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      Twelve lessons gathered into five parts. The course does not follow the branches of the field, it follows a question: why did we stop teaching machines rules, and what are we paying for the switch? Read that way, the book works as a single investigation, and neural networks, language models, and computer vision get woven in as the case unfolds.

      

      Part 1. Where artificial intelligence came from

      Lesson 1. Can a machine think? The question Turing himself refused to answer, the imitation game, and why the famous test measures something other than what people assume.

      Lesson 2. Rules versus experience. Forty years of trying to write human knowledge down as instructions, two winters, and the turn toward data.

      

      Part 2. How a machine learns

      Lesson 3. The artificial neuron. Perceptrons, weights, layers, and the book that froze an entire field for fifteen years.

      Lesson 4. Learning from mistakes. Loss functions, gradient descent, and backpropagation: what actually happens while a model trains.

      Lesson 5. The three missing pieces. Data, graphics cards, and depth: why everything broke open in the fall of 2012.

      

      Part 3. What machines learned to do

      Lesson 6. How a machine sees. Convolutions, face recognition, medicine, and the stickers that turn a stop sign into a speed limit.

      Lesson 7. Words turned into numbers. Tokens, vectors of meaning, and the arithmetic of sense.

      Lesson 8. Attention. The transformer, the anatomy of a large language model, and the road from autocomplete to conversation.

      

      Part 4. Plausible instead of true

      Lesson 9. Machines that create. Adversarial networks, diffusion, deepfakes, and the fight over copyright.

      Lesson 10. Why it is confidently wrong. Hallucinations, bias in the data, brittleness, and the black box.

      

      Part 5. What to do about it

      Lesson 11. Who answers for the machine's decision. Work, surveillance, weapons, electricity, and the attempts to regulate all of it.

      Lesson 12. Where this is heading. The limits of scaling, agents, interpretability, and the questions nobody can honestly answer yet.

      

      At the end of the book

      A conclusion. Answers to every test, with explanations. A glossary. Sources: where the information came from. What to read and watch next.

      The standing sections inside each lesson

      Every lesson is built the same way: the main text, a portrait of a person without whom that lesson would not exist, a "Now That's a Twist" section with a fact that is hard to believe, a list of key terms, a ten-question test, and homework for one evening. None of the homework requires programming.
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      Everybody talks about artificial intelligence now, and almost nobody says what it is. Some promise it will cure cancer, others warn it will end the world, a third group asks it to write a birthday message for an aunt. These three conversations have little in common, and they share one thing: the subject gets discussed without anyone opening the hood.

      This book opens the hood. It is not about writing better prompts, and not about twenty useful services that will be obsolete before you finish reading. It is about how the thing works: what happens when you hit Enter, where the answer comes from, why that answer is sometimes brilliant, and why it is sometimes confidently, elaborately wrong.

      There is a plain reason to understand this. Over the next twenty years, decisions about the technology will not be made by engineers alone. They will be made by doctors, judges, teachers, employers, voters, and you. Someone who knows that a neural network finds patterns in data without understanding what it found asks very different questions than someone who takes it for an electronic oracle. The first person asks what data it was trained on. The second asks what it thinks.

      The promise here is modest and honest. Twelve evenings will not teach you to train models; other books and a lot of practice do that. But you will know what these systems are made of, why they work, where they break, and what the people building them argue about. That is enough to read the news about AI without awe and without dread, and with interest instead.

      

      How the course works

      Twelve lessons, one evening each. Read them in order: the book is built as an investigation, and each lesson leans on the one before it. Every lesson ends with a ten-question test, and the answers, with explanations, live in their own chapter at the back. Peeking is allowed, but answering first is more fun.

      Each lesson also ends with homework. None of it needs a graphics card or any programming: usually it is an observation, a conversation, an experiment with a sheet of paper, or a check on whether the machine is telling you the truth. The assignments exist so that what you read stops being text and becomes something you saw yourself.

