
C O V E R  F E A T U R E  

Although we cannot be certain that science fiction directly influenced the 
course that computing technology has taken over the past 50 years, the 
genre has-at the very least-anticipated the technologies we’re using and 
developing. 

peculation ahout o u r  future relationship to 
computers-and to  technolngy in general- 
has limn the province of science fiction for a t  
least a hundred years. But riot all of tbat spec- S ulation has been as optimistic as those i n  tlic 

computing profession inight assume. 
For example, in  Harlan Ellison’s chilling “I Have 

No Mouth and 1 Must Scream,”’ three political super- 
powers construct Yast suhterrmean computer cnm- 
plexes for the piirposc of waging glohal war. Instead 
of carrying out thcir commands, the computers hnuscd 
in these complexes grow indignant at thc flaws the 
h i m ”  have introduccd into their systems. These sclf- 
rcpairing machines eventually rcbcl against their cre- 
ators and unite to  destroy the cntirc human race. 
Collectively calling itself AM-as in “I think therefore 
I ani”-the spitcful system prcserves the last fivc pco- 
plc on the planet and holds them prisoner so it can tor- 
ment them cndlcssly. 

While cautionary tales like this in science fiction arc 
plentiful and varied, the genre is also filled with more 
optimistic speculation ahnut computer technology that 
will help save time, improve health, and gencrally ben- 
efitlifeasweknowit. l fwc  takca lookatsotmiifthis 
speculation-both optimistic and pessimistic--as if it 
were prediction, it turns out that inany scicncc fiction 
authors 11nve eiivisioncd the future as accurately as Iiis- 
torians have chronicled the past. 

Thirty ycars ago, for example, Fritz Licbcr wrestled 
with the implicatims of a compiiter some day beating 
humans at chess. hi “ l h e  64-Squaw Madlioi,se,”ZLieher 
offers a fascinatingly detailed expositinn of the first iiiter- 
national grandmastcr tournament in which an clcctronic 
computing machine plays chcss. One of the most 
poignant elements of the story-particularly in  light of 
Deep Blue’s victory nver Kasparov-is Lieber’s allusion 
to the grandmaster Mikhail Botvinnik, Russian world 
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champion fnr 13 years, who oncc said “Man is limited, 
man gets tired, man’s program changcs very slowly. 
Cnmputer not tired, has grcat memory, is vcry fast.”‘ 

Of course liction docsn’t always come this close to 
getting it right. Or perhaps in some cases we aren’t far 
enough along t o  tcll. It remains to be seen, for exani- 
plc, whether certain golden-age scicncc fiction novel- 
ists of  the 1920s and 1930s did a poor job of prcdicting 
coinputcr tcchnology and its impact on our world. 
After all, many golden-agc authors envisioned that in 
our time wc would be flying personal helicopters built 
with vacuum-tohe electronics. Of conrsc wc’rc not 
going to  hc basiug a design thcsc days on vacuum 
tubes, hut it might hc too early to judge whether we’ll 
nnc day be flitting ahout in personal hclicoptcrs. 

Predictinn is difficult, gucs the joke, especially when 
it comes tn tlic future. Yet science fiction authors have 
taken their self-imposed charters seriously; thcy’vc 
tested countless technnliigics in the virtual cnviron- 
ments of their fiction. 

Perhaps in this sense scicncc tiction isn’t all that dif- 
ferent from plain nld product proposals and spcc 
sheets that chart the effects nf a new techuology on 
our lives. l h c  main difference-literary merits aside, 
of cuursc-is the time it takes tu niove from product 
inception (the idcaj to productinn and adoption. 

