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Chapter 0: Introduction
“If you would understand anything, observe its beginning and its development.” —Aristotle
“History is always written wrong, and so always needs to be rewritten.” —George Santayana
1997: Bill Clinton started his second term as U.S. President. Harry Potter and the
Philosopher’s/Sorcerer’s Stone was published. NASA’s Pathfinder probe landed on Mars. Apple
welcomed back Steve Jobs days before Microsoft took a $150 million stake in the Mac
manufacturer. Princess Diana died in the decade’s most notable celebrity story. Intel launched its
first processor designed specifically for portable systems, the Mobile Intel Pentium Processor at
200 and 233 MHz. Human susceptibility to mad cow disease ran through headlines, and James
Cameron’s Titanic debuted in time for the winter holidays. The ink was drying on both my
English degree and marriage license. Not least of all, after seven years of working in the tech
field for a manufacturer’s rep firm, a retail PC store, and a start-up Internet service provider, I
became a tech journalist. All told, it was a hell of a year.
Even in 1997, I found myself constantly asking, “What do all these advances in technology
mean?” The American mainstream had just discovered the World Wide Web, and people had
this broad sense that there was no end to the wonders computing and the Internet might bring.
Virtual reality. Online voting. Unlimited information. World peace and understanding. But what
were these things? More importantly, how were they going to change our lives?
For five years, I syndicated Strange Horizons in various computer magazines to explore these
questions. Looking back on the columns now, over a decade later, I have to laugh and wonder.
Some of the subjects, such as Y2K and virtual pets, are fun to review for their retro nostalgia.
Others, such as Web censorship and the environmentally toxic nature of computing, are even
more relevant now than when I originally covered them, and those early thoughts and concerns
deserve fresh consideration.
I’ve been a tech journalist for over 14 years now, and anyone who’s done much writing knows
that one's style changes over time. It’s incredibly common to look at older work and exclaim,
“Oh, no...I wrote that?!” Well...yes, I did. In preparing the two volumes of this book, I’ve taken
an editorial pass over every installment and done some polishing. In some ways, a different guy
wrote all of those columns, and I’ve done my best to leave his personality and perspective intact
while making him more readable and consistent. I’ve also added a sorely needed “Update”
section after each column to provide a modern view on these older topics.
Above all else, Strange Horizons was my chance to ask people to take a half-step outside of their
comfort zones and chew on some new ideas. Consuming the news, as we “consume” most things
these days, only gets you so far. As I write this introduction, today’s tech headlines revolve
around antenna problems with the iPhone 4, Google’s impact on the general economy, and
Subaru implementing in-car WiFi. This is all fun stuff, but if we don’t pause to question and
contemplate the facts, if we simply get angry about poor product designs or rush out to buy the
next wireless whiz-bang, then we learn nothing. We become knee-jerk pawns for the press and

the marketing forces behind it. I don’t want that any more than you do.
So walk with me for a bit. Let’s stroll down a less-used, scenic branch of the information
superhighway and see what history has to show us.

Chapter 1: DNA on a Chip
When you read the classic descriptions of supposedly perfect futures—Utopia, Brave New
World, or whatever vision you please—we meet those worlds fully made. We don't get to see
their fitful and false prototypes. We only get the dimmest hints of their abandoned predecessors.
It's 1997, and we call today the “Age of Information” as if it were that fully formed future. We
talk about the Internet as if it were the cure for cancer and the panacea for world peace. Apart
from the occasional dropped dial-up connection and a bit of porn sprinkled here and there, the
Information Superhighway seems all-wonderful. But is it?
We have at our fingertips a dizzying array of online learning sources—everything from the
Discovery Channel to Shakespeare Online, from National Public Radio to this magazine in your
hands. Yet millions of people who could get online remain aloof. Why? With all of the Internet's
benefits, why willingly remain in the Information Dark Ages?
Perhaps these people sense that in this towering wave of knowledge, we're drowning in details.
The hard, responsible solution is to organize it, like a library, to break it down into manageable,
meaningful blocks. This is being attempted, but slowly and at great cost, and there's no guarantee
that the solutions will stick. The easy path, the one commonly selected, is to turn the “Age of
Information” into the “Age of Trivia.” People love trivia. Look at the ratings for Jeopardy
compared to National Geographic, Nova, or even the increasingly entertainment-driven 6:00
“news.” Insignificant information isn’t threatening. If we know it, we’re “smart.” If we don’t,
hey—it’s just trivia.
I’m going to make a small, biased leap of faith as we go forward with Strange Horizons. I’m
going to assume that knowledge is better than trivia. Knowledge is information you can use to
shape your life and the world around you. That Los Angeles now has a law requiring all new
automobiles to be electric, not gas powered, is in itself trivia. What this means as a future trend,
and what it represents on ecological, economic, and even recreational bases, is knowledge that
may affect every day of your future.
That's what we’re after here: insights into tomorrow that you can use today. This column will
give you glimpses of cutting edge technologies and start you thinking. What will these
technologies mean? How will they matter? Your life doesn’t depend on the answers, but you
never know. Maybe it will.

Close-up of the microarray structure on a DNA chip.

Let’s take one new development in computing, the largely unknown DNA chip, a device that can
tell us who is genetically “normal” and who is not. Developed by biotech companies such as San
Diego’s Nanogen and Santa Clara-based Affymetrix, the fundamental concept behind a DNA
chip is hybridization. A gene is a pair of long strings made up of molecules, called nucleotides,
twisted into a double helix pattern. Each nucleotide on one string has a corresponding partner on
the opposite string, together forming a base pair. DNA replicates by separating these two strings
and having a corresponding string constructed for, and hybridized to, each isolated strand.
Essentially, it's like separating the two halves of a zipper and having a new partner half joined to
each side.

The DNA replication process, showing new strands and base pairs joining to existing strands.

The surface of a DNA chip is divided into features, sites where copies of a single DNA segment
are attached. Within each feature is a probe to match that segment’s missing partner. With only a
single drop of blood from which to derive samples, electric currents pull the twin DNA strands
apart, and the probes are able to test long sequences of DNA segments. (Initial DNA chips could
only accommodate 256 probes. Current models approach one million.) When a particular
segment probe on the chip is unable to match with its counterpart from the blood sample, this
signals a faulty segment—an error or mutation. Using phosphorescent indicators, good matches
glow as one color, “defects” as another.
DNA chips promise to have a huge impact on fields ranging from preventative medicine to job

hiring. Take, for instance, the hotly studied p53 gene (see December 23, 1996 Newsweek and
September 1996 Scientific American). Roughly 60% of all cancerous cells display mutations in
p53, which, if detected early, can result in simpler, preemptive treatment. Affymetrix will soon
release a chip which analyzes the entire regular gene sequence of p53. Potentially, a home
version of DNA chips will be designed whereby users can reliably diagnose their conditions in
comfortable privacy. How people interpret the results and whether they'll be qualified to do so
may become key issues.
DNA chips, like any other technology, have their potential dark side. This device will become
cheap enough to be universal, showing up everywhere from the prenatal care office to insurance
screening. Soon, a doctor will be able to tell within minutes whether your fetus has Down
syndrome, the potential for early Alzheimer’s disease, or even a predisposition toward obesity.
What will you do? When you are denied extended life insurance coverage based upon a genetic
flaw that promotes arteriosclerosis or ovarian cancer, where will you turn?
One of the unfortunate effects of technology is that it can reduce people into their constituent
parts rather than a complete whole. In the eyes of a DNA chip, we're merely string after string of
nucleotides. Those with “normal” or “healthy” sequences will be perceived one way and those
who are “flawed” another. Eventually, this may become another field in which to sow
discrimination. “I’m sorry, honey, but you shouldn’t marry Johnny. His gene profile shows a
high propensity for aggression and addictive tendencies.” Or cognitive deficiency. Or even a
recessive gene for bad acne. You get the idea.
The Human Genome Project will map every gene—nearly 100,000 of them—in the human body.
The project should be complete in 2005. With this done, it becomes only a long process of trial
and error to learn which genes serve what functions and then a short process to develop
screening tests for them. As a society, we still discriminate by gender, skin color, sexual
preference, income, and many other factors. In a few years, we'll be able to add “genetic quality”
to the list. By giving in to this temptation, we miss one of the essential lessons of the DNA chip.
We all have a handful of genetic “anomalies,” and we are all designed from the nucleic base
pairs up as equals.
The DNA chip can be taken as a curiosity, a bit of scientific trivia. But it has the potential to be
far more. How DNA chips and similarly powerful, burgeoning technologies will affect our world
remains to be seen. These changes are just now coasting over the horizon. They may be strange
and perhaps wonderful, but it is only with knowledge and wisdom that we—you and I and those
we touch—will make them so.

~ ~ ~
Update:
I originally wrote this article in May of 1997. The excellent science fiction movie, Gattaca, came
out in October of that year. Gattaca offers a fascinating glimpse into the type of genetic
discrimination described above. The movie also carries a subtle message: Much as we may think

we understand genetic “perfection,” there will always be unplanned exceptions. Human
ingenuity and determination, like genetic mutation, will always rock the boat and elicit change.
The leaders of the Human Genome Project announced in 2003 that sequencing of the human
genome was complete, two years ahead of schedule. That said, there remain many elements of
the genome that have not been fully sequenced and are still under research today.
For better or worse, DNA chips have not crossed over into mainstream use yet. One note at the
National Human Genome Research Institute (www.genome.gov) states, “Because chip
technology is still relatively new, it is currently only a research tool. Scientists use it to conduct
large-scale population studies—for example, to determine how often individuals with a particular
mutation actually develop breast cancer. As we gain more insight into the mutations that underlie
various diseases, researchers will likely produce new chips to help assess individual risks for
developing different cancers as well as heart disease, diabetes and other diseases.”
The fact that private interests could have already started using DNA chips for commercial
discrimination but have not is very encouraging. This remains an interesting space on which to
keep one wary eye. Meanwhile, let’s hope that the technology continues to assist in finding
medical breakthroughs able to improve people’s lives.

Chapter 2: Getting Under Your Skin
A man sits in a dim, completely empty holding cell, trying to decide. He is the last human he
knows of, perhaps the last man at all, without an Implant. Without the Implant wired into his
brain stem, he is nothing. His health can't be monitored and diagnosed from birth to death. He
can't exist in VirtualSpace or conduct any financial transactions. He has no friends, social
identity, or history, save for those imperfect handful of images in his primitive, “natural”
memory. In short, he cannot effectively contribute to his society or the rest of his species, and
this defines him as a parasite. He must either adapt by accepting the government’s Implant offer
or die. He sits, torn and utterly alone, no longer able to recall why he's persisted in this personal
crusade or if it ever mattered. He hears the footsteps in the hallway and knows they're coming
for his final decision.
Every once in a while, a scene will flash into my head that might become the seed for a short
story. This was one of those flashes. It supposes a future somewhere between Brave New World
and Neuromancer in which computer implants have become universally required and accepted.
In this dystopia, the punishment for non-conformity is death, although in retrospect, a more
plausible scenario would have the social rulers simply waiting for non-conformists to die off.
Regardless, I don’t think our society will ever reach this terrible end. A world in which everyone
pollutes their bodies with networked computer chips so that we can form one super-efficient
collective mind like the Borg is impossible. Probably.
Still, just consider... If this dystopia were to evolve, how would we build it? The building blocks
for an answer may not be as far away in fantasy as you'd think.
In examining this implant idea, we need to ask two questions: Can it be done, and why would we
do it? The rest of this article deals with the first concern. Can we perform this type of implant?
The difficulties associated with organic implants, such as kidney replacements and baboon
hearts, are highly publicized, but our focus is on computer implants, and on this front the media
is very quiet.
Last summer, Swiss doctors developed a method of inserting cultured adrenal cells from cows
into a human spinal column. (Such implants can work as an analgesic among other things.) They
used a semi-permeable acrylic polymer membrane to house the cow cells. This implant “pouch”
protected the implant from not only viruses and the subsequent infections that plague many
implant operations but also from the large, complex molecules and cells of the human immune
system. This cell pouch was attached to a tether string, with which the implant could be carefully
pulled from the body.
After months of residence in human bodies, the implant surfaces showed no trace of the collagen
fibers that normally stick to implants and impair their function. This test proves that a sensitive
foreign entity can be placed within the nervous system and tied (wired) to the body’s exterior
without threat from the host. In an even more direct approach, biochemical engineers at the
University of Washington are developing a “stealth” coating for implants that similarly deters
collagen build-up.

The other avenue available for electronic implants is to use an alternative form of silicon called
porous silicon (PS). The body normally attacks “solid” silicon, but PS is etched with a myriad of
pores roughly one to two nanometers wide and several micrometers deep. This strainer-like
design is transparent to the immune system and renders the object biocompatible.
Microelectronic circuitry can then operate within the PS, which has an astounding surface area of
800 square meters per gram. Alternatively, implants can be coated with PS for protection.
One advantage of this technology is that it drastically reduces the space needed for implants.
Current “smart” implants, such as pacemakers, typically depend on a titanium alloy housing both
to protect them and keep them away from contact with bodily fluids. However, this doesn't leap
the hurdle of delivering electrical signals to nerves. Currently, implants use conventional
electrodes, and it appears PS will follow suit in the short term. But PS development is still in its
infancy, and, as with most computer technologies, you can anticipate seeing more functions and
capability occupying less space as time goes on.
Do you still think this blending machine and man sounds like science fiction? Flashbacks of The
Six Million Dollar Man or Michael Crichton’s The Terminal Man? Well...
Researchers at Harvard Medical School and MIT are now working on an artificial retina chip
perfectly suited to PS. The chip would sit at the back of the eye, tied into the optic nerve, and
pass visual images to the brain. There’s no reason why such signals couldn’t be recorded or even
transmitted.
A team in Sweden has built a PS-based glucose sensor for diabetics. The implant can register a
host’s blood glucose levels and report them to a monitor. By changing the enzymes used with the
PS chip, a potential pharmacopeia of drugs and hormones can be both detected and stimulated
into production. This would be of inestimable value to patients whose natural chemical systems
had failed.
The integration of carbon-based life and silicon sensors has begun. The proposition of bringing
computers into the human body is no longer fantasy but fact. Today, most people seem averse to
accepting a computer into their bodies, but acceptance is a slow, reluctant process. It begins with
medicinal benefits such as those above. Next month, we’ll explore a different option. Would you
be willing to implant all of your ID and money under your skin? Developments are afoot that
may not only intrigue but persuade you.

~ ~ ~
Update:
Back in the '90s, this whole implanting business was seen as fairly radical and something about
which most people felt uneasy. Today, I sense that implant anxiety seems to have decreased. We
don't have the Borg running rampant among us yet, but research into this space has continued.

For example, in April 2010, Brian Litt, M.D., an associate professor of neurology at the
University of Pennsylvania School of Medicine in Philadelphia, published study results in which
his team mounted ultra-thin, flexible electrode implants onto silk substrates that were able to
read brain signals more effectively than other conventional methods based on sharp, rigid probes.
The silk substrates could be designed to dissolve any time from seconds to years after
implantation. Moreover, because the devices can be rolled up during implantation, surgeries can
be far less invasive.

A neural electrode array wraps itself onto the folds of a model brain after its silk substrate dissolves.
Source: www.nih.gov/news/health/apr2010/ninds-18.htm

Other brain implant efforts include those by the military's Defense Advanced Research Projects
Agency (DARPA). The group's Reorganization and Plasticity to Accelerate Injury Recovery
(REPAIR) solicitation is pouring almost $15 million into brain-chip research aimed at repairing
brain trauma in returning troops. Researchers hope to reach animal testing phases by mid-decade.
Of course, where there are chips and computer systems, hackers are bound to follow. Dr. Mark
Gasson from the University of Reading showed in May 2010 how an RFID chip implanted in his
hand could grant secure access into the school and his own cell phone. However, after infecting
the implant with a computer virus, the chip was able to corrupt the outside system
communicating with it.
“Much like people with medical implants, after a year of having the implant, I very much feel
that it is part of my body,” notes Gasson in a University of Reading press release. “While it is
exciting to be the first person to become infected by a computer virus in this way, I found it a
surprisingly violating experience because the implant is so intimately connected to me but the
situation is potentially out of my control.

“I believe it is necessary to acknowledge that our next evolutionary step may well mean that we
all become part machine as we look to enhance ourselves. Indeed we may find that there are
significant social pressures to have implantable technologies, either because it becomes as much
of a social norm as say mobile phones, or because we'll be disadvantaged if we do not. However
we must be mindful of the new threats this step brings.”

Chapter 3: Betting on the Smart Money
Last month, we glimpsed the first step toward a hypothetical dystopia, a semi-future world where
all people are connected by networked brain implants that control their social existences. We
established that the technology necessary to make computer implants feasible is already in place.
However, it’s one thing to be able to receive a computer implant and quite another to desire it.
We've reached the question of motivation. Why would anybody want such a thing? This month,
we’ll look at one eternal motivator: money.
Oscar Wilde once wrote, “When I was young, I thought that money was the most important thing
in life; now that I am old I know that it is.” From seashells to coppers to greenbacks, human
civilization has always used a tangible medium of currency exchange—until recently.
The first half of the 20th century saw the rise of credit; the century's second half brought us
credit cards. Today, we can go to nearly any store, restaurant, or service provider and pay with a
debit card. Paychecks can be direct-deposited. All account information can be managed from
either an ATM or the comfort of a home PC. This process is easier for the store, as it eliminates
the costs of both cashier machines and human cashiers. (Banks, by one estimate (Popular
Science, July 1995) spend $60 billion annually handling and monitoring transactions. Many of
these costs are incurred by human intervention.) We all prefer simplicity. The result? Cash is
becoming passé.
But debit cards aren’t the end of the plastic plague. Enter “smart cards,” like debit cards in many
ways but with a microprocessor built in. The magnetic strip on current cards can hold roughly
200 bytes of data, just enough for the card’s number, expiration date, and owner’s name. Smart
cards can hold several kilobytes. So one smartcard can store the owner’s identification,
purchasing patterns, and information on not just one account but several. Undoubtedly, this
capacity will increase to megabytes as technology allows, accommodating more private
information like medical history, credit standing, club memberships, access to certain networks,
multiple currencies, etc. Why carry a dozen cards when one will do?
Perhaps the prospect of a “super card,” an all-encompassing plastic purse, seems implausible.
Nevertheless, the trend is under way. France is roughly five years ahead of the U.S. in smart card
development. In the city of le Ciotat, elementary school children use GEMPLUS smart cards to
pay for their bus ride, log their attendance, and notify the school’s accounting system as to
whether they need a lunch and/or after-hours care. Outside the school, smart cards access payTV, vending machines, and even cellular phones, where the handset is a reader and the card
controls the actual call. On December 10, 1996, France signed an agreement that “forms the
basis of a nationwide, electronic replacement for cash.” (ABA Banking Journal, March 1997)
Digital cash may be the only acceptable solution to the problem of a single European—perhaps
even global—currency.
Back in the States, VISA initiated its own event at the 1996 Olympic games in Atlanta. The
credit giant sold 1.5 million disposable smart cards capable of storing $10 to $100. These cards,
accepted at 5,000 outlets, could purchase everything from burgers to bus tickets and eliminated

the risk of carrying cash or credit cards in crowded public areas. Currently, VISA is talking to
banks around the world, garnering support for its VISA Cash system, already in small-scale
trials. By the year 2000, all VISA cards will be smart cards.
Turning to home computing, PC hardware heavyweight Hewlett-Packard recently partnered with
GEMPLUS and Informix to create its ImagineCard, “a single-sign-on smart-card system that will
provide secure access to network resources and a mechanism for secure transactions over the
Internet.” (Infoworld, March 10, 1997) A consortium headed by Microsoft is busy fixing the
standards which will regulate PC/smart card interaction. And other manufacturers, such as
Verifone, are designing affordable readers that integrate with PCs. Smart card-to-PC technology
just might erode the growing popularity of Internet-based financial institutions like DigiCash and
First Virtual.
Of course, there are obstacles to smart card development. Some surveys estimate that it will cost
the U.S. over $10 billion to convert from magnetic strip to smart card format. Will consumers
bear this cost? What if banks decide that they want to control the money, eliminating players like
GEMPLUS and VISA? A currency war would be deleterious for all parties. Not least of all,
security remains problematic. The emerging standard is based on RSA encryption, a
public/private key system used in such programs as Pretty Good Privacy (PGP). The downside is
that RSA needs to process very large numbers, and the resultant computing time could bog down
commercial transactions, especially online. A simpler method of linking a smart card to its
proper owner must be found.
Solution? As smart card memories grow, a digital copy of the owner’s fingerprint could be stored
and matched to point-of-use scanners. Retina scanners are another possibility. But another safer,
simpler, and perhaps cheaper option is to implant these smart card chips under our skin. No more
muggings. No more losing your wallet. It all becomes an issue of security and convenience.
Lest anyone accuse me of being the first to propose this “drastic” measure, I'll again refer to
Popular Science of July 1995. Cubic Corp. is a leading smart card vendor for mass transit
systems, notably in New York, Singapore, and London. Ronald Kane, a vice president at Cubic,
was quoted thus: “If we had our way, we’d implant a chip behind everyone’s ear in the maternity
ward.”
No one has yet mounted a multi-million dollar propaganda campaign to sell us on smart card
implants, but stay tuned...
Next month, we’ll examine another potential reason to open our bodies to computers: virtual
reality.

~ ~ ~
Update:
Thirteen years later, Cubic still has a thriving transit card business, but no one has subcutaneous
payment cards. However, we do have contactless smart cards now, allowing you to merely hold

your card near the reader without sliding a magnetic strip. Toll roads are increasingly adopting
wireless payment systems in which you could say the radio emitter is “implanted” in your car.
OK, that's a terminology stretch, but keep in mind that the first American toll road system,
TollTag, was based on technology developed for tracking livestock.
Whatever happened to paying with our cell phones? Well, security and network reliability have
remained persistent stumbling blocks, although both areas have improved significantly in recent
years. In 2007, the New York City Transit field tested special Nokia 613X phones that would
function as PayPass cards at subway turnstiles. Today, companies including Amazon, Google,
and PayPal have mobile payment options that use PINs entered into cell phones to validate prestored credit account data. As I write this in the fall of 2010, New York area Bank of America
customers are trying out having chips from Visa installed in their phones. These chips use shortrange wireless signals and allow customers to "bump" point-of-sale devices in stores in order to
complete purchases. Reuters notes in its coverage of the tech trial that "mobile payments have
been used for years in countries such as Japan." Of course, such chip-based systems may not
even be necessary. Google filed for a patent on SMS text-based payments back in 2007 (branded
as GPay). Need to pay for something? Just text the payment amount to the vendor—easy!
Another interesting development that I glimpsed first-hand this year while touring Samsung's
LCD manufacturing facilities in Seoul was the proposed One Card Solution. Essentially, this
would be a flexible, touch-sensitive display the size of a credit card. The card would contain all
of the embedded electronics and network connectivity necessary to emulate and even look like
the card of your choice. For example, if you wanted to pay for a meal with your American Bank
VISA card, you would tap the necessary icons on the card and its surface would display the logo
and color scheme of that card. When you use the card, it would access that particular account. At
a coffee shop across the street, you might want to pay with your MegaCiti card account. Another
couple of taps and the One Card changes its display and account configuration to match your
MegaCiti card, just like a chameleon.
With so much power contained in one card, though, who wouldn't be nervous about losing it?
We already get frantic when our smartphones disappear. Wouldn't you be interested in making
sure that you never lost access to your money? The idea of implants being a safer alternative for
payment transactions is far from being off the table.

Samsung’s concept One Card Solution would function as any of several credit or debit cards,changing appearance

to represent the desired account.
Source: Samsung promotional video

Chapter 4: Virtually There
The Hindus have a word, maya, which roughly means illusion. More specifically, it refers to the
illusory nature of the physical world we see around us. The only thing “real,” according to Hindu
doctrine, is God. All else is a fleeting, divine dream. The senses fool us. Reality is a construct of
our conscious imaginations.
Quantum physicists, in their own way, have recently confirmed this by careful experiment. On a
sub-atomic level, the state of a particle is “all of the above” until one measures it. It's almost a
form of scientific doublethink. Particles spin “up” and “down” until such time as we observe
them, at which point they assume one characteristic or the other. The physical world is held
together only by the law of averages, and there’s no rule of nature that says it couldn’t all unravel
at any given moment. Read up on Schrödinger’s cat or Fritjof Capra’s The Tao of Physics if
you're interested in learning more on this.
In short, reality is what we make it. We don't consciously determine reality. Rather, it's our
perception of reality that solidifies that reality in our minds.
Once more, let's recall the dystopia premise from preceding Strange Horizons installments,
wherein all humans are linked by neural implants and exist in a half-real, half-virtual universe.
We've been exploring why someone would allow this implant into his or her body. Money, as
we’ve seen, has its charms, as do potential health benefits. But here’s a different reason for
embracing implants that’s sure to appeal to tech geeks and early adopters: virtual reality.

Virtual Reality Software has taken footage from NASA’s Mars exploration missions and converted them into virtual
reality tours.
Source: www.vrmars.com

A year before NASA's Sojourner rover began kissing Martian rocks, elementary school children
were already scaling the rusty, low-gravity heights of Olympus Mons. An education network

called PlaNet renders current images of Mars into a 3D virtual environment (viewed through VR
glasses) that students can explore and study. Similar software exists for touring the ancient
Roman facilities of Bath, England. Several remodeling companies, particularly in Japan, use VR
to allow customers a walk through their future kitchen or den long before the foundations are
poured. Boeing’s new 777 was the first plane to be designed and tested in virtual space, thereby
saving the cost of test models. Doctors train for new surgical procedures via virtual slicing
sessions. Or for those who prefer to think very small, molecular biologists use VR to get inside
and manipulate virtual organisms, such as planet-sweeping plague viruses.
How realistic is virtual reality? Real enough that Air Force trainees have been known to vomit in
flight simulator crashes. Real enough that kids are lining up in droves to play VR games in malls
and arcades everywhere. But the essential drawback to virtual reality is that it entirely removes
the participant from the physical world. You can’t walk around. There are no scents or tastes.
Even tactile feedback systems, which apply pressure to the skin from special gloves or suits,
show no promise of becoming realistic. In order for this technology to become widely accepted,
there must be a better way to blend the real and virtual worlds. That better way is here.
All you gamers, imagine: You’re in a forest clearing at twilight, laser rifle cradled in your arms.
Overhead, bats are beginning to dive through the first stars. The smell of leaves is pungent. The
evening is quiet, and even the crickets seem hushed. You're in a deadly game of cat and mouse
with two snipers. Suddenly, a twig cracks under your foot and you dive for the ground, rolling.
The spot where your head was two seconds ago erupts in a brilliant display of orange and purple.
You see movement around a tree, bring your rifle around to bear, and whisper a voice command
to your vest computer. “Laser lock on target behind tree.” A shadowy figure pokes his torso out,
and the form becomes rimmed with a flashing red glow, overlayed with the green crosshairs of
your rifle’s scope. You squeeze the trigger, see the sniper fly back, screaming, and fall to the
ground. You smile smugly, only to hear the voice of sniper #2 right behind you say, “Don’t
move.”
Live or Memorex? It gets hard to tell. The snipers are virtual. The leaves and twigs are real. The
explosion is virtual. The bats and crickets are real, although both could be simulated with a little
extra programming. You, the user, are wearing a computer built into your vest that feeds into a
special helmet. A semi-transparent visor allows you to see both the real world and the computergenerated images which overlay it. Surround sound speakers are built into the ear guards of your
helmet. This is called augmented reality (AR), and it may very well change the world.
AR is still in its infancy, but it's already finding application in industrial fields. Boeing workers
use AR to assist in connecting the roughly 1,000 circuits that span from one aircraft section to
another. The computer guides the worker through joining connections one at a time. In North
Carolina, doctors are using AR to “see through” a patient for better tumor biopsies. Even
chroma-keying, the green screen process weather forecasters use on TV, is a form of rudimentary
AR.

Conventional augmented reality in an F-18 Hornet jet fighter's heads-up display.

