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ABSTRACT

Permanent innovations and spreading of information and communication technologies (ICT) result in the phenomena of world-wide, global connectivity. This connectivity enables a permanently increasing percentage of the world population to access, to transfer or to exchange data, information and knowledge time- and location-independent. Technological innovations are permanently increasing computers functionality and performance, and enlarging the use of mobile communication, as well. These innovations increase tremendously the trend towards pervasive and ubiquitous computing and communication capabilities.

Rapid advances of ICT over the past decade have already caused dramatic changes in all segments of our society ranging from business, economy, industry and government to private life. Examples of those changes include the way individuals or groups of individuals are communicating, learning, doing business, or forming their leisure time by use of special hardware-/software products, Web-based search, video-conferencing, telelearning, electronic banking, or e-commerce services.

This article will summarize major innovations expected in information and communication technologies, and their impact on information and communication in busi-ness, economy, industry, government, and in private life around the world. Based on the expected product and service developments, the paper forecasts pervasive and ubiquitous computing and communication facilities which might be available in 10 years from now. Based on these forecasts, major benefits, and threats, as well, are discussed which can result from these developments. Finally, the question will be rised which threats have to be recog-nized as a major planetary emergency, and as a challenge for interdisciplinary future research.

introduction

Over the past 50 years, information and communication technologies have dramatically changed our business, public and private life around the world. Never before, technological advances and product innovations have happened so fast and caused those dramatic changes in the way people communicate, work and live. In general, there are always two major driving forces for innovations of new products or improved services (see Fig. 1): On one hand side, pushing forces are developments of new or enhanced technologies, enabling product innovations and/or improved services for the user community. On the other hand, pulling forces are generated by the user community asking for improved products or additional services thus forcing innovations of ICT products, and of enabling technologies, as well. In case of ICT, without any doubt, pushing forces are dominant resulting in permanent offers of new but not market-driven products and services. Examples are the huge variety of products for mobile communication, cellular phones, personal digital assistance (PDA), and internet services. The question arises how future innovations in this area will change the way we collect and exchange data, information and knowledge and how we communicate with each other.
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As in other domains, well-known experts from academia, industry and economy always have forecasted advances and innovations in ICT. For example Gordon Moore, former chairman of Intel Corp. had forecasted in 1965 that the complexity of integrated circuits (ICs) will double every 18 – 24 month, and – as a result – computer performance will double every 18 months [1], [2]! About 40 years later – as shown later in this article – his forecast is still valid and will be still valid for the next decade (“Moore’s Law”)!

But there are also problems with forecasts even of experienced experts in the field. Thomas J. Watson, former chairman of IBM, had stated in 1943: “I think, there is a world market for may be 5 computers”. In an article of Popular Mechanics (1949) an estimate was published that “..... computers in the future may weigh no more than 1,5 tons ...”. Kenneth Olson, founder and former CEO of Digital Equipment Cooperation mentioned in 1977 that “... there is no reason anyone would want a computer in the home ...” [3]. In 1990, Tim Berner-Lee programmed HTML just to connect some local networks within CERN by this hypertext system - today it is called and used as the basis for the “World Wide Web”.

Despite the risks forecasting ICT innovations and resulting changes for our public and private life, this article will briefly analyse expected advances of ICT-systems and applications for the next decade, and rise some questions about implied world-wide cultural consequences – about major benefits, and threats, as well.

technological trends

Dominant driving and pushing force for ICT product and service innovations is the digitization of data, information and knowledge for storing, processing or communication. As key enabler development of highly integrated (transistor) circuits (IC) on silicon has to be seen which is still the key technology of future technological advances for the next decade [4]:

· Minimization of feature (device) sizes: Based by data published by Intel Corp. (see Fig. 2) and others, integration density of integrated circuit devices on silicon could be increased exponentially over the past 40 years, and will be still increased exponentially over the next decade, at least. This results from minimization of the feature size of electronic components and connections.
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· Cost-benefit improvements: As indicated by data presented in Fig. 3a, the absolute values of storage capacities per chip, and introductory costs of new generations of memory chips have changed dramatically over the past 30 years. In contrast, and despite of the increasing chip complexity, frequency of innovation cycles (2-3 years), and final costs of memory chips (approximately US-$ 2) have been almost constant over the past 3 decades. In addition, Figures 3a and 3b indicate, that from one memory chip generation to the following one, almost every 2-3 years the total memory capacity per chip could be always increased by a factor of 4. Considering the costs for the implementation of a memory with 1 Megabyte storage capacity, it can be seen, that over the past 25 years prices for RAM’s (semiconductor memories) could be decreased by a factor of about 200.000 !! Never ever before prices for any technical product could be so drastically decreased as those of ICT products.
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Performance improvements: Fig. 4 demonstrates that the performance of processors (measured in MIPS: Millions of Instructions Per Seconds) could be exponentially increased over the past 45 years, and that this increase will be going on for the next decade according to reliable data.
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· Degradation of power supply: As indicated by Fig. 5, supply voltage for processors could be significantly decreased over the past 3 decades. Nevertheless – and as a consequence of the drastic increase of integration densities of ICs on chip areas – total supply voltage requirements for computing and communication components is still a major limiting factor especially for mobile ICT devices, and a major challenge for future research.



