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UNIT 1

A New Computing Model—Pervasive { Ubiquitous} Computing

1-1 What is Pervasive Computing?

Pervasive computing has its goal as the enhancing computer use by making many computers available
throughout the physical environment, but making them effectively invisible to the user. A number of re-
searchers around the world are now working in the pervasive computing framework . Their work impacts all
aress of computer science, including hardware componenis (e.g. chips), network protocols, interaction
substrates (e.g. software for screens and pens), applications, privacy, and computational methods.

Pervasive computing is not virtual reality, it is not a Personal Digital Assistant (PDA) such as
Apple’s Newton, it is not a personal or intimate computer with agents doing your bidding. Unlike virtual
reality, pervasive computing endeavers to integrate information displays into the everyday physical wordd. It
considers the nuances of the real world to be wonderful, and aims only to augment them. Unlike PDA’s,
pervasive computing envisions a world of fully connected devices, with cheap wireless networks every-
where; unlike PDA’s, it postulates that you need not carry anything with you, since information will be
accessable everywhere. Unlike the intimate agent computer that responds to one’s voice and is a personal
friend and assistant, pervasive computing envisions computation primarily in the background where it may
not even be noticed. Whereas the intimate computer does your bidding, the pervasive computer leaves you
feeling as though you did it yourself.

Pervasive computing is exploring quite different ground from Personal Digital Assistants, or the idea
that computers should be autonomous agents that take on our goals?' The difference can be characterized
as follows. Suppose you want to lift a heavy chject. You can call in your strong assistant to lift it for you,
or you can be yourself made effortlessly, unconsciously, stronger and just lift it. There are times when both
are good. Much of the past and current effort for better computers has been aimed at the former; pervasive
computing aims at the latter.

The approach the researchers took was to attempt the definition and eonstruction of new computing ar-
tifacts for use in everyday life. They took their inspiration from the everyday objects found in offices and
homes, in particular those objects whose purpose is to capture or convey information. The most pervasive
current informational technology embodied in artifacts is the use of written symbols, primarily words, but
including also pictographs, clocks, and other sorts of symbelic communication. Rather than atiempting to
reproduce these objecis inside the virtual computer world, leadig to another “desktop model”, instead the
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new kind of computer will also be put out in this world of concrete information conveyers.?  And because
these written artifacts occur in many different sizes and shapes, with many different affordances, so the
computer embodiments to be of many sizes and shapes, including tiny inexpensive ones that could bring
computing to everyone.

Pervasive computing gives us tools to manage information easily. Information is the new currency of
the global economy. We increasingly rely on the electronic creation, storage, and transmittal of personal,
financial, and other confidential information, and demand the highest security for all these transactions.
We require complete access to time-sensitive data, regardless of physical location. We ¢xpect devices—
personal digital assistants, mobile phones, office PCs and home entertainment systems—1o access that in-
formation and work together in one seamless, integrated system. Pervasive computing can help us manage
information quickly, efficiently, and effortlessly.

Pervasive computing is about making our lives simpler. Pervasive computing aims to enable people to
accomplish an increasing number of personal and professional transactions using a new class of intelligent
and portable devices. It gives people convenient access to relevant information stored on powerful networks,
allowing them to easily take action anywhere, anytime.

These new intelligent appliances or “smart devices” are embedded with microprocessors that allow
users to plug into intelligent networks and gain direct, simple, and secure access to both relevant informa-
tion and services. These devices are as simple to use as calculators, telephones or kitchen toasters.

Pervasive computing simplifies life by combining open standards-based applications with everyday ac-
tivities. It removes the complexity of new technologies, enables us to be more efficient in our work and
leaves us more leisure ime. Computing is no longer a discrete activity bound to a desktop; pervasive com-

puting is fast becoming a part of everyday life.

