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part 1: What is it? Where did it come from?

‘What is this book?’ asked my stepmother, Juliet.

‘Is it for people like me, who keep hearing the phrase ‘big data’ and want to be able to talk about it at dinner parties?’

‘Yes,’ I said, ‘that’s exactly what it is.’

Not only for Juliet, and not just at dinner parties – it’s a book for anyone who gets the feeling big data is interesting and important, and should be talked about, but doesn’t want to study mathematics or computer programming.

In 10 chapters I aim to get you from the most basic ideas to some of the thorniest issues we need to be arguing about.

On the way, you’ll meet some of the people, ideas and projects I’ve been lucky enough to encounter around the world. Much of this book is in other people’s words, telling their own stories or introducing concepts that help me understand why big data matters. I’ve tried to structure it so each new idea builds naturally on what’s gone before.

That means it’s written to be read in order. You can dip in and out if you prefer, of course. Hey, it’s your book, you can wallpaper your bathroom with it if you like.1 But I think you’ll get more out of it if you read from beginning to end.

Big data is a huge subject, and changing so fast I sometimes felt I was running as fast as I could just to stand still. The extra chapter I’ve added for the paperback edition is probably out of date already. The subject matter of any one of these chapters could fill an entire book. So there are things I only touch upon, or miss out altogether. It doesn’t mean they’re not important or interesting. I hope I will give you enough of an overview that you will be able to go and find out more for yourself.

I have my own opinions on what is great, and not so great, about big data. I don’t want you to accept them. I want you to make up your own mind. That’s kind of the point of the whole book.

But just as important to me is that you enjoy reading it. I hope you do.


Note

1 Unless you got it out of the library.
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chapter one

What is data? And what makes it big?

What is data?1

Thirty thousand years ago, in central Europe, somebody scratched 57 notches into a wolf bone. Those 57 notches, grouped into fives just as you might tally something2 today, are the earliest known recorded data.

We don’t know anything more about who scratched them, or even if the notches were all made by the same person. We have no idea what they denote, only that they were a record of something. Which may not seem like much to you, but it represented a breakthrough in how our ancestors were able to keep track of things.

Imagine for a moment that the fact it’s a wolf bone is significant, and knowing how many wolves you’d killed was important for some reason. Perhaps you wanted to see if the local wolf pack was getting bigger or smaller, or whether the new flint-tipped arrows were more efficient than the old wooden ones, or just to win an argument about which member of your tribe was the best wolf-killer and got to sit nearest the fire.

You could hang on to a trophy from each wolf, and just see which pile of skulls is biggest, but that takes up room, and is vulnerable to being eaten by dogs. If you can represent each wolf with a notch, all you have to do is compare bones and see which has more notches.

Somebody in an Ice Age cave, in what is now the Czech Republic, had invented digital data.

Today, you can download Wild Wolf Data from the comfort of your own computer. The International Wolf Center in Minnesota, USA, fits wild wolves with tracking collars: radio collars since 1968, and more recently GPS collars that use satellite links to track the wolf’s position. This has allowed them to locate individual wolves at any given time, but also to study patterns of wolf movement and behaviour, and even to predict likely conflicts between the wolves and their human neighbours.

The technology is more advanced, but the basic principle is the same: turn your information into numbers, and record it in a form that’s easy to use and share. GPS data, tracking wolves through the forests of America, is digital information, by which we simply mean that it comes in numbers that you could, in theory, count on your fingers, your digits.

You’d need a lot of fingers, but that’s where computers come in handy.

Today, computing technology is so cheap, compact and powerful that domestic washing machines use computers to control laundry cycles. Impressive. And yet it’s still easier to keep track of wild wolves in Minnesota than of your own socks.

Without computers, big data would be impossible, so let’s take a quick look at their unstoppable rise.

A century of computers

The earliest computers wore petticoats. Until the twentieth century, ‘computer’ was a job title, and people, mainly women, were paid to do mathematics, with the aid of primitive technology such as log tables and slide rules, both of which were still in use well into the space age.

The first computer in the modern sense was built by IBM in 1944, in partnership with Harvard University. The Automatic Sequence Controlled Calculator, affectionately known as the Mark 1, was 2.4m (8ft) high and more than 15m (50ft) long. It weighed nearly 4,535kg (5 tons) and worked by a combination of electrical and mechanical parts, relay switches, rods and wheels. Computer historian John Kopplin described it as sounding ‘like a roomful of ladies knitting’.

The Mark 1 could add together 23-digit numbers in under a second. Multiplication took around five seconds, and division over 10 seconds. It received its program and data in the form of holes punched into paper tape and cards.

Mathematician Grace Hopper became the chief programmer. Her work was central to the development of computer programming, but you may be more entertained to learn that she was the first person to debug a computer: she removed a moth that got stuck in the mechanism.3 Most of the Mark 1’s early tasks related to the Second World War. Grace Hopper was officially part of the US Naval Reserve, and remained so until she retired, aged 79, with the rank of Rear Admiral (lower half4).

