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Foreword





The late Roy Amara’s First Law of Technology*1 states: “With every change in technology that affects consumer behavior, we always overestimate the impact in the short term, but then underestimate the full impact over the long term.”

In the last fifteen years, in networks and computing, many predictions on a technology’s uptake got either the intensity or the timing, and sometimes both wrong. This led many to become skeptical and lose faith in the promises of technological innovations, especially after the burst of the telecom and Internet bubble in 2000.

Early on, visionaries predicted that people throughout the world would one day flock to a service where individuals could communicate across television-enabled telephones. It is a legend often repeated today that although precisely such a service, called the Picturephone, was invented in 1964 by AT&T’s Bell Labs, it did not go anywhere. The lack of interest in such a service by individuals was confirmed repeatedly over the subsequent decades and across numerous countries. It seemed as if the service could not even be given away. But eventually a conjunction of circumstances helped make the service popular, though in a different way than originally imagined. First, the Internet became a worldwide web. Second, it became possible to communicate with anyone in the world for virtually the same low price independent of distance and duration. Innovators had suddenly found a way to leverage the computing power of the PC, and the ability to connect to the Internet (albeit at slow speeds compared to today) to introduce a new form of video telephony. Except that this “video telephony” consisted of video on the Internet and not on the telephone.

According to Anjuili Elais, “In 1994, San Francisco State students Jeff Schwartz and Dan Wong constructed a device called a webcam, which captured snapshots every minute and broadcast them in real time on the Internet. Today that webcam, nicknamed the SF State Fogcam, holds the distinction of being the world’s oldest webcam in operation.”*2

So the webcam emerged and began to be manufactured in great numbers even though people did not use them as frequently as imagined. Moreover, the generation using the webcam was several steps removed from the one that initially invented the Picturephone. Does this mean that all innovations appearing before their time will always succeed at some later time? Probably not. There is a generation gap, and services conceived by members of one generation for those of subsequent ones rarely pan out. In many cases, these one-generation-removed innovations are adopted by later generations in illogical and nonlinear fashion. Indeed, the members of the new generation differentiate themselves from their “parents” in the very way they use these services. They create a kind of counter-culture based on consumption patterns. For technically oriented individuals, it becomes a conscious personal challenge to push beyond the established rules that define how a service or device is to be used. There are many motivations for this behavior, ranging from the hacker who does not want to obey the “rules” associated with the service or device, to the tinkerer who simply believes there is a better way to conceive them. All this is governed by some overarching concerns: to try and do more with less; to stretch the frontiers of the existing technology; and to repurpose technology to do something different than what it was originally intended for. These individuals are not predisposed to accepting the given or to simply improve it incrementally. It is precisely this attitude, both audacious and irreverent of the legacy of the past that leads to unexpected innovations. Today, networks accelerate the adoption of these attitudes because they allow quick, persistent, and constant collaboration among millions of people throughout the world. In addition, the amount of information available on the Internet is enormous, ever growing, and updated by the minute through significant contributions by its users. As a result, what can be changed will be changed because the means to do so are at everyone’s fingertips. But it is not enough that a technology improves people’s comfort, that it saves money or time, or that it offers entertainment. This is table stakes for any technology. It also needs a bit of magic, according to the late British science fiction writer Arthur C. Clarke.*3 His third law of technology states:*4 “Any sufficiently advanced technology is indistinguishable from magic.”

People tend to explain what they see by extrapolating from earlier versions of similar concepts. Innovation cycles simply churn things, whether or not the new developments represent an improvement in speed or quality, and whether or not they have any immediate relevance. For example, nobody today would tolerate navigating through Internet sites as they were five to ten years ago. The same is true for mobile phones whose styles and features keep changing, making previous models obsolete.

In the techno-economic literature, there are many references to statements called “laws.” These laws purport to summarize empirical observations of past trends by functionally reducing them to an expression that allows for extrapolation—the projection into the future of past tendencies or identification of correlated factors. We have already referred to two such laws.

In a world of growing abundance and variety of information, there is a need for beacons to mark and summarize what is experienced. On the Internet, there are fewer established, “de jure” authorities and more “de facto” bodies of opinions and recommendations. Networks, through their speed, ubiquity, and the persistence of connected services, have allowed new modes of use. For example, there is the new concept of “living on the Internet.” This has given rise to the expression “life-feed” to describe services provided by companies such as Twitter, Facebook, and Plaxo. The formulation of “laws” of technological development helps encapsulate such change in real time, enabling future projections.

One law that is not frequently mentioned is Shannon’s law. It was popular in speeches, conferences, and articles in the 1970s and 1980s. Shannon’s law, formulated by Claude Shannon,*5 states that there is an upper limit to the data throughput that can be obtained from a given transmission channel. It was developed at a time when network bandwidth was scarce and could not carry the level and type of traffic we see today. The laws quoted today reflect the reality of abundant bandwidth. They tend to give an exponential vision of the evolution of the technology business. Examples include Moore’s law and Metcalfe’s law (see Chapter 3), which are structurally optimistic. Their underlying mathematics allows no foreseeable down-side in the future of information and communications technology.

