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‘This is the best history of the Net that I have seen. More than others, it places the events in a context that helps one understand why innovation happened. This book is important not only for looking backwards, but also for understanding what we must do to keep the Net as it is’

Lawrence Lessig, Harvard Law School

‘A fascinating aspect of John Naughton’s book is the research he has done on the deep roots of familiar Net concepts … An intensely practical, level-headed, impassioned and highly informative investigation of what will be the dominant cultural force for the foreseeable future … You do have to read this book’

Peter Forbes, Guardian

‘Brilliant … Naughton communicates technical material accessibly and entertainingly, and he gives us an excellent historical survey of the history of the Net’

John Cornwell, Sunday Times

‘There is a good chance that this book may be the Net equivalent of Stephen Hawking’s Brief History of Time … It is easy for some of us to be blasé about the Net, but John Naughton brings back the wonder’

Rupert Hart, Business

‘His account of his own fascination with the airwaves is engaging and his careful explanations of the nature of computer and communications technology readable and easy to understand’

Keith Blackmore, The Times

‘Naughton has the knack of making complex technology understandable and tells a fascinating story of the unsung visionaries and engineers who invented the Net, while explaining how it all works’

Director

‘Naughton’s book explains more clearly than anything I have read how the technology turned to magic. Because he loves it himself, and keeps a sense of wonder, he can tell the story as an engineer would – which means by giving due weight to a curious notion of beauty’

Andrew Brown, Independent
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Preface


For all knowledge and wonder (which is the seed of knowledge) is an impression of pleasure in itself.

Francis Bacon, The Advancement of Learning, 1605



History, someone once said, is just the record of what one age finds interesting in another. If that’s true, then this book justifies its title, for it is essentially a meditation on a phenomenon which has obsessed me for years.

I wrote it for various reasons. Like E. M. Forster, I am one of those people who doesn’t know what he thinks until he has written it down, and I wanted to sort out my ideas about what the Internet is, and what it might mean for society. Secondly, I was puzzled by – and suspicious of – some of the myths about the Net which are regularly regurgitated by the mass media: I wanted to find out for myself where the thing came from – who built it, and why, and how? And most of all perhaps, I wanted to express my sense of awe at what the creators of the Internet have wrought, and to try and communicate some of this wonderment to others.

Accordingly, this is an intensely personal work which makes no claims to provide a definitive account of the Net’s evolution. Rather it picks out aspects of the story which seem to me to be significant, and tries to explain why. And if it reads like a passionate work, then that is because I feel passionately about its subject. The Net provides some of the things I longed for when I was young – access to information and knowledge, communication with faraway places, news from other cultures, windows into other worlds. As a boy I haunted the shelves of the local Carnegie Library, reading everything I could lay my hands on. But the more I read the more I became aware of how limited were the resources of that admirable institution.

The library had several books about the American Civil War, for example; but imagine, I thought, what it would be like to visit the Library of Congress and see the letters that Abraham Lincoln wrote during that terrible conflict. The encyclopaedia entries on Leonardo da Vinci were fascinating, but lacked what I really lusted to see – the notebooks written in his famous ‘mirror’ handwriting. A biography of Mozart merely fuelled a desire to visit the British Museum and inspect one of his manuscripts for myself, if only to verify that it was as free of corrections and revisions as the author had claimed. And a book about the history of New York prompted a yearning to see the Brooklyn Bridge and Manhattan by night.

To a child in my position in the 1950s, these were aspirations on a par with coveting a vacation on Mars. Yet today they are virtually achievable by anyone with an Internet connection. My children, who have grown up with the Net, take such wonders in their stride. They use the network for homework and leisure with the same ease as they use a dictionary or a book or the telephone. The Net has become just a pleasurable, useful background to their young lives. But while their familiarity with its riches gives their father endless pleasure, it also triggers in him the fear that has lurked in the breast of every upwardly mobile parent in history – that one’s children have no idea how lucky they are.

And, in a way, why should they? Isn’t their calm acceptance of a technological marvel symptomatic of the human condition? We take progress for granted and move on to the next Big Thing. We see further, as Newton said, and achieve more, because we stand on the shoulders of giants. In the case of the Net, however, these giants were engineers and as such are largely invisible and unsung. Why a civilisation which has been built by engineers should accord its creators such a low status is beyond me. We have no hesitation in honouring actors, musicians, artists, writers, athletes, doctors and, on occasion, scientists. But engineers … ah, that’s different. They’re just the guys you call out when something breaks down.

I am myself an engineer and so take this slight personally. My profession’s cultural invisibility may have something to do with the fact that we are predominantly problem-solvers. Since a ‘problem’ is a discrepancy between a current state (A) and a desired one (B), engineers are mostly concerned with finding ways of getting from A to B. We therefore tend to focus on technical means, rather than on ends. And generally the ends are decided by someone else – a superior, a client, a government agency, a company.

