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Prologue

I was thirty-four years old when I first presented the idea for the World Wide Web. At the time, I was working in Switzerland as a programmer at a particle accelerator. No one was asking for the web, and almost no one expected anything to come from it. I had never been to Silicon Valley, had no connection to venture capital, and was far from computer science research centres like Stanford University and the Massachusetts Institute of Technology (MIT). I had no track record as an inventor, held no patents, had never started a business, had never managed a team of people, and had published only a couple of research papers.

My job was at CERN (originally the European Council for Nuclear Research, now the European Organization for Nuclear Research), the international high-energy physics lab in Geneva, Switzerland, the largest and most complex laboratory of its kind ever built. CERN’s mission was to discover the ultimate nature of matter – what is it? Where does it come from? To do this, CERN accelerated beams of subatomic particles on a gigantic racetrack, faster and faster, then smashed them into each other to see what happened. I helped write the code that allowed all the many computers and devices there to communicate with each other.

Working at CERN was pretty good fun. There were projects and people from all over, and lots of different sorts of computers, from mainframes in the computer centre, to workstations in the control centres, to microprocessors in the tunnel around the accelerator, which was located in a 27-kilometre-long circle, 300 metres underground. To keep track of all these complex systems, I needed – in fact, they needed – a powerful information system which would bridge those projects, those different types of computer systems, those teams, those people, and those ideas. (Did they know they needed it? Nope.)

I spent a long time thinking about how to do this. Then, around 1988, I was struck by the idea of combining two pre-existing computer technologies into a single platform. The first technology was the internet, which is a protocol for connecting computers; you’ve probably heard of it. The second technology was hypertext, which takes an ordinary document – like a technical manual, or a diary entry – and brings it to life by adding ‘links’. My idea was that these hypertext links could provide a simple way for users to navigate the internet.

This kind of decentralized structure could have a network effect on creativity: new trends, possibilities, and products would emerge as millions of people started linking, sharing, and following across the planet. If you could put anything on it, then, after a while, it would have everything on it. Because my idea could connect so many people, systems and countries, I called it the World Wide Web. But when I described this vision to people, most of them seemed to regard me as a little eccentric.

CERN’s assignment was to discover the origins of matter, not sponsor experimental networking technology. Still, I relentlessly petitioned my bosses at CERN to fund the World Wide Web. I took every opportunity to discuss it, pitching it in meetings, sketching it out on a whiteboard for anyone who showed the slightest interest, or even finding ways to raise it in informal settings. My friend Meryl Dalitz recalls me drawing the concept of the web in the snow with a ski pole during what was meant to be a peaceful day out on the slopes.

I don’t think Meryl could see what I saw. What she could see was my passion. I still have that passion more than thirty years later. Actually, I think I have more passion now than I did then. The diagram I drew in the snow melted, but my idea – the World Wide Web – is now used by more than half the world. It’s one of the most successful inventions of all time. Just as I’d hoped, it has enabled a flourishing of human creativity and self-expression, and I think we’re only beginning. In fact, I believe that the only limit to what can be created on the web is our own human imaginations.

In this book, I want to tell you the story of how the web came to be. How I finally secured some time to work on it from CERN, and how I built the first web page, the first web browser, and the first web server, all on a single computer in a small room on the second floor of the Computing and Networking building. How I met my early collaborators online, and how that small, single server expanded into a small network of servers, then to a large network of servers, and then a really large network of servers, moving so fast that by the end of a decade we’d taken over the globe.

I want to tell you the story of how the web evolved. I left CERN in 1994 and relocated to MIT, where for the next twenty-eight years I led a consortium that oversaw the advancement of the web from a primitive collection of networking tools into the powerful suite of technologies that now power much of our online life. Today, the web is everywhere, on everything, powering most of the applications you use and delivering much of the content to your mobile phone. It delivers streams of media to your television and serves as the front end for a trillion dollars’ worth of global transactions every day. This didn’t just happen – it took an enormous amount of collaborative work for the web to evolve in this way. That work continues to this day, powering new technologies like videoconferencing, augmented reality and, of course, artificial intelligence (AI), whose impact is only just starting to be understood.

AI breakthroughs are coming so rapidly that it’s difficult to keep pace. From a technical perspective, what’s happening is that software designed to mimic the human brain is ‘evolving’ on giant computers, some big enough to fill a warehouse and some surprisingly small. These AIs need data to train, and much of that data (especially for systems like ChatGPT) is sourced from the web. The resulting systems are so powerful they seem like magic.

In the near future, our lives will be transformed by AI ‘agents’ which will interact with the web and take actions to achieve specific goals. You might ask an agent to book you a vacation, or file your taxes; you might use it to tutor your children, or order your groceries. The agent connects to the web to complete these tasks, and in doing so, it constantly improves along the way. As you’ll see in this book, I’ve been envisioning these types of web agents since the mid-1990s – I just couldn’t predict what form they would take! The AI wave is one of our biggest opportunities yet, and promises to deliver a great deal of value for humankind. But experience suggests we also have to be careful; this technology is so powerful that it threatens dystopian outcomes.

Sadly, we’ve already seen how things might go wrong. Over the past few decades, I’ve fought to keep the web transparent, open-source and freely accessible. Unfortunately, in recent years, along with all the creativity, empowerment, and collaboration that I love on the web, a small, but significant part of it – the addictive forms of social media – have multiplied into something misleading, toxic and habit-forming. That’s pretty far from my vision. But because this small part of the web is so addictive, people spend a lot of time on it, and as a result most web traffic is now concentrated in a handful of large platforms which harvest your private data and share it with commercial brokers or even repressive governments. That’s pretty far from my vision, too. Worse, authoritarian governments now use the web to spread disinformation and surveil their own citizens, and that’s as far from my vision as can be. While we use and celebrate the good on the web, we also have to address the bad.

In the age of AI, these threats are more urgent than ever before. To ensure the web agents serve people – not corporate profits, not governments, not themselves, but people – it’s critical that we develop systems today that put the human first. In the early days of the web, I put my design tools in the hands of individuals, not administrators or corporations primarily motivated by profit. This was one of the best decisions I ever made. Today, we have to build tools and systems that empower individuals once again.

