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My recollections of The Twilight Zone episode are essentially accurate,
although the gambler is actually a small-time crook named Rocky
Valentine. Episode 28, "A Nice Place to Visit” (I learned the name of the
episode after writing the prologue), aired during the first season of The
Twilight Zone, on April 15, 1960.

The episode begins with a voice-over: “Portrait of a man at work,
the only work he's ever done, the only work he knows. His name is
Henry Francis Valentine, but he calls himself Rocky, because that’s the
way his life has been—rocky and perilous and uphill at a dead run all
the way...”

While robbing a pawnbroker’s shop, Valentine is shot and killed
by a policeman. When he awakens, he is met by his afterlife guide, Pip.
Pip explains that he will provide Valentine with whatever he wants.
Valentine is suspicious, but he asks for and receives a million dollars
and a beautiful girl. He then goes on a gambling spree, winning at
the roulette table, at the slot machines, and later, at pool. He is also
surrounded by beautiful women, who shower him with attention.

Eventually Valentine tires of the gambling, the winning, and the
beautiful women. He tells Pip that it is boring to win all the time and
that he doesn’t belong in Heaven. He begs Pip to take him to “the Other
Place.” With a malicious gleam in his eye, Pip replies, “This is the Other
Place!” Episode synopsis adapted from Marc Scott Zicree, The Twilight
Zone Companion (Toronto: Bantam Books, 1982, 113-115).

What were the primary political and philosophical issues of the
twentieth century? One was ideological—totalitarian systems of the right
(fascism) and left (communism) were confronted and largely defeated
by capitalism (albeit with a large public sector) and democracy. Another
was the rise of technology, which began to be felt in the nineteenth
century and became a major force in the twentieth century. But the



issue of “what constitutes a human being” is not yet a primary issue
{except as it affects the abortion debate), although the past century did
witness the continuation of earlier struggles to include all members of
the species as deserving of certain rights.

For an excellent overview and technical details onneural-network pattern
recognition, see the “Neural Network Frequently Asked Questions” web
site, edited by W. S. Sarle, at <ftp://ftp.sas.com/pub/neural/FAQ.html>,
In addition, an article by Charles Arthur, “Computers Learn to See and
Smell Us,” from Independent, January 16, 1996, describes the ability of
neural nets to differentiate between unique characteristics. .

As will be discussed in chapter 6, “Building New Brains,” destructive
scanning will be feasible early in the twenty-first century. Noninvasive
scanning with sufficient resolution and bandwidth will take longer but
will be feasible by the end of the first half of the twenty-first century.

hlgilly cra3h (3 93U8 1 gl Juaadl
For a comprehensive overview and detailed references on the big bang
theory and the origin of the Universe, see “Introduction to Big Bang
Theory, Bowdoin College Department of Physics and Astronomy at
<http://www.bowdoin.edu/dept/physics/astro.1997/astro4/bighang.
html>.

Print sources on the big bang theory include: Joseph Silk, A Short
History of the Universe (New York: Scientific American Library, 1994);
Joseph Silk, The Big Bang (San Francisco: W. H. Freeman and Company,
1980); Robert M. Wald, Space, Time & Gravity (Chicago: The University
of Chicago Press, 1977); and Stephen W. Hawking, A Brief History of
Time (New York: Bantam Books, 1988).

The strong force holds an atomic nucleus together. It is called “strong”
because it needs to overcome the powerful repulsion between the
protons in a nucleus with more than one proton.
The electroweak force combines electromagnetism and the weak
force responsible for beta decay. In 1968, American physicist Steven
Weinberg and Pakistani physicist Abdus Salam were successful in their
unification of the weak force and the electromagnetic force using a
mathematical method called gauge symmetry.

. The weak force is responsible for beta decay and her slow nuclear
processes that occur gradually
Albert Einstein, Relativity: The Special and the General Theory (New
York: Crown Publishers, 1961).
The laws of thermodynamics govern how and why energy is transferred.
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The first law of thermodynamics (Postulated by Hermann von
Helmholtz in 1847), also called the Law of Conservation of Energy,
states that the total amount of energy in the universe is constant.

The second law of thermodynamics (articulated by Rudolf
Clausias in 1850), also known as the Law of Increasing Entropy,
states that entropy, or disorder, in the Universe never decreases (and,
therefore, usually increases). As the disorder in the Universe increases,
the energy is transformed into less usable forms. Thus the efficiency of
any process will always be less than 100 percent.

The third law of thermodynamics (described by Walter Hermann
Nernst in 1906, based on the idea of a temperature of absolute zero first
articulated by Baron Kelvin in 1848), also known as the Law of Absolute
Zero, tells us that all molecular movement stops at a temperature called
absolute zero, or 0 Kelvin (-273°C). Since temperature is a measure
of molecular movement, the temperature of absolute zero can be
approached, but it can never be reached.

“Evolution and Behavior” at <http://ccp.uchicago.edu/~jyin/evolution.
html> contains an excellent collection of articles and links exploring
the theories of evolution. Print sources include Edward O. Wilson,
The Diversity of Life (New York: W. W. Norton & Company, 1993);
and Stephen Jay Gould, The Book of Life (New York: W. W. Norton &
Company, 1993).

Four hundred million years ago, vegetation spread from lowland swamps
to create the first land-based plants. This development permitted
vertebrate herbivorous animals to step onto land, creating the first
amphibians. Along with the amphibians, arthropods also stepped onto
land, some of which evolved into insects. About 200 million years ago,
dinosaurs and mammals began sharing the same environment. The
dinosaurs were far more noticeable. Mostly the mammals stayed out of
the dinosaurs’ way, with many mammals being nocturnal.

Mammals became dominant in the niche of land-based animals after
the demise of the dinosaurs 65 million years ago. Mammals are the
more intellectual animal class, distinguished by warm blood, the
nourishment of their children with maternal milk, hairy skin, sexual
reproduction, four appendages (in most cases) and, most notably, a
highly developed nervous system.

Primates, the most advanced mammalian order, were distinguished by
forward-facing eyes, binocular vision, large brains with a convoluted
cortex, which permitted more advanced reasoning faculties, and
complicated social patterns. Primates were not the only intelligent
animals, but they had one additional characteristic that would hasten
the age of computation: the opposable thumb. The two qualities heeded
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for the subsequent emergence of technology were now coming into
place: intelligence and the ability to manipulate the environment. It’s
no coincidence that fingers are called digits. The origin of the word
digit, as used in Modern English and appearing first in Middle English,
is from the Latin word digitus, for “finger” or “toe”; perhaps akin to
Greek deiknynai, “to show.”

About 50 million years ago, the anthropoid suborder of primates split
off. Unlike their prosimian cousins, the anthropoids underwent rapid
evolution, giving rise to advanced primates such as monkeys and apes
about 30 million years ago. These sophisticated primates were noted
for subtle communication abilities using sounds, gestures, and facial
expressions, thereby allowing the development of intricate social
groups. About 15 million years ago, the first humanoids emerged.
Although they initially walked on their hind legs, they used the knuckles
of their front legs for balance.

Although it is worth pointing out that a 2 percent change in a computer
program can be very significant.

Homo sapiens are the only technology-creating species on Earth today,
but were not the first such species. Emerging about five million years
ago was Homo habilis (i.e., “handy” human being), known for his erect
posture and large brain. He was called handy because he fashioned
and used tools. Our most direct ancestor, Homo erectus, showed up in
Africa about two million years ago. Homo erectus was also responsible
for advancing technology, including the domestication of fire, the
development of language, and the use of weapons.

Technology emerged from the mists of humanoid history and has
accelerated ever since. Technologies invented by other human species
and subspecies included the domestication of fire, tools of stone,
pottery, clothing, and other means of providing for basic human needs.
Early humanoids also initiated the development of language, visual art,
music, and other means for human communication.

About ten thousand vears ago, humans began domesticating
plants, and soon thereafter, animals. Nomadic hunting tribes began
settling down, allowing for more stable forms of social organization.
Buildings were constructed to protect both humans and their farming
products. More effective means of transportation emerged, facilitating
the emergence of trade and large-scale human societies.

The wheel appears to be a relatively recent innovation, with
the oldest excavated wheels dating from about 5,500 years ago in
Mesopotamia. Emerging around the same time in the same region were
rafts, boats, and a system of “cuneiform” inscriptions, the first form of
written language that we are aware of. :
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These technologies enabled humans to congregate in large
groups, allowing the emergence of civilization. The first cities emerged
in Mesopotamia around 6,000 years ago. Emerging about a millennium
later were the ancient Egyptian cities, including Memphis and Thebes,
culminating in the reigns of the great Egyptian kings. These cities
were constructed as war machines with defensive walls protected by
armies utilizing weapons drawn from the most advanced technologies
of their time, including chariots, spears, armor, and bows and arrows.
Civilization in turn allowed for human specialization of labor through
a caste system and organized efforts at advancing technology.;An
intellectual class including teachers, engineers, physicians, and
scribes emerged. Other contributions by the early Egyptian civilization
included a paperlike material manufactured from papyrus plants,
standardization of measurement, sophisticated metalworking, water
management, and a calendar.

More than 2,000 years ago, the Greeks invented elaborate
machinery with multiple internal states. Archimedes, Ptolemy, and
others described levers, cams, pulleys, valves, cogs, and other intricate
mechanisms that revolutionized the measurement of time, navigation,
mapmaking, and the construction of buildings and ships. The Greeks
are perhaps best known for their contributions to the arts, particularly
literature, theater, and sculpture.

The Greeks were superseded by the superior military technology
of the Romans. The Roman empire was so successful that it produced
the first urban civilization to experience long-term peace and stability
Roman engineers constructed tens of thousands of kilometers of
roads and thousands of public constructions such as administrative
buildings, bridges, sports stadiums, baths, and sewers. The Romans
made particularly notable advances in military technology, including
advanced chariots and armor, the catapult and javelin, and other
effective tools of war.

The fall of the Roman empire around 500 A.D, ushered in the
misnamed Dark Ages. While progress during the next thousand years
was slow by contemporary standards, the ever tightening spiral that
is technological progress continued to accelerate. Science, technology,
religion, art, literature, and philosophy all continued to evolve in
Byzantine, Islamic, Chinese, and other societies. Worldwide trade
enabled a cross-fertilization in technologies. In Europe, for example,
the crossbow and gunpowder were borrowed from China. The spinning
wheel was borrowed from India. Paper and printing were developed in
China about 2,000 years ago and migrated to Europe many centuries
later. Windmills emerged in several parts of the world, facilitating
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expertise with elaborate gearing machines that would subsequently
support the first calculating machines.

The invention in the thirteenth century of a weight-driven clock
using the cam technology perfected for windmills and waterwheels freed
society from structuring their lives around the sun. Perhaps the most
significant invention of the late Middle Ages was Johannes Gutenberg’s
invention of the movable-type printing press, which opened intellectual
life beyond an elite controlled by church and state.

By the seventeenth century, technology had created the means
for empires to span the globe. Several European countries, including
England, France, and Spain, were developing economies based on far-
flung colonies. This colonization spawned the emergence of a merchant
class, a worldwide banking system, and early forms of intellectual
property protection, including the patent.

On May 26, 1733, the English Patent Office issued a patent to John
Kay for his “New Engine for Opening and Dressing Wool.”

This was good news, for he had plans to manufacture his “flying
shuttle” and market it to the burgeoning English textile industry.
Kay's invention was a quick success, but he spent all of his profits on
litigation, attempting in vain to enforce his patent. He died in poverty,
never realizing that his innovation in the weaving of cloth represented
the launching of the Industrial Revolution.

The widespread adoption of Kay's innovation created pressure

for a more efficient way to spin yarn, which resulted in Sir Richard
Arkwright’s Cotton Jenny, patented in 1770. In the 1780s, machines
were invented to card and comb the wool to feed the new automated
spinning machines. By the end of the eighteenth century, the English
cottage industry of textiles was replaced with increasingly efficient
centralized machines. The birth of the Industrial Revolution led to
the founding of the Luddite movement in the early 1800s, the first
organized movement opposing technology.
Primatologist Carl Van Schaik observed that the orangutans of Sumatra’s
Suaq Balimbing swamp all make and use tools to reach insects, honey,
and fruit. Though captive orangutans are easily taught to use tools, the
Suaq primates are the first wild population observed using tools. The
use of tools may be a result of necessity. Orangutans in other parts of
the world have not been observed to use tools, basically because their
food supply is more easily accessible. ‘

Carl Zimmer, “Tooling Through the Trees.” Discover 16, no.11
(November 1995): 46-47.

Crows fashion tools from sticks and leaves. The tools are used
for different purposes, are highly predictable in their construction, and
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even have hooks and other mechanisms for finding and manipulating
insect prey. They often carry these devices when flying and store them
next to their nests.

Tina Adler, “Crows Rely on Tools to Get Their Work Done.” Science
News 149 no. 3 (January 20, 1996): 37.

Crocodiles can’t grip prey, so they sometimes trap prey between
rocks and/or roots. The tree root acts to anchor the dead prey while the
crocodile eats its meal. Some people have attributed the crocodiles use
of stones and roots as using tools.

From the “Animal Diversity Web Site” at the University of Michigan'’s
Museum of Zoology, <http://www.oit.itd.umich.edu/projects/ADW/’ >
An animal communicates for a variety of reasons: defense (to signal
approaching danger to other members of its species), food gathering (to
alert other members to a food source), courtship and mating (to alert
members of its desirability and to warn potential competitors away),
and maintenance of territory. The basic motivation for communication
is survival of the species. Some animals use communication not only
for survival, but also to express emotion.

There are many fascinating examples of animal communication:

* A female tree frog found in Malaysia uses its toes to tap on
vegetation, alerting potential mates to her availability. Lori
Oliwenstein, Fenella Saunders, and Rachel Preiser, “Animals
1995.” Discover 17, no. 1 (January 1996): 54-57.

