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The Computer 
for the 21 st Century 

Specialized elements of hardware and software, 
connected by wires, radio waves and infrared, will be 
so ubiquitous that no one will notice their presence 

T he most profound technologies 
are those that disappear. They 
weave themselves into the fabric 

of everyday life until they are indistin· 
gulshable from It. 

Consider writing, perhaps the first 
information technology. The ability to 
represent spoken language symbolical­
ly for long-term s(Orage freed informa­
tion from the limits of lndlvtduaJ mem­
ory. Today this technology is ubiqui­
tous in industrialized countries. Not 
only do books, magazlnes and newspa­
pers convey written information. but so 
do street Signs, billboards, shop signs 
and even graffiti. Candy wrappers are 
covered in writing. The constant back· 
ground presence of these products of 
"literacy technology" does not require 
active attention, but the information to 
be transmitted Is ready for use at a 
glance. It is dlfficu1t to imagine modem 
life othelVl1se. 

Silicon-based Information technology, 
in contrast, Is far from having become 
part of the environment. More than 50 
m1llJon personal computers have been 
sold. and the computer nonetheless re­
mains largely in a world of Its own. It 
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Is approachable only through complex 
jargon that has nothing to do with the 
tasks fo r wbJch people use computers. 
The state of the art Is perhaps analo-­
gous to the period when scribes bad to 
know as much about making Ink or 
baking day as they did about writing. 

The a.«:ane aura that surrounds per­
sonal computers Is not just a "user in­
terfaceR problem. My colleagues and I 
at the Xerox Palo Alto Research Center 
think that the Idea of a "personal" com­
puter Itself Is misplaced and that the 
vision of laptop machines, dynabooks 
and Mknowledge navigators· is only a 
transitional step toward achieving the 
real potential of information technolo-­
gy. Such machines cannot rruly make 
computing an integral, invisible part of 
people's lives. We are therefore trying to 
conceive a new way of th1n.kIng about 
computers, one that takes Into account 
the human world and allows the com­
puters themselves to vanish into the 
background. 

Such a disappearance is a funda­
mental consequence not of tech­
nology but of human psycholo­

gy. Whenever people learn something 
sufficiently well, they cease to be aware 
of It. When you look at a street sign, 
for example, you absorb its informa­
tion without consctously performing 
the act of reading. Computer scientist, 
economist and Nobelist Herbert A. Si­
mon calls this phenomenon "compil­
Ing"; ph1iosopher Michael Polanyi calls 
It the "tacit dimensIon"; psychologist 
J. J. Gibson calls It "visual lnvar1ants~; 
ph1iosophers Hans Georg Gadamer and 
Martin Heldegger call it the ~horizonM 
and the "ready-to-hand"; John Seely 
Brown of PARC calls it the -periphe­
ry." All say, In essence, that only when 
things disappear In this way are we 
freed to use them without thinking and 
so to focus beyond them on new goals. 
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The idea of integrating computers 
seamlessly Into the world at large runs 
counter to a number of present-day 
trends. "Ubiqultous computing" In this 
context does not mean just computers 
that can be carried to the beach, jun­
gle or airport. Even the most powerful 
notebook computer, with access to a 
worldwide information network, still 
focuses attention on a single box. By 
analogy with writing, carrying a super­
laptop is like owning just one very im· 
portant book. Customizing this book, 
even writing millions of other books, 
does not begin to capture the real pow­
er of literacy. 

Furthermore, although ubiquitous 
computers may use sound and video 
to addition to text and graphics, that 
does not make them "multimedia com­
puters." Today's multimedia machine 
makes the computer screen into a de­
manding focus of attention rather than 
allowing It to fade Into the background. 

Perhaps most diametrically opposed 
to our vision Is the notion of virtual re­
ality, wbJch attempts to make a world 
inside the computer. Users don special 
goggles that project an artlftcial scene 
onto their eyes; they wear gloves or 
even bodysults that sense their mo-­
tions and gestures so that they can 
move about and manipulate virtual 0b­
Jects. Although it may have its purpose 
in allowing people to explore realms 
othetWise inaccessIble- the insIdes of 
cells, the surfaces of distant planets, the 
information web of data bases-virtu­
al reality is only a map, not a territo-­
ry. It exdudes desks, offices, other pe0-
ple not wearing goggles and bodysults, 
weather, trees, walks, chance encoun­
ters and, to general, the lnftnite rich­
ness of the universe. Virtual reality fo­
cuses an enormous apparatus on simu­
lating the world rather than on Invisibly 
enhancing the world that already exists. 

