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			Praise for The Sentient Machine

			“Whether you are a business leader, policy maker, or entrepreneur, you need to understand artificial intelligence and its power to shape our future. In his brilliantly written book, Amir Husain, one of the world’s leading AI experts, will help you gain that understanding.”

			—John Chambers, chairman emeritus of Cisco Systems and founder and CEO of JC2 Ventures

			“Here is the book to read on AI and its implications. Husain takes us through many important ideas that will shape our future, makes the complex simple, and does so in clear, highly accessible prose. Do yourself a favor: buy this book and move into the future.”

			—John Thornton, executive chairman of Barrick Gold, chairman of the Brookings Institution, and former president of Goldman Sachs

			“For those puzzled about how artificial intelligence and machine learning may impact their future, this book is a must-read.”

			—Admiral Bobby R. Inman, US Navy (Ret.), former director of the National Security Agency and former deputy director of the Central Intelligence Agency

			“[Husain] argues that ‘a psychopathic leader in control of a sophisticated ANI system portends a far greater risk in the near term’ than a rogue AGI. Usually, those who fear what’s called ‘accidental misuse’ of AI, in which the machine does something we didn’t intend, want to regulate the machines, while those who fear ‘intentional misuse’ by hackers or tyrants want to regulate people’s access to the machines. But Husain argues that the only way to deter intentional misuse is to develop bellicose ANI of our own: ‘The “choice” is really no choice at all: we must fight AI with AI.’ If so, AI is already forcing us to develop stronger AI.”

			—Tad Friend, The New Yorker

			“The systems in which we live and operate today will be completely ­redesigned by the intelligence and computer science that underpin AI. Amir’s accessible explanations make The Sentient Machine a great read for how to evolve in that world.” 

			—Jim Hackett, chief executive officer of the Ford Motor Company

			“The great thing about this book was how easy it was to read and understand for those of us not steeped in techy code. It is very topical and definitely worth reading, especially if you are trying to get your head around the implications of AI and all you read is how AI is going to replace your job. This may give you more cause for optimism.”

			—Irish Independent 

			“I have reread Amir Husain’s brilliant book on artificial intelligence and machine learning, The Sentient Machine. Now, I am cautious about the impact of new technologies on warfare, not least because military structures, both allied and not, tend to be replete with old mind-sets building long careers afloat on unrocked boats. This is dangerous.”

			—Professor Dr. Julian Lindley-French, senior fellow at the Institute for Statecraft, London

			“The range from history to the philosophy of mathematics is stunning. The sections on consciousness were particularly strong for me. Husain explored the concepts of most interest to me: the concept and history of the soul, creativity, self-interest, recursive and reflexive systems, stability and its illusions, notions of control, deterministic chaos and predictability. In my view those things are all part of a single set that was gracefully and interestingly addressed in The Sentient Machine. Great read.”

			—Richard N. Foster, chairman of the President’s Circle of the National Academies of Science, Engineering, and Medicine

			“Amir Husain’s take on the coming age of AI is refreshing and inspired. He knows the technologies firsthand and has a keen eye for the philosophical and ethical implications, giving his readers the tools they need to assess the stakes. Unfortunately it’s not an option to download this excellent book directly to your brain . . . yet. For now, I strongly suggest you read it.”

			—Heather Berlin, PhD, MPH, assistant professor of psychiatry at the Icahn School of Medicine at Mount Sinai

			“A compelling and entertaining journey into the emerging computer technologies of artificial intelligence, neural networks, the Internet of Things, augmented reality, cyber currencies, computer security, and social networks, and their likely role and influence on the future of humanity. Well worth the time.”

			—Robert Stearns, founder of Sternhill Partners and former chief technology officer of Compaq Computer Corporation

			“The Sentient Machine is a must-read for anyone looking to understand how artificial intelligence is poised to transform human society and life. Husain is not only an engineer and entrepreneur, but also a philosopher who thinks deeply about what AI will mean for humanity. Husain’s optimistic outlook on the benefits of AI, grounded in an accessible description of the technology, is a welcome salve to many AI fears today.”