To those who think this little fantasy war game above seems ludicrous, prepare yourselves.
James Vallino of the University of Rochester is a strong voice in the fledgling AR field. His
work hinges around developing stronger AR user interfaces, particularly with enhancing display
definition and increasing computer tracking calibration. This is essential work to all AR
applications, but not surprisingly, some of his group’s funding comes from the U.S. military. I
asked Vallino about the proposed applications of his work.
“The scenario portrayed to [the Defense Department] is for augmenting the view that ground
forces have of a battlefield scene,” he replied. “The augmenting information is obtained from
reconnaissance aircraft that can see the location of enemy units. This is then transferred to
augmented reality displays being used by the ground troops.”
Perhaps it will first be in the military where such “wearable” systems will be seen not only as an
encumbrance but as a security threat. If the AR equipment were “wet-wired” into the body,
troops potentially could be much more effective. (A good example of wet-wiring can be found in
the Terminator movies, although I suspect we'd all prefer the human parts to be on the inside, not
the outer shell.)
Now expand the advantages of such wetware AR beyond the military. The entertainment
applications would be enormous (hence the gaming example above). Development for remote
sex programs alone, currently known as teledildonics, would be enough to drive certain markets.
From a business perspective, you would never again run the risk of impropriety in forgetting a
client’s name, buying history, or any other detail because all the information you desire could be
flashed directly to your brain from a facial recognition routine. It wouldn’t even be necessary for
you to have met the person before. Consider the impression that could make. At last,
campaigning politicians now have a real incentive to fund scientific development.
Everyday applications? Take the mundane: You will never again lose a pet. Tracking devices
will direct you to their position. Education: Were you bored with studying American History?

Turn your local boat docks into the Boston Tea Party or the neighborhood park into a Civil War
battlefield. Art: Why travel to France to visit the contents of the Louvre when you can view them
on your own wall, complete with English annotations? And just for giggles, imagine your Little
Leaguer on the mound in what looks like the World Series, complete with virtual hot dog
vendors.
It could happen. The technology is developing today. Sure, most people will find the idea of
goggle displays a lot more palatable than neuro-implants, but with all of these other incentives
for implanting already in play, the prospect of wetwired AR only adds to the idea's appeal.
Next month, we’ll examine the last step in our dystopia: body-to-computer integration. Would
you believe that it’s already possible to control programs with your mind?

~ ~ ~
Update:
Augmented reality development has exploded since this column appeared in 1997. There are too
many examples to detail here, but I'd encourage you to get a sense of its scope from Wikipedia's
article at http://en.wikipedia.org/wiki/Augmented_reality#Current_applications. From medicine
to military to music, AR continues to evolve and march toward the mainstream.
In fact, my first brush with AR arrived earlier this year in the form of Wikitude, a free
application I downloaded to my Android-based smartphone. Wikitude uses the camera, compass,
and GPS features of your phone to overlay data on the displayed scene. For example, you could
use the Starbucks data filter to show icons for nearby store locations as you pan across them in
your camera's field of view. The Starbucks that's one mile away will have a bigger icon than the
one five miles away. Tapping on the icon brings up a description of the item, its contact
information, and the ability to navigate to it via other phone apps.
Applications such as Wikitude are the gateway to mainstream AR. This technology has a
tremendous amount to offer us, and, as with so many other facets of networked data these days, it
will probably be available for free if you can stomach a bit of advertising. Will my kids have AR
goggles by the time they're in high school science labs? Will I someday never have to consult
another store map in a mall? Will every big concert you see in the future have an AR overlay to
help justify its astronomical ticket price? If so, and if the quality of that AR experience can
improve by an order of magnitude if you'd just allow it to be wet-wired into your body, would
you do it?

The Wikitude application on an iPhone.
Source: Mr3641, Wikimedia Commons

Chapter 5: The Body Electric
What writer has never dreamed of being able to put thought to paper or screen simply through
thinking the words? If only we could bypass these slow, error-prone fingers. Imagine
communicating with someone across the room (or globe) simply by thinking it. You could
conduct a symphony in your mind and record it on digital media. If the power of human
imagination is limitless, then envision what we will accomplish when our imaginations are
directly linked to computer systems.
One last time, please recall our dystopian scenario under discussion, that Borg-like future where
we all have neural implants that control our communications, functions, and even our perception
of the world. Over the last three months, we’ve examined possible motivations for people to
invite such machinery into their bodies. But there still remains a vast technological barrier. How
does one link thought and machine without the hands intervening?
The quest for such abilities started in 1849 with German physiologist Emil Heinrich Du BoisReymond's discovery that flexing his arm muscles created a tiny electrical discharge. He
measured with a voltage-measuring galvanometer wired to his skin through saline-soaked paper.
Soon recognizing that his skin was impeding reception of electrical signals, he provoked blisters
on both arms, split them, and placed the salt water electrodes within the wounds. This first
penetration of an electrical sensor into a human body yielded signal reception 30 times greater
than via skin contact.
Roughly 150 years later, researchers at MIT’s Media Labs (www.media.mit.edu) are bringing us
closer to mechano-human integration. Their design and implementation of wearable PCs has
drawn considerable attention. MIT’s Thad Starner told Byte (March 1996, p. 36), “The goal is to
have the computer disappear into your clothes so that no one knows you have it.” With
semiconductor features of the near future shrinking to only a few molecules’ thickness, such
claims are entirely plausible. One of Starner’s devices is a subcutaneous implant that contains
business card information about the owner. This information is transmitted through a handshake
to another person’s wearable computer. Interval Research, an R&D firm owned by Microsoft cofounder Paul Allen, is developing a biosensing implant that can display health information about
its host on an LCD readout visible through the skin.

Original caption: “Steve Mann’s “wearable computer” and “reality mediator” inventions of the 1970s have evolved
into what looks like ordinary eyeglasses.”
Source: “Wearcompevolution.jpg” via Glogger and Dgies at en.wikipedia.org

In October 1996, a Scientific American essay detailed the research of Hugh Lusted and Benjamin
Knapp. Their forte has been to develop systems for seriously handicapped individuals, enabling
subjects to interact with the world through a computer by using their brain waves. This work is
based on prior research identifying patterns in electroencephalogram (EEG) signals. Certain
brain wave types tend to be associated with corresponding emotions or intentions. For example,
alpha waves are created by relaxation and mu waves by intention toward movement.
“Most attempts to control a computer with continuous EEG measurements work by monitoring
alpha or mu waves, because people can learn to change the amplitude of these two rhythms by
making the appropriate mental effort,” notes the article. “A person might accomplish this result,
for instance, by recalling some strongly stimulating image or by raising his or her level of
attention.”
In a strange twist of evolutionary irony, it may soon be possible to shed our linguistic selves and
communicate, as we did hundreds of thousands of years ago, via raw emotion.
In looking at the blending of body and computer from a different direction, DNA and rhodopsin
protein (found in the human eye) are now being developed as revolutionary computing devices.
Different molecules within the DNA strand can accept inputs, allow for multiple simultaneous
“computations” within the DNA strand, and “output” the results. DNA computers can solve
certain mathematical problems in a small fraction of the time it takes contemporary computers.
When used to encode and retain data, a pound of DNA material “can store more information than
the memories of all the computers that have yet been built.” (Computerworld, August 7, 1995)
Similarly, protein-based computers powered by laser light are capable of yielding similar results
and, according to some researchers, should reach the market by roughly 2003.
The marriage of biology and computing is well under way. It may even be possible one day to
use the material in our own cells or a pet’s for computing. I can’t think of a better use for my
cats. Imagine if a hamster could be the host processor for your kids' trigonometry homework.
When will this be? I won’t dredge up all those tired, inaccurate predictions from forty years ago
about the space program and “electronic adding machines.” Where there is motivation and
funding, things tend to happen. We've seen that there is motivation. With continual progress
(which seems likely), there will be increased funding. As with many technologies, it is not a
question of if but when.
So be ready. Human-computer implants are on their way for whatever reasons will seem
expeditious at the time. You will have reason to want one, and then, mysteriously, you will need
one. Someday, you and I—or perhaps our children—will be able to share a virtual world within
our minds.
Several philosophers have noted that one of the great social dysfunctions of our time is how
technology is racing past our evolutionary capacity. We are busier, more cut-off, and more
subject to chronic maladies than anything our ancestors could have experienced. Our bodies are
still functioning on 100,000-year-old blueprints, and the stress is now amply evident. It may be

that mechano-human integration will be a near-final step toward our social collapse. Or perhaps
it is the breakthrough that will allow us to expand our capacities, both individually and as a race.
If so, then we may be faced with recognizing that the human form has been changed,
modified...upgraded to Humanity 2.0.

~ ~ ~
Update:
In 2007, OCZ Technology released its nia (neural impulse actuator) PC Game Controller, a
headband and inline amplifier that can read brain signals and muscle movements then turn them
into game commands. This replaces conventional keyboard and mouse controls. Reviewers
generally agreed that the product worked as advertised but was difficult to master and didn't
yield a significant benefit over traditional gaming peripherals. A smattering of other mindcontrolled game devices have arrived since the nia, including Mattel's MindFlex, but none have
achieved much commercial success.
Don't think that mind control of computers is all fun and games, though. In 2009, Wired reported
(www.wired.com/dangerroom/2009/05/pentagon-preps-soldier-telepathy-push/) on the millions
of dollars America's military is spending on developing computer-facilitated battlefield telepathy.
A year earlier, the New York Times covered
(http://www.nytimes.com/2008/01/15/science/15robo.html?_r=1 ) how Duke University
researchers enabled a monkey to thought-control a walking robot from thousands of miles away.
This was done via direct implants into the monkey's brain, not exterior EEG sensors.
Even Intel is playing the brain game now. In a cooperative effort between the Brain Image
Analysis Research Group at Carnegie Mellon University and the University of Pittsburgh, and
Intel Labs Pittsburgh, researchers have developed methods for reading people's minds. In one
approach, scientists use fMRI scanning to observe the brain patterns generated when a subject is
shown a word. Not only is the system then able to guess the word by the subject thinking it, but
the system can also guess the word with uncanny accuracy when a different subject thinks it.
This marks a huge advance over simply being able to control a cursor's directional movement. As
one Carnegie Mellon researcher notes in a video demonstration
(http://www.cs.cmu.edu/afs/cs/project/theo-73/www/index.html), “This science fiction kind of
world is just gonna keep rolling forward.”

Brain scans showing “which different brain locations can help predict the word’s semantic category.”
Source: www.cs.cmu.edu/afs/cs/project/theo-73/www

As for DNA-based computing, developments have been slower given that the technology's
applications seem presently limited to certain types of problems. Still, scientists continue to work
in this field, most notably at Israel's Weizmann Institute of Science. In 2009, researchers
developed the first system able to meld conventional silicon-based computing with biocomputing
(see http://pubs.acs.org/doi/abs/10.1021/jp808320s). The incredible speed and minuscule power
needs of DNA computing continue to fuel interest in this area.

Chapter 6: Information Inundation
I've always been an info hound, voracious in my desire to learn everything. I was the one who
read under the covers with a flashlight. I was the one kids called "Spock" and "Dictionary." I was
the one who had his first nervous breakdown at the age of fourteen.
It was two nights before my freshman prep school finals. I sat at my desk, surrounded by half a
dozen stacks of textbooks, as bitter realization slowly set in: I was inadequate. The deluge of
information I had to consume was completely beyond my capacity to master in such a short time.
Encircled by this accusing wall of tomes, I stared at them, helpless. I began to shake, unable to
think. Finally, I broke down and cried for hours. In my first real battle against information
inundation, I suffered a bitter defeat.
This probably sounds ridiculous. But a similar problem affects thousands, perhaps even millions,
of adults. "Information fatigue syndrome" is a term coined by Angelo A. Alonzo, a professor at
Ohio State University, to describe the physical and mental ailments that set in when an individual
tries to consume too much information too quickly. The risk of contracting the malady touches
all of us—managers, Web surfers, even lazy couch potatoes.
Some experts estimate that nearly one-third of all stress-related cases that reach treatment are
caused by information overload. David Shenk, in his book Data Smog, cites psychological
studies spanning thirty years and lists several of the ailment’s symptoms:
— Increased cardiovascular stress due to a rise in blood pressure
— Weakened vision, especially resulting in near-sightedness
— Decreased memory capacity
— Confusion, frustration, and decline in decision-making ability
— Impaired judgment based upon overconfidence
— Decreased benevolence to others
Where is all of this information coming from? Everywhere. Watch how much paper you shuffle
each day. According to Shenk, the average manager is expected to read one million words per
week. (Most novels average about 100,000 words.) We have voice mail, snail mail, e-mail,
faxes, memos, manuals, magazines, newspapers, billboards, Web pages, on and on and on. Add
to that other media forms, such as radio and TV, and you begin to see just how bombarded each
of us is.
There is more information in one Sunday edition of the New York Times than most 19th century
Americans gathered in an entire lifetime. How do we deal with such a flood of data? Easy—just
skim it. We skip sections of the paper. We try to block out commercials. We use 30-second
messages to convey entire conversations.
This is such a wonderfully convenient method that we are completely oblivious to its social
omnipresence. Students graduate, unable to read, because both they and their teachers skimmed.
Nearly half of TV news broadcasts are now weather and commercials. A few years ago, while

vacationing with my father, we spent a frantic half-hour at the Grand Canyon. I observed
hundreds of tourists scurrying about, just as we were, experiencing one of nature's grandest
monuments through the square half-inch of a viewfinder. But there was one man, all alone,
sitting by the rim in a lawn chair, reading a newspaper...just reading. Of all those people, only
one man understood what it meant not to skim.
Under the effects of data glut, our senses begin to shut down. We "tune things out." To counter
this, media must get past our barriers by being louder, brighter, and more obnoxious than ever.
Witness the audio-visual assault inherent in TV commercials for soft drinks and fast food chains.
Quite literally, advertising has become a form of torture, overwhelming the mind so the viewer is
more susceptible to suggestion.
In the few words I have here, it's virtually impossible to lay down a road map for improvement.
But here are a few pointers:
At the office:
— Don't tolerate sitting on perma-hold, listening to elevator music. Leave a short,
efficient phone message which gets your point across.
— Only touch a piece of paper once. Either use and file it or toss it in the recycle bin.
— Switch to a fax modem instead of a fax machine and make friends with the "delete"
key.
— Get organized. Microsoft's Outlook is a good example of a tool that will structure your
time and clear your desk of neon sticky notes.
At home:
— Kill your television, or at least make it hard to use. Stick it in a closet. The U.S.
Department of Health and Human services has published findings that TV might actually
cause learning disorders (big surprise), so try instating a family reading time instead.
— Sick of junk mail? Contact the Direct Marketing Association (P.O. Box 9008,
Farmingdale NY 11735) with your exact home address and all the permutations on your
name currently in use by junk mailers. Ask to be removed from all of their mail lists.
On the Net:
—Only drop your e-mail address (especially on Usenet) when essential, because software
robots will automatically add you to marketing lists. Respond to junk e-mails that you
wish to be immediately removed from their list. Reply to non-important messages as
infrequently as possible since correspondence inevitably mushrooms.
— Newsgroups can consume your life. Take a good walk instead.
— Take ten minutes and learn the Boolean search terms for your favorite Web search
engine. Otherwise, two-minute searches can easily become two hours of tangents.

~ ~ ~

Update:
Usenet? Wow, now I feel old.
In 2007, David Shenk published a 10-years-later look at Data Smog on Slate
(www.slate.com/id/2171128). In it, he extols the virtues of Google as a tool for filtering out
mountains of extraneous Web content. He also praises “blogs and their power to transform
journalism.” (I’ll comment on this in a new essay at the end of these Strange Horizons ebooks.)
For me, his most poignant comment is this: “Faxes, e-mail, cell phones, VoIP, Web video, etc.,
have been productive and fun but have also dragged many of us into a nonstop orgy of
connectedness that can sometimes crowd out tenderness and meaning.” I battle this every day,
especially where my kids are concerned. Nothing terrifies me quite like watching them stare
slack-jawed at a screen, unable to respond until I’m practically shouting their names. But when I
make them wait for my attention as I finish reading a message on my phone, am I any different?
Well into the 21st century now, most of us have developed the skills needed to perform at least
some amount of data filtration. Internet services providers can keep most of the spam from our
inboxes. We can block and hide most undesired contact from our social media apps. I think
whomever invented DVR technology should get a Nobel Prize for allowing us all to fast forward
through TV commercial breaks with only a couple of button pushes.
And yet...are we out of the woods? No. I’m not so sure that we aren’t stuck in a one step
forward, two steps back scenario. I turned Strange Horizons into an ebook series specifically to
make it more accessible for the rising millions of people using tablets and smartphones as
reading devices. If you’re reading ebooks on such portable gadgetry, you’re probably also
checking email, consulting Wikipedia, posting and reading social media, watching videos, and
soaking up loads of extra banner ads and interstitial commercials (those incredibly annoying
videos that play before you get to see the content you actually requested). Terrestrial radio may
be dying, but now we have Pandora and Last.fm, complete with integrated advertising, that can
be played practically anywhere. Print may be dying, but we obviously have ebooks and all
manner of Web content replacing it—more words and far more availability.

Information overload hasn’t gone away. It’s merely soaked into the fabric of our cultural
consciousness. According to the National Institute of Mental Health, 40 million American
adults—over 18% of our adult population—have some form of anxiety disorder. Another 4% of
adults have attention deficit hyperactivity disorder (ADHD). Could the rising prevalence of such
problems be related, at least in part, to our collective grappling with excessive information?
When everything feels like “too much, too fast,” it probably is.
Moderation is the key. Even with Facebook now passing the 500 million users mark, I have
friends starting to kill their Facebook accounts, instead preferring Twitter for its shorter time
involvement per session while still maintaining similar social gratification. There are now only
two television shows I go out of my way to watch on a weekly basis; the rest can wait for online
streaming whenever (if ever) time permits. Learning and implementing moderation in data
exposure is hard, and it requires one to move against the cultural grain, but the benefits are worth
the effort. Nobody lays on their deathbed wheezing, “If only...I’d watched...more TV.”
In the big scheme, we only have a few hours to enjoy our time on this planet. Make them count.
Reclaim as many of those hours as you can and enjoy them more thoroughly by practicing data
moderation.

Chapter 7: Of Virtual Mice and Men
My first dog was a beautiful golden lab and whippet mutt named Sara, given to me at the age of
six. I was an only child with few friends, and Sara and I were inseparable. We’d run in the park,
watch TV, hide in my room when the parental shouting got too bad, dig holes in the beach sand,
and everything else you’d expect from a boy and his dog. When I was 19 and Sara was barely
able to walk from her arthritis, I carried her in my arms to the doctor, and he ended her life. I still
think of her often and smile wistfully when I see other boys with their dogs. This is how memory
works. They cluster in myriad forms, gamboling about you and trailing like a shadow at the edge
of your vision.
I was in the mall recently, passing a card shop, and noticed a sign advertising “virtual pets.” I’d
heard of such things from an acquaintance in Japan. The Tamagotchi (“tamago” being Japanese
for egg), originally made by Bandai in late 1996, was a Nipponese craze on par with Cabbage
Patch Kids or Tickle Me Elmo. Enjoyed primarily by Japanese school girls, the palm-sized toy
sports an LCD display showing an egg that hatches and “matures” into a chicken. Day by day,
the owner must feed, water, and pet said animal or it will die. “Only in Japan,” I thought,
recalling that the technological marvel of my stay there in the early '90s had been a fully
automated toilet. A Web search turned up testimonials stating, “I love my Tamagotchi. It will
teach me to be a good mother.” Really? Who knew parenthood could be so easy?

Photo by Tomasz Sienicki, http://en.wikipedia.org/wiki/File:Tamagotchi_0124_ubt.jpeg

One day, I veered into the card shop and asked the manager to demonstrate a “virtual pet.” It
seems that such digital doohickies have both evolved and devolved since the Tamagotchi. The
bird has regressed into its reptilian predecessor, the dinosaur—more precisely, into Dinkie Dino.
In addition to the chicken’s survival needs, this Jurassic gem requires medicine, game playing,
showers, and moderated temperature control. It also teaches altruism. “Try to let Dino win the
game,” urges the tip sheet, “because sometimes he is a bit slow.” Perhaps IBM will release a
Deep Blue Dinkie so users won't have to dumb down quite so much.

“On the East Coast,” the manager added, “these are so popular that people hire babysitters to
take care of them.” I didn’t know whether to laugh or commit hara-kiri. These are homo sapiens
we’re talking about, right? I thought sapiens was the Latin word for "thinking." Perhaps I'm
wrong.
Further Web searching turned up Gary Polson’s “Recent Developments and Trends in Keychain
Virtual Pets” page (www.virtualpet.com/vp). It seems things are far worse than I’d anticipated. In
an attempt to reach a male audience, U.S. models include the T-Rex, Alien, and Chimp. (Not that
I would ever play with some wussy chimp when I could have an alien—duh!) The scampering
superfluity continues with animals like bats, pandas, penguins, and lizards. Naturally, the number
of functions continues to increase, as well. One cat-based pair, called Mulder and Scully, can be
linked by a wire so that they may play, fight, and even mate. (Please save your jokes about
batteries and cable insertion until after the show.) Rest assured, this is only the beginning of such
networked entities.
Mentally, I have been comparing the spread of virtual pets, which only first reached America in
February of 1998, to a virus. Like influenza or Ebola, virtual pets seem to be undergoing multiple
configurations, mutating as they propagate, until they find just the right form. Polson’s page
reports some enchanting intermediates: “A Gangster pet was announced that drank beer, smoked
cigarettes, and stabbed people. . . . Now we also have ‘Hippie’ and ‘Rapper’ Pets.”
Kidz World, a global distributor of virtual pets, reported 400% to 500% import growth in the
months following initial availability. As popularity increases, so does the apparent demand for
more realistic pets. Thomas Chun of Kidz World offered a preview of toys to come: “Now we are
beginning to see a second generation of virtual pets. . . . For example, we have a game called
Smarty Time. This game allows the player to raise a little boy. He advances through different
levels of education and eventually pursues a career. Traditional virtual pets just die and go to
heaven.”
This teaches kids the value of education while instilling basic parenting skills, right? I don’t
think so. First off, I don’t believe children have a firm enough sense of long-term responsibility
to grasp the career lesson. Then there’s the issue of children raising “children.” If the object is to
teach accountability, is raising rappers and hippies and whatever comes next a good model? Are
the trials of early life grasped when virtual childhood can be blown over with “time acceleration”
features?
I’m also disturbed by how easily people seem able to substitute digital experiences for real ones.
The lessons I learned from Sara’s life and death are deep and too numerous to count. But if
emotional bonds are trivialized into digital games, what will our children learn about
responsibility and love? That if you pet Dinkie and put a scarf on him everything will be OK?
That the value of life can be defined with a reset button? When young mothers grace the pages of
Newsweek, having neglected their babies to death, do we need to trivialize a parent’s role any
further?
Suddenly, Elmo looks pretty good.

~ ~ ~
Update:
Incredibly, the virtualpet.com site run by Polson Enterprises is still up and running, although
reviews on the site seem to have petered out in 1998. These days, those who have the yearning
for pixelated pets can try any number of online services, such as FooPets and AdoptMe.com. Of
course, why care for one animal when you can care for an entire farm with Zynga's Facebook
smash hit FarmVille? As the Tobuscus parody on YouTube points out, FarmVille “pushes the
limits of the imagination—backwards!” But hey, FarmVille now boasts about 80 million users,
so who am I to judge?
Clearly, there's some urge within most people to care for and nurture things. We want to make
stuff and help it grow. That's good. That's the bright side of humanity showing itself. Does it
make sense to invest countless hours into nurturing something that isn't real and has no tangible
benefit whatsoever to anyone except advertisers and those raking in the associated ad revenue?
Well...answering that would lead us into a deep discussion about the nature of entertainment, and
I'd love to take us there, but I have to prepare some ginger plum pork chops over in Café World.
So I'll leave with this: the Tardigotchi (www.tardigotchi.com). Just when you thought the
Tamagotchi was dead and buried, designer Tiago Rorke gives us a piece of artwork called the
Tardigotchi, named for the living tardigrade organism (also called a water bear) contained within
a bronze sphere. On one side of the ball is a lens for viewing the living tardigrade and on the
other is an LCD for viewing its digital counterpart.

Source: Rpgch via Wikimedia Commons and Tardigotchi.com

When the virtual pet gets fed, a needle injects a bit of mossy food into the tardigrade's watery
medium. Send the animal an email (at tardigotchi@tardigotchi.com) and a heating lamp will
temporarily warm the water bear. Not surprisingly, the Tardigotchi has its own Facebook app
(apps.facebook.com/tardigotchi) complete with live webcam.

The Tardigotchi app on Facebook

The Tardigotchi is curious as a strange evolution of the '90s virtual pet, but it's far more
intriguing as a melding of real and artificial life into a single entity. Where might this lead?
What if we raised real animals remotely, viewing them with live video feeds and petting them
with robotic hands? Think of all the people who live in places where pets aren't allowed. Would
it be better to adopt and care for strays (perhaps sharing the ownership on a timeshare basis) at
special YourDistantPet.com facilities rather than consign them to extermination at the local
pound? If so, would this idea scale up to starving children in poor countries? At what point, if
ever, does caring get creepy? Are we ready to dissociate physical touch from emotional
affection?
And here we all thought the Tamagotchi was just a dumb pocket game.

Chapter 8: “The Veldt” Arriving
In his 1951 short story collection, The Illustrated Man, Ray Bradbury tells the grim tale
of a near-future suburban family. Their “Happylife Home” is completely automated. It
“clothed and fed and rocked them to sleep and played and sang and was good to them.”
The children have a sealed “nursery,” the precursor to Star Trek’s holodeck, where the
computer can read a scene from their minds and bring it to life. They envision an African
veldt, with scorching sun and distant, keen-eyed lions. The tale begins with the parents'
adoration of their home's advanced convenience. But the children, it seems, want far
more than just imaginative playtime.
Bradbury doesn’t write warm, fuzzy stories. “The Veldt” is a chilling vision that,
ironically, Bill Gates perhaps borrowed from in designing his own home (as described in
his book, The Road Ahead). Home automation is just now beginning to arrive in the
consumer market, and it heralds an unprecedented level of convenience and security,
promising much personal enrichment and only a modicum of increased laziness.
Tony Spencer is a Minneapolis-based home automation consultant. Working with
Heartland Homes owner Scott Marshall, he's planning a Street of Dreams-type showcase
to be completed in the autumn of 1998. Using X10 device technology, which allows
appliances to communicate with each other over existing 110V power lines, and the HAL
2000 program acting as the central controller, nearly every electronic device in the house
can be automated.
Each room will have two coaxial outlet drops (one for cable TV, the other for video
surveillance), two twisted pair drops, one infrared line which relays back to the
audio/video center, and one fiber optic drop. Every incandescent light and most electrical
outlets will be X10 controlled. Admittedly, there are competing formats to X10, such as
FireWire and CEBus, so settling on one is a bit of a gamble.

