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Introduction

In Silicon Valley, the Internet is all we think about.  Is it just greed??

· The internet has created (redistributing) more wealth than any other phenomena.

· $200 B valuation; $2 B sales; -$0.2M return.

· WWW may be grossly over-hyped! 

· Long run, the hype is likely to be justified.

· USA is <5% of the world population.

· Silicon Valley is <0.01% of this population.      

· More people learning English in China than speak it in the rest of the world
It is hard for me, coming from the new world where the Internet, the WWW, and cyberspace is all we think about. Sometimes all we think about is just greed. About ten companies are forming every day to exploit cyberspace. I am not sure we are colonizing cyberspace, but we are trying to exploit it. Right now, it appears that the Internet has created, or rather redistributed, more wealth than any other phenomena including the California Gold Rush which was 150 years ago.

We have instant companies that have created several 100 billion dollars of valuation on not very many billion dollars of sales and even less money in return. So, there is a kind of economic magic here. There are times when we may be coarsely overhyping cyberspace and the WWW, but in the long run all of the hyping we are doing will be justified even though the valuations are unlikely to be.  In the US and California, we have to keep reminding ourselves that we are only 5% of the world population and that Sillicon Valley is only 0.01% of this population.

The thing that is important is not having a culture overrun by English or the language spoken in cyberspace – that is, American English. It is a fact that apparently more people are learning English in China than speaking in the rest of the world. That is a bit like the Spanish language of Spain. 

Organizations, for example governments and companies, don’t yet understand it because:

· There is no direct experience (children tell them).

· Computing has advanced rapidly because we like to building systems for our use.
· Inward looking when at home – inertial and other problems and interruptions to deal with.

· We mix among like professionals. 

· The change is exponential – You don’t see it coming. The past may not matter! It is hard to understand until it is you.
I think it is interesting to understand why it is hard for many of us to understand that we lack direct experience and until one really experiences something it is very difficult to understand. For those of us in cyberspace, we inherently understand it because for years we have been building systems that we ourselves like to use. So, it is a self-healing system.

I also think that when you are in another space you tend to be looking at issues in your own home spaces and do not see the other things. You have lots of other problems, inertia, and other things to deal with. The last think you want to hear about is another space or another set of problems. You mix with others in your own profession (if you are bankers you spend your time with other bankers; if you are artists with other artists). But the change is exponential and the thing with exponentials is that you do not see them coming and, particularly, those exponentials are doubling – that is, every year something happens that is twice as big. With an exponential that doubles every year, after only five years something is ten times bigger than it was five years ago. So, the past in that sense may not matter. It really is something that it is very hard to understand until it happens to you. 

 These are the things that are important to discuss: 

1. The business of cyberization. Everything cyberized will be put into cyberspace. I like the word cyberized versus digitized, but I mean roughly the same thing. The question is, “Is that a goal, a quest or is it a fake?” As Negroponte says, “We are moving from a world of atoms to a world of electrons” where the same bit is represented with electrons versus atoms, like a newspaper that one now gets on-line. Personally, I stopped taking physical newspapers about three years ago, although I spend more time reading newspapers that I did for many years because I can read more of them and get through them by looking at screens than by looking at them in the atomic form.

2. The demand side of cyberspace. This would not be happening if people were not there using it and demanding it in some sense. So, we are creating something that people find interesting.

3. Technology infrastructure of cyberspace. The platforms that hold cyberspace. Things that interface with various other systems, the network that connects those things together, and then the cyberization technologies that allow communication with other information processing systems.

4. Gateways. One is the gateway between TV networks that are likely to occur downstream and we can see occurring now. Another gateway that will happen is between the Internet and the planal telephone system or the public telephone network systems with hand-held devices and phones. We are starting to see those gateways coming into existence.