The Internet and its constituent networks have developed in a very short period of time when compared to other technologies and inventions. Today, we have already reached the limits of this relatively new space. Many companies have taken to growing by merger and acquisition instead of organically. Most of what needs to be done to expand the frontiers of the Internet and its networks is either possible or imaginable. What is missing is well understood by the larger community of technologists, business people, regulators, and lawmakers. Paradoxically, most initiatives that emerge from this complex ecosystem end up being linear and incremental extrapolations of the past, an approach typical of networks’ first life. Innovation moves so fast that the political and business support system needs to be extremely agile.

Today there is a new wave of innovative ideas; scientists, engineers, and “tech” entrepreneurs have seen the promise of a future beyond the limits of the current networks and information technology. Actually, some of the more forward thinkers have already gone past these frontiers and reached new areas; this is the case with “green” and “clean” technologies. The technological status quo is being challenged, and this will result in more sustained and genuine innovation. Past ways of thinking cannot give us a model of the unknown world before us. Only a more unassuming but nevertheless audacious and nonlinear approach will do.

Only along this expanded frontier can ideas and businesses appear spontaneously once again and go on to challenge the existing players. Companies must constantly challenge the comfort zone created by their past and current successful operations. Securing the younger generation’s approval to and their participation in a company’s vision has become a key obligation to stockholders. These younger people represent a major source of influence and agility, both necessary factors to build a technological future.

Abandoning the current technological incrementalism will require significant investments to unleash fresh disruptive innovations. High-capacity network, until now available only in the backbone will have to be deployed closer to customers. Intelligent infrastructures that can adapt to the level and type of traffic will also be needed. We can gain a glimpse of what is ahead by looking at the sophisticated datacenters conceived and built by Internet giants such as Google, Yahoo!, Microsoft, Amazon, and eBay. These new networks and technologies are tools that can be used for many purposes. Vigilance will be necessary to ensure that illegitimate uses of communication media, such as those that have emerged in the past, are kept in check.

*

It seems today that almost any technology concept is modified by escalating numerical suffixes (such as 2.0 or 3.0) to represent its “next big thing” potential. One could argue that referring to the second life of networks is just a more subtle way of doing the same. In what follows, I will certainly try to avoid this headlong rush into “suffix faddism.”

Nevertheless, the current profound technological changes are not just impacting a small circle of “techno-elites.” Rather they concern every one of us. I have spent numerous years as a direct or indirect part of what has become the France Télécom-Orange Group, of which I am proud to be now Chairman and CEO. All of the knowledge and experience that I acquired during those years have convinced me that we are seeing today the dawn of a fundamental shift in the life of networks. In this revolution, “physical” networks will be totally fused with virtual, social, and human networks. But they will of course remain the irreplaceable pedestal of our communications environment.

 

Read this book. Read it to its end. You will end up asking yourself if sometimes trees do not grow all the way up to the sky.

Didier Lombard
May 2008






*1. http://en.wikipedia.org/wiki/Observations_named_after_people


*2. http://xpress.sfsu.edu/archives/life/001905.html


*3. Clarke died, at age 90, in March 2008.


*4. http://en.wikipedia.org/wiki/Clarke’s_three_laws


*5. Claude Elwood Shannon, a mathematician born in the U.S. in 1916, developed the new field of information theory. Shannon spent most of his career at Bell Labs where he worked from 1941 to 1972 as a mathematician dedicated to research. He died in 2001. (http://whatis.techtarget.com/definition/0,,sid9_gci214303,00.html)








Introduction





One hundred and thirty years after the invention of the telephone, which marked the dawn of what we will call the “first life of networks,” the world is everywhere connected to a multitude of interwoven wire-line, wireless, human, and social networks.*1

It is hard to imagine that the inventors and network operators present during the early years of telecommunications could have foreseen such profound and rapid changes in their industry.


1975-1995: Three “Big Bangs”

By the early 1970s, communication networks throughout the developed world had undergone a metamorphosis. This was part of the rich fallout from a series of three technological “Big Bangs”: the inventions of digital technology, the Internet, and mobile wireless communications.





1995–2004: First Steps Toward the Second Life of Networks

The twenty years marking the transition between networks’ first and second lives might have led to an impasse, had they not been followed by a decade of widespread propagation of these three technological breakthroughs.

This phase saw the invention and deployment of Internet browsers (chief among them Netscape’s Navigator),1 the only tools capable of providing simple, ergonomic access, appropriate for mass-market consumers, to the already considerable amount of content available on web sites. This was followed shortly by the development of search engines (such as those of Yahoo! and Google), which allowed users to focus the range of sites they were accessing.