Fortunately, there are ways to leapfrog the web to a place where it is much better for humanity. When users have greater control over all their data, they can better resist the forces that are degrading their experience, and they can seek out new tools that can improve their lives. In my own work, alongside dedicated researchers at MIT, I’ve developed a system called the Social Linked Data protocol, or SoLiD for short. It permits users to take control over all the data in their lives and put that data together to achieve new results. It returns the web to its roots, giving creators new collaborative tools, while passing power back to users. As AI agents develop, they might even use Solid to create trusted platforms for delivering remarkable new services. ‘Trust’ is the key word there – in the world I envision, your relationship to AI agents will carry the same level of privilege and confidentiality that you’d expect from communications with a lawyer or a doctor.

When I was asked to transmit a live message to hundreds of millions of viewers at the Opening Ceremony of the 2012 London Olympics, I wrote: ‘This Is For Everyone’. Now, in the age of AI, I believe that to be true more than ever. We can restore the web as a tool for collaboration, creativity and compassion across cultural borders. We can fix the internet, and the next person to build web tools can push the boundaries of self-expression and deserve our trust. I don’t know who that individual is, and I can’t predict where they’ll come from. What I do know is that that passion is out there, and that if we dedicate our minds to it, we can take the web back. It’s not too late.

Tim Berners-Lee






CHAPTER 1

Early Days

I was born in 1955, the same year as Steve Jobs and Bill Gates. Our cohort would ride the wave of computing technology like no other before or since. My father and mother were both mathematicians and electronic engineers. They worked at Ferranti, a Manchester-based electrical engineering firm that built the UK’s first commercial computer. They met around 1950, while working together on the Ferranti Mark 1, and its successor, the Mark 1*. (The latter weighed 10,000 pounds.) The team was based in the ‘Tin Hut’, a lean-to erected along the outside wall of the electronics factory. Dad helped design and program the machine, while Mum wrote binary code with a tape punch. Her output was a roll of paper, with holes representing ones, and the absence of holes representing zeros – she was so skilled that she could hold the tape up to the light and read the code. While George Harrison’s mother was pregnant with him, she would listen to Indian classical music on the BBC. While my mother was pregnant with me, she would take me on calls to computing customers to help them with their code. I recall as a young boy wrapping myself and my siblings in unspooled rolls of that same five-hole paper tape.

I was named Timothy after my father’s cousin, who’d died in the war. My parents owned a semi-detached house in the London neighbourhood of East Sheen, between Richmond Park and the Thames. They lived there from 1954 until they died in their nineties. The house was close to Sheen’s high street, the Upper Richmond Road, and its real shops – the butcher, the baker, the fishmonger and the greengrocer. I was the eldest of four children, and my mother, Mary Lee, paused her career once I was born, redirecting her considerable intellectual energy into raising us. She was an extraordinary woman, who encouraged creativity and curiosity in her children.
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Early days at Emanuel School.



Our household was a tremendous amount of fun. We were lightly supervised, following a parenting philosophy Mum termed ‘watchful negligence’. Mum would organize treasure hunts for special occasions, such as when we went camping. She hosted the best children’s parties, with fantastic themes – I remember one year, she attached astronaut footprints to the ceiling for a birthday party in space. She created her own calendar, a large circular dial with 365 days arranged along the perimeter, and each year made a new face of card on which to record the year. She would add the things coming up in the year – especially school holidays – so we could see how far away they were. As the dial moved, she’d record notable events on the days, and when the dial had completed its rotation, you could see your whole year at a glance. It was a brilliant invention, superior to the typical wall calendar in every way. To this day, I keep a copy of Mum’s circular calendar on the wall in my office, to remind myself of her, and to remember always to look for a different way of doing things.
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My mother’s rotary wall calendar.



Both my parents had done short ‘war degrees’ and both worked on electronics during the fighting. After the war, Mum went out to Australia, where she worked at the Mount Stromlo Observatory, near Canberra. She would head off into the bush in her time off, with a small tent made of ex-parachute material, and a toolbox on the back of her motorbike. She found she could fix most things on the bike with fence wire and pliers. That resilience from camping was a core strength she passed on: as a family, we would camp at National Trust sites or sometimes even in the gardens of friends. In fact, with three kids at the time, my parents once drove across France, camping all the way, to stay with a friend in Geneva. The knowledge that I can weather a storm in a small tent has been reassuring and grounding – it’s the awareness that I don’t actually need anything else.

Mum was also a crusader for equal treatment in the workplace. Around the time she joined Ferranti, the women at the company were furious to discover they were being paid less than men recruited at the same time. The women of Ferranti chose Mum to argue the case for equal pay. She secured pay rises for the female staff, and soon after that Ferranti agreed to pay everyone the same.

My father, Conway, was a mathematician and statistician who loved mathematical games. His mother was Helen Campbell Gray, a fashionable Canadian socialite who had moved to the UK as a nurse in the First World War, married a British soldier, and later wrote for Vogue magazine. When Dad proposed marriage to Mum, Helen initially disapproved, thinking she wasn’t quite good enough for her son. Granny soon changed her mind, though – Mum had that effect on people.

We learned to enjoy mathematics wherever it cropped up, and learned that it cropped up everywhere. One aspect of Dad’s job involved queuing theory, which is the study of the movement of people, objects or information through a line. Once, to make slides for a talk, he used me and my siblings to demonstrate queuing theory concepts: each of us stood with a few balls – representing tasks to be processed – kicking them from one to another. Queuing theory helped his audience understand how long each kid would wait for a turn to kick, and where a ball would be at any given time. My father also had a keen understanding of the limitations of computers and would often discuss the things that people could do easily, but machines not so well.

Dad was brilliant, but he could be a little absent-minded. One time, he took me to pick up his shirts at the dry-cleaner’s. He got the shirts, but left me behind in my pushchair. Another time, he parked our car by an embankment on the Thames. He returned to find the tide washing over it. When he was travelling back to London from Manchester with colleagues one day, he could not find the return half of his train ticket at the barrier at the station. His colleagues assured the ticket inspector that he had just lost it and was always forgetting things. So he got home, and then my mother asked, ‘Conway, where’s the car?’