			—Paul Scharre, director of the Technology and National Security ­Program at the Center for a New American Security and author of Army of None

			“Husain expertly introduces the concepts behind artificial intelligence and paints an optimistic view that this technology can help people rather than being a doomsday device. It is well written and is quite easy to understand.”

			—Dan Kusnetzky, founder of Kusnetzky Group and former analyst at IDC

			“I greatly appreciate how honest the book is about our need to tackle certain issues with AI to ensure that humanity as a whole benefits. Many detractors of AI point out the threats that AI can pose: fears about autonomous weapons, loss of employment, and malicious software bots spreading fake news. This book addresses all of these issues head-on, but still manages to convince the reader that embracing AI is the key to humanity’s future prosperity.”

			—Jacob Schrum, assistant professor of computer science at Southwestern University

			“In The Sentient Machine, Amir Husain prepares us for a brighter future; not with hyperbole about right and wrong, but with serious arguments about risk and potential.”

			—Dr. Greg Hyslop, chief technology officer of the Boeing Company

			“Should artificial intelligence be feared or embraced? Which industries will be transformed next? Should we allow autonomous weapons in the military? Can machines be creative? This book provides a sound, technical perspective while tackling core questions about science, society, and humanity. We’re at a crossroads, and I recommend this book to anyone seeking a balanced and reasoned view of the future.”

			—Professor Bruce Porter, chairman of the Department of Computer Science at the University of Texas, Austin

			“In The Sentient Machine, Amir Husain applies his brilliance to explaining the enormity of the implications of artificial intelligence, but does it with the skill of a mentor guiding his protégés to greater understanding. As it is emerging, AI may be the most profound force shaping every dimension of human existence in the twenty-first century. In this landmark book, Amir Husain lays bare not only the science of AI, but the many sectors in which AI will find a prominent role: from health care to warfare, where Mr. Husain is one of the leading theorists on the emerging concept of hyperwar . . . warfare in the era of AI. The Sentient Machine is a must-read for all those who will live with the realities of the ‘AI Century.’ ”

			—General John R. Allen, US Marine Corps (Ret.), former commander of the NATO International Security Assistance Force and US Forces Afghanistan

			“Amir Husain’s The Sentient Machine is a fascinating book that is sure to significantly advance the conversation about the many ways that artificial intelligence is poised to change global society. An inventor, computer scientist, and entrepreneur, Husain melds personal experience with in-depth information to weave together a narrative about the future. From vignettes about the impact of artificial intelligence on the battlefield to investigations of the consequences for financial markets, The Sentient Machine has detailed discussions that will appeal to experts, but it is readable for the general public. Highly recommended.”

			—Michael C. Horowitz, professor of political science at the University of Pennsylvania

			“By situating the conversation around opportunities for AI to improve or extend our lives, this book provides a rational argument and reassurance to general readers fearful of an increasingly AI-infused future.”

			—Library Journal
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Dedicated to the children of tomorrow. May you elevate the human condition.


		FOREWORD

		It was spring, 2014. I was a man on a mission, and in a hurry.

			As the new deputy secretary of defense, the number two civilian in the Department of Defense, I was responsible for helping shape the size and capabilities of the US armed forces. I was increasingly uneasy about military advances in Russia and China that threatened our military’s technological superiority. Generally, when designing its military, the Department of Defense counts on a technological edge so that we never have to try to match potential opponents soldier for soldier, tank for tank, ship for ship, or plane for plane. Given the concerning trend lines, I was thinking hard about how we might regain a comfortable level of technological “overmatch.”

