered him as “a literary man, and his snug sitting-room was fitted with books and easy chairs—a piano also. . . . Butler, Cook, and I would repair to the sitting-room, and round a glorious fire smoked or read or listened to Butler’s piano. It was the most civilised experience I had had of up-country life.”11


Erewhon and all the books that followed (until Erewhon Revisited in 1901) were published at Butler’s own expense. The success of his nonfiction was uneven at best. A secure reputation had to await his autobiographical, anti-Victorian novel, The Way of all Flesh, which Butler left unpublished lest his relatives take offense. This courtesy was not extended to anyone else. “I have never written on any subject unless I believed that the authorities on it were hopelessly wrong,” Butler proudly admitted.12 His career was marked by a bitter dispute with Charles Darwin, precipitated by Darwin’s failure to adequately credit the work of prior evolutionists, such as Georges Buffon (1707–1788), Jean-Baptiste Lamarck (1744–1829), Patrick Matthew (1790–1874), Robert Chambers (1802–1871), and Erasmus Darwin (1731–1802), who, in addition to being Charles’s paternal grandfather, originated many of Charles’s evolutionary ideas. Butler’s criticism of Darwin’s incomplete acknowledgments escalated into a sustained attack on the foundations of Charles Darwinism itself.


The ensuing controversy consumed four volumes of Butler’s writings and twenty years of his life. On the advice of Thomas Huxley, Darwin withheld comment, although, as Butler pointed out, some thirty-six references to “my” theory in the first edition of Origin of Species were deleted from subsequent editions of the book. Butler suffered the consequences of publicly attacking an intellectual hero of his time. “Has Mivart bitten him and given him Darwinophobia?” asked Huxley in a letter sent to Darwin in 1880. “It’s a horrid disease and I would kill any son of a [Huxley leaves out a word but inserts a sketch] I found running loose with it without mercy.”13 The forces that Darwin and Huxley marshaled against their religious critics were directed against Butler’s arguments as well—and with greater force, since Butler lacked institutional support.


In the absence of any understanding of how collectively nonran-dom behavior can emerge, without the guidance of external (or natural) selection, from initially random events, Butler’s interpretation of evolution appeared to be attempting a resurrection of the argument from design. In his rebellion against Darwinism (which Butler labeled neo-Darwinism, not to be confused with various neo-Darwinisms in circulation today) Butler was not retreating to the shelter of theology but thinking freely ahead for himself. “Butler’s whole nature revolted against the idea that the universe was without intelligence,” explained H. F. Jones.14 The evolution of intelligence and the intelligence of evolution evidenced common principles of which life was at the same time both the cause and the result. Concerning the development of species, Butler wrote in Luck, or Cunning? that “they thus very gradually, but nonetheless effectually, design themselves.”15 Butler espoused a theory of species-level intelligence and grappled with the behavior of complex and self-organizing systems, as these lingering mysteries have more recently been framed. He favored Erasmus Darwin over Charles.


“From thus meditating on the great similarity of the structure of the warm-blooded animals, and at the same time of the great changes they undergo both before and after their nativity; and by considering in how minute a portion of time many of the changes of animals above described have been produced,” asked Darwin, “would it be too bold to imagine, that in the great length of time, since the earth began to exist, perhaps millions of ages before the commencement of the history of mankind, would it be too bold to imagine, that all warm-blooded animals have arisen from one living filament, which THE GREAT FIRST CAUSE endued with animality, with the power of acquiring new parts, attended with new propensities, directed by irritations, sensations, volitions, and associations; and thus possessing the faculty of continuing to improve by its own inherent activity, and of delivering down those improvements by generation to its posterity, world without end!”16 This was not Charles Darwin in his Origin of Species of 1859, but Erasmus Darwin in his Zoonomia of 1794. On one level, Zoonomia; or, the Laws of Organic Life was an encyclopedic medical text, a massive catalog of the great diversity of disease, contrasted by the appalling insufficiencies of what eighteenth-century medicine could do to help. On another level, Zoonomia was an attempt to construct “a theory founded upon nature, that should bind together the scattered facts of medical knowledge, and converge into one point of view the laws of organic life.”17


