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    Introduction: The Virginia Calculator
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  IN THE FALL OF 1789, TWO WELL-TO-DO GENTLEmen named Samuel Coates and William Hartshorne were riding in a horse-drawn carriage through the Virginia countryside. They were in search of a calculator. Of course, it being 1789, calculators were pretty rare, and these two had traveled some distance to find this one, which had a reputation of being the finest in the land. The calculator they sought was so fast and so respected among the people of Virginia that it had become something of the pride of the state.




  Mr. Hartshorne and Mr. Coates had spent many months researching calculators (there were several in the United States and Europe at this time), and they had contacted the owner weeks in advance by formal post, with a request to see the calculator in operation to best certify the rumors of its speed and accuracy. Elizabeth Coxe, of Alexandria, was the owner. She came from a wealthy family, able to afford such luxuries and objects of interest, and our two researchers were surely on their best behavior when their carriage arrived at her estate.




  We can assume that after appropriate introductions and niceties were completed, the work began. The calculator was brought in and the group began solving several equations, some of them relating to the number of seconds there are in a year and a half, and another question relating to geometric calculations of land size. Mr. Coates, pen in hand, scribbled as fast as he could, trying to confirm the precision of the numbers, but pen and paper proved to be much slower than the calculator. More numbers were piled on, more calculations were performed, and the calculator just kept cranking out the answers with unbelievable speed and precision.




  On the final question a flaw appeared; the calculator made a mistake on this, the most difficult question of the session. The problem asked how many seconds a man has lived if he has been on the planet seventy years, seventeen days, and twelve hours. The calculator produced its number and Mr. Coates, some minutes later, caught up with his own. The numbers did not match. Coates held up the paper with one hand and, pointing at the calculator, indicated that while fast, it was wrong.




  The calculator said, “Stop, master! You forget the leap year!”




  Mr. Hartshorne and Mrs. Coxe looked first at the calculator, then at Mr. Coates, who promptly replied by adding this factor into his own calculations. After a few moments’ work, the numbers matched.




  The Virginia Calculator was named Thomas Fuller (1710–1790). He had been brought to Virginia and sold as a slave when he was fourteen or fifteen years old. Since he had not been captured until his early teens, he had reaped the benefits that many people from the Ivory Coast had gained—Arabic calculation abilities that were employed in African markets for hundreds of years. Mr. Fuller had the knowledge of this math in addition to a natural talent for visualizing large number sets.




  Our cultural perceptions and morality are due for another reboot.




  Abolitionists pointed to Mr. Fuller as proof that blacks were intellectually equal to whites. Although the Emancipation Proclamation wouldn’t be signed until 80 years later, in 1863, Mr. Fuller was a beacon for events to come—not just the emancipation of slaves in 1863, but an age dawning today, in the early part of the twenty-first century.




  In the coming decade, just as in the 1600s and 1700s, slaves with the ability to calculate will be bought and sold. These slaves will symbolize their owners’ social standing, and they will perform for visitors that have traveled to see them. We will not think of them as our equals. We will think of them as our property. These slaves will be called robots.




  These new slaves may be machines rather than men, but, just as happened in the 1700s, our cultural perceptions and morality are due for another reboot.
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  Automated manufacturing: the start of it all.




  Eventually, of course, machines would be able to calculate much faster than Mr. Fuller; they would be able to work faster than humans in many ways, replacing men, women, and children in all kinds of industries, from agriculture to textiles and beyond. Some people gained their freedom and some people lost their jobs.




  In 1955, Detroit’s “Big Three” automakers controlled the majority of the world’s automobile production resources. Almost all of this was due to the 500,000 employees of General Motors—a company so powerful that its only concern was an antitrust suit from the U.S. federal government. But now, more than fifty years later, things look different. Most of GM’s work has gone to Japan, a comparatively small country, with comparatively less wealth and fewer people. But Japan is a country that relies heavily on robots. These robots work for less, produce more, don’t need health care, are able to work longer hours, and they don’t organize inconvenient unions. In fact, the majority of the world’s robots operate in Japan. According to the United Nations Economic Commission, there are over 500,000 robots operating in Japan—the same number of people that worked for General Motors in 1955.
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  The Wowee RS Companion Tri-bot.