At about the same time, fueled by falling costs and usability improvements, mobile phones began to be widely distributed, first among business users, then more generally among consumers. This period also saw the development of original and unexpected types of usage of these technologies.

The new generation of users, popularly called “GenY” or the “Net Gen,” has transformed networks into a melting pot of services and content. It is therefore only natural that a new generation of entrepreneurs has emerged to defy the status quo and overcome the hierarchical constraints of existing technical architectures.

The modification of the telecommunications value chain represents a profound change in the sector’s industrial organization. Established operators have had to share access to their markets with new, alternative operators who emerged following the deregulation of the industry. New segments of the value chain were created, occupied by the then embryonic online service and content providers, some of them newly created, some coming from other mainstream sectors such as the media sector.

This period begins with the IPO of Netscape and ends with the one of Google in the summer of 1995 and 2004, respectively. This interval represents the “gestation” period for the second life of networks.

At the beginning of the third millennium, information and communication technologies are no longer restricted to a small group of the fortunate technophile elite; rather, they are broadly available and accessible to the majority of consumers.

The necessary ingredients are finally in place to catalyze both the proliferation of novel uses of the technological fruits of the previous decade and the emergence of social networks that began to blend themselves into available communications infrastructures. This marked the beginning of the second life of networks, whose services have become a permanent feature of contemporary life.




The User Becomes an Active Network Node

The gradual simplification and convergence of technologies have given users a large degree of control and have blurred the distinction between physical and social networks. For example, a user today can generate and distribute content and services as well as recommendations, advice, or guidance through the new capabilities afforded by these intertwined physical and social networks. Users journey back and forth between virtual and real spaces seamlessly, to the point where the two states are sometimes undistinguishable. It is common today for users to go from a social conversation on a mobile phone to an online forum, then to sharing the most recent vacation pictures with their distant family, and finally to navigating a personally configured avatar to a music concert in a parallel virtual world—often all in real time. Users have evolved from being a “cold,” mostly passive network endpoint to a constantly active node at the center of a mesh of interconnected networks, pulsating with sent, received, and forwarded information.





The Emergence of the “Free” Business Paradigm

Along with the second life of networks came a new business model, one based on the elegant and powerful but complex principle of a price perceived to be “free” by the end-user. In this model, online content and service providers tap a new and growing revenue stream coming primarily from online advertising.

What today appears obvious was not at all evident at the time. It seems to have resulted instead from a combination of circumstances. First, the Internet was able to penetrate mass markets beyond those limited to academic and computer-literate users. This was achieved at the beginning with dial-up modems, then with “always-on” ADSL services operated by telecommunications operators. In the case of the U.S., cable modem service operated by cable TV companies emerged as an alternative to ADSL.

Second, in this model, ADSL and cable access was made possible by using the underlying physical networks—copper for telephone lines and coaxial cables for cable TV—of the first life of networks. These infrastructures were already globally amortized in most developed countries. Further, the overinvestment in backbone network2 capacity occasioned by the Internet/telecom bubble of 1995–2001 accelerated the investments in networks. At the macroeconomic level, the growth of the ad-supported business model on the Internet is largely dominated by globally operating US-based service companies which has led to a financial transfer from Europe and Asia to the United States.




The “Amalgamation” of the Value Chain

At about the same time, telecom operators underwent a transformation evidenced by an amalgamation in the value chain they occupied. Increasingly, all types of players, old and new, operators or equipment manufacturers, service as well as content providers, are venturing into the emerging territories at the edges of their core businesses.

One example of this trend is the recent acquisition by equipment and device manufacturers of service companies; another is of services companies themselves participating in wireless spectrum auctions. There are several reasons why this is happening. First, players are seeking to establish and grow a direct relationship with their customers. Second, the advertising-supported business model is forcing the previous generation of players to shift part of their businesses toward this new source of revenues.

There is also a growing tendency for some service companies to control their own communications and datacenter infrastructures. Some are investing heavily, attaining levels equivalent to those of established network infrastructure companies.

One other aspect of the trend is the proliferation and growing complexity of available services made possible by advances in information technology. Getting users to adopt and actually use these new services requires the ergonomic simplification that convergence allows. This encourages companies to partner in order to provide complete and compelling experiences for users.

Finally, the innovation process has evolved gradually from a “cathedral” model, in which a company develops virtually all of its products and services internally or through suppliers, to one characterized as a “bazaar,”3 where a company primarily integrates third-party companies’ service innovations. The bazaar model often results in alliances between companies, strategic partnerships, or the acquisition of leading innovative companies.





Fully Embracing the Second Life of Networks

The transformation we have seen among key players in the communications, information, and media ecosystem is probably a sign of acceleration in the development of the second life of networks.