			I asked the prestigious Defense Science Board (DSB), a committee of civilian experts appointed to advise the US Department of Defense on scientific and technical matters, to tell me what technologies would be most critical for maintaining, or even improving, our technological competitiveness. The DSB concluded autonomy—fueled by advances in artificial intelligence and machine learning—had “attained a ‘tipping point’ in value.” After considering both the “substantial operational benefits and potential perils” associated with autonomy, it recommended accelerating the adoption of autonomous capabilities across the US military.

			This recommendation resonated strongly with me. I had long anticipated an age of warfare defined by the increased use of unmanned systems, having cowritten a monograph about war in the “robotics age.” Truthfully, however, I had never fully considered the implications of dramatically improved artificial ­intelligence—the technological secret sauce behind any move to autonomous unmanned systems and operations. To make up for this oversight, I began to read as many studies, books, and articles as I could to help me better understand and balance both the substantial operational benefits and potential perils of military operations conducted with intelligent machines.

			In doing so, I found a wide range of writings, some good and some bad. Some dove too deeply into the science and technical story, losing the forest for the trees. But perhaps my biggest complaint was that far too many espoused either one of two widely divergent views—that any move toward artificial intelligence was a dire threat to mankind, and one to be avoided at all costs; or that artificial intelligence would solve all the world’s problems, and should be pursued as aggressively as possible. As in all things, the answer is likely somewhere in between.

			And then I came across Amir Husain’s wonderful book, The Sentient Machine: The Coming Age of Artificial Intelligence. Although it is a compact volume, it is one filled with expansive insights and ideas about the coming future where AI impacts all aspects of our lives, including finance, energy, health care, cyber security, and warfare. And these insights and ideas are told in ways that set them apart from many of the other writings and books about intelligent, and one day potentially sentient, machines.

			First, because the associated science is complex, writings about artificial intelligence can often be downright intimidating. But Amir explains things like algorithms, artificial intelligence—both narrow and general—machine learning, cognitive computing, the Internet of Things, and zero-day exploits in ways that are easily digestible and understandable by all readers, regardless of their technological background or bent. His is a truly accessible book for anyone interested in learning more about AI.

			Second, although Amir’s understanding of AI technologies is both broad and deep, he instinctively knows that a book about AI should focus less on the technology and more on how it might influence our lives—for good or ill. This is evident from the initial paragraphs of the Prologue, which describe Amir’s very first contact with a Commodore 64 personal computer, and how Amir instinctively knew its improved successors would become his “ultimate tool of creativity.” It comes out in a story about support groups for people inflicted with the “bucket illness” of inflammatory bowel disease, a catchall phrase of all possible diseases that involve internal inflammation of the intestines—and how AI-enabled medicine might help to end their suffering. And it is reflected in the story of the WannaCry ransomware attack, and how future AI will be able to “reason” its way through the tactics and techniques of similar cyber threats and block them. Amir is a wonderful storyteller whose writings are both welcoming and evocative, and help take the reader on a journey that is both entertaining and illuminating.

			Third, while Amir is obviously a technologist, his writings reveal him to be a humanist as well. His writings ponder deeply what widespread artificial intelligence might mean to our lives. And they do so in a balanced way, not shying away from AI’s potential perils. Readers are therefore able to come to their own conclusions about the merits or dangers of AI, even as Amir reveals himself as an optimist about the coming age of sentient machines.

			And finally, I personally find Amir to be one of the few technologists who understand that in the realm of warfare, revolutions are seldom caused by the development of new technologies per se, but by the emergence of new operational concepts and organizational advances that exploit them. His writings about the applications of AI to both kinetic and information warfare—an area he and retired Marine General John R. Allen have defined as “hyperwar”—are insightful and along the same conceptual vector for what became known as the Pentagon’s “Third Offset Strategy.”

			Many believe artificial intelligence may be the most profound force that shapes societies and human existence in the twenty-first century. Amir’s book helps make that very case. It is thus as much a book about all of us as it is about sentient machines. I hope you enjoy it and learn as much about our shared future as I did—and continue to do.