Source: www.x10-store.com

What could these technologically advanced abodes do? Well, imagine you’re throwing a
party. When someone enters a room, motion sensors detect their presence, slowly bring
up the lights, and start up the music (hi-fi speakers are ubiquitously built into the walls).
What music? You can program rock and roll in the basement, blues in the living room,
play Terminator 2 in the DVD-based mini-theater, and maybe a little Enigma or gentle
jazz for the upstairs bedrooms. All the walls are soundproofed, so don’t be afraid to crank
it. Want to bring the mood down after midnight? Use a remote terminal pad from any
room to change A/V programs.
Need to make a run for the store but don’t want anyone crashing in your absence? That's
not a problem in Spencer’s design. “When the front door intercom button is pressed, it'll
call a preset phone number that will be forwarded to wherever you are," he says. "You
can then talk to the person at the front door just as if you were in the house. If you want
to let them in, press ** followed by a password, and the electric locking mechanism will
release to allow entrance.”
You’ll never again need to worry about home security. Even if someone ignored the tendigit keypad at the front door—“That’s 10 million combinations to choose from,”
Spencer adds—and broke in, motion sensors will instantly detect the intrusion. The
Brinks-compatible HAL 2000 will immediately page or call you. A video image of the
burglar’s face will be captured and faxed, along with a pre-written alert message, to the
nearest police department. Naturally, if you want to keep all your valuables in a certain
room, HAL 2000 can electronically deadbolt any area when there is a security breach.
Program in flashing lights and sirens to your heart’s content. Even add a voice message to

be broadcast throughout the house like, “Attention, intruder. Nerve gas flooding will
initiate in five seconds. Four...three...” Then set off a smoke bomb for emphasis.
Fun and games aside, I was floored by the virtual tour offered at Home Automation
Systems, Inc.’s Web site (www.smarthome.com). Sensors in the driveway alert you to
unexpected guests. A “smart” mailbox tells you of the postman’s arrival. Automated
scarecrows. Mechanized drapes. Plant watering. A cat feeder that will dispense five
organized meals. And try this: “A magnetic pendant on Laddie's collar automatically
opens the dog door as he approaches and gently closes behind him, allowing only him
access in and out of the home.”
It’s important to note that, like most things technological, one person’s frivolity is
another’s indispensable utility. A high-tech doggie door may strike some as the stupidest
idea since public karaoke. But my uncle once had a Labrador who would go into the
neighbor’s house at night (through the dog door) and steal fine foods, including one
particularly delicious Gouda cheese. No doubt, the cost of an automated doggie door for
neighbors would have been at least partly offset by retained groceries.
The point is that if home automation delivers a sincere benefit to the user, then it should
be adopted. Consider the possible advantages for disabled people—being able to control
every item in their houses either from a console or by voice command. But also imagine
never again stubbing your toe in the dark because dim edge lighting near the baseboards
would follow your movement everywhere unless you issued a verbal override command.
For that matter, consider the savings in electricity alone from never leaving lights or
appliances on unnecessarily. No more jury rigged timers. No more TV running all night
after you’ve fallen asleep. As the equipment becomes cheaper and more pervasive, you’ll
start to ask the same question you did before buying your first PC: “Well, why not? Think
of all the benefits!”
In case you haven’t heard much about home automation, don’t worry. Big PC players are
taking notice for you. As far back as January of 1996, Compaq announced its intentions
to pursue the home automation market. IBM actually delivered, bundling its Home
Director package into several Aptiva models. (Sold separately, Home Director’s starter
package retails for $100. Integrating control modules is straightforward and can be done
in as few as five steps.) SmartHome is a cooperative agreement between Microsoft and
several utility and content provider companies designed to make home automation a
subscription service. Doubtless, this plays in well with Bill Gates’ recent $1 billion
investment into Comcast, another step in Microsoft’s dominance over future broadband
and home entertainment usage.
All this reminds me of a book I read as a child about a little boy who lives in a house
where everything he does from dawn to dusk is automated—and what happens when the
system breaks. The hilarious misadventures of Wallace and Gromit, that claymation duo

from Britain, are filled with such fiascos.
Don’t get me wrong. I think these gadgets are stunning, and I can’t wait to own a “smart
home” someday. But what happens when, like the microwave and TV, these devices go
from being novel to essential? When the security system goes on the blink, how many
people will be huddled up in paranoia, waiting for the supposedly inevitable intruder just
because our technological crutches have disappeared?
As a child, I used to wonder how many days I could survive unaided in the wild. There
may come a time when my own children will wonder how many days they could survive
if all the X10 systems suddenly vanished. My father and grandfather taught me how to
camp, make shelter, scrape up a fire, and hunt. I find it embarrassing, and perhaps
somehow dehumanizing, that I may one day have to teach my son how to feed the pets
and fix a telephone...just in case.
To learn more about home automation, check out:
Home Automation, Inc. -- http://www.homeauto.com
Smart Home’s site – http://smarthome.com/
Craig Buchanan’s home control system –
http://www15.pair.com/buchanan/homeauto.htm
CEBus Industry Council –
http://www.hometoys.com/htinews/aug97/articles/kwacks/kwacks.htm
Home Automated Living’s HAL 2000 – http://www.automatedliving.com/
X10 Technology (hardware and software) – http://www.x10.com

~ ~ ~
Update:
Fortunately, I never forecast any dates for mainstream home automation adoption. The
market for it today is hardly further along than it was in 1997, when this piece was
written. X10's home page looks practically unchanged, although Smarthome looks to
have kept pace with the times. If there were still such a thing as IBM PCs, people would
laugh at the bundling of a Home Director kit.
What happened? Why has home automation stalled? All of the old ingredients still remain
(OK, maybe not the doggie door), and we have loads of networking advances in the WiFi,
powerline, and coax (MoCA) spaces. There's no reason people couldn't control their
homes from the smartphone in their pocket. So what's the problem?
Well, one problem was the dot-com bust, which derailed every tech innovation with even

the faintest whiff of being pie in the sky. By 2003/2004, when the tech market was
emerging from its coma, people were much more in tune with total value propositions
and asking if the product's experience was worth the price of admission. Is it worth
$1,000 and hours of learning to be able to control your lights from the same remote you
use for your TV? Most people, me included, would say no. I'll use the switches already
built into the walls and pay the electricity company another dollar or two each year,
thanks.
This takes us to the heart of what might actually ignite tomorrow's home automation
market. Obviously, being able to control devices in the home isn't enough to take
automation into the mainstream. Today's recession-sensitive consumer often pinches
pennies before spending them. Talk of savings with a dash of “green” sprinkled in is what
it takes to catch people's attention in 2010.
I've been keeping an eye on Intel's Home Energy Management platform
(www.intel.com/embedded/energy/homeenergy) as one indicator of where the home
automation market might soon move. When I recently spoke with Intel's Lorie Wigle,
general manager of the company’s Eco-Technology Program Office, she told me about an
“in-home dashboard” device based on the Atom processor that's already drawing interest
and pilot money from utilities. The goal of this dashboard is to optimize people's power
usage so they don't have to invest in adding more power generation infrastructure.

Source: www.intel.com/embedded/energy/homeenergy

“There are a lot of questions about what will catalyze this market,” said Wigle. “We’re in
the middle of it, so it’s hard to be completely objective—we’re too excited about the
opportunity. We’ve calculated that you can achieve something like $471 dollars a year of
energy savings from the device. It’s not trivial. Again, it’s because you’re not just looking
at optimizing the 1% [used by your PC], you’re optimizing a lot of the electricity load in
your house. The other thing we learned in researching this concept is that people didn’t
really want a device that only managed their energy. They wanted it to integrate into
some of the other things they like to have at their fingertips in the middle of the house. So

we’ve shown examples of integrating Yellow Pages, integrating traffic. Maybe on your
way out the door, you want to quickly check and find out how the traffic looks on
Highway 26—you can do that. It has a camera built in, so you could use it to leave a
video message for the kids if they need to feed the dog when they get home. Those kinds
of things. Again, this is just a proof of concept, but I think it’s really an interesting view
into what could be more compelling for people than just knowing how many watts the
refrigerator is consuming.”
Strangely, it may be the energy conservation movement that pushes automation into our
homes. Soon, rather than us paying for this technology, utilities may be paying us to
adopt it, even if indirectly. For those who don't care as much about the dollar savings or
environmental benefits, there's always the gee-whiz appeal of all these automation
functions.
Speaking of which, if you've never read Bradbury's “The Veldt,” it's currently online at
www.veddma.com/veddma/Veldt.htm, although I suspect this is a breach of copyright. Do
the right thing and buy a copy of The Illustrated Man, then write to Intel and recommend
that they create a doggie door accessory for that dashboard setup. I just know it's an idea
whose time has come.

Chapter 9: Filtering In Freedom
The current dilemma over how to “protect” children from online pornography has prompted me
to wonder if the problem can even be solved. I would like to open a dialog and encourage readers
to email their thoughts. With enough feedback, I will form a follow-up article to shed (hopefully)
more light on the subject.

Source: http://en.wikipedia.org/wiki/File:Peep_Show_by_David_Shankbone.jpg

In theory, blocking software should satisfy everyone. But in my evaluation of three top
programs, only Cyber Patrol slowed down even a half-hearted search for porn. It took me 15
minutes to find and view nude photos via a Web link to a Danish FTP archive. Net Nanny was
laughable in its failure. Not only did my first site request yield pornographic images, but I also
viewed a random address culled from the program’s internal list of “blocked” sites.
These shortcomings illustrate two of blocking software’s many pitfalls. Even if the software does
what it purports, the inherent chaos of the Internet prohibits filtering applications from being
accurate. With 30+ million Internet users globally, the thought of any company being able to
keep abreast of blocking every objectionable site is absurd. Also, 80% of all present online
commercial transactions are for pornography. You can bet these companies have a vested interest
in remaining accessible, and the present lack of organization on the Internet allows them to
remain so. If my hypothetical porno site, xyz.com, suddenly becomes blocked by leading
software programs, all I have to do is change servers, register under the new name of xyz1.com,
and I’m back in business. For blocking programs that screen by keywords, I can create parallel

postings of my page, changing all the references from “sex” to “cex.”
Using blocking software to cure on-line pornography is like treating pneumonia with a cough
suppressant. First, one must accept that pornography will always be with us, just as it always has
been. This is not necessarily approval, merely a realization that pornography will remain in our
society, whether or not we choose to participate in its viewing.
Given this, how can we deal with pornography so that it stays out of children’s hands? One
satisfying answer lies in a three-pronged attack.
1. Order from chaos. When you want to find a book in the library, every item is filed under a
Dewey Decimal index number based on subject and content, still searchable by keywords. Using
such a structure, every Web site, FTP directory, newsgroup, and chat room could fall under a
certain index number. The Library of Congress contains over 140 million* items (not just books),
and all of them are effectively sorted with a similar system. The same principle can be applied to
Internet content. It then becomes possible to block certain segments of the index. If religious hate
group home pages fall under, say, 904.130 to 904.139, then I can elect to block my browser from
viewing any page in that range.
2. Rating the rage. The Platform for Internet Content Selection (PICS) is a protocol designed by
the World Wide Web Consortium (W3C) to rate the levels of objectionable content in software,
be they in programs or Web pages. PICS is endorsed by many influential groups, including the
White House, Microsoft, and, reportedly soon, Netscape. Using a PICS-like system,
objectionable content can be scaled from zero to nine. A page with moderately obscene language
(L), heavy violence (V), and little sex (S) might have a rating of L5V8S2. In conjunction with a
page’s index code, the requisite HTML header tag might contain the string “274.97.146L5V8S2". With this doubled approach, a Web browser could be set to either block a section of
index numbers or any level of ratings over a certain value—or both.
3. Enforcement. To be effective, there must be international agreement via a coalition to keep the
system in place. Internet service providers must agree to work in conjunction with law
enforcement or else face disconnection from their backbone source. In turn, individuals or
companies that generate Net content are accountable for making sure that their postings carry
accurate index/rating codes and are subject to constant auditing by intelligent search robots.
Perhaps the first infringement brings a warning, the second temporary suspension, and the third
criminal prosecution. No longer would the Net’s rules be unwritten.
Under this index/rating system, all parties win. Freedom is still granted to create and post
whatever material is desired so long as it represents itself accurately. Parents concerned with
shielding children will at last have a reliable means of doing so. Government will not be forced
to pass judgment on the Net’s content.
Additionally, the plan allows for cultural latitude. While all countries who share in the Internet
must agree to maintain accuracy within the system, national enforcement of penalties can remain
at the discretion of each country. In France, where nudity does not carry the stigma it has in the
United States, officials may not wish to impose a jail sentence for repeat pornography offenders.

They may, however, seek heavier sentences for violence offenders, as most Europeans are
appalled at our widespread reverence for theatrical bloodshed.
This is not a perfect system. There are still loopholes here and there, and others should feel free
to propose plugs for them. But of any scheme I’ve seen for either screening content or organizing
the Internet, this is the only proposition which would do both and do them well.
* I've updated this number to reflect holdings as of 2010.

~ ~ ~
Update:
Internet Explorer 3 supported PICS, but by version 7 support had disappeared. About all we have
left today in the way of integrated browser filtering are features such as SafeSearch, found in
Google Chrome.

The SafeSearch filter in Google’s Chrome browser.

Needless to say, today's Internet content adheres to very little structure. In June 2010, the
Internet Corporation for Assigned Names and Numbers (ICANN), which is responsible for the
assignment of domain names and IP addresses, finally granted approval for the .xxx top-level
domain for sexually explicit sites. However, whether a site uses this domain is purely voluntary.
In terms of solving the “pornography problem,” it accomplishes nothing.
In the last 13 years, I haven't circled back to see if apps like Net Nanny have improved in their
accuracy and control. I now have two boys, ages five and eight, and I feel no great need to
implement anything beyond SafeSearch-type controls. My sense is that most consumers feel
similarly. Before the teen years, children are often supervised, and during the teens—well, there
are bigger problems to worry about than Web porn. True, there are other countries around the
world that take a stiffer view of propriety, but the real impetus in this market now seems to be in
the business sector, making sure that employees stay productive, not aroused.
In America, at least, it seems that the online porn furor has thankfully gone flaccid. At the same

time, search engines such as Google and Bing have evolved to the point that Web content
organization is often no longer necessary because hits are prioritized according to relevance. It
doesn't matter “where” you put something on the Web because a search engine will find it almost
instantly (if your query is precise enough). Search engines are an imperfect solution that leave a
tremendous amount of power and selectivity in the hands of the search providers, but they do
largely solve the problem of costly content monitoring and policing.
Still, I have to wonder: Why did America stop being so phobic about children and Web
pornography? It's obviously not because blocking solutions have proven to be perfect. Did the
conservative mainstream just give up after realizing that it was a battle they couldn't win? Or do
they now see the threat of stalkers and predators from social media networks as a higher priority?
I know I do.
Part of the answer may lie in our world adapting and become more mature in its approach to the
Internet and how people use it. A close friend of mine, Baron Schuyler, is a librarian at the
Multnomah County Library in Portland, OR. He offered this comment on people's and
organizations' changing conduct regarding Web porn:
"We dealt with this [pornography issue] directly at the library. There were people who
campaigned against passage of the library levy specifically because it was a 'porn factory' in their
view, one that let children come in and be corrupted. In the 1990s, this was a very big deal. But
then the library changed its policy, and the technology helped them to do it. All children’s cards
are automatically filtered up to the age of 13 unless the parent requests unfiltered access. For
more about the policy, see: http://www.multcolib.org/parents/parents_filter.html.
"To supplement this, the library instituted a 'non-harassment' policy, stating that images
considered too violent or too pornographic can create a hostile environment that is not conducive
to public information gathering. Such things should be viewed in private, so we can ask the user
not to view them in public. These policies totally took the wind out of the protestors’ sails. It was
so sensible and so reasonable that no one would listen to the extremists anymore. Admittedly, the
filters don’t catch everything, and they also block non-pornographic sites, but the effort satisfied
the vast majority of the public."
Ultimately, perspective and common sense can make all the difference in deciding how
technologies are deployed and restricted. As long-respected Internet privacy and security lawyer
Parry Aftab notes in her Ask Parry! column
(www.wiredsafety.org/askparry/special_reports/spr1/qa3.html), “Part of the challenge we face in
trying to keep our kids safe online is telling the difference between what's only annoying or
offensive and what's dangerous and even illegal.” In many ways, the Internet mirrors real life,
and perhaps the public realized an ancient truth: You can't win all of your battles, so you better
pick the ones worth winning carefully.

Chapter 10: Vita Ex Machina
We humans pride ourselves on being the top of the food chain, complex in a way that no animal
could emulate. But any anthropologist can tell you that, despite our unfathomable depths, most
humans tend to follow general universal patterns. We all require air, food, money, and so on.
Most of us procreate, establish nuclear families, and eventually become dependent on either our
accumulated resource reserves or the resources of those around us.
Taken collectively, a sociologist will tell you that large populations also follow repetitive
patterns. Humans adapt to different, sometimes hostile environments. Statistically speaking, we
tend not to procreate outside of our own race. And like a gas, we seem to fill any space we
inhabit, competing and consuming along the way. With a broad enough viewpoint, we start to
look less like Earth’s elite and more like just another evolutionary accident functioning on
genetically pre-programmed instincts.
An oft-repeated Creationist argument states that evolution doesn’t exist because no one ever
witnesses it. (As a devout believer once told me, “I’ve never seen an ape change into a human.”)
Needless to say, many schools of Creationism have...um...evolved, and far from all Creationists
hold this limited view. Nevertheless, the statement reflects one of our primary stumbling blocks
with understanding evolutionary processes, both in the past and when extrapolating into the
future. The minuscule genetic changes that fuel a species-wide metamorphosis take hundreds of
thousands—and often many millions—of years to become noticeable. If only there were a way to
accelerate the process down to months or even weeks.
Enter artificial life, or “alife.” Assuming that genetic code is analogous to computer code, several
groups are working to create life from the bare savannah of silicon. One of the first and most
recognized was the “Sugarscape” program developed by Epstein and Axtell at the Brookings
Institution in Washington, D.C.
As Science News reported (11/23/96), Sugarscape is a virtual world, a two-dimensional grid
inhabited by basic software “agents” and certain resources which the agents need to survive. In
the simplest form, there are two areas high in “sugar” resource, which can grow back after being
consumed. Agents search as far as “vision permits, find the unoccupied spot with the most sugar,
go there, and eat the sugar.” Basic hunter-gatherer philosophy.

Source: http://sugarscape.sourceforge.net/documentation/screenshots.html

Interestingly, recognizable trends begin to form when population rises. A minority of agents with
better vision and lower metabolisms accumulate most of the sugar. The less fortunate majority
often subsists in the sugar scrublands. Some die of starvation.
More significantly, when reproduction, mutation, and inheritance of sugar resources are added,
the foundations of a weak upper class are formed. “Agents who might have been ‘weeded out’
are given an extra advantage through inheritance,” notes the article. “The average vision of the
population doesn’t increase to the same high level eventually reached in a population where no
wealth is passed on.”
When a second resource, “spice,” is added in conjunction with trade between tribes, a perfect
economic equilibrium emerges so long as agents are immortal. When lives are made finite and
individual/tribal preferences are allowed to change over time, the Sugarscape economic model
never reaches equilibrium. The implications for human economic theory are striking.
Alife detractors are quick to point out that drawing evolutionary conclusions from a small
program is a case of gross over-simplification. Life in a bottle, they say, even a silicon one, is too
simplified to be a realistic model. The truth of this statement depends a great deal on the size of
the container. On a grand scale, the Earth itself can be seen as a bottle. The challenge, then, is to
construct a bigger alife environment. But even today’s fastest parallel processing computers are
insufficient for such a task.
Tom Ray, a biologist at the University of Delaware, has devised a solution. His brainchild,
Tierra, spans hundreds, potentially millions, of computers, all connected via the Internet. Each

PC provides a small ecosystem for 32-instruction Tierra organisms. But taken as a whole, the
Internet provides the vast landscape necessary for Ray’s alife to evolve. Each organism is
designed to replicate and compete for pre-isolated CPU and RAM space. When system resources
become scarce, a “reaper” function kills off the old and malfunctioning organisms.
Mutations result from random flips in “DNA” code, which most often destroy the organism but
occasionally yield improvements. Tierra has developed parasites which trick other organisms
into expending their own CPU resources to copy them. Predators have suddenly emerged. More
interestingly, a primitive form of sex, in which organisms swap code to reproduce, has evolved.
This may, in time, shed light on the unanswered question of why sex, not always present in lower
life forms, exists in the first place.
Ray hopes to soon make the Tierra environment available to anyone with Internet access. He
stresses that the organisms can only exist within their proprietary environment, although he
won’t make the ultimatum that the creatures are immune to outside re-engineering. Ultimately,
the potential discoveries alife may yield are well worth the possibility of accidentally
engineering yet another “virus.” My Cyrix-based Pentium clone, straining under 32MB of RAM,
may provide a much more hostile ecosystem than a fully-loaded Macintosh or Pentium II. The
alife forms that evolve under these varied circumstances would be fascinating and likely edifying
to compare.
Alife is one manifestation of a field you’re going to hear a lot more about: evolving software.
From speech recognition to architectural innovation, genetic programming promises to improve
our world while accelerating our rate of social and technological change. Hence, as our collective
human lives continue to undergo stress and mutation, perhaps the most appropriate instructor we
can find to help us understand these transformations are our digital brethren.

~ ~ ~
Update:
Well, I sure got this one wrong. If digital genetics have found any practical application, it's
happened at a level so buried that I haven't heard a peep about it. Within the field of academia,
the discipline remains a fringe interest. Fields such as computer vision and robotics keep the
spotlight, but you can find one bibliography of experiments over the past decade at
http://myxo.css.msu.edu/cgi-bin/lenski/prefman.pl?group=al.
That said, I find alife as intriguing now as I did back in late 1997. Perhaps the revelation that we
complex, unfathomable humans can have our behavior eerily modeled with just a few lines of
code strikes too close to home for comfort. But if that's true, if our collective behavior can be so
closely replicated, doesn't it also follow that the solutions that yield better results in a virtual
environment might also be applicable in the real world? Could alife give us pointers out of our
present crises? Perhaps the alife field withered because it had too few immediate, practical
applications or its results proved too obvious to be meaningful. If alife really could teach us
valuable truths, wouldn't Sid Meier's Civilization games be studied as gospel rather than

entertainment? Or are we still missing the point?

A screen shot from Civilization V.

Tom Ray, in addition to creating the Tierra simulation, has also been an avid advocate for Costa
Rica's rain forest, working since 1977 to help develop its National Parks program. All profits
from the sale of Tierra executables went to rain forest efforts in Costa Rica via the Nature
Conservancy. In 1977, Costa Rica was losing 52,000 hectares of forest annually. In 2005, that
number had dropped to 4,737 hectares. Could there be a connection between the revelations of
alife and the obvious need for natural conservation? If more people could see the drama of life
and resource utilization played out in universal, inescapable logic on the screens in front of them,
would it make a difference?

Chapter 11: Unmaking Movies
As I awoke this morning, all I could see was that one boat rowing slowly through a sea of frozen
corpses.
My wife and I went to the opening of James Cameron’s Titanic last night. Now, I don’t like foofy
flicks. I have never described a movie as “beautiful” before, but this one is and in every way.
Cameron must have faced unbelievable pressure as the problem-fraught project mushroomed,
with stakeholders yammering, “We've got to make it cheaper, shorter, hipper, and still cheaper
again!” That he withstood these demands and made one of the greatest films of all time is
miraculous.
In my definition, a movie is truly great when its themes and images stay with you, haunting,
pressing through from the back of your mind for days or weeks. Scenes and emotions from the
big screen can reach within us, striking not only our individual emotional chords but resonating
deeper into our common humanity. Yes, Titanic is partially about the love of two people. But it’s
also about the love of life, the will for freedom, and struggling to raise one’s small voice above
the chilling tide. For me, the movie accomplishes what all great art accomplishes: eliciting a
bonding identity between the viewer and the viewed, provoking a sense of awe bordering on the
mystical.
Titanic’s success is achieved in part through some phenomenal special effects. When the ship’s
stern is plunging straight down into the darkness, you the viewer are there, clinging onto the cold
rail for dear life, watching the roiling waves rushing at your face. Last night, when protagonist
Jack Dawson shouted to take a deep breath, everybody in that theater did. But without powerful
computer simulations driving the imagery, the scene would not—could not—have been the same.

A still image from Titanic.

When I first saw Eraser in 1993, I recall it being the first film to utilize a digital replica of the
hero (remember that scene where Schwartzenegger is flopping around, clinging to the wing of
the plane?). I remember thinking at the time, “This is only the beginning. Someday soon, real
actors will be interchangeable with their computerized counterparts...or maybe replaced by them
entirely.” Today, James Cameron is reportedly working on a new movie, Avatar, in which the

central actors are 100% computer-generated.
This begs the question: Will we idolize cyberstars just as we do their human predecessors? When
we develop the technology to replicate Harrison Ford’s charm or Sharon Stone’s enticement, will
we be willing to adore a plethora of pixels? Will they appear on the cover of People, along with
studio-produced biographies and social foibles? Might they even be given artificial intelligence?
If we are already willing to make ordinary people into megastars, far larger than life, why should
we not infuse a little humanity on our digital creations? Take a walk through Disneyland and tell
me it’s not possible.
Digital actors are significant because I suspect that public attention will focus on them rather
than on how the technology behind them is being applied. For example, when Dolly the sheep
was cloned, everybody went into an apoplectic frenzy, thinking that God’s right had been
usurped and cloned humans would be overtaking Washington D.C. like pod people. Only now
are we hearing the first strains of reasonable discussion asking how cloning technology can be
used to improve the human condition, not replace it.
I predict that, just as the cutting edge of PC graphics is used to create ever more gruesome
carnagefests, people will become so engrossed in the dispute over cyberstars that they’ll neglect
to notice that the technology is being used to produce virtual crap. Digital actors will soon be
cheaper (and less temperamental) to use than humans. Cost cutting is usually the first step toward
mediocrity, and a studio willing to scrimp on the screen will definitely scrimp behind it.
Undoubtedly, talented scriptwriters will be the first to go. Perhaps they already have.

Still image from Star Wars Episode II: Attack of the Clones.

The digital film experience will not end with actors, though. In 1932, Aldous Huxley’s Brave
New World portrayed “feelies,” films in which the viewers were treated to the same sensations

(often sexual) that the actors were feeling. To the story’s protagonist, who was raised on
Shakespeare, feelies were an abomination.
Today, virtual reality is about to leap off the screen and encase our bodies. Force feedback
joysticks will become tactile response datagloves or even datasuits. Flat 14" displays will
become 3D viewing goggles. Olfactory (smell) simulators have been in development for years.
New acoustic technologies can make hi-fi sound suddenly “appear” anywhere in a room,
alleviating the need for cumbersome headphones or remote speakers.
The unwritten law of entertainment technology seems to be that it must inevitably seek out a
lowest common denominator. Or as the Controller in Brave New World notes, “You’ve got to
choose between happiness and what people used to call high art. We’ve sacrificed the high art.
We have the feelies and the scent organ instead.”
As you reflect on Cameron’s Titanic, or perhaps the next Star Wars series or the next major
movie breakthrough, judge the film not by its “wow factor” but by its human qualities.
Experience the film with your heart and imagination, not your eyes. Because ultimately, your
impressions and recommendations will contribute to the success or failure in how such new
technologies are adopted. If we demand that 21st century Hollywood struggle to great heights,
then it will. But if we passively, universally embrace digital drivel for its ability to masturbate
our senses, then the battle for art will be finally lost.

~ ~ ~
Update:
I cringe upon rereading the opening to this column, knowing now that Titanic went on to become
so huge that it went from being popular into being a cliche and finally over the edge of megafame into absurdity. These days, saying, “I really love Titanic” makes me sound like an
effeminate nutcase.
Still, I stand by my original statement. The movie deserved its record-setting fame. And even
though it was finally surpassed at the box office by the long-awaited Avatar, I maintain that
Titanic is a far superior story. Avatar was the first movie to make truly effective use of 3D, but in
opting for that cool yet eerie middle ground between live motion and CGI, I think we lose some
attachment to the characters. For me, the epitome of this distancing happened in Star Wars:
Episode I, where we witness what is supposed to be a moving battle between "good" and "bad"
CGI characters. How does one form an emotional bond with a bunch of pixels (especially a
really annoying bunch of pixels like Jar Jar Binks)?
To be effective and beneficial, technology must serve humanity. Applied to storytelling, we can't
take our focus away from the actual story. This is where the last two Matrix movies failed so
abysmally and where Indiana Jones and the Kingdom of the Crystal Skull went so wrong. (Look
at how the father/son arc was developed in Last Crusade versus Crystal Skull.) When you watch
Inception, no matter how incredible the visuals or how intricate the special effects are behind

them, director Chris Nolan never lets you forget that the movie is a human drama. Witness the
aching tension of the movie's final ten seconds, which appear to involve no special effects but
encapsulate everything about the main character's emotional journey.
I still think we may yet have digital celebrities, if only as a passing fad. But if this does come to
pass, it will be a move in the wrong direction. It's literally dehumanizing and the wrong way to
use technology. When advances let us evolve and deepen who we are, when they bring us
together and open a window into our inner conditions, that's when technology is at its best. But
when technology disconnects us from our humanity, it's time to reevaluate our priorities.