Indeed, the opposition between the 
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UBIQUITOUS COMPU11NG begins to emerge in the form of live 
boards that replace chaUtboards as weIJ as in other devices at 
the Xerox Palo Allo Research Center. Computer sdentJslS 
gather around a live board for discussion . BulJdlng boards 

and Integrating them with other tools has helped researchers 
understand better the eventual shape of ubiquJtous comput· 
Ing. In coQjuncdon with active badges. live boards can cus· 
tomlze the infonnation they display. 

SctEN1lnc AMl:RJCAN Seprember 1991 95 



1- 'rPAD 

~=n rr" " " 
'-_~, " " \ \ II 

""111\"'" 
,,'111111\ 

WORK· 
STATION 

FILE 
SERVER 

--------- ~ 
- ~ 

WIRED AND WlRELfSS NFIWORKS link computers and al­
low their users to share programs and data. The computers 
pictured here fndude conventional terminals and file serv­
ers, pocket-size machines known as tabs and page-size ones 

known as pads. Future networks must be capable of support­
ing hundreds of devices in a single room and must also cope 
with devices- ranging from tabs to laser printers or large­
screen displays- that move from one place to another. 

notion of virtual reality and ubiquitous, 
invisible computing Is so strong that 
some of us usc the renn Membodied 
virtuality" to refer to the process of 
drawing computers out of their elec­
tronic sbells. The "virtuality" of com­
puter-readable data- all the different 
ways In which they can be a1tered, pro­
cessed and analyzed- Is brought into 
the physical world. 

H OW do technologies disappear 
into the background? The van­
ishing of electric motors may 

serve as an instructive example. At the 
tum of the century, a typical workshop 
or factory contained a single engine 
that drove dozens or hundreds of dif­
ferent machines through a system of 
shafts and pulleys. Cheap, small, effi­
clem electric motors made it possible 
first to give each tool its own source of 
motive force, then (0 put many motors 
in(O a single machine. 

A glance through the shop manual 
of a typical automobile, for example, 
reveals 22 motors and 25 solenoids. 
They start the engine, clean the wind­
sWeld, lock and unlock the doors, and 
so on. By paying careful attention, the 
drtver might be able to discern when­
ever he or she activated a motor, but 
there wouJd be no point to It. 

Most computers that participate in 
embodied virtuality will be invisible in 

fact as well as In metaphor. Already 
computers in light switches, thermo­
s tats, stereos and ovens help to acti­
vate the world. These machines and 
more will be interconnected in a ubiqui­
tous network. As computer scientists, 
however, my colleagues and I have fo­
cused on devices that transmit and dis­
play infonnatlon more directly. We have 
found two issues of crucial importance: 
location and scale. Uttle Is more basic 
to human perception than physical jux­
taposition, and so ubiquitous comput­
ers must know where they are. (Today's 
computers, in contrast, have no Idea 
of their location and surroundings.) If a 
computer knows merely what room it 
Is in, it can adapt its behavior in sig­
nificant ways without requiring even a 
hint of artificial intelligence. 

Ubiquitous computers will also come 
in different sizes, each suited to a 
particular task. My colleagues and I 
have built what we call tabs, pads and 
boards: inch-scale machines that ap­
proximate actlve Post-It notes, foot-scale 
ones that behave something like a sheet 
of paper (or a book or a magazine) and 
yard-scale displays that are the equiva­
lent of a blackboard or buUelin board 

How many tabs, pads and board-size 
writing and ctisplay surfaces are there 
In a typical room? Look around you: 
at the Inch scale, include wall notes, 
titles on book spines, labe1s on con-
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trois, thermostats and clocks, as well as 
small pieces of paper. Depending on the 
room, you may see more than 100 tabs, 
10 or 20 pads and one or two boards. 
ThIs leads to our goal for initially de­
ploying the hardware of embodJed virtu­
ality: hundreds of computers per room. 

