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I propose to consider the question, ‘Can machines think?’

Alan Turing (1950)

It is not my aim to surprise or shock you – but […] there are now in the world machines that think, that learn and that create. Moreover, their ability to do these things is going to increase rapidly until – in a visible future – the range of problems they can handle will be coextensive with the range to which the human mind has been applied.

Herb Simon (1958)

[T]he first ultraintelligent machine is the last invention that man need ever make […]

I. J. Good (1965)

[W]orkers in artificial intelligence – blinded by their early success […] – will settle for nothing short of the moon. […] To persist in such optimism in the face of recent developments borders on self-delusion.

Hubert Dreyfus (1965)

No one in 2015 would dream of buying a machine without common sense, any more than anyone today would buy a personal computer that couldn’t run spreadsheets, word processing programs, communications software, and so on.

Doug Lenat (1990)

The development of full artificial intelligence could spell the end of the human race.

Stephen Hawking (2014)






The idea of AI

We all know something about Artificial Intelligence (AI). From the deadly computer HAL-9000 in 2001: A Space Odyssey to the accommodating robot hosts of Westworld, countless movies, novels and computer games have enthralled us – and sometimes terrified us – with the prospect of conscious, self-aware, intelligent machines.

But AI is not just science fiction. Since the first computers were developed in the 1950s, AI has been an active scientific discipline, and many developments in modern computing in fact trace their origins to AI research. There have been genuine breakthroughs recently that would have astonished the early AI pioneers. But AI has a notorious track record for overselling itself. All too often, AI researchers have let their excitement and optimism lead to wildly unrealistic predictions of what they were going to achieve. The history of AI is full of ideas that initially showed promise, but which, in the end, didn’t work as hoped. Because of this, many people are sceptical about AI.

The reality of AI today – what has been achieved, and what might be possible – is tremendously exciting, but it is far removed from the AI of science fiction. In this book, we will explore what AI really is. Starting from its origins, we will examine the various ideas that have shaped the field, taking us to the present day, when AI systems are all around us. We will then look at where AI might ultimately take us.
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The Turing test

One of the first scientists to think seriously about the possibility of AI was the brilliant British mathematician Alan Turing. To all intents and purposes, Turing invented computers in the 1930s, and soon after became fascinated by the idea that computers might one day be intelligent. In 1950, he published a scientific paper on the question of whether a machine could ‘think’. The paper introduced the ‘Turing test’:

You are interacting via a computer keyboard and screen with something that is either another person or a computer program. The interaction is in the form of text – questions and answers. Your task is to determine whether the thing being interrogated is in fact a person. Now suppose, after some time, you cannot tell whether the thing is a person or program. Then, Turing argued, you should accept that the thing being interrogated has human-like intelligence.

Turing’s genius was to see that the test sidesteps issues such as how the program is doing what it is doing: anything that passes the test is doing something indistinguishable from human behaviour.

Ingenious as it is, Turing’s test has limitations. For one thing, it looks only at one narrow aspect of intelligence. Also, it is possible to write programs that use cheap tricks to confuse the interrogator (this is what Internet ‘chatbots’ do – these are not AI). Contemporary AI researchers have developed refined versions of Turing’s test, which are resistant to such trickery.
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The Chinese Room

Many people have argued that machines can never really be conscious or self-aware. One argument is that there is something inherently ‘special’ about people. It is hard to rebut this claim, but also hard to accept it: ultimately, people are just atoms bumping into each other. A more sophisticated argument against the possibility of AI was proposed by the philosopher John Searle. His ‘Chinese Room’ scenario supposedly demonstrates that machines cannot have ‘understanding’:

Imagine a room in which a man, who understands no Chinese, receives, through a slot in the door, questions written in Chinese. When he receives a question, the man carefully follows detailed instructions written in English to generate a response to the question, which he passes back out through the slot. Now suppose the questions and responses are part of a Chinese Turing test, and the test is passed.

Here, the man plays the role of a computer – the instructions he follows to generate a response are the program. Searle argued that there is no understanding of Chinese anywhere here: the man doesn’t understand, and the instructions surely don’t. So, there is no understanding.

There are many counter arguments to this. The most common is to say that while no component of the Chinese Room understands, the system as a whole does. After all, if we look at the components of a human brain, we see no understanding; but the brain as a whole surely does understand. The debate rages.
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The components of intelligence

The goal of building machines that can demonstrate general-purpose intelligent behaviour (as in the Turing test) is called ‘General AI’. It is hard to tackle General AI directly, partly because we have a poor understanding of general intelligence in humans. Early AI researchers therefore focused on building programs that demonstrated some components of intelligence, such as the following.

Perception: understanding our environment. We perceive our world through various mechanisms, including the five senses: sight, sound, touch, smell and taste. When we build robots, we can give them sensors that provide analogues of these, but we can also give them senses that people don’t have, such as radar. Perception involves interpreting the raw information provided by sensors, and is probably the single biggest challenge in robotics.

Machine learning: learning from and making predictions about data. Developing machine learning usually involves training a program with many examples. Thus, a program to recognize faces might be trained with pictures labelled with the name of the person in the picture.

Problem solving and planning: figuring out how to achieve goals using a given repertoire of actions. Playing a board game would be an example: the goal is to win the game; the actions are the possible moves.

Reasoning: deducing new conclusions from existing facts in a robust way.

Natural language understanding: enabling computers to interpret human languages like English and Chinese.
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The Golden Age

In 1956, a young American academic called John McCarthy organized a summer school at Dartmouth College in New Hampshire. His aim was to bring together researchers interested in getting computers to do things that seemed to require brains. To describe the school, he chose the term ‘artificial intelligence’, and the name stuck. This was the beginning of the ‘Golden Age’ of AI, which lasted until the mid 1970s.

Those present at McCarthy’s summer school were hugely influential in the early development of AI. Chief among them were Marvin Minsky, who co-founded the AI Lab at the Massachusetts Institute of Technology (MIT) in Boston; Alan Newell and Herb Simon, who had just written what was arguably the first AI program, called Logic Theorist, and went on to found the AI Lab at Carnegie Mellon University in Pittsburgh; and McCarthy himself, who founded the AI Lab at Stanford University in the heart of what is now Silicon Valley.

These individuals and their laboratories dominated AI in the Golden Age. Computing was in its infancy, so they and their students invented not just the first AI programs but the tools with which to build these programs. (In the mid 1950s, McCarthy invented a programming language called LISP which, incredibly, is still routinely used across the world today.) Throughout this period, they decisively demonstrated that computer programs were capable of all the key components of intelligence. There was enormous optimism about the likely speed of progress, and many grand predictions.
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