The ability to provide ubiquitous access to social networks and associated services is, however, facing some obstacles. Key among them is the physical limitation of the copper access infrastructure inherited from networks’ first life. Exciting and potentially transformative services, such as high definition and 3D television are appearing on the horizon, but they will be unable to develop their full potential with the limited capabilities inherent in first-life networks. The significant increase in bandwidth required to power such services will only be possible with fiber optic networks (about 100 megabits per second, or ten to twenty times higher than currently available speeds). There will also be improvements in the speed of mobile networks, as they evolve to so-called 4G (Fourth Generation) or LTE (Long Term Evolution). These two trends in fixed and mobile networks will open the way to the core of the second life of networks.

In the case of fiber, even more significant is the balanced receiving and transmitting bandwidth speeds, which will allow for symmetrical exchanges of information. This is an important prerequisite for the user to become both a producer and a consumer of content. Social networks will evolve to their next stage, which will be characterized by personalization and mobility. This continuous management of preferences and context, geographic and temporal, will allow users to discover “hyper relevant” services delivering increased personal and professional convenience and efficiency.

As Paul Otellini, CEO of electronic chipmaker Intel, remarked during an interview with Newsweek’s Steven Levy:4 “We now have a ‘go-to’ Internet. You go to search for something, you go to a Web site, you go to buy something. I think a better model would have the Internet come to you. The Internet would be interpreting things for you, translating signs for you, giving you directions when you need them, as opposed to when you ask for them… If the Web becomes this more immersive environment, it will need to have a lot more intelligence. It will require a tremendous amount of processing power to make it real.”

We are currently experiencing the growth phase of the second life of networks. This represents a new and exceptional opportunity for human and social progress, one at least as important as that occasioned by their first life. It can also contribute to sustaining and reinforcing the developed world’s economies. It is unlikely, however, to do so by itself without other factors, chiefly associated with public policy, coming into play.

From a microeconomic standpoint, the deployment of fiber networks is based on the assumption that there are clear and stable “rules of the game” providing a basis for predicting return on investment. This will allow investors to commit funds for financing such significant projects. This time around, the underlying networks are not amortized, given they are at the beginning of their deployment, and will therefore require extensive capital investment.

From a macroeconomic standpoint, the fact that most online advertising revenues from Europe, and Asia accrue to a small number of international U.S. companies should spur worldwide innovations by service and content companies in Europe and Asia.

Finally, one of the remaining social challenges, requiring both technological and behavioral evolution, is the protection of individuals’ personal data.

Clearly, in order to assess the stakes, opportunities, and challenges that second-life networks represent, it is important to understand their genesis. This is the objective of this book.









*1. The URL references provided point to Internet page addresses containing content that were still available as of June 2008.










CHAPTER 1

Once Upon a Time,
in Networks’ Earlier Life…





The history of telecommunications is about coming back full circle, re-discovering as it were, natural principles that were surrendered in the myriad compromises made to accommodate new technologies. We will shortly delve into those aspects of the history of telecommunications which are important for understanding how second life networks have developed. Before we do so, it will be useful to summarize here the key conclusions we can draw from history.

First, the telephone was an example of “technology-push,” users did not really know what to make of it and many may be surprised by what we take today as self-evident: obvious uses of the telephone were not at all so to early users.

Second, nevertheless, users adopted the technology and eventually even came up with uses not imagined by its inventors.

Third, the notion of the telephone being an analog to a voice conversation represented a very different, even unnatural principle at the time. The dominant concept was the telegraph and initially the telephone was conceived as voice telegraphy rather than as a separate and unique mode of communications.

Fourth, as data communications began to grow, new protocols and approaches emerged that were very different from those used for voice. Today data protocols dominate both voice and increasingly, television service networks.

Finally, despite the fact that content and video seem to be novel concepts, both figured prominently in the initial ideas of the inventors of telecommunications.

*

At the dawn of the second life of networks, it may be useful, even surprising, to recall the paradigms that have marked their first life. When Alexander Graham Bell invented the telephone in 1876 his objective was to enable people to communicate remotely, in real time, person-to-person (“point to point”), and primarily by means of speech. It was this last characteristic, the ability to transmit the spoken word, that made the telephone a major leap into modernity.

Admittedly, it was already possible to communicate at distance and point-to-point, thanks to the optical telegraph, then later to the electric telegraph. The latter, invented by Samuel Morse in 1832, was considered an important step in the development of telecommunications. In 1870, noting the rapid growth of telegraph messages, William Orton, then Chairman of Western Union, told Congress that the telegraph had become the “nervous system” of commerce1.

So convinced was Western Union of the telegraph’s rosy future that it refused to buy rights to use the Bell patent, available for $100,000 at the time. They found themselves forced a few years later to reconsider their position by offering $25 million to Alexander Graham Bell for the same rights who in turn refused.