5. Two dimensional map of cyberspace. This map is based on a model of hierarchies of services and infrastructure.

6. Simple applications. Applications for dealing with administrivia and with the finances. Particularly, cyberspace will have the greatest impact on the financial industry because, after all, the financial industry – as far as I understand – is only about bits. We happen to have money in physical bits that we carry around, but fundamentally it is just bits. The movement of all of that can be represented electronically. 
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The Busines of Cyberization

This figure is, at least, my representation of cyberspace which is really a hierarchy of interconnected networks starting in the world (I have not connected the extra-terrestial world in here because we have not yet connected with outer space), the continent, regions, intranets, campuses, homes, cars, on-body networks and then, in-body networks that are inevitable and, in fact, are starting to exist in some form or another.

Really, cyberization is the interface to all bits and information processors. It is really the coupling of the information and information processors such as the people, as a source of information. Things that are only pure bits are physical papers that hold bits, video, etc. These are pure content form of bits that will assume electronic, magnetic, and photonic forms. The bit tokens – for instance in the financial industry, money –are just bits. Stock, insurance – which is again a form of gambling representing risk – the state of various places, the state of physical networks such as highways and traffic, and the flow of traffic that you can absorb by looking at the network. 

Already, we see impacts of all forms from the Internet. In October, a Los Angeles Times article on the net said, “The Internet boom is hurting the overnight delivery market.” Now, every day I get a packet of paper on my doorstep about some kind of financial transaction that is taking place. Paper that I need to read. It turns out that some of that paper is now coming electronically. I would prefer all of it coming electronically but it is coming in this form of paper. This is starting to take place as that happens.
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We have experts, and this is another news article from November 3rd  calling for a national archive. This would represent in the order of 5 to 10 Terabytes. I know that this is not accurate because our own lab with 8 people has 3 Terabytes of information, which may not be very interesting but you are able to click on a point on the earth and see this building. But we basically store anything from 1-meter to 64-meter resolution, a large part of the space in the order of about 3 Terabytes. Anyway, there is a call for this national archiving. I have suggested a project that you might want to consider – taking the Catalan culture and preserving various parts of it, for example music, literature, film in cyberspace. 

In my own case, I have put all of the books I wrote in cyberspace. The project is to put all books, lectures, videos, all of the information that I have, that I think, that I own or created or can get my hands on just to see how the volume of one’s own information and how is it useful. Or, first of all, how does one store it, and then can one ever find it once it is stored, and is it at all useful?

I like to represent cyberspace as a spiraling quest in three dimensions. That is, ever increasing communications, ever increasing computation (that is the container for holding cyber objects), and then cyberization that is the interface of cyberspace to other information processing systems whether it is banking or whether it is humans (we worry a lot about human interface to cyberspace). Then, on top of that one has programs that manipulate that information, and we have content for use. One of the key aspects of that is communication in the form of messages. On top of that we are now seeing services based on being able to supply or hold that content. 

I think that one of the questions that comes up is: Is cyberspace just a data network? Is it one with the world wide telephony network that it is connected to? Or, does it include the TV network? Now, TV does not go down to inside our bodies, although I guess that there are some probes that will let you go in various parts of your body. But, the question is will we have one, two, or three networks as we go forward?

The demand of Cyberspace

Let us look at the demand side. As I said, after almost 30 years people have discovered the Internet, and the reason is that finally the exponential based on annual doubling has gotten to be of a point of interest. That is, we speak of tens of millions rather than a few hundred thousand or less than a million people as the network started in the beginning. Going forward, the projections are 50% increases every year that would mean a doubling every couple of years.

Projections differ on how many homes or when homes will be covered. One projection of experts that was compiled by a University in the United Kingdom says that in one decade from now there will be 70% of USA homes, 50% in the UK and slightly less than 50% in Europe, purchasing on the net. 

There was a survey that had all of the purchasing trends.  It says that only 5% of the aggregate purchases are occurring today on the net. One in 6 pieces of software is purchased over the net. Retail banking is 1 in 8 transactions. Travel arrangements is also 1 in 8. It did not even list things like the fact that now we can buy insurance on-line. It fails to realize that drug stores have started up on-line. Everybody predicted that no one would want a drug store on line but yet, the sales of drug items is growing. Also, the projection of music delivered on-line was only a few percent, but we see with the MP3 a tremendous amount of music that is being delivered on-line. 
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The above is a growth curve that I did in 1995. One can see there that the amount of population, at some point, is smaller than the number of Internet connections. This is what happens when you have one only data point and one exponent – you can draw a straight line through anything.