OUTTHINKING THE SMALL 
Gencrally speaking, scicncc fiction has adhered to 

a kind of Moorc’s law of its own, with cach succcssivc 
gcncratioii of writers attempting to outthink earlier 
gcncrations’ technologies i n  terms of hoth form and 
functian. Often, outdoing earlier fictions simply 
cntailed iniagining a dcvicc smaller or more portable 
or  with greatcr functionality-exactly thc kind of 
cnhancements at thc hcart of competition i n  tlic coin- 
puting marketplace tiday. It wasn’t until the hirth 
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Digital Angels 
Jn modern pliilosophy from Descartcs _ .  

to thc presen;, you’ll often sce medicval 
theologians mocked for tlicir zealous intcr- 
est in minutia; many wrote hugc volumes 
dedicatcd to questions so speculative as to 
be rhetorical art rather than anything elsc. 
A prime example: How many angels can 
dance on the head of a pin? 

Since the spiritual realm was to a 
mcdieval theologian what the atomic realm 

is to a twenticth-century scientist, it’s not 
hard to suggest that tlicsc theologians were 
speculating about thc same rcalm as 
today’s scientists. What both pcrspectives 
amount to is a powerful urge to undcr- 
stand the world heyond human sight. Aftccr 
all, onc of the richest traditions of spccu- 
lative fiction is inedicval theology. 

Thc more wc have semi in the 
microworld, tlic more we’ve heen ablc to 
create smaller and smaller tools to help us 

FNIAC. (APNids World Pholos) 

of thc space program, however, that real-world re- 
searchers began tn feel the pressure to do likewise by 
making their clectronics both smaller and lighter. 

Fostcrcd in part by tlic personal computing rcvolu- 
tion, in part hy the military, and in part by the 
advancements in related fields, cmnputers have shrunk 
from multiton mainframc monsters of vacumn tubcs 
and relays to ten-pound dcsktqx and two-oLmcc 
handhelds. How long can this trend continue? Here is 
onc forecast, thc author of which may surprise you: 

Miniaturization breekthroo~hs-ci,mbined with the 
scaling bcnefits of thc quantum transistor, tbc utility 
of voice rccognition, and nnvel Immanimacliine inter- 
face technologies-will make the cmccpt  of a c o m  
pmcr thc six of a lapel pin a rcality in  the early 
decades of rhc 21st century. 

No, this islilt from thc realm of spcculative fiction; it’s 
from Texas Instruments’ Web site. 

physics did not prevent dcvicrs, motors, and computers 
from heing built, atom by atom, at the molecular 1cvt.I.’ 
Peynman’s basic idea was to huild a microfactory that 
we would use to build an even smallcr factory, which in 
turn would make one even sinaller until we wcre able to 
access and manipulatc thc individual atom. 

While we havcn’t yct realked Fcynman’s goal of an 
atomic-Ievcl machine, we’vc bcen steadily moving in 
that dircction for at  Icast 50 years. Perhaps signaling 
that move was John Mauchley and J. Prcspcr Eckert’s 

Nnhel Laureatc Richard Feynman wrote in ‘I 959 that 

look even furthcr, When it conies to com- 
puters, it has taken us a while to catch up 
to somc of the teclmologics that writcrs 
have been toying with in  their fiction for 
a hundred ycars. In this sense, though, sci- 
ence fiction functions just like a micro- 
scope: It’s an imaginative tool that helps 
focus scientists on all thc intcresting pos- 
sibilities that miiiiaturization makes avail- 
able. Without science fiction, we might 
nevcr have gone from Eckert and 
Mauchly’s 1946 ENIAC, a computer that 
filled a large room and weighed 50 tons, 
to much morc powerful computers that 
have the distinct advanragc of being ablc 
to fit into the palm of your hand. 

And it is also highly likely that without 
sciencc fiction-almost single-handedly 
responsible for putting geek and chic i n  
thc same sentencc-we never would have 
been able to see the possibility of incor- 
porating electronic tools into our attirc. 
While wearablc junkies (like MIT’s Thad 
Statner and Josh Weaver) can nctwork in 
at least two senses, seeing someone walk 
around with one eye only a fcw centimr- 
ters from a ininiature computer screen still 
looks a little bizarre. 

top sccret BINAC, delivered to thc Pcntagon in 1949 
as a prototype stellar navigation computer.’ From thc 
warhead of a missile, it could look at the stars and 
compute locations and trajectorics. 