Hundreds of computers In a room 
couJd seem intimidating at first, just 
as hundreds of volts coursing through 
wires in the walls once did. But like the 
wires In the walls, these hundreds of 
computers will come to be invisible to 
common awareness. People will Simply 
use them unCOnsciously to accomplish 
everyday tasks. 

Tabs are the smallest components of 
embodJed virtuality. Because they are 
interconnected, tabs will expand on the 
usefulness of existing inch-scale com­
puters, such as the pocket calculator 
and the pocket organizer. Tabs will 
also take on functions that no comput­
er performs today. For example, com­
puter scientists at PARe and other re­
search laboratories around the world 
have begun working with active badg­
es- clip-on computers roughly the size 
of an employee J.D. card, first devel­
oped by the Olivetti Cambridge research 
laboratory. These badges can identify 
themselves to receJvers placed through­
out a building, thus making It possible 
to keep track of the people or objects 
10 which they are attached. 



In our experimental embodied vir­
tuality, doors open only to the right 
badge wearer, rooms greet people by 
name, telephone calls can be automati· 
cally forwarded to wherever the recipl· 
ent may be, receptionists actually know 
where people are, computer terminals 
retJ1eve the preferences of whoever Is 
sitting at them, and appointment di· 
aries write themselves. The automatic 
diary shows how such a simple task as 
knowing where people are can yield 
complex dividends: meetings, for ex­
ample, consist of severaI people spend­
Ing time in the same room, and the 
subject of a meeting Is most probably 
the rues called up on that room's dis­
play screen while the people are there. 
No revolution in artlndaI intelligence is 
needed, mere1y computers embedded 
in the everyday world. 

My colleague Roy Want has designed 
a tab incorporating a small display that 
can serve simultaneously as an active 
badge, calendar and diary. It will also act 
as an extensiOn to computer screens: in­
stead of shrtnklng a program window 
down to a small Icon on the screen, for 
example, a user will be able to shrink 
the window onto a tab d1splay. This will 
leave the screen free fo r infonnation 
and aIso let people arrange their com­
puter·based projects in the area around 
their term1nals, much as they now ar­
range paper-based projects in piles on 
desks and tables. Carrying a project to 
a different office fo r discussIon Is as 
simple as gathering up Its tabs; the as­
sociated programs and rues can be 
caIled up on any termlna1. 

The next step up in size Is the 
pad, something of a cross be­
tween a sheet of paper and cu .... 

rent laptop and paImtop computers. 
Robert Krlvaclc of PARe has built a 
prototype pad that uses Mo micro­
processors, a workstation-size display, 
a multibutton stylus and a radio net­
work with enough communications 
bandwidth to support hundreds of de­
vices per person per room. 

Pads differ from conventional por­
table computers In one crudal way. 
Whereas portable computers go every· 
where with their owners, the pad that 
must be carried from place to place Is a 
faUure. Pads are intended to be "scrap 
computers" (analogous to scrap paper) 
that can be grabbed and used anywhere; 
they have no individualized Identity or 
importance. 

One way to think of pads is as an anti­
dote to windows. Windows \o't'Cre invent­
ed at PARC and populartzed by Apple in 
the Madntosh as a way of fitting sev­
eral different activities onto the small 
space of a computer screen at the same 

time. In 20 years computer screens 
have not grown much larger. Computer 
window systems are often saJd to be 
based on the desktop metaphor- but 
who would ever use a desk only nine 
Inches high by 11 Inches wide? 

Pads, in contrast, use a real desk. 
Spread many electronic pads around on 
the desk, just as you spread out papers. 
Have many tasks in front of you, and 
use the pads as reminders. Go beyond 
the desk to drawers, shelves, coffee ta­
bles. Spread the many parts of the many 
tasks of the day out ln front of you 10 
fit both the task and the reach of your 
arms and eyes rather than to fit the 
limitations of glassblowing. Someday 
pads may even be as small and tight as 
actual paper, but meanwhile they can 
fulfill many more of paper's functio ns 
than can computer screens. 