“The great CREATOR of all things has infinitely diversified the works of his hands, but has at the same time stamped a certain similitude on the features of nature, that demonstrates to us, that the whole is one family of one parent,” wrote Darwin in the preface to his book. “Shall we conjecture, that one and the same kind of living filaments is and has been the cause of all organic life?”18 He elaborated further in the third edition of 1801: “I suppose that fibrils with formative appetencies, and molecules with formative aptitudes or propensities, produced by, or detached from, various essential parts of their respective systems, float in the vegetable or insect blood. . . . As these fibrils or molecules floated in the circulating blood of the parents, they were collected separately by appropriated glands of the male or female; and that finally on their mixture in the matrix the new embryon was generated, resembling in some parts the form of the father, and in other parts the form of the mother, according to the quantity or activity of the fibrils or molecules at the time of their conjunction.”19


Erasmus (the father of fourteen children) was emphatic about the importance to genetic diversity of sex, noting that “if vegetables could only have been produced by buds and bulbs, and not by sexual generation, that there would not at this time have existed one thousandth part of their present number of species.”20 He developed some peculiar ideas about the effects of imagination on hereditary characteristics, offering clinical advice as to how “the sex of the embryon . . . may be made a male or a female by affecting the imagination of the father at the time of impregnation . . . but the manner of accomplishing this cannot be unfolded with sufficient delicacy for the public eye.”21 He focused his literary attentions, more or less discreetly, on the sexual life of plants and noted that the sexual exuberance of flowers reaches into the warm-blooded kingdom of, for instance, birds: “The final cause of this contest among the males seems to be, that the strongest and most active animal should propagate the species, which should thence become improved.”22


Erasmus Darwin identified the essential principles of natural selection, descent with modification, and other pillars of evolutionary thought. “The great globe itself, and all that it inhabit, appear to be in a perpetual state of mutation and improvement,” he noted in The Temple of Nature; or, the Origin of Society in 1803.23 His evolutionary timescale was more realistic than that of his grandson Charles, and he was careful to emphasize that the study of evolution, rather than diminishing the power of God, served to glorify his work. “The world itself might have been generated, rather than created; that is, it might have been gradually produced from very small beginnings, increasing by the activity of its inherent principles, rather than by a sudden evolution of the whole by the Almighty fiat,” he wrote in 1794. “What a magnificent idea of the infinite power of THE GREAT ARCHITECT! THE CAUSE OF CAUSES! PARENT OF PARENTS! ENS ENTTUM! For if we may compare infinities, it would seem to require a greater infinity of power to cause the causes of effects, than to cause the effects themselves.”24


Erasmus Darwinism, however widely acclaimed at the time, has been obscured by a lingering confusion, perpetuated by both Charles Darwin and Samuel Butler, that equates the work of Erasmus Darwin with the errors of his follower Lamarck. A respected French naturalist and protégé of Buffon, Lamarck made lasting contributions to science, dividing the animal kingdom into vertebrates and invertebrates and assigning the label biology to the study of life. He is most famous, however, for his mistaken belief in the inheritance of acquired characteristics, the classic example being that giraffes grew taller by stretching their necks. Lamarckism reflected the prevailing views of the time and, indeed, was supported by Charles Darwin’s provisional hypothesis of pangenesis, published in 1868. The views of Erasmus were in some respects less Lamarckian, and closer to the modern synthesis, than those expressed much later by Charles. But Erasmus failed to develop a concise packaging for his argument. He either published his observations as lengthy footnotes to his unwieldy poems or concealed them within his Zoonomia, expanded to fourteen hundred pages in the third edition of 1801. Sixty years later, Charles Darwin would be justly proclaimed a prophet, but, as Butler argued in Evolution, Old and New, he had inherited—not invented—the evolutionary faith.