BINAC signalcil a general change in thc spirit of 
design. Succcssful miniaturization efforts like BINAC 
fed back into science fiction to the extcnt that kcy 
authors began to explore, cvcn to a greatcr degree 
than in tlic first half of thc century, the implications 
of miniaturization. 

In 1958, Isaac Asiniov descrihed a handheld pro- 
grammable calculator-multicolored for civilians and 
blue-steel for the military? In  terms of hardware and 
software, Asimov’s story flawlcssly described the kind 
of calculators we use today. The calculator, you’ll 
recall, niadc it tn market about 20 years later. Bot why 
didn’t Asimov makc his calculator cven smallcr? Why 
didn’t he enihcd it in a pen or in a necklacc? 

Computer scientist David H. Levy identifies the 
ergonomic threshold as the poim at which we move frtim 
elcctrotiic-limited miniaturization to interface-limited 
miniaturization? In othcr words, there will he a point in 
tlic~tturcwhenwe’lll~cal~letopaclcjustaboutanyctun- 
puting feature we want into a very small form factor, hut 
whcri w c  reduce thc dimensions of a dcvice heyond a 
certain point, it liecomes difficult to use. 

After all, thc dimensions of the human hody requirc 
certain interfaces. Working arouitd tlicsc requircments 
takes not only a great deal of imagination, but almost 
always a breakthrough in technology. Eliminating 
keyboard-based input from laptops, for examplc, 
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It’s more than likely, however, that it 
won’t be long before fashion shows like 
the one dcpictcd hcrc hecnme the n o m  
rather than the cxception. After all, each 
sleek new technology that has alrcady 
becn adopted as a kind of fashion statc- 
mcnt-Iikc small digital phones or ieath- 
erweight M1’3 players-has had to move 
gradually from bizarrr tu normal. This 
trend will likcly continue, which ineans 
that wearables like those worn hy Stamcr 
and Wcavcr will bccome as much a iash- 
ion n o ~ m  as Lcvi‘s jcans. This trend will 
he aidcd and accelerated by technologies 
that not nnly make tlicsc small systems 
smaller still, hut also work more effectively 
than the technology thcy’rc replacing. 

One tool that docs just that is this pair 
of glasses created by MIT and Micrn- 
Optical. These glasses house a tiny color 
viden display that is generated in the 
glasses’ temple picce and projected to a 
small mirror ciiibcdded in the lens. This 
mirror reflects thc iinagc directly intn the 
eye. Unlike tlir first generation of bulky 
screens that completely cnvercd one eye, 
this miniature display isn’t obtrusive. Just 
as many houses huilt now are wired for 

Members oflhe MIT wearables group. 
(APNide World Photos) 

high-spccd data access, eyewear stnrcs 
will soon be st(,ckingvidco-rcady iramcs. 

It seeins that science fiction authors 
often visit thc idcas entertained hy 
medieval mystics-more often than coin- 
cidence alonc would allow. Plenty of 
authors’ cliarncteis break through to  
annthcr reality that they (lescribc only 
with the lnnguagc of theology. Given this 
phenonicnon, it shouldn’t seem all that 
strange that we in the twentieth century 
have begun to cxplore the possibilities of 
technologies likc quantum computing 
and neural networking. iMight not these 
pursuits just he another way of asliing 

Katrina Barillova (center), cofounder 01 
Inlocharms, a spin-olfof lhe MlTMedia Lab. 
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how many angels can dancc on the hcad 
of a pin? 

enabled an cntirc gcncration of I’DAs that rely pri- 
marily on various kinds o i  bandwriting recognition 
tcclinology for entering and retrieving information. 
Kcducing the size of this gcncratinn of PDAs will 
likely require rcliahle vaicc recognition and voice syn- 
thesis tcchnology. 