Ends are chic, cool, interesting. They are the embodiment of values and aspirations. Means, on the other hand, are mundane, uncool, routine. And the engineers whose job it is to devise them tend to be unobtrusive, pragmatic, utilitarian, intellectually eclectic. They have neither the time nor the inclination for self-advertisement. They are, in Lord Beaverbrook’s famous phrase, ‘the boys in the back room … the men who do the work’. They just want to get the job done and will use any tool that looks useful, even if doing so causes purists (especially of the mathematical variety) to faint in distaste.

As a result, engineers have generally had an indifferent press. This little book is an attempt to redress the imbalance, to pay homage to the amazing ingenuity of the people who created the Internet, to rescue them from the obscurity to which our unthinking complacency generally consigns them.

We owe a debt to these architects of our future, not just because they created one of the most remarkable things humans have ever built, but because in the process they invented institutions and traditions from which society might usefully learn a thing or two. The Internet, for example, is a totally open system. There is no gatekeeper, no membership committee, no waiting list. Anyone can join in, so long as they obey the rules embedded in its technical protocols. These protocols and the software which implements them – and thereby governs the network’s operation – are transparent and public. They were created by engineers and computer scientists working in a spirit of enthusiastic co-operation, debugged in the crucible of intensive peer-review and tested to the limit by the exponential growth which they have enabled. At a technical level, there are no secrets on the Net, and the result is a system of unparalleled resilience and dependability. There is – as we shall see – a direct causal connection between these two facts. Isn’t there a lesson here for society about the importance of open institutions and the power of a free market in ideas?

The other interesting thing is that not a single line of the computer code which underpins the Net is proprietary; and nobody who contributed to its development has ever made a cent from intellectual property rights in it. In the age of the bottom line, where the default assumption is that people are motivated by money rather than altruism, and where software is the hottest intellectual property there is, this is surely extraordinary. The moguls who dominate the computer business would have us believe that the Internet must be an aberration – that it is the exception that proves the rule about the primacy of greed. If I’ve learned anything from writing this brief history it is that they’ve misjudged the Net. But then, they always have.


Part I

Wonderment


1:

Radio days

1997

A book-lined study, late at night. The house, to which the study is an extension, is quiet. Everyone except for a middle-aged man is asleep. He is sitting at a desk, peering at a computer screen, occasionally moving a mouse which runs on a mat on the desktop and clicking the button which sits on the back of this electronic rodent.

On the screen a picture appears, built up in stages, line by line. First it looks like a set of coloured bars. Then some more are added, and gradually the image becomes sharper and clearer until a colour picture appears in the centre of the screen. It is a cityscape. In the foreground are honey-coloured buildings and a solitary high-rise block; in the distance is the sea. Away to the left is a suspension bridge, wreathed in fog. It is in fact a panoramic view of San Francisco, snapped by a camera fixed on the roof of the Fairmont Hotel on Nob Hill. The bridge is the Golden Gate. Underneath the photograph is some text explaining that it was taken three minutes ago and will be updated every five minutes. The man sits there patiently and waits, and in a few minutes the image flickers briefly and is indeed rebuilt before his eyes. Nothing much has changed, except that the camera has moved slightly. It has begun its slow pan rightwards, towards the Bay Bridge.

And as the picture builds the solitary man smiles quietly, for to him this is a kind of miracle.

1956

Another room, another time. No book-lined study this, but a spartan bedroom. There are two single beds, covered in blankets and cheap eiderdowns. The floor is covered in linoleum, the window by a cheap unlined curtain with a floral pattern. By the wall stands a chest of drawers. The only decoration is a picture of the Sacred Heart. No books of any description can be seen.

It’s late. Somewhere, in another part of the house, a man can be heard snoring. Between the beds is a table, on which sits a large radio with a brown Bakelite shell, an illuminated dial, a large tuning knob. The radio is turned towards one of the beds, in which lies a young boy who is staring intently at the dial and slowly turning the knob. The light from the dial illuminates his face. Through the ventilation slots in the back of the radio can be seen the glow of thermionic valves.

The boy is entirely focused on the sounds coming from the loudspeaker of the radio. Mostly, these are strange whistling noises, howls, bursts of static, occasional frantic sequences of Morse code. He continues gingerly to rotate the knob and eventually stops when a distant voice, speaking in English, suddenly issues from the radio’s grille. The voice waxes and wanes and echoes oddly. It sounds like someone speaking through a very long pipe which is continually flexing. But the boy is transfixed by it for this is what he has been searching for – a voice from another continent, another world. He smiles quietly, for to him this is a kind of miracle.

I am that man, and was once that boy. What connects the two is a lifelong fascination – call it obsession if you like – with communication, with being able to make links to other places, other cultures, other worlds. The roots of this obsession have often puzzled me. I am not – never have been – a gregarious person. Quite the opposite. I was a solitary child and my classmates at school and university always thought of me as a loner. I was never enamoured of the noisy solidarity of pub or club. So why was I possessed of a desire to make contact with distant places?