For instance, that says that there are more people connected to the Internet in 2003 than there are people in the world. That is explained by the fact that every dog and cat and light bulb has started to be connected. So, you need to have even more connections than that.
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I made the above graph up. This starts with speculation when politicians found out about the network and how great the thing was going to be. Of course, engineers went along to get funding. 

The WWW happened here as a kind of a big bang, and then we found that books and newspapers picked that up and started the hyping followed by conferences, and then we had info-way addiction. A problem that is just being discussed now. Then info-way regulation is a big deal. And followed, quite behind that is lawsuits. 

I like to bet about technology, and my favourite one is with Nicholas Negroponte who coined “bits and atoms”. His belief is that there will be a billion on-line Internet users by the end of 2000 with even odds and 5:1 odds that it will happen by 2001.

I think the billion user bet is an important one because first it is something that determines the market for network. It is important to me as a Microsoft employee because it talks about access devices and especially PCs. It also says something about the utility that to have a billion of anything there must be some associated value, whether it is commerce or communication or simply entertainment. There has to be a reason backing those needs. It also says that, to supply that, it means that the network capacity has to be there, that ubiquity has to be available accross a wide range of places. Then, that bandwidth cycle enables more phones, video phones that will change TV, and then I expect something serendipituous to happen that it is unpredictable. Because one thing that we can predict about technology change is that once you put something out there, its use will be like nothing we have ever predicted. 

Technology infrastructure of cyberspace
The following are my two favorite inventions for that year, decade, or the millenium. That is the computer itself and the transistor followed by the integrated circuit without which computers would not be very interesting and would not be where they are today. 

The computer in 1946 (realized in 1948). Computers supplement and substitute for all other info processors, including humans:

· Memories come in a hierarchy of sizes, speeds, and prices. The challenge is to exploit them.

· Computers are built from other computers in an iterative, layered, and recursive fashion.

The Transistor (1946) and subsequent Integrated Circuit (1957):

· Processors, memories, switching, and transduction are the primitives in well-defined hardware-software levels.

· A little help from magnetic, photonic, and other transducer technologies.
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The above graph shows that the growth of performance has been exponential. We also see that the lower curve has come over the last 20 years up to today’s or modern supercomputers.
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The previous figure was about Moore’s law. That is, by having smaller semiconductors and by going faster you can put more of them together and get more power. Bell’s Law of Computer Class Formation is an equally important law that I claim to be the author of. It says that every time you have a shift in technology – after roughly ten years – you have a potential price decline of an equal performance platform. Ten years hence you will form a new device at that lower price point. Again, another factor of ten means that a new class will form. 
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So we have gone from mainframes, to minis, to personal computers, to hand-held devices to? We can safely predict that it will all be in our watches in another decade. So, that in fact if you look at this as a tearing effect, we have one dollar greeting card computers that speak to you or wish you whatever, wrist-watches and wallet and pocket computers and so on up to national centers. In fact, in national centers today, we have three in the USA and each of those are roughly 500 million dollars each. So, we have broken the billion dollar barrier for what amounts to a single computer platform or platform that is used for computing at our three energy centers.

Another way of looking at that is the history of a portable computer of 20 years ago – it was the portable computer that you carried in a suitcase, than we got the laptop that we have today, and now we are already seeing the finger top computers. Then we have this contact lens computer, and in 20 years we will inhale our computers. 

Considering the speed of networks – and this is a projection for the USA – we will be connected by something in the order of 1 Megabit per second connections. Something in the order of ten percent of our connections will be taking place at these higher speeds. I personaly believe that this may occur later. 