      Terms are introduced one at a time and collected in a glossary at the back. If an unfamiliar word shows up before it is explained, look it up there: that is not a mistake but the ordinary life of a subject where everything connects to everything.

      

      About the formulas

      There are four in the book. All four are simple, all four are taken apart in words, and none of them needs to be solved. They are here for honesty rather than rigor: artificial intelligence does not run on magic, it runs on arithmetic, and seeing that arithmetic once with your own eyes is worth more than hearing the word "algorithm" a hundred times.

      If formulas frighten you, read the text around them and move on. No lesson collapses.

      

      About the fact that everything keeps changing

      The field moves fast, and any book about it risks going stale. So the course is built around mechanisms rather than names: mechanisms last for decades, model names change every year. Specific systems appear as milestones, with dates, so you can see when something happened and in what order.

      One last thing. You will run into the phrase "nobody knows yet" several times in this book. It is not a sign of a lazy author. In a field where people with Nobel Prizes disagree, showing the argument is more honest than pretending there isn't one.
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      The question Turing walked away from

      In October 1950 the philosophy journal Mind ran an article with a deceptively modest title: "Computing Machinery and Intelligence." Its author, a thirty-eight-year-old English mathematician named Alan Turing, opened with the question everyone has repeated ever since: can machines think?

      By the second paragraph he had abandoned it.

      His reasoning went like this. To answer, you first have to agree on what "machine" means and what "think" means. The first is manageable. The second is not: everyone loads the word differently, and the argument turns immediately into a quarrel about vocabulary. Turing proposed replacing an unanswerable question with an answerable one. Not "does the machine think," but "can it behave in a way you cannot tell apart from a person."

      That move is characteristic of the whole story ahead. Instead of defining thought, an engineer invents a test. The entire field of artificial intelligence would go on doing exactly that: breaking a foggy human quality into concrete tasks you can hand a machine and score.

      
      The imitation game

      Turing described his test as a parlor game. A person and a machine sit in two closed rooms; a judge sits in a third. The judge exchanges written messages with both and tries to work out which is which. No voice, no face, no handwriting: text only, so that looks and timbre stay out of it. If the judge is wrong as often as right, the machine has won the game.

      Turing also made a prediction we will come back to. He wrote that in about fifty years, machines would play the game so well that an average judge would have no more than a seventy percent chance of identifying correctly after five minutes of questioning. The fifty years ran out in 2000. Turing was wrong, but the interesting part is not how far off he was. It is which direction he was off in.

      The test has a weak spot, and Turing knew it. The imitation game measures convincing pretense, not thought. Those are different things. A program can win while understanding nothing, as long as it learns to dodge hard questions, answer a question with a question, and act bored. And the reverse holds too: a system that genuinely solves a hard problem but writes dry, flawless prose loses instantly, because live human beings do not write that way.

      Which is why serious researchers today barely use the Turing test as a measurement. It stayed what it was meant to be: a philosophical maneuver that pulled the question out of a fight about words and set it on the ground.
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        Now That's a Twist: the test was passed with the help of bad English

        In June 2014 the news carried a headline around the world: the Turing test had finally been passed. At an event held at the Royal Society in London, a program convinced a third of the judges that they were talking to a live human being.

        It is worth looking at how. The program was called Eugene Goostman, and it played a thirteen-year-old boy from Odessa for whom English was a second language. That was not an accident. A teenager gets forgiven for muddled facts: he hasn't learned everything yet. A foreigner gets forgiven for broken grammar. Someone who is both gets forgiven for almost anything. Ignorance was converted from a flaw into part of the costume.

        The judges talked with it for five minutes, and 33 percent decided it was a person. Formally, Turing's bar was cleared: he had spoken of 30 percent. In substance something else happened. The program did not get smarter; it got easier to make excuses for, and our own expectations did half the work for it.