It can partly be explained by the start I had in life. I grew up on what seemed at the time like the edge of the world – in a remote part of rural Ireland, in a household with few books, magazines or television. The only newspapers which ever crossed the threshold were the Irish Press, the organ of Eamonn de Valera’s Fianna Fail party, and the Irish Catholic, an equally pious propaganda sheet for the Vatican. The only books were a few Reader’s Digest ‘condensed’ books plus an edition of Newnes Pictorial Encyclopaedia bound in a red leatherette material which matched the upholstery of the household’s two armchairs. (Only the rich and sophisticated had three-piece suites in those days.) Films were a no-go area; although there was a cinema in the town, it screened only what the parish priest approved, and even then was off-limits to us, because my mother regarded Hollywood as an agent of Satan. Our household was thus what Al Gore would call an ‘information-poor’ environment.

It’s hard now to imagine what life was like then.1 Foreign travel was unheard of, for example. Apart from those who emigrated to Britain or the United States, virtually nobody we knew had ever been abroad, and those who had were invariably people who had made a pilgrimage to Lourdes. Nobody in our circle ever went overseas on holiday, and no foreign languages were taught in the schools I attended – with the exception of Latin, no doubt because it was useful for those who went on to the priesthood. We lived in a closed society which thought of itself as self-sufficient, the embodiment of the ancient Republican slogan, Sinn Fein – Irish for ‘ourselves alone’.

There was, however, one chink of light in the suffocating gloom – the radio (which we called the wireless; ‘radio’ was a posh word, unthinkable in our circle, uttered only by those who had lunch at the time we had dinner). It was by modern standards a huge apparatus powered by valves – which is why it took some time to warm up – and a ‘magic eye’ tuning indicator – a greenish glass circle which winked at you as the signal waxed or waned.

The tuning knob was a marvellous affair. The spindle went through a hole in the glass of the dial. On the other side, it drove a large metal wheel to which a cord was attached. As the wheel turned, a metal bar hanging from the cord moved horizontally to indicate the wavelength2 of the signal currently being received. A small lamp provided a backlight and, emerging through the ventilation slots at the back of the device, threw weird shadows on my bedroom wall.

The legends etched on the dial face were marvellous. There were some numerical markings, but generally stations were identified by the location of the transmitter. Thus the BBC Long Wave programme (source of Radio Newsreel and Dan Dare) was ‘Droitwich’; Netherlands Radio was ‘Hilversum’; Radio Luxembourg was, reasonably enough, ‘Luxembourg’ and Radio Eireann, our native broadcaster, was ‘Athlone’. On the long-wave band I remember Minsk and Kalundbourg, Ankara on 1,700 metres and Brasov on 1,950. On medium wave there were stations based in Bordeaux, Stockholm, Rennes, Vienna and somewhere called Mühlacker. To my impressionable mind, these locations took on ludicrously glamorous connotations. I can still remember the day, decades later, when I stumbled on Droitwich and discovered what a mundane place it really was. But back in the 1950s it seemed as exciting to me as Paris or Berlin or Istanbul.

The best thing about our wireless, though, was that it had a shortwave band. This was a source of endless fascination to me, because it meant that even with this primitive device one could listen to the world.

At first I couldn’t understand how it worked. Why was reception so much better at night? Why it was so infuriatingly variable? I asked my father, who looked evasive and said it was something to do with ‘the whachamacallit sphere’ (he always called complicated things the whachamacallit), but this gave me enough of a steer to go to the local Carnegie Library and start digging. In due course I discovered that he was referring to the ionosphere – a layer of charged particles high up at the edge of the earth’s atmosphere which acts as a kind of reflector for radio waves of certain frequencies. The reason short-wave radio could travel such vast distances was that it used the ionosphere to bounce signals round the world – which was why radio hams3 in Latin America or Australia could sometimes be heard by a young boy on the western seaboard of Ireland. Signals from such distant shores were more likely to get through at night because then the ionosphere was higher4 and transmission over longer distances was possible.

I was spellbound by this discovery of how technology could piggy-back on a natural phenomenon to propel low-power signals through immense distances. But most of all I was entranced by the idea of short-wave radio. For this was a technology which belonged not to great corporations or governments, but to people. It was possible, my father explained, to obtain a licence to operate your own short-wave radio station. And all over the globe people held such licences which enabled them to sit in their back rooms and broadcast to the whole world. And to me.

My father was simultaneously pleased and threatened by my interest in short-wave radio. It was something he himself had been passionately interested in as a young man. But even then I sensed that he also felt undermined by my youthful enthusiasm. I remember the look of alarm on his face when I returned triumphantly from the library having figured out the secret of the ionosphere. Later – much later – I realised that my naive obsession forced him to acknowledge that he had never managed to carry his own passion to its logical conclusion and become a radio ham. He thought this made him look a failure in the eyes of his eldest son.