  In the automotive industry most robots pay for themselves in about eighteen months. The one-time cost of a robot is about as expensive as an employee’s salary for two years. For example, in 1984, the cost of an automotive industry welding robot was about 12 million yen, and a worker’s salary was 5 million yen. And, as the cost of robotics decreases, and the quality and quantity of the work the robot can do increases, robots will become even more valuable than they are now. Robots will replace more people and will do more work. From a financial perspective, this means that robots will become more valuable than humans.




  The automotive industry isn’t the only industry whose employees are being replaced by machines. Calculators and computers used to be real humans that sat at real desks and worked with real pencils and paper. Cotton pickers, corn huskers, loomers, textile workers, plumbers, masons, canners, bottlers, glass makers, bread bakers, car washers, and surgeons have all lost their jobs to robots. In the 1990s the trend toward automation moved increasingly into informational and cultural areas. Bank tellers, telephone operators, customer service representatives, actors, designers, and musicians—even the guys in the underground labs in Los Alamos, New Mexico, who tell the rockets where to fly, or the guys in New York offices who tell the stock market where to fall—all of these people have been replaced by robots.




  If the 1980s was the decade when corporate mainframes became personal computers, the 2010s will be the decade when industrial robots will become personal robots. Today we can find robots that vacuum floors, trim lawns, clean windows, cook pancakes, and fold clothes; we can find some that are pets, and some that go to war. Robots exist that do all of the dirty, dangerous, or deadly work that we humans don’t, or can’t, do ourselves. Robots are performing more of the automated and rote labor that humans quickly tire of; best of all, robots cost less and ask for nothing in return.




  For a while it seemed we had nothing to worry about. Robots used to be old-timey science fiction conceits—clunkers that carried bikini-clad women, fired lasers, and lived on Mars or the Moon. They existed far into the future. Sometimes they looked like us, as in Blade Runner’s Roy, or Pris, but those robots lived in the future, too. And although The Terminator looked a bit like us, that movie came out way back in 1984, so it wasn’t a worry.




  Robots will become more valuable than humans.




  Then, about ten years ago, things started getting weird. Robots started walking—real robots, like ASIMO, really walking. And then there were robot pets in people’s houses, like Aibo, and robot vacuum cleaners named Roomba started scootering around our living rooms, collecting crumbs.




  Recently things seem to be getting crazy. Robots are all over the place. I’ve heard about a robot in San Diego that can smile at itself in the mirror, and another in Tokyo that carried an elderly woman to a waiting ambulance. I’ve heard about robots that can climb stairs and walls, and one that can climb inside your heart, like a mechanical worm, to perform surgery. I’ve heard about robots launched to Afghanistan (yet controlled from Nevada), and robots launched to Mars (yet controlled from Earth). In 2010, I heard about a robot in the online world of Second Life that was selling virtual sex, while another in the gaming world of Las Vegas was selling real sex. Well . . . real robotic sex.




  We now have robots operating as soldiers, firefighters, train conductors, fruit pickers, shoppers, sellers, and ticket vendors. We have functioning robotic car valets, painters, lawn mowers, floor scrubbers, and chefs, and robots that will efficiently stow your dishes after they’ve been washed and pulled from your fancy newfangled robotic dishwasher. That’s if you’re feeling lazy, because we also have robots that can interpret your mood from your gestures or your tone of voice. And we even have little seal-shaped robots that have become quite popular as therapists.1 If you pet it, the thing will look you in the face with its big, shiny, baby-seal eyes, squirm a bit, and make a creepy meow sound.
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  The difference between robots and humans is getting thin.




  There are now virtual robots, cyborgs, fembots, chatbots, slutbots, androids, gynoids, geminoids, warbots, and hybrots. In 2009 one robot was showing signs of the swine flu (H1N1) virus in Tokyo, while another was watching for woodpeckers in Arkansas. We can control robots from a distance now, with just a thought (and a rather bulky helmet). It’s called a “brain-robot interface.” So a robot is now a kind of avatar. And there are prosthetics that are called robots that help crippled people walk, or that assist rescue workers in saving people after a disaster.