* Male meadow voles (a small rodent) groom themselves in
order to produce body odors that will attract their mates.
Tina Adler, “Voles Appreciate the Value of Good Grooming.”
Science News 149, no. 16 (April 20, 1996): 247.

* Whales communicate through a series of calls and cries.
Mark Higgins, “Deep Sea Dialogue.” Nature Canada 26, no. 3
(Summer 1997): 29-34.

* Primates, of course, vocalize to communicate a variety
of messages. One group of researchers studied capuchin
monkeys, squirrel monkeys, and golden-lion tamarins in
Central and South America. Often these animals are unable to
see each other through the forest, so they developed a series
of calls or trills that would alert members to move toward
food sources. Bruce Bower, “Monkeys Sound Off, Move Out.”
Science News 149, no. 17 (April 27, 1996): 269.

17. Washoe and Koko (mnale and female gorillas, respectively) are Creditqd

with acquiring American Sign Language (ASL). They are the most
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Date

famous of the communicating primates. Viki, a chimpanzee, was taught
to vocalize three words (mama, papa, and cup). Lana and Kanzi (female
chimpanzees) were taught to press buttons with symbols.

Steven Pinker reflects upon researchers’ claims that apes fully
comprehend sign language. In The Language Instinct: How the
Mind Creates Language (New York: Morrow, 1994), he notes that the
apes learned a very crude form of ASL, not the full nuances of this
language. The signs they learned were crude mimics of the “real thing.”
In addition, according to Pinker, the researchers often misinterpreted
apes’ hand motions as actual signs. One researcher on Washoe’s wam
who was deaf noted that other researchers would keep a log of long
lists of signs, whereas the deaf researcher’s log was short.

David E. Kalish. “Chip Makers and U.S. Unveil Project.” New York Times,
September 12, 1997.

The chart “The Exponential Growth of Computing, 1900-1998” is based
on the following data

Device Add Time Calculations Cost Cost CPS/$1000
(sec) per Sec. (then 1998
(CPS) dollars) Dollars

1900  Analytical Engine  900E-01 1.11E-01 $1.000.000 $19.087.000 5.821E-06

1908  Hollerith Tabulator 5.00 E+01 2.00 E-02  $9.000 $154.000 1.299 E-04
1911 Monroe Calculator 3.00 E+01 3.33 E-02  $35.000 $576.000 5.787 E-05
1919 IBM Tabulator 5.00 E-00 2.00 E-01  $20.000 $188.000 1.064 E-03
1928  National Ellis 3000 1.00 E+01 1.00E-01  $15.000 $143.000 6.993 E-04
1939 Zuse 2 1.00 E-00 1.00 E-00  $10.000 $117.000 8.547 E-03
1940  Bell Calculator

Model 1 3.00 E-01 3.33E-00 $20.000 $233.000 1.431 E-02
1941 Zuse 3 3.00E-01 3.33E-00 $6.500 $72.000 4.630 E-02
1943  Colossus 2.00E-04 5.00E+03 $100.000 $942.000 5.308 E-00
1946  ENIAC 2.00 E-04 5.00E+03 $750.000 $6265.000 7.981 E-01
1948  IBM SSEC 8.00 E-04 1.25E+03 $500.000  $3380.000 3.698 E-01
1949 BINAC 2.86 E-04 3.50E+03 $278.000  $1903.000 1.8371 E-00
1949 EDSAC 1.40E-03 7.14 E+02 $100.000  $684.000 1.044 E-00
1951 Univac 1 1.20E-04 8.33 E+03 $930.000  $5827.000 1.430 E-00
1953  Univac 1103 3.00E-05 3.33E+04 $895.000  $5461.000 6.1041 E-00
1953 IBM 701 3.00 E-05 1.67 E+04 $230.000  $1403.000 1.181 E+01
1954 EDVAC 9.00E-04 1.11E+03 $500.000  3$3028.000 3.669 E-01
1955  Whirlwind 5.00E-05 2.00 E+04 $200.000 $1216.000 1.645 E-01
1955 IBM 704 240E-05 4.17 E+04 $1994.000 $12120.000 3.438 }E—OO

1958  Datamatic 1000 2.50E-04  4.00E+03 52,179,100 $12,283,000 3.257E-01
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1958  Univac II 2.00E-04 5.00E+03  $970,000  $5,468,000  9.144E-01
1959  Mobidic 1.60E-05 6.25E+04  $1,340,000 $7,501,000  8.332E-00
1959 IBM 7090 4.00E-06  2.50E+05  $3,000,000 $16,794,000 1.489E+01
1960  IBM 1620 6.00E-04 1.67E+03  $200,000  $1,101,000 1.514E-00
1960 DEC PDP-1 1.00E-05 1.00E+05  $120,000  $660,000 1.515E+02
1961 DEC PDP-4 1.00E-05 1.00E+05  $65,000 $354,000 2.825E+02
1962  Univac III 9.00E-06 1.11E+05  $700,000  $3,776,000 2.943E+01
1964 CDC 6600 2.00E-07  5.00E+06  $6,000,000 $31,529,000 1.586E+02
1965 IBM 1130 8.00E-06  1.25E+05  $50,000 $259,000 4.826E+02
1965 DEC PDP-8 6.00E-06  1.67E+05  $18,000 $93,000 1.792E+03
1966  IBM 360

Model 75 8.00E-07 1.25E+06  $5,000,000 $25,139,000 4.972E+01
1968 DEC PDP-10 2.00E-06  5.00E+05  $500,000  $2,341,000  2.136E+02
1973  Intellec-8 1.56E-04 6.41E+03  $2,398 $8,798 7.286E+02
1973 Data General Nova 2.00E-05  5.00E+04  $4,000 $14,700 3.401E+03
1975  Altair 8800 1.56E-05 6.41E+04  $2,000 $6,056 1.058E+04
1976  DEC PDP-11

Model 70 3.00E-06  3.33E+05  $150,000  $429,000 7.770E+02
1977 Cray 1.00E-08 1.00E+08  $10,000,000 $26,881,000 3.720E+03
1977 Applell 1.00E-05 1.00E+05  $1,300 $3,722 2.687E+04
1979 DECVAX 11

Model 780 2.00E-06 5.00E+05  $200,000  $449,000 1.114E+03
1980  Sun-1 3.00E-06  3.33E+05  $30,000 $59,300 5.621E+03
1982 IBM PC 1.56E-06  6.41E+05  $3,000 35,064 1.266E+05
1982 Compaq Portable  1.56E-06 6.41E+05  $3,000 $5,064 1.266E+05
1983  IBM AT-80286 1.25E-06  8.00E+05  $5,669 $9,272 8.628E+04
1984  Apple Macintosh ~ 3.00E-06  3,33E+05  $2,500 $3,920 8.503E+04
1986  Compaq

Deskpro 386 2.50E-07 4.00E+06  $5,000 $7,432 5.382E+05
1987  Apple Mac I 1.00E-06  1.00E+06  $3,000 34,300 2.326E+05
1993  Pentium PC 1.00E-07 1.00E+07  $2,500 $2,818 3.549E+06
1996  Pentium PC 1.00E-08 1.00E+08  $2,000 $2,080 4.808E+07
1998  Pentium II PC 5.00E-09  2.00E+08  $1,500 $1,500 1.333E+08

Cost conversions from dollars in each year to 1998 dollars are based on the ratio of the
consumer price indices (CPI) for the respective years, based on CPI data as recorded by the
Woodrow Federal Reserve Bank of Minneapolis. See their web site, <http://woodrow.mpls. frb

fed.us/economy/calc/cpihome.html>.

Charles Babbage designed the Analytical Engine in the 1830s and continued to refine the
concept until his death in 1871. Babbage never completed his invention. I have estimated a
date of 1900 for the Analytical Engine as an estimated date for when its mechanical technology
became feasible, based on the availability of other mechanical computing technology available

in that time period. :



Sources for the chart “The Exponential Growth of Computing, 1900-1998”
include the following:

25 Years of Computer History

<http://www.compros.com/timeline.html>

BYTE Magazine “Birth of a Chip”
<http://www.byte.com/art/9612/sec6/art2.htm>
cdc.html@www.citybeach.wa.edu (Stretch)
<http://www.citybeach.wa.edu.au/lessons/history/video/sunedu/computer/
cdc.html> ‘
Chronology of Digital Computing Machines "
<http://www.best.com/~wilson/faq/chrono.html>

Chronology of Events in the History of Microcomputers <http://www3
.slandnet.com/~kpolsson/comphist/comp1977.htm>

The Computer Museum History Center
<http://www.tcm.org/html/history/index.html>

delan at intopad.eecs.berkeley.edu
<http://infopad.eecs.berkeley.edu/CIC/summary/delan>

Electronic Computers Within the Ordnance Corps
<http://ftp.arl.mil/~mike/comphist/61ordnance/index.html>

General Processor Information
<http://infopad.eecs.berkeley.edu/CIC/summary/local/>

The History of Computing at Los Alamos
<http://bang.lanl.gov/video/sunedu/computer/comphist.html>

The Machine Room
<http://www.tardis.ed.ac.uk/~alexios/MACHINE-ROOM/>

Mind Machine Web Museum

<http://userwww._sfsu.edu/~hl/mmm.html>

Hans Moravec at Carnegie Mellon University: Computer Data <http://www
fre.ri.cmu.edu/~hpm/book97/ch3/processor.list>

PC Magazine Online: Fifteen Years of PC Magazine
<http://www.zdnet.com/pcmag/special/anniversary/>

PC Museum

<http://www.microtec.net/~dlessard/index.html>

PDP-8 Emulation

<http://csbh.mhv.net/~mgraffam/emu/pdp8.html>

Silicon Graphics Webpage press release .
<http://www.pathfinder.com/money/latest/press/PW/1998junl 6/2 70.
html>

Stan Augarten, Bit by Bit: An Illustrated History of Computers (New York:
Ticknor & Fields, 1984).



International Association of Electrical and Electronics Engineers (IEEE),
“Annals of the History of the Computer,” vol. 9, no. 2, pp. 150-153 (1987).
IEEE, vol. 16, no. 3, p. 20 (1994).

Hans Moravec, Mind Children: The Future of Robot and Human Intelligence
(Cambridge, MA: Harvard University Press, 1988).

René Moreau, The Computer Comes of Age (Cambridge, MA: MIT Press,
1984).

20. For additional views on the future of computer capacity, see: Hans

21.

22.

Moravec, Mind Children: The Future of Robot and Human Intelligence
(Cambridge, MA: Harvard University Press, 1988); and “An Interview
with David Waltz, Vice President, Computer Science Research, NEC
Research Institute” at Think Quest’s web page <http://tqd.advanced.
org/2705/waltz.html>. I also discuss this subject in my book The Age
of Intelligent Machines (Cambridge, MA: MIT Press, 1990), 401-419.
These three sources discuss the exponential growth of computing.

A mathematical theory concerning the difference between information
and noise and the ability of a communications channel to carry
information.

The Santa Fe institute has played a pioneering role in developing
concepts and technology related to complexity and emergent systems.
One of the principal developers of paradigms associated with chaos
and complexity has been Stuart Kauffman. Kauffman’'s At Home in
the Universe: The Search for the Laws of Self-Organization and
Complexity (Oxford: Oxford University Press, 1995) looks “at the
forces for order that lie at the edge of chaos” (from the card catalog
description).

In his book Evolution of Complexity by Means of Natural
Selection (Princeton, NJ: Princeton University Press, 1988), John Tyler
Bonner asks the question: “How is it that an egg turns into an elaborate
adult? How is it that a bacterium, given many millions of years, could
have evolved into an elephant?>

John Holland is another leading thinker from the Sante Fe
Institute in the emerging field of complexity. His book Hidden Order:
How Adaptation Builds Complexity (Reading, MA: Addison-Wesley,
1996) presents a series of lectures that Holland presented at the Santa
Fe Institute in 1994.

Also see John H. Holland, Emergence: From Chaos to Order (Reading, MA:
Addison-Wesley, 1998) and M. Mitchell Waldrop, Complexity: The Emerging
Science at the Edge of Order and Chaos (New York: Simon and Schuster,
1992).
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In the early 1950s, the chemical composition of DNA was already
known. At that time, the important questions were: How is the DNA
molecule constructed? How does DNA accomplish its work? These
questions would be answered in 1953 by James D. Watson and Francis
H. C. Crick.

Watson and Crick wrote “The Molecular Structure of Nucleic Acid:
A Structure for Deoxyribose Nucleic Acid” published in the April 25,
1953 issue of Nature. For more information on the race by various
research groups to discover the molecular structure of DNA, fead
Watson's book, The Double Helix (New York: Atheneum Publishers,
1968).
Translation starts by unwinding a region of DNA to expose its code. A
strand of messenger RNA (mRNA) is created by copying the exposed
DNA base-pair codes. The appropriately named messenger RNA
records a copy of a portion of the DNA letter sequence and travels
out of the nucleus into the cell body. There the mRNA encounters
a ribosome molecule, which reads the letters encoded in the mRNA
molecules and then, using another set of molecules called transfer RNA
(tRNA), actually builds protein chains one amino acid at a time. These
proteins are the worker molecules that perform the cell’s functions. For
example, hemoglobin, which is responsible for carrying oxygen in the
blood from the lungs to the body’s tissues, is a sequence of 500 amino
acids. With each amino acid requiring three nucleotide letters, the
coding for hemoglobin requires 1,500 positions on the DNA molecule.
Molecules of hemoglobin, incidentally, are created 500 trillion times a
second in the human body, so the machinery is quite efficient.
The goal of the Human Genome Project is to construct detailed genetic
sequence maps of the 50,000 to 100,000 genes in the human genome,
and to provide information about the overall structure and sequence
of the DNA of humans and of other animals. The project began in the
mid-1980s. The web site of the Human Genome Project, <http://www.
nhgri.nih.gov/HGP/>, contains “information on the background of the
project”, current and future goals, and detailed explanations on the
structure of DNA.
Thomas Ray’s work is described in an article by Joe Flower, “A Life in
Silicon.” New Scientist 150, no. 2034 (June 15, 1996): 32-36. Dr.'Ra'y
also has a web site with updates on his software-based evolution at
<http://www.hip.atr.co.jp/~ray/>.
A selection of books exploring the nature of intelligence includes: H.
Gardner, Frames of Mind (New York: Basic Books, 1983); Stephen Jay



Gould, The Mismeasure of Man (New York: Basic Books, 1983); R. J.
Herrnstein and C. Murray, The Bell Curve (New York: The Free Press,
1994); R. Jacoby and N. Glaubennan, eds., The Bell Curve Debate (New
York: Times Books, 1995).