We four children – me, Peter, Mike and Helen, named after Granny – were close companions. Mum had a simple system for household chores, with each task performed by the youngest child capable of it. (This clever trick had the younger children begging to do housework.) We were a tight-knit family that did everything together, and we spent a lot of time outdoors. When we went to visit friends in the countryside, we’d bring our tents along, and the six of us would camp out on the lawn.

I attended Sheen Mount, the neighbourhood state school, clad in shorts, jacket and tie. My closest friends were Nick Barton and Christopher Butler. After school, we’d race to nearby Richmond Park, which comprised 2,500 acres of open space in London, populated with forests of old-growth trees and wandering herds of deer. Other boys followed football and listened to the Beatles, but I spent most of my time in the park. (I missed out on pop culture more or less entirely – when I met my wife, Rosemary, she was astonished to learn that I’d never heard of Bruce Springsteen.)

What culture I did absorb came through my parents, who were fans of theatre and classical music. I fondly remember our household reading of The Importance of Being Earnest, with Dad playing the role of the redoubtable Lady Bracknell. (‘A handbaaaag?!’) The focal point of the house was not the television, but instead a big old bookcase with glass doors, which held the Encyclopaedia Britannica, atlases, Dad’s maths books and the complete works of William Shakespeare. Also on the shelves, as would later prove relevant, was a fussy Victorian manual of practical household tasks, entitled Enquire Within Upon Everything.

•

At the time, the set of people at work on computing was small and it’s little surprise my parents got to know Alan Turing, the godfather of computer science. During the war, Turing had been the UK’s greatest codebreaker. He was a lean and handsome polymath who drafted a conceptual outline of the computer – known as ‘the Turing machine’ – several years before the hardware was available to build one. His team then put these ideas into practice at Bletchley Park, a stately English country house north-west of London, building the electromechanical contraption known as Colossus that cracked the German Enigma cipher. His work was kept confidential for decades afterwards, but historians now credit Turing and his team with shortening the war by several years.

While at Bletchley Park, Turing proposed marriage to Joan Clarke, one of his fellow mathematicians. He then broke off the engagement and admitted to Clarke that he was gay. He pursued clandestine relationships with men, although homosexual acts were illegal in the UK at the time. After the war, Turing worked with the Ferranti Mark 1, trying to teach it to play a passable game of chess. (He never succeeded. The punch-tape computer was too primitive, and researchers were in the very early stages of understanding which problems were easy for a computer, and which were hard. Chess was hard!) In this way, Mum and Dad came to know Turing personally.

In a 1950 paper entitled ‘Computer Machinery and Intelligence’, Turing published a seminal thought experiment he termed the ‘Imitation Game’. The game imagined a computer capable of holding a conversation that was indistinguishable from one with a real person. Any computer program that could do so was said to have passed the ‘Turing Test’. It would be many years before machines came close to passing the Turing Test – and when they did, the web played a critical role in making it happen. But I’m getting ahead of myself.

The early days of computing in the UK were portrayed in The Imitation Game, the 2014 Alan Turing biopic. When the film appeared, my parents, then in their nineties, subjected it to a rather withering fact-check, complaining both about the whitewashing of Turing’s sexuality and the inaccurate representation of certain beloved wartime computing machines.

In 1952, Turing was convicted of ‘gross indecency’ after admitting to a relationship with another man – he finally received a posthumous royal pardon in 2013. He died in 1954, most likely by suicide. (Police found a half-eaten apple dosed with cyanide next to his bed.) I was born the following year. We never met, but his influence on my parents was profound. To be born in this time, in this place, with these unique parents, in this extraordinary family, was a massive privilege – though I didn’t understand how special it was till later.

•

At eleven I enrolled at the Emanuel School, a secondary school located a short train ride from my house. Academic standards at the school were excellent, but it also had an optional programme of official conversion into the Anglican Christian faith, which I opted for. (Why? More to please the system than anything.) As part of that I was subjected to some rather intense fire-and-brimstone sermonizing. My mother was brought up as a Christian Scientist and converted to the Church of England when she met my father. She was quite devout, but she was an actual scientist as well: she thought every church should have the words ‘Everything Within Should Be Taken Metaphorically’ carved above the entryway. She was liberal in that she thought people should be allowed to do what they chose in private, so long as it did not hurt anyone else.

I tended to be a little more sceptical; I don’t think I even believed in Father Christmas as a young child. As Richard Dawkins points out, religions tend to get the adolescent to commit to their faith just a moment before they have the level of rational thought to be able to see through the whole thing. So it was for me – my confirmation at Emanuel more or less coincided with my complete rejection of the whole faith-based edifice. The hellfire and damnation sermons of the confirmation classes may have been a last straw. Instead of the Bible, I became an avid reader of science fiction. I loved Heinlein, and Isaac Asimov’s Foundation series. Stanley Kubrick’s 2001 debuted just around the time my faith ran out. I saw it in cinemas, and have seen it many more times since.

Emanuel was a ‘direct grant’ school in British parlance, meaning it was run as a private independent school but was paid for by the government. The school had a distinguished legacy, having operated continuously since 1594. Emanuel was, alas, a boys-only institution, which must have delayed my social development immeasurably. Both my brothers went there too.

Although there was always food on the table, my parents were not wealthy. We never stayed in hotels, and buying school uniforms at Harrods was a considerable expense. I was lucky that when I got into Emanuel the government paid for my tuition. I was fortunate, too, that if I got two A levels, the borough would pay for any university, including Oxford. My parents made a contribution, but I basically got a free education, and I grew up imagining that the world would become more supportive of our kids, rather than less. Unfortunately, that hasn’t proved to be the case: Emanuel, like many other direct grant schools, is now an independent private institution.