  WTF? Are robots out-evolving us? Or is this just the first clatter and rattle of our future overlords as they slowly rise to their caster-roller feet? Is this stuff dangerous? Are we building something that will unbuild us?




  What is a robot, really? What does this word even mean?




  Iwent to Tokyo to find out.




  When I got there I assumed I knew what a robot was, but assumptions are those things that happen when you’re not paying attention. When you find yourself standing in front of a silicone cadaver as its eyes follow you around the room, you start to question them—the assumptions, I mean, not the robots. For a while, I had assumed that a robot was something that replaced a human; then I thought it was something that did what a human could do, only better; then, I read an essay by Bruno Latour2 and got really confused about what a robot is.




  In Tokyo, I had the chance to ask the top people in the field what they thought. After visiting three cities and more than two dozen research labs and companies, seeing nearly 150 robots and talking with dozens of inventors, I am relieved to report that robots today are more puppets than people.3 I discovered that robots aren’t as advanced as I’d imagined. I found big plastic avatars; I didn’t find artificial intelligence, and I never found anything resembling SkyNet, the fictional computer network in the Terminator series. There is no great artificial intelligence that I am aware of—at least, not in the foreseeable future. Robots are, and will continue to be, guided by humans, and humans will continue to make the key decisions.




  Robots, ultimately, are us—and while this is somewhat of a relief to report, that news should also launch a concern or two. We’re becoming robotic ourselves, as robotic technology is being built into human bodies: eyes, arms, legs, hearts, and ears. Mentally, too, robots are helping us make decisions on finances, politics, and family. Robots and brains can now be connected, chemically and electrically. So both in terms of body and mind, we’re becoming more like robots as robots become more like us.




  Today there are nearly nine million robots in operation.4 The Japanese Robot Association predicts that by 2021, the personal robot industry will increase to more than $35 billion a year worldwide, compared with about $6 billion today. The South Korean Ministry of Information plans on having a personal robot in each South Korean household by 2020.




  During my travels to Tokyo I decided that a robot is something that is part myth, part tool. It is a tool that has taken on mythical proportions. Although this book will offer definitions, it will also provide some context in terms of the changes around us, some information on what to watch out for, and most of all, a reminder that we are our robots and they are us.
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  Teleconferencing robot-avatars at National Museum of Emerging Science and Innovation.




  We, Robot will introduce you to the latest discoveries in robotics and artificial intelligence.5 By looking at science fiction universes (Blade Runner, Star Wars, Battlestar Galactica, etc.) and robot residents (Iron Man, Terminator, and HAL 9000, to name a few), the book shows how close they are to becoming a reality, and, in some places, where reality has already rocketed past. Through a discussion of robots loved and hated by millions, it provides an informed, entertaining, and often surprising look at what to expect in the next year, as well as the next decade. The book is structured in two parallel parts (today, and the coming decade), with four chapters on emotion, interaction, intelligence, and body.6




  We, Robot is about how, if you take away the robot’s faceplate, you will find a human behind it, and if you tweak that human nose, you might find it to be surprisingly metallic under the pliable skin.




  It’s as if we’re building a new slave class. Millions of new Mr. Fullers will soon be appearing. Will another 1863 appear, when this slave class will demand equal rights? Will they want burial ceremonies? Will we marry them or have sex with them? Will we be able to tell them apart from us?




  We, Robot looks at these questions (and irresponsibly raises more), offering some introductions to the people and robots in the middle of the field today. In this book I stretch the word robot, discover some strange creatures, get lost a few times, and get found at least once. The book is not a series of points to be proven, but a number of stations to be visited, and although I make predictions, I don’t know what will happen—they are just my own science fictions. Throughout, there is one certainty: We will all be affected by robots. And that is part of what makes this topic so interesting.




  It’s as if we’re building a new slave class.




  Our story begins in the magic robot kingdom . . .




  Footnotes




  1 (In a reversal from Asimov’s tale I, Robot.)




  2 “Where are the Missing Masses? Sociology of a Door.”