			Indeed, Amir’s book had such a big impact on my thinking that I hoped to someday meet him and continue to explore the ideas in his book. Now that I’ve left the Pentagon, I cochair an AI task force for the Center for a New American Security. The task force ponders the moral, ethical, legal, and practical implications of AI in national security applications. And among its members is one Amir Husain. We have become both colleagues and friends, and I continue to gain new insights about AI whenever we have the chance to meet and chat—and new insights about Amir as well. I encourage you to make the acquaintance of this remarkable man through his book.

		Enjoy!

			—Robert O. Work

	

PROLOGUE: A BOY’S DISCOVERY


I remember exactly where I was when I first saw it. I was four years old, visiting my friend’s house in Lahore, Pakistan, and the glimmer of its flickering screen caught my eye. There it was, sitting on their TV console: the Commodore 64—the most popular personal computer on the market in 1982. It was connected to a television screen and running the game Hangman, an early version of the video games we know so well today. The television was a fixture in my home and I knew that it played images and sounds on the screen. But this machine was worlds away from mere TV. Television was, in a sense, immutable. Predetermined. This machine, on the other hand, was acting as a result of my inputs. This was a device I could impact with my own ideas. Ideas could flow through my fingertips and end up on that screen.

As soon as we left my friend’s house, I returned home and immediately set to work with spare pieces of broken and discarded toys and old cardboard boxes and packages. “Look,” I called out to my parents, “I made a computer!” The discovery of this machine felt as tactile as holding a paintbrush or a piece of modeling clay in my hand. A computer could serve as my ultimate tool of creativity. This was the means by which I would impact the world.

Since that day in 1982, I’ve never wanted to do anything else. I never wanted to be a fireman or a doctor or an astronaut. Today, even after having lived thirty-eight years immersing myself in this one pursuit, I am nowhere close to being done. Computing is one of the great drivers in my life.

•  •  •

Some of you will immediately relate to my experience with the Commodore 64, while others will find this whole tale quite foreign. For those of you who don’t have an affinity for computers and the science around them, I would like to invite you into my world. Before we can begin to discuss the future of artificial intelligence and our role, as humans, in relation to these machines, we should first take a moment to appreciate what makes computing concepts so elegant and wondrous. My goal is to communicate the beauty inherent in this way of thinking about the world so that you might better appreciate how humanity can live and thrive amid this coming age of sentient machines.

One of my influences in the computer science department at the University of Texas at Austin, and one of the greatest computer scientists in history, Edsger Dijkstra, argued that we were not studying computer science but rather computing science. In this way, he acknowledged that the computer was an outgrowth of a perspective on the world, a way of contending with reality. His approach took computer science outside the realm of technical understanding and placed it firmly in the grip of some of the deepest and most profound concepts in our understanding of existence.

Needless to say, computer science is not just about devices. This became startlingly clear to me when I was around eleven years old. My father handed me a general-interest magazine called Dialogue, distributed in Pakistan by the United States Information Service (USIS). In the pre-Internet days, books and publications like these were some of the ways to get information, so though the magazine itself was nothing extraordinary, the information inside was precious. I opened it up and immediately took in the title of one of the main features about computer scientist and physicist Ed Fredkin: “Is the Universe a Computer?” In those five words, a notion with profound explanatory power came together for me. It confirmed that the richest concepts in computer science come to us directly from nature.

Take programmability, for example. When you want to build something, you have two options: the first is to simply build it yourself by directly carrying out the necessary steps; the second is to create a machine that can carry out the steps for you. When you write a program, you are essentially providing a recipe to something that can interpret and carry out many types of these recipes, or repeatedly apply the same one. Change a few words here or a command there, and the output can become entirely different. This ability to transform outcomes with ease is the essence of programmability. The instructions processed by a computer are the programs; inside these programs are codified ideas that solve problems like sorting numbers, searching text, or transforming images. These are known as algorithms. With systems like computers, there is the flexibility of using programming to build not just one thing but many, many things. What if a program could write itself? What if the system interpreting a program—also a program—could be modified? In this universe, everything is fungible with little to no cost. A programmer can simply will things into being.