Chapter 12: Coming Full Circle
“Friday March 17, 1989. I’m eighteen years and three months old. This is a letter to you, my
first kid, for when you get to be my age. . . . I know there will be countless occasions where I do
stupid things as a parent because it’s obvious that every parent does. So this document is a large
picture of my life and thinking, to show that, at one time, I was a human, too.”
– From the introduction to my senior English project, “The Epic of Being Eighteen”
That younger me was struggling to put together 18 years of experiences and forge a lifelong
sense of purpose and identity. I wanted to set it all down before rent, repetition, and a desk could
hammer my idealism into a thin, brittle sheet like gold leaf. The “Epic” was a contract signed
with a me that didn’t yet exist, to preserve what was dearest in thought and life.
Most of us make such silent deals as we are exiting adolescence. Not many, myself included, can
say we were wholly successful at honoring them. We say, “Those were the thoughts of an idle
kid. I just didn’t understand the way things really work.”
Good kids are not idle. They have a daily grind just as demanding as ours. Kids feel pain and
love, maybe even more poignantly because they haven’t had decades of disappointment to help
build protective shells. They feel the weight of responsibility, even if that responsibility is scaled
down to their years.
And if kids don’t understand how things “really work,” then it isn’t for lack of trying.
Adolescence is an entire process of testing the self and one’s environment. The important thing is
this: If environmental stimuli are restricted, the adolescent will not emerge complete. My parents
protected and offered guidance, but they never restricted my quest for knowledge and
experience.
For me, 18 was when that quest was in full swing. I want my kids to have that same freedom to
explore. In this, at least, I’m still holding to a nine-year-old contract.
Three months ago, I promised a follow-up to my article on Web censoring and an index/rating
plan. Here’s what some of you thought:
“I suggest spending a little more time with your kids teaching, loving and living by example a
life that is more caring to their needs regarding moral character and let me worry about my kids
myself.” --Dee Taylor
“I think protecting your children means giving them the proper tools. Instead of relying on some
software company who doesn't have a personal interest in your child, invest your time in your
child. Help them understand your beliefs and values.” --Randall Weers
“I have a very effective filtering device. My mind.” --Keith Gormezano
Then there was Kevin Crow....

“I don't want Congress, France, Jesse Jackson or you raising my children. That's my job and I
take it very seriously. Perhaps people should consider the idea of less intervention rather than
more. Don't give parents crutches like V-chip and netnanny. If people don't want to take the time
to be involved with their children then they shouldn't become parents. If you want to create laws,
create laws to make parents accountable for the welfare of their children.”
After several email exchanges, Kevin finally saw that I was proposing the index/rating system
not as a cure-all, but only as a political solution to appease certain conservative elements so that
they would relent their attack on the Net’s freedoms. However, I didn’t really grasp what Kevin
was getting at until he referred me to an article in Wired, issue 4.07, titled “The Rights of Kids in
the Digital Age.” Only then did I realize that I was on the brink of breaking my decade-old
contract.
Even discussing the option of blocking content is tantamount to snubbing the feelings and
experiences of kids, denying them that critical search for selfhood. True, it is a parent’s job—not
the state’s—to instill a proper set of morals and teach children how to interpret the images and
messages of this digital age. But it is inappropriate, even destructive, to restrict a child’s
worldview to one person’s concept of right and wrong, even the parent’s. If you, as a youth, had
not pushed the boundaries of your world, seen the forbidden sights, and lived the forbidden
experiences, would you be as complete and competent as you are today?
Excising the negative from our children’s consciousness does not make them pure, only ignorant.
If a parent maintains a relationship of trust and communication with a child, then the child will
learn that these negative things should be rejected and do so of his or her own will.
Two years ago, this Wired article noted that no one is championing the rights of children on the
Internet. Today, the situation is worse. The growing millions who endorse censorware are giving
silent assent that it’s OK to raise half a child. I won’t say that my index/rating system is wrong.
I'm only saying that it's a last resort, to be taken, like a lobotomy, if the surrounding insanities of
censorship grow too great to bear.
I am not ready to renege on the contract I made with both the child I was and the children I will
yet create. I still believe that perspective and experience gained under a parent's quiet guidance
trumps remaining ignorant. Do you?

~ ~ ~
Update:
Wow, this is a tough one, because now, twelve years after writing this column, I find myself with
a five- and an eight-year-old, both of whom are zooming toward being 18. Was I writing this as a
young and naïve outsider, oblivious to the needs of responsible parenting? Yeah, maybe a bit. I
now have a better appreciation for how grim the world can be and the preciousness of childhood
innocence.

Do I want my kids watching footage of Taliban beheadings or extreme sex fetishes? Of course
not. We have the “safe” settings running on all of our Web browsers, but that's as far as we've
taken it. My wife and I decided that, as many of the readers above pointed out, the most
important factor in raising our kids is to be at their sides as they explore the world, both online
and off. I'm sure the day will come soon enough that one of them does a Web search and comes
upon some pornographic content. It's inevitable. We've anticipated the event for years and know
that there are two ways to respond: either with shock and a frantic dash to hide the content,
which would only make them insatiably curious to explore the forbidden, or with a calm
response about what pornography is and why it's not appropriate in many situations. We've taken
this approach with other “temptations,” such as excessive candy consumption and bad language,
and found it very effective. Overreacting never helps anyone.
My five-year-old is currently in that phase where he has a new question every thirty or so
seconds. “What's the tallest building in the world?” “Who has the longest fingernails?” “How
fast can a plane fly?” And so on. When I was a kid, such questions required a trip to the library
and lengthy research. Now, I can speak the question into my phone and have an answer in
seconds. I can't begin to grasp the difference this unfettered access to information is going to
have on his intellectual evolution. It has already led us into discussions ranging from the
principles of charging interest to astrophysics to architecture. Whenever possible, I try to guide
him beyond the trivia he's requesting and into a deeper exploration of what those facts mean and
why they might be important.
The growth I see in him from these explorations is astounding, and I would never want to do
anything that might limit his ability to get these answers. The trouble with filtering is that the
more you filter the higher the odds are of blocking content you actually do want. It's like
cranking up the contrast of your TV. Turn it up far enough and you'll stop improving the look of
your image and instead start erasing all of the detail from it.
Would I still take “The Epic of Being Eighteen” and hand it over to my sons in their high school
senior years? Probably not. They don't really need to know those stories—my senseless
insecurities and stupid brushes with disaster—unless the telling would help keep them from
making similar mistakes. As with so many other aspects of parenting, I'll just have to play it by
ear.
Fortunately, a dozen years seem to have found the Internet more open to intellectual exploration
rather than less, at least in the Western countries. Let's hope that more people see the value of
this openness and work both to preserve and increase it.

Chapter 13: Sharing is Caring
"In solitude, be a multitude to thyself."
– Tibullus (54? - 18? B.C.E.)
By now, you're probably weary of the PC upgrading situation. The merciless mushrooming of
software requirements demands an average upgrade budget of at least $50 a month—more if
you're one of those "hardcore" types. Do the math. You'll see.
Despite this hardware arms race, though, most of us have coveted our neighbor's system at one
time or another. You know what I’m talking about. The system with the bigger this, faster that,
and the so very awesome exterior. If it had wheels, you could cruise it down the waterfront and
pick up chicks. The owner, naturally, uses it to play Solitaire and compose grocery lists in
WordPad. It's not fair. You need that power. You have legitimate uses, necessary to the world's
benefit, and your neighbor is sitting on all those CPU cycles like a narcoleptic hen.
Be patient. It might not be too much longer until you'll be able to tap into your neighbor's
system—in fact, thousands of systems—and have unlimited processing power at your fingertips
without upgrading.
Metacomputing, also called distributed computing, is a burgeoning technology that promises to
revolutionize not only how you’re able to process information in your home or office but also
how we compute and interact as a society.
In essence, metacomputing allows multiple computers to tackle shared tasks. ATM banking
machines are based on such a concept, but their functions are both limited and proprietary. It's
almost the opposite of a conventional network. Instead of the server fueling the nodes with
information, the nodes fuel the server. Metacomputing has long been the domain of government
and academic research projects, but at last some private interests are becoming involved. As we
learned from the Internet's evolution, this is the crucial crossover point when applications and
acceptance begin to skyrocket.
Take SETI, the Search for Extra-Terrestrial Intelligence, made famous in the movie Contact.
SETI was a government operation until funding was axed in 1993. (Note: Although SETI
comprised less than 0.1% of NASA's annual budget, roughly five cents per taxpayer, Nevada
Senator Richard Bryan spearheaded the amendment to kill the project. While criticism of such
"budget consciousness" lies outside this article, I’d advise readers to investigate the science
funding policies of their candidates before election times.) Today, funding comes from private
groups and most recently from the Planetary Society, previously headed by eminent
astronomer/writer Carl Sagan.

Screen capture from the SETI@Home application.

The SETI Institute now faces the problem of affording processing time on the supercomputers
necessary for analyzing data obtained from major radio telescopes. SETI@home
(setiathome.ssl.berkeley.edu) is the organization's answer to this dilemma. Using a screen saverlike program, volunteers' PCs will be able to assist in the data crunching. In SETI's words, "We
have developed server-based software that divides the radio telescope data in chunks, distributes
these chunks to clients, and collects the results." In theory, it is possible that any given volunteer,
maybe even you, could be the one to discover intelligent life beyond our solar system.
Another widespread example of metacomputing is being conducted by Tom Ray and his Tierra
Project. As discussed previously (see “Strange Horizons X: Vita Ex Machina”), Tierra is a
cooperative experiment to let artificial life, in the form of small "organisms" comprised of binary
"DNA" code, reproduce and mutate within the environment of a PC. We know from regular
evolution that the more diverse the environment, the greater the array of resultant life forms. One
PC, with its unique configuration of CPU, RAM, disk space, etc., is a restrictive medium for alife
growth.
Tierra software remedies this bottled environment by providing a means for anyone on the
Internet to download the software and supply a little more real estate to the expanding Tierra
universe. Via this "sub-net" of the Internet, organisms can migrate, colonize, and flourish.
Although a stand-alone version of Tierra was recently released, the heart of the experiment
depends on a vast landscape of CPUs. This is one instance where, based on the "harsh"
environment it presents, an older PC may actually be an asset to the overall experiment. The
project is important not only to investigate the processes by which life evolves, but to analyze the
potential of a diverse distributed computing system.
There's little doubt that metacomputing will be globally commonplace within twenty years. But
what impact will it have on us as individuals? How will it affect us economically? Most
importantly, what could we do with it?
In answering the last question, it's necessary to realize that metacomputing is impractical for
applications like word processing or money management, although it could find use there.

Metacomputing is designed to accommodate massive computational tasks. However, this doesn't
necessarily denote mathematical minutiae like the GIMPS project, which utilized metacomputing
to resolve the two largest known Mersenne Prime numbers.
When I was in high school, a presentation on ozone layer depletion was considered high-tech if
the student provided bar graphs and satellite photos. Today, holistic environmental modeling
surpasses even the greatest supercomputer capacities. But in twenty years, with the assistance of
metacomputing, future high school students may be able to offer real-time modeling of virtually
every factor surrounding ozone depletion. Or the chaotic repercussions of El Niño. Or quantum
effects at the Big Bang. Moreover, if tomorrow's children can present this information, odds are
good that they will be able to comprehend it—a vast improvement over many of my own high
school efforts.
The economic impact of distributed computing could be tremendously positive. Much as I would
like to believe there's an end in sight to the insane pace of software revisions, there is only
evidence of growth and acceleration. Microsoft Office must soon emigrate to DVD-ROM just to
find breathing room. To support all these extra features, hardware must follow suit to keep things
from slowing down. (Or is it software that follows hardware? Hmm.) Soon, a PC's time to
obsolescence may approach six months or even less. For the moderate to heavy user, this creates
a huge budget drain.
But with metacomputing, we may at last break this old refrain. If you need more processing
speed, perhaps your neighbor will allow you access to his unused CPU cycles. Maybe your
family will. Or perhaps metacomputing "clubs" will form, where members agree to share system
resources 24 hours a day. Metacomputing may resurrect the cooperative online atmosphere of 15
or 20 years ago, when CompuServe and Fidonet were still fledglings. Companies offering virtual
reality experiences may provide part of the processing necessary to render in real-time. And so
on. Moore's Law, which has historically led to CPU generations averaging 18 months each,
might actually slow down due to diminishing need for it to maintain its breakneck pace.
This in turn may help take some of the burden off our landfills. Today, millions of users are
struggling to find homes for their antiquated 386 and 486 machines. Perceived to have no value,
many just get dumped in the garbage. But imagine being able to set up one closet or corner as a
"CPU center". Half a dozen 486 CPUs, linked under a metacomputing framework, could very
well blow the socks off of a new Pentium II. Even if you're not inclined to make this mininetwork happen in your home, there will be many needy organizations, particularly the everunderfunded schools and science projects (like SETI), that will.
And consider the potential benefits in third-world countries, where America's cast-off computers
are considered cutting-edge. For the first time, impoverished nations might be able to enter the
technology race, or at least use high-capacity processing to address their own struggles. For that
matter, maybe we could all begin to donate the unused computing power on our desks to the
needy. Who knows? Metacomputing may open the floodgates to a new era of philanthropy and
concern for human welfare. As the adage goes: every little bit helps.

~ ~ ~
Update:
Back in 1998, I failed to foresee two major trends that would derail distributed computing:
energy efficiency and cloud computing. These days, the thought of running a stack of five-yearold systems in one’s closet is tantamount to having an oil spill in your back yard. Think of the
waste heat, the extra cooling, the cost, the added burden on the grid! For the last few years, Intel
and AMD have managed to hold us in the same power consumption envelopes but keep
delivering more performance for the same watts. You can’t recommend running old, inefficient
hardware anymore. It’s simply not done.
More significantly, cloud computing has emerged as a sort of antithesis of distributed computing.
Instead of many small clients forming one uber-computer, the cloud gives us one uber-facility
(one or more data centers) distributing to many thousands of nodes. Today, Google is the master
of cloud computing. Think of Gmail—one application and all of its attendant data for millions of
users, never residing on a local machine but solely in Google’s “cloud” infrastructure, available
anywhere at any time from practically any device with a Web browser.
Cloud computing isn’t meant to solve the kinds of modeling problems I described, but it does
address the old (and still rampant) upgrading dilemma. Consider Google Docs compared to
traditional Microsoft Office. Yes, MS Office is absolutely stronger and broader on features, but
for very basic document creation, editing, and viewing, Docs is fine—and free in many cases.
Every two or three years, Microsoft rolls out a new Office edition, and regular users must pay
hundreds of dollars for the latest and greatest. In contrast, Google updates Docs every few
months or even weeks, quietly adding and changing features in often unnoticed ways. There are
no upgrade charges or major release versions. Google upgrades its apps constantly, and, again,
they’re usually free for single users. This marks a major paradigm shift that is currently
transforming the software world.
Then there’s the hardware upgrading side. We all know how new software often requires newer,
more powerful hardware able to accommodate its improved features. With cloud-based software,
such demands almost vanish. Vendors such as Google or Yahoo! simply upgrade their
application servers on the fly. Even in the case of major changes, there's no service interruption
or need to change anything on the PC. It just works. And unlike with conventional “local”
software, for which users need to keep adding higher performance hardware to support everevolving features, all you have to worry about with cloud apps is your Web browser. Will the
browser run or not? If so, you're covered. Consider the cloud-based gaming platform, OnLive.
OnLive is a subscription service that lets you play many of the latest, most demanding 3D games
right from the vendor's regional data centers. It doesn't matter if you're running a Mac or some
outdated notebook. The data center is doing all of the hard graphical work, not the local system.
If your computer can run a modern browser, you're good to go.
Not only will cloud computing let you save hundreds of dollars on hardware upgrading, it also
consumes far less energy than the equivalent amount of computing spread across the same
number of users in a local PC model. Think about it in very rough numbers. If you have ten users

who want to run a powerful application, each of them could run that app locally on a PC
consuming 300 watts. Or you could have all ten users running that as a cloud-based app on
hardware consuming only 100 watts. True, you need to figure in a 1,000 W server to feed those
clients, but you're still looking at 3,000 W in the local model versus only 2,000 W for a cloud
approach. Additionally, the more users you add, the greater the power savings per capita thanks
to inherent economies of scaling. There's a green side to cloud computing that few people have
publicized yet. Perhaps if we return to $150 per barrel crude oil, you'll start to hear more about
this.
In any case, while I might have gotten the metacomputing phenomenon exactly wrong, it's clear
that the end of the every-computer-for-itself model is drawing close. In fact, I expect that the
continuing drop in reliance on local computing capability is one of the chief factors contributing
to the downfall of desktop PCs. Who needs to waste all of that space and energy? If I can game
and work on a tablet or a smartphone-type device just as effectively (through the use of attached
peripherals) as on a desktop for a fraction of the power consumption, why should I need a
desktop? This is why I think we'll see desktops contract to less than 10% of the computer market
and become a niche product for the high-end gamers and professional users who really do need
loads of local performance and can't afford the extra communication latency of a cloud model.
Unfortunately, there's nothing that can be done for those old 486s and whatnot in the closet.
Even developing regions are more inclined to want mobile computing devices because they
consume much less power. The only responsible thing to do with your old desktop dinosaurs is
recycle them. The good news is that you'll have fewer such systems sinking into the tar pits of
your deep storage in the future.

Chapter 14: Kids, Computers, Classes, and Karma
Throughout twelve grades of primary school in the U.S., there are certain requirements for
graduation, such as foreign languages, English Literature, algebra, and American History.
Similarly, there are certain skills to be learned: reading, handwriting, spelling (supposedly), and
so on. But there are also informal skills, such as group interaction, time management, effective
essay construction, and synthesizing information. These informal skills rarely appear in the
traditional curriculum and must be absorbed along the way. Those who don’t master them can
still pass through the system with respectable grades, although the piper will eventually be paid.
Until recently, computer use was an informal skill. Even three years ago, my university
professors were shaking their tenured heads in dismay over the number of Internet-based
citations I would offer in papers. Today, though, the media is full of success stories describing
lower-class kids who sling emails to Venezuela and can crank out a PowerPoint presentation on
orchids faster than a run through the lunch line. That’s great stuff, really. But it misses the point.
In fifth grade, I was diagnosed with a score of “Disabled +” in Writing Skills (some of you may
nod with agreement), not because I couldn’t write, but because I couldn’t write quickly. The
standardized test expected a certain number of words in 30 minutes, and I probably only
delivered half of what they wanted because I'm slow at handwriting. The criteria for determining
aptitude, much less quality, was entirely misplaced. It’s always easier to judge objective
attributes such as word count rather than subjective ones such as quality.
So Johnny might crank out a mean PowerPoint presentation, but has he learned anything? Are
teachers looking for flash and sizzle, or do they look at Johnny’s use of facts and how he
compiles ideas?
Moreover, are his teachers really examining the work and saying, “You’re off to a great start, but
let’s take a closer look at...?” Revision, made vastly easier by computers, is still barely taught as
a skill. All students produce garbage. I did it. You did it. Playwriting was the only worthwhile
composition course I took in college because it utilized a multi-month revision process to
illustrate development of proficiency and refinement of quality. However, computers were not
integral to this process. They were a time-saving tool, but the underlying educational technique
was what actually mattered.
This brings us to the real point: Computers in general, and particularly in the classroom, are seen
as an end to be achieved rather than a means by which to enhance current effective methods.
Computers will not change education; only people can do that. Take a close look at the districts
seeing rapid improvement from computer implementation and you’ll also find improved
curricula that emphasize structure, integration, and better learning methods.
“Well, that’s great,” you might say. “All these billions of dollars being spent for classroom
technology. Is it all for nothing?”

No. Like anything else, you can’t use a computer if it’s not there. But there are fundamental
changes that need to occur if computers are going to become useful instruments rather than
glorified Playstations. To this end, I have three suggestions:
1. Eliminate tenure. There are lots of exceptions, even exceptional exceptions, but many
teachers are at best talking lumps and at worst destructive to their students’ motivation. If
students are going to be graded and rewarded according to performance, why shouldn’t teachers?
If instructors were paid on a sliding scale according to their “grade” as determined by class
results and student/peer review, it would revolutionize American education. One direct result
would be that the thousands of teachers who resist learning effective computer methods for the
classroom, whether because it’s unfamiliar or extraneous or just not the way it was done in “their
day,” would either learn in a hurry or be sacked in short order. Those who can, teach. Those who
can’t...watch daytime TV.
2. Full competency in basic office applications—word processor, spreadsheet, database—should
be achieved by the end of junior high. Today’s college students are still playing catch-up in
classes such as “Intro to Word” and “MS Access 101.” These are basic skills for manipulating
information in an academic setting, just like using a calculator or lined spiral notebook. By late
high school and college, students should be able to undertake significant research projects and
not waste effort in determining how to record or manage data.
3. Remember reality. Much has been made of the role of anonymity in email and chat, how not
seeing a person’s color or gender can alleviate prejudice and teach us all just to get along. That’s
a great theory, but it ignores the underlying problem of kids walking into the classroom with
prejudice in the first place. Similarly, I once had a brilliant online friend who never wanted to
meet me because she felt that once I saw how “ugly” she was, I wouldn’t want to communicate
anymore. This sad assumption only underscores how online anonymity has the ability to
exacerbate the interpersonal communication problems we often subdue in person.
The bottom line is that there’s no substitute for human interaction. If computers are going to be a
great tool for “bringing people together,” then people should get together. If kids are taught that
virtual presence is more valid or valuable than real presence, then imagine the problems that
child will have establishing interpersonal relationships down the road. Imagine how they’ll treat
their own kids.

~ ~ ~
Update:
This column has held up particularly well over the last dozen years. The practice of tenure
continues to drag on American universities. We have legions of students graduating from high
school who can barely spell ROFL, much less compose an essay. We may have the highest
amount of classroom technology in the world, but countries such as India and China are blowing
past us in terms of educational growth. Computers must be for learning first, tweeting
second...OK, maybe twelfth.

The core productivity applications—word processor, spreadsheet, presentation software, and
probably an organizational tool such as Microsoft OneNote—all need to be ingrained in students
by the end of grade school or junior high at the latest. If kids can create MySpace pages, they can
use Google Docs. But is this being mandated? No.
My third grader is currently spending a year learning cursive rather than touch typing. When I
asked his teacher why these valuable hours are being spent studying a method of communication
more pertinent to the 19th century than the 21st, she could only reply that she didn't know but
suspected it had to do with the school not having enough computers for so many students. When
I asked a grade school teacher friend of mine if productivity application skills were being taught
now, she replied, "Generally not. The computer lab is mostly used for No Child Left Behind
standards testing, so no one can really get in there for other projects. At our school, even the
computers in our classrooms aren't hooked up because the district ran out of money before the
networking was completed." I read news stories about classroom circumstances like these in
Africa, not in relatively affluent neighborhoods located in the center of Oregon's high-tech
employment corridor. This teacher added that unless a grade school happens to have a teacher on
staff with a special passion for computing, these skills are not taught at all.
As for online anonymity, this seems to be slowly eroding for students. I'm not sure if webcams
will have everyone's face visible to everyone else (I sure hope not), but the rise of interconnected
social media profiles makes it a lot easier to "know" the people you're dealing with online, at
least at a surface level. We're on the verge of seeing enterprise-class online collaboration tools
fall into the mainstream, and soon we'll have cloud-based study platforms wherein students can
work together on projects in real-time and get to know their collaboration partners better in the
process. This is how work is increasingly done in the adult world, so students better learn how to
thrive in this environment, as well.
I still maintain that teaching should be rewarded on the basis of merit, not seniority. And I still
see every sign that American students are rarely taught through revision and idea development
rather than rote. Fortunately, forces are now in play that should help revamp how people get
educated.
One of the most promising such forces is online education. Look at sites such as Khan Academy
(www.khanacademy.org). Available for absolutely free, currently without so much as a banner
ad, Khan Academy offers hundreds of top-quality courses spanning an ever-growing field of
disciplines. No, this education isn't accredited. You couldn't put it on your resume or transcript.
But how long will it be before colleges and employers start caring more about what you know
rather than where you learned it or the grades you received in the process?
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The good side of high quality, free online learning is that it will force our education system to
revamp and shed its antiquated methods. When third world residents can suddenly receive Ivy
League learning on their cell phones, the U.S. will have to adapt—quickly—or else risk
becoming an academic afterthought. Similarly, our astronomical tuition rates will be forced to
come down in response to online competition. No parent is going to pay $40,000 in annual
tuition so a child can run off to have “a great social experience.” European universities deliver
education on par with our American schools and do so at a fraction of the price. If America
doesn't adapt and achieve reasonable cost levels, we'll find ourselves with the world's finest
schools and no students to fill them.
Of course, excellent free education has its dark side. All of those third world learners, never
mind the Chinese and Indians, will soon find themselves taking similar courses as we Americans,
knowing the same information, and being similarly qualified for jobs that can be performed
anywhere in the world. Yet those people can live on $5,000 per year rather than $50,000. In
times past, America could claim that its lifestyle was earned based on the native intellectual
“superiority” of its work force. When the educational playing field gets globally flattened, such
claims won't fool even us. Universally available, top shelf online education might be what saves
the American educational system from its own morbid obesity, but it will also force us to find
new ways to remain world leaders. Our future will no longer be dependent on what we know but
in how we can apply that knowledge in more advantageous ways than our international peers.

Chapter 15: You Gotta Fight for Copyright
It’s hard to turn a profit in small, regional magazines. Some expenses can’t be avoided: paper,
printing, typesetting, distribution, etc. But what about those pesky writers? They don’t need
money. They should just be happy getting their name in print, right? It’s not like they require as
much food as everybody else.
In fact, I can’t think of a quicker way to increase a magazine’s bottom line than stiffing writers.
So here’s my plan for success in publishing: Pick a magazine genre with lots of competition—
say, computers. Start surfing and find other magazines which post their editions on the Web.
(Yours won’t, of course.) When you find a good article, copy it to your hard drive. Double-check
to make sure the magazine is based at least a thousand miles away, so no one will accidentally
match the article from both publications. And voilà—free articles!
Sound improbable? Well, without sinking into self-pity or vendetta, yours truly was the recent
victim of such a scam. Here are the facts:
I sold an article on information overload to a Portland, OR-based magazine, which ran the item
in its online version. The following month, the same article—including comments added by the
Portland editor—appeared in a Virginia-based magazine which only publishes on paper. From
three thousand miles away, I never would have discovered this if not for a friend in Tampa,
Florida, who happened upon the issue.
When I confronted the Virginia editor by e-mail, his wife replied: “Many articles are submitted
for publication, most often via e-mail, to [our magazine]. Most of the
articles that we publish are from either local writers or syndicated services. . . . I don't know how
the specific article ‘Information Overload’ was submitted to us.”
It turns out that every author on the table of contents (save one I couldn’t trace) was located
either on the West Coast or in Canada. Furthermore, that same issue featured an article by
another author—also pulled from the same Portland magazine—without the author’s consent.
Kind of a coincidence, huh?
The first thing I did after calming down was call a lawyer. A week later, the bad news came
back: Federal law states that any original work is copyrighted as soon as it is saved in a
permanent format—in my case, when I hit the Save button in WordPerfect. All rights to the
article remain with the author unless signed away by contract. However, unless the work is
registered with the U.S. Copyright Office ($30 filing fee per item), the owner is only entitled to
sue for loss of income. Regional magazines typically pay $20 to $200 for articles, with $50 being
the average pay for a previously-published story such as this.
Now, even K-Mart blue light lawyers will charge $80 or so to fire off a letter to someone, never
mind prepare a national-level infringement case and take it to court. One editor with experience
in copyright suits informed me that I could expect to lay down $2,000 just to get the case under
way.

