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Glossary


Introduction

What do we mean by ‘digital’? In one sense, we simply mean something whose ultimate existence is a string of ones and zeroes. A digital object, unlike the analogue stuff of the world or even of early computing, is a binary pattern.

Out of this simple fact have come some of the most transforming cultural forces of the second half of the 20th century and, now, the first half of the 21st. For perhaps the most remarkable property of digital objects – whether their ones and zeroes encode words, music, images, applications, web browsers, or databases containing much of the store of human knowledge – is their compatibility with each other.

For the first time in human history, it is possible almost endlessly to copy and distribute words, sounds, images, ideas; and it is possible to access, adapt and create all of these on the same devices.

The history of digital ideas goes back to well before the 20th century. It is in part the millennia-old story of mathematics, as well as the story of centuries of ingenious mechanical design preceding the last century’s developments in the fields of electronics and computing.

I have chosen here, however, to focus on the more recent past – and on those aspects of the digital present that seem most powerfully to be shaping our future. As a result, this is overwhelmingly a book written about and around the internet.

As I write these words, in 2011, around two billion people – almost one third of humanity and one half of the planet’s adult population – have some form of access to the internet. Thanks to the spread of mobile internet access, this figure will continue to soar over the coming decade, as will the use of those online services steadily reshaping much of what it means to be a member of a modern society.

The news is not all good: growth, amelioration and freedom are not to be taken for granted, and indeed are not enjoyed by many of the world’s digital citizens. The internet is as powerful a force in the hands of many of the world’s repressive and censorious regimes as it is in the hands of those using it to liberate, educate, connect and delight.

Similarly, it is a breeding ground for the best and the worst of humanity alike: the scammers and the selfless; the entertainers and the mockers; the entrepreneurs and the predators. But this only makes understanding its history, structures, potentials and possible futures all the more vital.


01 The internet

The internet is best thought of not so much as a technology as an infrastructure: a mass of interlinked hardware and software – from deep sea cables and telephone wires to desktop computers and mobile phones – connecting an increasingly large proportion of the world’s computing devices. Many services operate via the internet – including, perhaps most famously, the world wide web – but the internet itself predates these. It is the vast, physical network within which much of modern digital culture exists.

The history of the internet dates back to the Cold War and the communications networks developed by America in the wake of Russia’s launch of the satellite Sputnik – the first man-made object ever to orbit the earth – in 1957. Shocked by its rival’s achievement, America poured resources into developing new communications technologies. In particular, the aim was to develop communications networks able to function even if a disaster destroyed large parts of the network itself.

This early research culminated in a 1968 report entitled ‘Resource Sharing Computer Networks’, which laid the foundations for the first computer network based on a system known as ‘packet switching’ – where all data transmitted between machines is broken down into small blocks or packets. The first computer network built using this technology was called the ARPANET (Advanced Research Projects Agency Network), and began operations in 1969, initially connecting four sites at the University of California in Los Angeles, the Stanford Research Institute, the University of California in Santa Barbara and the University of Utah.

ARPANET grew rapidly. By 1970 it had reached the east coast of America. The first ever piece of electronic mail was sent across it in 1971. By September 1973, 40 machines across America were connected to the network, and the first method for transferring computer files between them – known simply as ‘File Transfer Protocol’ or FTP – had been implemented. In December 1974, the word ‘internet’ itself was used for the first time in a paper by Vinton Cerf, Yogen Dalal and Carl Sunshine, as an abbreviation for the term ‘internetworking’. It referred to what was becoming a revolutionary idea: a global communications meta-network, itself formed by combining multiple networks of machines that used the same protocol for sharing packets of information. This ‘network of networks’ idea is perhaps the core idea behind the modern internet.

‘The internet is becoming the town square for the global village of tomorrow.’

Bill Gates

Protocols Cerf, Dalal and Sunshine’s 1974 paper formulated two ideas that would be central to the future of the internet: ‘Internet Protocol’ (IP) and ‘Transmission Control Protocol’ (TCP). Between them, these protocols explained the precise way in which data should be broken down into packets and sent between computers. Any computer that used these methods – usually abbreviated to TCP/IP – should, in theory, be able to communicate with any other computer also using them. Internet protocol defined the route that the data should travel along to connect computers at particular locations – or ‘IP addresses’ as they would come to be known – while transmission control protocol ensured that the packets of data were sent in a reliable, ordered manner.





IPv6

Since 1981, every computing device attached to the internet has had a unique numerical address allocation to it via the fourth version of the Internet Protocol system on which the net is based: IPv4 for short. Today, however, the phenomenal growth in internet-based resources means that IPv4 is running out of numbers. IPv4 is able to support ‘only’ 4,294,967,296 unique internet addresses – the maximum size of a 32-digit binary number. The newest, sixth version of Internet Protocol is based on 128-digit binary numbers, allowing more than a billion times as many addresses again as version four. Switching the internet over to a new protocol is a huge challenge, especially for older physical hardware, and it is being performed and tested in several stages. But it is an increasingly urgent task, with ‘address exhaustion’ for IPv4 dated for some regions to mid-2011.