D
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1. Pervasive computing is exploring quite different ground from Personal Digital Assistants, or idea
that computers should be autonomous agents that take on our goals.
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2. Rather than attempting to reproduce these objects inside the virtual computer world, leading to an-
other “desktop model”, instead the new kind of computer will also be put out in this world of con-
crete information conveyers.
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1-2 Challenges to Pervasive Computing

Getting the computer out of the way is not easy. This is not a graphical user interface (GUI) prob-

lem, but is a property of the whole context of usage of the machine and the affordances of its physical prop-
erties: the keyboard, the weight and desktop position of screens, and so on. The problem is not of “inter-
face” . For the same reason of context, this was not a multimedia problem, resulting from any particular
deficiency in the ability to display contains kinds of realtime data or integrate them into applications. (In-
deed, multimedia tries to grab atiention, the opposite of the pervasive computing ideal of invisibility) . The
challenge is to create a new kind of relationship of people to computers, one in which the computer would
have to take the lead in becoming vastly better at getting out of the way so people could just go about their
lives.'
Work on pervasive computing is still at an early phase. Most work now is concentrating on the mobile
infrastructure for wireless networking. Because pervasive computing envisions hundreds of wireless comput-
ers in every office, its need for wireless bandwidth is prodigious. For instance, I work in a not-very-large
building with 300 other people. If each of us has 100 wireless devices in our offices, each demanding 256
kbits/sec, we are using 7.5 gigabits of aggregate bandwidth in a single building. This is difficult to
achieve with currently envisioned wireless technologies.

A second challenge of the mobile infrastructure is handling mobility. Networking developed over the
past twenty years with the assumption that a machine’ s name, and its network address, were unvarying.
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However, once a computer can move from network to network this assumption is false. Existing protocols
such as TCP/IP and OSI are unprepared for to handle machine mobility without change. A number of com-
mittees and researchers are now working on methods of augmenting or replacing existing protocols to handle
mobility .

A third challenge of the mobile infrastructure is window systems. Most window systems, such as those
for the Macintosh and for DOS, are not able 1o open rermote windows over a network . Even window systems
designed for networking, such as X, have built into them assumptions about the mobility of people. The X
window system protocol, for instance, makes it very difficult to migrate the window of a running application
from one screen to another, altheugh this is just what a person traveling from their office to a mesting might
want.?

This then is phase I of ubiquitous computing: to construct, deploy, and leam from a computing envi-
ronment consisting of tabs, pads, and boards. This is only phase I, because it iz unlikely to achieve opti-
mal invisibility. (Later phases are yet to be determined) . But it is a start down the radical direction, for
computer science, away from attention on the machine and back on the person and his or her life in the
world of werk, play, and home.
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1. The challenge is to create a new krad of relationship of people to computers, one in which the
computer would have to take the lead in becoming vastly better at getting out of the way so people
could just go about their lives.
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2. The X window system protocol, for instance, makes it very difficult to migrate the window of a

running application from one screen to another, although this is just what a person traveling from
their office to a meeting might want
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1-3 Turning Pervasive Computing into Mediated Spaces

With pervasive computing, we envision a future in which computation becomes part of the environ-
ment . The computer forms (workstation, personal computer, personal digital assistant, game player)
through which we now relate to computation will occupy only a small niche in this new computational
world. Our relationship with pervasive computing will differ mdically from our current relationship with
computers. When computation becomes part of the environment, most human-computer interaction will be
implicit, and it will have to take account of physical space. Physical space rarely matters in current hu-
man-computer interaction; but as computational devices become part of furniture, walls, and clothing,
physical space becomes a necessary consideration. First, more than one person can occupy a space. Sec-
ond, individuals within the space are doing things other than interacting with the computer; coming and go-
ing, and perhaps most strikingly, interacting with each other—not just with the computer. Finally, physi-
cal space provides a sense of place: individuals associate places with events and recurrent activities.

The emerging relationship between people and pervasive computation is sometimes idealized as a
“smart space” ; the seamless integration of people, computation, and physical reality. This paper focuses
on a particnlar kind of smart space, the “mediated space,” in which the space understands and partici-
pates in multiperson intersction. Mediated spaces will expand human capability by providing information
management within a context associated with that space. The context will be created by recording interac-
tion within the space and by importing information from the outside. Individuals will interact with the space
explicitly in order to retrieve and analyze the information it contains, and implicitly by adding to the con-
text through their speech and gesture, Achieving the vision of mediated spaces will require progress in both
behind-the-scenes technology (how devices coordinate their activities) and at-the-interface technology (how
the space presents itself to people, and how the space deals with multiperson interaction) . This paper ex-
plores the research challenges in both of these areas, examining the behind-the-scenes requirements of de-
vice or manifestation description and context maintenance, as well as the interface problems of metaphor
and understanding natural human-to-human spoken interaction.

