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Abstract

Ubiquitous computing is the technological philosophy, and research area that attempts to make computers no longer tools that cause us frustration, but as calming and helpful devices that are part of the human experience.  The purpose behind this is to advance computing to the point where humans are able to spend more time and energy on important problems, and allow computers to accomplish simple tasks by themselves.  The rise of ubiquitous computing can be easily traced through computer history, from ENIAC, to the development of the transistor, to the Apple Lisa, and finally to the personal digital assistants of today.  The trend of miniaturization will continue, and in the future, computers will no longer be the desk hog pieces of stress they are today, but rather technology that follows us around to make our lives better.
Good abstract
Ubiquitous Computing and the Future

If there is one clear, overriding trend of computing that can be traced from the inception of electronic computational devices to the present, it is the quickly diminishing size and density of the processor.  This trend has lead to some spectacular advances in the way computers are used.  These advances are not limited to the user’s interaction with the computer, but also include the environments within which these devices can operate, how the devices can interoperate and communicate with other devices, and preemptive action (acting ahead of time without specific commands).  Probably the most impressive, and challenging aspect of these advances is the growing ubiquity of computing devices.
Very good intro
The ‘father’ of ubiquitous computing, Mark Weiser, who headed Xerox PARC as their chief technologist, coined the term in 1988 and introduced it to the public in a now seminal computer science article (Weiser, 1991).  Ubiquitous computing (also known as pervasive computing) is a simple concept, which describes a human environment containing many communicating computing devices that serve to reduce the tasks (complexity?) of the humans in that environment.  The devices in a ubiquitous environment are embedded in objects, worn on people, and possibly even ingested to relay information about potential health problems – all without the knowledge of the humans operating in the environment.  I don’t think that ubiquitous computing implies inability of people making a choice about the device or lack of knowledge of a device. It might, however, sometimes arise as a consequence form it.
The central goal of ubiquitous computing is so that computers  “fade into the background,” not becoming a focus of our attention any longer – potentially freeing us to accomplish greater tasks which a computer cannot (Weiser, 1991) if you quote directly you should include the page number.  The reality of a ubiquitous computing environment is coming nearer, with the popularity of wireless, cell phones that are becoming fully functioning computers, and the growing use of embedded systems (cars, lights, automobiles, thermostats, etc.).  Soon, all of these devices will become part of our reality, like microprocessors are in automobiles, not demanding our attention to instruct them, but deciding by themselves what needs to be done – and possessing the capacity to accomplish those tasks.
Sergio – very good introduction. Well written and well composed.
History

The evolution to ubiquitous computing can be easily traced by simply analyzing a few points in computer history.   Although electric computing began in 1937 with the Atanasoff-Berry computer at Iowa State University, it was the ENIAC that truly developed the concept of a modern computer.  In 1945, the ENIAC computer took a building full of 19,000 vacuum tubes to complete its tasks of adding, subtracting, dividing and computing the square roots of a maximum of twenty 10-digit decimal numbers.  The ENIAC required a full staff of trained individuals to change its relays, switches and tubes depending on the computation necessary.  However, the ENIAC proved that an electronic computer could truly perform calculations at a greater rate than humans, and was useful outside of an academic setting (calculating artillery firing trajectories).  With the ENIAC, the United States Department of Defense began building larger and quicker computers, which led to the development of computers for business environments (primarily by IBM).


Figure 1. ENIAC Computer (1945)


The next significant event leading to a ubiquitous computing environment was probably the most important technological development of the 20th century – the transistor. Developed at another noteworthy research lab, Bell Telephone Labs in Murray Hill, New Jersey, the transistor was invented in 1947 by John Bardeen, Walter Brattain, and William Shockley (whom were all awarded the Nobel Prize for their accomplishment).  This development allowed numerous advancements towards ubiquity, computers could now be: smaller, lighter, cooler, more energy efficient, and required no human oversight.

In 1983 the next leap was made when Apple Computers developed Lisa, based on Xerox Palo Alto Research Center’s graphical user interface (GUI) research in the SmallTalk environment.  The Lisa was a computer that could fit on a desk, was affordable ($9,995 compared to the $461,000 of ENIAC), and had an interface that almost any user could use.  The most important advancement that Lisa offered was (other than the GUI) that it introduced an easy-to-use computer into our homes that could perform tasks by itself (generally); as opposed to the task-by-task instructions required by command line interfaces.  Before Lisa, most computer interaction was limited to a business office, after Lisa, computers followed us wherever we went.
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Figure 2. Apple Lisa Computer (1983)


The next great advancement towards ubiquitous computing was the PARCTab, developed at Xerox PARC in 1988. This was a small, handheld device that allowed its users to travel throughout the Xerox PARC buildings and have access to certain applications such as email and word processing.  Additionally, the Tabs allowed the user to be tracked, so that their location could be ascertained. This feature was useful because it progressed the idea of context-aware computing, or computers that make decisions based on their current context or environment. (Want et al., 1995) For example, if a person were in a designated meeting room, all of their calls would be automatically forwarded to their voicemail.  These devices would later turn into personal digital assistants (PDAs) that are common today – the first commercial version being the Newton MessagePad developed by Apple Computer in 1993 (Keefe & Zucker, 2003).
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Figure 3. Xerox PARCTab