In other words, even though my article was legally copyrighted, there was no economically
feasible way to enforce it. If more editors decided to take this path, I and every other
writer/artist/information owner would soon be starving.
The Law Presently Known as Lame
Nearly all present copyright law dates from pre-Internet days. The World Intellectual Property
Organization (WIPO; www.wipo.org) proposed an international treaty in December of 1996
that's still waiting on agreement from participating nations. The American arm of this action, the
Collections of Information Antipiracy Act (H.R. 2652), only passed in the House on May 19,
1998, and is still under attack from various groups. For example, the American Library
Association (www.ala.org) contends that the law would not allow libraries to affordably
distribute database information to patrons.
Only now, at the eleventh hour, are fair use issues being addressed. Bills currently under
consideration would make it illegal to visit a clipart archive and use any given image as your
PC’s wallpaper. Obviously, enforcement of this is impossible. So lawmakers are hashing out
qualifiers such as whether or not copied material will be used for profit. Carried to its logical
extreme, blanket laws would make it illegal to surf the Web, since copies of images and text are
stored in your browser’s cache.
And even if these international protection laws are passed, no one is asking: “How do I, the
individual, receive protection?” Thus far, there is no answer.
Of course, big money still talks. In spring of 1998, Playboy won a $3.74 million suit against Five
Senses Productions for using 7,475 copyrighted Playboy images on its own Web site. Paisley
Park Enterprises, owned by The Artist Formerly Known as Prince, has issued over 30 cease-anddesist orders to Web site owners using the singer’s image and songs for unauthorized profit.
"Prince" representatives stress that they do not wish to attack fan sites, only those who abuse the
artist’s intellectual property for private gain.
The WIPO treaty seeks to endorse this philosophy of drawing the line where public edification
meets private profit. U.S. lawmakers should use it as a guiding principle when creating and
ratifying future policies. The last thing we need is more unenforceable laws.
I don’t mind if readers email copies of my work to each other, so long as they don’t derive
monetary benefit from it that rightfully should have been shared with me for my efforts in
producing the piece. I suspect most content producers would agree. But provision still must be
made for us little guys when our rights and wallets are truly violated. Until this is done, only
those who can afford expensive lawyers will benefit from new legislation. Otherwise, less tactful
solutions will be found.
Civilized Vigilante
And how did the whole Virginia affair turn out? Funny you should ask.

When it became clear that I couldn’t resort to legal action, I did the logical thing: I bluffed. I
informed the magazine that I had contacted my pre-paid legal service (implying that it wouldn’t
cost me anything to prosecute, which wasn’t true) and learned all the options open to me for
recourse (which was true). However, I wished to avoid time-intensive legal operations and would
settle on receiving half of the professional, top-tier rate for feature articles: 50 cents per word, or
$900. Against my expectations, the editor caved in and offered a lesser but still respectable
amount.
I never had to bring out the big guns, such as contacting his advertisers regarding the situation,
writing to the Better Business Bureau, etc. The editor’s money bought that much. But it still
appears that other writers are having their work stolen, and I believe they should at least be
alerted to the fact. One other writer on the list is a columnist for the L.A. Times. Perhaps his work
was used lawfully. The Virginia editor had better hope so. I may not be able to afford a legal
battle, but I bet the L.A. Times can.
“Unless justice be done to others it will not be done to us.” – Woodrow Wilson

~ ~ ~
Update:
Some things do change. For example, I believe that every one of those small, regional computing
magazines I wrote for in the '90s is now dead and buried. We'll return to this topic in a later
column. But some things haven't changed, including the chaos and unenforceable nonsense of
online copyright law.
In America, the 1996 WIPO Copyright Treaty became the 1998 Digital Millennium Copyright
Act (DMCA). The DMCA's anti-circumnavigation provisions led to that legislation becoming
one of the most reviled laws in the online world, marking at least a hiatus in content fair use. The
Online Copyright Infringement Liability Limitation Act (OCILLA) is a lesser-known part of the
DMCA, and it protects service providers from copyright violation liability when they create,
store, or transmit infringing content. That's great news if you're Comcast or Verizon but pretty
much a zero for ordinary users.
The statute of limitations on copyright infringement is only three years, meaning that if I stole
something you wrote or recorded, and that infringement was three years and one day ago, you
couldn't sue me for damages. The Internet is a big place and getting bigger every day, so the
odds of discovering an infringement get smaller all the time.
On the other hand, the statutory damages one can claim for infringement have improved
somewhat. As noted by Professor Lee A. Hollaar at digital-law-online.info (http://digital-lawonline.info/lpdi1.0/treatise16.html ), “Statutory damages allow the court to set the damages in an
amount between $750 and $30,000 for each work that was infringed. If the infringement was

found to be willful, then the statutory damages can go up to $150,000, while if the infringer
shows that the infringement was innocent, they can be reduced to $200.”
Additionally, the site notes, “Section 506 [of the Copyright Act] makes a number of things
criminal offenses, including fraudulent copyright notices, fraudulent removal of copyright
notices, and making false statements in a copyright registration application. {FN85: 17 U.S.C.
§506} But it primarily criminalizes copyright infringement when it is done 'willfully' and either
'for purposes of commercial advantage or private financial gain' or when the infringement
exceeds a total retail value of $1,000 within any 180-day period. If the total retail value exceeds
$2,500 and ten copies, the crime becomes a felony with the possibility of a $250,000 fine and
five years in prison (ten years on a second offense).”
Now, I've just pasted in nearly two paragraphs of text from Professor Hollaar that I intend to use
in a work for my own financial gain. The statements are attributed to the original source, but my
usage was not approved by the professor. Do those five sentences then constitute copyright
infringement and open me up to being sued? I honestly have no idea. Hollaar's section on fair use
notes that there are four factors considered in deciding on whether reused content is legal or
infringing: 1) the purpose of the reuse, including whether the reproduction was for commercial
gain (I'm guilty there); 2) the nature of the copyrighted work; 3) the amount of the original work
actually reproduced (very small in this case); and 4) “the effect of the use upon the potential
market for or value of the copyrighted work.” Because of my attribution, my usage seems more
likely to result in gain for Professor Hollaar than any diminution of his income. So are my
actions illegal? We still don't know.
The bottom line is that copyright law is in a state of flux, still struggling to adapt to the modern
age of electronic communications. It's a work in progress, and enforcement is loose in the face of
ambiguity. Ultimately, that works in the favor of consumers and against traditional publishers.
The recent flourishing of DRM-free music from Amazon, Apple, and other retailers is an
indication that we're moving in the right direction and accepting the new realities of the 21st
century. Artists still make good money, sometimes even without a traditional publishing house in
the middle, and consumers often get the content they want how they want it for less money than
before. This Strange Horizons ebook is a good example. On paper, you would never be able to
buy over 20,000 words of essay/column content for $2. In fact, the book would probably never
have reached print in the first place since the project has no backing from a major media outlet.
The trade-off is that such DRM-free works are open targets for piracy and copyright
infringement. As a content producer open to this risk, I believe that at some point you have to
question your beliefs and motivations. If someone produces content simply in the pursuit of
maximum profit, that's different than producing content with the primary goal of helping or
entertaining people first and hoping to make a decent living as a secondary result. I have enough
faith in people to believe that worthwhile work will be rewarded with honest purchases, and
copyright law will hopefully serve to keep infringement at tolerable levels.
I wish the media outlets would take this message to heart. Instead, we have instances such as my
local newspaper, The Oregonian, opting not to publish freelanced articles in its online database
in order to avoid paying additional usage fees. This echoes the Supreme Court's New York Times

v. Tasini case, in which the Times and other content owners were sued by the National Writers
Union for copyright infringement. The $18 million judgment confirmed that periodicals can't
simply take published content, put it online, and not compensate writers for additional usage. The
Oregonian and its peers would rather have that content vanish from the world than be faced with
paying a few more dollars to its writers.
Those who produce content for money first and people second will scream the loudest about
licensing and piracy while those who have people foremost in mind will accept that a certain
amount of loss is inescapable. In fact, in an ironic twist, piracy may even be a positive indicator
of public demand and spur creators to produce even better work.

Chapter 16: Your PC: Biohazard Inside
It's easy to forget that the personal computer business is barely two decades old. Socially, we’re
still in the honeymoon phase. PCs are entertaining, useful, and convenient. Sometimes, they’re
even status symbols, like cars were in the '50s, conveying power and speed. We haven’t seen
bikini bimbos draped across tower systems on the cover of PC Magazine or Computer Shopper—
yet—but the copious parallels remain inescapable.
With the oil crisis of the '70s, followed by the economic recession of the '80s, automobiles came
under fire for their rampant waste: inefficient fuel consumption; absurd length, weight, and
materials composition; uncountable tons of metals being piled into scrap heaps and landfills; and
all of that noxious air pollution. I recently heard about a massive storm that rolled over Japan,
and how Tokyo inhabitants awoke the next morning, as if from a bad dream, to their first breath
of fresh air in years. There are congested areas here in supposedly pristine Portland, Oregon
where my wife’s asthma won’t allow her to take the bus. And think back to the past summer.
How many air pollution stories did you hear about on the news? Pollution is hardly newsworthy
anymore. Nobody questions the norm.
The environmental awakening that began for cars in the '70s is today fighting for a foothold in
the PC industry. The honeymoon is almost over. Studies are beginning to surface that reveal the
underbelly of microprocessor production. One paper, “The Environmental Cost of Computer
Chips” (www.corpwatch.org/article.php?id=3432), provides the following statistics from Intel’s
Rio Rancho, NM fab plant.
For every six-inch silicon wafer produced, enough for about 185 Pentium CPUs, the following
resources are used:
— 3,200 cubic feet of bulk gases
— 22 cubic feet of hazardous gases
— 2,275 gallons of deionized water
— 20 pounds of chemicals
— 285 kilowatt hours of electrical power
Additionally, for the same six-inch wafer, the following wastes are generated:
— 25 pounds sodium hydroxide
— 2,840 gallons of waste water
— 7 pounds of miscellaneous hazardous wastes
Rio Rancho, like most similar fab installations, can produce 5,000 such wafers each week.
I'm not singling out Intel for condemnation. Texas Instruments voluntarily released a similar
study quoting even higher numbers. And remember, this is just for CPU production. Monitor,
printed circuit board (PCB), and plastics plants all contribute their own equal, if not greater,
numbers to the overall toxic equation.

As bad as this may sound, Rio Rancho didn’t even make the U.S. Environmental Protection
Agency’s (EPA) May 1998 top 10 list for largest annual toxic release index (TRI) facilities. The
#1 position, towering over the rest of the pack with an annual TRI output of 428,005 pounds,
goes to Zenith Electronics’s plant in Melrose Park, IL. Coming in at #2 with 280,598 pounds,
Toshiba Display Devices facility in Horseheads, NY looks downright environmentally friendly.
Among the 53 TRI compounds released by these fabs—a cornucopia of carcinogens, ozone
depleters, and heavy metals—are nitric, hydrochloric, phosphoric, and sulfuric acids; ammonia;
lead; arsenic; cobalt; and 1,1,1-trichloroethylene, which has been linked to numerous health
problems.
So where do the more than 4.3 million pounds of toxic waste produced annually go? Depending
on your proximity to such plants, you may not have far to look.
Ted Smith, Executive Director of the Silicon Valley Toxics Coalition, talks about the
predicament of Silicon Valley in his paper, “The Dark Side of High Tech Development:”
“Silicon Valley has more [EPA] Superfund contamination sites (29) than any other area in the
country with more than 150 ground water contamination sites. A State Health department study
found a three-fold increase of birth defects in a neighborhood where leaking chemicals
contaminated the water supply.”
Phoenix, AZ, is home to both Intel and Motorola plants, the latter having been in use for over 30
years. The essay, “High Stakes in the High Desert” (originally from
www.igc.org/envjustice/communique/hightech.html), states: “A giant poisonous stream of
contaminated groundwater, called a plume, is unfurling beneath the city of Phoenix, and has
already ruined scores of wells. At nine miles long and counting, it's eking out into precious
drinking water. As the residential water supply shrinks, the city could experience a serious
shortage. Memos obtained by reporter Terry Greene [for the New York Times] reveal that some
individuals within [Motorola] were aware of the potentially harmful effects of dumping close to
90,000 gallons of solvents into sewers and into the bare ground.”
Accidents will happen. So long as manufacturers persist in adopting and increasing processes
that generate toxic waste, we will continue to find its damaging effects creeping into our
communities. Moreover, to view it as an American problem is misleading. Federal programs like
NAFTA and GATT enable American industries to make use of the cheap labor and nonregulation found in third-world countries. If you think the uproar over Nike contract employees
getting paid peanuts was big, just wait until the toxic fallout reports start filtering in from East
Asia. It’s not an “if” situation—it’s a “when.”
Here’s one last resource to consider. Most of us take water for granted, especially in rainy
regions. But even in rainy Portland, OR, where I grew up, drought summers are not uncommon.
Water strains in dry regions can be outright devastating. Sandra Postel, in the April 1997
Technology Review, supplied some sobering, painfully logical information:

1. Of all the water available on our blue planet, only .008% is renewable, freshwater, and landbased. This amounts to 110,300 cubic kilometers (km3) annual supply.
2. Two-thirds of this amount is lost to plant transpiration and atmospheric evaporation. This
leaves 40,700km3 for rivers, streams, and aquifers—i.e., for human use.
3. Many regions with the greatest water flow are economically inaccessible for cultivation, such
as the Amazon, high latitudes, etc. This leaves 32,900km3 within geographic reach.
4. Of this amount, three-quarters is flood water, thereby not accessible on demand. But with the
help of dams, reservoirs, etc., the stable supply of renewable freshwater is 12,500km3.
5. Of this amount, over 50% is already in use. But this still leaves a lot of swimming room, right?
6. Wrong. From 1950 to 1990, the global population rose by 2.7 billion and water use tripled.
The overpopulation crisis continues unabated, particularly in third-world countries where water
is scarcest, and the simple math bears out that we cannot support a similar rise in
population/water use.
How does this relate to computers? Intel’s Rio Rancho fab in New Mexico and Sumimoto
Sitex’s new plant in Phoenix will together consume over 7.5 million gallons of water daily from
a region that is already water-starved. This egregious consumption strains a supply already
stretched for non-industrial uses, like agriculture and human drinking water. Also consider that
the statistics on available water do not consider the growing number of water sources
contaminated by PC fabs and other industrial plants. For instance, trichloroethylene (TCI), a
common toxic waste product in fabs, is virtually impossible to remove once it has penetrated an
aquifer.
One might expect that communities would shun the erection of fabs in their backyards, much as
they do prisons. Quite the contrary, governments bend over backwards to welcome the
employment-boosting factories. “High Stakes in the High Desert” goes on to say: “To facilitate
the location of the 400 million dollar plant in Phoenix, Sumitomo was granted status as a federal
free trade subzone. That means no taxes are levied against imported or exported materials. The
company was also given a whopping 13 million dollars for developing industrial infrastructure.
No strings attached. This amounts to taxpayers paying for the cost of sewer, water and storage
systems used by private industry.”
Nor is Arizona alone. John Young, in Global Network: Computers in a Sustainable Society (page
14), reports: “New Mexico, for example has offered Intel $2 billion in industrial revenue bond
financing, $300 million in tax abatement, the right to pump 6 million gallons per day of scarce
desert water, and permits for 350 tons per year of volatile air pollution as incentives for siting a
new chip-production facility within the state.”
Plainly, PC production as usual is not in our best interests locally, nationally, or globally. Change
will happen, but whether from our own demands or the demands of Mother Nature remains to be
seen.

This may be a good time to point out that Strange Horizons is not about pointing fingers
(usually). It’s about opening our collective eyes and finding better solutions to the technological
problems that confront our society. This isn’t an attempt to spout a bunch of tree-hugging hippiespeak. There are problems. Let’s solve them.
Some companies have already started. When ozone-depleting CFCs were banned in the '80s,
companies were forced to find chemical replacements. And wouldn’t you know it? The
substitutes turned out to be of better quality and cheaper to produce. By 1990, Digital had phased
out its usage of ethylene glycol ethers. In April of 1998, Toshiba announced an easily recyclable
new packaging for transistors which eliminates older, toxin-producing epoxy compound
packages. IBM (originally at www.ibm.com/ibm/environment/annual97/waste.html) boasts, “In
1996, IBM’s hazardous waste generation declined by 9.7 percent or nearly 7,000 metric tons
compared to 1995. The percent of hazardous waste recycled remained relatively constant at 78
percent.” Moreover, IBM continues (..../annual97/water.html), “At IBM’s site in Yasu, Japan,
improvements made to the ultra deionized water recycling system increased its efficiency and
reduced water consumption by 23.2 million gallons per year.” Similar benefits were realized at
IBM’s Rochester, Minnesota plant.
The message to send manufacturers is this: Although you may incur costs in switching to more
environmentally friendly methods, the long term reduction in materials usage will not only pay
for installation costs but make the entire operation more profitable. A few companies are
beginning to realize this and take steps toward improvement. It’s our job, as conscientious
consumers, to reward the responsible ones and punish the continuing offenders. Saving $100 on
your next computer is going to seem pretty insignificant compared to the cost of treating
lymphoma disorders caused by your tap water.
For space reasons, many related topics have been omitted, especially the issue of power
consumption, which depletes its own vast set of resources. Suffice it to say that even though the
U.S. government instituted the ENERGY STAR power conservation program in 1992, only a
relative handful of users have their systems configured properly to utilize it. All those nifty
screen savers defeat ENERGY STAR power-down features, as does your dealer not enabling
them at the point of purchase. But who can blame you? When was the last time you saw a
computer manufacturer advertising ENERGY STAR features? Where’s the public’s positive
reinforcement? Conservation saves money. Perhaps this is heresy in a consumer-oriented market.
After all, consumers are supposed to consume, not conserve.
Next month, we’ll examine the issue of recycling. Cleaning up PC production still leaves the
issue of disposal. But fear not! There are always solutions....

~ ~ ~
Update:

I'd like to touch on that missing energy consumption point for just a moment. I was recently
interviewing Nicolas Villalobos, director of product management for the U.S. branch of Shuttle
Computers. Shuttle pioneered the small form factor (SFF) PC market in 2002 and ever since has
staked a large part of its business on creating systems with the performance of full-size PCs in
something closer to the size of a shoe box. Nicolas and I have a good work relationship, in part
because he's much more technically savvy than many tech marketers, and we frequently carry on
formal discussions via email that veer into informality over IM and the phone. By email, we had
the following exchange.
Me: Why should everyday PC users wake up and care about power consumption?
Nick: Well, for one, it takes a toll on your electricity bill. At Shuttle, we strive to integrate green
into everything we do—from the small footprint of our PCs to the eco-friendly materials we use.
At our office, we even power down the lights during lunch every day as a way for us to stay
green. But for everyday users, it’s too easy not to think about the amount of power your PC pulls
and what that does to the environment or your electricity bills.
On a personal note though, I notice that consumers do not pay much attention to whether a
product is eco-friendly or not when making purchases—but they do pay attention to the price
tag. Most interestingly, although eco-friendly products might cost a bit more initially, it often
pays itself back in the long run, and I hope more consumers eventually see that. Again, it’s all
about re-educating the consumer.
This got my journalistic hackles up. I'd asked Nick a trick question, and he'd done the best he
could to answer in a politically correct, warm, fuzzy way. But it was too fuzzy for my liking, so I
pressed him further.
Me: Say I run a typical PC in active state for 12 hours per day, 350 days per year. Also say the
difference between a full desktop and an SFF is 100W when active—a really high estimate since
most of the components are similar and the cost for electricity is 11 cents per kWh, which is
higher than the national average. (In 2009, X-bit Labs showed 137W for a “home PC” in “the
hardest operation mode,” so a 100W delta may be generous.) Under these circumstances, an
SFF would save $48 per year in power. Do you foresee your buyers hanging onto their Shuttle
SFFs for at least three or four years in order to go in the black (or “green”) on power savings?
At this point, Nick took our conversation offline, and as soon as we revisited my question, the
tension and volume of our chat rose significantly. He knew I'd set him up, and we both blurted
out the same idea at the same time: There's no way to answer the question, because the truth is
that consumers don't give a damn about saving energy. For that matter, most don't even care
about being green. Large businesses care, because when you have 1,000 PCs in an office, saving
even $20 per year from running a more energy-efficient system suddenly turns into $60,000 over
a three-year use cycle.
But mainstream consumers genuinely don't care, at least not here in America. I've seen external
hard drives with bamboo and aluminum cases, wooden keyboards, Fujitsu motherboards made
with a fraction of the toxins used in competing products, on and on...and in the nearly 14 years

I've covered this market, nobody cared. I recently ran a contest story on Tom's Guide
(www.tomsguide.com/us/energy-electricity-vampire-contest,review-1541.html), complete with
prizes, that discussed how users could save money by using energy-efficient power strips and
changing a few habits. The story didn't even reach 30,000 total page views. A few days before
that, on the same site, promoted in the exact same home page location, a mouse pad roundup
brought in over 150,000 views. What does that tell you?
In this Tom's Guide article, I used an increasingly common type of surge strip to eliminate
energy loss when the attached devices were turned off, often called vampire loads. I simply took
20 common electronic devices from around my home, everything from the wireless access point
in my office to my espresso machine to my bedroom's air filter, and used these power-saving
strips in conjunction with turning certain devices off during periods of the day when they would
not be in use. The bottom line was that this simple change resulted in 32% less energy use across
the 20 devices, yielding a savings of $8.49 per month. When you tell that to the average
consumer, he or she thinks, "Eight bucks. Big deal. I'm not going to deal with all that just to
afford one more drive-thru meal." So no one does.
On the other hand, large businesses care a great deal about energy usage. Let's revisit those
numbers I emailed to Nick, assume they were wildly optimistic, and cut them down by twothirds. That's still about $16 in annual energy savings per PC just from going to a more energyefficient design. The United Nations Information Economy Report for 2007-2008 showed 0.4466
computers per employee. The math isn't hard. If a company has 10,000 employees, that's roughly
45,000 computers. If each of those ran a more power-efficient PC able to save $16 in electricity
per year, that's a total savings to the organization of $720,000 annually.
Yet this number is dwarfed by server energy consumption. Quoting ARM president Tudor
Brown, a June 29, 2010 article on The Inquirer noted, "Currently servers themselves account for
around 2.5 percent of the US energy bill, and cooling them accounts for as much again." In 2006,
the EPA reported to Congress that powering and cooling data centers alone in the U.S. cost about
$4.5 billion.
Meanwhile, less than 8% of America's energy comes from renewable resources. Almost 60%
still comes from oil and coal. I strongly encourage anyone interested in this issue to read Thomas
Friedman's Hot, Flat, and Crowded and see why this is such a precipitous, devastating
imbalance. The next major economic wave will be driven by clean energy. The world's growth
and stability depends on it. Yet, as Bill Gates and the American Energy Innovation Council
(www.americanenergyinnovation.org) have noted, the U.S. federal government currently spends
less than $5 billion per year on energy research and development. The military R&D budget now
stands at $80 billion.
I digress. Let's get back to discussing computing, tech manufacturers, and eco-friendliness. Since
2006, Greenpeace has published its Guide to Greener Electronics
(www.greenpeace.org/electronics), which ranks the top 18 manufacturers of consumer
computing and entertainment gear by their chemical, recycling, and climate change actions.
Perhaps not surprisingly, the three top-ranking companies as of October 2010 are European:

Nokia (Finland), Sony Ericsson (Sweden), and Philips (Dutch). America enters the list with HP
at number four.

As an example, Apple (#9) scores high marks for eliminating PVC plastics and brominated flame
retardants (BFRs) from its hardware but gets dinged for its lack of providing information about
its supply chain handling or future toxic chemical phase-out plans. Imagine that―Apple being
secretive about future plans.
Interestingly, it seems that most consumers don't read Greenpeace's report cards. The 2009 Ipsos
Green Technology Report noted how consumers feel the most eco-friendly brands are Apple
(24%), Microsoft (21%), Google (21%), and HP (21%). Ipsos also found that, overall, only about
one-third of consumers consider environmental issues when purchasing electronic devices.
Circling back to our original discussion of chemical waste in tech manufacturing, one of the best
and most alarming articles I've seen on the subject was "High-Tech Trash" in the January 2008
National Geographic (http://ngm.nationalgeographic.com/2008/01/high-tech-trash/carroll-text).
Far from reflecting a growing awareness and action since my original column publication in
1998, this 2008 article notes:
"In the United States, it is estimated that more than 70 percent of discarded computers and
monitors, and well over 80 percent of TVs, eventually end up in landfills, despite a growing
number of state laws that prohibit dumping of e-waste, which may leak lead, mercury, arsenic,
cadmium, beryllium, and other toxics into the ground. Meanwhile, a staggering volume of
unused electronic gear sits in storage—about 180 million TVs, desktop PCs, and other
components as of 2005, according to the EPA."
The CBS show 60 Minutes
(www.cbsnews.com/stories/2008/11/06/60minutes/main4579229.shtml) did a similar story about
how America dumps its e-waste into developing nations, where we can't see the "recycling"
work done in poor communities and the poisonous effects it has on laborers of every age. The 60
Minutes story ends with sobering evidence of how, despite laws forbidding it, American
companies are still more than willing to export their toxic waste to banned areas in pursuit of
easy money.

I could fill another ten pages with depressing news about electronics toxins, but you get the idea.
It was bad a decade ago; it's still bad today. Every once in a while, you might spot occasional
beacons of hope. For example, semiconductor manufacturing plants, or "fabs," still use two to
four million gallons of ultrapure water every day—water so processed and pure that it doesn't
even contain dead bacteria. This amount of water, according to one IEEE Spectrum podcast, is
equivalent to the daily water consumption of a 50,000-resident city. Much of this fab water
consumption goes into rinsing silicon wafers to ensure that they're perfectly clean. However, like
a car wash, this wafer washing has traditionally used the same amount of water for every rinse
cycle, regardless of whether the wafer needs additional rinsing or not. This led University of
Arizona chemical engineer Dr. Jun Yan to develop a sensor able to tell when a wafer is truly
clean. With that achieved, the rinse cycle can immediately stop. This enhancement alone is
expected to let fabs conserve millions of gallons of water daily.
While valuable and sorely needed, though, advances such as Dr. Yan's sensor are, so to speak, a
drop in the bucket. The U.S. government has done depressingly little to address recycling needs
anywhere from materials manufacturing to consumer device take-back programs. At least the
EPA is working to keep pace with European measures such as RoHS (www.rohs.gov.uk) and
WEEE (http://ec.europa.eu/environment/waste/weee). These measures restrict the toxins that can
be used in electronics manufacturing and how electronics can be disposed of and recycled. The
EPA continues to leave disposal and recycling up to the states (without a sufficient waste
management infrastructure to handle the load), but the Pollution Prevention (P2) program
(www.epa.gov/p2) at least establishes guidelines on what substances should be used in tech
manufacturing.
Efforts such as P2 rarely contain actual penalties. Instead, the government is betting that private
industry will follow along when bids are at stake. An increasing number of government agencies
and large enterprises are refusing to buy from companies with products that don't adhere to
certain environmental standards. Essentially, these groups are telling manufacturers, "Feel free.
Make whatever you like. Just don't expect us to buy it unless you adhere to these specifications."
Slowly, organizations are realizing that a population polluting itself to death will not be around
to buy products and services in the future. Where laws and conscience fail, purchase orders will
win. The challenge for individual buyers is to discover which vendors support healthier
manufacturing and support them. Quick emails of support or rebuke to vendors' feedback sites
will be heard over time.
Of course, even optimal electronics manufacturing is unhealthy. By weeding out the most toxic
chemicals and recycling the electronics responsibly, we're trying to make the best of a bad deal.
In the end, though, the most sustainable approach is to consume less and give more thought to
the "reduce" in "reduce, reuse, and recycle." Do we really need new cell phones every two years?
Does it make sense to upgrade to a bigger or higher resolution monitor simply because it looks
better and we can afford it?
Once upon a time, Americans used to fix things as a habit. Back then, it was out of economic
necessity and a tradition of frugality. Today, we might want to revisit those roots, if only out of
concern for the welfare of human lives around the world, including our own.