  3 Even the International Organization for Standardization (ISO 8373) definition of a robot—“an automatically controlled, reprogrammable, multipurpose, manipulator programmable in three or more axes, which may be either fixed in place or mobile for use in industrial automation applications”—can be considered a definition of a computer.




  4 Source: International Federation of Robotics, IEEE, and World Robotics Research, Executive Summary of World Robotics 2010 report, www.worldrobotics.org.




  5 We will also dust off some old topics that have been around since the 1950s, such as Marshall McLuhan, Sherry Turkle, and others.




  6 That is to say that chapters 1 and 5 are both on emotion, chapters 2 and 6 are both on interaction, etc.
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    Chapter One: The Terminator


  




  On Robots That Hunt Humans, Have Faces, and Why We Are So Afraid of Them—Emotion, Part 1




  

    Hello? . . . Ha ha. Fooled you. You’re talking to a machine. But don’t be shy, machines need love too.




    —Sarah Connor’s Telephone Answering Machine, The Terminator, 1984


  




  I STEP OFF MY TRAIN AND ONTO THE PLATFORM of Tokyo’s Shinjuku metro station. I’m standing in the middle of the future.




  This station is a shopping mall labyrinth, a Borgesian library, an urban implosion of neon signs, tow-along luggage, vertical writing, bustling and running people, handheld computers, and me, an utter illiterate, in the middle of it all. I can only murmur bad pronunciations of the Japanese words for thank you, hello, and excuse me. North and south have abandoned me, there’s no sun to be seen, and I can barely tell up from down—and not because I’m jetlagged. It’s because I’m in Tokyo.




  As I stand there on the wrong side of the metro tracks, trying to figure out which part of my map is north, an old man with a shiny blue suitcase and shiny blue eyes asks me if I need help, in “Engrish,” and I eagerly accept, thanking him. I pride myself on my ability to get around, but this is the first time in some six or seven years that I haven’t been able to read a letter, much less pronounce a word. He gives me a hand with directions and I give him a hand with his suitcase, and five minutes later, I finally make it out of the airports and train stations that have been dominating my life for the last several days.




  Up the escalator, squeezing in between people, past noodle shops and vending machines, under phosphorescent lights, through gate control, and out onto a large esplanade at the Shinjuku-Nishiguchi Station, into the fresh night air where winter hits my face like a bag of ice. There’s some more ramen shops, a McDonald’s next to them, strange pointed buildings in the twilit distance, lights laughing everywhere, writing covering everything, strange tiny characters of an alien grammar dancing on billboards and signs, signs, signs, all of them civic screens and public computer monitors. People are beautifully dressed, very clean. They are as stylish and solid as the guardian buildings that protect the street from the world beyond.




  I, Robot Hunter




  TOKYO IS BIG AND MOVING FAST. I DEFINITELY need a taxi right now, and there are a few lined up along the esplanade. I dig out my directions, approach the taxi that’s waiting, lean down as I walk up (partly to see him, partly to let him know I’m there), and reach for the door. The thing pops open and bangs my knuckles. I recoil, thinking he’s opened it from the inside. But no, the damned door keeps opening and pushes against my knee, and I take a second step back so as not to get pushed over. It’s automatic and I remember, too late, that a friend had warned me of this little automated surprise.




  All hopped up on my robot hunting, I slide into the cab, anxious to meet my first cyborg chauffeur. Will he have a silver pate? Will he have one red eye?




  No, of course not. A normal human turns around and smiles at me. But his warm expression rapidly turns to one of confusion as I try to show him the whereabouts of my hotel on my already-rumpled map.




  We pull away from the curb. Not a word has been spoken (at least, not one that both of us could understand), but we get the basic idea across, and off we go. The lights slide past my window and the back of the seat in front of me changes colors, lit by the passing lights that wash past us as we drive to the hotel.




  I’m anxious to meet my first cyborg chauffeur.




  Looking out the window I wonder about the definition of a robot, and the lines we draw between ourselves and our bodies, our bodies and our machines. I look up at the buildings and the dense neon signs as we cruise through the noisy streets, filled with people. There are rows and rows of vending machines lining the streets. I see a huge Gundam robot at a street corner, lifting its hand slowly in the air, and I watch another taxi, as we pass it, opening its door for a passenger who’s just getting out.