Currently, true ubiquitous environments only exist in research institutions such as Aura at Carnegie Mellon University (Sousa & Garlen, 2002), and Gaia at the University of Illinois (Roman & Campbell, 2000). However, we are currently being connected using our cellular phones, and wireless devices such as laptops and PDAs.  These are able to receive some context data that allows them to customize their services for the user based on location.  It is easy to see how each of the steps in the history just presented allowed technology to reach this point – from a building full of computers, to our relatively tiny cell phones that now can act as full computing devices with access almost anywhere to a network of others.  Now, lets step back and look at the current role of ubiquitous computing, and see if we can’t make a prediction about where the technology will lead us in the future.
Also very nice. I think you could have improved the “and there also was this development” structure a little bit, but overall quite nice.
The Role of Ubiquitous Computing Today

The purpose of ubiquitous computing is to develop more intelligent technology such that humans gain more freedom, by not spending time directly instructing the computer, to pursue other tasks.  Presently, the technology is not at that advanced stage, but the groundwork has been laid so that in the future, computers may be in a position to fulfill the goal of ubiquitous computing.  Currently, there are several technologies that one can point to for an example of the trend towards ubiquity.  For example, it used to be required that in the normal operation of an automobile, the operator had to manipulate the throttle and choke so as to achieve a decent level of performance and efficiency; however, in modern automobiles, microprocessors now control the air/fuel mixture to provide the maximum amount of performance and efficiency – all without any knowledge or interaction from the operator.

In the year 1980, the general public was just discovering desktop computers, although few actually owned one.  More often, computers were encountered in the business office environment where there were copy and fax machines, along with payroll computers and bank mainframes.  At that time, most computers were terminals, tied to a central server or mainframe that handled most of the computation.  But, as time progressed, computers started becoming a reality at home, and in schools; soon, everybody had access to a computer somewhere. Then in the 1990s, personal digital assistants (PDAs), and cellular phones started to become popular electronic devices with consumers who used them to accomplish all sorts of tasks.  Pretty soon, you were able to check your email everywhere, and use the Internet to do almost anything, including having your groceries delivered.

Today, combination cell phone / PDAs are becoming popular, and as their price decreases, they will become more prevalent.  With these devices, you can be tracked by using global positioning satellites.  Even more on the edge of technology is the increased use of radio frequency identification (RFID) tags.  These tags can be embedded almost anywhere, including inside of clothing, so that even the wearer cannot tell where they are.  These tags, transmit unique data, and receivers collect that data which can then be used for many purposes; such as tracking of merchandise, people, lost children in the mall, how much a person eats, etc.  Like in the book Minority Report, which has been recently made into a movie, people travel around and have their retinas scanned so that advertising can be targeted at them.  Currently, this can be done, but not with a retina scan, but with an RFID embedded in your shoe. Sentence a little awkward But where will this technology lead us tomorrow?
Good account of today.
The Future of Ubiquitous Computing

In the future, where by future we mean the year 2020, ubiquitous computing will have a much greater impact on society than we can anticipate.  Marc Weiser, the father of ubiquitous computing, predicts that we will enter the age of ‘Calm Technology,’ whereby technology no longer causes us stress and disconnectedness with the rest of humanity, but rather a calming where we are more connected with humanity than before (Weiser & Brown, 1996).  There is no doubt that technology will become more ubiquitous, it will become a greater part of our reality, no longer a terminal or machine you walk up to, but something you wear and interact with constantly – probably without knowing it.

Wearable devices are slowly coming out of research institutions and into the consumer market, and while at first they may not be popular, as the technology is refined, we will soon all be wearing computers as part of our daily outfit.  Additionally, more context-aware computing will be available, where computers perform actions for their users depending on their physical location.  All of these advances will allow a greater sense of community for users because they will be constantly connected.  Moreover, the sense of community will no longer be limited by geographical area, but expand to include a user’s interests and hobbies – those that they will most identify and relate with.


Ubiquitous computing will accomplish more than make computers smaller, or wearable.  They will make computing, for the first time accessible, and truly useable.  Ubiquitous computing will change how we interact with computing devices, as well as with other people.  Now, radical changes will probably not be experienced by 2020, but I predict that the technology will exist in research form – and it will only be a short time afterwards that the consumer market will begin to embrace ubiquitous computing to the extent that it was designed for; and only then will computers no longer exist as out of place machines, but as part of the human experience.
Sergio –
Very nice paper. You did an excellent job outlining the history, current status, and philosophy of ubiquitous computing form a “disciple” point of view. I missed a few critical tones to the issue of pervasive computing – do you think that there are any problems that might derive from it?

Be that as it may – it is a very readable and informative paper.  (A)
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