The other thing that we do not understand is the effect of wireless communication on digital communication. I believe that the Japanese are leading this effort to be connected. Certainly this is an important connection point, particularly in Europe and Japan where monopolies exist for maintaining the high cost of communication. So, without lower cost communications one cannot open up cyberspace. In other words, cyberspace is a forbidden zone if you cannot get access. Affordable communication is critical. In the case of the USA, the price of a cable connection is roughly the same as a TV cable connection or about 30 dollars a month for a high speed connection to the Internet. But wireless is another alternative.

In an article of the 1st of September by four of the net founding fathers, Leonard Kleinrock describes that he thinks nomadicity is important – that is, the ability to be on the net no matter where you are. Vinton Cerf, who is chief scientist at MCI Worldcom, thinks about universality. The phone people tend to think in terms of having everybody connected. Bob Kahn thinks of just more bandwidth, and Larry Roberts who is building a high speed switch for connecting networks together, thinks about video as the next frontier. 

Roberts claims that the end of the net will become the pervasive network for the world telecom traffic. Voice and video will transfer over two at it in the next 5 to 10 years, and clearly you are going to have video on demand radio or TV that we do not have today. 

I am involved in a start up company that has come out with a product called Sonicbox which has an Internet radio. It is a little device which looks like a radio to dial to particular Internet radio channels. There is a tremendous amount of radio traffic that is occurring on the web, and one would be able to access with this.

The University of Colorado at Boulder, is putting its TV content on the web. That is using commercial TV and applying that to the web. 

By the way, the web really came about when I was in the National Science Foundation back in 1986-88, and I basically made a plan. This is the only plan I have ever made with things that actually followed. I claim that this is really what allowed the whole thing to start. We went into this first stage where we had 1.5 Mega bit per second networks and then in the second phase in the mid 90s we came out with the DS3 or the OSI-1 fiber trunks. Having that impulse of bandwidth would reduce the response time and would enable computers to talk to computers on an interactive basis and then allow the whole idea of the web and the browser to form. Now, we are entering in this other era where we have 2.5 Giga bit per second links that are forming. 
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This graph is a projection by Larry Roberts. The top line is voice traffic. Note there is a crossover of the Internet traffic versus the voice traffic that is occurring. The red line is really the evolution of link speed and then the lower line is the internet traffic which is now projected to grow at a rate of a factor of a 1000 every 5 years. So, that is double the speed I talked about earlier. This is a mere doubling every year that gives a factor of 10 every five years. So, this is getting a factor of a 1000 in 10 years which is actually growing at about 3 times that rate. This is something that is likely to occur with the higher speed connections that are put in place. 

Speed is important, too. In early November a connection between Microsoft, the University of Washington, and the Supercomputing Conference in Portland operated at a Giga bit per second. That amounts to having five 270 Megabit per second high-resolution, high-definition TVs – videos that were transferred. A Gigabit is roughly a 100,000 simultaneous voice chanels at 10 Kilo bit per second. And that is roughly 1,000th of what that particular fiber is capable of carrying. But it is a demo in which we are learning to put an infrastructure in place that will allow much higher speed; in fact, three orders of magnitude more speed than any of us will likely have access to now. The high end users have a Mega bit per second in their homes. This was at the Supercomputing Conference and the demo had 5 simultaneous movies going on. In the time it took to show the trailer that showed what the movie was about, they had transmitted the whole movie. This says that you may have Video on Demand and instead of visiting your video store, in the time it takes you to put on your coat you already get the movie. 
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I look at what happens is this virtuous cycle of bandwidth. We start, for some reason, by increasing capacity on both circuits and bandwidth. That lowers the response time which, in turn, creates some new service which then increases the demand. We have seen that in the first Internet with mail and Telnet, by increasing the bandwidth we got the WWW and now we are getting the audio, video, and then voice. All these things come about because of this cycle. This is sort of canonical in a decade where we will have more powerful computers. 