For tasks such as predicting the path of artillery shells, you put numbers in, and you got numbers out. But after the war, both business and government wanted to use the computer for a wider range of tasks. Human beings don’t naturally converse in a string of ones and zeroes.5 They wanted to use recognisable words and syntax to set tasks for the Mark 1, and to understand the answers that came back. Hopper led a team who developed a new programming language6 using words and structures from the English language, so that non-specialists could work more easily with computers.

The development of what today we’d call software was a step towards introducing the power of computing into non-mathematical areas of human life. But the hardware was unwieldy and expensive. When Harvard’s Howard Aiken, the inventor of the Mark 1, was asked in 1947 to estimate how many computers the US might buy, he said six. It would take a transformation in how they worked, and how they were built, to get us to the present day.

The laptop on which I’m writing this book is smaller and lighter than the machines used to punch the data cards for the Mark 1, works millions of times faster and costs a fraction of the price. Instead of rods and wheels, it uses electronic circuits printed on tiny slivers of silicon: cheaper and less susceptible to moths. The Mark 1 was handmade by experts, but my computer is mass-produced by machines and assembled by people with a few specific skills.

The miniaturisation of electronic components, combined with processes that make them cheaper to produce, gave rise to Moore’s Law, coined by Gordon Moore, co-founder of microchip company Intel. Moore’s Law says that the amount of processing power you can fit on to a chip will double every couple of years, while costs of production fall.7 In 1965, he predicted that:

Integrated circuits will lead to such wonders as home computers – or at least terminals connected to a central computer – automatic controls for automobiles, and personal portable communications equipment. The electronic wristwatch needs only a display to be feasible today.

You can now carry in your pocket a computer far more powerful than all the computers that existed in the world 50 years ago. The fact that we use so much of this technological power to play games, or count our own footsteps, is an indication of how ubiquitous, how effortless, it has become.

So data can be any kind of information, so long as it’s expressed as numbers, in a digital form that computers can store, process and manipulate.

OK, so what’s special about big data?

At a conference in New York I have coffee with Roger Magoulas, the man reputed to have invented the term ‘big data’.

He’s diffident, but he does admit that he first used the phrase in 2006, ‘and after that the term started being used a lot more’. In 2009, he contributed to a special big data issue of O’Reilly’s Radar newsletter, taking examples from Barack Obama’s US presidential election campaign and fast-growing social media sites. Magoulas spotted some new developments that went beyond size.

Prediction, for example. Companies weren’t just analysing the past, they were using data to look forwards as well as backwards.

And instead of data they collected themselves, people were using the masses of information available on the internet. It might be indirect information, what Magoulas calls ‘faint signal’ data, but with enough of it and the right techniques, it could give answers.

Those techniques meant harnessing machines that could teach themselves. Machines could learn to make sense of information, even when it came in a form designed for human-to-human communication.

Magoulas is a polymath. He does write computer code, but he’s equally interested in the human side, in asking the right questions, in understanding the ways that human beings can draw meaning from digital information.

‘There’s a few things you can automate,’ he says, ‘but most of it is to augment people. Nothing should make the decision for you, it should make you a better decision-maker because you’re getting these new inputs.’

Big data is sometimes described in terms of three Vs, defined by an analyst called Doug Laney in 2001 when it was plain ‘data’. Volume, velocity and variety identify three of the qualities that Roger Magoulas also noted: there’s a lot of data, it’s coming at you very fast and in different forms.

But I have my own acronym8 to sum up what’s special enough about big data to be worth writing (or reading) this book: big DATA.

Big is for big, obviously. DATA spells out four key elements that make it new and distinctive: it deals with many Dimensions, it’s Automatic, it’s Timely, and it uses AI, Artificial Intelligence. I’ll go through those one at a time:

Big

It’s difficult to define the bigness of data in absolute terms. Partly because it’s expanding so fast that between me typing a number and this book being printed, it would already be out of date. To give you an idea, O’Reilly’s 2009 big data special reports scientists handling ‘some of the largest known data sets’ of several petabytes.

A petabyte is 1,024 terabytes. On my desk is a portable hard drive that fits into my pocket. I used it to back up the manuscript of this book, and pretty much everything on my computer, plus my entire music collection, but it’s far from full. It holds 1 terabyte, 1TB, of data, cost me less than US$100, and could contain nearly 200,000 copies of the complete works of Shakespeare.

I could fit 1,024 of them, a petabyte, into a large suitcase. So what would have been one of the largest known datasets in 2009 would now fit on to a luggage trolley.

There are very few measures that make sense on an everyday level. In the internationally recognised unit of measurement for Very Large Things, the ‘to the Moon and back’, if all the information currently available as digital data could be put on to CDs, it would stretch to the Moon and back between three and 20 times. Though, by the time you read this, that’ll be 100 times, or 1,000.

Does that help? CDs are already old-fashioned in computing, because they don’t really hold enough data. One reason the world’s stock of data is growing so fast, doubling every three years by some estimates, is that we use more data to say the same thing. If you have a camera in your cellphone, it’s probably 10mp or more – that’s 10 megapixels, 10 million cells of colour and light, in that photo you took of your mates in that bar. No wonder it takes nearly 3MB of data to store it.