However, the various forms of telegraph invented hitherto remained confined to the transmission of a coded signal that was then transcribed into text. The real breakthrough introduced by Bell and other inventors of his era (like Johann Philipp Reis, Thomas Edison, Charles Bourseul, and Elisha Gray) was the ability to transmit sound, and therefore the human voice. It is only when a mode of telegraph transmission based on a series of electrical impulses evolved to one based on the modulation of electric frequencies that the idea appeared to transmit electrical vibration and thus voice on the first telegraph networks. This represented the first step in “acoustic” telegraphy. The challenge was then to “talk” with electricity2.


[image: ]

Alexandre Graham Bell


Source: Early Office Museum. (http://fr.wikipedia.org/wiki/Image:1876_Bell_Speaking_into_Telephone.jpg)



Bell, a specialist in elocution and teaching the deaf to speak, was Professor of Vocal Physiology and Elocution at the School of Oratory at Boston University3. This intimate connection between Bell and acoustics was finally recognized by giving his name (or rather part of his surname) to the unit measuring the intensity of sound: the Bel (later renamed and quantified as the sub-unit “decibel” so as to be more practical for engineering application).

The commonplace act of calling someone today is the result of the resolution of a number of technological challenges regarding the efficiency, quality, and usability of telephone communications. Before 1878, subscribers were directly connected to each other by wires that were sometimes, as was the case in the United States, installed by users themselves. With the advent of the first telephone switch in 1878, it became possible to connect to any subscriber via human operators who would establish between each pair of users the requested physical connections. The telephone later became fully automated with deployment of electromechanical switching systems, which were key for the worldwide expansion of the telephone. This is because it then allowed it to “scale.”

During the twentieth century, the telephone network or “circuit switching network” gradually replaced the early wire-line communications networks. For example, written telecommunications evolved from telegraph to fax and then to email made possible by modem-equipped microcomputers or PCs. Other networks later emerged that were able to carry data more effectively, first so-called “packet-switched” X.25 networks (Telenet and Tymnet in the U.S.), and then the Internet where packets were transmitted as a continuous flow and consisted of discrete single data.


The Inherent Primitivism of First-Life Networks

The newly emerging telephone network, even in its early days, appeared as a much more complex and sophisticated network than others that existed at the time. For example, unlike electrical and hydraulic networks based on “point-to-multipoint” architectures where each user is connected to a centralized and common resource like a power plant or water tank, the telephone network is based on a “point-to-point” architecture where each individual subscriber can connect to another subscriber of their choice.

Another major technological feature was the fact that the telephone allowed “natural” conversations during a call using a method called “full-duplex.” In other words, each of the two subscribers could intervene in the conversation (this is the “bilateral” nature of the link) and even interrupt each other (this is the “simultaneous” nature of the link). This type of connection can be compared, in particular, to the most basic “simplex” connection (where the signal is transmitted in only one direction, as is the case for connections between mouse and PC or PC and printer). Yet another method is “half-duplex” or “alternate” connection (where the signal can be transmitted in one direction or the other, but not both simultaneously) as is the case with the walkie-talkie.

However, during their first life, telecommunication networks were in many respects primitive and inefficient. In particular, once initiated, the electrical circuit carrying the call was dedicated and could not be used for anything else, even when the callers were not speaking. This is why, in the first life of networks, telecommunications services pricing was closely dependent on call duration and the distance between the subscribers. Conversations naturally include periods of silence that result from tacit agreements designed to avoid an unintelligible cacophony (it is only during extended silences or breaks that one of the parties to the conversation can verify that the link is still active by asking, “Can you hear me?”). These moments of silence, during which the telephone connection nevertheless remains “engaged” are ultimately wasted capacity. While this technical approach did admittedly result in a guaranteed quality of service, it also, in retrospective, introduced inefficiency in the use of expensive infrastructures.

In this context, it is interesting to remember that the phone itself was indirectly invented when scientists—including Bell—were trying to optimize the use of existing infrastructures for the telegraph. They were exploring ways to move from the principle of “one telegraphic conversation = one wire mobilized” to a more economical principle of “one telegraphic communication = one electrical frequency,” with each wire being able to carry electrically several frequencies. The invention of the telephone thus evolved the network infrastructure from one type of inefficiency to another.

It was not until the development of information technology and electronics, then of the X.25, Asynchronous Transfer Mode (ATM) and Internet (IP) protocols that it became possible to transmit information by electronic “packets,” therefore optimizing the use of the infrastructures (because no “packets” were delivered during periods of silence—see below). These protocols allowed the creation and sharing of rich information in the form of text, graphics, sound, pictures, and videos.

However, the efficiencies introduced by packet-based network protocols came at a cost, a trade-off. Networks lost their “state-fullness.” This term refers to the holistic awareness by the network of the state of a given communication throughout its length. This awareness comes primarily through the maintenance of a “live” circuit throughout a telephonic conversation. One of the characteristics of the Internet Protocol is that state is not maintained. Each packet transmission is a separate and whole event in of itself making any kind of traditional guarantee of service quality untenable. We will see below how this lack of state manifested itself in other parts of Internet as well as how networks in their second life are attempting to regain “state-fullness” and even evolving the concept in social networks.