This very same concept of programmability is also reflected in biology and the natural world. Think of DNA: the ultimate code. In fact, all complex biological forms in nature are consequences of computations and transformations directed by DNA. Fractals are another example, as these never-ending patterns are self-similar across all different scales. There is no way for a human to pick up a paintbrush and paint a “complete” fractal. You can only ever employ computation to create its form. Of course, nature creates shapes like this all the time in snowflakes, seashells, clouds, trees, and coastlines. So is nature, then, a computer?

When I first read “Is the Universe a Computer?” it set me on a quest toward understanding how to build a universe. Just like a fractal, you can’t build a universe by specifying every element of it directly. You can only build something this complex by specifying the processes and then allowing the incredibly powerful concepts of iteration and recursion to take over.

Consider a famous example called The Game of Life. For those of you deeply immersed in the world of computer programming, mathematician John Conway’s iconic game of cellular automata will be very familiar. The Game of Life, or Life, as it was often called, contained an infinite grid with rows of cells—first printed in static form in the pages of Scientific American in 1970 and then later run through computers—with four or five simple rule sets. Each cell can be in a state of “alive” or “dead” and each cell interacts with its eight neighbors: the cells that are horizontally, vertically, and diagonally adjacent to it:

1. Any live cell with fewer than two live neighbors dies, as if caused by underpopulation.

2. Any live cell with two or three live neighbors lives on to the next generation.

3. Any live cell with more than three live neighbors dies, as if by overpopulation.

4. Any dead cell with exactly three live neighbors becomes a live cell, as if by reproduction.

The Game of Life is just one example of cellular automata. There are many more, such as those chronicled by Stephen Wolfram in his book A New Kind of Science. With many of these cellular automata, often just six to eight simple rules govern how cells turn on or off. But the rules also generate things that appear to be patterns. Visually, these are not random, not noise. An identifiable picture appears and it is never-ending: the metapattern keeps repeating but the specific details of each and every pattern never repeat. It is infinite newness with the minimal amount of input. This is the iterative application of a simple rule.

Computers have even generated Mandelbrot fractals, named after the French-American mathematician Benoit Mandelbrot, that exceed the size of the known universe. Imagine that: you can spend your entire life just traversing the edges of a computer-generated construction—akin to an ancient traveler along the fabled coastlines described in a Greek myth. At the end of your lifetime, you still would not have seen it all. The secrets of these forms are unending, a fact that fills me with wonder, humility, and awe. And when I see them applied in practice, I realize that core computer science concepts—recursion, iteration, abstraction, generative programming, and many others I will discuss throughout this book—are the true wealth of our humanity at its most creative. They give us a rich bounty through which to understand the furthest corners of both our world and our mind, and they form the intellectual scaffolding that runs throughout this book. We can use these concepts to solve some of the greatest challenges of our world today and tomorrow. Most important, humanity can use computational science to achieve our ultimate purpose: to explore, to create, and to understand our universe.



PART ONE



What Is AI?



The first time it happened, I was at the University of Texas in Austin as a student. It was one of my first weeks of school and I woke up in my bedroom in such a confusing paroxysm of pain that I was convinced I was dying. Nothing in my life leading up to that moment had prepared me for this pain: as if a knife were slicing through my right eye socket.

Somehow I stumbled out onto the street where I was able to find my way to the university health center. They handed me an Advil and directed me to lie down in a dark, quiet room until the pain subsided. But the pain did not subside. For two long days, I played mind games with myself in that dark room. Would you rather . . . Would you rather stick your hand in an open flame or feel this particular pain in the right side of your head? Would you rather have a bullet go through your body or continue to experience this throbbing in your eye? These were not abstract questions. They were very real negotiations as I navigated the incomprehensible level of suffering. Eventually, when the throbbing continued unabated, the game simplified: Would you rather be enduring this torture or be dead?