So part of the proliferation of data is deceptive; we’re just recording the same things in more detail. But there is genuinely more of the stuff. Filing cabinets full of paper have become computer servers full of digital data, which is more compact to store, and easier to find. So what?

Data analysts talk about ‘data mining’, as if all the information is already buried beneath our feet, and we just need to dig down through the dirt to bring back the diamonds. Big data has an air of completeness, of everything already being in there somewhere. Instead of asking questions with a survey, data analysts put queries to the data that’s already collected. This is a big change in how information is understood.

If you read that 93 per cent of women agree a certain face cream is brilliant, you may be impressed. If, like me, you check the small print and find it was 93 per cent of a survey of 28 people, commissioned by the manufacturer, not so much. But if the same company had somehow surveyed all 331,548 women who bought the product in a year, and 93 per cent of them say it’s brilliant, the face cream may be worth a try.

It doesn’t take a degree in statistics9 to understand that a selective sample isn’t a completely accurate guide to the whole picture.

Scientists use the letter n to tell you how many items they studied: ‘n = 11’ means you had 11 wolves, or patients, or women using face cream, in your study or experiment. Now data scientists talk about ‘n = all’, meaning they have the whole population in their dataset.

Somebody, somewhere, still had to decide which information to collect, but it’s easy to gather that data just in case, and decide later whether it’s useful.

D is for dimensions

A space scientist, Dr Sima Adhiya, once told me a story about her grandmother. In India, where the grandmother lived, the crickets were a constant background noise. And she told her granddaughter that the song of the crickets could tell you how hot the weather was that day.

When Sima grew up and became a scientist, she discovered that her grandmother was right.

A scientific paper, The Cricket as a Thermometer, published in 1897 by Amos E. Dolbear, expressed the relationship between temperature and how fast the crickets chirp in an equation known as Dolbear’s Law.10 So if you didn’t have a thermometer, but you were within earshot of some crickets, you could tell the temperature to the nearest degree by counting chirps with a stopwatch.

How did Dolbear discover this? Tantalisingly, he doesn’t say. His main interest was in turning sound waves into electrical signals, and vice versa. He invented something very like the telephone before Alexander Graham Bell, and patented the wireless telegraph before Marconi. So it’s possible that he used some ingenious apparatus to turn the cricket sounds into electrical waves before measuring their frequency.

But making a note of the temperature on successive days, and counting chirps per minute at the same time, would be enough for him to find the mathematical relationship. Temperature and chirps per minute are two very different types of thing, but by expressing both as numbers, and treating them as different dimensions of the same moment in time, Dolbear found a correlation close enough that one could predict the other.

Anything that can be turned into numbers can be a dataset. I could compare my tea-drinking against words written every day, and turn it into an equation to predict how many teabags I will need to finish this book.11 I could go further and download weather data, to see if the weather has any effect on how much I write and/or how much tea I drink.12

If Dolbear were alive today, he could use a digital recording device to record the song of the crickets, and a computer to analyse the frequencies and compare them to the readings from a digital thermometer. In fact, he could write a computer program to do it all for him. Although, as he’d be nearly 180 years old, he might prefer to hire some young person to write it for him. Then he could get back to squinting at the controls of his computerised washing machine.

Having data in digital form is the first step towards making this kind of pattern-spotting possible, and it means you can link datasets of very different types. Perhaps D should stand for Datasets instead of Dimensions. Or for Diverse. The point is that you can now combine utterly Different types of information to learn something new.

A is for automatic

Think of how many things you do every day that involve computer technology.

In London, where I live, you can no longer pay cash to travel by bus. You can use an Oyster card, or you can tap a bank card directly on to the yellow pad on the bus. Whichever you use, the travel company deducts money from your account. When I run out of credit on my Oyster card, as I regularly do, I used to have to pay a higher cash fare to get a paper ticket. Now I just swipe my debit card.

The ease of collecting data by machine makes it very simple to gather up more than just a total of fares taken. I haven’t registered my Oyster card with my name or address on the Transport for London system, which is why it runs out, instead of automatically buying itself extra credit when the balance falls below £10. I do, however, top it up using my bank or credit card, so it’s already linked in their system with my name and address.

The more we do everyday things via computers, cellphones and plastic cards, the more information is automatically hoovered up and stored on a computer somewhere. Transport for London doesn’t only know how many passengers boarded their trains, buses and trams, but also where we got on and off13 and a swathe of other information such as where I live, and possibly whether this is my regular commute.

When information was collected by people, who had to write it down or type it into a machine, decisions about what to collect were tough. Now we’re far beyond recording data being easier than using flint to make notches in a wolf bone. In many cases, it’s now easier to record data than not to record it. Recording data is the default.

Every time you use a cellphone it stores all sorts of information in digital form: not only the numbers you call, and how long you talk for, but where you are whenever your phone is turned on. If you have a smartphone, it’s full of cunning little bits of
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