In fact, his failure moved me more to frustration than to pity. I was mad simply because Da’s non-possession of an amateur radio operator’s licence meant that I was deprived of an opportunity to participate in this magical process. Listening to short-wave transmissions was bliss; but to be able to send them would be absolute heaven.

Da’s interest in radio had been awakened in the 1930s, when he was an ambitious young postal clerk in Ballina, County Mayo. He had been trained in Morse (because that was the way telegrams were transmitted in rural Ireland) and to his dying day retained a wonderful fluency in that staccato lingo. It was from him, for example, that I learned that Morse operators do not listen – as Boy Scouts do – for the dots and dashes of each letter. Instead they listen for patterns and rhythms. He illustrated this by teaching me the rhythm of CQ – the international signal which asks ‘Is anybody out there listening?’ The Boy Scout version is dash-dot-dash-dash, dash-dash-dot-dash. But my father sang it as dahdidahdit, dahdahdidah and immediately I understood what he meant.5

My father had left school at sixteen and gained entry to the fledgling Irish Free State’s postal service by doing a competitive examination. He was highly intelligent and quietly ambitious, but these were no guarantees of preferment in the civil service. By the standards of people from his background, he was doing well to have become a postal clerk in his twenties. His position was prized because it was secure. It was, his mother crowed, a job for life. He was working for the government. But it was poorly paid.

Early on in his time in Ballina, Da became interested in amateur radio. In those days a candidate for an operator’s licence had several obstacles to overcome. First he had to pass two examinations – one in Morse, the other in the physics and mathematics of wireless propagation – stuff about frequency and capacitance and inductance and Ohm’s Law and resistances in series and parallel. The other obstacles were less formal, but no less forbidding to a man in Da’s position. The aspiring broadcaster had to have suitable premises (universally called, for some reason, a ‘shack’), together with sufficient land to set up a substantial antenna, and enough money to purchase the necessary kit.

Of these, the only hurdle Da had been able to overcome was the first – his Morse was more than adequate. But his truncated schooling left him terrified of the theoretical examination. As a young bachelor living in digs (a rented room in a small family house) he could not have a suitable shack. And his wages as a clerk would not have run to any fancy equipment for, like most men of his background, he sent much of it home to his parents in Connemara.

As a result, he never managed to indulge his passion for radio and instead had to content himself with looking over the shoulders of others more affluent than himself. Often the quid pro quo was that he taught Morse to these rich kids. In particular, there was one chap, the heir of a prosperous Ballina merchant family, who had obtained a licence in the 1930s and with whom Da had become genuinely friendly.

My father never told me any of this, of course. But he once did something which explained everything. It happened on a summer’s evening in the 1950s when I was about ten. We were back in Ballina, on holiday, and he suddenly asked me if I would like to go and see Ian Clarke’s shack. Knowing that Mr Clarke was a licensed ham I clambered breathlessly into the car and we drove out of the town along the banks of the Moy, eventually turning through some large gates into a winding, tree-lined drive which swept round to reveal one of those glorious Georgian boxes which were the Irish Ascendancy’s main contribution to civilisation.

I had never seen a house like this up close, let alone been inside one. It had double doors, a marbled hall two storeys high and a glorious curving staircase. The drawing room had colossal windows which seemed to stretch from floor to ceiling. One set opened on to a manicured lawn which led down to the river. There was not one, not two but three settees arranged in an open rectangle around a coffee table. While I stood stupefied by these surroundings, a middle-aged, affable man appeared, greeted me solemnly and got my father a drink.

After a while, he turned to me and said, ‘Your Daddy tells me you’re interested in radio. Would you like to see my set-up?’ ‘Yes, please, Mr Clarke,’ I burbled, terrified in case I should make a fool of myself. ‘Well, come on then.’ He led the way out of the room and up that great staircase. I remember how quiet the house seemed, and how our feet made no sound on the carpet. We turned into a high-ceilinged room with a large window. There was a desk with a microphone, some books and a notepad on it. To the right of the desk was a rack of equipment garnished with lights, dials, knobs and switches.

He gave me a cursory explanation of the kit, then switched the various units on – power supply, receiver, transmitter, amplifier. One by one the lights came on. Then he sat down at the desk, made an entry in a log, twiddled a knob and spoke into the mike. ‘CQ, CQ, CQ, this is …’ and here he gave his call-sign –‘… calling.’ He repeated this a few times while I held my breath. And then faintly, but distinctly, came an answering voice. An amateur radio operator somewhere in Scandinavia. He and Mr Clarke then had a conversation, probably fairly banal, and involving the ritual exchange of information about their respective technical set-ups, but all I remember of it was that he mentioned at one point that he had ‘a young friend with him who hoped one day to become a ham himself’, at which point I nearly passed out.

I remember little else of that evening, save that my father and Mr Clarke talked for ages about the past and of what they used to do in their bachelor days. Later, driving home in the dark, I asked, ‘Da, is Mr Clarke very rich?’ He replied laconically, ‘Well, he doesn’t want for a bob or two anyway,’ and I finally understood why my father had never obtained his licence.