Chapter 17: Break It Down
“It is not my job to clean up your mess.” – Florence Van Winkle, my mom
Your mom, too, right? Sounds like some kind of Jungian archetype: Universal Mom.
Long-term responses to Universal Mom’s message generally fall into two categories: 1) You see
the light. “Oh, yeah. It actually is my mess. I'd better take care of that.” 2) Juvenile rebellion.
“It’s only underwear and cold pizza. Relax. They biodegrade.”
Last month, we looked at the toxic mess produced in PC fabrication. But at the end of the ewaste cycle are the discarded PCs themselves. Systems get slow and become outmoded. They get
relegated to the closet like shameful secrets. Some go to friends, some to schools. Some even get
refurbished and resold. But ultimately, most will sink into landfills.
So here it is: You bought it; it’s your mess. Unlike pizza and underwear, PCs do not biodegrade.
Now, I’m not your mom. I’m not here to lecture so long and incessantly that you feel compelled
to slam your bedroom door, escape out the window, and go looting with your disheveled slacker
friends. I simply want to point out the mess your PC is part of and what you can do about
cleaning it up. You're not responsible for everybody’s mess—just yours.
The Mess at a Glance
“GreenDisk of Preston, Wash., cites industry estimates that PC users worldwide throw away
enough [floppy] disks to form a pile ‘as high as the Sears Tower’ [110 stories] every 21
seconds.”
– Science News (December 3, 1995; p. 424)
“Only 10 percent of the 6 to 13 million computers taken out of service each year in the U.S. are
reused or recycled. About 15 percent are landfilled, and a whopping 75 percent are stockpiled.”
– Brenda Platt, Director of Materials Recovery, Institute for Local Self-Reliance
“A 1993 Carnegie-Mellon study that has been well publicized, but not verified, says that 150
million PCs will be heading for disposal by 2005. Omni Magazine’s March 1995 issue said that
79 million computers would be ‘retired’ in that year.”
– Fred Friedman, U.S. Environmental Protection Agency New England
Need a visual? Seventy-nine million computer systems would fill a square acre to a height of
over two miles. Mind you, that’s only one year’s projected waste at 1995 production levels. And
the statistics behind this number don’t include peripherals such as printers, external modems,
hubs, speakers, cables, backup drives, and so on.

E-waste recycling in Ann Arbor. Photo by George Hotelling, via Flickr.

Statistics on discarded PCs are hard to come by. Only sales figures are steadily monitored, so
waste levels become a matter of educated extrapolation. Appliance Manufacturer Magazine
(January 1997) reported that 21,200,000 microcomputers were sold in 1995 (on top of 12,000
mainframes and 254,000 mini computers). If only 10 percent of these are “reused or recycled,”
that leaves over 19 million systems annually bound for the landfill, because the remaining 75%
being “stockpiled” will eventually be swept away in manic closet and garage purges. Just ask my
wife.
Lastly, remember to account for the increasing trend of obsolescence. It’s not just about Moore’s
Law and how everything is seemingly outdated as soon as it lands on your desk. Because
customers continue to demand cheaper systems, they will get increasingly cheap component
quality. When $200 monitors fizzle weeks past warranty and any repair shop charges $65 simply
to examine it, the escalating amount of glass and lead waste alone is horrendous.
Reuse vs. Recycling
Remember last month when I said it was cheaper to be environmentally-minded? Case in point: I
recently needed a new toner cartridge for my laser printer. They cost $150 new. With a little
Yellow Pages searching, I found a local company that provided remanufactured models for $80 –
and delivered for free! Moreover, if there’s a difference in quality, I sure can’t see it.
This is an example of reuse, which is far more common with finished PCs than having the
materials in those PCs actually recycled. Older PCs are frequently upgraded and/or sold on used
markets. Some companies even specialize in sending cast-off technologies to developing areas
such as Eastern Europe or China.
Reuse is worthwhile and helps many who can’t afford new equipment, but it still only forestalls
the inevitable outcome. If those countries are ten years behind us in computing, then they’ll
eventually be tossing out their 386s, just like we did. Don’t think that it’s not our problem simply

because the waste is in foreign soil. When crop fields give way to landfills and the U.S. forks out
millions of dollars for humanitarian assistance, it’ll still be our problem.
Who’s on the Ball?
The good news is that many major corporations and governments are pushing to integrate
recycling into manufacturing processes. The not as good news is that most of these efforts have
been in Europe. Canon, Compaq, Ricoh, and Xerox have all initiated recycling programs in their
European branches. IBM runs recycling projects in eight European countries, taking back over
12,000 metric tons of computer parts per year. In 1993, a strong German initiative attempted to
make “take back” programs mandatory for all electronics manufacturers.
IBM Sweden wanted to demonstrate its commitment to environmentalism, so it commissioned
Swedish glass designer Jonas Torstensson to create sculptures (specifically carafes, candle
lanterns, decanter sets, bowls, and platters) out of dead cathode-ray tubes. Note to die-hard
computer geeks: I guarantee you will get more social mileage out of displaying one of these
stunning pieces at your next office party than by bragging about your still-intact TRS 80.
Here in the U.S., there’s still progress being made. One example is Dell Computer Corp., which
announced in November of 1996 the conversion of its OptiPlex PC line to OptiFrame chasses,
which are 100 percent recyclable. In late 1992, IBM launched the PS/2 E, which still holds the
record for most-recyclable personal computer. Unfortunately, mismarketing and exorbitant
pricing sent the PS/2 E to an early death.
Sadly, virtually no major recycling efforts have penetrated the PC clone market. Some of this is
undoubtedly due to the decentralized and hyper-competitive nature of the channel. For a
multinational manufacturer to make an environmental move from the top down is simplicity
itself compared to persuading hundreds of smaller, independent system builders around the
world to accept new, “green” practices and standards—while still lowering prices to
accommodate customer demands.
What Needs to Happen?
Many of us recycle bottles and cans. Most states require a surcharge to be applied at the point of
sale, refundable upon return. We may grumble about paying an extra five cents for a Coke, but
everyone understands that the aim is to keep garbage off the streets and raw materials in
circulation.
Why not apply the same process to PCs? So maybe you pay an extra $100 for the system ($40
for the main box, $40 for the monitor, and $20 for the printer—something like that). Each
component is stamped with a refund value, just like a can. And as with cans, the product dealer is
compensated by the recycling center when the materials are picked up at regular intervals. The
average cost of a PC has dropped $700 in the last two years. We can afford to put $100 back in
the pot.

I know the arguments: It’s more bureaucracy, more money, more hassle. But you know what?
You chose to suck up those materials. It’s your mess. Don’t ask your neighbors to clean it up.
Don’t ask your grandchildren, either.
If the U.S. government mandates recycling standards for electronics components, foreign
vendors will comply, just as they did with the ENERGY STAR standard. America comprises far
too large of a market for foreign vendors to brush off. (For that matter, all of the most stringent
monitor emissions standards have come from Europe.) PC recycling facilities already exist. If
these facilities need to be expanded, then the cost can be defrayed by levies on electronics
manufacturers/vendors, which would be compensated by increased sale costs to the end user.
That way, only target consumers bear the expense, not the general public. Besides, you never
know. Perhaps with all of those materials flowing back into the manufacturing chain, we might
even see a decrease in overall system prices. Imagine that.

~ ~ ~
Update:
Years later, I learned the sad flaw in my PC recycling plan: America doesn't recycle that much
technology. We dispose. We transport. We shred. But we don't actually smelt down many tech
materials and make them reusable in other forms. Most circuit board smelters are in Europe.
Most of the ABS plastics used PC peripherals go to China. There are no precious metal smelters
in North America.
I had an interesting discussion with Brent Young, Director of Business Development at E-Tech
Recycling in Hillsboro, OR (www.etechrecycling.com). At one point, we were discussing the
recycling of the countless thousands of CRTs monitors exiting homes and businesses as they get
replaced with LCD panels.
“Most disposition happens overseas,” explained Young. “There’s only one lead smelter in the
United States that will take CRT glass. They’re in Missouri, but they’re on allocation. They can
only do so many CRT monitors at a time, so it’s very difficult to send them product. Then there’s
Dlubak Glass out of Ohio. They don’t smelt. They refine, meaning they separate it out into clean
glass and dirty glass, meaning glass that contains lead. They then send that glass off to a smelter
overseas. Until the last two or three years, you could send to Samsung in Malaysia and a
company in Mexico, but Samsung shut down its glass operations, and we can’t go to Malaysia
anymore. All three smelters in Mexico are having issues with their permits and aren’t usable
right now. You have no choice but to look at refiners who can shred the glass and then send it to
a smelter. Usually, you end up sticking it in a warehouse because there’s no place to go with it.”
That's right. The monitor glass we think we're responsibly recycling ends up sitting in storage,
endlessly receiving waste permit renewals because state and federal regulators would rather keep
issuing paperwork and pushing the problem into the future than find a real solution.

Moreover, with many LCD panels now having been in use long enough to fail or need
replacement, we need to consider how much hazard LCDs represent. Most people assume that
LCDs are more environmentally friendly than CRTs, and in many ways they are. LCDs consume
a fraction of the energy that CRTs guzzle. However, LCDs are only just now adopting white
LED backlighting. All backlights up until now were based on compact fluorescent tubes. Just
like the spiral CFL bulbs you put into lamps, these tubes contain mercury, which is incredibly
toxic. As Brent Young told me, "If I took 25 four-foot fluorescent tubes out into the middle of a
two-acre lake, broke them, and dumped them in the lake, nothing would grow there for at least a
decade."
To date, I've heard nothing about research into biodegradable plastics of computing devices or
any other developments that would address the e-waste problem at a materials level. That said,
there has been progress on encouraging consumers to not consign their gear to landfills. Dell,
HP, and other big-name vendors have become much more responsible with their take-back
programs, which encourage customers to return their unwanted devices for recycling, sometimes
even with credit toward subsequent purchases. Twenty states, along with the city of New York,
now have laws that place a recycling fee on video display devices. Only one of the states pushes
this cost onto the consumer at the point of sale. Every other location assesses annual fees up to
$25,000 onto manufacturers selling their display products within that city or state. While these
efforts are laudable, they're clearly only a start and one piece of a much larger puzzle still
needing to be addressed. Disposing of video devices is not the same as recycling them from
“grave to cradle.”
While America still lacks a cohesive tech recycling program, the closest thing to it is the
Environmental Protection Agency’s eCycling program
(www.epa.gov/osw/conserve/materials/ecycling). You can get more information about local
recycling programs at the National Electronics Recycling Infrastructure Clearinghouse (NERIC,
www.ecyclingresource.com). Slowly, progress is being made, but we must move faster.
Especially with China and other developing economies entering their own tech boom cycles, the
necessity of developing methods for drastically reducing e-waste is more important now than
ever.

Chapter 18: Reading, Writing, and Recycling
In 1995, according to the U.S. Environmental Protection Agency, 81.5 million tons of paper and
paperboard waste were generated in America. Of this, only 40% was recycled, leaving 49 million
tons for our landfills. Globally, this disappointing figure can seem downright exceptional. I
recently met a Japanese exchange student who, when noting our curbside recycling service,
stated that in her country, people could exchange a certain quantity of newsprint for toilet paper,
but all excess paper waste was toted out for dumping into the ocean.
Over the last two months, we’ve looked at PC recycling and toxic waste in electronics
production. This month, we’ll finish the “Strange Horizons Tree-Hugging Trio” by looking at
paper consumption and how technology may yet offer us help toward a solution.
Part I: The Promise and the Reality
For the last twenty years, we've been hearing about the “paperless” office/home/society just
around the calendar corner, but the actual trend has been exactly the opposite. The above-cited
EPA statistic comes from a table showing the inexorable increase in paper consumption. In 1980,
America consumed 54.7 tons of paper and recycled only 21.8% of it. Over fifteen years, that’s a
67% increase in usage but only an 18% increase in recycling efficiency.
I'd hate to go on record as being the latest in a long line of optimistic yet myopic prophets
announcing the end of paper. Rather than focusing on the impossibility of a paperless society, I
prefer to discuss the potential of paperless individuals. Without even trying, I bet you can find at
least ten ways of reducing or eliminating your present paper usage—and thereby help your wallet
in the process. To illustrate, here are some methods I've implemented right here at my humble
desk.
1. 3M Post-It Software [now called Digital Notes; see www.post-it.com]. Some of us use Post-Its
to the point of interior decoration. But they get stacked, crumpled, attached to outgoing garbage,
and so on. This program improves on the ubiquitous sticky note. By putting them on the inside of
your screen, they're always visible, always handy, and never accidentally lost. Well...almost
never.
2. Reuse print-outs. I use my laser printer copiously when doing Internet research. You've
undoubtedly noticed that most Web pages have infuriatingly long trailers, sections filled with
useless information like navigation bars, company addresses, and ad banners— everything you
don't care about. In fact, about one out of every four pages I print is such worthless wastage. So I
figured, "Hey, I'm just printing this for my files. One side of the paper is still blank. Hmm..." So I
started a reuse pile, which is now nearly as tall as my laser printer. It's cheap, it's green, and it
works just fine for such a purpose.
3. Print 1 to 1. Similarly, many Web-based items are 500 words or less, small enough to easily
fit on a single page if it wasn’t for all the bottom clutter. When you go to print the page, check
the options in the Print dialog box. Windows defaults to printing “All” pages, but it’s only one

more step to print from page “1 to 1” or “current page,” thereby only printing the first page and
cutting off the garbage you don't need.
4. Be friendly. To further reduce print-out wastage, try to visit sites that offer alternative, printerfriendly layouts. For instance, every article at thestandard.com has a link to the same article
formatted with full margins and minimal banner ads.
5. Buy a white board, not a cork board. You won’t lose pins or use paper. And I hate it when
those little cork chunks start flaking off.
6. Use the library. I’m a horrible magazine pig, but I’ve gradually started narrowing down my
subscription list. I know this is heresy for a writer to suggest, but ask yourself what’s really
essential. If there’s an article in a magazine you can’t live without, spend 50 cents at the library
to photocopy it. They need the money and you need the space.
At the Office
According to BC Business (December, 1997), “the average employee is responsible for creating
an astounding tonne of garbage every year.” Further, companies that do recycle only manage to
capture about half of the paper waste generated. What can be done to improve the situation? And
more important to bosses, how can recycling costs be cut?
1. Follow the above steps for home use. They work just as well at the office.
2. Think before you print. It’s all too easy to print a dozen drafts of one document because it
wasn’t proofed or discussed properly in advance. I watched my boss spew eight copies of one
page the other day, trying to get a color tone just right, even though it would look different when
sent to be professionally printed.
3. Set small paper bins right beside the trash bin at each desk. Even the environmentally
unconscious can’t justify wasting paper when it’s just as easy to recycle. And emptying such bins
provides one more reason to get up and stretch.
4. Schedule less frequent pick-ups or arrange for pick-up on demand. If you don’t fill your
dumpster regularly, don’t pay for empty space.
5. Look into digital imaging, especially onto inexpensive CD-R media. It’s a great way to
archive documents and eliminate paper filing. Retrieval is quicker, more organized, and original
documents don’t deteriorate with age.
6. Gather information online. A good place to start is the Environmental Protection Agency at
http://www.epa.gov/osw/conserve/materials/paper/basics.
Part II: Curl Up With a Good Data Reader

It’s impossible to list or imagine all the ways technology can help us overcome the waste crisis.
But one device is nearly upon us which will both assist in reducing paper and help us segue back
into the usual Strange Horizons diet of gadgets and breaking technologies: the electronic reader.
Computer users have been able to download stories, novels, articles, documentation, and all
manner of text for years. But despite ready availability, the PC remains a distant choice for
would-be readers. Chances are that you’re viewing this article on paper, even though the
magazine offers an online version. The advantages of paper are obvious: portability, readability,
cost advantages, and so on.
But the price of paper continues to escalate, forcing publishers to consider other options if they
want to continue reaching a budget-conscious audience. PCs appear unlikely to provide the
answer. PDAs, such as 3Com’s PalmPilot, solve the portability issue, but the display is too dim
and scrolling gives me a headache. A better answer, the electronic reader, should be arriving
right around the time you read this.
Three separate products, each backed by big-budget publishing interests, are scheduled to debut
during the third quarter of 1998: Everybook (Everybook, Inc.), RocketBook (NuvoMedia), and
SoftBook (Virtual Press). [Note: Official pages for all three of these e-readers no longer exist.]
For a full description of these products, check out Wired’s admirable round-up in its July issue
(6.07).

Nuvomedia’s Rocketbook

The popular moniker of “digital book” can be misleading. Its use spans far more than the latest
Book of the Month Club selection. Any display material, from chemistry texts to microwave

manuals to topographical maps, can be shown in blazing black on white, meticulously designed
to approximate the look of paper. Those acquainted with Adobe’s Portable Document Format
(PDF) will recognize the look. PDF appears to be the leading file format for digital readers. The
result will be clear, colorful, hi-res images that can be flipped through with the touch of a button.
Much as the electronic reader will become dominant over the next few years, don’t expect the
book to get rubbed out anytime soon. Remember that someone, somewhere has to make texts
available in this digital format. Walk into a library and think about all the thousands of books
teeming across the shelves. Is someone really going to scan all those millions of pages? Who
would coordinate the effort on a global scale? No, the book and its vast infrastructure will be
with us for many years more, maybe even centuries.
The trick is not to lean toward one format or the other but to embrace both for their respective
strengths. Both have trouble with water, but a book will survive much better under extreme
temperature or light conditions. Electronic readers will allow users access to information as soon
as it’s created, whereas books require weeks to years from the point of final draft. The only time
a printed book’s batteries fail is when the reader falls asleep.
The number one plague of all magazines is profitable distribution. Digital production will never
face this. One electronic reader will replace twenty pounds of college texts in a backpack. But, of
course, the leading advantage of books is that they will never suffer from incompatible file
formats or obsolescence.
One reasonable course of text evolution would be for “disposable information”—such as news,
this week’s bestseller, and travel-oriented pieces (street maps, restaurant reviews, etc.)—to thrive
in the digital domain. More long-term items—including government statistics, classic literature,
academic studies—should be committed to paper. A compromise situation might be for a
publication such as National Geographic to provide their regular issues digitally, but then to
offer an optional volume on paper, published annually, which contained all of the features,
photos, and columns from the past year. This would be something really worthy of a collection,
bound in leather, without all of the advertisements. Surely, readers would either be willing to pay
a bit extra for such an offering or that the cost of eliminating paper and distributor overhead
throughout the year would cover the expense.
Other technologies are coming, too, such as MIT Media Labs’ Digital Ink. A single sheet of
specialized “paper” is coated in electrophoretic particles and can be “written” on over and over
by simply downloading a new text file. Other “digital ink” incarnations involve a pressuresensitive pad which can upload sketches and recognized text into a PC or simply uploading
information from the pen itself, which senses shifting magnetic fields to formulate images and
writing.
While many new innovations should be experimented with, the ones that succeed will be easier
than what we presently use. Nothing stalls a good idea like creating more effort on the user’s
part. One of the reasons previous attempts at electronic readers have failed is because they
required more work and expense to achieve the desired result: simple reading. Now, engineers
and marketers have a new philosophy. To succeed, you must already know how to use the device

out of the box. If it requires a manual, the attempt has already failed. This is good news for
buyers but even better news for the environment. Simplicity always results in less waste. In our
search to simplify the everyday processes of living, everyone wins.

~ ~ ~
Update:
You don't hear much about the “paperless office” and paper recycling these days. In general,
when discussion on a subject stops, it means that either the subject has become so accepted and
normal that it's no longer considered interesting to discuss or that the subject flopped entirely,
much like Smell-O-Vision. (If you've never heard of Smell-O-Vision, I guess that makes the
point.) Over three decades into the paperless office dream, we still have organizations such as the
Association for Information and Image Management finding that "only 38 percent of paperoriginated records are scanned and archived electronically." (www.aiim.org/capture/leading-thepack.aspx) This means that the remaining 62% remain on paper, filling filing cabinets and not
being recycled.
Still, it's important to distinguish between important documents and everyday scrap, such as
meeting memos and other content with a very short-term need to exist. According to 2008
numbers from the EPA, “office-type papers” achieved a 70.9% recycling rate. Considering that
aluminum beer and soda cans hit only 48.2%, with many states offering a refund incentive on
them, exceeding 70% is seriously impressive.
All of my old advice about printing and paper conservation remains valid today, but if you want
a little help with the process, check out a free app called GreenPrint World
(www.printgreener.com). This utility helps you quickly reformat print jobs, eliminate unwanted
pages, and see how much money you save on each print job. This reflects the modern notion that
the best way to push green technology is by demonstrating cost savings. It's no longer about
doing the right thing. Now, we save money while coincidentally doing the right thing.

GreenPrint software screen capture

Speaking of coincidence, it's odd that I originally wrote this Strange Horizons column when ereaders were first debuting (and failing), and now I'm writing this update when Amazon's Kindle
and, to a lesser degree, Apple's iPad have finally pushed ebook reading into the mainstream.
After all, look at how you're reading this book right now. None of those early readers achieved
any commercial success because display technologies couldn't deliver an acceptable reading
experience and device price points were far too high.
Today, all of the right ingredients seem to be present for ebooks to overtake paper printing.
Amazon announced in December 2009 that Kindle book sales had finally overtaken hardback
paper books, no doubt thanks in part to the fact that Kindle uses E-Ink technology for a more
natural reading experience than LCD. When I interviewed Mark Coker, founder and CEO of
ebook retailer/distributor Smashwords (www.smashwords.com), he predicted that 50% of the
book market would be digital by 2015. As prices continue to fall for readers, tablets, slates, and
whatever similar devices we adopt in the future, Coker's optimism may well be justified.

The Amazon Kindle alongside conventional books. Source: Amazon.com

I've long thought that once school districts and universities start adopting e-readers, mainstream
ebook adoption will be locked in, and in September 2010, Florida's Clearwater High School
became the first to replace paper textbooks with Kindle equivalents for its 2,100 students. Soon
enough, the market will demand a Kindle-like experience. Color e-ink and the ability to digitally
highlight and add notes to texts will fuel a new adoption wave. Whether Kindle becomes the
popular reader of choice is somewhat irrelevant. The experience and back-end stores providing
the content are what will matter.
Of course, there's still an environmental concern with ebooks. Is the carbon footprint of, say, 100
printed books higher or lower than one e-reader? After all, we're talking about glass, metals, and
processor fabrication, not renewable paper and inks. I have books on my shelves that are 20 or
30 years old, some of them even going back to my grandparents' days in the 1950s. Will we
upgrade our e-readers every two or three years as we do PCs and smartphones? There are always
costs for convenience.

Chapter 19: Born to be Wi-i-ired
The days of Grease glory are rapidly coming to a close. Gas guzzling muscle cars are all but
gone. The mid-life crisis men, creeping through rush hour in their Porsches and Corvettes, are in
drastic need of a paradigm update. The geeks have inherited the Earth, and the measurement of
automobile chic is no longer MPH but MIPS.
“Get your motor running,” growls Steppenwolf with quaint anachronism. “Head out on the
highway.” But motors of the near-future will likely be electric and silent. Highways will be
replaced with smartways. AM/FM decks will give way to multimedia control centers. And car
phones? Please.
Welcome to the brave new world of computerized driving. Following are some glimpses of your
future commute. They might excite you. They might make your stomach churn. Depending on
your viewpoint, they have the ability to either liberate or enslave. Either way, the changes are
inescapable. Moore’s Law is about to hit the road, and those who resist will be in the same
position as those who still try to use XTs for CAD design.
Of course, there will be options. Telecommuting. Mass transit. Walking. But there will also be
Bill Gates, singing his own dissonant siren song: “Where do you want to go today?” There’s a
signpost up ahead. You’re about to cross over into...
The AutoPC Zone
Earlier this year, Clarion (www.clarion.co.uk) demonstrated the computer that Microsoft hopes
will replace your car stereo. Featuring a 64 MHz Hitachi CPU, 8MB each of RAM and ROM,
and an 8-color, 256x64 TFT display, the AutoPC hinges on a flavor of Windows CE 2.0 codenamed Apollo. Oh, sure, there’s still AM/FM, a 35W x 4 channel amp, and a USB-based
CD/CD-ROM player. But the beauty is in the frills.
Clarion’s site walks you through the basic specs: infrared port, 200-word speech recognition
system, Web channels (featuring MSN – imagine that!), basic point-to-point navigation, handsfree voice memo capability, address book, and flash memory card socket. But the system is also
flexible. Design News (May 18, 1998) reported how engineers at Delco Electronic Systems
adapted a prototype AutoPC system into a Saab, adding several new perks:
— Remote diagnostics, enabling service departments to troubleshoot vehicles by cellular
modem.
— Email retrieval, including text-to-speech reading so the driver’s visual attention is not
distracted.
— A trunk-mounted GPS system.
AutoPC 1.0 is presently backed by the likes of Alpine, Clarion, Daewoo, Harmon-Kardon,
Hyundai, Mercedes-Benz, Nissan-North America, PSA Citroen, and Samsung. The unit is
expected to hit streets this fall at an estimated $1,200. (However, AutoPC isn’t expected to be

offered in new vehicles until 2000.) But given that most cars are used primarily for the short
drive to and from work, who would shell out such big bucks?
Think about it. Twelve months ago, who would’ve forked up the extra dough for a Pentium II?
Same people: the geeks. Geeks drive the market—literally in this case. Those same geeks will
(hopefully) buy sufficient quantities to push unit costs down and help make this technology
accessible to the mainstream.
The Display: Delphi’s Window on What's Ahead
Any paramedic will tell you that the number one problem in dash-mounted systems is that
futzing with controls takes your eyes off the road, sometimes with violent results. You look down
to read your speed, check your cruise control, or (most absorbing of all) fiddle with the stereo
settings. In an ideal world, either the car would drive itself or all the information would be right
there in your straight-ahead line of sight.
The designers at Delphi Automotive Systems have followed this second road and pushed forward
with developing heads-up display (HUD) technology for cars. The company's EyeCue system
uses an LED source and mirror to create the illusion of a glowing display panel hovering just
above the hood about nine feet away, strong enough to be viewed even in bright daylight. The
“Fixed Segment” version offers basic info: CD or radio channel status, speed, turn signals, high
beams, and a low fuel warning. With such minimal content, Fixed Segment EyeCue is essentially
a toy, the late ‘90s equivalent of fuzzy dice. Still, the option is available on the Buick Park
Avenue, Pontiac Bonneville, and Pontiac Grand Prix. Pricing? EyeCue comes bundled into larger
option packages. The appropriate package on Pontiac’s Grand Prix adds an extra $2,905 to the
sticker price.

Shown: 2009's Autosport HG400, an aftermarket HUD that plugs into your car’s 12V power outlet. The EyeCue of
the late '90s seems to be long gone.