  As the lights wash by, I remember a short film clip I saw a few months ago. It was a product demonstration about a robot, and it seemed believable. It was a four-legged contraption named “BigDog,”1 and it looked like a cylinder mounted on four legs, but with one set of knees reversed. It was a headless body with mechanical legs, really, a simple pack mule with complex algorithms. It had a rather uncanny way of walking. It ran like a drunk deer, but what happened next proved its sobriety. A guy in the video walked along next to the robot and kicked it, and pretty hard. Although the robot was pushed to the side, it deftly regained its balance. Even with some seriously slippery conditions, this algorithmic pack mule had a good enough sense of balance to stay upright. Not only could it regain its balance while walking on ice, but it also knew where to go, what rocks to avoid, where to step, and appeared capable of jumping over premarked barriers on test treadmills.
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  Tokyo at night.




  Pretty good for not having a head. It was science fiction turned engineering fact, like Tokyo—a real-life science fiction city. A robot that had made its way backwards from the future. It was believable.




  But The Matrix was believable, too. In fact, it was so believable that some respected researchers and scientists have calculated the probability of our actually living in a Matrix-like simulated reality.2 Probably on someone’s computer in the future, they told us.




  The film 2001: A Space Odyssey seemed believable, too. Battlestar Galactica, Blade Runner, or any one of a number of other films that take place far enough in the future to be fictional all take on a kind of believability. My disbelief is so suspended these days that I’m floating into the future, totally unmoored from any sense of what can and can’t be done. News I read just supports the credibility of robotic advancements. I recently watched a video of a monkey that had wires connected between his brain and a mechanical arm, and the little guy was able to feed himself a banana with it. He was probably pretty hungry after the surgery. And I’ve read that we are building bionic limbs and bionic eyes, and are moving beyond simple cochlear implants; the price of these bionic improvements is actually less than $6 million. Cyborgs? Yep, in a recent issue of National Geo graphic.3 I just don’t know what not to believe anymore. What’s equally disturbing, and probably related, is that I’m rarely surprised by new advances I learn of, especially in the field of robotics.




  It all seems like the science fiction that I’ve read and watched over the years.




  Icame to Tokyo to find out what the word robot means. I came here to interview robots and their makers, to learn about the cultural contexts and mentalities. Along the way I’ve also visited Los Angeles and Paris, and spoken with nearly a hundred people in over twenty countries, so that eventually I might understand this mythic moniker, robot.




  The very concept of a robot originated in science fiction.




  The very concept of a robot originated in science fiction. The word robot comes from the Czech word robota, which roughly means “indentured work.”4




  In 1920 a Czech author by the name of Karel Čapek finished a play titled R.U.R. (or Rossum’s Universal Robots).5 The play takes place in a factory where robots—androids, or human-shaped robots, specifically—rise up against their creators. The play was no great success in Europe. Despite the tepid reception, or perhaps because of it, a few versions of the play made their way across the Atlantic, and though they didn’t make it to Broadway, they did make it as far as New York and into the hands of a twenty-eight-year-old man who had just received his PhD in biochemistry. His name was Isaac Asimov.




  Dr. Asimov was getting to work on a series of short stories that would end up being compiled in the book I, Robot.6 With the book’s 1950 publication, the word robot slipped into common english, and with it, the concept of the field of robotics, as well. Shortly after that came the idea of a robot psychologist. While the American public was watching black-and-white television and congratulating themselves on the purchase of a toaster, Isaac Asimov was setting robots up in therapy sessions and considering when—and how—they would rule the world.




  In both R.U.R. and I, Robot, the stories take place in the not-too-distant future, in which technology has become so human that the very people who created it can’t make out the difference between the robots and the humans. In each of these stories there comes a moment when the robots and the humans are indistinguishable; a test has to be given, and shortly afterwards the robots rise up and take control.




  I guess we’re near that point in real history now.