Why radio? Why did my childhood obsession not lead to pen pals, language courses, foreign travel? I think the immediacy and scope of the medium were the key attractions. It put you in touch with what was happening – right now – on the other side of the world. And (if you had that magic licence) it put you in charge of the connection process.

Of course the humble telephone provided exactly the same facility. But to say that is to ignore the realities of my boyhood. In the world in which I grew up, the telephone was anything but humble. My family did not have one. Most families we knew didn’t. Making a phone call was a big deal. You had to be quite grown up to be allowed simply to answer the damn thing. Most people would send a child ‘on a message’ rather than make a local call. And nobody, but nobody, in my parents’ circle ever made an international call. A ‘trunk call’ to Dublin was about the extent of it, and then only when there was a crisis of some sort – a death or a heart attack or, occasionally, a birth.

But radio, radio – that was free, and available, and much, much more exotic. For some years – I guess between the ages of nine and fourteen – I went through the time-honoured phases of an obsession. I pored over the magazine Wireless World, saved up pocket money to buy resistors and capacitors and diodes and crystals and transformers and induction coils and loudspeakers from smudged catalogues of radio spares, constructed radios of varying degrees of complexity and with varying degrees of success (probably because I never really mastered the art of clean and reliable soldering). For a time I hung around the only radio dealer in town, a man with an exotic past which included serving in the merchant navy. But in the end – and unlike the true fanatic – I lost interest in the technology and returned to my first love: the content, those tinny, fading, interference-ridden voices from other worlds.

The comparison of the Net with the early days of radio works not just on a personal level. The first radio enthusiasts were much ridiculed by the chattering classes of the day. They were seen as cranks with their weird equipment – crystals, antennae, coils, cat’s whiskers, horns – and laughed at because of their willingness to spend long hours waiting to hear the crackling hiss of a distant broadcast. What made them seem even more absurd in the eyes of their tormentors was the fact that there was ‘nothing much on the radio anyway’, certainly nothing worth listening to.

Much the same is said about today’s Net enthusiasts. They are ridiculed as socially challenged nerds or ‘anoraks’ huddled in bedrooms surrounded by equipment and glowing screens. Their willingness to persevere in the teeth of transmission delays and the limitations of low-bandwidth telephone lines is derided by those who describe the World Wide Web as the ‘World Wide Wait’. The notion that any adult person would sit patiently while a low-resolution colour picture slowly chugs its way through the Net seems absurd to those who are far too busy with important matters like watching television or reviewing tomorrow’s list of engagements in their personal organisers. The ‘plug-ins’ by which Webheads set such store – those programs which extend the capability of browsers like Netscape to handle digital audio, compressed movies and other arcane data streams – seem as weird as the cat’s whiskers of yesteryear. And, of course, there is always the refrain about there being ‘nothing worth while on the Internet’.

So it is deeply ironic that one of the most evocative uses of the Net is as a medium for radio broadcasts. My national radio station, for example, is RTE in Ireland. Although it broadcasts in stereo from the Astra satellite, I cannot receive it in Cambridge because I do not have a satellite dish. I like to listen to the news in Irish because it keeps my knowledge of the language from atrophying. There must be quite a few like me in the 70-million-strong Irish diaspora dispersed all over the globe.

Now, through a terrific piece of software technology called RealAudio,6 I can listen to the news in Irish no matter where I am in the world. What happens is that RTE puts the daily bulletins on a computer running special software which turns it into a Real Audio server. If I wish to listen to a bulletin, I click on the hotlink to it on a Web page and, after a short interval, the rich sound of a native speaker comes rolling out of the speakers on either side of my computer. The quality is sometimes relatively poor – about the same as AM signals. Sometimes the transmission breaks up and distorts, just as those long-distant broadcasts of my youth did. But it still seems like a small miracle.

It’s funny how touching this wonder can be. Last year, my eldest son was doing a project on the poetry of Robert Frost. His task was to make a film about ‘The Road Not Taken’ and he dropped in to ask if I knew where he could get his hands on a recording of Frost reading the poem. My first reaction was to telephone the BBC. But then I suggested – with nothing more than a mild sense of optimism – that he try hunting for it on the Web. In a few minutes he had found a scholarly archive somewhere in the United States with recordings of Frost, and shortly after that we both sat stunned, listening to the poet’s gravelly voice, distorted by compression and data corruption, but still speaking directly to our hearts. And I thought: this is what the early days of radio must have been like.


2:

The digital beanstalk


Each venture

Is a new beginning, a raid on the inarticulate

With shabby equipment always deteriorating

In the general mess of imprecision of feeling.

T. S. Eliot, ‘East Coker’, pt 5,1940



What is a computer? An expensive paperweight – that’s what. Mine is switched off at the moment. It sits inert – a costly amalgam of plastic, metal, silicon and glass – on the desk where I am writing this with a steam-age fountain pen. My computer can’t do anything right now, save perhaps serve as a doorstop.