Primary school had been relatively easy for me, but as I prepared to move on to Emanuel, my mother cautioned me that things would be a lot harder at the next level, and that people would be a lot smarter. (When I went to Oxford, she would say the same. She was right.) My favourite subject at Emanuel was mathematics, taught by Frank Grundy, a terrific teacher who also happened to be an expert bridge player. Frank turned a blind eye to his students playing cards in the back of the class, though when the game was over he would deliver stern critiques of the play of the hand. Under his supervision, I studied for two of my A levels and also did maths for my Oxford entrance exam. Peter Jones, another maths teacher, took extra sessions in his lunch break to teach us vector calculus. I recall asking Peter why we were studying stuff that wouldn’t even appear on any A-level exam. ‘It’s just so beautiful,’ he said.

The chemistry teacher, ‘Daffy’ Purnell, was wonderfully encouraging and fun. The choice of A levels was typically between physics and either maths and chemistry, or pure maths and applied maths. The school tweaked the timetable so three of us could do all four. Daffy said he knew I was a mathematician at heart, but was welcome in any chemistry lesson. I think I was most nervous about the chemistry practical exam, where you were given a mystery substance and asked to determine what it was. On the day, after a bit of experimenting, I thought maybe it was sodium sulphite. Not really knowing much about related chemicals, I asked for two long rows of empty test tubes and filled the tubes in one row with chemical X and the others with sodium sulphite. Then I dropped every single liquid reagent I could find in the lab into the tubes to check they got the same result. To my chagrin, one of the tubes reacted differently! With no time left to find a plan B, I just confessed to failure on the exam sheet – but the examiners apparently liked the logic and I got an ‘A’. There has to be a lesson there somewhere.

In tandem, I was receiving an education at home in computer science. One of Dad’s jobs was writing speeches for Ferranti’s CEO, Basil de Ferranti. (‘Don’t sniff at the sonatas of archdukes,’ he used to say. ‘You never know who wrote them.’) He developed the skill of describing computers using simple analogies, like explaining binary mathematics with coins of a penny, halfpenny and farthing. One of my dad’s favourite demonstrations was a cascading system of water jets he’d arrange, to simulate the way electricity flowed through a computer’s circuits. By positioning the jets in the right way, you could create a ‘logic gate’ which varied its output according to simple rules. By chaining these logic gates together, you could start to do rudimentary calculations, like one plus zero or one plus one. And by chaining those primitive parts together, you could make a computer – a so-called ‘universal’ Turing machine, capable of all tasks accomplishable by computers.

Computers were exciting, but even then, I knew they could not do everything. I understood from talking to my father that they could record things in tables, but they could not typically remember random associations – passing connections, like when you smell a cup of coffee and are reminded of a trip to Ethiopia three years earlier. Although I was still young, I began to envision a way to design a program which could store these random associations – these arbitrary links. In fact, even as an adolescent, I sometimes wondered if perhaps it was these links, and not the objects they linked to, that were the important thing.

•

While attending Emanuel I decided I would build my own computer. What choice did I have? Personal computers like the Apple II were still years away, and even if they were available, I couldn’t have afforded one. Besides, homebrew computing gives you a feel for the system from the CPU to the backplane. This was a project that would take me years to complete, and it helped lay the foundations for my journey. In fact, as I later learned, building a computer from scratch was a rite of passage for many engineers in my generation – Bill Gates and Steve Wozniak did it too.

I already had some experience with electrical engineering. With my friends Nick and Christopher, I had manufactured an electromagnet by softening an iron nail in the fireplace, then wrapping the nail in coils of copper wire. Attaching one end of this electromagnet to a battery, and the other end to a mousetrap, I had created a sort of makeshift gun that shot wooden missiles under remote control. Using electromagnets, I had also tried to build some elementary electrical relays, or switches, but there was a limit to what you could practically build with those.

Then the transistor arrived. Ah, the transistor! That miracle of twentieth-century engineering that conquered the world. The transistor – at the time, a quarter-inch-sized component with inch-long wires coming out of it – is a device that can alternate between on and off states to control the flow of current. In essence it is a simple, low-cost electrical switch. With just a few transistors, you can create logic gates, similar to the ones my dad had demonstrated with water, or like the ones we had made using relays. When I was fourteen, the Apollo engineers used these transistors to guide Neil Armstrong and Buzz Aldrin to the surface of the moon. Even now, transistors form the basis of all computing – they have just got smaller and smaller and smaller. Today’s transistors are thinner than a strand of human DNA.

Thanks to the manufacturing boom in Asia, by the early 1970s transistors had plummeted in price. At a surplus store on Tottenham Court Road in London, I could buy a bag of 100 factory-reject transistors for just a couple of quid. Those transistors came in all shapes and sizes, and half of them were broken – to get a working batch, you had to go through and grade them, which was a painstaking task. But once you were done, you had the basic electronic toolkit to build pretty much anything.

The first thing I built was a switch for my model railway. Then I built an intercom that linked the upper and lower floors of the family house. (‘He was very useful as the engineer around the house,’ Mum would later say.) I bought a ‘breadboard’, a simple physical platform for building circuits, and started chaining together logic gates made from my cast-off transistors. You could make a circuit on the breadboard in minutes, and if it worked, you could solder it up on a printed circuit card to make it permanent. I made a train whistle circuit and some automation for the model trains.

The trains had been my pride and joy until electronics ended up taking over. Not surprising, as Emanuel was stuck in a wedge-shaped bit of land between two railway cuttings for the Brighton and Bournemouth lines as they forked away south from teeming Clapham Junction. In the majestic days of steam, you could hardly go to Emanuel without getting hooked on trains. You would hear the rhythmic clanking of the wheels on the rails and the high-pitched whistle echoing through the town. The engine itself, a magnificent piece of machinery, would hiss and puff as it powered its way down the track, trailing thick, white clouds of steam and coal smoke. Alas, in the late 1960s, the steam era came to an end, except for a handful of heritage lines. I’m glad I got to see it.