· Increasing IC complexity: As indicated in Fig. 6 by projected, and by actual data, as well, presented for memory chips and for micro-processors, the IC-complexity increase has been exponentially over the past decades. Projections are demonstrating that this trend will be still going on for the next decade, at least.


In summary, data presented in Fig. 2 – 6 indicate that the forecasts given by Moore in 1965 – the so-called “Moore’s Law” – have been valid for almost 4 decades now, and that these will be valid at least for the coming decade! Regarding these data and projections presented by various research institutions and semiconductor manufacturers, as well, questions about physical and technological limits of silicon technology have to be rised. According to all projections, for another decade silicon will be the dominant basic material for technological innovations in ICT. In addition – and already available – optical components will be used for data transmission and processing, as well. Besides, major research efforts are focusing on quantum computing and on bioanalogue information processing.

future ict–systems and –applications

Primarily based on the technology pushes summarized in the previous section, following product and service innovations in hardware or software can be expected within the next years:

· Enhanced functionality of computers and communication devices, in general;

· Acceleration of the convergence of computing and communication facilities;

· Improved human-computer-interaction resulting from innovations of audio and visual information processing techniques (e.g. via Conversational User Interfaces, [5]);

· Increased application of “Embedded Systems” integrated or hidden in all kinds of technical systems from household devices to hightech devices. (More than 95% of all currently produced microprocessors are already used for Embedded Systems instead of use for stand-alone computers!);

· Pervasive use of “Smart” systems and devices, like of mobile phones or personal digital assistance (PDA’s);

· Wearable computers – like so-called “prêt-á-porter”-computers – integrated into cloths and personal belongings (see Fig. 7a).


Concerning the evolution of telecommunication networks and capabilities, we can base our forecasts on current analyses: In the year 2002, approximately 500 million individuals have used the internet for communication and for information exchange. Currently, approximately 7 – 10 million new Web pages are made available per day! Forecasts of the year 1999 concerning the world market of terrestrial mobile services, proposed an increase from 426 million users worldwide in the year 2000, to approximately 940 million users in 2005, up to more than 1,7 billion users in 2010 with the strongest increase in the Asian-Pacific region [6]. From more recent analyses we know that these projected numbers completely underestimated the dissemination of global wireless subscribers and have to be doubled, at least! [7]

Another trend is the changing use of the internet from a communication infrastructure to an information (and knowledge) infrastructure: the internet is providing users time-independent and location-independent with all kinds of requested information. According to various experts, the so-called “Future Net” requires new services of “information logistics”. These services should provide user communities with information permanently updated, always on time, individually adjusted and location independent accessible. If this has been achieved ubiquitous computing is becoming reality [8].

As mentioned in different publications on expected innovations of personal computers (PCs), and as presented by Maurer in [13] as a model (see Fig. 7b), in about 10 years from now a wearable PC will consist of components ergonomically adapted to the human body, to cloths and personal belongings. The “PC 2014” ([13]) will be worn like a cigarette box in a pocket of a shirt wireless connected with various input-/output sensors, e.g. with tiny audio-sensors and tiny mirrors both integrated in the framework of glasses as output devices for listening or reading of information; a tiny video camera also integrated into the glasses framework a laryux microphone, and body sensor at a hair chip, used as input devices could complete a personal computer wireless connected to the “Future Net” with all kind of information logistic services. Such communication and a “PC 2014” configuration allows time- and location-independent communication and information processing, e.g. for permanent care and medical data collection for seniors, for distance learning, or for mobile problem solving and working.




The current internet offers already a high degree of connectivity besides all the limits of transmission speed, bandwith and quality of service of our current heterogeneous and diverse communication infrastructure (see Fig. 8). High-speed optical and wireless technologies will provide significant networking advances regarding ([9]):

· anytime, anywhere network connectivity,

· end-to-end high bandwidths (( 10 Gigabits),

· grids connecting computers, storages, and other instrumentation, and

· sensor nets.