But switch the power on and something amazing happens. The machine comes to life! The disk drive begins to whir, the screen shows signs of activity, noises emerge from the speakers. Eventually ‘Windows 95’ appears, with lots of little icons, ready to be clicked on, ready to go. Somehow, an inert object has been transformed into a powerful machine which can solve complex equations, track huge budgets, find – in seconds – a single word in a haystack of half a million documents, build an index to a 120,000-word doctoral dissertation or do a thousand other things.

This little power-up sequence happens millions of times every day all over the planet as people sit down and commence work. And yet I guess that no more than a few of them ever ponder the miracle they have triggered by simply throwing a switch.

The modern world is full of such workaday miracles. Raymond Williams, the British cultural historian, once recalled his father describing someone as ‘the kind of person who turns a switch and is not surprised when the light comes on’. For as long as I can remember, I have been exactly the opposite – perpetually astonished at the effectiveness and dependability of complicated machines. I still think it’s wonderful, for example, that while walking along the north Norfolk coast I can punch in a few digits on my mobile phone and be almost instantly connected to someone driving down the coast of northern California on that glorious road between Monterey and Big Sur.

In the same way I am amazed that a small number of ones and zeroes burned into a tiny chip inside my laptop can induce it to start the hard disk and commence the search for the operating system program stored thereon, so that that vital piece of software can progressively be loaded into the memory and enable the machine to function. What’s happening is that the machine is, literally, pulling itself up by its own bootstraps – which is where the term ‘booting up’ comes from, and why that little chip which starts the whole thing off is called a ‘boot ROM’.

‘The impossible we do today,’ says the slogan Blu-tacked to a million office partitions, ‘miracles take a little longer.’ Yes, but why are we so blasé about the amazing things technology can do? Is our lack of awe or curiosity simply a consequence of its power and reliability? Is technology like human spines or limbs or eyes or ears – things we take completely for granted until they go wrong? Do we only think about the electricity grid when an October storm brings down power lines and leaves us groping in the dark? Or about our computers when the hard disk crashes and we find we’ve lost a year’s work?

But, if booting up is a miracle, then you ain’t seen nothin’ yet. From the back of my laptop a cable snakes to a small box with a panel of tiny lights on its front. This is a modem. From the back of that another cable runs, this time to the nearest telephone socket. It may not look much, but it’s my line to the future. And it does things that two decades ago most of us regarded as simply impossible.

The modem is really just a device for connecting my computer to the public telephone system and, through it, to other computers located elsewhere. It is, in essence, a communications channel along which signals flow. Think of a communications channel as a kind of electronic pipe. The measure of the capacity of the pipe is its bandwidth. A low-bandwidth channel is like a narrow-bore water pipe – you can only get a small volume of water/information through it in a given period of time. High bandwidth is the opposite – a large-diameter pipe. In the communications business, as in the water industry, high bandwidth is good.

The term bandwidth comes from the spread (or band) of frequencies that the channel can pass. Frequency is measured in cycles per second or Hertz. Low frequencies correspond to very deep, bass sounds; high frequencies are shrill. The human ear can handle frequencies from about 50 Hertz to around 17,000 to 18,000 Hertz, which means it has a bandwidth of about 17,000 Hertz – or 17 kiloHertz (kHz).

Now the bandwidth of a channel is determined to a large extent by its physical properties. The copper cable which makes up the pipe from my computer to the telephone exchange is a fairly low-bandwidth channel. When I was an undergraduate in the 1960s we were told that the bandwidth of telephone wire was quite low – about 4 kHz if I remember correctly – which was why you could never transmit hifi music, say, over the phone. Later on, when digital signals – that is, streams of ‘bits’1 or ones and zeroes – arrived, we calculated that the most you could force through copper wire was just over a thousand bits per second. To us students, this bandwidth limitation of copper seemed as rigid a restriction as Einstein’s proof that nothing could travel faster than light. It was a fact of life, a law of nature.

How come then that my computer currently spits ones and zeroes down that copper wire and into the telephone system at a rate of 28,800 bits per second? And that it will soon do it at twice that rate? What’s going on? Surely the bandwidth of copper is the same today as it was when I was an undergraduate?

Of course it is. What’s happened is something that none of us anticipated in the 1960s, namely that if you put a computer at either end of a copper pipe, and program those computers to do some clever mathematical operations on the bitstream, then you could increase the effective bandwidth of the copper by remarkable amounts.

This now happens every time I hook up to the Net. The streams of bits emanating from my laptop are compressed using a statistical technique which squeezes out redundant bits and transmits only those needed to convey the essence of the signal. It’s a bit like taking the first sentence of this paragraph and transmitting it as ‘my mdm is in efct a sml, spclized cmptr’.