To further explore the theories of expansion and contraction of the
Universe, see: Stephen W. Hawking, A Brief History of Time (New
York: Bantam Books, 1988); and Eric L. Lerner, The Big Bang Never
Happened (New York: Random House, 1991). For the latest updates,
see the International Astronomical Union (IAU) web site at <hittp://
www.intastun.org/>, as well as the above noted “Introduction tq Big
Bang Theory” at <http://www.bowdoin.edu/dept/physics/astro.1997/
astro4/bigbang.html>.

See chapter 3, “Of Mind and Machines,” including the box “The View
from Quantum Mechanics.”

Peter Lewis, “Can Intelligent Life Be Found? Gorilla Will Go Looking.”
New York Times, April 16, 1998.

Voice Xpress Plus from the Dictation Division of Lernout & Hauspie
Speech Products (formerly Kurzweil Applied Intelligence) allows users
to give “natural language” commands to Microsoft Word. It also provides
large-vocabulary continuous-speech dictation. The program is “mode-
less,” so users do not need to indicate when they are giving commands.
For example, if the user says: “I enjoyed my trip to Belgium last week.
Make this paragraph four points bigger. Change its font to Arial. I hope
to go back to Belgium soon.” Voice Xpress Plus automatically determines
that the second and third sentences are commands and will carry them
out (rather than transcribing them). It also determines that the first and
fourth sentences are not commands, and will transcribe them into the
document.

SNy Jiad) Joo 1Sl Lol
To learn more about the current state of brain-scanning research,
the article “Brains at Work: Researchers Use New Techniques to Study
How Humans Think” by Vincent Kiernan is a good place to begin. This
article, in the Chronicle of Higher Education (January 23, 1998, vol.
44, no. 20, pp. A16-17), discusses uses of MRI to map brain activity
during complex thinking processes. o
“Visualizing the Mind” by Marcus E. Raichle in the April
1994 Scientific American provides background on various brain-
imaging technologies: MRI, positron emission tomography (PET),
magnetoencephalography (MEG), and electroencephalography (EEG).
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“Unlocking the Secrets of the Brain” by Tabitha M. Powledge is a

two-part article in the July-August issue of Bioscience 47 (pp. 330-334
and 403-409), 1997.
Blood-forming cells of the bone marrow and certain layers of the skin
grow and reproduce frequently, replenishing themselves in a period
of months. In contrast, muscle cells do not reproduce for several
years. Neurons have not been considered to reproduce at all after
one’s birth, but recent findings indicate the possibility of primate
neuron reproduction. Dr. Elizabeth Gould of Princeton University
and Dr. Bruce S. McEwen of Rockefeller University in New York fqund
that adult marmoset monkeys are able to manufacture brain cells in
the hippocampus, a brain region that is connected to learning and
memory. Conversely, when the animals are under stress, the ability
to manufacture new brain cells in the hippocampus diminishes. This
research is described in an article by Gina Kolata, “Studies Find Brain
Grows New Cells,” The New York Times, March 17, 1998.

Other types of cells will grow and reproduce if necessary. For
example, if seven-eighths of the liver cells are removed, the remaining
cells will grow and reproduce until most of the cells are replenished.
Arthur Guyton, Physiology of the Human Body, fifth edition (Phila.,
PA: W. B. Saunders, 1979): 42-43.

Oppression of human races, nationalities, and other groups has often
been justified in the same way.

Plato’s works are available in Greek and English in the Loeb Classical
Library editions. A detailed account of Plato’'s philosophy is presented
in J. N. Findlay, Plato and Platonism: An Introduction. On the dialogues
as Plato’s chosen form, see D. Hyland’s “Why Plato Wrote Dlalogues
Philosophy and Rhetoric 1 (1968). 38-50.

A brief history of logical positivism can be found in A. J. Ayer, Logical
Positivism (New York: Macmillan, 1959): 3-28.

David ]. Chalmers distinguishes “between the easy problems and the
hard problem of consciousness,” and argues that “the hard problem
eludes conventional methods of explanation entirely” in an essay
entitled “Facing Up to the Problem of Consciousness.” Stuart R.
Hameroff, ed., Toward a Science of Consciousness: The First Tucson
Discussions and Debates (Complex Adaptive Systems) (Cambridge,
MA: MIT Press, 1996). ,
This objective view was systematically defined early in the twentleth
century by Ludwig Wittgenstein in an analysis of language called logical
positivism. This philosophical school, which would subsequently
influence the emergence of computational theory and linguistics, drew
its inspiration from Wittgenstein's first major work, the Tractatus
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Logico-Philosophicus. The book was not an immediate hit and it took
the influence of his former instructor, Bertrand Russell, to secure a
publisher.

In a foreshadowing of early computer-programming languages,
Wittgenstein numbered all of the statements in his Tractatus indicating
their position in the hierarchy of his thinking. He starts out with
statement 1: “The world is all that is the case,” indicating his ambitious
agenda for the book. A typical statement is number 4.0.0.3. 1: “All
philosophy is a critique of language.” His last statement, number 7,
is “What we cannot speak about we must pass over in silence.” Those
who trace their philosophical roots to the early Wittgenstein still reg‘ard
this short work as the most influential work of philosophy of the
past century. Ludwig Wittgenstein, Tractatus Logico-Philosophicus,
translated by D. E Pears and B. E McGuiness, Germany, 1921.

In the preface to Philosophical Investigations, translated by G. E. M.
Anscombe, Wittgenstein “acknowledges” that he made “grave mistakes”
in his earlier work, the Tractatus.

For a useful overview of Descartes’s life and work, see The Dictionary of
Scientific Biography, vol. 4, pp. 55-65. Also, Jonathan Rée’s Descartes
presents a unified view of Descartes’s philosophy and its relation to
other systems of thought.

Quoted from Douglas R. Hofstadter, Godel, Escher Bach: An Eternal
Golden Braid (New York: Basic Books, 1979).

“Computing Machinery and Intelligence,” Mind 59 (1950); 433-460,
reprinted in E. Feigenbaum and J. Feldman, eds., Computers and
Thought (New York: McGraw-Hill, 1963).

For a description of quantum mechanics, read George Johnson,
“Quantum Theorists Try to Surpass Digital Computing,” New York
Times, February 18, 1997.

@2V #1S3 (o saaa £ 95 1aal it il
Simple calculating devices had been perfected almost two centuries
before Babbage, starting with Pascal’s Pascaline in 1642, which could
add numbers, and a multiplying machine developed by Gottfried
Wilhelm Leibniz a couple of decades later. But automating the
computing of logarithms was far more ambitious than anything that"
had been previously attempted.
Babbage didn’t get very far—he exhausted his financial resources,

got into a dispute with the British government over ownership, had
problems getting the unusual precision parts fabricated, and saw his
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chief engineer fire all of his workmen and then quit himself. He was
also beset with personal tragedies, including the death of his father, his
wife, and two of his children.

The only obvious thing to do now, Babbage figured, was to
abandon his “Difference Engine” and embark on something yet more
ambitious: the world’s first fully programmable computer. Babbage’s
new conception—the “Analytical Engine”—could be programmed to
solve any possible logical or computational problem.

The Analytical Engine had a random-access memory (RAM)
consisting of 1,000 “words” of 50 decimal digits each, equivalent to
about 175,000 bits. A number could be retrieved from any locatfon,
modified, and stored in any other location. It had a punched-card
reader and even included a printer, even though it would be another
half century before either typesetting machines or typewriters were to
be invented. It had a central processing unit (CPU) that could perform
the types of logical and arithmetic operations that CPUS do today. Most
important, it had a special storage unit for the software with a machine
language very similar to those of today’s computers. One decimal field
specified the type of operation and another specified the address
in memory of the operand. Stan Augarten, Bit by Bit: An Illustrated
History of Computers (New York: Ticknor and Fields, 1984): 63-64.

Babbage describes the features of his machine in “On the
Mathematical Powers of the Calculating Engine,” written in 1837
and reprinted as appendix B in Anthony Hymans Charles Babbage:
Pioneer of the Computer (Oxford: Oxford University Press, 1982). For
biographical information on Charles Babbage and Ada Lovelace, see
Hyman’s biography and Dorothy Stein’s book Ada: A Life and a Legacy
(Cambridge, MA: MIT Press, 1985). »
Stan Augarten, Bit by Bit, 63-64. Babbage’s description of the Analytical
Engine in “On the Mathematical Powers of the Calculating Engine,”
written in 1837, is reprinted as appendix B in Anthony Hyman's Charles
Babbage: Pioneer of the Computer (Oxford: Oxford University Press,
1982).

Joel Shurkin, in Engines of the Mind, p. 104, describes Aiken’s machine
as “an electro-mechanical Analytical Engine with IBM card handling.”
For a concise history of the development of the Mark I, see Augarten’s
Bit by Bit, 103-107. 1. Bernard Cohen provides a new perspective on
Aiken's relation to Babbage in his article “Babbage and Aiken,” Annals"
of the History of Computing 10 (1988): 171-193.

The idea of the punched card, which Babbage borrowed from the
Jacquard looms (automatic weaving machines controlled by punched
metal cards), also survived and formed the basis for automatjng
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the increasingly popular calculators of the nineteenth century. This
culminated in the 1890 U.S. census, which was the first time that
electricity was used for a major data-processing project. The punched
card itself survived as a mainstay of computing until the 1970s.
Turing's Robinson was not a programmable computer. It didn’t have
to be—it had only one job to do. The first programmable computer
was developed by the Germans. Konrad Zuse, a German civil engineer
and tinkerer, was motivated to ease what he later called those “awful
calculations required of civil engineers.” Like Babbage’s, his first device,
the Z-1, was entirely mechanical—built from an erector set iI} his
parents’ living room. The Z-2 used electromechanical relays and - was
capable of solving complex simultaneous equations. It was his third
version—the Z-3—that is the most historic. It stands as the world's first
programmable computer. As one would retroactively predict from the
Law of Accelerating Returns as applied to computation, Zuse’s Z-3 was
rather slow—a multiplication took more than three seconds.

While Zuse received some incidental support from the German
government and his machines played a minor military role, there was
little, if any, awareness of computation and its military significance
by the German leadership. This explains their apparent confidence in
the security of their Enigma code. Instead the German military gave
immensely high priority to several other advanced technologies, such
as rocketry and atomic weapons.

It would be Zuse's fate that no one would pay much attention
to him or his inventions; even the Allies ignored him after the end
of the war. Credit for the world’s first programmable computer is
often given to Howard Aiken, despite the fact that his Mark I was not
operational until nearly three years after the Z-3. When Zuse’s funding
was withdrawn in the middle of the war by the Third Reich, a German
officer explained to him that “the German aircraft is the best in the
world. I cannot see what we could possibly calculate to improve on.”

Zuse’s claim to having built the world’s first operational fully
programmable digital computer is supported by the patent application
he filed. See, for instance, K. Zuse, “Verfahren zur Selbst Atigen
Durchfurung von Rechnungen mit Hilfe von Rechenmaschinen,”
German Patent Application 223624, April 11, 1936. Translated extracts,
titled “Methods for Automatic Execution of Calculations with the Aid
of Computers,” appear in Brian Randell, ed., The Origins of Digital
Computers, pp- 159-166.

“Computing Machinery and Intelligence,” Mind 59 (1950): 433-460,
reprinted in E. Feigenbaum and J. Feldman, eds., Computers and
Thought (New York: McGraw-Hill, 1963). :
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See A. Newell, J. C. Shaw, and H. A. Simon, “Programming the Logic
Theory Machine,” Proceedings of the Western Joint Computer
Conference, 1957, pp. 230-240:

Russell and Whitehead’s Principia Mathematica (see reference at the
end of this endnote), first published in 1910-1913, was a seminal work
that reformulated mathematics based on Russell’s new conception
of set theory. Russell’s breakthrough in set theory set the stage for
Turing’s subsequent development of computational theory based
on the Turing machine (see note below). Following is my version of
“Russell’s paradox,” which stimulated Russell's discovery: .

Before ending up in “the Other Place,” our friend the gambler had
lived a rough life. He was short of temper and not fond of losing. In our
story, he is also a bit of a logician. This time he has picked the wrong
man to dispatch. If only he had known that the fellow was the judge's
nephew.

Known anyway as a hanging judge, the magistrate is furious and
wishes to mete out the most severe sentence he can think of. So he
tells the gambler that not only is he sentenced to die but the sentence
is to be carried out in a unique way. “First off, we're gonna dispense
with you quickly, just like you done with the victim. This punishment
must be carried out no later than Saturday. Furthermore, I don't want
you preparing yourself for the judgment day. On the morning of your
execution, you won't know for certain that the day is at hand. When we
come for you, it'll be a surprise.”

To which the gambler replies, “Well, that's great, judge, I am
greatly relieved.”

To which the judge exclaims, “I don’t understand, how can you be
relieved? I have condemned you to be executed. I have ordered that the
sentence be carried out soon, but you'll be unable to prepare yourself
because on the morning that we carry it out, you won't know for certain
that you'll be dying that day.”

“Well, Your Honor,” the gambler points out, “in order for your
sentence to be carried out, I cannot be executed on Saturday.”