Over the next decade, much work was done ensuring that it was possible for as many different types of computer as possible to connect successfully to each other using TCP/IP. This culminated in 1983 with the switch of all the computers on the ARPANET system to TCP/IP rather than the older packet-switching system they had previously used. In 1985, America’s National Science Foundation commissioned its own network of computers, designed to run in American universities using TCP/IP, and in 1988 this network was opened up, allowing other emerging computer networks to connect to it. The TCP/IP protocol made it easy for different kinds of machine and network to link together, and the end of the 1980s saw the launch of the first commercial Internet Service Providers (or ISPs), offering network access to companies and individuals.

‘The Internet is the first thing that humanity has built that humanity doesn’t understand, the largest experiment in anarchy that we have ever had.’

Eric Schmidt

Growth By the early 1990s, large parts of the world – led by universities and research institutions – had independently begun to use computer networks based on TCP/IP protocols, something that made it extremely easy for these networks to connect to each other, share files and data, and send electronic mail. It was only, however, with the invention of the ‘world wide web’ in 1989 by Tim Berners-Lee that the tools it was possible to use via the internet began to become genuinely accessible to ordinary computer users as well as academics and researchers. Through the 1990s, the number of people connected by the internet more than doubled each year on average, a rate that only slightly lessened through the next decade. It is estimated that, at the end of 2010, approximately two billion people, almost one third of humanity, were connected.





Net governance

Set up in America in 1998, the Internet Corporation for Assigned Names and Numbers (ICANN) is the single most important organization for regulating the future of the internet. Its primary responsibility is managing Internet Protocol address spaces: that is, ensuring the allocation and management of a unique address for every site and service using the internet. It also allocates blocks of addresses and what are known as ‘top-level domains’ to different parts of the world: for example, allocating websites that end in ‘uk’ to British-based websites, in ‘au’ to Australian websites, in ‘com’ to commercial operations, and so on. ICANN is a charitable organization and must balance the needs of different parts of the globe while attempting to preserve a coherent, cohesive internet structure: a considerable challenge due to the net’s increasingly international nature.






The world wide web is explained in more detail in the next chapter. With its arrival, and the rapid spread of websites and browser technology, the internet began to play the role that most people would recognize today: a truly global network, connecting individuals and nations through an increasingly vast proliferation of computing devices. But its future cannot be taken for granted. The internet relies on continued cooperation between nations and individuals; and also on the continued construction and upgrading of hardware – that is, cables and computer servers – capable of handling the increasingly vast amounts of information being exchanged online, in the form of not only words, but videos, images, sounds and complex applications.

the condensed idea

the internet connects everything



	timeline



	1969
	US Department of Defense creates ARPANET



	1974
	Word ‘internet’ is used for the first time



	1982
	ARPANET switches to Transmission Control Protocol (TCP) and Internet Protocol (IP)



	1985
	US National Science Foundation commissions its network



	1990
	First dial-up commercial internet access



	1991
	World wide web is invented





02 The world wide web

Although many people treat them as synonymous, the world wide web is not the same thing as the internet. The web is just one of a number of services that use the internet. Others include everything from file sharing and online games to video chat or email. The web is, however, perhaps the single most important service within modern digital culture, for the world wide web is founded on the principle that anyone with an internet connection should be able to move freely between websites, and create their own if they wish. In this sense, it’s as much a set of principles as a technology.

The idea for the web was born in 1989, in a research paper by the British engineer and computer scientist Tim Berners-Lee. In it, Berners-Lee outlined his concept for a ‘universal linked information system’ that would ‘allow a place to be found for any information or reference which one felt was important’. This system would operate via the established structure of the internet – but the key words in Berners-Lee’s scheme were ‘universal’ and ‘linked’. Anyone had to be able to create sources of information on his system, and these sources had to be created in such a way that it was possible for everyone to find them, use them and move seamlessly between them.





Tim Berners Lee: a digital life

Sir Tim Berners-Lee – knighted in 2004 for his achievements – is revered today as ‘the father of the web’. Perhaps still more remarkable than his ingenuity, however, is his guardianship of the principles of universality of freedom embodied in his creation. Born in London in June 1955, he studied physics at Oxford before working in telecoms, software engineering and technical design, becoming a fellow at CERN in Switzerland in 1984, where in 1989 he first conceived of the web. Once his brainchild had launched, rather than profit from restricting its use, in 1994 Berners-Lee founded the World Wide Web Consortium: an organization devoted to ensuring the web’s continued openness and the maintenance of its universal standards. He remains one of the world’s leading advocates of the open, transparent use of data, and an advocate of maintaining the web’s evolution through the 21st century as a still more potent force for linking and creating knowledge.