At the other end another computer uses the same kind of mathematics to decompress (that is, reconstruct) the signal and restore it to its original, verbose glory. But, because the compressed signal is much smaller than the original, you can transmit more messages through the pipe in a given period of time, and so its effective bandwidth has been miraculously increased.

Obvious, isn’t it? So why didn’t we foresee this in the 1960s? The answer is simple. Compression technology requires two things: one, fast, ubiquitous, cheap and very small computers; and two, someone to supply the applied mathematics needed to achieve lossless (or at any rate non-destructive) compression of data streams. Neither of those prerequisites was available in the 1960s. They are now.

The future of the standalone computer, said a vice president of AT&T once, is about as promising as that of the standalone telephone. It was arguably the most perceptive utterance ever made by a senior corporate executive. That wire snaking out of the back of my machine to the modem is what has changed computing beyond recognition because it has transformed the computer into a communicating device. In doing so it has given me access to a world beyond imagining.

Exploration of this world starts by double-clicking on an icon of a telephone which is displayed on my screen. Shortly after that, the modem wakes up; its lights begin to flash nervously. Then there is a burst of staccato beeps – the sound of the modem dialling a telephone number somewhere. In fact it’s another modem in the premises of the Scottish company which gives me access to the Internet (for a fee). This company is called an Internet Service Provider, or ISP.

After a few moments, the call is answered with a whistle, and shortly after that there is a high-pitch, burbling rasp. To those who understand these things, this is a digital conversation between my modem and the one it has just dialled. They are engaged upon a process known in the trade as ‘handshaking’ – establishing one another’s bonda fides, like two electronic canines sniffing one another.

After a few seconds the rasping ceases as abruptly as it had begun and something happens inside my computer. A program has been launched. The screen is filled by a window labelled ‘Netscape’. This is what is known as a ‘browser’ – so called because it offers a way of reading (or browsing) the stuff published on the Net. There is a row of buttons marked ‘Back’, ‘Forward’, ‘Home’ and so on. The Home button has a corny picture of a little house. Below the buttons is a white box labelled ‘location’ inside which some gobbledy-gook has appeared. It reads ‘http://www.prestel.co.uk/’. Below this is a further row of buttons with labels like ‘Handbook’, ‘Net Search’ and ‘Directory’. Below these is a large box which is currently blank.

But, even as we watch, this box is beginning to fill. If you look at the modem you will see that its lights are now flashing furiously. Something is coming down the telephone line from somewhere and finding its way on to my screen.

It’s data – streams of ones and zeroes which when assembled by Netscape and displayed on the screen will convey information to me. In fact it’s the ‘Home Page’ of my ISP. The information is mainly in the form of words, though there are a few simple graphics. On the top left-hand corner of the frame are the words: ‘Check out the hottest selection of Web Sites including our Site of the Month’. The last four words are underlined. If I move the mouse pointer over them it suddenly metamorphoses into the image of a hand. What this means is that the phrase ‘Site of the month’ is a pointer or a ‘link’ to another site, and if I click on it I will immediately be linked to the site in question.

Now here’s the strange thing. That destination site could be a file in another directory on my hard disk, or on that of my ISP, or it could be a file on a computer in Tashkent or Santa Monica or a million other locations. To the browser they’re all the same: it will start fetching the page from wherever it’s held the moment I issue the command – which I can do simply by clicking on the link. Suddenly I have the world at my fingertips.

At the bottom of the screen there is a text box which gives a running report on what the browser is doing. I click on the link. The browser says, ‘Host contacted, waiting for reply’. Then, immediately afterwards, it reports ‘Transferring data from www.feed.co.uk’. The screen goes red and the home page of an on-line magazine called Feed appears. The whole process has taken a few seconds. I do not know where the computer on which the Feed page is stored is physically located but my guess is that it’s somewhere in the United States. Yet I collected it more or less instantaneously with a simple movement of my index finger.

Most beginners are confused about what exactly the Internet is. When they ask me, I always suggest they think about it as analogous to the tracks and signalling in a railway network – the basic infrastructure. Just as different kinds of trains, trucks and locomotives run on a rail network, so too various kinds of traffic run on the Internet. And, just as on many rail systems, different companies provide different kinds of passenger services, so the Net has different services offering various kinds of facilities.

The service which just brought me Feed magazine is called the World Wide Web, so called because it encloses the globe in a web of billions of electronic threads. When I logged on I wove such a thread from my home near Cambridge to a computer in Scotland. But it could just as easily have gone to the other side of the world.

You don’t believe me? Well, try this.

