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Digital Immortality
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Futuristic Forecast of 
Tools and Technologies

How many of the common high-tech products we use today were once nothing more than 

products from the fertile minds of science fiction writers many decades earlier? 

Indeed, technological progress has been turning fiction into fact from the earliest days of computing. 

In this section, the featured essayists ponder future generations of tools and technologies, and 

as fictional as they may sound today, there is a basis of fact in their forecasts. Imagine a time when the 

network is the world and the world is the network. A time when networked devices and mechanisms are 

so deeply embedded into daily lives that the only time they may ever be noticed, says Jim Waldo, 

is when they are not working. “Imagine smelling pictures and tasting video,” 

asks Ramesh Jain. Yes, just imagine. . .  

Digital immortality, like
ordinary immortality, is a
continuum from enduring
fame at one end to end-
less experience and learn-

ing at the other, stopping
just short of endless life. Pre-

serving and transmitting your ideas is one-way
immortality—allowing communication with the
future. Endless experience and learning is two-way
immortality—allowing you, or at least part of you,
to communicate with the future in the sense that
the artifact continues to learn and evolve. Current
technology can extend corporal life for a few
decades. Both one-way and two-way immortality
require part of a person to be converted to infor-
mation (cyberized) and stored in a more durable
media. We believe that two-way immortality, where

one’s experiences are digitally preserved and which
then take on a life of their own, will be possible
within this century. We are exploring points along
the one-way, two-way spectrum in our CyberAll
project (Research. Microsoft.com/~gbell). 

Hamarabi, Aristotle, Shakespeare, Mozart, Rem-
brandt, and Euler are immortal—or at least their
ideas are. They recorded their ideas in an enduring
form that could be passed on to the future. These
great ideas, images, music, writing, architecture, and
even algorithms will survive as long as people do. Of
course, these people are dead, but their ideas are
effectively immortal. 

Paper and then the printing press made it easier
and less expensive to record, preserve, and dissemi-
nate ideas. Voice recorders, cameras, and camcorders
now make it easy to record events, and, sometimes,
even experiences. Moore’s Law is bringing recording
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In the year 3001, 19 new elements will have been added to the periodic table; materials that are 50-times lighter and 50-times
stronger have allowed us to build colossal structures with modest resources. The harnessing of gravity has made it possible for 

contained or gossamer shapes weighing under 10 grams to be virtually gravity-free. —Jean-François Podevin, illustrator
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costs down to the point where you can record every-
thing you see and hear. 

Digital technologies offer new kinds of information
we can convey to the future. They allow almost any-
one to create his or her own immortality for any size
community—either a family’s future generations or
an intellectual community. Web sites (www.
123456789.net, www.legacy.com, www.forevernet-
work.com, and www.memorymountain.com) offer
(for a fee) to store letters, essays, photos, videos, and
stories “forever” in order to pass them on to future
generations. These are the digital equivalents of
tombs, crypts, and
libraries. 

Future technologies
will surely enhance our
ability to convey ideas
and experiences, creat-
ing a one-way relation-
ship with future
generations (should
they care to listen or
look.) Even today it is
becoming reasonable to
record everything we
read and hear. For
example, retaining every
conversation a person
has ever heard requires
less than a terabyte (for
adequate quality).

CyberAll is being
built along the lines
envisioned by Vannevar
Bush and Bill Gates as a memory aid and research
tool. CyberAll is a store for documents, photos,
music, audio, and video recordings, and is currently
about 12 gigabytes, including the store for four
books, 20 encoded video lectures, 150 music CDs,
several thousand documents, and an archive of email
messages. It has an accumulation rate of two giga-
bytes per year. This rate will increase as speech and
video become part of CyberAll’s media capture, but it
is still a fairly modest expense. Indeed, the real cost of
CyberAll is in the data capture, data organization,
and data presentation. This is where our research
efforts are directed. 

Within 5–10 years, personal stores of a terabyte

will cost a few hundred dollars, allowing persons to
be immortal in terms of the media they’ve encoun-
tered. For “famous” people, one will be able to access
his or her entire life.