“Why is that?” asks the judge.

“Because since the sentence must be carried out by Saturday, if we
actually get to Saturday, 1 will know for certain that I am to be executed
on that day, and thus it would not be a surprise.”

“I suppose you are right,” replies the judge. “You cannot be
executed on Saturday But I still don’t see why you're relieved.”

“Well, if we have definitely ruled out Saturday, then I cant be
executed on Friday either.”
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“Why is that?” asks the judge, being a little slow.

“We have agreed that I can’t be executed on Saturday therefore
Friday is the last day I can be executed. But if Friday rolls around, I will
definitely know that I am to be executed on that day and therefore it
would not be a surprise. So I can’t be executed on Friday.”

“I see,” says the judge.

“Thus the last day I can be executed would be Thursday But if
Thursday rolls around, I would know I had to be executed on that day,
and thus it would not be a surprise. So Thursday is out. By the same
reasoning, we can eliminate Wednesday, Tuesday, Monday, and today.”

The judge scratches his head as the confident gambler is led back
to his prison cell.

There is an epilogue to the story. On Thursday, the gambler is
taken to be executed. And he is very surprised. So the judge’s orders
are successfully carried out.

This is my version of what has become known as “Russell’s
paradox” after Bertrand Russell, perhaps the last person to secure
major achievements in both mathematics and philosophy. If we analyze
this story, we see that the conditions that the judge has set up result in
a conclusion that none of the days comply, because, as the prisoner so
adroitly points out, each one of them in turn would not be a surprise.
But the conclusion itself changes the situation, and now surprise is
possible again. This brings us back to the original situation in which
the prisoner could (in theory) demonstrate that each day in turn would
be impossible, and so on, ad infinitum. The judge applies “Alexander’s
solution” in which King Alexander slashed the hopelessly tied Gordian
knot.

A simpler example, and the one that Russell actually struggled
with, is the following question about sets. A set is a mathematical
construct that, as its name implies, is a collection of things. A set
may include chairs, books, authors, gamblers, numbers, other sets,
themselves, whatever. Now consider set A, which is defined to contain
all sets that are not members of themselves. Does set A contain itself?

As we consider this famous problem, we realize there are only
two possible answers: Yes and No. We can, therefore, try them all (this
is not the case for most problems in mathematics). So let's consider
Yes. If the answer is Yes, then set A does contain itself. But if set A
contains itself, then according to its defining condition, set A would not
belong to set A, and thus it does not belong to itself. Since the answer
of Yes led to a contradiction, it must be wrong.



So let’s try No. If the answer is No, then set A does not contain
itself. But again according to the defining condition, if set A does not
belong to itself, then it would belong to set A, another contradiction. As
with the story about the prisoner, we have incompatible propositions
that imply one another. Yes implies No, which yields Yes, and so on.

This may not seem like a big deal, but to Russell it threatened the
foundation of mathematics. Mathematics is based on the concept of sets,
and the issue of inclusion (i.e., what belongs to a set) is fundamental
to the idea. The definition of set A appears to be a reasonable one. The
question of whether set A belongs to itself also appears reasongble.
Yet we have difficulty coming up with a reasonable answer to this
reasonable question. Mathematics was in big trouble.

Russell pondered this dilemma for more than a decade, nearly
exhausting himself and wrecking at least one marriage. But he came up
with an answer. To do so, he invented the equivalent of a theoretical
computer (although not by name). Russell’s “Computer” is a logic
machine and it implements one logical transformation at a time, each
one requiring a quantum of time—so things don’t happen all at once.
Our question about set A is examined in an orderly fashion. Russell
turns on his theoretical computer (which, lacking a real computer, ran
only in his head) and the logical operations are “executed” in turn. So at
one point, our answer is Yes, but the program keeps running, and a few
quantums of time later the answer becomes No. The program runs in an
infinite loop, constantly alternating between Yes and No.

But the answer is never Yes and No at the same time!

Impressed? Well Russell was very pleased. Eliminating the
possibility of the answer being Yes and No at the same time was enough
to save mathematics. With the help of his friend and former tutor
Alfred North Whitehead, Russell recast all of mathematics in terms of
his new theory of sets and logic, which they published in their Principia
Mathematica in 1910-1913. It is worth pointing out that the concept
of a computer, theoretical or otherwise, was not widely understood at
the time. The nineteenth-century efforts of Charles Babbage, which are
discussed in chapter 4, were largely unknown at the time. It is not clear
if Russell was aware of Babbage’s efforts. Russell's highly influential
and revolutionary work invented a logical theory of computation and
recast mathematics as one of its branches. Mathematics was now part
of computation.

Russell and Whitehead did not explicitly talk about computers but
cast their ideas in the mathematical terminology of set theory. It was
left to Alan Turing to create the first theoretical computer in 1936, in
his Turing machine (see note 16 below). ‘
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Alfred N. Whitehead and Bertrand Russell, Principia Mathematica,
3 vols., second edition (Cambridge: Cambridge University Press, 1925-
1927). (The first edition was published in 1910, 1912, and 1913.)

Russell’s paradox was first introduced in Bertrand Russell,
Principles of Mathematics (Reprint, New York: W. W. Norton & Company,
1996), 2nd ed., 79-81. Russell's paradox is a subtle variant of the Liar
Paradox. See E. W. Beth, Foundations of Mathematics (Amsterdam:
North Holland, 1959), p. 485.
“Heuristic Problem Solving: The Next Advance in Operations Research,”
Journal of the Operations Research Society of America 6, no. 1 (1958),
reprinted in Herbert Simon, Models of Bounded Rationality, vol. 1,
Economic Analysis and Public Policy (Cambridge, MA: MIT Press, 1982).
“A Mean Chess-Playing Computer Tears at the Meaning of Thought,”
New York Times, February 19, 1996, contains the reactions of Gary
Kasparov and a number of noted thinkers concerning the ramifications
of Deep Blue beating the world chess champion.
Daniel Bobrow, “Natural Language Input for a Computer Problem
Solving System,” in Marvin Minsky, Semantic Information Processing,
pp. 146-226.
Thomas Evans, “A Program for the Solution of Geometric-Analogy
Intelligence Test Questions,” in Marvin Minsky, ed., Semantic
Information Processing (Cambridge, MA: MIT Press, 1968), pp. 271-
353.
Robert Lindsay, Bruce Buchanan, Edward Feigenbaum, and Joshua
Lederberg describe DENDRAL in Applications of Artificial Intelligence
for Chemical Inference: The DENDRAL Project (New York: McGraw-
Hill, 1980). For a brief and clear explanation of the essential mechanisms
behind DENDRAL, see Patrick Winston, Artificial Intelligence (1984),
pp. 1637164, 195-197.
For many years SHRDLU was cited as a prominent accomplishment
of artificial intelligence. Winograd describes his research in his thesis
Understanding Natura] Language (New York: Academic Press, 1972). A
brief version appears as “A Procedural Model of Thought and Language,”
in Roger Schank and Kenneth Colby, eds., Computer Models of Thought
and Language (San Francisco: W. H. Freeman, 197 3).
Haneef A. Fatmi and R. W. Young, “A Definition of Intelligence,” Nature
228 (1970): 91. ,
Alan Turing showed that the essential basis of computation could be
modeled with a very simple theoretical machine. He created the first
theoretical computer in 1936 (first introduced in Alan M. Turing,
“On Computable Numbers with an Application to the Entschemungs
Problem,” Proc. London Math. Soc. 42 [1936]: 230-265) in an eponymous
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conception called the Turing machine. As with a number of Turing’s
breakthroughs, he would have both the first and last word. The Turing
machine represented the founding of modern computational theory.
It has also persisted as out primary theoretical model of a computer
because of its combination of simplicity and power.

The Turing machine is one example of the simplicity of the
foundations of intelligence. A Turing machine consists of two primary
(theoretical) units: a tape drive and a computation unit. The tape drive
has a tape of infinite length on which it can write, and (subsequently)
read, a series of two symbols: zero and one. The computation unit
contains a program consisting of a sequence of commands, drawing
from only seven possible operations:

Read the tape

Move the tape left one symbol
Move the tape right one symbol
* Write O on the tape

¢ Write 1 on the tape

¢ Jump to another command

¢ Halt

Turing was able to show that this extremely simple machine
can compute anything that any machine can compute, no matter how
complex. If a problem cannot be solved by a Turing machine, then it
cannot be solved by any machine. Occasionally there are challenges to
this position, but in large measure it has stood the test of time.

In the same paper, Turing reports another unexpected discovery,
that of unsolvable problems. These are problems that are well defined
with unique answers that can be shown to exist, but that we can also
prove can never be computed by a Turing machine—that is to say by any
machine, yet another reversal of what had been a nineteernth-century
confidence that problems that could be defined would ultimately be
solved. Turing showed that there are as many unsolvable problems as
solvable ones.

Turing and Alonzo Church, his former professor, went on to assert
what has become known as the Church-Turing thesis: If a problem that
can be presented to a Turing machine is not solvable by one, then it is.
also not solvable by human thought. “Strong” interpretations of the
Church-Turing thesis propose an essential equivalence between what
a human can think or know and what is computable by a machine. The
Church-Turing thesis can be viewed as a restatement in mathematical
terms of one of Wittgenstein's primary theses in his Tractatus. The
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basic idea is that the human brain is subject to natural law, and thus
its information-processing ability cannot exceed that of a machine. We
are thus left with the perplexing situation of being able to define a
problem, to prove that a unique answer exists, and yet know that the
answer can never be known.

Perhaps the most interesting unsolvable problem is called the
Busy Beaver, which may be stated as follows: Each Turing machine has
a certain number of commands in its program. Given a positive integer
n, we construct all of the Turing machines that have n states (i.e., n
commands). Next we eliminate those n-state Turing machines that get
into an infinite loop (i.e., never halt). Finally, we select the machine (one
that halts) that writes the largest number of 1s on its tape. The number
of [s that this Turing machine writes is called busy beaver of n.

Tibor Rado, a mathematician and admirer of Turing, showed that
there is no algorithm. (that is, no Turing machine) that can compute
the busy beaver function for all n’s. The crux of the problem is sorting
out those n-state Turing machines that get into infinite loops. If we
program a Turing machine to generate and simulate every possible n-
state Turing machine, this simulator itself goes into an infinite loop
when it attempts to simulate one of the n-state Turing machines that
gets into an infinite loop. Busy beaver can be computed for some ns,
and interestingly it is also an unsolvable problem to separate those ns
for which we can determine busy beaver of n from those for which we
cannot.

Busy beaver is an “intelligent function.” More precisely stated,
it is a function that requires increasing intelligence to compute for
increasing arguments. As we increase n, the complexity of the processes
needed to compute busy beaver of n increases.

With n =6, we are dealing with addition and busy beaver of 6 equals
35. In other words, addition is the most complex operation that a Turing
machine with only 6 steps in its program is capable of performing. At
7, busy beaver learns to multiply and busy beaver of 7 equals 22,961.
At 8, busy beaver can exponentiate, and the number of 1s that our
eighth busy beaver writes on its tape is approximately 1043. Note that
this is even faster growth than Moore’s Law. By the time we get to 10
we need an exotic notation in which we have a stack of exponents (10
to the 10 to the 10, etc.), the height of which is determined by another
stack of exponents, the height of which is determined by another stack
of exponents, and so on. For the twelfth busy beaver we need an even
more exotic notation. Human intelligence (in terms of the complexity
of mathematical operations that we can understand) is surpassed well
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before the busy beaver gets to 100. The computers of the twenty-first
century will do a bit better.

The busy beaver problem is one example of a large class of
noncomputable functions, as one can see from Tibor Rado, “On
Noncomputable Functions,” Bell System Technical Journal 41, no. 3
(1962): 877-884.

Raymond Kurzweil, The Age of Intelligent Machines (Cambridge, MA:
MIT Press, 1990), pp. 132-133.

H. J. Berliner, “Backgammon Computer Program Beats World
Champion,” Artificial Intelligence 14, no. 1 (1980). Also see Hans
Berliner, “Computer Backgammon,” Scientific American, June 1980.
To download Ray Kurzweil’'s Cybernetic Poet (RKCP), go to: <http://
www.kurzweiltech.com>. RKCP is further discussed in the section The
Creative Machine in chapter 8, “1999.”

See the discussion on these music composition programs in the section
The Creative Machine in chapter 8, “1999.”

See W. S. Sarle, ed., “Neural Network Frequently Asked Questions,”
<ftp://ftp.sas.com/pub/neural/FAQ.html>. This web site has,
numerous resources on past and current research on neural nets.
G. E. Hinton's “How Neural Networks Learn from Experience,” in the
September 1992 issue of Scientific American (144-151), also provides
a good introduction to neural networks.

Researchers at the Productivity from Information Technology (PROFIT)
Initiative at MIT have studied the effectiveness of neural networks in
understanding handwriting.

The PROFIT Initiative is based at MIT’s Sloan School of Management.
The mission of the initiative is to study how the private and public
sectors use information technology. Abstracts of working papers on
this and other research on neural networks and data mining can be
found at <http://scanner-group.mit.edu/papers.html>.

“Miros, Inc. is located in Wellesley, Massachusetts, and specializes in
providing face recognition software. Miros I products include Trueface
PC, the first face recognition solution for computer, network and data
security; and Trueface Gatewatch, a complete hardware/software
security solution that allows or denies access to buildings and rooms
by automatically recognizing a person’s face taken by a video camera.”
From Miros Company Information at <http://www.miros.com/About_
Miros.htm>.