Besides those technological advances, additionally architectural innovations will contribute to significant changes in ICT applications like:

· high performance computers as specialized stand-alone computers,

· grid computing which allows information processing by networks of general purpose computers of virtual groups or

· organic computing which will allow self-adaptation, self-configuration, and self-optimization of computers and networks according to given workload requirements.

Cultural consequences

When talking about cultural consequences resulting from ICT advances and innovations, it should be noticed that these consequences concern our public, professional and private way of living, in general. According to Gartner Inc. (2004) we will become a “Connected Society” – which means “... almost anything will be connected – from refrigerators with smart labeled food, and elevators in smart buildings, to ... wearable computers, ... and to all kind of servers ... “ [12].

As already mentioned at the begin of this article, giving projections and forecasts in this rapid changing domain of ICT is very difficult, and conclusions are often unreliable. Nevertheless – based on the assumption that the before mentioned innovations will become reality – computer scientists and engineers, as well as those using hightech devices, have to think about potential benefits and threats of those technologies they will have to use every day and any time in the future. Without any question expected innovations summarized above can be beneficial for individuals, and for the world community as a whole. Examples we can think of are:

· Permanent access to globally available data, information and knowledge (like to time-tables, route or traffic data, weather forecasts);

· Permanent access to personalized data, information and knowledge (like to names and addresses of individuals, bank accounts, credit cards, medical data, diagnostic experiences);

· Location-independent and time-independent solving of problems (e.g. in planning, diagnosing or in creative processes);

· Overcoming distance or language barriers in direct communication (e.g. by forming virtual groups, groups of seniors, or groups of handycaped people);

· Improved analysis and solution capabilities for extremely complex problems (e.g. in logistics, climate change, optimization of resource consumptions) and

· Permanent and life-long learning acapabilities.

Besides potential benefits, potential threats of these developments have also to be taken into account and should be analysed carefully. Some of them can even cause planetary emergencies. Major threats we can think of are especially:

· Data and information security issues;

· Privacy of individuals (which is becoming a real concern as wireless and permanent connectivity can result in individuals becoming “glassy humans”);

· Safety and vulnerability of technical systems;

· Mastering of (technical) systems;

· Increasing globalization resulting in significant, rapid changes of businesses, industries, public and private life;

· “Digital devide” which will become an even more increasing problem for all nations around the world.

In summary, it is almost impossible to balance carefully the listed benefits and threats in a final evaluation. Instead it is more important to generate awareness of ICT experts and of its user community, as well, with respect to potential benefits, risks, and challenges. Besides, we should remember the Greek philosopher Plato who already mentioned thousands of years ago, that “in everybody’s soul – who learns to read and to write – moves forgetfulness”.

CONCLUSIONS


Based on the presented data and projections regarding technological advances in ICT, permanent advances can be assumed towards ubiquitous and pervasive computing influencing significantly our public and private way of living. Ubiquitous and pervasing computing will be enabled by advances in three major directions:

· Availability of ubiquitous information processing capabilities by an increasing offer of Smart Systems, Embedded Systems, and by Wearable Computers.

· High performance and high bandwidth networks will be offering an almost unlimited connectivity between all kinds of computing devices and

· an increasing offer of web and information logistics services will be available within the coming years.

Ubiquitous and pervasive computing and communication will offer new benefits, but also new threats for all users in a global and highly connected society. While most research activities are focusing especially on benefits arising from technological advances and ICT innovations, an important task for scientists – like for the World Federation of Scienctists – is to focus on threats which may arise from these dramatic changes, and may even result in new planetary emergencies.
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Fig. 8: Heterogenity and Diversity of Communication Networks [14]








Fig. 7b: A Model of a Wearable PC 2014 [13]
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Fig. 7a: The vision of “Wearable Computing”





Fig. 6: IC-Complexity ([4], [2])





Fig. 5: Processor Supply Voltage ([4])





Fig. 4: Increases in Processor Performance ([4])





Fig. 3b: Costs of 1MByte-Memory





Year:	 	Number of ICs:		       Price (in DM)	





1973		 8192 ICs à        1 KBit	   	1.200.000,-	


1977		   512 ICs à      16 KBit               80.000,-	


1981		   128 ICs à      64 KBit	         	       6.400,-	


1984	 	     32 ICs à    256 KBit                 1.920,-	


1988		       8 IC   à        1 MBit	          400,-	


1998		    1/8 IC   à      64 MBit	              5,-		





Fig. 3a: Costs & Innovation Cycles for DRAM-Memory Chips





Fig. 2: Minimization of Feature Sizes on Silicon ([4])
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Fig. 1: Major Driving Forces of (ICT)-Innovations
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