By December 1990, Berners-Lee had – with the help of his Belgian colleague, Robert Cailliau – assembled all the components necessary for a fully functional realization of his proposal at their place of work, the physics research institute CERN in Geneva, Switzerland. Three essential components were involved: the world’s first ‘page’ of digital information (so that there was something to look at); the first ‘browsing’ program, which allowed people to view the information on this page from their own computer terminals; and the first web server, the computer on which the web page was ‘hosted’. The host computer would function a little like a digital noticeboard: the page of information was posted on it and then anyone with a browser program could simply connect to this host computer and view the page on the noticeboard. And as many people as had browser programs could look at the same time: the page itself simply remained on the host, displayed to all.

Today, even conservative estimates put the number of web pages in existence at over a trillion, a large proportion of which it is now almost impossible to locate – despite the immense power of modern search engines – yet billions of sites are in use and accessible to anyone with a computer and a web browser. It’s an astonishing testament to the power of Berners-Lee’s original vision and to the determined efforts of the company he set up in 1994, the World Wide Web Consortium, in order to maintain common and open standards for the whole of the web.





The first website

The old joke about who the owner of the first telephone was going to talk to doesn’t quite apply to the web, but it comes close. Fittingly enough, then, the first ever website – created in December 1990 by Tim Berners-Lee – was simply a few pages of linked text describing what the ‘world wide web’ was all about. And it had what was also the world’s first web address: http://nxoc01.cern.ch/hypertext/www/theproject.html. The world wide web, it explained, is something that ‘merges the techniques of information retrieval and hypertext to make an easy but powerful global information system’. And you can still view a version of the original site online today via the World Wide Web Consortium’s current site, www.w3.org.






Hypertext HTML or, to give it its full name, HyperText Markup Language, is the set of rules that underpins every page on the world wide web. As the name suggests, it’s like a ‘hyper’ or enhanced version of ordinary writing. This is why every web address today begins with the letters http: they stand for HyperText Transfer Protocol, and refer to the system that allows information in the form of hypertext to be exchanged between computers. The words printed on the pages of a book are text in the ordinary sense: mere words on paper. They become a hypertext when this ordinary text is ‘marked up’ by the simple addition of a small number of ‘tags’ embedded in the electronic version of the text. Each tag contains a special, additional piece of information about a piece of text, telling any web browsing programme how it should be presented, what other pages elsewhere on the web it should connect to and so on.

In the first version of HTML, there were just 20 basic ways in which information on a page could be tagged. Perhaps the most crucial idea of all was that each page was to be given its own unique ‘base address’, and that it would then be possible to specify the addresses of other pages in a form ‘relative to the address of the current document’. What this meant in practice was that a simple tag could be used to connect any one page to any other, by telling a web browser to create a link between the unique address of one page and another page. Most people using the web today will never see a single line of actual HTML: but in its latest version it remains the underpinning of every website that’s out there.

Web browsers Browsers are the dedicated programs through which users access the web. Today, a host of different browsers are available, including such famous brands as Internet Explorer, Firefox, Chrome and Safari. Part of the genius of the web is that any browser should be able to grant any user access to pretty much every website there is.

Browsers allow users to navigate their way between different websites and web pages, either by following links between them or by entering a specific address. The very first browser was initially called WorldWideWeb – and later renamed Nexus – and allowed users to do little more than view different web pages and move between them. Over the years, a host of more sophisticated functions have been built into browsers, allowing for more and more complicated effects to be achieved through websites: from the use of complicated style sheets to, today, streaming sounds and video within web pages and even running complicated interactive applications such as games entirely within the windows of a web browser.

‘Anyone who has lost track of time when using a computer knows the propensity to dream, the urge to make dreams come true and the tendency to miss lunch.’

Tim Berners-Lee

Web servers Web pages can be viewed by anyone with an internet connection and a web browser, but the code that they are made up of needs to be actually stored on a computer somewhere for it to work. The computers on which websites are run are known as web servers and are responsible for delivering the content of a website over the internet to anyone who wishes to access it through a browser.

What this means is that a web server literally ‘serves’ a copy of a web page to every user whose browser is set to that page’s unique address. If two people do this at the same time, each is simply given a copy of the page to view in their browser; and the same is true for a hundred, a thousand or even millions of people. Provided, of course, the server is powerful enough to keep up with the demand. The more complicated a page or the more people who want to view it, the more powerful the server hosting it needs to be. In the case of the world’s most visited websites, such as Google’s homepage, the servers required to grant everyone access to the site and process the queries they type in run to thousands upon thousands of machines, serving hundreds of millions of user requests.

the condensed idea

the web is open and universal



	timeline



	1989
	Tim Berners-Lee first proposes the web



	1990
	First working version of the web



	1991
	Web becomes publicly available via the internet



	1994
	World Wide Web Consortium is founded
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