For more information on Brainmaker’s aptitude to diagnose illnesses,
and to predict the Standard and Poor 500 for LBS Management, see
California Scientific’s home page at <http://www.calsci.com/>.
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The reset time stated here is an estimated average for neural connection
calculations. For example, Vadim Gerasimov estimates the peak firing
frequency of neurons (which significantly exceeds the average rate) to
be 250-2,000 Hz (0.5-4 ms intervals) in “Information Processing in the
Human Body” at <http://vadim.www.media.mit.edu/MAS862/Project.
html>. The firing time is affected by a number of variables, including,
for example, the level and duration of a sound, as discussed in Jos.
J. Eggermont, “Firing Rate and Firing Synchrony Distinguish Dynamic
from Steady State Sound,” Neuroreport 8, issue 12, 2709-2713.

Hugo de Garis maintains a web site on his research for ATRS B;am
Builder Group at <http://www.hip.atr.co.jp/~degaris/>.

For an intriguing account of this research, read Carver Mead, Analog
VSLI and Neural Systems (Reading, MA: Addison-Wesley, 1989), 257-
278. Synaptics is briefly highlighted in Carol Levin, “Here’s Looking at
You,” PC Magazine (December 20, 1994): 31. Carver Mead’s web site
also provides detailed information on this research at the “Physics
of Computation-Carver Mead’s Group” at <http://www.pcmp.caltech.
edu/>.

The SETI (Search for Extraterrestrial Intelligence) Institute conducts
research on other signs of life in the Universe, its primary goal being
the search for extraterrestrial intelligence. The institute is a nonprofit
research organization, funded by government agencies, private
foundations, and individuals, which in turn provides funding for several
dozen projects. For more information, see the SETI Institute web site,
<http://www.seti.org>.

The author is dictating portions of this book to his computer through
the continuous speech recognition program called Voice Xpress Plus
from the dictation division of Lernout & Hauspie (formerly Kurzweil
Applied Intelligence). See note 9 on Voice Xpress Plus in chapter 2 for
more information.

To find out more on State Street Global Advisor’s purchase in a
majority stake in Advanced Investment Technology, read Frank Byrt,
“State Street Global Invests in Artificial Intelligence.” Dow Jones
Newswires, October 29, 1997. The genetic algorithm system used by
the AIT Vision mutual fund is described in S. Mahfoud and G. Mani,
“Financial Forecasting Using Genetic Algorithms.” Applied Artificial
Intelligence 10 (1996): 543-565. The AIT Vision mutual fund opened at
the beginning of 1996 and has publicly available performance numbers.
In its first full calendar year (1996), the mutual fund increased 27.2
percent in net asset value, compared to 21.2 percent for its benchmark,
the Russell 3000 index.
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It should be noted that outperforming its benchmark index does

not in itself prove a superior level of decision making. The algorithm
may have been making higher-risk investments (on average) than the
average in the index. ’
There are many online resources on evolutionary computation
and evolutionary and genetic algorithms. One of the best is “The
Hitchhiker’s Guide to Evolutionary Computation: A List of Frequently
Asked Questions (FAQ),” edited by Jorg Heitkotter and David Beasley
at <http://www.cs.purdue.edu/coast/archive/clife/FAQ/www/>. This
guide includes everything from a glossary to links to various research
groups. '

Another helpful online resource is the web site for the Santa Fe
Institute. The institute’s web site can be accessed at <http://www.
santafe.edu>.

For an offline introduction to genetic algorithms, read John
Holland’s article "Genetic Algorithms,” Scientific American 267, no. 1
(1992): 66-72. As mentioned in note 22 in chapter 1, Holland and his
colleagues at the University of Michigan developed genetic algorithms
in the 1970s.

For more information on the use of genetic algorithm technology
to manage the development and manufacturing of Volvo trucks, read
Srikumar S. Rao, “Evolution at Warp Speed,” Forbes 161, no. 1 (January
12, 1998): 82-83.

See also note 22 on complexity in chapter 1.

See “Information Processing in the Human Body,” by Vadim Gerasimov,
at <http://vadim.www.media.mit.edu/MAS862/Project.html>.

See “"Information Processing in the Human Body,” by Vadim Gerasimov,
at <http://vadim.www.media.mit.edu/MAS862/Project.html>.

I founded Kurzweil Applied Intelligence (Kurzweil AI) in 1982. The
company is now a subsidiary of Lernout & Hauspie Speech Products
(L&H), an international leader in the development of speech and
language technologies and related applications and products. For more
information about these speech recognition products, see <http://
www.lhs.com/dictation/>.
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Victor L. Yu, Lawrence M. Fagan, S. M. Wraith, William Clancey, ‘A.

Carlisle Scott, John Hannigan, Robert Blum, Bruce Buchanan, and
Stanley Cohen, “Antimicrobial Selection by Computer: A Blinded
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Evaluation by Infectious Disease Experts,” Journal of the American
Medical Association 242, no. 12 (1979): 1279-1282.

For an introduction to the development of expert systems and their use
in various companies, read: Edward Feigenbaum, Pamela McCorduck,
and Penny Nii, The Rise of the Expert Company (Reading, MA: Addison-
Wesley, 1983).

William Martin, Kenneth Church, and Ramesh Patil, “Preliminary Analysis
of a Breadth-First Parsing Algorithm: Theoretical and Experiential
Results.” MIT Laboratory for Computer Science, Cambridge MA, 1981.
In this document, Church cites the synthetic sentence: ‘

“It was the number of products of products of products of
products of products of products of products of products?” as
having 1,430 syntactically correct interpretations.

He cites the following sentence:

“What number of products of products of products of products
of products of products of products of products was the
number products of products of products of products of
products of products of products of products?” as having
1,430 x 1,430 = 2,044,900 interpretations.

These and other theoretical aspects of computational linguistics are
covered in Mary D. Harris, Introduction to Natural Language Processing
(Reston, VA: Reston Publishing Co., 1985).
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Hans Moravec is likely to make this argument in his 1998 book Robot:
Mere Machine to Transcendent Mind (Oxford University Press; not yet
available as of this writing).

One hundred fifty million calculations per second for a 1998 personal
computer doubling twenty-seven times by the year 2025 (this
assumes doubling both the number of components, and the speed
of each component every two years) equals about 20 million billion
calculations per second. In 1998, it takes multiple calculations on a
conventional personal computer to simulate a neural-connection
calculation. However, computers by 2020 will be optimized for the
neural-connection calculation (and other highly repetitive calculations
needed to simulate neuron functions). Note that neural-connection
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calculations are simpler and more regular than the general-purpose
calculations of a personal computer.

Five billion bits per $1,000 in 1998 will be doubled seventeen times by
2023, which is about a million billion bits for $1,000 in 2023.

NEC’s goals to build a supercomputer with a maximum performance
of more than 32 teraflops is chronicled in “NEC Begins Designing
World’s Fastest Computer,” Newsbytes News Network, January
21, 1998, located online at <http://www.nb-pacifica.com/headline/
necbeginsdesigningwo_1208.shtml>.

In 1998, IBM was one of four companies chosen to participate in
Pathforward, an initiative from the Department of Energy to develop
supercomputers for the twenty-first century. Other companies involved
in the project are Digital Equipment Corporation; Sun Microsystems, Inc.;
and Silicon Graphics/Cray Computer Systems (SGI/Cray). Pathforward
is part of the Accelerated Strategic Computing Initiative (ASCI). For
more information on this initiative, see <http://www.llnl.gov/asci>.

By harnessing the accelerating improvement in both density of
components and speed of components, computer power will double
every twelve months, or a factor of one thousand every ten years. Based
on the projection of $1,000 of computing being equal to the estimated
processing power of the human brain (20 million billion calculations per
second) by the year 2020, we get a projection of $1,000 of computing
being equal to a million human brains in 2040, a billion human brains
in 2050, and a trillion human brains in 2060.

By 2099, $1,000 of computing will equal 1024 times the processing
power of the human brain. Based on an estimate of 10 billion persons,
that is 1014 times the processing power of all human brains. Thus one
penny of computing will equal 109 (one billion) times the processing
power of all human brains.

In the Punctuated Equilibrium theories, evolution is seen to progress
in sudden leaps followed by periods of relative stability. Interestingly,
we often see similar behavior in the performance of evolutionary
algorithms (see chapter 4).

Dean Takahashi, “Small Firms Jockeying for Position in 3D Chip
Market,” Knight-Ridder/Tribune News Service, September 21, 1994,
p. 0921K4365.

The entire February 1998 issue of Computer (vol. 31, no. 2) explores.
the status of optical computing and optical storage methods. A

Sunny Bains writes of companies using optical computing for
fingerprint recognition and other applications in “Small, Hybrid Digital/
Electronic Optical Correlators Ready to Power Commercial Products:
Optical Computing Comes into Focus.” EE Times, January 26, 1998,

.
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issue 990. This article is online at <http://www.techweb.com/se/
directlink.cgi?EET19980126S0019>.

For a nontechnical introduction to DNA computing, read Vincent
Kiernan, “DNA-Based Computers Could Race Past Supercomputers,
Researchers Predict,” in the Chronicle of Higher Education (November
28, 1997). Kiernan discusses the research of Dr. Robert Corn from the
University of Wisconsin as well as the research of Dr. Leonard Adleman.
The article can be accessed online at <http://chronicle.com/data/
articles.dir/art-44.dir/issue-14.dir/1 4a02301:htm>.

Research at the University of Wisconsin can be accessed online at
<http://corninfo.chem.wisc.edu/writings/DNACOMPUTING.html>.

Leonard Adlenians “Molecular Computation of Solutions to
Combinatorial Problems” from the November 11, 1994, issue of Science
(vol. 266, p 1021) provides a technical overview of his design of DNA
programming for computers.

Lambertus Hesselink’s research is reported by Phillip F. Schewe and Ben
Stein in Physics News Update (no. 219; March 28, 1995). The description
is available online at <http://www.aip.org/enews/physnews/1995/
split/pnu2l9-2.htm>.

For information on nanotubes and buckyballs, read Janet Rae-Dupree’s
article “Nanotechnology Could Be Foundation for Next Mechanical
Revolution,” Knight-Ridder/Tribune News Service, December 17,
1997, p. 1217K1133.

13 Dr. Sumio lijima's research on nanotubes is summarized in the
following article at the NEC site, <http://www.labs.nec.co.jp/rdletter/
letter01/index1.html>.

Theresearch of Isaac Chuang and Neil Gershenfeld is reported in “Cue the
Qubits: Quantum Computing,” The Economist 342, no. 8005 (February
22,1997): 91-92; and in an article by Dan Vergano, “Brewing a Quantum
Computer in a Coffee Cup,” Science News 151, no. 3 (January 18, 1997):
37. More technical details and a list of Chuang and Gershenfeld's
publications can be found at the Physics and Media Group/MIT Media
Lab <http://physics.www.media.mit.edu/publications/> and at the Los
Alamos National Laboratory <http://gso.lanl.gov/qc/>.

Other groups working on quantum computation include the
Information Mechanics group at MIT’s Lab for Computer Science
<http://www-im.lcs.mit.edu/> and the Quantum Computation Group
at IBM <http://www.research.ibm.com/quantuminfo/>.

“Student Cracks Encryption Code,” USA Today Tech Report, September
2, 1997.

Mark Buchanan, “Light’s Spooky Connections Set Distance Record,”
New Scientist, June 28, 1997. :
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Roger Penrose, The Emperor’s New Mind (New York: Penguin USA,
1990).

To understand the concept of tunneling, it is important to understand
how transistors on an integrated circuit chip work. An integrated
chip is engraved with circuits comprised of thousands or millions of
transistors, which electronic devices use to control the flow of electricity.
Transistors are made up of a small block of a semiconductor, a material
that acts as both an insulator and a conductor of electricity. The first
transistors were comprised of germanium and were later replaced with
silicon. .

Transistors work by holding a pattern of electric charge, allowing
that pattern of charge to change millions of times every second.
Tunneling refers to the ability of electrons (small particles that circle
around the nucleus of an atom) to move or “tunnel” through the silicon.
Electrons are said to tunnel through the barrier as a result of the
quantum uncertainty as to which side of the barrier they are actually
on.

Knowledge chunks would be greater than the number of distinct words
because words are used in more than one way and with more than one
meaning. Each different word meaning or usage is often referred to as
a word “sense.” it is likely that Shakespeare used more than 1 00,000
word senses.

Quoted from Douglas R. Hofstadter, Gidel, Escher Bach: An Eternal
Golden Braid (New York: Basic Books, 1979).

Michael Winerip, “Schizophrenia’s Most Zealous Foe,” New York
Sunday Times, February 22, 1998.

The goal of the Visible Human Project is to create highly detailed three-
dimensional views of the male and female human body. The project
is collecting transverse CT, MRI, and cryosection images. The web site
is located at <http://www.nlm.nih.gov/research/visible/visible_human
html>.

Researchers Mark Habener, Doron Shoham, Amiram Grinvald, and
Tobias Bonhoeffer published their experiments on optical imaging in
“Spatial Relationships among Three Columnar Systems in Cat Area 17,”
Journal of Neuroscience 17 (1997): 9270-9284.

More information on this and other brain-imaging research is
located at the Weizmann Institute’s web site <http://www.weizmanmn.
ac.il> and at Amiram Grinvald's web site <http://www.weizmann.ac.il/
brain/grinvald/grinvald.htm>. '
The work of Dr. Benebid and other researchers is summarized in an
online article, “Neural Prosthetics Come of Age as Research Continues,”
by Robert Finn, The Scientist II, no. 19 (September 29, 1997). 13,/ 16.
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This article may be found at <http://www.the-scientist.library.upenn.
edu/yr1997/sept/research_970929.html>.

From an April 1998 phone interview by the author with Dr. Trosch.
Dr.Rizzo’s research is also reviewed in Finn's article, “Neural Prosthetics
Come of Age as Research Continues.”

To read more about the “neuron transistor,” visit the web site of the
Membrane and Neurophysics Department at the Max Planck Institute
for Biochemistry <http://mnphys.biochem.mpg.de/>.