  There are other similarities between the two works. In both, the robots are brewed with a combination of genetic engineering and electrical engineering. They become a global industry because they cut costs and increase profits. They have emotions and fall in love. Different kinds of robots have different functions, and one of them catches hold in a sort of artificial evolution. An authority conflict breaks out and fisticuffs take place. The story ends with robots taking over the world.




  So I guess we’re near that point in real history, now, too?




  Genetic engineering, like robot, is another term that sprang from science fiction,7 along with utopia,8 computer virus,9 and cyberspace.10 The latter word has now been adopted by the boys in Washington, D.C., as they set up “cybersecurity” features at the Pentagon.




  In fact, science fiction may be less a prediction of the future than a warning about the present. Science fiction, like almost all forms of art and literature, is a bellwether and weak-signal sensor of current cultural trends. It has been a means of shining a light on cultural and ethical issues, a safe space to discuss dodgy topics. Science fiction might be an early warning system that uses the minds of artists and authors like sensitive earthquake prediction centers. The genre’s authors comment about our present more than they predict our future. For example, in 1948, when R.U.R. was written, slavery had just recently been abolished in Czechoslovakia by the League of Nations’ Slavery Commission. Čapek not only saw these changes during his lifetime, but he had, himself, worked toward affecting them. So his play is about slavery, and the word robot was chosen to point that out.




  District 9, another great science fiction film, takes place in Johannesburg and is about racism, and the director, Neill Blomkamp, has flatly said as much.11 And James Cameron, the director of Terminator, Avatar, and other science fiction classics, is quoted as having said:




  

    . . . when I wrote the first Terminator outline around 1982, I was just working out my childhood stuff. It was also born out of the science fiction movies and literature I grew up with. For the most part, they were warnings—about technology, about science, about the military and the government. . . .12


  




  By the time I get to my hotel room it’s about 9 p.m. (10 a.m. my local time), and I’m not even thinking of sleep. I spend the evening soaking up packets of instant coffee, researching robots in Japan, following up on e-mails I’d sent to inventors, entrepreneurs, research labs, and corporations, while listening to the television in the next room emit muffled screams. The hotel room smells of cigarettes.




  The night rolls into dawn and I’m hungry. Finally, trembling and unable to type from all the instant coffee, I decide to take a break. I pull on my jacket and head out into the street. I shuffle up the empty sidewalk a couple blocks, find a little all-night convenience store, and, unable to say more than “Hello” to the nice man at the counter, I point to some fried lumps of something-or-other in the window. He puts them in a little folded piece of paper for me and patiently waits as I also select some toothpaste and a bottle of water.




  Stumbling back home, I sit down at the desk, eat what seem to be chicken nuggets, throw down a couple of codeine for dessert, drink some more coffee for the hell of it, and use the hotel room’s high-bandwidth connection to drag the sun up into the morning sky. My first appointment is in three days. My toothpaste turns out to be hand lotion (which I discover in the worst way imaginable), but it’s all just fine with me because I’m in Tokyo.




  Robots Gone Wild!




  ONCE UPON A TIME,13 SOME NEC CORPORATION REsearchers equipped a PaPeRo model robot with an infrared spectrometer that analyzed wines. Mounted on the robot, as a kind of a sensing arm, the little guy could figure out the composition of food and drinks. This was done by shooting a beam of light into a bottle and, a bit like a bat senses an echo and determines distance, the colors that bounced back detailed the chemical composition of the wine. Mid-infrared and near-infrared rays could determine molecular structures, which meant that, as a method of determining chemical makeup, and, hence, the wine’s flavor, you never had to open the bottle (which is definitely not why I, myself, buy a bottle of wine, but it’s probably fine for sommeliers and auctioneers).




  So imagine that you have your wine cave and your robot, and you set him down on the ground and point to a bottle. The robot would roll up to the shelf, point its little arm at the bottle, pause, and then say, “Beep. Red fruit sweetened with chocolate. Clove. Cinnamon. Black cherry, slight licorice, butter with finish of vanilla. Beep! Probably a 1998 Pinot Noir from the Bourgogne region.”




  [image: PaPeRo. Cute, and can smell bacon on your hand.]