In terms of usage, the essentially bilateral and technically rigid attributes of telecommunications during the first life of networks actually relegated users to the role of passive and “cold” network infrastructure endpoints, and for a long time they could only be connected to one another via human beings (“operators”).




An Unexpected Route to the Future

Although they may appear as out-dated today, first life networks, nevertheless, carried in themselves the seeds of their second life. For example, one of the key purposes of telecom networks, to carry and distribute “content,” was implicitly embedded in the early days of telephony, twenty-five years before the advent of radio and fifty years before that of television.

Television’s early history is still part of popular memory: the first regular broadcasts in the United States and Europe in the 1930’s; the beginnings of Eurovision with the coronation of Queen Elizabeth II of Great Britain in June 1953; color television in 1951; the 1968 Olympic Games in Grenoble, France broadcast live to more than 600 million viewers in 32 countries; and finally, the first steps of the first human being on the moon, with the live broadcast of Neil Armstrong on July 21, 1969.

Long before 1940, at the dawn of the telephone’s invention, the idea of tele-vision or vision at “distance” (from the Greek tele = far), had already taken shape. If it were possible to transmit sounds across an electrical carrier, it should indeed be possible to transmit images the same way. Bell was erroneously attributed the invention of the “telectroscope,” in 1878. It was supposed to be an apparatus able to transmit images remotely and was an ill-fated ancestor to the television we know today. This seemingly improbable device relied on the wave nature of light and consisted of a multitude of wires transmitting simultaneously with utmost precision each color frequency. This bundle of wires would be woven into a cable that would carry the signal aboveground, under-ground, as well as underwater between continents. Bell did however invent with his assistant Sarah Orr an apparatus he called the “photophone” in 1880 which would encode and transmit sound over light waves4. Interestingly, this last discovery, which unfortunately never saw the light of day, would have allowed the creation of an optical telephone system effectively skipping the stage of telephone networks based on copper lines!

The rumor about a hypothetical device invented by Bell that would allow sight at a distance stimulated interest and research on the topic and, in 1880, in an article titled “Seeing by Electricity,”5 by an electrician in New York City named W. E. Sawyer, the demonstration of a device that “sees at a distance through a wire telegraph” is mentioned.

In fact, the word “television” seems to have been used for the first time in Paris in 1900, but it was not until the 1930’s that important steps in its development would be taken in the laboratories of the Bell Telephone Company. In 1927, it would be the first to demonstrate a live broadcast between New York City and Washington.

Beyond the technological breakthroughs that this “vision at distance”—the forerunner of television—would encourage, it is interesting to look back for a moment to the end of the nineteenth century and consider the remarkable services it was thought to make possible. Five major breakthroughs were anticipated: merchants would be able to display their goods anywhere in the world; police could quickly report escaped criminals to their colleagues in other countries; individuals would be able to remain in constant contact with their loved ones and, in combination with the telephone, to converse with them simultaneously; painters and sculptors could show their works anywhere and performing artists could remotely broadcast performances; and readers would be free to browse books in distant libraries or to transmit handwritten documents of their own to others6.

Even though the ideas of broadcasting and interactivity were mentioned early in networks’ first life, and to a certain extent were enabled first by photography, then television, it was not until the advent of the Internet that interactivity in the complete sense of the word would be available.

If the dissemination of electronic visual content became possible quite a while after the telephone, the dissemination of “audio” content was possible quite soon after its invention. For example, some entrepreneurs in the United States began offering very early on vocal-based content such as news, religious services, and weather reports as well as the announcement of sales. The telephone companies themselves also offered sports results, train timetables, and exact time of day services.

Another early application developed for the telephone was the “théâtrophone,” invented by Clement Ader in 1881. It distributed music and live concerts, which were, until the advent of radio,7 the first form of electronic distribution of culture and entertainment.

Another invention that complemented the telephone and also marked the immediate interest of scientists in the distribution of content over networks was the “phonograph” invented in 1878 by Thomas Edison. Edison actually sought to improve the use of the telegraph by inventing a recording system on a physical “memory” for messages pre-translated into telegraphic code. These messages could then be sent later, re-sent repeatedly or stored in a form other than paper. He therefore invented the sound recording machine and its “solid” state memory specifically in the form of scrolls covered with thin sheets of tin that later was replaced by a wax substrate.
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Ad for the Theatrophone


Source: Chéret J., Paris, Imprimerie Chaix, 1896 (http://histv2.free.fr/theatrophone/proust1.htm)



Contrary to its original purpose, the phonograph has almost always been used in “disconnected” mode from the network to listen to music, songs, and speeches, which became the dominant type of recorded content made available industrially first on vinyl and then on digital CDs. Edison believed, however, that his invention, combined with the telephone, would create new uses. He proposed ten in the North American Review in 1878:

1. Letter writing and all kinds of dictation without the aid of a stenographer.

2. Phonographic books for the blind.

3. The teaching of elocution.

4. Reproduction of music.

5. The “Family Record”—a registry of sayings, reminiscences, etc., by members of a family in their own voices, including the last words of dying persons.