Robert Finyi, “Neural Prosthetics Come of Age as Research Continues.”
Carver Mead's research is described at <http://www.pcmp.caltech
edu/>. :

W. B. Yeats, “Sailing to Byzantium,” from Selected Poems and Two
Plays of William Butler Yeats, edited by M. L. Rosenthal (New York:
Macmillan, 1966).

plaaly ... aaluadl Juadll
Herbert Dreyfus is well known for his critique of artificial intelligence
in his book What Computers Can’t Do: The Limits of Artificial
Intelligence (New York: Harper and Row, 1979). Other theorists who
may be considered to support the mind-beyond-machine perspective
include J. R. Lucas and John Searle. See J. R. Lucas’s “Minds, Machines
and Godel,” Philosophy 36 (1961): 120-124; and John Searle’s “Mind,
Brains, and Programs,” The Behavioral and Brain Sciences 3 (1980):
417-424. Also, see Searle’s more recent book The Rediscovery of the
Mind (Cambridge, MA: MIT Press, 1992).
“Researchers led by Dr. Clifford Steer at the University of Minnesota
Medical School report in the current Nature Medicine that they have
eliminated the need for viruses by harnessing the body’s own genetic
repair processes. In a landmark proof-of-concept experiment, the
Minnesota team permanently altered a blood-clotting gene in 40
percent of the liver cells in a group of rats. The researchers started
by splicing their DNA patch into a slip of RNA. Then they encased the
hybrid molecule in a protective coating, laced it with sugars that seek
out liver cells, and injected it into lab rats. True to plan, the hybrid
molecules zeroed in on the targeted gene and lined up alongside it. An
enzyme in the rats' own liver cells did the rest: Whenever it spotted a
mismatched DNA, it simply removed the offending DNA and stitched
in a replacement. Now the trick is to show that it will work with other
tissues—and other species.” From “DNA Therapy: The New, Virus-Free
Way to Make Genetic Repairs.” Time, March 16, 1998.
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Hans Moravec, Mind Children: The Future of Robot and Human
Intelligence (Cambridge, MA: Harvard University Press, 1988), p. 108.
Ralph Merkle’s comments on nanotechnology can be found in an
overview at his web site at the Xerox Palo Alto Research Center
<http://sandbox .xerox.com/nano>. His site contains links to important
publications on nanotechnology, such as Richard Feynman’s 1959 talk
and Eric Drexler’s dissertation, as well as links to various research
centers that focus on nanotechnology.

Richard Feynman presented these ideas on December 29, 1959, at
the annual meeting of the American Physical Society at the California
Institute of Technology (Cal Tech). His talk was first published in the
February 1960 issue of Cal Tech’s Engineering and Science. This article
is available online at <http://nano.xerox.com/nanotech/feynman.
html>.

Eric Drexler, Engines of Creation (New York: Anchor Press/Doubleday,
1986). The book is also accessible online from the Xerox nanotechnology
site <http://sandbox.xerox.com/nano> and also from Drexler’s web site
at the Foresight institute <http://www.foresight.org/EOC/index.html>.
Eric Drexler, Nanosystems: Molecular Machinery, Manufacturing, and
Computation (New York: John Wiley and Sons, 1992).

According to Nanothinc’s web site <http://www.nanothinc.com/>,
“Nanotechnology, broadly defined to include a number of nanoscale-
related activities and disciplines, is a global industry in which more
than 300 companies generate over $5 billion in annual revenues today—
and $24 billion in 4 years.” Nanothinc includes a list of companies and
revenues upon which the figure is based. Some of the nanoapplications
generating revenues are micromachines, microelectromechanical
systems, autofabrication, nanolithography, nanotechnology tools,
scanning probe microscopy, software, nanoscale materials, and
nanophase materials.

Richard Smalley’s publications and work on nanotechnology can
be found at the web site for the Center for Nanoscale Science and
Technology at Rice University <http://cnst.rice.edu/>.

For information on the use of nanotechnology in creating IBM's
corporate logo, read Faye Flam, “Tiny Instrument Has Big Implications.”
Knight-Ridder/Tribute News Service, August 11, 1997, p. 811K7204.
Dr. Jeffrey Sampsell at Texas Instruments has written a white paper
summarizing research on micromirrors, available at <http://www. '
ti.coni/dlp/docs/it/resources/white/overview/over.shtml>. '
A description of the flying machines can be found at the web site of the
MEMS (Microelectromechanical Systems) and Fluid Dynamics Research
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19.
20.
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Group at the University of California at Los Angeles (UCLA) <http://
ho.seas.ucla.edu/new/main.htm>.

Xerox’s nanotechnology research is described in Brian Santo, “Smart
Matter Program Embeds Intelligence by Combining Sensing, Actuation,
Computation-Xerox Builds on Sensor Theory for Smart Materials.”
EETimes (March 23, 1998):129. More information on this research
can be found at the web site for the Smart Matter Research Group at
Xerox's Palo Alto Research Center at <http://www.parc.xerox.com/spl/
projects/smart-matter/>.

For information on the use of nanotechnology in creating the nanoguitar,
read Faye Flar, “Tiny Instrument Has Big Implications.” Knight-Ridder/
Tribune News Service.

Learn more about the Chelyabinsk region by visiting the web site
dedicated to helping the people living in that area at <http://www
Jogtv .com/chelya/chel.html>.

For more about the story behind Space War, see “A History of Computer
Games,” Computer Gaming World (November 1991): 16-26; and Eric
S. Raymond, ed., New Hacker’'s Dictionary (Cambridge, MA: MIT
Press, 1992). Space War was developed by Steve Russell in 1961 and
implemented by him on the PDP-1 at MIT a year later.

Medical Learning Company is a joint venture between the American
Board of Family Practice (an organization that certifies the sixty
thousand family practice physicians in the United States) and Kurzweil
Technologies. The goal of the company is to develop educational
software for continuing medical education of physicians as well as
other markets. A key aspect of the technology will include an interactive
simulated patient that can be examined, interviewed, and treated.
Hall’s Utility Fog concept is described in J. Storrs Hall, "Utility Fog
Part 1,” Extropy, issue no. 13 (vol. 6, no. 2), third quarter 1994; and J.
Storrs Hall, “Utility Fog Part 2,” Extropy, issue no. 14 (vol. 71, no. 1),
first quarter 1995. Also see Jim Wilson, “Shrinking Micromachines: A
New Generation of Tools Will Make Molecule-Size Machines a Reality”
Popular Mechanics 174, no. 11 (November 1997): 55-58.

Mark Yim, “Locomotion with a Unit-Modular Reconfigurable Robot,”
Stanford University Technical Report STAN-CS-TR-95-1536.

Joseph Michael, UK Patent #94004227.2.

For examples of early “prurient” text publications, see A History of
Erotic Literature by Patrick J. Kearney (Hong Kong, 1982); and History
Laid Bare by Richard Zachs (New York: Harpercollins, 1994).

Upside Magazine, April 1998.

For example, the “TFUI" (Touch-and-Feel User Interface) from Pixis, as
used in their Diva and Space Sirens series of CD-ROMS. :
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From “Who Needs Jokes? Brain Has a Ticklish Spot,” Malcolme W.
Browne, New York Times, March 10, 1998. Also see 1. Fried (with C. L.
Wilson, K. A. MacDonald, and E. J. Behnke), “Electric Current Stimulates
Laughter,” Scientific Correspondence 391: 650, 1998.

K. Blum et al.,, “Reward Deficiency Syndrome,” American Scientist,
March-April, 1996.

Brain Generated Music is a patented technology of Neurosonics, a small
company in Baltimore, Maryland. The founder, CEO, and principal
developer of the technology is Dr. Geoff Wright, who is head of computer
music at Peabody Conservatory.

For details about Dr. Benson’s work, see his book The Relaxatlon
Response (New York: Avon,1990).

“God Spot’ Is Found in Brain,” Sunday Times (Britain), November 2,
1997.

1444 : ol Juadll

. The U.S. Federal Government Gateway for Year 2000 Information

Directories, at <http://www.itpolicy.gsa.gov/mks/yr2000/y2khome
.htm>, contain a number of links to web pages devoted to Y2K issues.
There are also many discussion groups on the Web about the Y2K topic.
Simply do a search for “Y2K discussion” using a search engine such as
Yahoo (www.yahoo.com) to find a number of web pages devoted to this
subject.

David Cope talks about his EMI program in his book Experiments in
Musical Intelligence (Madison, WI: A-R Editions, 1996). EMI is also
discussed in Margaret Boden “Artificial Genius,” Discover magazine,
October 1996.

For more about the Improvisor program, see Margaret Boden, “Artificial
Genius,” Discover magazine, October 1996. The article addresses
the question of who is the actual creator of original art produced by
computer programs—the developer of the program or the program
itself?

Laurie Flynn, “Program Proves Bad Puns Not Limited to Humans,” New
York Times, January 3, 1998.

“Paramind copies any text you type or paste into its screen and
systematically merges your text with new words. The words are all
related, such as adjectives related to sight, or adverbs related to walking.
In the text that you type or paste in, a word or two is selected where
these new words will fit in, in the way that you want. The result is a
new listing of your idea changed in several fascinating ways.” From the
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Paramind Brainstorming Software web page at <http://www .paramind.
net/>. For more information about other computer writing programs,
see Marius Watz’s web page called Computer Generated Writing at
<http://www.notam.uio.no/~mariusw/c-g.writing/>.
More information on BRUTUS. 1 Story Generator and its inventors can
be found at <http://www.rpi.edu/dept/ppcs/BRUTUS/brutus.html>.
Ray Kurzweil's Cybernetic Poet (RKCP) is a software program designed
by Ray Kurzweil and developed by Kurzweil Technologies. You can
download a copy of the program at <http://www.kurzweiltech.com>.
For examples of Mutator’s artistic creations, visit the web sitg of
Computer Artworks at <http://www.artworks.co.uk/welcome.htm>.
Karl Sims has written several articles about his work, including
“Artificial Evolution for Computer Graphics,” Computer Graphics 25,
no. 4 (July 1991): 319-328.
Drawings and paintings by Aaron, Harold Cohen’s cybernetic artist,
have hung at London’s Tate Gallery, Amsterdam’s Stedelijk Museum,
the Brooklyn Museum, the San Francisco Museum of Modern Art, the
Washington Capitol Children's Museum, and others.
Harold Cohen, “How to Draw Three People in a Botanical Garden,” AAAI-
88, Proceedings of the Seventh National Conference on Artificial
Intelligence, 1988, pp. 846-855. Some of the implications of Aaron are
discussed in Pamela McCorduck, “Artificial Intelligence: An Apercu,”
Daedalus, Winter 1988, pp. 65-83.
A list of sites on Cohen's Aaron can be found at <http://www.umcs.
maine.edu/~larry/latour/aaron.html>. Also see Harold Cohen’s article
in “Constructions of the Mind” at <http://shr.stanford.edu/shreview/
4-2/text/cohen.html>.
Raymond Kurzweil, The Age of Intelligent Machines (Cambridge, MA:
MIT Press, 1990). Also see the publications section at the web site for
Kurzweil Technologies at <http://www.kurzweiltech.com> and the
publications section at the web site for Kurzweil Educational Systems
at <http://www.kurzweiledu.com>.
Venture capital refers to funds available for investment by organizations
that have raised pools of capital specifically to invest in companies,
primarily new ventures. Angel capital refers to funds available for
investment by networks of wealthy investors who invest in start-up
companies. In the United States, both venture and angel capital have,
emphasized high-technology investments. »
For a comprehensive list of available speech- and face-recognition
products and research projects, go to The Face Recognition Home Page
at <http://cherry.kist.re.kr/center/html/sites.html>.
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For an excellent overview of this subject, see “The Intelligent Vehicle
Initiative: Advancing “Human-Centered> Smart Vehicles,” by Cheryl
Little of the Volpe National Transportation Systems Center. This article
is available through the Turner-Fairbank Highway Research Center
web page at <http://www.tfhrc.gov/pubrds/pr97-10/p18.htm>. For
details about the tests on Interstate 15 in California, go to National
AHS Consortium Home Page at <http://monolith-mis.com/ahs/default.
htm>.

For example, Voice Xpress Plus, from the dictation division of
Lernout & Hauspie (formerly Kurzweil Applied Intelligence), combines
large-vocabulary, continuous speech recognition for dictation, with
natural-language understanding for commands. Continuous speech
recognition without natural-language understanding (as of 1998) is also
available from Dragon System’s Naturally Speaking and IBM’s Viavoice.
Examples of translation products include Langenscheidt’s T1
Professional from Gesellschaft far Multilinguale Systeme, a division of
Lernout & Hauspie Speech Products; Globalink Power Translator; and
SYSTRAN Classic for Windows.

Duncan Bythell, The Handloom Weavers: A Study in the English
Cotton Industry During the Industrial Revolution, p. 70. There are
also a number of web sites exploring both the original Luddite history
and the contemporary neo-Luddite movement. For one example, see
the web page Luddites On-Line at <http://www.luddites.com/index2.
html>.

Ben ]J. Wattenberg, ed., The Statistical History of the United States
from Colonial Times to the Present; U.S. Department of Commerce,
Bureau of the Census, Statistical Abstract of the United States, 1997.
Ben J. Wattenberg, ed., The Statistical History of the United States
from Colonial Times to the Present.

U.S. Department of Commerce, Bureau of the Census, Statistical
Abstract of the United States, 1997.

Ted Kaczynski's Unabomber Manifesto was published in both the New
York Times and the Washington Post in September 1995. The full
text of the document is available on numerous web pages, including:
<http://www.soci.niu.edu/~critcrim/uni/uni.txt>.

Yoot awlill Juaddl
A consortium of eighteen manufacturers of cellular telephones and

other portable electronic devices is developing a technology called
Bluetooth, which provides wireless communications within a radius
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of about ten meters, at a data rate of 700 to 900 kilobits per second.
Bluetooth is expected to be introduced in late 1999 and will initially
have a cost of about $20 per unit. This cost is expected to decline rapidly
after introduction. Bluetooth will allow personal communications and
electronics devices to communicate with one another.