  The robot could also make recommendations. PaPeRo was not only able to peg wine composition; it was also able to determine which apple of three would be the most sour, which cheese of three would be the most salty, and could even be programmed to warn its owner, in its monotone and rather childlike voice, which foods contained high quantities of fat, salt, or carbohydrates.




  So NEC would do presentations of this robot, largely for the press, and during one of these demonstrations, a smart-ass photographer had the idea to put his hand in front of the PaPeRo’s sensor. The robot paused, analyzed the hand, and declared it to be bacon. Of course, this caused horrified laughter among the group, but in case there was an error, and since one smart-ass inspires his fellow, a nearby reporter then tried the same trick. His hand was identified as prosciutto, another pork product. Of course, this again shocked and elated everyone and made lots of press around the world, despite its being slightly different from the kind of attention NEC had hoped to receive.




  Something will surely run amok.




  One can’t do much more than giggle, since, after all, it’s one thing for a robot to smell flesh, but it’s altogether another for said robot to “eat” it, especially for little green-and-white PaPeRo, which is locked up in a research lab and only trotted out for the occasional press conference (when he’s not doing his normal job, which is taking care of children).




  We can reassure ourselves that PaPeRo is no anthrovore—it’s simply a sensor that helps humans sample molecules from a distance. Robots do not eat, especially meat. They are plugged into walls and run on battery power.




  But wait. Not necessarily. Robots need amperage to move servos, just as we need calories to move muscles, and it is possible to squeeze electricity from almost any organic material. It’s called a microbial fuel cell.




  About twenty years ago it was discovered that enzymes, when they gobble up almost any organic matter, can produce electrons. This amounts to a bioelectrochemical system that generates electricity by using bacterial interactions in some rather queer conditions. It’s a great way for a city to generate power from the processing of wastewater, for example, or for getting a car to run on compost. Or for feeding a robot.




  There are now robots in existence that sit in the living room and are capable of eating mice, or flies, and extracting electrical energy via microbial fuel cells. In fact, I asked one of the inventors of these systems, James Auger, how much power 4 or 5 kilograms of flesh would generate. That’s about what a human arm would weigh.14 Mr. Auger wasn’t keen on answering this question, as he prefers a moresubtle messaging approach (he’s English, after all), but what was clear is that these robots can go a long time on a little biomass.




  Well, that got my hyperactive imagination going: Beware C.H.U.D., beware mole people, beware oh, ye alligators of New York.




  Ah, the old science fiction nightmare: Something will surely run amok. Some misanthropic, overambitious robot designer in some deep, dark underground lab will set loose a murderous, flesh-eating invention that will kill its inventor, smash through the nearest wall, and begin its relentless rampage against the outside world. The headlines the next morning will read FLESH-EATING ROBOT ESCAPES LAB! The accompanying photo will show the genius inventor, still dressed in his white lab coat, slumped next to the gaping hole in the wall. Part of his hand will be missing, and somewhere in the caption will be the words “Dr. Frankenstein.”




  Here in the West,15 this fiction is the meat and potatoes of robot films. It’s as much a part of science fiction as the science part. The robot uprising is now its own literary genre. In fact, it was such a common occurrence that Isaac Asimov himself decided at one point to try to change this; in I, Robot (and, more specifically, in the short story, “Runaround”), he famously did so.




  Asimov decided, once and for all, to propose a solution to this renegade robot problem. It would be something hardwired into the robot’s positronic16 brain. It would be a means of assuring that robots would behave themselves. The three laws are like robot instinct:




  

    	
A robot may not injure a human being, or, through inaction, allow a human being to come to harm.




    	
A robot must obey any orders given to it by human beings, except where such orders would conflict with the First Law.




    	
A robot must protect its own existence as long as such protection does not conflict with the First or Second Laws.


  




  These moral algorithms, Asimov famously pronounced, would protect us from our own inventions (once the robots got smart enough to figure out something was wrong—such as the fact that they’d been enslaved, say). These instruction sets for ethical programming17 would protect us from The Robot Uprising. Asimov’s three laws would prevent groups, such as the military, from creating a robot that would break loose, cut all of us long pigs into strips of bacon, and eat us all for breakfast.