There is a reason my ultimate diagnosis—I was suffering from the first of many cluster headaches—is referred to colloquially as a “suicide headache.” Many headache doctors who have treated patients with chronic cluster headaches have had at least a few of their patients choose death over the pain.

After my first episode with them at the age of eighteen, I didn’t have them again until I was twenty. Both of those attacks were relatively short—lasting only a few days. Over time, however, the duration of the attacks increased. They went from days to months. I couldn’t find words or numbers to define this type of pain. Simply put, it was impossible to even remain conscious through it. Eventually, I almost always passed out.

Two years ago, after a remission of several years, I was revisited by my old demons. One night, I experienced an attack so extreme that I knew I was in trouble. I had gone way beyond my weekly dosage of the prescribed sumatriptan, so I reached for another painkiller in desperation. My vision got cloudy; the last thing I remember is telling my wife to call 911.

When I woke up, I was checked into the hospital and the neurologist on staff, Dr. Reddiah Mummaneni, was sitting with me. I could immediately sense that he was kind and bright and engaged. Dr. Mummaneni had done some research on my condition and he handed me a medical paper he had found using a query on his research repository.

“There is only one thing I’ve found that might help right now,” he told me. “It’s a really drastic treatment and only one or two incidents are described in this paper. We can try a really high dose of a steroid, methylprednisolone, administered through an IV. It’s a common treatment for multiple sclerosis because it acts like a shock to the immune system to calm it down and it helps with the inflammation.” He explained that he hoped the anti-inflammatory capabilities of the steroid—at such an extremely high level—could suppress the unexplained inflammation and give a jolt to the mechanisms in my brain that were causing the clusters. After “jolting” my brain for three days, we would move down to an oral steroid for a month and then taper off from there. Dr. Mummaneni said, “I want you to know that this treatment could have very serious repercussions. Are you okay with the risks?” I read the paper and signed off immediately. Considering my current quality of life, there was not a single doubt in my mind. The course of treatment was so severe, however, that the staff was repeatedly instructed to check my sugar, blood pressure, pulse, and heart rate. They followed up with an EKG before, at last, the IV drip was put in place. Suddenly, as quickly as it had started, the attack abated. After four months, the pain was gone. I was finally free. For the time being, at least.

•  •  •

I am a computer scientist, a technologist, and an inventor. I hold two dozen awarded patents and have dozens more pending. I love machines and I have a deep affinity for how they work and what they can do. Although the story I just shared certainly makes a case for compassionate medical care, more than anything, it illustrates to me our own limitations in the field of healthcare. When humans succeed at sorting through all the data involved in an obscure medical treatment, it is often the result of happenstance: I happened to get the right doctor assigned to me on that night in the hospital and that doctor happened to get the right combination of words for the query to pull up just the right paper. And then he happened to have the time to read it and process it. When I use the word happenstance, I don’t discredit all the wisdom, discernment, and training that go into being a highly skilled—and in this case, an incredibly effective—medical practitioner. Happenstance is simply a reflection of the probabilities in search queries that now exist for anyone in the medical field. Medline, one of the most popular online research repositories for doctors, reported that more than 6 million journal article references have accumulated since 1965 and their database is growing at a rate of 300,000 per year. Human intelligence is simply too limited to process this amount of information. If we happen to find the essential data point, we find it. If we happen to miss it, we miss it.

But there is a different kind of intelligence much better suited to solving these types of challenges; this is artificial intelligence. Today, AI is being applied to all kinds of health data, allowing us to assess previously invisible, seemingly immeasurable aspects of our lives. Why did my cluster headaches go into remission for two years and then one year and then five years? Why did they sometimes occur at the same time twice a day and sometimes only once a day? Why did they strike in the fall sometimes and at other times in the summer? What is really happening? Can artificial intelligence help me solve my own personal mysteries? Can I use my intimate knowledge of computer science and technology to end my suffering?