Technology such as Bluetooth (see note 1) will allow computer
components such as computing units, keyboards, pointing devices,
printers, etc. to communicate with one another without the use of
cables.

Microvision of Seattle has a product called a Virtual Retina Display
(VRD) that projects images directly onto the user’s retinas while
allowing the user to see the normal environment. The Microvision
VRD is currently expensive and is sold primarily to the military for use
by pilots. Microvision’s CEO Richard Rutkowski projects a consumer
version built on a single chip before the year 2000.

Projecting from the speed of personal computers, a 1998 personal
computer can perform about 150 million instructions per second for
about $1,000. By doubling every twelve months, we get a projection
of 150 million multiplied by 2!! (2,048) = 300 billion instructions per
second in 2009. Instructions are less powerful than calculations, so
calculations per second will be around 100 billion. However, projecting
from the speed of neural computers, a 1997 neural computer provided
about 2 billion neural connection calculations per second for around
$2,000, which is 1 billion calculations per $1,000. By doubling every
twelve months, we get a projection of 1 billion times 2!? (4,096) =
4 trillion calculations per second in 2009. By 2009, computers will
routinely combine both types of computations, so if even 25 percent
of the computations are of the neural connection calculation type, the
estimate of 1 trillion calculations per second for $1,000 of computing
in 2009 is reasonable.

The most powerful supercomputers are twenty thousand times more
powerful than a $1,000 personal computer. With $1,000 personal
computers providing about 1 trillion calculations per second
(particularly of the neural-connection type of calculation) in 2009,
the more powerful supercomputers will provide about 20 million
billion calculations per second, which is about equal to the estimated
processing power of the human brain. _
As of this writing, there has been much publicity surrounding the work
of Dr. Judith Folkman of Children’s Hospital in Boston, Massachusetts,
and the effects of angiogenesis inhibitors. In particular, the combination
of Endostatin and Angiostatin, bio-engineered drugs that inhibit the
reproduction of capillaries, has been remarkably effective in mice.
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Although there has been a lot of commentary pointing out that drugs
that work in mice often do not work in humans, the degree to which this
drug combination worked in these laboratory animals was remarkable,
Drugs that work this well in mice often do work in humans.

See “HOPE IN THE LAB: A Special Report. A Cautious Awe Greets
Drugs That Eradicate Tumors in Mice,” New York Times, May 3, 1998.

YA puladl Juadll
See note 3 of chapter 9, “2009,” on the Microvision Virtual Refina
Display.
A 1997 neural computer provided about 2 billion neural-connection
calculations per second for $2,000. By doubling twenty-two times by
the year 2019, that comes to about 8 million billion calculations per
second for $2,000 and 16 million billion calculations per second for
$4,000. In 2020, we get 16 million billion calculations per second for
$2,000.
With each human brain providing about 1016 calculations per second
and an estimated 10 billion (10'°) persons, we get an estimated 10%
calculations per second for all human brains on Earth. There are about
100 million computers in the world in 1998. A conservative estimate
for 2019 would be a billion computers equal to the power of the then
state-of-the-art for $1,000 machines. Thus the total computing power
of the computers equals one billion (10°) times 10 = 10% calculations
per second, which is 10 percent of 1025

Ye¥a: e goladl Juaddl
With each human brain providing about 10!¢ calculations per second
and an estimated 10 billion (10!°) persons, we get an estimated 102%¢
calculations per second for all human brains on Earth. There are about
100 million computers in the world in 1998. A (very) conservative
estimate for 2029 would be a billion computers equal to the then state-
of-the-art for $1,000 machines. This is actually too conservative, but
still sufficient for our purposes. Thus the total computing power of the
computers equals one billion (10°% times 10'® = 10?8 calculations per"
second, which is one hundred times the processing power of all human
brains (which is 10% calculations per second)
See Raymond Kurzweil, The 10% Solution for a Healthy Life: How to
Eliminate Virtually All Risk of Heart Disease and Cancer (New York:
Crown Publishers, 1993).
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1. As discussed in chapter 6, “Building New Brains,” and chapter 10, “2019,”
human capacity of an estimated 2 x 10'¢ (neural connection) calculations
per second will be achieved in a $1,000 computing device by around
the year 2020. Also as noted, the capacity of computing will double
every twelve months, or ten times every decade, which is a factor of
one thousand (2'°) every ten years. Thus by the year 2099, $1,000 of
computing will be roughly equivalent to 10> times the computing
capacity of the human brain, or 10% calculations per second. Estimating
a trillion virtual persons (hundred times greater than the roughly 10
billion persons in the early twenty-first century), and an estimated $1
million of computing devoted to each person, we get an estimated 10%
calculations per second.

2. One thousand qu-bits would enable 2'9°¢ (approximately 103%)
calculations to be performed at the same time. If 1042 of the calculations
each second are such quantum calculations, then that is equivalent to
1042 x 103% = 10342 calculations per second. 10%5 + 103 still equals about
10342.

3. What happened to picoengineering, you're wondering? Picoengineering
refers to engineering at the scale of a picometer, which is one trillionth
of a meter. Remember that the author has not spoken to Molly for
seventy years. Nanotechnology (technology on the scale of a billionth
of a meter) is becoming practical in the decade between 2019 and 2029.
Note that in the twentieth century, the Law of Accelerating Returns as
applied to computation has been achieved through engineering at ever
smaller scales of physical size. Moore’s Law is a good example of this,
in that the size of a transistor (in two dimensions) has been decreasing
by 50 percent every two years. This means that transistors have been
shrinking by a factor of 25 = 32 in ten years. Thus the feature size of
a transistor in each dimension has been shrinking by a factor of the
square root of 32 = 5.6 every ten years. We are shrinking, therefore, the
feature size of components by a factor of about 5.6 in each dimension
every decade.

If engineering at the nanometer scale (nanotechnology) is practical
in the year 2032, then engineering at the picometer scale should be
practical about forty years later (because 5.6 = approximately 1,000),
or in the year 2072. Engineering at the femtometer (one thousandth of a
trillionth of a meter, also referred to as a quadrillionth of a meter) scale
should be feasible, therefore, by around the year 2112. Thus I am being
a bit conservative to say that femtoengineering is controversial in 2099.
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Nanoengineering involves manipulating individual atoms.
Picoengineering will involve engineering at the level of subatomic
particles (e.g., electrons). Femtoengineering will involve engineering
inside a quark. This should not seem particularly startling, as
contemporary theories already postulate intricate mechanisms within
quarks.

O9SI LyBal B S50 8yl a3l
We could use the Busy Beaver Function (see note 16 on the Turing

machine in chapter 4) as a quantitative measure of the software of
intelligence.

&ée HU b

Sources for the timeline include Raymond Kurzweil, The Age of
Intelligent Machines (Cambridge, MA: MIT Press, 1990).

Introduction to big bang theory at <http://www.bowdoin.edu/
dept/physics/astro.1997/astro4/bigbang.html>; Joseph Silk, A Short
History of the Universe (New York: Scientific American Library, 1994);
Joseph Silk, The Big Bang (San Francisco: W. H. Freeman and Company,
1980); Robert M. Wald, Space, Time and Gravity (Chicago: The University
of Chicago Press, 1977); Stephen W. Hawking, A Brief History of Time
{(New York: Bantam Books, 1988).

Evolution and behavior at <http://ccp.uchicago.edu/~jyin/
evolution.html>; Edward O. Wilson, The Diversity of Life (New York:
W. W. Norton and Company, 1993); Stephen Jay Gould, The Book of Life
(New York: W. W. Norton and Company, 1993); Alexander Hellemans
and Bryan Bunch, The Timetable of Science (Simon and Schuster,
1988). “CBN History: Radio/Broadcasting Timeline” at <http://www
.wcbn .orgthistory/wcbntime. html>.

“Chronology of Events in the History of Microcomputers” at
<http://www3.islandnet.com/~kpolsson/comphist.htm>.

“The Computer Museum History Center” at <http://www.tem.
org/history/index.html>.

Picoengineering involves engineering at the level of subatomic particles
(e.g., electrons). See note 3 on picoengineering and femtoengineering in
chapter 12.
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Femtoengineering will involve engineering using mechanisms within
a quark. See note 3 on picoengineering and femtoengineering in
chapter 12.

Algun iled i3y 43 A pam L
See “Information Processing in the Human Body,” by Vadim Gerasimov,
at <http://vadim.www.media.mit.edu/MAS862/Project.html>.
Marvin Minsky and Seymour A. Papert, Perceptrons: An Introduction
to Computational Geometry (Cambridge, MA: MIT Press, 1988).
The quoted text on the “two daughter sciences” is from Seymour Papert,
“One Al or Many,” Daedalus, Winter 1988.

“Dr. Seymour Papert is a mathematician and one of the early
pioneers of Artificial Intelligence. Additionally, he is internationally
recognized as the seminal thinker about ways in which computers
can change learning. Born and educated in South Africa where he
participated actively in the anti-apartheid movement, Dr. Papert
pursued mathematical research at Cambridge University from 1954
through 1958. He then worked with Jean Piaget at the University of
Geneva from 1958 through 1963. It was this collaboration that led
him to consider using mathematics in the service of understanding
how children can learn and think. In the early 1960s, Papert came to
MIT where, with Marvin Minsky, he founded the Artificial Intelligence
Laboratory and coauthored their seminal work Perceptrons.” From the
web page entitled “Seymour Papert” at <http://papert. www.media.mit.
edu/people/papert/>.

“[Marvin] Minsky was... one of the pioneers of intelligence-based
mechanical robotics and telepresence... In 1951 he built the first
randomly wired neural network learning machine (called SNARC, for
Stochastic Neural-Analog Reinforcement Computer), based on the
reinforcement of simulated synaptic transmission coefficients... Since
the early 1950s, Marvin Minsky has worked on using computational
ideas to characterize human psychological processes, as well as
working to endow machines with intelligence.” From the brief academic
biography of Marvin Minsky at <http://minsky.www.media.mit.edu/
people/minsky/minskybiog.html>.

Dr. Raj Reddy is dean of the School of Computer Science at Carnegie
Mellon University and the Herbert A. Simon University Professor of
Computer Science and Robotics. Dr. Reddy is a leading Al researcher
whose research interests include the study of human-computer
interaction and artificial intelligence.
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The following is a catalog organized by subject of World Wide Web sites
relevant to topics in the book. Remember that compared to books listed
in a bibliography, web sites are not nearly as long lasting. These sites were
all verified when the book went to press, but inevitably some will become
inactive. The Web, unfortunately, is littered with nonfunctioning sites.

SITES RELEVANT TO THE BOOK

Web site for the book The Age of Spiritual Machines: When Computers Exceed
Human Intelligence by Ray Kurzweil:
<http://www.penguinputnam.com/kurzweil>

To e-mail the author:

raymond@kurzweiltech.com

To download a copy of Ray Kurzweil's Cybernetic Poet:
<http://www.kurzweiltech.com>

This book’s publisher, Viking:

<http://www.penguinputnam.com>

For publications of Ray Kurzweil:

Go to <http://www.kurzweiltech.com> or <http://www.kurzweiledu.com>
and then select «Publications»

WEB SITES FOR COMPANIES FOUNDED BY RAY KURZWEIL

Kurzweil Educational Systems, Inc. (creator of print-to-speech reading
systems for persons with reading disabilities and visual impairment):
<http://www.kurzweiledu.com>

Kurzweil Technologies, Inc. (creator of Ray Kurzweil’'s Cybernetic Poet and
other software projects):

<http://www kurzweiltech.com>

The dictation division of Lernout & Hauspie Speech Products (formerly
Kurzweil Applied Intelligence, Inc.), creator of speech recognition and
natural language software systems:
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<http://www.lhs.com/dictation/>

The overall Lernout & Hauspie web site:

<http://www.lhs.com/>

Kurzweil Music Systems, Inc., creator of computer-based music synthesizers,
sold to Young Chang in 1990:
<http://www.youngchang.com/kurzweil/index. html>

Textbridge Optical Character Recognition (OCR). Formerly Kurzweil OCR
from Kurzweil Computer Products, Inc. (sold to Xerox Corp. in 1980):
<http://www.xerox.com/scansoft/textbridge/>

ARTIFICIAL LIFE AND ARTIFICIAL INTELLIGENCE RESEARCH

The Artificial Intelligence Laboratory at Massachusetts Institute of
Technology (MIT):

<http://www.ai.mit.edu/>

Artificial Life Online:

<http://alife.santafe-edu>

Contemporary Philosophy of Mind: An Annotated Bibliography:
<http://ling.ucsc.edu/~chalmers/biblio.html>

Machine Learning Laboratory, the University of Massachusetts, Amherst:
<http://www-ml.cs.umass.edu/>

The MIT Media Lab:

<http://www.media.mit.edu/>

SSIE 580B: Evolutionary Systems and Artificial Life, by Luis M. Rocha, Los
Alamos National Laboratory:
<http://www.c3.lanl.gov/~rocha/ss504_02.html>

Stewart Dean’s Guide to Artificial Life:
<http://www.webslave.dircon.co.uk/alife/intro.html>

ASTRONOMY /PHYSICS

American Institute of Physics:

<http://www.aip.org/history/einstein/>

International Astronomical Union (IAU):

<http://www.intastun.org/>

Introduction to the Big Bang Theory:
<http://www.bowdoin.edu/dept/physics/astro.1997/astro4/bigbang.
html>

BIOLOGY AND EVOLUTION

American Scientist Article: Reward Deficiency Syndrome:
<http://www.amsci.org/amsci/Articles/96 Articles/Blum-full.html>
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Animal Diversity Web Site, the Museum of Zoology at the University of
Michigan:

<http://www.oit.itd.umich.edu/projects/ADW/>

Charles Darwin’s Origin of Species:

<http://www literature.org/Works/Charles-Darwin/origin/>
Evolution and Behavior:
<http://ccp.uchicago.edu/~jyin/evolution.html>

The Human Genome Project:

<http://www.nhgri.nih.gov/HGP/>

Information Processing in the Human Body:
<http://vadim.www.media.mit.edu/MAS862/Project.html>
Thomas Ray/Tierra:

<http://www.hip.atr.co.jp/~ray/>

The Visible Human Project:
<http://www.nlm.nih.gov/research/visible/visible human.html>

BRAIN IMAGING RESEARCH

Brain Research Web Page, Jeffrey H. Lake Research:
<http://www.brainresearch.com/>

Applications of brain research:
<http://www.brainresearch.com/apps.html>

Amiram Grinvald’s web site: Imaging the Brain in Action:
<http://www.weizmann.ac.il/brain/grinvald/grinvald.htm>

The Harvard Brain Tissue Resource Center:
<http://www.brainbank.mclean.org:8080>

The Mclean Hospital Brain Imaging Center:
<http://www.mclean.org:8080/>

Optical Imaging, Inc., Home Page:

<http://opt-imaging.com/>

Research Imaging Center: Solving the Mysteries of the Mind, University of
Texas Health Science Center at San Antonio:

<http://biad63.uthscsa.edu/>

Visualization and Analysis of 3D Functional Brain Images, by Finn A rup
Nielsen, Institute of Mathematical Modeling, Section for Digital Signal
Processing, former Electronics Institute, Technical University of Denmark:
<http://hendrix.ei.dtu.dk/staff/students/fnielsen/thesis/finn/fin n.html>
Weizmann Institute of Science:

<http://www.weizmann.ac.il/>

The Whole Brain Atlas:
<http://www.med.harvard.edu/AANLIB/home.html>

CARY
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COMPUTER BUSINESS/MEDICAL APPLICATIONS

Automated Highway System DEMO; National AHS Consortium Home Page:
<http://monolith-mis.com/ahs/default.htm>
Biometric (The Face Recognition Home Page):
<http://cherrykist.re.kr/center/html/sites.html>

Face Recognition Homepage:
<http://www.cs.rug.nl/~peterkr/FACE/face.html>

The Intelligent Vehicle Initiative: Advancing «Human-Centered» Smart
Vehicles:
<http://www.tfhrc.gov/pubrds/pr97-10/p18.htm>
Kurzweil Educational Systems, Inc.:
<http://www.kurzweiledu.com/>

Kurzweil music (Welcome to Kurzweil Music Systems):
<http://www.youngchang.com/kurzweil/index.html>
Laboratory for Financial Engineering at MIT:
<http://web.rnit.edu/Ife/www/>

Lernout & Hauspie Speech Products:
<http://www.lhs.com>

Medical Symptoms Matching Software:
<http://www.ozemail.com.au/~lisadev/sftdocpu.htm>
Miros Company Information:
<http://www.miros.com,/About_Miros.htm>
Synaptics, Inc.:

<http://www.synaptics.com/>

Systran:

<http://www.systransoft.ccm/>

COMPUTERS AND ART/CREATIVITY

Arachnaut’s Lair - Electronic Music Links:
<http://www.arachnaut.org/music/links.html>
Artspace: Computer Generated Art:
<http://www.uni.uiuc.edu/~artspace/compgen.html>
BRUTUS.1 Story Generator:
<http://www.rpi.edu/dept/ppcs/BRUTUS/brutus.html>
But Is It Computer Art?;
<http://www.cs.swarthmore.edu/~binde/art/index.html>
Computer Artworks, Ltd.:
<http://www.artworks.co.uk/welcome.htm>

Computer Generated Writing:
<http://www.notam.uio.no/~mariusw/c-g.writing/>
Northwest Cyberartists: Time Warp of Past Events:
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<http://www.nwlink.com/cyberartists/timewarp.html>

Music Software:
<http://www.yahoo.com/Entertainment/Music/Software/>

An OBS Cyberspace Extension of Being Digital, by Nicholas Negroponte:
<http://www.obs-us.com/obs/english/books/nn/bdintro.htm>
Ray Kurzweil's Cybernetic Poet:

<http://www-kurzweiltech.com>

Recommended Reading, Computer Art:
<http://ananke.advanced.org/3543/resourcessites.html>

Virtual Muse: Experiments in Computer Poetry:
<http://camel.conncoll.edu/ccother/cohar/programs/index.html>

COMPUTERS AND CONSCIOUSNESS/SPIRITUALITY

Considerations on the Human Consciousness:
<http://www.mediacom,it/~v.colaciuri/consc.htm>

Extropy Online, Arterati on Ideas, by Natasha Vita More; Vinge’s View of the
Singularity:

<http://www.extropycom/~exi/eo/articles /vinge.htm>

God and Computers:

<http://web.mit.edu/bpadams/www/gac/>

Kasparov vs. Deep Blue: The Rematch:
<http://www.nytimes.com/partners/microsites/chess/archive8.html>
Online papers on consciousness, compiled by David Chalmers:
<http://ling.ucsc.edu/~chalmers/mind.html>

Toward a Science of Consciousness 1998 «Tucson III,» Conference, The
University of Arizona, Tucson, Arizona. Support provided by the Fetzer
institute and the Institute of Noetic Sciences:
<http://www.zynet.co.uk/imprint/Tucson/>

COMPUTING SCIENCE RESEARCH

Defining Virtual Reality, Industry Consortium in the Institute for
Communication Research, Department of Communication, Stanford
University:
<http://www.cyborganic.com/people/jonathan/Academia/Papers/Web/de
fining-v.html>

Computer Games: Past, Present, Future:
<http://www.bluetongue.com/~pang/DRAFT.html>

The Haptics Community Web Page:

<http://haptic.mech.nwu.edu>

Modeling and Simulation: Linking Entertainment and Defense:
<http://www.nap.edu/readingroom/books/modeling/index.html>

AY]
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Physics News Update Number 219 - The Density of Data. A link to Lambertus
Hesselink's research on crystal computing:
<http://www.aip.org/enews,/physnews/1995/split/pnu219-2.htm>

Student cracks encryption code. A link to an article in USA Today on how lan
Goldberg, the graduate student from the University of California, cracked
the 40-bit encryption code:
<http://www.usatoday.com/life/cyber/tech/ct718.htm>

Autonomous Agents

Agent Web Links:
<http://www.cs.bham.ac.uk/~amw/agents/links/index.html>

Computer Vision

Computer Vision Research Groups:
<http://www.cs.cmu.edu/~cil/v-groups.html>

DNA Computing

«DNA-based computers could race past supercomputers, researchers
predict.» A link to an article in the Chronicle of Higher Education on DNA
computing, by Vincent Kiernan:
<http://chronicle.com/data/articles.dir/art-44.dir/issuel4.dir/14a02301
htme>

Explanation of Molecular Computing with DNA, by Fred Hapgood, Moderator
of the Nanosystems Interest Group at MIT:
<http://www.mitre.org/research/nanotech/hapgood_on_dna.html>

The University of Wisconsin: DNA Computing:
<http://corninfo.chem.wisc.edu/writings/DNACOMPUTING.html>

Expert Systems/Knowledge Engineering

Knowledge Engineering, Engineering Management Graduate Program at
Christian Brothers University: Online Resources to a Variety of Links:
<http://www.cbu.edu/~pong/engm624.htnl>

Genetic Algorithms/Evolutionary Computation

The Genetic Algorithms Archive at the Navy Center for Applied Research in
Artificial Intelligence:

<http://www.aic.nrl.navymil/galist/>

The Hitchhiker’s Guide to Evolutionary Computation, Issue 6.2: A List of
Frequently Asked Questions (FAQ), edited by Jorg Heitkoétter and David
Beasley:
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<ftp://ftp.cs.wayne.edu/pub/EC/FAQ/www/top.htm>
The Santa Fe Institute:
<http://www.santafe.edu>

Knowledge Management

ATM Links (Asynchronous Transfer Mode):
<http://www.ee.cityu.edu.hk/~splam/html/atmlinks.html>
Knowledge Management Network:
<http://kmn.cibit.hvu.nl/index.html>

Some Ongoing KBS/Ontology Projects and Groups:
<http://www.cs.utexas.edu/users/mfkb/related.html>

Nanotechnology

Eric Drexler’s web site at the Foresight institute (includes the complete text
of Engines of Creation):

<http://www.foresight.org/EOQC/index.html>

Richard Feymnan's talk, «There’s Plenty of Room at the Bottom»:
<http://nano.xerox.com/nanotech/feynman.html>

Nanotechnology: Ralph Merkle’s web site at the Xerox Palo Alto Research
Center:

<http://sandbox.xerox.com/nano>

Microelectromechanical Systems and Fluid Dynamics Research Group
Professor Chih-Ming Ho’s Laboratory, University of California at Los Angeles:
<http://ho.seas.ucla.edu/new/main.htm>

Nanolink: Key Nanotechnology Sites on the Web:
<http://sunsite.nus.sg/MEMEX/nanolink.html>

Nanothinc:

<http://www.nanothinc.com/>

NEC Research and Development Letter: A summary of Dr. Sumio lijima's
research on nanotubes:
<http://www.labs.nec.co.jp/rdletter/letter01/index1.html>

An Overview of the Performance Envelope of Digital Micromirror Device
(DMD) Based Projection Display System by Dr. Jeffrey Sampsell of Texas
Instruments. A link to a paper describing the creation of micromirrors in a
tiny, high-resolution projector:
<http://www.ti.com/dlp/docs/it/resources/white/overview/over.shtm I>
Small Is Beautiful: A Collection of Nanotechnology Links:
<http://science.nas.nasa.gov/Groups/Nanotechnology/nanotech.html>
Center for Nanoscale Science and Technology at Rice University:
<http://cnst.rice.edu/>

The Smart Matter Research Group, Xerox Palo Alto Research Center:
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<http://www.parc.xerox.com/spl/projects/smart-matter/>
Richard Smalley’s home page:
<http://cnst.rice.edu/reshome.html>

Neural Implants/Neural Prosthetics

Membrane and Neurophysics Department, the Max Planck Institute
for Biochemistry:

<http://mnphys.biochem.mpg.de/>

«Neural Prosthetics Come of Age as Research Continues,» by Robert Finn, in
the Scientist. A link to an article on the use of neural prosthetics in helping
patients with neurological disorders:
<http://www.the-scientist.library.upenn.edu/yr1997/sept/research_
970929.html>

Physics of Computation-Carver Mead’s Group:
<http://www.pcmp.caltech.edu/>

Neural Nets

Brainmaker/California Scientific’s home page:
<http://www.calsci.com/>

Hugo de Garis’s web site on Brain Builder Group:
<http://www.hip.atr.co.jp/~degaris>

[EEE Neural Network Council Home Page:
<http://www.ewh.ieee.org/tc/nnc/>

Neural Network Frequently Asked Questions:
<ftp://ftp.sas.com/pub/neural/FAQ.html>

PROFIT Initiative at MIT’s Sloan School of Management:
<http://scanner-group.mit.edu/>

Quantum Computing

The Information Mechanics Group/Lab for Computer Science at MIT:
<http://www-im.Ics.mit.edu/>

Quantum computation/cryptography at Los Alamos National Laboratory:
<http://qso.lanl.gov/qc/>

Physics and Media Group at the MIT. Media Lab:
<http://physics.www.media.mit.edu/home.html>

Quantum Computation at IBM:
<http://www.research.ibm.com/quantuminfo/>

Supercomputers

Accelerated Strategic Computing Initiative:
<http://www.lInl.gov/asci>
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Lawrence Livermore National Laboratory/University of California for the
U.S. Department of Energy:

<http://www.lInl.gov/>

NEC Begins Designing World’s Fastest Computer:
<http://www.nb-pacifica.com/headline/necbeginsdesigningwo_1208.sh
tml>

FUTURE VISIONS

ACM 97 «The Next 50 Years» (Association for Computing Machinery):
<http://research.microsoft.com/acm97/>

The Extropy Site (a web site and on-line magazine covering a wide range of
advanced. and future technologies)

<http://www.extropy.org>

SETI Institute web site:

<http://www.seti.org>

WTA: The World Transhumanist Association:
<http://www.transhumanism.com/>

HISTORY OF COMPUTERS

Advances of the 1960s:
<http://www.inwap.com/reboot/alliance/1960s.txt>

BYTE Magazine-December 1996/Cover Story/Progress and Pitfalls:
<http://www.byte.com/art/9612/sec6/art3.htm>

History of Computing: IEEE Computer Society:
<http://www.computer.org/50/>

The Historical Collection, the Computer Museum History Center:
<http://www.tcm.org/html/history/index.html>

Intel Museum Home Page: What is Moore’s Law?:
<http://www.pentium.com/intel/museum/25anniv/hof/moore.htm>
SPACEWAR: Fanatic Life and Symbolic Death Among the Computer Bumes,

by Stewart Rrand:
<http://www.baumgart.com/rolling-stone/spacewar.htmi>

Timeline of Events in Computer History, from the Virtual History Museum
Group:

<http://video.cs.vt.edu:90/cgi-bin/Showmap>

Chronology of Events in the History of Computers:
<http://www3.islandnet.com/~kpolssori/comphist.htm>

Unisys History Newsletter:
<http//www.cc.gatech.edu/services/unisys-folklore/>
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INDUSTRIAL REVOLUTION AND LUDDITES/NEOLUDDITE MOVEMENT

Anarcho-Primitivist, anticivilization, and neo-Luddite articles:
<http://elaine.teleport.com/~jaheriot/anarprim.htm>

What's a Luddite?:
<http://www.bigeastern.com/ludd/nl_whats.htm>

Luddites On-Line:

<http://www.luddites.com/index2.html>

The Unabomber Manifesto by Ted Kaczynski:
<http://www.soci.niu.edu/~critcrim/uni/uni.txt>
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