Yard-size displays (boards) serve a 

The Active Badge 

This harbinger of inch-scalI! 
computl! rs conlalns a small 

mlcroproCl!ssor and an infrared 
transmlttl!r. Thl! badge broad­
casts t hl! Idl!ntlty of its wearl!r 
and so can trlggl!r automatic 
doors, automatic telephone for­
warding and computer dispiays 
customized to each person read­
ing them. The active badge and 
othl!r networked tiny compulers 
are call1!d tabs. 

number of purposes: in the borne, vid­
eo screens and bulletin boards; in the 
office, buUetin boards, white boards or 
fllp charts. A board might also serve as 
an electronic bookcase from which one 
might download texts to a pad or tab. 
For the time beIng, however, the ability 
to puu out a book and place it comfort­
ably on one's lap remains one of the 
many attractions of paper. Slmllar ob­
jections apply to using a board as a 
desktop; people will have to become 
accustomed to having pads and tabs 
on a desk as an acijunct to computer 
screens before taking embodied virtu­
ality any further. 

Prototype boards, built by Richard 
Bruce and Scott Elrod of PARC, are in 
use at several Xerox research laborato­
ries. They measure about 40 by 60 
lnches and display 1,024 x 768 black­
and-white pixels. To manipulate the 
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ctisplay, users pick up a piece of wire­
less electronic Mchalk- that can work 
either in contact with the surface o r 
from a distance. Some researchers, us· 
ing themselves and their coUeagues as 
guinea pigs, can hold electrorucally me­
diated meetings or engage in other 
forms of collaboration around a .. live 
board. Others use the boards as test­
beds for lmproved ctisplay hardware, 
new -chalk- and interactive software. 

For both obvious and subtle rea­
sons, the software that animates a 
large shared display and Its electron· 
Ic chalk Is not the same as that for a 
workstation. Switching back and forth 
between chalk and keyboard may in­
volve walking severa1 steps, and so the 
act Is qualitatively different from using 
a keyboard and mouse. In addition, 
body size Is an Issue. Not everyone can 
reach the top of the board, so a Macin­
tosb·style menu bar might have to run 
across the bottom of the screen instead. 

We have buUt enough live boards 
to permit casual use: they have been 
placed in ordInary conference rooms 
and open areas, and no one need sign 
up or give advance notice before us­
ing them. By buJJding and using these 
boards, researchers start to experience 

and so understand a ..... orld In which 
computer interaction Informally en­
hances every room. Uve boards can 
usefully be shared across rooms as 
weU as within them. In experiments 
Instigated by Paul Dourish of Euro­
PARC and Sara Sly and Frank Halasz 
of PARC, groups a t widely separated 
sites gathered around boards- each 
displaying the same image- and jointly 
composed pictures and drawings. TIley 
have even shared two boards across 
the Atlantic. 

live boards can also be used as bul­
letin boards. There Is already too much 
text for people to read and compre­
hend all of It, and so Marvin Thelmer 
and David Nichols of PARC have buJJt a 
prototype system that attunes Its pub­
lic Infonnation to the people reading It. 
Their ·scoreboard· requires little or no 
interaction from the user other than to 
look and to wear an active badge. 

Prototype tabs, pads and boards are 
just the beginning of ubiquitous com­
puting. The real power of the concept 
comes no t from anyone of these de­
vices- It emerges from the interaction 
of all of them. The hundreds of proces­
sors and displays are not a "user Inter­
face" like a mouse and windows, just 

a pleasant and effecth"e "place" to get 
things done. 

What will be most pleasant and effec­
tive Is that tabs can animate objects 
previously Inert. They can beep to help 
locate mislaid papers, books or other 
items. File dra\\"ers can open and show 
the desired folder- no searching. Tabs 
in library catalogues can make active 
maps to any book and guide searchers 
to it, even If It Is off the sbelf, left on a 
table by the last reader. 

In presentations, the size of text on 
overhead slides, the volume of the am­
plified voice, even the amount of am­
bient Ught, can be determined not by 
guesswork but by the desires of the Us­
teners in the room at that moment. 
Software (ools for tall)ing votes in­
stantly and consensus checking are al­
ready available In electronic meeting 
rooms of some large corporations; tabs 
can make them widespread. 