Cluster headaches are just one of countless ailments that cause unbearable pain but don’t warrant major research or attention because not enough people suffer from them. Our human intellect is a finite resource and it is currently—and rightly—directed at problems that have the biggest impact on humanity. But there are lots of diseases that will never receive the top-end human capital and expertise because they simply don’t affect enough people. For that reason, many people who experience the long tail of suffering will never receive the quality of intellect they need to get rid of their pain. Humans simply can’t keep up with all the diseases. But machines can. And they must—if we want to improve our lives.

This isn’t just happening in healthcare. This is happening in every domain in our society. This is happening in astronomy, chemistry, materials science, manufacturing, financial services. The list goes on and on. This is progress, and I believe it is imperative we embrace it.

WHAT ARE WE SO AFRAID OF?

I was speaking on artificial intelligence at the popular technology conference South by Southwest—SXSW—in my hometown of Austin. Soon after, protesters chanted “I say robot; you say no-bot,” and their signs read “Stop the Robots!” and “Humans Are the Future!” The year was 2015 but it might as well have been 1980, 1967, 1950, or even the late 1800s. Throughout all of these periods in history, technological advances have left us both optimistic and also deeply uneasy about the role of machines in our culture.

These ebbs and flows of our greater historical mood toward machine automation can be tracked to the technological advancements of the age. More than two centuries ago, the invention of the steam engine sent society into a tailspin as cultural commentators, prognosticators, and businesses tried to parse out the “machinery question.” Writers associated with the Young England movement aligned themselves with laborers in sentimentalizing the work of the hand as a patriotic toil. Machines like the steam engine and the power loom became emblematic as dehumanizing forces that threatened the national character.

Merrily went the click-clack, the hammer, and the plough

And honest men could live by the sweat of their brow.

In light of Brexit, this yearning for “merry old England” feels particularly resonant. The destabilizing forces of technological innovations inevitably bring about our nostalgic longings for a simpler time. It was in the midst of this very shift—the Industrial Revolution—that Mary Shelley published her iconic novel of horror in 1818, a work that explored the dehumanizing forces of an increasingly technological society through the lens of literature’s first modern scientist: Victor Frankenstein.

•  •  •

Mary Shelley was only eighteen when she wrote Frankenstein. In one of the coldest and dreariest summers ever on record—a huge volcano erupted in Indonesia in 1815, sending a vast cloud of ashes across the Northern Hemisphere the following year—Shelley was holed up in an elegant Swiss villa with a bohemian coterie that included Lord Byron, her stepsister Claire Clairmont, and her romantic partner, Percy Shelley. After countless nights of rain and thunder, Lord Byron suggested they should all write ghost stories. Shelley had only recently left the home of her father, the famous progressive William Godwin, where she was exposed to the work of the great scientists of the day, taking in a wide range of ideas in subjects ranging from anatomy to galvanism—the study of muscle contractions as a result of electrical currents. At Byron’s suggestion, Shelley’s influences and inspirations came together to create her characterization of Victor Frankenstein.

In twentieth-century films and stage plays, Frankenstein’s monster was rendered in more melodramatic fashion with pulsing electrodes and nodules on his head. In Shelley’s original version, however, scientist Victor Frankenstein uses elemental principles of life to imbue vitality into inanimate matter. She even makes a distinct point of stating that Frankenstein draws upon the scientific method for his work. The moment she describes her vision of the monster, however, is a passage that harkens back to writing in the ancient Greek myth of Prometheus or from Genesis in the Old Testament:

I saw the pale student of unhallowed arts kneeling beside the thing he had put together. I saw the hideous phantasm of a man stretched out, and then, on the working of some powerful engine, show signs of life and stir with an uneasy, half-vital motion. Frightful must it be, for supremely frightful would be the effect of any human endeavour to mock the stupendous mechanism of the Creator of the world.