So from trains to electronics, from electronics to computers. At the time, though, computer science was not offered either at A level or as an undergraduate course at Oxford. Instead, I left school with A levels in maths (pure and applied), physics and chemistry, with O levels including Latin. Like many of the Emanuel staff, my maths teacher Frank Grundy was an Oxford graduate and, in retrospect, I see that he had been training me as potential Oxford material since the day I’d arrived. Still, I thought it prudent to at least consider Cambridge, and one day I mentioned this to him. He blinked, then, very slowly, as if speaking from some vast distance, said, ‘Yes, I suppose you could apply there.’ Oxford it was, then.

•

Without computer science as an option, I had to pick something related. My parents had both read maths, and maths was my best subject at school. On the other hand, electronics was my passion at home and was much more practical. I reasoned that physics would occupy a middle place between the two. This turned out to be incorrect – physics is its own discipline, of course, with its own attitude and philosophy – but a happy choice in the end. I took Oxford’s maths entrance exam, planning to read physics when I got there.

Oxford University is composed of a number of smaller colleges, and students work with dedicated tutors within those colleges for three years, as they pursue a degree. Parallel to this, the university departments provide lectures and labs. I applied to Queen’s College as my prospective place of study. John Moffat, a renowned professor of nuclear physics, was the tutor there.

Having received an acceptable grade in the entrance exam, I was invited to an interview. On the day of the interview, I woke early to the sound of the bells in the Queen’s clock tower and dressed myself in clothes I hoped would fit in at Oxford – a green corduroy jacket, a yellow shirt, brown trousers and a Marks and Spencer tie. (Do recall this was 1973.) I approached Moffat’s office and found, to my slightly cringeful relief, that he was wearing exactly the same thing. I wasn’t an Oxford academic yet, but I could play one on TV.

The interview went well. I got in with an ‘exhibition’ – a little scholarship. Over the years, Moffat would become a great mentor to me. We began with basic courses in errors, and maths for scientists. John Moffat taught us all different aspects of physics, like thermodynamics, quantum mechanics, atomic physics and so on, but not always in the same order as the university held the lectures. He didn’t rely on the lectures – we could go to them if we wanted to, sure, but every week he would give each one of us some reading from the textbook, and some exercises to do for next week. I would take my problems away and work on them, and the next week he would go over my solutions.

John said I always had my own way of doing things: I would use my own unconventional notation in place of the standard variables, and I sometimes approached problems from an oblique angle. Moffat, to his eternal credit, would always just go with my flow and attempt to see things from my point of view. Over one problem set, Moffat spent quite a long time lost in thought, poring over my strange notation. Eventually, he raised his eyes and informed me I’d actually got the problem right – I’d merely dropped a minus sign just here, on the fourth page along the way. That ability to look at the whole thing from the point of view and vocabulary of another person was an incredible gift he had – and a hard one to emulate.

I loved Oxford, even if Queen’s College, at that time, had not quite yet joined the twentieth century. The place was still entirely male, for one thing; Queen’s didn’t accept female students until 1979. We were required to wear gowns for dinner each evening, seating ourselves along long mahogany banquet tables with servers delivering our meals. At the front, on a raised dais, sat the faculty and post-docs in their robes. (If you’ve seen any of the Harry Potter films, you’ll get the idea – the Great Hall at Hogwarts was shot at Oxford, though at Christ Church not Queen’s.)

After dinner, the students would retreat to the excellent beer cellar, at the bottom of a staircase on Front Quad. Alcohol was a currency of Oxford life, though not the binge culture which I gather more recent generations have brought. One night sprawled on the lawn after overdoing drinks in the Provost’s lodgings was enough to be a lesson for a long time.

The colleges don’t have their own laboratory facilities, nor the large lecture theatres of the Physics Department, so we did our practical experiments and attended lectures there with students from the other Oxford colleges. From the front of the lecture theatre, the gender imbalance was pretty appalling. But in one of those early lectures the very first week – I think it may have been a lecture on errors – I met my first girlfriend, a brilliant undergraduate pursuing the same degree. We became increasingly inseparable, and soon we were a couple.

At the beginning of my second year, I moved into a college room overlooking Queen’s Lane, above a coffee shop which billed itself as the oldest in Europe. I would awake to the smell of stale coffee, jolted from my slumber by the rumble of double-decker buses shifting into second gear.

Architecturally speaking, Oxford was a place wholly dedicated to the glory of God. Portraits of great theologians and the late archbishops of the Church of England were hung in the dining hall, and the colleges offered special scholarships for the student organist and choir singers. Chapel was held in a splendid domed hall, with light streaming in through stained-glass windows decorated with beloved saints. But my rational mind was pushing me in the opposite direction.

I began, in a friendly way, to debate with the chaplain. Much of the wisdom of the Church was still useful, and church services still had a lot of connections and value for me. I did not feel awkward going to the chaplain’s coffee morning if taken by a friend. The chaplain at Queen’s was, in fact, a good resource; I used him once as a data point on culture. ‘Pride,’ I asked, as we crossed in the quad. ‘Definition, and is it a good thing?’

‘Self-respect gone to seed – and generally not,’ he replied. Noted. Little did I know how, decades later and an ocean away, I would be immersed in a culture which treated pride as a very important thing.

The Church itself seemed self-interested, perhaps even a little predatory, and I soon declared myself an atheist. However, a form of religion where you could have your wise chaplains, your celebratory services for joy or sorrow, your music and your fellowship, but without having to believe six impossible things before breakfast – that would have been handy. I got my moral instruction from Moffat, who even today remains one of my role models. Some undergrads had a moral tutor, for well-being and behaviour, and a separate academic tutor, but Moffat was both for me.

With the other physics students from Queen’s, Lady Margaret Hall, Keble and Catz (St Catherine’s), we formed a tight cohort. We would take punts out on the Cherwell, the smaller pretty river which flows through Oxford to meet the Thames. These punts are flat-bottom wooden boats, propelled by a long pole from the rear; moving one is a practical lesson in physics. You grip the slats of the boat firmly with your feet, hoist the huge pole to a standing vertical, drop it to the river bottom, and push to get the boat going in just the right direction. Your party then progresses gently under the willow branches, clad in wide straw hats, holding guitars, textbooks, picnics and lecture notes, trailing a cooling bottle of wine on a short rope.