T he technology required for ubiq· 
ultous computing comes in three 
parts: cheap, low·power comput­

ers that include equally convenient dis­
plays, sofrware for ubiquitous appU· 
cations and a network that ties them 
aU together. Current trends suggest that 

COMPtJrER SCRATOIPADS augme.nt the conventional screen type pads are wired to conventional computers; thus (ar only 
in this office at the Xerox Palo Alto Research Center. Proto- a bandfu] or wireless mode1s have been built. 
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the first of these requirements wUl eas­
ily be met. Flat-panel dJsplays contain­
ing 640x480 blade-and-white pixels 
are now common. This is the standard 
size for PCs and Is a!so about right 
for television. As long as laptop, palm­
top and notebook computers continue 
to grow In popularity, display prices 
will fall, and resolution and quality 
will rise. By the end of the decade, a 
1,000 x 800-pixel high-contrasl display 
will be a fraction of a centimeter thick 
and weigh perhaps 100 grams. A small 
banery will provide severa] days of con­
tinuous use. 

Larger dJsplays are a somewhat dif­
ferent Issue. If an interactive computer 
screen Is to match a white board In 
usefulness, It must be viewable from 
arm's length as well as from across a 
room. For close viewing, the density of 
picture elements should be no worse 
than on a standard computer screen, 
about 80 per inch. Maintaining a densi­
ty of 80 pixels per inch over an area 
several feet on a side implies dJsplay­
ing tens of millions of pixels. The big­
gest computer screen made today has 
oruy about one fourth that capacity. 
Such large dJsplays will probably be ex­
pensive, but they should certain1y be 
avaIlable. 

The large dJsplay will require ad­
vanced microprocessors to feed It. Cen­
tral-processing-unit speeds reached a 
million lnstructlons per second in 1986 
and continue to double each year. Some 
industry observers believe that thJs ex­
ponential growth in raw chip speed may 
begin to level off about 1994 but that 
other measures of performance, indud­
Ing power consumption and auxiliary 
functions, will stU! Improve. The 100-
gram flat-panel dJsplay, then, might be 
driven by a microprocessor that exe­
cutes a billion operations per second 
and contains 16 megabytes of on-board 
memory along w:lth sound, video and 
network lnterfaces. Such a processor 
would draw, on average, a few percent 
of the power required by the dJsplay. 

Awdliary storage devices will aug­
ment main memory capadty: COllSClVa­
tive extrapolation of current technol­
ogy suggests that removable hard disks 
(or nonvolatile memory chips) the size 
of a matchbook wtll s tore about 60 
megabytes each. Larger disks contain­
ing several gigabytes of information 
will be standard, and terabyte storage­
roughly the data content of the Ubrary 
of Congress-will be common. Such 
enormous stores wtll not necessarily 
be filled to capacity with usable Infor­
mation. Abundant space will, however, 
allow radJcally different strategies of 
information management. A terabyte 
of disk storage will make deleting old 

files virtually unnecessary, for example. 
Although processors and dJsplays 

should be capable of offering ubiqui­
tous computing by the end of the dec­
ade, £rends In software and network 
technology are more problematic. CUf­
rent implementations of "dls£rlbuted 
computing- simply make networked 
rue servers, printers or other devic­
es appear as if they were cormected 
directly to each user's computer. This 
approach, however, does nothing to ex­
ploit the unique capabilities of phYSi­
cally dJspersed computers and the in­
formation embodJed in knowing where 
a particular device is located. 

Computer operating systems and 
window-based display software 
will have to change substantia!­

Iy. The design of current operating sys­
tems, such as OOS and Unix, is based 
on the assumptton that a computer's 
hardware and software configuration 
will not change substantially while it is 
running. This assumption Is reasonable 
for conventional mainframes and per­
sonal computers, but it makes no sense 
in tenns of ubiquitous computing. 
Pads, tabs and even boards may come 
and go at any time in any room, and 
It wtll cenain1y be impossible to shut 
down all the computers in a room to 
install new software in anyone of 
them. (Indeed, It may be Impossible to 
find aIllhe computers in a room.) 

One solution may be "micro-ker­
nel- operating systems such as those 
developed by Rick Rashid of Carne­
gie Mellon UniverSity and A. S. Tanen­
baum of Vrije University In Amster­
dam. These experimental systems con­
tain oruy the barest scaffolding of fixed 
computer code; software modules to 
perform spectfic functions can be read­
Ily added or removed. Future operat­
Ing systems based on this principle 
could shrink and grow automatically to 
fit the changing needs of ubiquitous 
computation. 