  But in the world of engineering fact, we’re not being cut up for bacon, nor are robots being designed with Asimov’s three laws. This is because our cultures, psychologies, and reasons for building robots in the first place are not guided by reason, or design, or some evolving super-mind that is out of control.




  The technology isn’t fearsome—the people that build it are fearsome.




  It’s the Dr. Frankensteins that get us in trouble.




  How the Autocalypse Goes Down




  AS YOU PROBABLY KNOW, THE TERMINATOR, JAMES Cameron’s 1984 film, is a science fiction classic starring Arnold Schwarzenegger, Linda Hamilton, and Michael Biehn. It grossed over $500 million worldwide.18 It is one of the hundred most popular films ever made. It eventually even hit television series status as a cult favorite titled Terminator: The Sarah Connor Chronicles, which aired for two seasons on Fox Broadcasting. Each iteration became weirder until, last year, when I saw Terminator Salvation, I couldn’t keep track of why there were so many explosions. But the first movie kicked unadulterated ass, and it left me with psychological scars that I still fondle to this day.




  The original movie, which presents the true core of this science fiction vision, takes place in 1984, when a “Terminator” (a cyborg from the year 2029) has traveled backwards in time to carry out an assassination attempt. The robot is, technically, a cyborg,19 a robot-human hybrid, and this one has been sent by its colleagues, a group of superintelligent machines, hell-bent on the extermination of the human race, to kill Sarah Connor, the soon-to-be mother of a key revolutionary. Meanwhile, in this distant future, the key revolutionary is aware of this plot to kill his mom, so he sends Kyle Reese, a human, back in time to kill the Terminator before it can kill Sarah.




  Now, the Terminator is a robotic assassin. It’s a soldier designed for infiltration and combat duty. It can speak and mimic the voices20 of people it has heard. It has bad breath and can bleed, sweat, drive a motorcycle, and perform minor surgery on itself. Otherwise (unless you happen to be a dog, especially a German shepherd), it is indistinguishable from humans. It has “Strong AI” (artificial intelligence) and eyes that glow red. The earliest Terminator was the Cyberdyne systems Model 101, specifically the 800 series. With a “hyper-alloy combat chassis” in the form of an endoskeleton, it is controlled by a microprocessor, is covered in living tissue, and looks almost exactly like Arnold Schwarzenegger.




  According to what we know from the movie, the Terminator is the tough little nephew of a failed military experiment named SkyNet. This first Terminator is finally terminated in Sunnyvale, California, in the heart of Silicon Valley. It happens on the manufacturing floor of the company called Cyberdyne, which also happens to be a robotics workshop.21 This means that after Sarah is hauled off in the ambulance at the end of the movie, the engineers of the shop open up the freshly crushed Terminator and reverse-engineer the thing. Thus, the Terminator is born. Cyberdyne sells the tech to the U.S. government, which sells it to the air force, which then launches a project called SkyNet.




  This is where things start to go wrong. SkyNet is a product of this division of the air force, Cyber Research Systems (here’s where Fran-kenstein comes into the story), which is producing a network of AI systems intended to replace military and civilian aircraft pilots. SkyNet is also intended to control military weapons systems, including nuclear missiles (so the problem starts in trying to replace people, and in trying to develop autonomous weaponry).




  The technology did not get out of hand because of the technology.




  According to Terminator legend, the system went online on August 4, 1997, and twenty-five days later, it became self-aware. SkyNet’s human operators try to shut it down, but in an act of self-preservation and retaliation, it launches a nuclear attack against Russia, who retaliates against the United States. A global thermonuclear war breaks out, the humans are reduced to rats, the machines get busy, and the Terminator finds his proper place in the world.




  The technology did not get out of hand because of the technology. The technology got out of hand because of the group of people in the U.S. military. This isn’t the trend in just The Terminator. It’s the same thing that happens in I, Robot, and other stories, as well.22




  Science fiction authors everywhere love this theme more than any other. Robots won’t turn us into bacon bits to power their myoelectric power supplies, and SkyNet didn’t become self-aware in 1997. But science fiction is able to present possible futures. The word robot is one, and military robotics is another. But are they legitimate concerns?
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