•

The eight-week terms were full, so my electronics hobby mostly happened in the breaks back in London. By this time, I’d outgrown the factory-reject transistors and moved to general-purpose integrated circuits. The leading vendor at that time was Texas Instruments, which sold logic controllers that slotted directly into the breadboard. The 7400-series TTL chips were available in more and more combinations of functions, and powered a remarkable array of early consumer electronics. Each chip was about the size of a paper clip and cost only a couple of pounds. The wiring of the 7400s was hidden in ceramic casing, so arranging the right controllers in the right combinations along the breadboard meant consulting a series of circuit diagrams, and imagining, in the mind’s eye, the flow of electricity through the transistor gates within.

A computer itself was going to require a serious, perhaps impossible, number of 7400-series chips, so a more humble but still satisfying goal was to make a computer terminal. The terminal is the bit that talks to the person – in the physics lab the terminals we used to talk to the computers were ‘teletypes’, which typed their output at ten characters per second on long rolls of paper. Teletypes were telegraph machines adapted for computers, back when telex was the fastest way of getting a message across the world. At this time, though, paperless terminals, with a keyboard and screen, called Visual Display Units were becoming more popular.

With the help of one of my classmates, Peter Gilyard-Beer, I decided that I would build my monitor out of an old television. I tracked down a local television repairman and asked if by chance he had any sets with broken reception but working screens. He sighed, yes, he certainly had, and directed me to a tower of such sets in the back of his shop. He sold me one for next to nothing. In fact, I got two, just in case.

In those days, televisions worked via a scanning ‘electron gun’ which shot beams through the vacuum tube (or cathode-ray tube) of the set onto the screen, moving from the top left corner and snaking down to the bottom right, refreshing fifty times per second. With Pete’s help, I found the spot on the circuitry of the TV where I could attach a wire to inject my own video signal in place of the broadcast signal. I was doing all this in my room in the attic, but I left the second TV on the hall table downstairs and drove it from the same signal, so my parents could see my progress. They could appreciate, with the electronics they had each done in the war, that moving from horizontal to vertical lines on the screen was an achievement. From there, I moved to a grid of 16 lines, each with 64-character places.

Once I had the basic screen mapped, the final step was to wire up a keyboard. Here I got a little lucky. I’d taken a summer job at a timber yard, and, while disposing of a large barrel of wood shavings one day, I came across a discarded old adding machine in the bottom of a huge skip. The machine was ancient and consisted of 100 button keys arranged in rows of ten. Crucially, though, each key had a dedicated electronic switch. I painted over the buttons in white and layered the alphabet on top, using transfer letters. I then attached a small circuit board to each button, to convert its electromechanical output into binary codes that the breadboard logic controllers could read.

So I had a terminal. I brought it into the physics lab, and the engineer of the PDP-8 minicomputer allowed me to test it, on the condition that I built an ‘optical isolator’ (a gadget with LEDs and photocells and an air gap) so he could be sure my nasty terminal could not harm his precious computer. Fair!

It was neat in a way that throughout this whole process, just as I needed something which I could not build myself, like a transistor or, now, a memory chip that could hold each of the 1,024 characters in my new display, industry produced it at a cost I could afford. That’s why I feel my cohort – not my generation of baby boomers but more specifically the kids born close to 1955 – had a magic-carpet ride through the wave of tech. A few years earlier, everything would have been much too expensive or impossible. A few years later, it was all taken for granted and old hat.

My terminal couldn’t run code, but in my last year at Oxford, Motorola introduced its 6800 ‘microprocessor’, which was a whole computer on a chip. Oh, this was a beautiful little thing: a forty-pin, 2-inch package in maroon-and-gold housing that gleamed in the light and contained the actual Turing machine – the thing which executes instructions stored in memory. Rather than put it on one single motherboard as many home computer users were doing, I had a 19-inch-wide rack which I could upgrade just by plugging in cards. The M6800 came with a primitive ‘assembly’ language for designing and executing simple programs. Towards graduation, I began to show off my device – a fully operational computer that I’d built out of literal rubbish.

•

At Oxford, one’s grade for the entire three years is determined by ‘finals’, a series of gruelling sit-down in-person examinations, which take place in little over a week. As the date of the first test approached, I set aside my microchips, eschewed the beer cellar and threw myself into full-time study. (My girlfriend and I were sharing a flat with our fellow students Janet and George, all frantically trying to ingest the same physics.) Clad in the formal academic gown with white shirts known as ‘subfusc’, we approached the Exam Schools on the High Street, which we had last seen two years ago, during the first-year exams. I sat down among a field of small, evenly spaced tables and opened the test paper.

After exams, we let our hair down. We broke onto the roof of the college along with other Queen’s physics classmates. We sneaked across to the clock tower, decorating its hands with a pair of undergarments we’d found somewhere. We then inscribed the tower with Euler’s formula (eiπ + 1 = 0), in an attempt to deflect suspicion onto the Mathematics Department. (It’s important to get this stuff out of your system when you’re young.) A few weeks later, I got a neat letter from Moffat with my results. ‘Congratulations on a well-deserved first,’ the letter read. It was as much his accomplishment as it was my own.

Following final exams I married my girlfriend Jane at the ripe old age of twenty-two. Nowadays we would have lived as partners before marriage, but things were different back then. With a first from Oxford, I could pursue a graduate degree in physics at pretty much any institution in the world. And yet, as graduation approached, I was coming to realize that academics was not my path. I loved Moffat, but I had no role models of people doing doctorates in physics and actually enjoying it. Perhaps this was a reflection of the era – particle physics was beginning to stall in the late 1970s – but the physicists I knew just didn’t seem very happy. I’d had the time of my life at Oxford, though physics was never more than a detour for me. My destiny, whatever it was, had to involve computers.

If this story was happening today, I think what I might have done is go to Stanford University. Or if not that, at least been part of that scene of people who were building computers. But I didn’t do that, simply because I didn’t know that choice existed. In 1977, no recruiters from Silicon Valley came to career day at Oxford. In fact, back then, I’m not sure if I even knew Silicon Valley existed.