In this passage, we can see the crux of a key philosophical quandary, the cause of our unease: Who can be a creator? And when does our creation truly acquire agency?

Frankenstein posed these questions to an increasingly modern society, but for as long as humanity has been creating, we have also been in conflict with our role as creators. Many of the world’s greatest religions have decrees and practices around aniconism, banning material representations of living creatures and the divine. There are countless passages in the Hebrew Bible against graven imagery, beginning with the Second Commandment:

Thou shalt have no other gods before me. Thou shalt not make unto thee any graven image, or any likeness of any thing that is in heaven above, or that is in the earth beneath, or that is in the water under the earth: Thou shalt not bow down thyself to them, nor serve them: for I the Lord thy God am a jealous God, visiting the iniquity of the fathers upon the children unto the third and fourth generation of them that hate me.

And yet Hellenic stories abound with tales of automated representational machinery. In ancient Greek myths, inventions by characters like Hephaestus, the blacksmith of Olympus, are celebrated as wondrous innovations. He even designed what is surely the world’s first notion of a fully automated waitstaff with twenty wheeled devices propelling themselves in and out of the halls of Olympus, serving the gods while they indulged in drink and wine.

Historian and writer Pamela McCorduck, who has spent much of her career documenting the history of artificial intelligence, characterizes these two perspectives toward our creation of lifelike machinery—wondrous and useful versus arrogant and dangerous—as the polarities that inform our conflict even to this day. Do we dare usurp that power from a god or the natural world? And if we do, are we prepared to face the unintended consequences?

The Genesis story in the Quran, for example, quite similar to that in the Old Testament, narrates that Adam was cast from clay when God breathed his spirit into the clay form. God then taught Adam the nature of all things. With knowledge and the power to think thus imparted, God deemed Adam the most superior among all creation. According to this particular creation story, God ordered the angels and the fire-being Iblis, or Lucifer, to bow before this new, autonomous creation. When the angels innocently asked why, God explained that it was because Adam could acquire knowledge. His thought was not static, and that allowed him to learn, grow, and change. And so, in this seminal narrative of creation, the first form of autonomous intelligence distinct from God—human intelligence—was unleashed upon the universe.

Today, of course, we deal not with myth and allegory but with the real-world implications of an explosion of artificial intelligence that is outpacing our ability to understand its consequences. Even Silicon Valley’s most powerful players seem divided about which side of the technological divide they are on. In 2014, Tesla and SpaceX founder Elon Musk spoke at Massachusetts Institute of Technology and called AI humanity’s “biggest existential threat.” His talk went on to accuse artificial intelligence of “summoning the demon.”

“You know all those stories where there’s the guy with the pentagram and the holy water and he’s like, yeah, he’s sure he can control the demon?” he asked the crowd before saying, “Doesn’t work out.”

Elon Musk is not alone in sounding out the alarms. He is joined by intellectual heavyweights like Stephen Hawking, Bill Gates, Oxford professor and existential philosopher Nick Bostrom, and Henry Kissinger. In 2014, Hawking told the BBC: “The development of full artificial intelligence could spell the end of the human race,” and in a 2015 interview session on the popular Silicon Valley website Reddit, Bill Gates added, “I am in the camp that is concerned about super intelligence. First the machines will do a lot of jobs for us and not be super-intelligent. That should be positive if we manage it well. A few decades after that, though, the intelligence is strong enough to be a concern. I agree with Elon Musk and some others on this and don’t understand why some people are not concerned.”
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WITH A NEW FOREWORD BY DEPUTY SECRETARY OF DEFENSE ROBERT 0. WORK

“Whether you are a business leader, policymaker, or entrepreneur, you need to understand
artificial intelligence and its power to shape our future. Amir Husain will help
you reach that understanding.” —JOHN CHAMBERS, CHAIRMAN EMERITUS, CISCO SYTEMS







