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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 researchers around the world are now working in the pervasive computing framework.
Their work impacts all areas of computer science, including hardware components (e. g. chips),
network protocols, interaction substrates (e.g. software for screens and pens), applications, pri-
vacy, 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 world. It considers the nuances of the real world to be. wonderful, and aims only to aug-
ment them. Unlike PDA’s, pervasive computing envisions a world of fully connected devices, with
cheap wireless networks everywhere; 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 your-
self.

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 object. 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 construction of new com-
puting artifacts 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
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symbols, primarily words, but including also pictographs, clocks, and other sorts of symbolic com-
munication. Rather than attempting to reproduce these objects inside the virtual computer world,
leadig to another “desktop model”, instead the new kind of computer wiil also be put out in this

2 And because these written artifacts occur in many

world of concrete information conveyers.
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 cur-
rency of the global economy. We increasingly rely on the electronic creation, storage, and trans-
mittal 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 expect devices—personal digital assistants, mobile phones, office PCs and home
entertainment systems—to access that information 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 rele-
vant information 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 every-
day activities. It removes the complexity of new technologies, enables us to be more efficient in our
work and leaves us more leisure time. Computing is no longer a discrete activity bound to a desk-

top; pervasive computing is fast becoming a part of everyday life.
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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.
RXE—THEREEENIRNENE G4, F—1 that 51 FHE BB pervasive
computing, 55—/ that 51 5 I E 15 M A& agents, 2RI BEFLSEIE,

2. Rather than attempting to reproduce these objects inside the virtual computer world,
leading to another “desktop model”, instead the new kind of computer will also be put out
in this world of concrete information conveyers.

AR EAR : instead JFHE T FH—AE)F, BI: the new kind of computer will also be
put out in this world of concrete information conveyers. T Rather than - J§ & 5| S # 2 —

ToEEE, B AREER, BHARRE, 2HBBERSHEL,
1-2 Challenges to Pervasive Computing

Getting the computer out of the way is not easy. This is not a graphical user interface (GUI)
problem, but is a property of the whole context of usage of the machine and the affordances of its
physical properties: the keyboard, the weight and desktop position of screens, and so on. The
problem is not of “interface”. 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. (Indeed, multimedia tries to grab attention, 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 computers 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

+ 3 .



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. 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 committees and researchers are now working on methods of aug-
menting 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 to open remote 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, although this is just what
a person traveling from their office to a meeting might want. ?

This then is phase I of ubiquitous computing: to construct, deploy, and learn from a
computing environment consisting of tabs, pads, and boards. This is only phase I, because it is un-
likely to achieve optimal 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 work, play, and home.
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1. 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.
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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.

XR—NTENEEGH], although 51 FHB—MEBRIENG, A FER: BHH X
Window HMUERHE— N BHENNABRERE OA—NREBES — 1 RIEREEN,
Rt B — M AE BTN AEEZS SRR,

1-3 Turning Pervasive Computing into Mediated Spaces

With pervasive computing, we envision a future in which computation becomes part of the en-
vironment. 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 radically from our cur-
rent relationship with computers. When computation becomes part of the environment, most hu-
man-computer interaction will be implicit, and it will have to take account of physical space. Physi-
cal space rarely matters in current human-computer interaction; but as computational devices be-
come part of furniture, walls, and clothing, physical space becomes a necessary consideration.
First, more than one person can occupy a space. Second, individuals within the space are doing
things other than interacting with the computer: coming and going, and perhaps most strikingly,
interacting with each other—not just with the computer. Finally, physical 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 particular kind of smart space, the “mediated space,” in which the space understands
and participates in multiperson interaction. Mediated spaces will expand human capability by pro-
viding information management within a context associated with that space. The context will be
created by recording interaction 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 context 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 explores the research challenges
in both of these areas, examining the behind-the-scenes requirements of device or manifestation de-
scription 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 acceleration in our cars, defines the capability of medical instruments, and runs virtu-
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ally all machinery. Hand-held devices (especially cell phones and pagers) are commonplace; serious
computational wristwatches and other wearables are becoming practical; computational furniture
and rooms are demonstrable. Relentless progress in semiconductor technology, low-power design,

1" Computation is

and wireless technology will make embedded computation less and less obtrusive.
ready to disappear into the environment.

But what will it all mean? The nature of our relationship to computation in its pervasive form
will necessarily 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 perform-
ing explicit tasks “on the computer”’—creating documents, sending e-mail, and so on. When com-
putation is part of the environment, this comfortable explicitness will disappear. Individuals will do
whatever they normally do: move around, use objects, see and talk to each other. The computa-
tion in the environment may be able to facilitate these actions, and individuals may come to expect
certain 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 ex-
ample, 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 only 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 be able to
greatly expand this form of interaction. Implicit 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 deal-
ing with limitations of “screen real estate” and ergonomic considerations of head and hand position-
ing, most computer interface design has nothing to do with physical space. With very rare excep-
tions, conventional computer interfaces are unaware of the presence, much less the identity, of hu-
man beings. 2

When computation is part of the environment, it will be part of everyday physical space. This
single shift radically changes the relationship between humans and computation—from a fairly static
single-user location-independent world to a dynamic multiperson situated environment.® First,
pervasive computation environments are necessarily dynamic with respect to their human users. In-
dividuals move around in space, changing position and visual focus, coming and going. Second,
more than one person can occupy a space. When more than one person is in a space, they tend to
interact with each other. Finally, the physical location of the computation—or more precisely the
interface to the computation—becomes relevant. Computer users are currently encouraged to disas-
sociate computation from location: information is available from any tap; “the network is the com-
puter. ” 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
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entity; it does not matter very much where it is, especially in a networked world. This is very dif-
ferent from a computational desk or conference room table, where the interface is part of a specific
spatial environment that has other attributes and associations. Individuals associate places with
events ( “you were sitting right there when I told you that”) and recurrent activities ( the confer-

ence room, my office, my favorite store for children’s clothing) .
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Notes

1. Relentless progress in semiconductor technology, low-power design, and wireless
technology will make embedded computation less and less obtrusive.
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2. With very rare exceptions, conventional computer interfaces are unaware of the presence,
much less the identity, of human beings.
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3. This single shift radically changes the relationship between humans and computation —
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from a fairly static single-user location-independent world to a dynamic multiperson situated

environment.
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Exercises

. Fill in the following blanks with proper words or phrases found in the text given below:

mediated nuance postulate framework augment
currency implicit remote unambiguous

(1) A number of researchers around the world are now working in the pervasive computing

(2) Pervasive computing endeavers to integrate information of displays
into the everyday physical world.

(3) Pervasive computing that you need not carry anything with you.

(4) Information is now the new of the global economy.

(5) A number of committees and researchers are now working on methods of

or replacing existing protocols to handle mobility.

(6) Most window systems are not able to open windows over a net-

work.

(7) When computation becomes part of the environment, most human-computer interac-
tion will be

(8) The context associated with space will be created by recording in-

teraction with the space and by importing information from outside.

(9) Currently we only allow automatic interaction when our intent is

and when the computer can clearly do the job than we can.

. True/False:

(1) Researches on pervasive computing influence some of the areas of computing science.

()
(2) Pervasive computing is just a personal or intimate computer with agents doing your
bidding. ()

(3) We require complete access to time-sensitive data, regardless of physical location.
()
(4) Pervasive computing removes the complexity of new technologies, enables us to be
more efficient in our work and leaves us more leisure time. ()
(5) Getting the computer out of the way is not easy because it is a problem of a property of
the whole context of usage of the machine and the affordances of its physical proper-