6. Music-boxes and toys.

7. Clocks that would intelligibly announce the time (for going home from work, eating meals, and so on).

8. The preservation of languages by exact reproduction of dialects and pronunciations.

9. Educational purposes, such as the recording of lectures of teachers for later reference by students as well as spelling and other exercises intended to aid in memorization.

Finally, an example of early convergence thinking:

10. Connection with the telephone, making it a part of a solution capable of recording and transmitting permanent and invaluable records, instead of just receiving momentary and fleeting communication.8
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Ad for Edison’s phonograph:

“I want a phonograph in every home.”



Source: Library of Congress.
 (http://www.americaslibrary.gov/cgi-bin/page.cgi/aa/scientists/edison/phonograph_2)



The man who “[wanted] a phonograph in every home” the very homes in which 115 years later Microsoft’s Bill Gates would predict an equally widespread adoption of computers, had in fact described, well ahead of his time, the answering machine.

Content, in text form, is for the most part even more closely linked to the telephone, which was developed to transmit voice over networks designed to carry text and numbers (the telegraph network). Yet it was not until the 1980’s that transmission of text messages began to take-off, first with paging (through a paging device), then on-line messaging and chat-lines, and finally, with the quite unexpected and spectacular success of Short Message Service or “SMS” in mobile telephony in the 1990’s.

More broadly, the phone quickly came to be recognized as a powerful tool for the dissemination of entertainment-related content. In 1877, in St. Louis, Missouri, a popular song The Wondrous Telephone, already imagined the type of entertainment enabled by having a telephone at home:


You stay at home and listen

To the lecture in the hall

Or hear the strains of music

From a fashionable ball!



Similarly, “voice” could arguably be regarded as the ancestor of today‘s user generated photo, music, video, and text content.

Beyond the original purpose of telecommunications networks in distributing content, there are some other “deja-vu” moments in the first life of networks that are interesting to recall.

For example, telephone switchboard operators acted in the early days of the telephone much like today’s Internet search engines. Their role, which was to interconnect subscribers by linking the caller’s circuit to that of the called person’s by hand, was perceived as critical at the time for the smooth operation of the telephone system. There is an early story out of Lowell, Massachusetts that aptly demonstrates this point: “During an epidemic of measles, Dr. Moses Greeley Parker feared that Lowell’s four operators might succumb and bring about a paralysis of telephone service. He recommended the use of numbers for calling Lowell’s more than 200 subscribers so that substitute operators might be more easily trained in the event of such an emergency. The telephone management at Lowell feared that the public would take the assignment of numbers as an indignity but the telephone users saw the practical value of the change immediately and it went into effect with no stir whatsoever. (although attempts had been made, the implementation of dial telephone systems had yet to occur)”9. The fear of decimation in the ranks of telephone operators in Lowell, Massachusetts by a measles outbreak may have been the precursor to the telephone numbering system, which was not to arrive until much later10.

The original telephone assistance service provided by human operators in the early days of the telephone may have also made the system subject to human foibles. Consider, for example, what is said to have happened to Almon B. Strowger, an entrepreneur undertaker in Kansas City, Missouri, who, after having discovered that his main competitor’s wife, a telephone operator herself, was systematically diverting calls coming to his business to her husband’s, undertook to invent an automatic telephone system that would operate without human operators11.

One of the original purposes of telecom networks, echoed and amplified in their second life is the building of social networks among geographically distant individuals12. Indeed, phone networks were very quickly adopted by users and have become permanent parts of their private lives. This has facilitated the development of social relationship networks between and among urban centers and rural areas. Until the start of the Second World War, most of the residential subscribers in the United States had common lines, called “party lines,” which were shared with their neighbors. While now very rare, they have not completely disappeared in the United States. The ring tones of “party lines” were different depending on which of the subscribers was called and all parties were encouraged to limit their time on the line. With such a system, it was common that subscribers simply picked up the phone when it rang, either by error—or in order to eavesdrop.

“Though the lines lacked privacy, they helped build a sense of community. Several calls in succession to the same number sparked worries that something was wrong, others would pick up and listen in to find out whether there was anything they could do to help. ‘It wasn’t really nosiness; it was neighborliness,’ Helen Musselman of Hamilton County, Indiana, told an oral history interviewer in the 1980’s. ‘Now, she said, it’s cold… You don’t know what your next-door neighbor is doing’ [she concluded]”13.




1975–1995: The Long Transition

However, despite these initial similarities with what would become the second life of networks, for nearly a century the efforts of the industry were to be focused on the expansion and democratization of the services associated with first-life telecommunications networks.