More useful but still under development is the “Reconfigurable” EyeCue, which will allow users
to designate exactly what information they want displayed. Delphi’s Web site hints at the ability
to detect and display distance between the car and nearby objects (great for tight parking spots)

and some form of GPS integration. Unfortunately, monochrome models aren’t due until 2000,
and color displays will wait until 2001.
This still leaves a problem. Turning your radio display into a floating hood ornament is nice and
all, but what about your hands? You still have to reach for the stereo, and naturally your eyes will
follow. As bad as this tendency is today, it’s going to get a lot worse with all the added features
of AutoPC. What did your driver’s ed teacher say? “Ten o’clock and two o’clock. Keep your
hands on the wheel.” Fine. Again, Delphi has the answer.
Decked-out cars, according to one Delco technical paper titled “Eyes Forward: An Ergonomic
Solution to Driver Information Overload,” (Society of Automobile Engineering, Sep. 1996, pp.
27-31) can come to resemble lit-up aircraft cockpits. CD/cassette decks, climate control, cell
phones, RDS, GPS, and other miscellaneous controls can total dozens of buttons requiring driver
manipulation. Many of us aren’t even sure what each of the buttons do anymore, much less
understand all the available functions. And the more buttons manufacturers add, the smaller each
button gets, further diminishing usability and safety.
Delco advocates integrating all device clusters into a single flat panel display, either where
present speedometer/tachometer gauges presently rest or presumably into an EyeCue-type
projection. From there, “eight reconfigurable steering wheel switches could replace all buttons
and knobs previously in the driver’s compartment.” Essential to the concept is effective speech
recognition, which will replace buttons like numeric keypads or menu options like “bass” and
“volume.”
The Car: Mercedes’ Dream
Of course, not all manufacturers elect to follow the same road. According to Training &
Development (August 1997), engineers at the Daimler-Benz Research Center in Palo Alto, CA
have designed their own demo model of the future “Web Car,” the Mercedes E420. In addition to
many of the features found in AutoPC, the E420 will also offer:
— Customized alerts sent to services such as AAA or factory repair centers.
— Three flat panel displays, one above the radio and one behind each headrest.
— Trunk-mounted computers, including an IBM ThinkPad, Sega Saturn, and an Internet
gateway machine.
— An armrest socket where drivers can insert their U.S. Robotics PalmPilot for infrared
synching with the car’s computer.
With multi-channel, USB-based audio systems becoming pervasive, it seems likely that home
theater-type A/V systems revamped for cars will gain in popularity among the affluent. No
longer will parents need to play multi-hour rounds of 20 Questions or sing “99 Bottles of Beer on
the Wall” during road trips. Kids can plug in for their 1,000-mile movie marathon. Adventurous
couples fond of back seat courtship can imagine their own applications.
The Magnetic Road

In the early ‘60s, GM and RCA teamed up to demonstrate a quarter-mile, wire-guided automated
highway in Princeton, NJ. Since then, the development of “smart highways” has proceeded
sporadically. Federally subsidized tests on realistic scales have been implemented over the last
couple of years, with encouraging signs for achieving true “smartways” by 2020 or so.
R&D Magazine (April 1997) cited the following excerpt from the National Automated Highway
System Consortium, which details the government’s vision for our future roadways. Those who
recall that Stallone movie, Demolition Man, will recognize certain elements.
“When a driver elects to enter an automated highway lane, he may first pass
through a validation lane which quickly performs pertinent AHS vehicle system
checks. The system would receive the driver’s intended destination at this point
and, if a toll is required, the driver’s account may be automatically debited. All of
this might be transparent to the driver. In the event an improperly equipped
vehicle or properly equipped vehicle with malfunctioning equipment enters the
validation lane, the driver would be notified and the vehicle diverted back onto a
conventional roadway. . . . Once the driver enters the merging area, the AHS
assumes operation of the vehicle and guides it smoothly into the flow of traffic.
“. . . . As the vehicle nears its exit point, the automated highway system notifies
the driver, who prepares to resume manual control of the vehicle. The driver’s
ability to regain control of the vehicle is verified by the system. In the unlikely
event that a problem condition is found to exist (for example, the driver doesn’t
respond), the vehicle will be directed to a nearby emergency parking area. The
vehicle is equipped to enable quick diagnosis to determine the nature of
assistance required. In almost all cases, however, the vehicle will proceed through
a systems check-out where the driver resumes control and the vehicle rejoins
traffic on a standard roadway.”
Several methods are under development for regulating how cars can move down roadways
without human assistance. Lasers and radar are possibilities. Other systems involving live
camera images analyzed by computers have been tried, although large-scale implementation
would be horrendously expensive. Most likely, a combination of these methods will evolve, with
the specific device being dictated by the needs of the area.
The aforementioned R&D issue also describes a new device from 3M called “Smart Tape”.
Smart Tape is just like 3M’s regular street marking tape, except the ribbon is bonded with
magnetic material marked with a repeating signal pattern. Vehicles equipped to sense this signal
can automatically track on the tape running down a lane’s center. Other applications for Smart
Tape already in use include a guidance system for snowplows and an auditory warning system
for long-range drivers who nod off at the wheel. If a car crosses over the divider line without
signaling, an alarm will sound inside the vehicle.
The Driver: You?
As of 1997, 2.1 million Japanese drivers were using in-car navigation systems. (Of course, these

are the same people who use cell phones the size of credit cards—and have for years.) Over 25%
of Texas’ travelers on Dulles Toll Road pay automatically with a transponder affixed to their
windshield. The satellite-based SmartRoutes system, which gives status information no more
than 10 minutes old on major roadways, has already been deployed in numerous cities. Traffic
updates can or will be retrieved by GPS, cell phone, or even pager. It’s all about convenience and
comfort. Build a deluxe La-Z-Boy on wheels and they will come.
There are 50 to 60 million cars sold each year globally. With such a large potential installation
base, technologies like those we’ve examined will grow to dominate the automobile industry
over the next few years. As with desktop PCs, it’s only a matter of time until price ceases to be
an issue. This leaves an inevitable question: Are you ready to be “auto chic”? Equipped with all
the accouterments, always in touch, absorbed, truly auto-mated? Are you ready to trust a
machine to hurl you down the asphalt at 65 MPH while you read the morning news?
This is a difficult set of questions because there are many arguments pro and con. But if you
answered yes, congratulations. That’s exactly what the hardware and software vendors want to
hear. They want to help liberate you. You’ll have more time to talk with friends, stay informed,
and be productive. If you should fail to look up and notice the leaves changing, neglect to open
the window after a spring rain, laugh at the clever bumper sticker on the next car, forget the tune
to “99 Bottles,” or forgo that slow drive through your old neighborhood because two new
assignments just poured into your AutoPC’s email client, that’s perfectly OK because everyone
knows that being on the cutting edge of cool is what counts...right?
Perhaps if there’s one vestige of Grease glory worth keeping, it’s the tradition of long hours
spent working on a car. I can't wait to start swapping memory chips and hard drives in my car
just like I do with my PCs every time one of them glitches or won't run some new application.

~ ~ ~
Update:
This column originally appeared in late 1998, right about at the same time that the U.S.
Department of Transportation killed off the National Automated Highway System Consortium
project. Apparently, even as the economy was then on a rampant upward climb, the USDOT was
under budget pressures and decided to prioritize on safety systems rather than automation. The
smart highway concept appeared, started to accelerate, and was then T-boned before it could
build any momentum. Sad.
Japan started its own Advanced Cruise-Assist Highway System Research Association
(www.ahsra.or.jp) in 1997, but the last posting to the project seems to have been in 2004. Japan's
approach for smart road systems was safety-centric, but traffic fatality rates are now at sixdecade lows. The American spin was more about alleviating congestion and enhancing
productivity. Smart roads would have created untold thousands of jobs and perhaps improved
America's bottom line, but then the funding evaporated.

Today, the pinnacle of automated road technology now in widespread use is in-dash GPS able to
deliver nearly real-time traffic conditions and reroute you around problem spots. Obviously, this
has nothing to do with technology actually embedded in the road systems. About the closest
we've yet come to publicly available, driverless systems was the ParkShuttle system in the
Netherlands, based on Free Ranging On Grid (FROG, see www.frog.nl). The automated buses
started service in 1999 and ultimately ranged over a roughly one-mile circuit, but the system was
plagued with various accidents (largely involving human error) and saw its last run to date in
2005.
The company that ran ParkShuttle, 2getthere (www.2getthere.eu), is still working to develop
driverless transportation systems around the world, including a CyberCab project in Abu Dhabi.
As for in-car computers, these still remain surprisingly elusive. There are niche manufacturers of
such systems, with Mini-Box.com's VoomPC-2 being a current example. These systems are
based on the Mini-ITX form factor, measuring only 8.3” x 10.4” x 2.6”.

The VoomPC-2 enclosure. Photos: www.mini-box.com

The image you see below is of a 2-DIN “carputer” running Windows XP. I found it on a Web
search located on the Alibaba shopping site. The product details note it as an Xmy OE-FIT (KC002) made in China, sporting an Intel Atom Z510 processor (the same CPU used in the ZoomPC2), 8GB flash storage, 1GB of RAM, and an 800x480 touchscreen display.

An early 2-DIN “car PC.” Source: www.alibaba.com

The trouble with such “carputers” is that they've always been a solution in search of a problem.
Who needs a PC in his or her car, especially now with smartphones achieving nearly the same
level of application functionality? The market's answer is a loud and clear “no one.” But that's
only because we're discussing PCs in a traditional sense—some bulky thing with a chassis and
screen that runs a desktop-type operating system, such as Windows. Modern cars are riddled with
processors, but no one calls them computers. Perhaps the automotive market, comprised of users
who need to keep their hands on wheels and their eyes on the road, needs computer-like
capabilities wrapped up in an entirely new form factor and interface.
That's the premise behind Ford SYNC, an in-car entertainment and communications system now
found on a dozen different Ford models. Through USB and Bluetooth connections, SYNC
connects to many media players and most cell phones, allowing drivers to operate them with
dash controls, steering wheel buttons, and voice commands. The system uses text-to-speech to
read messages aloud and will play phone calls through the car's speakers. Also, as of model year
2010, you can receive traffic alerts and also instruct either Google Maps or MapQuest (from a
conventional browser) to send navigation instructions straight to your car's SYNC system.
Ford SYNC first went on sale in model year 2008, but the software behind SYNC is a direct
descendant of the AutoPC system I described above, way back in 1998. Today, the operating
system is called Microsoft Auto, and in addition to Ford, it's also been licensed by KIA and Fiat.
At the 2010 CES event, Ford announced a new spin on SYNC called MyFord Touch,
emphasizing more screen real estate, improved touch and voice controls, and WiFi integration.
If this wasn't enough of an upgrade, Sony stepped in with its own dash upgrade featuring dash
controls that are touch-sensitive “landing zones.” While I haven't used the system yet, the idea of
flat, touch-based controls seems even more distracting than knobs from a driving perspective.
We're dealing with mom and pop drivers, not jet fighter pilots. Keep it simple. The more voice
control, the better.

The Sony version of MyFord Touch. Photo: Microsoft.com

The "keep it simple" motif should also apply to how automation systems are designed. As I write
this, there's a growing suspicion in the press that Toyota's gas pedal fiasco might have actually
been caused, at least in part, by faulty engine software. When desktop apps crash, people get
annoyed. When car software crashes, well, so can the car.
This makes me wonder about Google Maps and Street View. Don't get me wrong. I'm a total fan
of Google Maps and use it regularly. I don't have any real concerns about privacy with all of
Google's camera cars wandering about photographing the world's roadways. Nor do I think that
people who sue Google because their map instructions led them into a lake or had them walk
down a road on which they were hit by a car have a leg to stand on. (Come to think of it,
depending on the accident injury, they may not.) Human discretion should outweigh computergenerated instructions. But what happens with such minor mapping glitches in the context of
automated cars? Google reported in October 2010 (googleblog.blogspot.com/2010/10/whatwere-driving-at.html) that it has a self-driving fleet of Toyota Priuses that have already logged
over 140,000 miles. These robot cars use, in Google's own words, "video cameras, radar sensors
and a laser range finder to 'see' other traffic, as well as detailed maps (which we collect using
manually driven vehicles) to navigate the road ahead." Was that a tongue-in-cheek nod to Bill
Gates there, Google?
Part of me wonders if this whole car computing trend is hopelessly overblown. Logically, at
some point, there has to be so much sensory stimuli coming from the computing systems that
they impede stimuli coming from outside the car. On the other hand, we all know that drivers
unwisely use their phones for talking, messaging, and—it makes me cringe to write it—watching
YouTube videos while on the road. If in-car systems such as Windows Auto in its various
incarnations can take those habits and put them in a safer medium for drivers, then I have to
admit it's a good thing. Cars themselves are dangerous if used unwisely. Car computers will be
no different.

Chapter 20: Free and Freedom
“Is it possible,” my Philosophy of Love instructor once asked, “for humans to commit truly
selfless acts with no thought of personal gain?”
That's a pretty heady question for a bunch of 17-year-olds who don't have the benefit of morning
coffee and have probably never had to consciously choose between selfish and selfless acts in
their lives. So we thought for a moment. Those who said yes met with accusations of hypocrisy
from classmates. Those who said no were damned as soulless mercenaries. In five minutes,
twenty pubescent do-gooders and would-be-capitalists were at each other’s throats, fighting the
eternally futile battle of defining human nature.
I still see that battle raging today on the Internet. Most of us love the Internet, but will it
ultimately become a thing of self-interests or altruism?
In the early ‘90s, when the Web was still in its infancy, those who toiled at laying the Info
Highway’s asphalt adhered to a common belief. This technology could bring anyone, anywhere,
in touch with anything. Limitless knowledge, free to all with a PC and a phone line, would bring
knowledge to the masses and revolutionize mankind’s hitherto privileged relationship with
information. Most of this could be done for free. The Internet would elevate and enlighten minds
en masse at no charge. It was the Holy Grail of intellectual equality.
In those days, many still doubted the viability of a large-scale Internet. Who would pay for
everything when the American government pulled out? Commercial interests seemed to be the
only solution, both then and now. No matter how noble John Doe's intentions might be to run a
Web-based clearinghouse for, say, health statistics, he still has to balance that voluminous time
commitment against his family, job(s), and the rest of life. Ultimately, if no one is willing to pay
John for his efforts, time and economics are against him, and the effort is probably doomed.
So when people began offering hyperlinks to sponsors, those who held fast to the idea that the
Internet and all its contents should remain free grumbled but grudgingly understood. When
banner ads began to appear, the grumbling turned into shouts of indignation. Those who had laid
the Net’s tarmac never envisioned a horizon blotted out by billboards.
And yet advertisers still are not seeing a “sufficient” return on their Web investments, prompting
companies to find ever new, even more intrusive methods of prying open your pocketbook. The
day is not far off when vendors will pay you to look at their ads. Two years from now, you may
see email headers reading: “Click here to watch our exciting product video – and put $1.00 in
your cyberpocket!” I used to think that some people might even make a slim living off of such
promotions. But now the whole process strikes me as just another form of self-prostitution,
allowing one’s time and intellect to be violated in exchange for a few pennies.
(Not-So-)Free Stuff: Physical Goods

Today, the process is already in action. FreeShop (www.freeshop.com) is a neatly indexed site
for “hundreds of free and trial offers!” One section, called “100% Free,” sounds too good to pass
up. Of the 36 offers listed, 17 are for free catalogs. Yes, catalogs – pretty pictures designed to
make you spend money. Other outstanding efforts at philanthropy include free software (to help
you find mortgage loans) and free memberships (into groups with expensive “premiere”
sections). I keep looking for free lunches, but apparently Mom was right.
In disgust, I turn to the magazine section, a topic near and dear to my heart. One headline is an
offer for “free” issues of U.S. News & World Report. The offer reads: “U.S. News will send you
four free issues. After enjoying your free issues, you will receive a letter inviting you to
subscribe to U.S. News for just $15 for 26 issues, a savings of 80% off the newsstand price.
Regardless of your decision to subscribe, the free issues are yours to keep.”
You might think, “Great! I'll take the four issues and run.” What you don’t anticipate is that to
receive the issues, you’ve supplied U.S. News with not only your address but also your email
address and home phone number (for “order confirmation purposes”). You’ve now marked
yourself as a highly qualified lead, not only for U.S. News but for every company to which they
sell their marketing lists. You’ve pimped the privacy of your mailbox and the dinnertime silence
of your phone for the price of four magazine issues which are (hopefully) sitting in your
recycling bin.
This approach dominates the “free stuff” market. Check out a dubiously named site called
Totally Free Stuff (www.totallyfreestuff.com), which offers everything from jelly beans to Fat
Lip Balm, although outdated links abound. For those who merely want coupons and don’t mind
undergoing the interrogation of registering, check out CoolSavings.com, which even provides
coupons in your own geographic area.
(Semi-)Free Stuff: Software
The May 9, 1994, issue of Forbes, profiled Id Software, spotlighting two bold moves the
company was making. The first was a hot new form of first-person, blood-n-guts adventure
game, incarnated as the legendary Wolfenstein 3D. The second was the software industry’s
introduction of demoware, a partial but fully functional section of a game distributed for free.
This served as a hook so players would pay to get the entire version. (Demoware differs from
shareware, which gives the entire version away for free and hopes satisfied users will send in a
registration fee, often in exchange for program documentation.) Of the one million users who
had downloaded Wolfenstein, over 150,000 elected to shell out for the whole game. Profit
margins for Id under this method were huge since there were virtually no marketing or
distribution costs.

Wolfenstein 3D screen capture

Officially, demoware is free, and if you’re happy mastering only the first level of a game, or only
getting the rudimentary features of an accounting program, or just knowing that what you’re
using is incomplete, then the software world is your oyster. Most of us are not content with such
conditions. So knowing that the temptation to pay out is almost insurmountable, is demoware
free? Not really.
What about shareware? Nearly all of us run shareware, and most of us choose to “forget” to pay
the author for our continued use. Since money may never leave your wallet for the product, we
could define it as “free,” but it’s not. While it isn't strictly illegal, prolonged use of shareware is
wrong and robs its creator of justly earned income. In essence, it’s stealing.
Trialware? This marketing ploy gives users complete access to the entire program for a limited
time or number of uses. For instance, the HTML editor Hippie 98 is a great program that gives
evaluators 50 uses before expiring. Every time you execute the program, it lets you know how
many uses you have left, reminding you to register. Once again, that which would be free has
(purse) strings attached.
That leaves us with freeware, one of the last receding bastions of philanthropy left on the Net.
Freeware is completely free, no conditions. You download it, it’s yours. A good example is Phil
Zimmerman’s data encryption program, Pretty Good Privacy (PGP), which originally came
under fire from the Feds for violating security export laws. (Washington eventually withdrew the
charges.) Kevin Crow, a PC-savvy reader in Seattle, told me that he once sent a check for $20 to
Phil Zimmerman out of sheer appreciation for the program’s use. Zimmerman returned the check
uncashed. However, Pretty Good Privacy, Inc. was recently bought by Network Associates,
driving home the fact that it’s nearly impossible to sustain a free product in a competitive field.
True, NAI offers PGPfreeware gratis, but would-be downloaders are also prompted about the
benefits of paying for either PGP Personal Privacy or PGP Enterprise Security. Still freeware?
You decide. But in all fairness, if NAI or some similar interest had not bought out PGP, it’s very
possible that the product and its associated company would have gone broke and been left as a
mere entry in the annals of computing. PGP might be the best encryption solution around, but to
stay that way requires strong backing and continued cash flow. Or would you rather see
Microsoft release Even Better Privacy and gobble up that market, too?

Despite PGP’s commercialization, there are notable hold-outs. Linux, Apache Web Server, and
the Perl programming language have been and continue to be dominant forces in the Internet’s
use and evolution. Apache far outstrips Microsoft as the choice for corporate server machines.
InfoWorld (June 8, 1998) reported that Linux has an installation base of 7 million users and a
growth rate of 100% per year, making it the fastest growing operating system in the world. This
has attracted attention from high-profile vendors. Corel, for example, is planning to release a
Linux version of WordPerfect 8.
Netscape has likewise taken the freeware path, giving away not only its browser package but the
source code itself. The result has been that programmers have probed the program far more
deeply for errors and greatly reduced the time to correct them. Far from losing control over its
star product in the transition, Netscape has seen its browser market share increase to 60% among
corporate users, despite MS Internet Explorer being bundled with the Windows operating
system.
But again, Netscape doesn’t supply Navigator from sheer human kindness. A ubiquitous
presence on home and small office systems builds a name recognition that carries over into the
corporate world, which is more than willing to pay for the product in exchange for support and
enterprise features. No philanthropy there. Of course, when one is in a war against Microsoft,
there’s no room for any.
The Future of Free
What was the consensus in that Philosophy of Love blow-out? There was none. The do-gooders
held on to their belief that anyone could become the next Mother Theresa with a little effort. The
capitalists maintained that fundamental human greed rendered philanthropy impossible, since
allegedly no one could sustain perpetual giving without some reciprocity, even if in the form of
recognition or status. I fell in the middle, feeling that each side required the other for its
existence. Imagine if every programmer did nothing but generate freeware. It would be chaos.
Likewise, imagine if all software were generated by a handful of megalithic, penny-grubbing
conglomerates. True innovation would be stifled and applications would swell into redundant,
bloated iterations of themselves. (Hey, wait a minute....)
So will commercialism swallow freeware? Not likely. Will freeware surge back and dominate
the Internet? Not a chance. If you think Netscape and Linux are the harbingers of Microsoft’s
demise, just think how simple it would be for Redmond to convert to a freeware scheme. What
quicker, easier way could there be to eradicate the competition? Home users play for free. Office
users subsidize the whole operation. End of story.
Going forward, try to help those who offer truly free, useful software. It’s inevitable that
commercial applications will dominate the market, but so long as we keep freeware alive,
companies such as Microsoft, Corel, and Oracle will be forced to take notice and follow suit. The
philanthropists, even if only posing as such, are often the ones who spur development and take
technology to the next level. Ultimately, they are the keepers of our freedom.

~ ~ ~
Update:
In the original version of this column, there was a lengthy section called (Truly) Free Stuff that
listed software archives and websites offering freeware or free services. I've omitted this list
since such destinations are now either defunct (such as the DaveCentral archive), obsolete (the
PhoneFree VoIP service), or universally known (MapQuest). For that matter, today, FreeShop
appears to be entirely not free, and PGP, now owned by Symantec, is trialware.
It's interesting that I finished the column with a mention of Microsoft, Corel, and Oracle. Back in
high school, I started my writing career with WordPerfect 5.0 for DOS. I still maintain that
WordPerfect is the best word processor on the market today, but its owner, Corel, has been
unable to keep pace with Microsoft. By that, I don't mean that Word is a more user-friendly,
robust piece of software. It's not. Word's never-ending quest to read my mind and format text in
ways that I don't want never ceases to drive me up a wall.

WordPerfect 5.1 screen capture

However, the world has changed. The idea of having software run locally on your PCs hard drive
(or SSD) is quickly being replaced with running that software remotely as a cloud-based service
you access over the Internet. Not long ago, I finally bought the cloud model hook, line, and
sinker. The logic of its inevitable supremacy was inescapable, and Corel appears to have missed
the cloud bus. As it is, the latest WordPerfect X5 is barely catching up to having compatibility
with Microsoft SharePoint servers. I have over 20 years of files in WPD (WordPerfect
document) format, but rather than continue adding to this, it was clear I needed to start living in
the now and adopt a format that would take me through the next 20 years.
So I tried the Google Docs route, which not coincidentally fulfills my prediction that home users
would use free versions of software while commercial users would use value-added, fee-based
versions—Google Apps in this case. For better or worse, I found Google Docs still far too slow

and sparse on features to be practical for my needs. I hopped the fence and tried the freshly
launched Office Live from Microsoft, which left me about as enthused as Google Docs had.
Apparently, you still get what you pay for, and Office Live, at least today in 2010, remains a
very useful tool that constantly reminds you why you still want to run Office locally. (I can't
even get a document's word count on the Web? Seriously?)
OK. So the free cloud model was bumming me out. The idea of paying for new office suite
versions every few years, especially knowing that free cloud apps were available, also frustrated
me. That brings us back to freeware and a strong segue into OpenOffice.
Back in 1999, Sun Microsystems bought the StarOffice suite from StarDivision and released the
source code the following year as stab at Microsoft's dominance with Office. The fact that the
completely free and community-driven OpenOffice still has less than 15% share of the
productivity suite market should speak volumes about the realities of software. As I've known for
over two decades as a WordPerfect user, it's not all about absolute product quality. It's also about
ease of getting support, ability to collaborate with the outside world, and—much as I hate to say
it—effective marketing.
That said, some very big organizations are interested in and use OpenOffice, particularly
government agencies in Europe and Asia. Google has shown an interest in OpenOffice for
several years, and it wouldn't take much for Google to meld Docs with OpenOffice just as
Microsoft has dovetailed the local and cloud versions of Office. If Google is serious about
trouncing Microsoft, it needs either to get a lot more serious about improving Docs or else take
the hybrid local+cloud approach that Microsoft is pursuing and quickly mastering. As I write
this, Microsoft is now outflanking Google by integrating presence and messaging into its Office
suite (see Office 365). It wouldn't take much—and by that I mean a free single-user license—to
instantly make Microsoft Office the de facto, cloud-based productivity tool.
Productivity apps aside, the recent rise of ultramobile device apps has confirmed that free
software is and will likely remain alive and well. App stores are the new way to draw an
audience to your platform, and nothing entices quite like countless thousands of free or very
cheap applications, many of which prove to be very useful or entertaining. Currently, I'm down
about 15 pounds thanks to a freeware app on my Android phone called Calorie Counter, and my
boys force me to run this disgusting little app called FartDroid, which they find endlessly
hilarious.
I noted earlier that I'm pretty moderate in most things. While it takes an extreme left and right to
define a middle, I'm usually pretty happy in the center. Applied to freeware and feeware, my
hope is that the resurgence of free apps will serve to bring down the median price of major
software packages to prices affordable for practically anyone. If Google needs to charge a few
bucks in order to give me the local-to-cloud word processing package I really want, I'm fine with
that. When you can get a fully featured upgrade for the latest Windows version at $29, just as
you can with Mac OS, then a bit more sanity will have come to the world. We don't need free,
but we do need reasonable. In my philosophy, reasonable is worth loving.

Chapter 21: To Be Continued
January 2011
I’ll spare you the long and confusing family history. Suffice it to say that my mother and father
divorced when I was only a few months old, making me one of the first cases in Oregon in which
a father was granted sole custody of a child. My mother and I didn’t see much of each other over
the years. Instead, I grew up calling my grandmother—my dad’s mother—“Mom” because every
kid wants to have someone he or she can call by that name.
My mother had her life, I had mine, and for nearly four decades our two paths rarely intersected.
We both wish things could have turned out differently, but sometimes that “happy, home sweet
home family” thing just isn’t meant to be.
My mother is now in her early ‘60s, and recent years have not been kind to her health. She has
crippling arthritis, chronic back pain, and has cycled through a pharmacopeia of prescriptions
that have wreaked havoc on her body and often left her mind in a fog. As such, she is seemingly
unemployable and hasn’t held a job in a very long time. Before the middle of 2010, when I
would talk with her on the phone, she sounded tired and beaten. Her days were spent lying on the
couch watching television because that was physically and psychologically all she could manage.
As each week passed, she increasingly contemplated suicide.
And then something strange happened.
In the midst of working on this Strange Horizons book, I sent my mother a chapter, thinking she
might find it interesting. She emailed me back, pointing out a handful of typographical errors
that both I and my best friend (a highly literate librarian by trade) had missed. I then realized that
while she sounded down and out on the phone, my mother’s emails were consistently sharp and
flawless, even when she was complaining about how badly this or that medication was addling
her senses.
Mind you, at this point, my mother had been a long-time Hotmail user but had the computer
savvy of a throw pillow. She didn’t know how to save an attachment or even what a PDF file
was. When I’d sent her a digital photo frame the prior Christmas, I’d pre-loaded the device with
family pictures because she had no idea how to handle the file copying across flash media. And
yet, there were these perfect emails and her apparent proof-reading abilities.
I had a crazy idea. I sent her a couple more chapters, and she found more errors in those. But she
also said that she found the material fascinating and asked if I’d be willing to send more. Willing
to have free proof-reading services? Are you kidding?
One thing led to another. Ultimately, my mother proofed all 20 chapters of this book. More
importantly, though, she agreed to work on another of my ebook projects, called Architects of
Tomorrow. Similar to Strange Horizons, Architects is a three- (possibly four-) part collection of
the interviews I’ve done for CPU magazine over the past decade. Each volume gets 25

interviews with some of the most influential people in the technology field. The book versions of
the interviews feature material previously cut from the magazine versions, and I wanted to
contact each interviewee for some fresh input. But the work needed for all of that editing,
contacting, and reworking was massive, easily spanning into hundreds of hours. Meanwhile, I
still had all of my regular work to do in order to pay the bills.
I asked my mother if she’d want to spearhead my Architects of Tomorrow project. Now, you
have to put yourself in her shoes. Only weeks before, she’d been considering a permanent checkout. She had zero technical knowledge of my book’s subjects. She was also clueless about the
mechanics of organizing a project of this scale through cloud-based file synchronization,
spreadsheets, and so on. She was skeptical at best and very nervous about disappointing me. I
replied that making no progress on the project by myself because of my already overloaded work
schedule would be far more disappointing.
We tried it. The first few weeks were bumpy, but you would expect that with any new team
collaborating on a project under such circumstances. After two months, she was putting in six to
eight hours each day and having a ball, even through the escalating pain of her back and fingers.
Her mind was engaged. She was interfacing with dozens of people on a professional basis. She
was learning interesting things about topics to which she’d never been exposed. She sent me
regular status updates, and I could see pop-ups from my system tray throughout the day as she
updated our synched files. Best of all, she would nag me and take me to task for not following up
on my action items soon enough.
As I write this, I feel closer to my mother now than any time since my teens. Being able to work
together has allowed us to bond and rediscover each other. When we talk on the phone, she
sounds 20 years younger, sharp and purposeful.
This is not a sappy Hallmark story or some capitalistic ode to me getting free labor. I left out one
part of the tale. At the time when my mother was reading those first Strange Horizons chapters,
she was also applying for editing work with CloudCrowd, a company that takes business content
jobs and outsources the work to tens of thousands of laborers. For assignments entailing the
editing of up to two pages of content, the current pay is $1.74 per job, and, as my mother
describes it, many “are written in grammar so bad that you don't know what it's saying, and
they're all from foreigners who can't speak English worth a damn.” Perhaps $1.74 is an
acceptable part-time wage in India or Malaysia. Here, it won’t even cover a 60-year-old’s
prescription co-pays.
Never mind the issue of a globalized race to the bottom on content quality. The thing I find so
simultaneously depressing and inspiring about this situation is that America has thousands,
perhaps millions, of elderly people in situations much like my mother’s. They’ve exited the work
force. Their health prohibits them from regular employment. Their mental states (and thus their
physical states) are in accelerated decline not from their age but because they’ve lost their
purpose in life. Any new stay-at-home mother will tell you all about the social stigma tied to not
bringing in a paycheck. These elderly have not only lost their paychecks but their roles as
parents. As a culture, we pacify them with television and (sometimes) remember to thank them
on holidays.