From an otherwise modest position as surgeon of Lichfield, fifteen miles north of Birmingham, Dr. Erasmus Darwin became one of the foremost physicians of his time. Refusing the king’s invitation to move to London, he kept up his daily rounds, dispensing his skills with uncommon generosity and moving as freely among all social circles as the bad state of the roads allowed. He lobbied prominently against the institution of slavery and for the humane treatment of the insane. Abstaining from both alcoholic spirits and Christianity, he embraced science and invention with an intellectual appetite exceeding his visible but less publicly celebrated appetites for female company and food. “Eat or be eaten,” he is said to have advised his patients, following his own prescription to the extent that his dining table was modified to accommodate his girth. “In his youth Dr. Darwin was fond of sacrificing to both Bacchus and Venus,” reported an anonymous contemporary, “but he soon discovered that he could not continue his devotions to both these deities without destroying his health and constitution. He therefore resolved to relinquish Bacchus, but his affection for Venus was retained to the last period of life.”25


Erasmus Darwin was a ringleader of the Industrial Revolution, helping to spark the evolution of machines as surely as some unknown Cambrian ancestor of ours ignited the diversification of metazoan life. As Charles’s son Francis Darwin (1848–1925) remarked, “Erasmus had a strong love of all kinds of mechanism, for which Charles Darwin had no taste.”26 In the 1760s, inspired by the Birmingham visits of Benjamin Franklin and drawing on his friendships with Matthew Boulton, Josiah Wedgwood, James Keir, William Small, and James Watt, Darwin founded the Lunar Society of Birmingham, an informal association of natural philosophers and industrialists whose meetings were scheduled to allow the full moon to assist its members home. The group of self-styled “Lunaticks” formed a nucleus for the industrialization of Britain, and either directly or via the interlocking relationships of the Lunar Society Erasmus Darwin had a hand in the origin of almost every species of mechanism explicit or implicit in the technologies of today.


Amid the peculiar triumphs and routine horrors of an eighteenth-century medical practice, Erasmus Darwin’s notebooks contain rough sketches for pumps, steam turbines, horizontal-axis windmills, canal lifts, speaking machines, internal combustion engines, a compressed-air-powered ornithopter, a hydrogen-oxygen rocket motor, and even an automatic water closet that flushes itself when one opens the door to leave. Driven to inspiration during his tedious rounds (“I, imprison’d in a post-chaise, am joggl’d, and jostl’d and bump’d, and bruised along the King’s highroad”),27 Darwin proposed several improvements to horse-drawn carriages, although a misadventure with one of his prototypes in 1768 left him lame for the remainder of his life. Anticipating Samuel Butler, he owned a horse named Doctor, and with steam power on the horizon, he was for a time obsessed with the vision of a steam-driven “fiery chariot” that would replace the horse. “As I was riding Home yesterday,” he wrote to Matthew Boulton, “I consid’d the Scheme of ye fiery Chariot—and ye longer I contemplated this favourite Idea, ye [more] practicable it appear’d to me.”


“I am quite mad of this Scheme,” Darwin continued, providing Boulton with a prospectus for a three-wheeled vehicle propelled by twin cylinders and an ingeniously differential rear-wheel drive. “By ye management of the steam cocks ye motion may be accelerated, retarded, destroy’d, revised, instantly & easyly. And if this answers in Practise as it does in theory, ye Machine can not fail of success.” Boulton, the original pioneer of mass production (from belt buckles to steam engines), was too far in debt to act on Darwin’s suggestion at the time, but the concept would resurface, like Darwinism, first in the age of railroads and then in the age of automobiles. A few years later, when James Watt developed the condenser engine, it was Darwin who promoted the Boulton & Watt partnership that brought the Industrial Revolution—and, soon enough, the “fiery chariot”—to life. Below Darwin’s signature was appended a prophetic postscript: “I think four wheels would be better—adieu.”28


Science fiction, as well as the automobile, owes Erasmus Darwin a founding credit. In a preface to the first (and anonymous) edition of Mary Wollstonecraft Shelley’s Frankenstein; or, the Modern Prometheus (1818), Percy Shelley acknowledged that “the event on which this fiction is founded has been supposed by Dr. Darwin, and some of the physiological writers of Germany, as not of impossible occurrence.”29 In her introduction to the 1831 edition, Mary Shelley, who wrote the novel at age nineteen, also acknowledged Darwin, noting, “I speak not of what the Doctor really did, or said that he did, but, as more to my purpose, of what was then spoken of as having been done by him. . . . Perhaps a corpse would be re-animated; galvanism had given token of such things: perhaps the component parts of a creature might be manufactured, brought together, and endued with vital warmth.”30