Instead, the recruiters at Oxford consisted of a few consulting companies and the three big telecommunications companies: GEC, ITT and Plessey. Wearing a boring grey suit with a tie, I did a round of interviews, but our decision was ultimately about location. GEC was in Coventry, which had been bombed out in the war, then rebuilt in concrete. (The interviewer said that Coventry was great because it was so easy to get away from it.) ITT was in Harlow, in Essex, a depressing ‘new town’ organized into commercial and residential sections, with ‘green wedges’ between them. Plessey was in Poole, a beautiful old fishing town on the south coast where the sea connects to a huge undeveloped natural harbour between the town and the Purbeck Hills. When Jane and I got off the train at Poole station, there were daffodils coming from the ground, and you could hear, already on the platform, the seagulls and the clinking of halyards against the masts of the moored dinghies. Sold!

To live in Poole, we had to work for Plessey. Near the Poole offices they were building telephone exchanges, and fancy fault-tolerant computers to run them. That is where Jane ended up. There were also some older buildings where the ‘Private Communications Systems’ division was building new things out of microprocessors. They showed me how a bar-code scanner, together with a cassette tape player and a modem, could let Sainsbury’s supermarket switch from having a floor’s worth of stock above the shop to on-demand ordering. That is where I ended up, working on new library automation systems.

Our lives in Poole were comfortable. We walked the coast paths often with our visiting friends Paul Rouse and his wife Lisa. Paul had been the other person at Oxford building his own computer, but I didn’t meet him until just after finals. When we did meet, we became instant and long-term friends. We watched the sea crash into the cliffs at Winspit, and strolled along the limestone hills. On one walk in 1977 – a rainy walk along a windswept ridge by the sea – Paul, whose maths was much better than mine, took me through a recent paper by the cryptographers Rivest, Shamir and Adelman. The paper showed how you could use prime factors to create two huge numbers, one of which you write on the wall and tell everyone, and the other you keep very secret. This was ‘public-key’ cryptography, which took advantage of the fact that multiplying two primes is easy, but reverse-engineering the original primes from the product is impossibly hard – like trying to unscramble an egg.

That was a mind-blowing moment; it changed the world for ever, too. ATMs and remote logins and anything secure over the internet now depend on that RSA paper, as it was known. Years later, when we added the ‘s’ in ‘https’ to make the web secure, that was all possible because of that paper. This encryption made secure online messages possible. I was astonished by the beauty of it.

Part of the beauty of it was that it gave power to a person as an individual. If they had existed back then, Paul and I could have each got out our laptops, made secret keys which we kept very safe, and exchanged the public keys, and then Paul would be able any time in the future to send me a message so no one else but me could possibly read it, and I would absolutely know that it came from Paul. No matter what email systems it went through, no matter what people tried to do with that message.

This technology gives you power as a sovereign individual – which is powerful, if you are a normal person in a rough world. Of course, it is also really useful if you are a spy. Once the US government noticed that, it classified the software as a munition, making it illegal to store it anywhere where it could be seen by a non-US person. This was the beginning of a long fight between the individual computer user and the centres of power. That battle is still going on, and we will return to it many times in this book.

•

The 1970s were economically challenging for the UK. The country faced high inflation, rising unemployment and economic recession. Strikes and industrial action were common, reflecting widespread discontent among workers. The country’s traditional industries, such as manufacturing and shipbuilding, were in decline, leading to job losses and urban decay in some areas. But for Jane and me, after three rich and stimulating years at Oxford, it was a time of widening horizons, of growth. And in computing, the bandwagon Jane and I were jumping on, it was an exciting time too. At Plessey, the technology was primitive by modern standards, but the work was leading edge back then. When I started, in late 1977, my workstation had a paper-tape reader and punch. Disk storage at work took the form of 8-inch floppy disks, but if you wanted to store a program, you could also record the data as a sound onto cassette tape. Back at home, I upgraded my homebrew computer to match Plessey’s Intel-based systems. With a little engineering, I connected a paper-tape reader to the system, allowing me to run simple commands written in ‘Timpl’ (‘Tim’s programming language’), my own variant of the very simple programming language Forth. In a feat more of carpentry than of engineering, I got the pockets to automatically fold the tape by tracing the shape of the professional tape reader at work and crafting it out of wood. Treasured things – I wish I had kept them!

Another engineer who joined around this time was Kevin Rogers. He and his wife Karalyn would head back to see family in deep Wales, along the westernmost bit of the Pembrokeshire coast, and sometimes Jane and I would tag along in the back of their Mini. The winding road along the Welsh coast was beautiful country, dotted with ancient villages and pubs. After a couple of years at Plessey, Kevin called and said he was looking for help. He had joined D.G. Nash, a three-person start-up focused on dot-matrix printers, located in an industrial estate in Dorset, a twenty-minute drive from the Plessey offices. I would soon join as well.

The dot-matrix printer was a device which was made entirely out of hardware. A bit like my homemade terminal, the printer made letter patterns on the paper by using a hardware table of letter shapes, but now it was crying out, like so many things at that time, to have the logic board ripped out and replaced by a microprocessor system. The D.G. Nash version of the printer had all kinds of fonts, and graphics. It would emulate a typesetting machine so that a printer, before setting a page of text on expensive bromide paper, could run it through the ‘proof printer’ and check for errors on cheaper stock. It would do network protocols too: if you didn’t want to pay top dollar for a real IBM printer, well, it would pretend to be one.

Working at D.G. Nash was enjoyable. I could have stayed there, improving printer technology on the job and observing the larger computer universe from there. But then I was offered a one-time gig that would change the course of my life.






CHAPTER 2

CERN

The offer was to work at the European Council for Nuclear Research, or CERN in 1980. (It’s now called the European Particle Physics Laboratory, but the acronym CERN has stuck.) Straddling the border between Switzerland and France, CERN ran a number of particle accelerators for the high-energy physics community. The facility was a mix of large utilitarian buildings and underground tunnels housing some of the world’s most advanced scientific equipment, set against the serene backdrop of the Swiss Alps. CERN’s mission was to study the subatomic building blocks of our universe known as particles – protons, neutrons, electrons. This was done by accelerating streams of these particles inside gigantic circular racetracks, then smashing them into one another.