I think the two applications that are very interesting to me are as follows. The first is the high resolution displays. They can truly substitute the paper with 2000 by 2000 point page size displays with full color. The other thing that I think is interesting is the 1 Terabyte disk for personal use and that in turn will allow storage of everything that one has ever written, read, heard, and certainly every snapshot you can remember. It will not allow you to store everything you have ever seen but it provides a massive amount of storage on even that. In fact, one will have a whole collection of platforms that this technology allows. 

In a decade we can/will have more powerful personal computers that are capable of:

· Processing 10-100x

· 4x resolution (2K x 2K) 

· Very large, room sized displays

· Very small watch-sized displays 

· Low cost, storage of one terabyte for personal use adequate networking

· Ubiquitous access = today’s fast LANs

We will also have one chip networked platforms including light bulbs, cameras everywhere, etc., as well as some well-defined platforms that compete with the PC for mind (time) share such as a watch, pocket, body implant, home. We will also have more cyberization, and the challenge will be interfacing platforms and people.
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The above table says that a voracious reader with a few pictures may need to 300 Gegabytes. All the speech that you have uttered can be encoded in text in about 15 G bytes. This is what you have in a laptop. If you capture all the speech you have ever heard at a Kilo bit per second, that is a Terabyte. That says, you capture every other instant, every call, every conversation. If you get into capturing everything you have ever seen – that is, if you have a camera mounted or implanted on your head and have to capture your whole life, than it takes you a little more, and I am not prepared to go into that now.

So, in fact, if you live in cyberspace, the important thing is really having ubiquitous fast connection. Maybe wireless is the key to all of that. 

Another area that I think is kind of interesting – and I think it is a big bang here – is going to be potentially the coupling of the Internet to TV and audio, and that is multimedia. The model that several of us are working on now is home TV multimedia servers that will capture information coming from home cable TV network and are able to inject stuff back in there and then broadcast that either over an analog cable TV in your home or digitally in there. It does not matter. We have digital TV receivers that use IP and ethernet for example. But basically it allows the recording and playing back of that and the recording and playing back of other objects. 

I have a 42-inch plasma panel in my office. I was tired of really small screens. The purpose was to see how to display art on it. This led to the idea of using large screen televison sets for the display of art.  Many people have very large televisions that are all black – we might as well put screen savers on televisions. And, basically that was my motivation. Let us use the PC to put screen savers on our TV sets. 

There is a lot of atoms-based art for sale on the web. However, I recently used their “display” bits and they did not seem to mind nor did they want to charge me for the bits. I said, “I will pay you for the bits.” And they said, “No, no, we are selling atoms that are stuck to canvas.” There are also some old masters images on the web and one can have all you want for just $29.95 a year. The other use is to display all the digital photos that we are all beginning to take.
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The convergence or rather gateways with phone networks is beginning to occur. One such company Web on Phone, is coupling the telephone and telephony devices, handheld computers and the like through the public switched telephone network, bridging that into the web, thus making that translation between the web content and web sources to telephony. This is a new  web and will undoubtedly be a big deal.  So, we have voice and text access and screen phones and the like to the web.

Two dimensional map of cyberspace
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This is a mapping of cyberspace, and that is, if we are look at the cyberspace today and how I would tend to map that. There are lower infrastructure layers. There is roughly a 170 billion dollars investment per year in that, starting with the transport, going to various network hardware and protocols such as Cisco, computers, applications, and then web hosting  and ISPs. 

Another thing that is forming is a layer of personal employing data, a place to keep track of all your personal information. All that nasty personal information that you would like to keep private on one hand, and on the other hand, you would like to share. So, when you go to a hospital or wherever, you do not have to re-fill in the same information. Or when you change addresses, you do not have to tell everybody that you have changed addresses. There is a lot of horizontal layering.