The pervasive computing revolution will surely occur: computation will be embodied in things, not
computers. We can already put computation almost anywhere. Embedded computation controls braking and
accelerstion in our cars, defines the capability of medical instruments, and runs virtually all machinery.
Hand-held devices (especially cell phones and pagers) are commonplace; serious computational wrist-
walches and other wearables are becoming practical ; computational furniture and rooms are demonstrable.
Relentless progress in semiconductor technology, low-power design, and wireless technology will make em-
bedded computation less and less obtrusive.! Computation is ready to disappear into the environment.

But what will it all mean? The nature of our relationship to computation in ils pervasive form will nec-
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essanly be different from our relationship to computation in its current form. The first key difference is the
explicitness of the computational task. Presently people think in terms of performing explicit tasks “on the
computer —creating documents, sending e-mail, and so on. When computation is part of the environ-
ment, this comfortable explicitness will disappear. Individuals will do whatever they nommally do; move
around, use objects, see and talk to each other. The computation in the environment may be able to facili-
tate these actions, and individuals may come to expect ceriain services, but they will usually not be doing
things “on the computer”

We see the beginnings of this form of interaction with existing embedded computers. For example, an
automatic braking system engages when the driver performs the normal action of pushing the brake pedal.
The “automatic” is significant: the computation is implicit—braking simply works better (most of the
time ) and we do not care how. Currently this form of interaction is extremely limited. We allow it oaly
when our intent is unambiguous and when the computer can clearly do the job better than we can. In order
to take advantage of pervasive computing, we must he able to greatly expand this form of interaction. Im-
plicit computation will be available everywhere; we need to figure out how to interact with it.

A second key difference in the pervasive computing world is the importance of physical space. Current
computers obviously occupy physical space, but this is usually irrelevant. Apart from dealing with limita-
tions of “‘screen real esiate” and ergonomic considerations of head and hand positioning, most computer in-
terface design has nothing to do with physical space. With very rare exceptions, conventional computer in-
terfaces are unaware of the presence, much less the identity, of human beings.?

When computation is part of the environment, it will be part of everyday physical space. This single
shift radically changes the relationship hetween humans and computation—from a fairly static single-user
location-independent world to a dynamic multiperson situated environment.” First, pervasive computation
environments arc necessarily dynamic with respect to their human users. Individuals move around in space,
changing position and visual focus, coming and going. Second, more than one person can oceupy a space.
When more than one person is in a space, they tend to interact with each other. Finally, the physical loca-
tion of the computation—or more precisely the interface to the computation—becomes relevant. Computer
users are currently encouraged to disassociate computation from location: information is available from any
tap; “the network is the computer. ” While this is a valuable viewpoint that will certainly continue in the
pervasive computing world, it is based on the separation between computers and real things, A computer is
an artificial entity; it does not matter very much where it is, especially in a networked world. This is very
different from a computational desk or conference room table, where the interface is part nf a specific spa-
tial environment that has other atiributes and associations. Individuals associate places with events (“youn
were sitting right there when I told you that”) and recurrent activities (the conference room, my office, my
favorite store for children’ s clothing) .
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Relentless progress in semiconductor technology, low-power design, and wireless technology will
make embedded computation less and less obtrusive. ]
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Reading Matrials: Smart Spaces and Hardware Prototypes

I . Smart Spaces

The relationship between people and pervasive computation that ought to come into being is a seamless
integralion of people, computation, and physical reality: a “smart space” . The concept of a smart space
has a long history in computer science. In the early 1960s Dong Engelbart at Stanford Research Institute
(now SRI International} was exploring the concepts of human-computer systems that could augment human
capability, especially humans working in groups. Although this work is most famous for the mouse inter-
face, its primary contribution is probably the “smart space” vision that still infotms the research communi-
ty. The “Media Room” project developed by the MIT { Massachusetts Institute of Technology) Architecture
Machine Group in the mid-1970s explored the concept of users interacting with room-sized computational
environments . The result was a new human-computer interface based on the combination of speech and ges-
ture input, and text and graphics outpui.