First, find a ‘search engine’ – one of the computers which index the hundreds of millions of Web pages currently available online. Search engines ceaselessly trawl the Net, indexing what they find. The one2 I want to use now is called AltaVista. It’s located in the research labs of Digital (a well-known computer company now owned by Compaq) in Palo Alto, California. Its Web address or ‘Uniform Resource Locator’ (URL for short) is ‘http://www.alta-vista.digital.com’, and I could get it by typing that text in the ‘Location’ box at the top of my browser window. But because I use AltaVista a lot, I have bookmarked its address on a list of regularly used sites. I click on the ‘Bookmarks’ item on the Netscape menu bar. A drop-down menu appears on which the words ‘Search engines’ appear. Click on that and a list of engines appears, including AltaVista. Click on that and …

In less than three seconds, AltaVista has replied, placing on my screen a box in which I can type whatever it is I wish to search for. In this case it is ‘Salk Institute’ – the American research institute set up by Jonas Edward Salk, the inventor of the vaccine which eliminated polio – so I type that and then click on a little image of a push-button labelled ‘Submit’.

My request flashes across the world to Palo Alto. AltaVista searches through its index of 30 million Web pages held on 275,600 computers and 4 million articles from over 8,000 Internet discussion groups, and then sends me a list of the best matches. If I wish to go straight to an item on the list, I simply click on it. The whole process, from my typing ‘Salk Institute’ to the arrival of the search result, has taken less than ten seconds. I don’t know what you call that, but I call it astonishing.

It’s even more remarkable when you know what goes on under the hood. For example, every computer connected to the Internet can find every other computer on the network. How? Each machine has a unique address in the form of a set of four digits separated by full stops. Permanently connected machines (like the ones in my university lab) have permanent addresses. But what about the laptop which sits on my desk unconnected to the Net for long periods? Well, when the modem dials into my Internet Service Provider, my laptop is assigned a temporary (but still unique) address which holds good for the duration of the connection. I’ve just checked and the address currently assigned to it is 148.176.237.68. This is called its ‘Internet Protocol’ or IP number, but really it’s my machine’s Net address.

Another intriguing thing about the Net is that it doesn’t seem to do anything directly. It transmits messages by breaking them down into small chunks called ‘packets’ and then passing the packets between computers which are physically located all over the place. My request for information about the Salk Institute, for example, might have gone via land-line to London or Amsterdam and then via satellite to the US East Coast and then across the continent to California. But it might just as easily have gone round the back way, via Singapore and the Pacific. It all depends on which channels were available when the various switching stations on its route were deciding where to pass it next. To the Net, one channel is almost as good as another. And since everything travels at the speed of light, distance doesn’t really come into the calculation.

My request was a simple short message – the characters which make up the text-string ‘Salk Institute’ plus the address (IP number) of my machine and some other stuff added by Netscape – so it probably was transmitted as a single electronic packet. But AltaVista has replied with a much longer message consisting of pages and pages of links related to the Salk Institute.

This reply was not transmitted – or received – as a single message, but as a number of smaller ‘packets’ each 1,500 characters long. A special program on the AltaVista machine in California broke its reply into many such packets, inserted them in electronic ‘envelopes’ which it then stamped with AltaVista’s address, the Internet address of my computer plus some other information and then sent on their way. A similar program on my computer received the packets, reassembled them into the right order, sent a request for the retransmission of any missing packets and then displayed AltaVista’s reply on my screen.

Now obviously for this to work, both machines must have an agreed procedure for disassembling and reassembling messages. And indeed there is such a procedure – it’s called ‘Transmission Control Protocol’ or TCP. Put it together with the protocol for addressing individual computers and you have TCP/IP. The conception of TCP/IP was one of the great technological breakthroughs of the twentieth century because, without it, the Net as we know it would not have been possible. You could say that TCP/IP is to the wired world what DNA is to the biological one.

The Internet is thus one enormous game of pass-the-packet played by hundreds of thousands of computers, all of them speaking TCP/IP unto one another. It’s what engineers call a packet-switched system. As each of my AltaVista packets was passed along the system, every computer which handled it scanned the destination address on the ‘envelope’, concluded that it was addressed to another machine and passed it on in my general direction until it eventually arrived at my computer.

This means that each packet may have travelled via a different route. It also means that because some routes are more congested than others, the packets may have arrived in a different order from that in which they were dispatched. But the TCP program on my computer can handle all that: it checks the packets in, uses the information on their envelopes to assemble them in the correct order, requests retransmission of any which have got lost in the post, as it were, and then passes the assembled message to Netscape for display on my screen.

This strange pass-the-packet game goes on twenty-four hours a day, 365 days a year. At any given moment, billions of packets are in transit across the Net. Most get through first time but some get lost or – more likely – become snarled up in digital traffic, and are retransmitted when the destination computer realises they are missing. It all works automatically, with not much human intervention. And given its complexity, it works staggeringly











	Activity	Time (minutes)

		



	Launch AOLPress (a free, easy-to-use word-processor for Web pages)	1   

	Set up page layout (background colour, fonts, tables and so on)	4   

	Compose and type 250 words of text on Rupert Murdoch’s global multi-media empire	10   

	Log on to my ISP server	1.5

	Transfer Web page to the server using WS-FTP (a free program for sending files across the Net)	0.5

		

	Total	17   
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