CUrrent window display systems also 
are not ready to cope with ubiqui­
tous computing. They typically assume 
that a particular computer will display 
all the information for a single appli­
cation. Although the X Window Sys­
tem and Wlndows 3.0, for example, can 
cope with multiple screens, they do 
not do welJ with applications that s tart 
OUI on one screen and move to anoth­
er, much less those that peregrinate 
from computer to computer or room 
to room. 

Solutions to this problem are in their 
infancy. Certain1y no exlstlng display 
system can perform well while working 
with the full dJverslty of lnput and out­
put forms required by embodied virtual-

RADIO TRANSCEIVER links pads and 
other mowhle computer devices to the 
wired network. This unit, intended to 
be mounted on the celllng, contains an­
tennas in its crossed arms and two Ught­
emjtting diodes to signal Its status. 

Ity. Making pads, tabs and boards work 
together seamlessly wUJ require chang­
es in the Idnds of protocols by which 
applications programs and their dis­
played windows communicate. 

The neI:Work that wtll connect ubiq­
uitous hardware and software poses 
further chalienges, Data transmission 
rates for both wired and wireless net­
works are increasing rapidly. Access to 
gigabit-pe.r-second wired nets is already 
possible, although expenSive, and will 
become progressively cheaper. (Giga­
bit networks w1lI seldom devote all 
of their bandwidth to a single data 
stream; lnstead they will allow enor­
mous numbers of lower-speed trans­
missions to proceed simultaneously.) 
Small wireless neI:Works, based on dlg­
ita! cellular telephone prlndples, cur­
rently offer data rates between two and 
10 megabits per second over a range 
of a few hundred meters. low-pow­
er wireless networks capable of trans­
mitting 250,000 bits per second to 
each station w1lI eventually be available 
commercially. 

Yet the problem of transparently 
linking wired and w:lreless networks 
resists solution. Although some stop­
gap methods have been developed, en­
gineers must develop new communi­
cations protocols that explicltJy rec­
ognize the concept of machines that 
move in physicaJ space. Funhermore, 
the number of channels envisioned In 
most wireless network schemes Is still 
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veJY small, and the range large (50 
to 100 meters), so that the total num· 
ber of mobUe devices is severely llm· 
Ited. The ability of such a system to 
support bundreds of machines in ev­
eJY room is out of the question. Sin· 
g1e·room networks based on infra red 
or newer electromagnet1c technologies 
have enough channel capacity for ublq· 
ultous computers, but they can work 
only indoors. 

Present technologies would require a 
mobile device to have three different 
network connections: tiny·range wire­
less, long·range wireless and very Illgh 
speed wired. A single kind of network 
connection that can somehow serve all 
three functions bas yel to be Invenled. 

N either an explication of the prln· 
ciples of ublqu1t'Ous comput· 
ing nor a list of the technolo· 

gles Involved really gives a sense of 
what It would be like to Uve In a world 
full of invl:sible widgets. Fxtrapolaling 
from today's rudimentary fragments 
of embodied virtuality is like trying to 
predJct the pubUcation of Ffnnegan5 
Wake shortly after bavtng inscribed the 
first clay tablets. Nevertheless, the ef· 
fort Is probably worthwlllle: 

Sal awakens; she smells coffee. A few 

KEY COMPONENTS OF UBIQUITOUS COMPlITlNG arc the pads and tabs under de­
velopment at the Xerox Palo Alto Research Center. The page-size pad (toP. exterior 
and Interior views) contains two microprocessors, foW' milllon bytes of random-a<:­
cess memory, a high·speed radio link, a high·resolution pen interface and a black· 
and·white display tbat Is 1,024 by 768 plxels. Because It uses standard window 
system software, the pad can communicate with most workstations. The much 
smaller tab (at 'e{t) , 23/4 by 3 1/4 inches, has three cootrol bunons, a pen interface, 
audio and an infrared link for communicating throughout a room . The author be­
lieves future homes and offices will contain bundreds of these tiny computers. 

minutes ago her alann dock, alerted 
by her restless roiling before waking, 
had quietly asked, ~Coffeer and she 
bad mumbled, ~Yes.~ ~Yes~ and ~no~ 
are the only words It knows. 

Sal looks out her windows at her 
neighborhood. Sunlight and a fence are 
vl:sible through one, and through oth· 
e.rs she sees eleClronJc trails that have 
been kept for her of neighbors coming 
and going during the early mOrning. 
PrIvacy conventions and practical data 
rates prevent displaying vl:deo footage, 
but time markers and electronJc tracks 
on the neighborhood map let Sal feel 
cozy in her street. 