Darwin’s electrotherapy treatments, widely noted in Shelley’s time, still bring Dr. Frankenstein’s experiments to mind. “Two thick brass wires, about 2 ft long, communicate from each extremity of the [Galvanic] pillar to each temple. The temples must be moistened with brine,” wrote Darwin to the duchess of Devonshire in 1800. “The shock is so great as to make a flash in the eyes, and to be felt th[r]ough both the temples. . . . I have one patient here, a lady from near Scarborough, who has used it daily for giddyness with good success.”31 Darwin found that electric shocks could cure hepatic paralysis and renew the mobility of injured limbs. Luigi Galvani had shown the power of electric fluid to animate the legs of frogs; what additional powers might Darwin’s experiments unleash? A notice in the Birmingham Gazette on 23 October 1762 invited anyone “whom the Love of Science may induce” to visit Dr. Darwin’s laboratory: “The body of the Malefactor, who is order’d to be executed at Lichfield on Monday the 25th instant, will be afterwards conveyed to the house of Dr. Darwin, who will begin a Course of Anatomical Lectures, at Four o’clock on Tuesday evening, and continue them every Day as long as the Body can be preserved.”32


“Dr. Darwin possesses perhaps a greater range of knowledge than any man in Europe,” remarked Samuel Coleridge, who coined the word Darwinising in reference to evolutionary speculations; in this as in most other Darwinisms, Erasmus preceded Charles.33 “The Darwinian theory of evolution is very much a family affair,” concluded Desmond King-Hele, “in which the shares of Erasmus and his grandson Charles are more nearly connected, and more nearly equal, than is usually supposed.”34 Whether Charles’s neglect of his grandfather’s work was a conscious or unconscious oversight has been diagnosed both ways. The first edition of Origin of Species makes no mention of Erasmus Darwin. “The history of error is quite unimportant,” explained Darwin to Huxley.35 In the third edition, of 1861, Darwin added a “brief, but imperfect” historical sketch, in which he commented in a footnote that “it is curious how largely my grandfather, Dr. Erasmus Darwin, anticipated the erroneous grounds of opinion, and the views of Lamarck.” This cast his grandfather in all but invisible type.


In 1879, Charles Darwin published, with a lengthy introduction, an English translation of Ernst Krause’s Life of Erasmus Darwin, just as Butler was about to publish his Evolution, Old and New.36 Instead of pacifying Butler, Darwin’s belated acknowledgment of his grandfather had the opposite effect. Butler discovered that Darwin’s translation of the original article by Krause, accompanied by “a guarantee for its accuracy” and presented as predating the appearance of Evolution, Old and New, contained several additional passages, including a final paragraph that Butler interpreted as a personal attack. “Erasmus Darwin’s system was in itself a most significant first step in the path of knowledge which his grandson has opened up for us,” suspiciously appended Krause, “but to wish to revive it at the present day, as has actually been seriously attempted, shows a weakness of thought and a mental anachronism which no one can envy.”37


The Darwin–Butler dispute arose from an alliance gone awry. The grandson of the surgeon of Lichfield and the grandson of the bishop of Lichfield had been launched on a collision path, burdened by illustrious ancestors and driven to claim new territory for themselves. In the cold climate of a Victorian childhood the Reverend Thomas Butler is remembered as particularly harsh. Butler’s alienation from his father and the church was followed by a disillusionment with Darwinism, which he denounced as early as January 1863 as “nothing new, but a rechaufée.”38 Charles Darwin had been a student of Butler’s grandfather and an acquaintance of Butler’s father, who noted that “he inoculated me with a taste for Botany which has stuck by me all my life.”39 Darwin would only reciprocate with a comment that “nothing could have been worse for the development of my mind than Dr. Butler’s school.”40


Darwin’s great treatise appeared in November 1859, but, recalled Butler, “being on my way to New Zealand when the Origin of Species appeared, I did not get it until 1860 or 1861.”41 The long sea voyage, the grand spectacle of the New Zealand wilderness, and a religious upbringing that sought to shift its convictions to a scientific faith rendered Butler keenly receptive to the theories presented in Darwin’s book. Reading Origin of Species by candlelight in a thatched-roof hut, the constellations of the Southern Hemisphere above, Butler’s imagination took flight beyond where Darwin left off. “Residing eighteen miles from the nearest human habitation, and three days’ journey on horseback from a bookseller’s shop, I became one of Mr. Darwin’s many enthusiastic admirers,” Butler recollected, “and wrote a philosophical dialogue (the most offensive form, except poetry and books of travel into supposed unknown countries, that even literature can assume) upon the Origin of Species.”42