Indeed, the figures speak for themselves. At the time of the opening of the first commercial telephone exchange in New Haven, Connecticut in 1878, there were 21 subscribers. Two years later, there were already 47,900 subscribers in the United States, 1.4 million in 1900, and nearly 81 million by 1963. In most other countries, the early development of the telephone was not as rapid. In France, for example, there were only 1.4 million lines in 1950, which represented a very low density relative to the US. It was not until 1980 that lines in France reached the 16 million mark14.

Nevertheless, generally speaking, from 1876—the year of the telephone’s invention—to the mid 1970’s, which encompassed the transition to digital, the telecommunications industry has mainly focused on the gradual extension of service to virtually everyone in the world within range of the infrastructure. Because of this absolute priority, the period was characterized by the development of radio communications, the installation of submarine cables (first trials in 1927, followed by deployment of transatlantic cables from 1955), and the launch of communication satellites (initially in 1962, with Telstar 1). One of the major challenges faced was the interconnection of networks across the world. This led to the creation of sophisticated systems called international “interconnection” switches (not fully compatible in the early days), an international numbering plan, and an international telephone information inquiry service, as well as the basic rules for sharing revenues among operators. To achieve this, an international organization was created in order to organize the flow of global communications and establish de jure standards for the entire telecommunications sector: the International Telecommunication Union (ITU) based in Geneva, which in 1932 succeeded the International Telegraph Union founded in 1865 and in 1947 became a specialized agency of the United Nations15.

During the First and Second World Wars, the deployment of civilian telecommunication networks slowed and was offset by the progress made in military networks largely due to their growing strategic importance in light of the military conflicts of the era. In the United States for example, Bell Labs, the R&D arm of the Bell System focused at the time, among other subjects, on research for the Defense Department. Research during this era greatly influenced network design principles. The roots of the Internet for example, grew out of a network design for the US Defense Department that would ensure the survival and resilience of civilian telecommunications networks in the event of a nuclear conflict16.

When the United States entered into war in 1917, all developments in the field of radio17 were under the control of the Navy in order to avoid any risk of espionage.

Despite the focus on expanding coverage and reach, first life telecommunications networks did, however, benefit from significant technological innovations, albeit ones coming from related fields. These technologies emerged from other types of networks being deployed at the time. Radio broadcasts to the public began in the early 1920’s and commercial television in 1928. The electromagnetic coils used in the first telephones gave way in radios and televisions to electronic vacuum tubes, which began to be widely manufactured in the 1920’s.

Furthermore, the invention of the transistor in 1947 and the development of the semiconductor industry were to play a decisive role in the evolution of computing and microelectronics, and more generally, in the development of related technologies. The transistor gave birth in particular to the solid state electronic memories and microprocessors that are found in all consumer and professional electronics equipment, including mobile phones, personal computers, and professional workstations such as those used in Computer-aided design (CAD) and Computer-aided manufacturing (CAM).

During this period, many of the telecommunications specific innovations proved to be too far ahead of their time to survive. These include: the transmission of images by telephone in 1924; the transmission of color in 1927; the coaxial cable (designed originally to avoid interference from electromagnetic waves); lasers (which would later re-invent transmission by use of optical fibers); and the video-telephone, which was developed in 1964, but still had to meet with lasting success. Today, web cameras coupled with Internet-connected PCs have become a viable and widespread substitute for video-telephones. By the 1970’s telecommunications networks throughout the world were poised to go through a period of unprecedented technological transition marked by three “Big Bangs.”





The First Big Bang: Digitization

The first Big Bang propelled telecommunication networks into a digital universe. All forms of information switched and transported by these networks were now represented as a series of electronic zeros and ones called “bits” (a contraction of “binary digits”). This Big Bang was in no way intrinsic to telecommunications: it was the result of developments in the adjacent fields of information technology and microelectronics. Both of these fields were themselves stimulated by the tidal wave of silicon and the exponential progress of integrated circuits that used silicon as their basis.

Since the early 1970’s, the speed of innovation in integrated circuits has been dazzling as described by Gordon Moore’s now famous law regarding transistors. In fact, there are several versions of this law. The first appeared in 1965 and asserted that the complexity of semiconductors doubles every eighteen months. Ten years later in 1975, Moore himself amended his law to state that “the number of transistors that can be inexpensively placed on an integrated circuit is increasing exponentially, doubling approximately every two years”. This latter version (the one that is usually quoted) has yet to be contradicted. Even allowing for a slight downward revision, Moore’s law faithfully reflects the rapid expansion of digital technology and its powerful impact on telecommunications networks.

Later, as telecommunications networks gradually merged with the world of computers, information technology itself became “communicating.” Information technology began to insinuate itself in homes and offices throughout the economy and was now able to link computers by means of special networks having a wide and heterogeneous range of standards and protocols. This resulted from an unpredictable combination of commercial standards, some de jure, others de facto, including internet protocols as well as the “industry standard” established by Microsoft’s Windows.
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