A decade later, Mark Weiser and hLis colleagues at Xerox PARC (Palo Alto Research Center) were
investigating a different paradizin in which spaces consist of invisibly computational objects, objects that
embudy computational extensions of their originals (smart Post-it * * notes, badges, pads, etc. ). People
perform tasks primarily through interaction with these smart devices as they move through their day. Unlike
the Media Room concept, explicit interaction with the computer is meant to be minimal to nonexistent. In
the “ubiquilous computing world envisioned by Weiser, people interact with computational entities pretty
much the way they interact with physical entities, not tha way they interact with other people.

As the technology of pervasive computing has improved, research in this area has flourished, produc-
ing significant interactive environments based on these earlier concepts. For example, Michael Coen’s “In-
telligent Room” and muic recent “Hal” are intellectual descendants of the Media Room; both are confer-
ence rooms that track the people in them and understand commands as combinations of speech and gesture
input. The goal is to expand the boundaries of human-computer intersetion, moving toward human-human
or even human-superhuman interaction patterns between people and computers. The MIT Media Lab’s “
Things That Think” project shares much of the heritage of ubiquitous computing. The “Smart Rooms” of
Sandy Pentland and colleagues have a similar point of departure, but additionally create complex three-di-
mensioual information environments that make use of human spatial reasoning capability. Smart Rooms,
and Pentland and Liu’s “Smart Car,” also focus on inferring human intentions through their actions in or-
der to provide enhanced interaction. The “Tangible Bits™ approach nf Hiroshi Ishil et al. pushes still fur-
ther on the boundaries of human-computer interaction, following the ubiquitous computing patialigm into
physical and ambient intedaces.

These smart-space approaches are about humans dealing directly {even if implicitly) with computers
to accomplish tasks. They mostly ignore the interpersonal interactions of people in the space, e.g., “in

. 8 .



general, the room ignores spoken utterances from the lapel microphones not speeifically directed to it.”
This is an important simplifying assumption that makes implementation tractable, but it also defines the
smartness of the space in terns of human-computer interaction: the capability of the space to understand
what people are trying to tell it.

I . Hardware Prototypes

New hardware systems design for pervasive compuling has been oriented towards experimental plat-
forms for systems and applications of invisibility. New chips have been less important than combinations of
existing components that create experimental opportunities. The fimst pervasive computing technology te be
deployed was the Liveboard [ Elrod 92], which is now a Xerox product. Two other important pieces of pro-
totype hardware supporting our research at PARC are the Tab and the Pad.

Tah

The ParcTab is a tiny information doorway. For user interaction it has a pressure sensitive screen on
top of the display, three buttons undemeath the natural finger positions, and the ability to sense its position
within a building. The display and touchpad it uses are standard commerrial units,

The key hardware design problems in the pad are size and power consumption. With several dozens of
these devices sitting around the office, in briefcases, in pockets, one cannot change their batteries every
week, The PARC design uses the 8051 to control detailed interactions, and includes software that keeps
power usage down. The major outhoard components are a smll analog/ digital converter for the pressure sen-
sitive screen, and analog sense circuitry for the IR receiver. Interestingly, although we have been ap-
proached by several chip manufacturers about our possible need for custom chips for the Tab, the Tab is not
short of places to put chips. The display size leaves plenty of room, and the display thickness dominates
total size. Off-the-shelf components are more than adequate for exploring this design S]Z;&Gﬂ, even with our
severe size, weight, and power constraints,

A key part of our design philosophy is to put devices in everyday use, not just demonstrate them. We
can only use techniques suitable for quantity 100 replication, which excludes certain things that could make
a huge difference, such as the integration of components onto the display surface itself. This technology,
being explored at PARC, TSI, and TI, while very promising, is not yet ready for replication.

The Tab architecture is carefully balanced among display size, bandwidth, processing, and memory.
For instance, the small display means that even the tiny processor is capable of four frame/sec video to it,
and the IR bandwidth is capable of delivering this. The bandwidth is also such that the processor can actu-
ally time the pulse widths in software timing loops, Our current design has insufficient storage, and we are
increasing the amount of non-volatile RAM in future tabs from 8k to 128k . The tab’ s goal of postit-note-like
casual use puts it into a design space generally unexplored in the commercial or research sector.

Pad

The pad is really a family of notehook-sized devices. Our initial pad, the ScratchPad, plugged into a
. 9 +