However, the thing our elderly haven’t lost is that fundamental human need for purpose. We
long to build and create, to be a part of something bigger than ourselves. When you remove any
hope of acting on this impulse, our will to live desiccates and dies.
The nearly overnight transformation I’ve seen with my mother can’t be an isolated accident.
Sure, she still hurts every day, but she works until she can’t take the aching any longer, and she
looks forward to doing it again the next day. She’s not just connecting with me, she’s building
something with her own mind and two hands. “If you don’t publish these books,” she told me the
other day, “I’ll hunt you down.”
Like a gold mine, our elderly contain endless veins of wisdom and talent. The Internet can help
harness that talent, keep these people productive, and give them a new sense of identity and
purpose. But CloudCrowd and other services like it are more of an insult than an opportunity. I
would love to see a trial study done in which 100 Americans in situations similar to my mother’s
were paid a fair wage for at-home, Internet-based jobs much like what I’ve described. I don’t
mean mindless editing of medical briefs in broken English. I mean projects, things that require
sustained effort and creativity. After two months, reassess these people’s mental acuity, pain
perceptions, medicine intake, general motivation, and so on. I bet the results would be
astounding. The TV advertisers might lose some viewership, boo hoo, but what if Medicare and
Medicaid expenses dropped? What if we expanded employment and opened new tax revenue
streams? What if we made the lives of millions of people—the people who built our present
world and to whom many of us owe our existence—better?
Isn’t it worth exploring and devising ways to make this happen? How strange it would be, but
what a glorious horizon to anticipate.

~ ~ ~
This concludes Strange Horizons, Volume 1. In the months to come, I’ll return with Volume 2.
Stay tuned!

Preview From Architects of Tomorrow, Volume 1
In a way, Strange Horizons was a warm-up to the interview column I started writing for CPU
magazine in 2002. All told, I’ve interviewed well over 100 of some of the most influential people
in the history of computing for CPU. The book was written in the same then-and-now format as
Strange Horizons, but (between you and me) I think you’ll find Architects a lot more diverse and
fascinating. To give you a taste, following are the introduction and first of 25 interview chapters.

Introduction
“On two occasions I have been asked, ‘Pray, Mr. Babbage, if you put into the machine wrong
figures, will the right answers come out?’ I am not able rightly to apprehend the kind of
confusion of ideas that could provoke such a question.” —Charles Babbage
At the age of eight, in the year 1800, Charles Babbage was struck by a terrible fever. Fortunately
for the world of computing, he lived. As part of his recovery, Babbage’s wealthy father sent him
off to a school in the countryside of Devon with the instruction that his “brain was not to be
taxed too much.” In this, Babbage was like every other eight-year-old boy. He did the exact
opposite of what he was told.
Babbage’s precocious scientific mind couldn’t help but dissect the world and question its
inefficiencies. Not long after his fever, he took to the question of ghosts and devils, interviewing
his peers for methodologies in which the Prince of Darkness might be persuaded to appear in
person. As his autobiography (“Passages From the Life of a Philosopher”) notes, Babbage had no
desire to sign a contract with “the gentleman in black;” the boy only wanted “simply to convince
my senses of his existence.” His procedures never resulted in a supernatural visit or even so
much as a black cat sighting.

A close-up of the London Science Museum's replica difference engine, built from Babbage's design. Photo by
Carsten Ullrich. Image licensed under the Creative Commons Attribution-Share Alike 2.5 Generic license.

For a British lad of the early 19th century, this experiment shows an amazing affinity not only for
applying the scientific method (question, research, hypothesize, test, analyze) but for challenging
the paradigms of his world. Babbage sent a paper to the Royal Astronomical Society in 1822
titled “Note on the application of machinery to the computation of astronomical and
mathematical tables.” This was the beginning of his never-completed Difference Engine, which
gave way to his Analytical Engine (design finished in 1837). The Analytical Engine used two
types of punched cards, one for inputting operational instructions and the other for inputting data.
Punched cards would become the dominant input method for computing until the early 1970s.
Between 1847 and 1849, Babbage created plans for a Difference Engine No. 2, for which he also
designed a printer.
Babbage never saw his designs built into working machines. However, the London Science
Museum used Babbage’s plans to construct a Difference Engine No. 2 in 1991. With financial
help from former Microsoft CTO Nathan Myhrvold, the museum constructed Babbage’s printer
module in 2000, thus completing first fully operational Babbage computing machine. In his own
time, though, Babbage was understandably disappointed that his plans never became more than
theories. “Another age must be the judge,” he finally commented.
We have judged, and today Babbage is recognized as the father of modern computing. Well
before the advent of integrated circuits could happen, someone had to break the paradigm of
manual computation and realize that a machine could feasibly be made to do the work faster and
more reliably. It was a massive, unprecedented thought.
Paradigms change through the evolution of ideas. When the idea is big enough, it can change an
entire society. Sometimes, that change takes decades or, in Babbage’s case, centuries to play out.
Quite often, paradigm shifts create confusion, leading people to ask questions such as (to
paraphrase Babbage’s quotation with its modern equivalent), “If I put garbage in, will I get

garbage out?” Until the change is tried, we don’t always know. We theorize and experiment.
Sometimes, technological ideas flop. Sometimes, they change the world and shape the future.
Babbage’s intellectual heirs are everywhere, filling every niche in modern computing from ondie acceleration to console-based entertainment. For the past decade, Computer Power User
magazine has been interviewing these heirs, profiling their contributions and conveying their
thoughts about technology. What’s happening today? How are current events in technology and
computing going to reshape our world in the years to come? How did these big thinkers become
the people they are?
I’m honored to have conducted so many of these interviews and view them as the most
personally rewarding facet of my career to date. I believe they’re not only entertaining and
thought-provoking but also deeply important for grasping the context of our hastily shifting
society.
You’re probably reading this text as an ebook; your present in this moment has been shaped by
the likes of Bob Young and Mark Coker. Perhaps you downloaded the book through a PC
influenced by Louis Burns and Fred Weber. You might have paid for it with technology designed
by Max Levchin, and you definitely used hyperlinks, first envisioned by Ted Nelson. Our lives,
and our children’s lives to come, will be greatly influenced by the thoughts of these pioneers.
Their words touch our everyday movements. Their actions are reshaping our paradigms at an
unprecedented speed.
This marks the first of three volumes in the “Architects of Tomorrow” series. Read on, and
you’ll see glimpses of how the world waiting for you has been shaped by these incredible minds.

Ray Kurzweil: Inventor, Entrepreneur & Futurist
From Artificial Intelligence To A New Dawn For Humanity
Original publication: February 2002

One of the primary shapers of today’s technology speaks out on the future of artificial
intelligence. MIT graduate Raymond Kurzweil is the inventor-genius we all long to be. While a
teenager, he demonstrated on TV a gadget he’d built that could develop original music scores
based on songs it had heard, and in 1982, he invented the first synthesizer capable of rendering
orchestra-quality sounds. Additionally, Kurzweil was chief developer of the first omnifont OCR
package, the first CCD flatbed scanner, and the first publicly marketed speech recognition
application. Kurzweil’s two books, “The Age of Intelligent Machines” and “The Age of Spiritual
Machines,” reflect his passionate interest in artificial intelligence. In interviewing the man, one
can’t help but wonder if all of these accomplishments are but a prelude to even greater
breakthroughs still buzzing through his head.
CPU: In the mid-’90s, the popular perception was that speech recognition was limited by
processing speed. All the nuts and bolts of natural language recognition were in place, but
CPUs simply couldn’t handle the task in real-time. Now, we have multi-processing chips 10

times the speed of original Pentiums, but there seems to have been very little progress in
speech recognition at a real-time, natural speaking level. Why?
Kurzweil: Progress in speech recognition has been gradual and constant. In particular, priceperformance has grown at an exponential rate. The following chart illustrates this progress:

Even though the usage has grown to millions of users, this still represents only a couple of
percent of all computer users, so it still does not appear to be ubiquitous. However, the progress
will continue, and I expect that speech recognition will be a ubiquitous way of entering text later
in this decade.
CPU: To what degree is AI development fettered by hardware, software, or human
ingenuity?
Kurzweil: AI development is limited by both hardware and software, but both areas continue to
develop through human ingenuity. Hardware continues to grow exponentially. This exponential
growth will continue past the demise of Moore’s Law. Moore’s Law has to do with flat
integrated circuits. The next paradigm, already being developed in many laboratories, will
consist of three-dimensional circuits built at the molecular level. However, even our current
paradigm of flat integrated circuits will provide sufficient computing power before 2020 to
emulate human brain function.
The software of intelligence is probably the more salient issue. Here, a primary source of
knowledge about how to build an intelligent entity is reverse engineering the human brain, a
grand project already well under way and further along than most people realize. Our knowledge
about human brain function is also growing exponentially. As one example of many, Lloyd

Watts, a scientist in California, has successfully reverse-engineered more than a dozen regions of
the brain having to do with the processing of auditory information. It is a conservative scenario
to expect that we will have detailed models of all regions of the brain before 2030, which will
provide us with the templates of human-level intelligence.
CPU: In 1957, AI researcher Herbert Simon forecast that a computer would be the world’s
chess champion within 10 years, and Deep Blue didn’t defeat Kasparov until 1996-97. So is
AI in general progressing four times slower than expected?
Kurzweil: I don’t think it makes sense to evaluate progress in the AI field based on one illconsidered prediction. We have a far better understanding today of what will be required to
create human-level AI. My own predictions have not changed in 20 years: I expect to have
sufficient computing power in a $1,000 computer to emulate human-level (Turing test-capable)
AI by 2020 and the software by 2030.
CPU: In 1996, the Sugarscape program modeled artificial agents competing for virtual
world resources in a way that many thought paralleled human social evolution and
structure. If and when such “a-life” applications continue to mature, do you think it’s
possible that we’ll be able to learn valuable insights about the human condition from such
artificial simulations?
Kurzweil: We will be using biologically inspired paradigms to emulate human intelligence.
These include “a-life” approaches; so-called “genetic” algorithms, which emulate evolution;
“neural nets,” which employ increasingly sophisticated models of biological neurons; and other
“self-organizing” approaches. Biology tends to employ bottom-up design principles, in which the
high-level capabilities emerge from the complex interaction of simpler methods, rather than the
top-down design principles which are typical in human-designed engineering. However, the
broad trend is toward emulating these powerful self-organizing, chaotic, massively parallel
approaches we find in nature.
CPU: Many of the Web sites now employing AI-based, natural language support routines
seem to be less convincing or accurate in their replies than Weizenbaum’s ELIZA program
from the ’60s. Is this an unfair comparison or has the technology simply not improved?
Kurzweil: Many Web sites do employ simpleminded approaches that are not significantly better
than the 200 lines of BASIC code deployed by Eliza. But the state-of-the-art conversational
engines, such as Alice, or “Ramona,” who is the hostess of our own AI portal
(www.KurzweilAI.net), while still not close to passing the Turing test, are nonetheless
significantly more capable than Eliza. Although it’s not hard to trip her up, we do get a lot of
emails from people who are impressed with how often Ramona’s responses are appropriate.

CPU: What was your “first time” with a computer?
Kurzweil: As a teenager in the early 1960s, I had a summer job doing analyses of variance using
the old Friden electromechanical calculators. I managed to get access to an IBM 1620 computer,
and taught myself Fortran. I programmed the statistical test and presented it to the project that
had hired me, which was doing statistical evaluations of the Head Start program. They ran it in
parallel for a while, and then replaced the calculator-based approach with this program. IBM
later distributed it for use by IBM 1620 users.
CPU: What is the biggest mistake you’ve ever made?
Kurzweil: It’s hard to identify just one. But I think it’s important not to be afraid to make
mistakes or to fail. Edison failed hundreds of times trying to make a light bulb until he found the
right kind of filament. If he’d been afraid to make mistakes, he never would have succeeded.
CPU: What is your assessment of AI’s treatment in popular fiction?
Kurzweil: A common failure in science futurism movies is to take a single concept and employ
it in a world that is otherwise indistinguishable from today, as if nothing else would change by
that time. So “The Matrix” has virtual reality, but not much else is different. And “A.I.” had
near-human-level androids, but everything else, from the roads to the coffee makers and books,
were just like today. The reality is that we will have change at many levels simultaneously. So by
the time we have androids at human or near-human levels, we will also have ubiquitous virtual
reality, embedded intelligence in everyday objects, intimate extensions to human intelligence
through noninvasive neural implants, and many other changes.
CPU: In what ways is AI being best applied in everyday contemporary life?
Kurzweil: Today, we have many examples of “narrow AI,” by which I mean systems that can
perform functions that used to require intelligent humans to perform. These include playing
many different types of games at master levels, landing jet planes, guiding cruise missiles,
making medical diagnoses, evaluating electrocardiograms, recognizing pathogenic cells in blood
cell images, recognizing human faces, assisting human artists and musicians in real-time, making
financial investment decisions, and a myriad of other tasks. In contrast, “strong AI” would refer
to a machine that could emulate the full range of human intelligence, including our mastery of
human language and our wonderful ability to understand situations in a panoply of contexts.
CPU: In his 1999 Scientific American article, “Rise of the Robots,” Hans Moravec states
that “robot intelligence will surpass our own well before 2050.” I believe you predicted
2020 in “The Age of Spiritual Machines.” Moravec also says that because robots will

“outperform us in any conceivable area of endeavor, intellectual or physical … such a
development will lead to a fundamental restructuring of our society.” Is this a plausible
scenario or more grandiose fancy reminiscent of the 1950s? If the former, how might our
society be transformed?
Kurzweil: I’ve consistently said that we will have the hardware by 2020, but it will take until
2030 before we have the software. For medical reasons, some of us already place computers in
our brains. I’ve described a scenario involving nanobots (microscopic robots the size of blood
cells) that can go into our brain through our capillaries and directly interact with our biological
neurons. We will be spending a great deal of our time in full immersion virtual reality
environments involving all of the senses. In virtual reality, we will encounter other people, some
of whom represent other biological humans, and some of whom have no biological counterpart.
CPU: What applications for AI are within our grasp today that haven’t been developed or
explored?
Kurzweil: We will see the range of “narrow AI” applications expand to virtually all areas of
human endeavor over the next decade. We will also see multiple AI technologies combined so
that narrow AI becomes less narrow. I developed a translating telephone that combines largevocabulary, continuous speech recognition (for two languages at a time), text-to-text language
translation (for each language pair), and text-to-speech synthesis (for each language).
Another example of combining multiple narrow AI technologies is the “virtual personality,” such
as Ramona on KurzweilAI.net, which combines realistic avatar animation, natural language
processing (for example, a “conversational engine”), a knowledge base of understanding (for a
specific task, in Ramona’s case the task is being a knowledgeable site hostess and guide), text-tospeech synthesis, and an idea mapping tool. There will be many examples where we combine
multiple AI technologies into flexible systems.
Another trend over the next several years will be virtual personalities to conduct routine
transactions. Although these avatars will not come close to passing the Turing Test (not until
2030), they will represent a useful interface for many types of transactions.
CPU: What’s the dumbest or smartest thing you ever saw a company do in the tech
industry?
Kurzweil: I don’t know if this is the dumbest thing I have ever seen, but it was not smart of
Apple Computer to fail to realize that it was really in the operating system business. Had it
unbundled its operating system from its hardware before Microsoft got Windows to work well,
Apple could have been Microsoft. For that matter, Xerox had this opportunity even before Apple
did. And certainly one of the smartest things was Bill Gates embracing the graphical user
interface and making it the standard for operating systems.

CPU: What is your greatest hope and worst fear for AI?
Kurzweil: My greatest hope is that “strong AI” will represent the next step in the evolution of
intelligence in our civilization and on our planet. In this positive scenario, AI will usher in an era
of enormous creativity and will overcome poverty, disease, and other age-old afflictions of the
human race.
However, technology has always been a double-edged sword. It represents power to amplify our
human proclivities for both creativity and destructiveness. So my worst fear is that AI and other
future technologies of enormous power (such as biotechnology and nanotechnology) may be
guided by narrow-minded and destructive goals and values.

~ ~ ~

Kurzweil Today

One can write 3,000 words about Ray Kurzweil and hardly scratch the surface of everything the
man has accomplished professionally. In 2002, our focus was on artificial intelligence, in part

because this topic followed in line with his 1999 book, “The Age of Spiritual Machines,” and a
growing popular interest in AI. But Kurzweil is not the kind of person to stand still or
concentrate too long in any given niche. At one point in 2001, I asked him who or what inspired
him the most. He replied, “Applying technology to worthwhile social and cultural goals.” While
Ray Kurzweil’s activities may seem far-ranging and sometimes unrelated, all clearly derive from
this single, concise purpose.
In 1976, Kurzweil, along with representatives from the National Federation of the Blind,
launched his groundbreaking Kurzweil Reading Machine. Almost 30 years later, in 2005, he
returned with the Kurzweil-National Federation of the Blind Reader (K-NFB Reader). Whereas
the original machine was the size of a table and converted text scanned on a flatbed into data, the
K-NFB Reader is a handheld camera that photographs text and reads it aloud.
In 2005, Kurzweil released a book titled “The Singularity is Near.” Singularity is a term denoting
when technologies have grown exponentially to the point that, as Kurzweil puts it at
www.singularity.com, “our intelligence will become increasingly nonbiological and trillions of
times more powerful than it is today—the dawning of a new civilization that will enable us to
transcend our biological limitations and amplify our creativity.” Kurzweil has pegged the
Singularity’s date for 2045, noting that “nonbiological intelligence created in that year will be
one billion times more powerful than all human intelligence today.” For many reasons, humans
will have to integrate this intelligence at the biological level. Kurzweil has turned the book into a
movie, The Singularity is Near. It officially launched in the U.S. at the 2010 Woodstock Film
Festival, but widespread release is still pending as of this writing.
With his incredibly productive mind in so many projects, I was immensely honored when Ray
Kurzweil spared a few moments to answer some additional questions.
CPU: As we see in your books, such as “Transcend” and “The Singularity is Near,” you
believe we’re close to having the technology needed to radically extend human life. Even if
similar technological feats allow us to solve issues such as energy shortages, there’s no
getting around the problem of aging societies and overpopulation. Unless these longevity
technologies come with a built-in zero population growth switch, how can we avoid this
impending risk?
Kurzweil: The idea behind radically extending human life is to stop and reverse aging so we
won’t be “aging.” As for overpopulation, the same technologies that will extend longevity will
also vastly extend resources. We have 10,000 times more sunlight than we need to meet 100% of
our energy needs. The total amount of solar energy we are producing is doubling every two
years, and we are only eight doublings away from meeting all of our energy needs. The
technology underlying this is the increasing application of advanced material technologies such
as nanotech to solar panels. Once we have inexpensive energy, we can easily convert the vast
amount of dirty and salinated water we have on the planet to usable water. We are headed
towards another agriculture revolution, from horizontal agriculture to vertical agriculture where
we grow very high-quality food in AI-controlled buildings. These will recycle all nutrients and
end the ecological disaster that constitutes contemporary factory farming. This will include

hydroponic plants for fruits and vegetables and in vitro cloning of muscle tissue for meat—that
is, meat without animals. Even PETA likes this idea.
Desktop nano factories will enable us to produce modules to snap together high-quality yet
inexpensive housing. There is a Singularity University project devoted to this concept. Look at
the cover of last week’s Economist magazine; it features a picture of a violin that was printed out
using a contemporary three-dimensional printer. This spatial precision of this technology is
improving exponentially.
And there’s plenty of land available. Just take a train trip anywhere in the world and you’ll see
most of the land is not really used. We aggregate today in crowded cities because this was a good
way to communicate, but the need to do this will dissipate as virtual reality becomes equal to real
reality in resolution and realism.
CPU: There are plenty of futurists, but your track record seems to be much better than
most. So either you’re a lot smarter than the average futurist or you’ve got a different,
better methodology fueling your crystal ball—or both. Which is it?
Kurzweil: I have a better methodology, which is the law of accelerating returns. This postulates
very smooth and predictable exponential growth in all of the underlying measures of priceperformance and capacity of information technologies. In computing, this has held up since the
1890 American census. It is a much broader phenomenon than Moore’s Law, and it goes through
thick and thin, war and peace, boom times and recessions, even the Great Depression.
CPU: You read a lot of science fiction as a kid. What were your favorites, and how did they
affect you?
Kurzweil: I was influenced by the Tom Swift, Jr. series. In each book, Tom and his friends
would get into a perilous situation, and usually the fate of the human race hung in the balance.
He was able to win the day with the power of his inventions.
CPU: You’ve said that humans will soon have non-biological portions of their brains into
which new knowledge and skills could be uploaded à la “The Matrix.” But we don’t even
know how the brain handles and stores information. In many regards, we have the
neurological engineering savvy of a light switch (signal on or off) when it would seem that
we need the intricacy of a supercomputer for such a task. Can we really be so close that
we’ll see such capabilities in our lifetimes?
Kurzweil: I’m writing a book called “How the Mind Works and How to Build One.” The
progress is much further along than you’re indicating, and the continued progress is exponential.
Biologically inspired algorithms have already influenced [IBM’s] Watson and CMU’s Read the
Web project. The Blue Brain project expects to have a detailed simulation of the neocortex,

which is the region responsible for our symbolic thinking (that underlies language, for example),
within eight years.
CPU: You’ve worked with Google founder Larry Page on solar energy and indicated that
solar will become efficient and cheap enough to solve the world’s energy needs within the
decade. However, you haven’t fallen into the trap of politicizing this innovation or
commenting on the geopolitical ramifications of the coming energy shift. How important is
it to the fate of any one country or region to be the one that creates the intellectual property
underlying tomorrow’s clean energy breakthroughs?
Kurzweil: There’s no question but that innovations in emerging clean renewable energy
technologies will be of enormous value. Energy today is a two trillion-dollar industry. Clearly,
our own venture capital industry believes that based on their multi-billion dollar investments in
this area. From my perspective, we live in one global economy, so I’m happy to see nations like
China and India invest in this area.
CPU: I’ll be honest. The Singularity idea scares me—not because it’s alien and unknown
but because it seems entirely plausible if not unavoidable. You’re talking about a
foundational change in the human condition, and you’re saying it’s going to happen in the
prime of my children’s lives. I have to believe that such a change would be accompanied by
massive, world-sweeping social upheaval, but I’ve never heard you mention this prospect
before. The post-singularity future may be blissful and optimistic, but what about the
transition to that state?
Kurzweil: People are always afraid of change. But it is remarkable how quickly people adapt to
new situations. I wrote about the various implications of an emerging global communication
network allowing hundreds of millions of people to communicate with each other and with vast
knowledge resources emerging. I said that this would happen in the mid to late 1990s, and I
wrote about it in the early and mid-1980s. People thought that was nuts as well as frightening,
but we adapted to it pretty well. That being said, [global networking] is a deeply democratizing
technology. I wrote in the 1980s that it would sweep away the Soviet Union, which it did when
the coup against Gorbachev in 1991 failed because of a clandestine network of decentralized
electronic communication. We can see the democratizing effects of social networks with two
revolutions [Tunisia and Egypt] just in the last few weeks. The bottom line is that we will extend
human capability with these technologies. That is why we create them. We are the only species
that does this.
This promise vs. peril issue is dealt with extensively in the movie “Transcendent Man,” directed
by Barry Ptolemy, which is an outstanding documentary on my life and ideas.
CPU: Your knfbReader technology is mind-blowing. Intel seems to have cloned the idea
with its own Reader device, since both simply require users to snap a photo of a page, then
the device performs the optical character recognition needed to read the page aloud.

However, both KNFB and Intel seem solely focused on targeting this device at the elderly
and handicapped. I gave the idea to a K-12 teacher friend to try Intel’s Reader as a
teaching tool for slower reading learners, and (thanks to Intel’s help) early results have
been phenomenal. Why isn’t this technology being targeted at the kids who so badly need
it?
Kurzweil: We do target this at children with learning and reading disabilities. An earlier
company of mine created the Kurzweil 3000, which is specifically directed at people with
reading disabilities, and it is the leading software for people with this condition.
CPU: As mentioned, you’ve worked with Google’s Larry Page on at least one project. If the
knfbReader Mobile software can run on a Nokia N82 phone, shouldn’t it be able to run on
just about any Android device on today’s market? Why don’t we have this yet?
Kurzweil: Our focus recently has been on Blio [www.Blio.com], a free e-reader which is fully
accessible by the blind and reading disabled. It reads out loud with synchronized highlighting
and preserves the original format of the page, unlike other e-readers. It is free and comes with
three million free books. Blio is designed to run on all platforms, including Android. This
Android version will be available soon.
CPU: Blio is visibly better than rival apps from Apple and Amazon, in my opinion. The
Web-enabled features alone would seem to make it a shoo-in for education. Why isn’t Blio
in all of the app stores yet?
Kurzweil: Stand by.
CPU: You’ve noted many times how we’ll someday be able to map and digitize people’s
memories and personalities—their selves—and turn these into software so that people can
essentially become immortal. Others have asked you if you believe in “the soul.” Could it
be that, from the perspective of an agnostic such as yourself, such psychological digitization
is the creation of the soul?
Kurzweil: I am a patternist and believe that my identity and consciousness (a synonym for soul)
has to do with the continuity of my pattern. If I gradually augment myself with nonbiological
intelligence, I am still maintaining that continuity of identity.
CPU: If mankind will meld with computing at a biological level, it follows that we’ll all be
networked at a neurological level, as well. I have a hard enough time grappling with the
shifting privacy ramifications of Facebook. Does the internal networking of humanity mean
an end to privacy as we’ve known it—and thereby individuality?

Kurzweil: Not at all. Privacy is alive and well today and the underlying technology of privacy
(encryption) is running ahead of the underlying technology of surveillance, which is decryption.
It is a complex subject, but we will be able to do both: merge our intelligence with others and
maintain our own individual identity. I would say we do that today.
~ ~ ~
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