Glancing at the .... 1ndows to ber kids' 
rooms, she can see that they got up 15 
and 20 minutes ago and are already in 
the kitchen. NotiCing that she is up, 
they start making more noise. 

At breakfast Sal reads the news. She 
still prefers the paper form, as do most 
people. She spots an Interesting quote 
from a columnist in the business sec­
tion. She wipes her pen over the news· 
paper's name, date, section and page 
number and then circles the quote. The 
pen sends a message to the paper, 
which transmits the quote to he.r office. 

Electronic mail arri\'es from the com· 
pany that made her garage door open­
er. She had lost the instruction manual 
and asked them for help. They have 
sent ber a new manual and also some­
thing unexpected- a way to find the 
old one. According to the note, she can 
press a code Into the opener and the 

missing manual will find itself. In the 
garage, she tracks a beeping noise to 
where the oil·stained manual had fallen 
behind some boxes. Sure enough, there 
Is the tiny tab the manufacturer had 
affixed in the cover to ny to avoid E· 
mail requests like her own. 

On the way to work Sal glances in 
the forevlew mirror to check the traf· 
fico She spots a slowdown ahead and 
also notices on a side street the telltale 
green in the forevl:ew of a food shop, 
and a new one at that. She decides to 
take the next exit and get a cup of cof· 
fee while avoiding the jam. 

Once Sal arrives at work , the fore­
vl:ew helps her find a parking SPOI 
quickly. As she walks into the building, 
the machines in her office prepare 10 
log her In but do not complete the se­
quence until she actually enters her of· 
flce. On her way, she s tops by the of­
fices of four or five colleagues to ex· 
change greetings and news. 

Sal glances oul ber wtndows: a gray 
day in SWcon Valley, 75 percent humidi· 
ty and 40 percent chance of afternoon 
showers; meanwhile It has been a quiet 
morning at the East Coast office. Usually 
the activl:ty indicator shows at least one 
spontaneous, urgent meeting by now. 
She chooses not to shift the window on 
the home office back three hours-too 
much chance of being caught by sur­
prise. But she knO\'1S others who do, 
usually people who never get a call from 
the East but Just want to feel involved. 

The telltale by the door that Sal pro-
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grammed her first day on the Job Is 
blinJdng: fresh coffee. She heads for 
the coffee machine. 

Coming back to her office, Sal picks 
up a tab and "waves~ It to her friend 
Joe In the design group, with whom 
she has a Joint assignment. They are 
sharing a vtrtuaJ office for a few weeks. 
The sharing can take many forms-in 
tlrls case, the (WO have given each other 
access to their location detectors and 
1'0 each other's screen contents and lo­
cation. Sal chooses to keep miniature 
versions of all Joe's tabs and pads in 

, view and three-dimensionally correct in 
a little suite of tabs In the back comer 
of her desk. She can't see what any­
thing says, but she feels more In touch 
with his work when notldng the dis· 
plays change out of the comer of her 
eye, and she can easUy enlarge any­
thIng If necessary. 

A blank tab on Sal's desk beeps and 
displays the word "Joe~ on It. She. picks 
It up and gestures with It toward her 
live board. Joe wants to discuss a docu­
ment with her, and now it shows up on 
the wall as she bears Joe's voice: 

",'ve been wrestling with this third 
paragraph aU morning, and It stili has 
the wrong tone. Would you mind read­
ing Itr 

Sitting back and reading the para­
graph, Sal wants to point to a word. She 
gestures again with the "Joe~ tab onto a 
nearby pad and then uses the stylus to 
drde the word she wants: 

"I think It's this term 'ubiquitous.' It's 
just not in common enough use and 
makes the whole passage sound a little 
formal. Can we rephrase the sentence 
to get rid of it? ~ 

""u try that. Say, by the way, Sal, did 
you ever hear from Mary Hausdorf?" 

"No. Who's that?~ 
"You remember. She was at the meet· 

Ing laS! week. She told me she was go­
ing to get In touch with you." 