There are many unresolved technical and social
issues associated with CyberAll. How should the
information be preserved, given changes in media,
platforms, and programs
(www.acm.org/ubiquity/views/g_bell_1. html)? How
should it be organized and presented? (Will it take a
lifetime to see another’s lifetime)? Who should be
able to see what, and when? What are the legal and
ethical rights and responsibilities concerning infor-

mation that involves
other people? Again, we
are exploring some of
these issues, but mostly
we are focusing on the
basic tasks of acquisi-
tion, preservation, and
recall.

Beyond this one-way
immortality, we see hints
that at least some aspects
of a person could be
expressed as a program
that interacts with future
generations. It is inter-
esting that, given an
archive of a person’s spo-
ken output, it is possible
to make a compelling
avatar of that person.
This avatar can “live for-
ever” in a virtual world

and respond to queries about that person’s past life.
For example, like many great people, Albert Einstein
has several posthumous Web sites. In addition, com-
puter science researchers at CMU
(cs.cmu.edu/afs/cs.cmu.edu/project/oz/
web/papers/biblography.html) authored an avatar of
Einstein that responds to questions from viewers. In
fact, the avatar is an actor hired to read quotes from
Einstein’s writings. Many who have seen this demon-
stration understand that in the future it will be easier
and easier to author such avatars. The real question is
whether such a program could ever “learn” enough to
stay current. Having an immortal, interactive pro-
gram begins to look a bit like two-way immortal-

30 March 2001/Vol. 44, No. 3 COMMUNICATIONS OF THE ACM

(
C

A
R

EN
 R

O
SE

N
B

LA
TT



As the wellspring of basic
research in physics, chemistry, and
mathematics nourishes progress in
medicine and health, we can
hardly imagine what shape the
advances will take. But we can be
sure that, coupled with the power
of information technology, they
will dwarf those of the 20th cen-
tury, or even those through all of
human history. We already have
experimental nanochips that sim-
ulate the electrical activity of a
normal nerve synapse by letting

nerve axons regrow through the
chip. We imagine implanting a
chip in the brain, directly in those
areas where intention resides.
Thus, we would be able to bypass
the areas of muscular control.
Such a confluence of microelec-
tronics and neural research holds
great promise for improving the
operation of artificial limbs, or
even for bypassing spinal-cord
injuries, creating hope that a para-
plegic may walk again. Even for
some types of mental illness, we

can imagine a computer implant
that might provide the missing
neurological circuitry necessary
for normal brain functioning.  

In my research in the field of
environment and health, comput-
ing has already brought us to the
threshold of being able to predict
epidemics of cholera and other
diseases. We are beginning to
have at our fingertips information
about emerging diseases as they
are identified. We can now track
the progress of these diseases from

Information technology has already penetrated and transformed research in 
science and technology so fundamentally that younger generations will not 
know what it was like before the computing revolution. My own career as a micro-
biologist exploring the linkages between environment and health has 

paralleled this transformation. My own research experience has given me a deep
respect for the power of computing to propel us on to new discoveries in all research

disciplines. As this revolution continues, I have very high hopes for the potential of information technology.

ity—being able to “live and communicate” forever. 
We believe along with Ray Kurzweil, Hans

Morovec, and others, that it is likely there will be more
and more faithful avatars over the next century. By
2040, Morovec predicts robots will be as smart as
humans. Successive generations of question-answering
avatars will gradually become indistinguishable from
the actual persons we know and love in 2001,
enabling that person to appear to “live forever.”

Gordon Bell (gbell@Microsoft.com) is a senior researcher at
Microsoft, Redmond, WA. He is also a member of Communications’
Advisory Board.
Jim Gray (Gray@Microsoft.com) is a specialist in database and 
transaction processing computer systems at Microsoft, Redmond, WA.
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Tools and Technologies

Closing the Circle of 
Information Technology
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We believe that 
two-way immortality, 
where one’s experiences 
are digitally preserved and
which then take on a life of
their own, will be possible
within this century. 