The smallest racetrack at the accelerator complex was the Proton Synchrotron Booster (PSB), which injected proton streams into subsequent rings. CERN was running behind in rebuilding the control system for the PSB and had called in a team of British programmers to help. Previous accelerators had been controlled by complex electronics – oscilloscopes and detectors and sensors that looked like they’d been pulled from the laboratory of Dr Frankenstein. Part of our job was replacing these devices with software. As the new computer-based systems were being built, all of those lovely, glowing, electromechanical contraptions were being replaced by a single, boring ring of computer consoles. Such a pity, in a way.

CERN was a special place by any measure, but the country was not new to me. A few years earlier, I’d had a memorable stint at the European Semiconductor Equipment Company, just outside Zug, a pretty town on a pretty lake in Switzerland. The company manufactured a device called a wafer saw to cut silicon into chips, and they needed help with the microprocessors that controlled the tool, just as Nash had used microprocessors to control their printers. For an English kid who had never worked abroad, it had been pretty exciting.

And it had been fun working in Switzerland too. It was fun writing the code, and debugging it. It was fun staying with one of the company’s engineers in a nearby village, even though it was a bit smelly due to the farm across the road. I had been surrounded by people speaking Swiss German, and much of the time is now a blur, but there were some indelible moments. In particular, I remember one night when we had had a long evening of visiting each other’s homes, followed by restaurants, bars and dancing. We found ourselves on the upper floor of a chalet, with cows housed in stalls below us on the ground floor. We were drinking coffee, when the smiling grey-haired owner arrived with an industrial-sized container of his own best schnapps. Suddenly, the coffee became Kaffee Fertig, the classic Swiss hot drink made of coffee, sugar and liqueur. It was a night of new and old cultures. I think it was then that I first fell in love with Switzerland. I’m still in love with it today.

•

I was delighted to be back on the continent at CERN, where Kevin, Jane and I were among the team sent to work on the centre’s code. We had six-month contracts: July to December, 1980. Brian Carpenter, a blond Cambridge physicist who had received a PhD in computer science from Manchester, was the system manager. (Down the line, he would have a major role working with the internet and the structures around it.) It was a good gig – not your average office job. We started off working in the Terminal Room. At the far end were glass doors to the Machine Room, where the Norsk Data minicomputers actually sat. The term ‘minicomputer’ will seem like a misnomer to modern readers – each machine was the size of a refrigerator, with standard 19-inch-wide racks that ran from the (false) floor to the (false) ceiling. To the left of the Machine Room was a kind of mission control, where fancy, purpose-built screens with keyboards and trackballs allowed you to interact with any part of the particle accelerator system, such as vacuum pumps, accelerator magnets and, when all went well, the beam of particles itself.

Now, imagine what this place was like. Turn around in the Terminal Room from looking at the Machine Room, walk out of the door and you are in space – standing on a steel catwalk, a three-storey-high balcony, looking down across a grand experimental hall, the size of an aircraft hangar, with you in the top corner. Go along the catwalk and below to the right you will see equipment and concrete blocks, while through a window to the left you can see the CERN boundary road and behind it rows of Swiss vineyards. Follow the hall to the end, and you cross into a series of underground corridors that take you to the control equipment, arranged in a ring over the accelerator itself. The PSB was a ‘starter mechanism’, which meant it was a smaller particle racetrack about 50 metres across. It got the proton stream going, and, once it was up to speed, it fed it into the much larger collider beneath.

Come back along the catwalk, back past the Terminal Room on your right, and you are inside an office building, with corridors leading away at right angles. At the centre of these corridors there is a little coffee counter, and around the coffee place, in the intersection of the corridors, a number of small, standing-height tables. This little coffee place was, in fact, really important. For one thing, for us Brits, it was amazing to have real coffee, and real croissants. But also, when you have been parachuted into a running project, you need to be able to figure out all the parts of it on the fly.

Now in those days, different computing systems couldn’t talk to one another. The problem was acute in academia, where scholars from competing computing paradigms segregated themselves into incompatible fiefdoms. And it was especially bad at CERN, where scientists from more than twenty countries were gathered in pursuit of a common goal, without a common language. One scientist might have critical information about how to run the accelerators stored in French in a private directory in the central Unix mainframe; another might have information on how to calibrate the sensors stored in English on an 8-inch IBM floppy disk in a locked metal cabinet; a third might have the data from the latest experiment on a printout in German beneath a coffee cup on his desk. It was a mess.

So, the only way to figure out how to run a particular device was to find the person who managed it and ask at coffee! He or she would explain how to use it, and also let you know who else you need to talk to, and then maybe that person would walk by, and they could pluck them out of the stream and introduce them. The informal vibe of that little coffee counter, with all these brilliant people collaborating across languages and technical disciplines – I wondered, was it possible to recreate this functionality with a read–write information system? I wanted a way of recording this information, exactly as it came, in random bursts, eventually building up a picture of the whole system, but with anyone, at any time, able to add new knowledge about anything.

So I wrote a program to run on the Norsk Data computer, on the standard 24-line, 80-character terminals, that allowed you to create notes about things. For each thing, you had to write notes about what type of thing it was: hardware, text file, report file, code file, paper document, concept or person. When you introduced a new thing, the only way to do it was to find a prior thing, and then say how the two things were connected – was a person, say, the author of the document, or the subject?

I called the program ‘Enquire-within’, short for Enquire Within Upon Everything, that book in my parents’ bookcase. There were a few things I liked about it. It could easily switch between different languages, say French and English. Also, it would allow you to capture how any two things were related, without forcing you into a fixed structure. As often as not, information is presented on the page as either a tree or a table. It is organized into trunks and branches, or into columns. In my program, by contrast, you had a sprawling graph of links – something that looked a little like a web. That was in the spirit of those things my father and I had talked about: things that people could do easily but machines not so well.
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