We now have various vertical layers of particular kinds of services that occur on top of that. From communications on the left through simply information basis, things where you buy bits (whether they are newspapers or magazines), or access to a legal database or a professional journal or whatever. Procurement being the commerce; that is, the drugstores, the bookstores, the record stores, all of the places where one buys today, and then going backward in the supply chain, that is the wholesale procurement site, ERP the Enterprise Resource Planning and Management, various professional things. Financial, all the banks, there are a number of cyberbanks and the like and so on. So, this is a simple map of where some of the money is going in cyberspace. Forgive me for putting it in two dimensions. I certainly do not believe cyberspace is two dimensional. I believe cyberspace is infinite, but I had a little trouble displaying this on this screen.

The nature of E-services is:

· Only electrons, no atoms e.g. inventory.

· Verticals: ERP, benefits, time card, travel, performance rev, payroll, calendars, procurement, facilities, marketing tools. 

· Transaction (filing, retrieval) under control of individual from browser, not an administrator, department, or corporation.

· Alternative to: manual, home grown apps, or retooled large legacy licensed apps e.g. Oracle, Peoplesoft, SAP.

· Information is stored at the service NOT on premise with the organization providing it.

· Service up and running instantaneously.
The nature of the electronic services is really quite different than we are used to in a real services model and that is, it really falls out from the fact that its ronly electrons and photons and magnetic spin. There are no atoms in the space and there is no inventory. So, basically, the friction has been removed and in many cases that friction is people and there is some thought that there really is a thread here. None of the threads have materialized because we seem to replace one human activity with another but certainly we reduce the need for the movement of some of the goods in cyberspace. Certainly there is a lot of these vertical applications like resources planning, time cards, travel information, performace reviews, payroll information, calendars. All of those things are fundamentally bits that can be dealt with that exists in cyberspace in a single place. The other thing that occurs with the nature of the e-services is that the transaction – that is the filing and retrieval – really will be put back to the control of an individual operating at browsers and probably not the domain of intermediaries, administrators, and departments and the like. So that, in fact, one becomes, in a sense, his own administrator. Next to this last point, the information is really the way it is occurring as it seems to be stored. Something that I have not expected, but appears to be occurring, is that the information seems to be stored off premises. It is not stored in my own place but rather it is stored as a service someplace else in cyberspace and not necessarily by the organization providing it. That really speaks to the question of where will the information reside about certain kinds of transactions. My own believe is that a lot of these e-services will exist as services and not with the individual simply to avoid that. 

Simple applications

There are several companies that are providing human resources and back off this kind of facilities as services on a monthly basis. I find this particular service very interesting at least for healthcare. One company is called Medicalogic. I personally get a business plan from a company such as this every month. I happen to be personally interested in the medical market having had a couple of heart attacks.  So, I would like to have machines helping here on this. This is an Internet-based service that keeps track of the medical records electronically in a central place or in a service. The service to the doctor is to get them out of being their own administrator of computing by providing a browser and a printer and the ability to input various data to it. That allows easy input and retrieval of medical records. It means that the patient can also have accessibility to the information. And finally, with records being in that form, then, it is possible to help in diagnosis or drug interaction or medical advise. People, by the way, worry about security on medical records. I claim that security is what the medical healthcare profession uses as an excuse for not being able to use the computer in their healthcare. We have the greatest security today in medical records because once you enter a hospital, there is a very good chance that once the record is made it can never be found again. So, your information is totally secure and in somebody else’s file and never to be found. 

Recently, the House passed an important digital signature bill. The digital signatures are as legal as atoms-based signatures. Personally, I have been using digital signatures for a couple of years. I ask that documents be sent to me electronically and if they are not, I scan it, sign the document electronically, and then send it back by e-mail. They say, “We cannot accept electronic documents, we can only accept fax.” So, I tell my computer to fax the document. At least I have not broken my own code of trying to avoid storing anything in paper form.

One of the things that Microsoft has been very aggressive at is taking care of all the administrative data through the Internet. Everything from travel forms to stock transactions are on a homepage. We are now also seeing paperless payroll. Electronic banking has been existing for a long time. In addition, we have various services that are coming. The big game to me is to get rid of bills. The only documents that I get in the mail that have to really be read are bills. I get no letters. All my letters come by e-mail. Bills will be the last form of that. Our post office is trying to figure out what to do when all this happens because this represents a huge loss of revenue when all of that package of bills stop arriving physically and come electronically. 