        Specialists objected at once: five minutes is short, the judging setup was questionable, and Eugene fell apart by the third careful question. But the lesson outlasts the objections. A test for humanlikeness does not measure only the machine. It measures whoever is on the other side of the screen.
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      The summer the field got its name

      The phrase "artificial intelligence" is younger than the idea. The mathematician John McCarthy coined it in 1955, partly out of diplomacy: he wanted a name tied neither to automata theory nor to Norbert Wiener's cybernetics, so nobody would fight over territory.

      On September 2, 1955, McCarthy, together with Marvin Minsky, Nathaniel Rochester, and Claude Shannon, submitted a proposal for a summer workshop at Dartmouth College. It contained a sentence that still serves as the motto of the whole field: the study is to proceed on the conjecture that every aspect of learning, or any other feature of intelligence, can in principle be described so precisely that a machine can be made to simulate it.

      The workshop took place in the summer of 1956 and ran about two months. Eleven participants were planned, more came and went, and three stayed to the end. Nothing was solved there, talks were few, and everyone worked on whatever they liked. But after that summer a scattered set of pursuits had a shared name, and the people in it had the sense of being engaged in one enterprise.

      The optimism was staggering. The participants seriously expected a significant part of the problem to be handled in a single summer by ten people. Seventy years later we are still working on it. The field carried that habit of promising too much too soon through its entire history, and the next lesson shows what it cost, twice.

      
      The Chinese room and an argument that never ended

      In 1980 the philosopher John Searle proposed a thought experiment that still delights one half of the field and infuriates the other.

      Picture a room. Inside sits a person who does not know a single Chinese character. Sheets of Chinese text are pushed under the door. He has a thick rulebook in his own language: if the sheet shows this string of marks, copy out that string in reply. He looks each one up carefully, copies it neatly, and pushes the sheet back out. Outside stand native speakers of Chinese, delighted: the answers make sense, the correspondent clearly knows the language.

      Does he? Searle says no. He is manipulating marks by rule, and no Chinese has appeared in his head. And if that is so, Searle continues, then a computer running a program understands nothing either, no matter how many correct answers it produces.

      Dozens of rebuttals exist, and the strongest goes like this: don't look at the person inside, look at the system as a whole. A single neuron in your head does not understand English either, and you do. The argument has run for forty-five years with neither side winning. It is here not for the answer but for the question, which you will need for the rest of the book: where is the line between answering correctly and understanding? In Lesson 8, once you know how language models are built, you will come back to the Chinese room and find that it has grown uncomfortably close to a description of an actual machine.
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      Portrait: Alan Turing (1912–1954)

      The man who invented the very idea of a universal computing machine did it at twenty-four, and not for the sake of engineering but for the sake of pure logic. In a 1936 paper he described an imaginary device: an endless tape, a head that reads and writes marks, and a table of rules. Such a machine, he proved, can compute anything computable. The computer did not exist yet; his theory of it already did.

      During the war Turing worked at Bletchley Park breaking German ciphers. His group built machines that read the U-boat fleet's traffic, and by various estimates that shortened the war by months, possibly years. The work was secret, and almost none of his neighbors knew what he did.

      In 1952 Turing was prosecuted for homosexual acts, then a crime in Britain. He chose hormone treatment over prison, lost his security clearance, and lived under surveillance. On June 8, 1954, he was found dead; a partly eaten apple lay beside him, the inquest found cyanide poisoning and ruled the death a suicide. His mother believed to the end that it was an accident in his home laboratory, and doubts are still voiced.

      In 2009 the British government issued a formal apology, in 2013 the Queen signed a posthumous pardon, and in 2017 the law that cleared others convicted under the same statute was named after him. We will not judge this story for you. We only note that the man who asked whether a machine could think was condemned by a society that did not bother to think itself.

      
      Why artificial intelligence is always just up ahead

      There is an oddity everyone in the field has noticed. The moment a problem is solved, it stops counting as artificial intelligence.