This dialogue was printed anonymously in the Canterbury Press of 20 December 1862. By some means a copy reached Charles Darwin who, in forwarding it to an unknown editor in England, noted that “this Dialogue, written by some [one] quite unknown to Mr. Darwin, is remarkable from its spirit and from giving so clear and accurate a view of Mr. D[arwin]’s theory. It is also remarkable from being published in a colony exactly 12 years old, in which it might have [been] thought only material interests would have been regarded.”43


Butler’s dialogue aroused much discussion in the colony, and it was followed on 13 June 1863 by another installment, signed “Cellarius” and titled Darwin Among the Machines. In this essay Butler laid out the ideas that would be incorporated into Erewhon as the “Book of the Machines.” “We find ourselves almost awestruck at the vast development of the mechanical world, at the gigantic strides with which it has advanced in comparison with the slow progress of the animal and vegetable kingdom,” warned Butler. “We shall find it impossible to refrain from asking ourselves what the end of this mighty movement is to be. . . . The machines are gaining ground upon us; day by day we are becoming more subservient to them; more men are daily bound down as slaves to tend them; more men are daily devoting the energies of their whole lives to the development of mechanical life.”44


Butler’s essay did more than spoof a fashionable theory; it coupled a meticulous analysis of Darwin’s thesis to a keenly unencumbered view of the world as it stood in 1863. On his return to London, Butler produced another commentary, “The Mechanical Creation,” published in the (London) Reasoner, 1 July 1865. “Those who accept the Darwinian theory will not feel inclined to deny that whatever impulse the animal and vegetable kingdoms have sprung from, has been derived from within the natural influences which operate upon this world, and not from any extra natural source,” argued Butler. “They will believe that the changes and chances with which countless millions of years have been pregnant, have brought the existing organizations to their present condition without any specially creative effort of an overruling mind. What shall we think then? That the resources of nature are at an end, and that the animal phase is to be the last which life on this globe is to assume? or shall we conceive that we are living in the first faint dawning of a new one? Of a life which in another ten or twenty million years shall be to us as we to the vegetable? What has been may be again, and although we grant that hardly any mistake would be more puerile than to individualize and animalize the at present existing machines—or to endow them with human sympathies, yet we can see no a priori objection to the gradual development of a mechanical life, though that life shall be so different from ours that it is only by a severe discipline that we can think of it as life at all.”45


The relations between mind and mechanism have been argued since the time of Aristotle and Lucretius, the distinctions given a trademark presentation by René Descartes in his 1637 Discourse touching the method of using one’s reason rightly and of seeking scientific truth. Butler adopted an open-minded position that “the theory that living beings are conscious machines, can be fought as much and just as little as the theory that machines are unconscious living beings; everything that goes to prove either of these propositions goes just as well to prove the other also.”46 This was less radical a view than that suggested by Darwin’s colleague Thomas Huxley, who announced in 1870 that “we shall sooner or later arrive at a mechanical equivalent of consciousness, just as we have arrived at a mechanical equivalent of heat.”47


In Erewhon’s “Book of the Machines” the author of the anonymous manifesto presented within the anonymous book gives voice to these concerns: “Why may not there arise some new phase of mind which shall be as different from all present known phases as the mind of animals is from that of vegetables? It would be absurd to attempt to define such a mental state (or whatever it may be called), inasmuch as it must be something so foreign to man that his experience can give him no help towards conceiving its nature; but surely when we reflect upon the manifold phases of life and consciousness which have been evolved already, it would be rash to say that no others can be developed, and that animal life is the end of all things. There was a time when fire was the end of all things; another when rocks and water were so. . . . There is no security . . . against the ultimate development of mechanical consciousness, in the fact of machines possessing little consciousness now. . . . Either, a great deal of action that has been called purely mechanical and unconscious must be admitted to contain more elements of consciousness than has been allowed hitherto (and in this case germs of consciousness will be found in many actions of the higher machines)—or (assuming the theory of evolution but at the same time denying the consciousness of vegetable and crystalline action) the race of man has descended from things which had no consciousness at all. In this case there is no a priori improbability in the descent of conscious (and more than conscious) machines from those which now exist.”48
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