Sal doesn't remember Mary, but she 
does vaguely remember the meeting. 
She Quickly starts a search for meet· 
ings held during the past two weeks 
with more than six people not previ­
ously in meetings with her and finds 
the one. The attendees' names pop up, 
and she sees Mary. 

As Is common in meetings, Mary 
made some biographical information 
about herself available to the other at· 
tendees, and Sal sees some common 
background. She'll just send Mary a 
note and see what's up. Salls glad Mary 
did not make the biography available 
only during the time of the meeting, as 
many peopJe do .... 

In addition to showing some of the 
ways that computers can enter 1ovtsl-

bly Into people's lives, this scenario 
points up some of the sodaJ issues 
that embodied virtuality will engender. 
Perhaps key among them is privacy: 
hundreds of computers In every room, 
all capable of sensing people near them 
and linked by high·speed networks, 
have the potential to make totalitarian­
ism up to now seem like sheerest anar· 
chy. Just as a workstation o n a locaJ­
area network can be programmed to 
Intercept messages mean! for others, 
a single rogue tab in a room could p0-
tentially record everything that hap­
pened there. 

Even today the active badges and seIf­
writing appointtnent cUaries that offer 
all kinds of convenlence could be a 
soun:e of reaJ hann in the wrong hands. 
Not only corporate superiors or under­
lings but also oveneaJollS government 
officials and even marketing finns could 
make unpleasant use of the. same infor­
mation that makes invisible computers 
so convenient. 

Fortunately, cryptographic techniques 
already exist to secure: messages from 
one ubiquitous computer to another 
and to safeguard private information 
stored In networked systems. If de­
signed into systems from the outset, 
these techniques can ensure that private 
data do not become public. A well-im­
plemented version of ubiquitous com­
puting could even afford better privacy 
protection than exists today. 

By pushing computers into the 
background, embodied virtuality 
will make individuals more aware 

of the people on the other ends of their 
computer links. ThIs development may 
reverse the unhealthy centripetal forc· 
es that conventionaJ personal comput­
ers have introduced into Ufe and the 
workplace. 

Even today, people holed up in win· 
dowless offices before glowing comput­
er screens may not see their fellows for 
the better part of each day. And in vir· 
tuaI reality, the outside world and all 
Its inhabitants effectively cease to exist. 
Ubiquitous computers, In contrast, re­
side in the human world and pose no 
barrier to personallnteractlons. [f any­
thing, the transparent connections that 
they offer be.(Wcen cUfferent locatlons 
and times may tend to bring communi­
ties closer together. 

My coUeagues and I at PARe believe 
that what we call ubiquitous comput­
ing will gradually emerge as the domi­
nant mode of computer access over the 
next 20 years. like the personal com­
puter, ubiquitous computing will pro­
duce nothing fundamentally new, but 
by making everything faster and easier 
to do, with less strain and fewer mental 
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gymnastics, It will transform. what Is ap­
parently possible. Desktop pubUshing, 
for example, Is essentially DO different 
from computer typesetting, whlch dates 
back to the mid·l960s. But ease of use 
makes an enonnous difference. 

Wben almost every object either con­
tains a computer or can have a tab at­
tached to It, obtaining infonnation will 
be. trivial: "Who made that dress? Are 
there any more In the store? What was 
the name of the designer of that suit 
I liked last week?- The computing en· 
vironment knows the suit you looked 
at for a long time last week. because It 
knows both of your locations, and It 
can retroactively find the designer's 
name even though that information did 
not lnterest you at the time. 

Soctologlcally, ubiquitous computing 
may mean the decline of the computer 
addJct. In the 1910s and 1920s many 
people Mhacked~ on crystal sets to take 
advantage of the new hIgh·tech world 
of radio. Now crystal·and-cat's-whis­
ker recclvers are rare because high­
quality radios are ubiquitous. In ad· 
dition, embodied virtuality will bring 
computers to the presidents of indus­
tries and countries for nearly the first 
time. Computer access will penetrate 
aU groups in society. 

Most important, ubiquitous comput­
ers will help overcome the problem 
of Infonnation overload. There Is more 
information available at our fingertips 
during a walk in the woods than In any 
computer system, yet people find a .... alk 
among trees relaxing and computers 
frustrating. Machines that fit the hwnan 
environment Instead of forcing humans 
to enter theirs will make using a com­
puter as refreshing as taking a walk. in 
the woods. 
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