      Chess was the textbook example of machine thought for sixty years. In May 1997 the computer Deep Blue beat the world champion Garry Kasparov in a six-game match, and what happened next? Chess stopped being intelligence. That, people said, is just search and a big table. Exactly the same thing happened with handwriting recognition, with translation, with face recognition. While it doesn't work, it's AI. Once it works, it's merely software.

      The phenomenon has a name: the AI effect. John McCarthy complained about it openly, and the researcher Larry Tesler is credited with the crisp version: intelligence is whatever machines haven't done yet. Which leads somewhere curious. Artificial intelligence is by definition always slightly ahead of what has been achieved, and the horizon recedes at exactly the speed we walk toward it.

      There is a use in this. The AI effect works as an antidote to awe: it reminds you that behind every marvel sits a mechanism, and that taking the mechanism apart turns the marvel into engineering. This book is, in essence, twelve evenings of taking marvels apart.

      
      What we will be talking about

      Let us settle the vocabulary, or we will be lost by Lesson 2.

      Artificial intelligence will mean the wide field: attempts to make machines solve problems that take a person some thinking. Inside that field sits machine learning: the approach where you do not program the rules but train the machine on examples. Inside machine learning sit neural networks: one way of doing that training, built out of layers of simple elements. And inside neural networks sits deep learning: networks of many layers, which is where nearly everything you have heard about in the news lives.

      Four nested words. People confuse them constantly, including in respectable publications, and the confusion is expensive: it leaves everyone arguing about different things under the same name.

      One more distinction we cannot do without. Narrow artificial intelligence solves one task: it plays Go, reads a scan, drives a car. Everything that exists and works today is narrow AI, language models included, however talkative they are. General artificial intelligence is the name for a hypothetical system able to handle any task at a human level. No such system exists. Whether there is a road to one is disputed by serious people, and we will take that argument apart in Lesson 12, when you have something to measure it with.

      Next time we return to 1956, to a room full of hopeful people, and see what they did next. For forty years the main bet was on rules: write human knowledge down as a list of instructions and let the machine execute. The bet was reasonable, it worked beautifully on small problems and catastrophically on big ones. Lesson 2 is about why.
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      Key terms of this lesson

      Artificial intelligence – the field that teaches machines to solve problems that take a person some thinking. Named by John McCarthy in 1955.

      The imitation game – Turing's proposed test: a judge exchanges messages with a person and a machine and tries to tell them apart. Known as the Turing test.

      The AI effect – the habit of not counting something as artificial intelligence once it works. It pushes the boundary of the field forward with every success.

      Narrow artificial intelligence – a system that solves one task. Everything in existence today belongs here.

      General artificial intelligence – a hypothetical system able to handle any task at a human level. Does not exist yet.

      Machine learning – the approach of training a program on examples instead of writing its rules. The main character of the lessons ahead.

      The Chinese room – John Searle's 1980 thought experiment: following rules does not produce understanding. Still contested.

      The Dartmouth workshop – the 1956 summer meeting after which the field had a name and a sense of itself.
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      Test for lesson 1

      Choose the one correct answer.

      1. Why did Turing refuse to answer the question "can machines think"?

      a) He held that the argument would collapse into a quarrel about word meanings, so he replaced it with a test of behavior

      b) He thought the question was too easy

      c) He did not want to quarrel with philosophers

      d) He was waiting for the first computer to be built

      
      2. What does the imitation game measure?

      a) The speed of computation

      b) The size of the machine's memory

      c) Whether a machine can behave so that a judge cannot tell it from a person

      d) How many facts the machine holds

      
      3. What is the main weakness of the Turing test?

      a) It requires expensive equipment

      b) It measures convincing pretense rather than understanding

      c) It works only in English

      d) It cannot be run in practice

      
      4. How did the Eugene Goostman program make its task easier in 2014?

      a) It answered only with
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