Then, again, I think, probably the greatest impact next to pure bits is certainly the movement of money – whether it is coins or whatever – to an electronic form. Certainly, we want to get all those checks and things we have into electronic form and have the capability of sending tamper-proof documents, like stock certificates and various business plans. 

Our own personal files that represent money are diminishing in size because we have the nerve to simply scan the one or two critical pages on every large stack of documents. These are basically the signature page where we agree that one of us bought some stock, a piece of stock itself. I put it in cyberspace or in my machine and throw the paper away. I have reduced three filing cabinets down to one critical filing cabinet where the original signature page is required or that is temporary reports that are too expensive to scan.

I want to close with two small applications that are close to my heart. One being telepresentations which is really being there, such as in a meeting , without really being there. Or being here while being there and at some other time. I started working for Microsoft four years ago and I said, “I am going work on telepresence.” And people said, “What is telepresence?” I responded that people have been working on this for a long time. Anyway, that was an excuse to say I am going to work at home. I want to find out how you work at home and get all of your work done. 

In Telepresence, the presenter can be someplace else. The idea is, that in this way perhaps you can reach a wider audience. Potentially you reduce cost. Most likely, this applies to corporate communication and education and training. For example, all of the Microsoft seminars are broadcast or captured and then broadcast this way. 

I gave a telepresentation to open a laboratory in Tokyo. It was multicast to six sites in Tokyo, and I gave the talk from San Jose.   The reports were that it was the best talk of the conference... but the Japanese are very polite.

The other experiment that our laboratory did occurred in February, 1997. We captured the ACM’97, conference commemorating the 50th anniversary of the Association for Computing Machinery. The event was broadcast and captured. It was a 3-day conference, 2000 people attended at the meeting space and so far 40,000 attendees have been in cyberspace. I claim that at least a lot of people will come back. The number does not continue to grow but we continue to have visitors come back referencing that presentation.

Another application that I believe will develop is telecollaboration. Is it the next killer application or just a tremendous challenge? Right now, it looks to me like a challenge. That is, telecollaboration is having people at a distance communicating in one form or another to achieve some objective. I think it is important if you can have the presenter life sized. In fact, I must say that every teleconference I have had since the first one has been worse than the first one 20 years ago. The first teleconference I ever had was between Boston and San Francisco with Intel Corporation. We made the deal to do ethernet. We had never met this people before. We had a two-hour meeting in two telerooms. We decided that this was a good idea. 

The problem was that that room costed about $500,000 at that point in time. I installed those rooms in Digital, and they were always booked. And every room I have been since then has been worse than that initial room. 

There are lots of reasons why videoconferencing fails. First, people are not everywhere. You have to have video phones everywhere. They are hard to set up, they have manuals, they have small screens. You destroy awareness. It is not like the Mona Lisa looking at you – a person is sometimes like the Mona Lisa looking up at the ceiling. The audio is poor, the latency is poor. Really, they do not compete with the phone. So, our target as researchers is to really improve the audio, and to add 3D in every sense. It is especially important to improve the audio. If the phone is not OK, I can always say that it is better than the computer, but they are always terrible.

The way I think we are going to get there is through IP telephony. Internet telephony is starting to occur simply because of the cost. It is a question of bandwidth, it is a question of having sort of a constant delay and not a variable delay, and then having lower latency. Those are important parts for using the Internet for telephony. Once that occurs, then we can have better audio and then that would allow stereo and quadrophonic telephones so that you can add speciality to it. Then we can add multi-party telephones and then finally making it easy to have full comunication. I think this is going to occur slower than any of us expect. 

So, let me end with a couple of challenges:

1. When can we hold a conference like this in Cyberspace?

2. What approach will the Catalan government and people take to preserve their culture in Cyberspace?  Already there many terabytes of information that preserves the evolution of the web.  Surely, the evolution of a country or culture is as important!

Thank you for inviting me.
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