PORTABLE FUSION 
Early science fiction maintained an erroneous hut 

very popular idea about miniaturization that was hased 
on a literal interpretation o i  the Uohr atom metaphor- 
where thc atomic nucleus is actually a sun and the clcc- 
trons circling it arc thc planets. Quite a few authors in 
the first half of tlie twentieth century toycd with the idea 
that if you could shrink yourself to a small enough size, 
you would find people on thosc plancts whose atoms 
are themselvcs solar systems, and so on, ad infinitum. 

We’ve conic to understand, nf course, tliat such a 
continuum isn’t all that likely and that we might even 
eventually reach the limits of thc kind of miniaturiza- 
tion descrihcd by Moore’s lam After all, cnntinuing to 
shrink active electronic cornponcnts on computer chips 
is alrcady rumiing into quantum problems. 

Mcanwhile, science fiction has taken on tlie quan- 
tum issuc, with one story even suggesting a storage 
system bascd on “notched quanta.” Wc don’t %now 
how to  “notch” quanta, but sincc quantum coni- 
poting is just now beginning to cmcrgc, it might vcry 
well be shortsighted to hclicve that computcr scicn- 
tists 20 years from now wm’t  scoff a t  our idea that 
wc are approaching the limits of miniaturization and 
spccd. 

Consider that in 1959 Howard Fast descrihcd tech- 
nalogics that wc’rc capable of producing today but that 
in the late 1 9 5 0 ~  soundcd impossible (ifnot ludicrous) 
to most people. In his classic story “The Martian 
S h ~ p , ” ~  Fast dcscribed a calculator cndowcd with 
speech recognition capahilitics. He also descrihcd a 
miniaturc music box with a vast repcrtoirc of rccorded 
music-not unlike a sniall CD or MP3 player-and a 
fusionpowered outbmird motor. Forty years after pub- 
lication, the first two o i  thesc thrcc have become reality 

Using a fusion-powered outhnard motor-or a 
nuclcar-powered car ior that matter-will require 
morc than a revolutionary brcakthrougli, hut it’s still 
tno early to tell whether or not it’s at all possible. 

putcrs for certain prohlems. A phcnomenon known llnhcrt A. I~einleiii-science fictk)nauthor andinven- 
as quantum parallelism allows exponentially many tor of the waterbed-worked in thc 1940s on pressure 
such computations to takc place simultaneously, thus suit technology for tlie US Navy; this work led almost 
vastly increasing the specd of computation. directly tu thc dcvclopmcnt of space suits. Hut somc 21 
Unfortunately, tlic development o i  a practical quan- years beiore hnistrong and Aldrin even walked on the 
tuni computer still sec“ far away. moon,Hcinleinpuhlisheda shnrtstmy inwhiclianastro- 
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naut experiences a problcm with his oxygcn; hy looking 
at a small device attached to his bclt, the astronaut con- 
firms that the oxygen content in his blood has fallen? 

Such a device might not secm all that impressive to 
us today, particularly since, in the past 20 or 30 years, 
portable medical devices likc this have bccome coni- 
monplace technologies in popular media likc TV and 
film. Each generation of Star Trck doctors, for cxam- 
ple, uses similar devices. But Heinlein was among the 

Future Transport 
Although Richard Trevithick huilt the 

first practical steaiii locomotive in 1804, 
the railroad revolution had to wait 22 
years-until the opening of the Stockton- 
Darlington railwa y-before it could begin 
its rapid expansion across Europc and the 
US. Rut hy the end of the ccntury, railroads 
were ncarly everywlicre and having a pow- 
erful effect on people’s lives. Understand- 
ably, then, the speculative writers ofthe late 
nineteenth and early twentieth ccnturics 
should find thc future of transportation one 
of their most inspiring themes. 

The internal comhustion engine and 
Henry Ford’s 1909 Model-T fueled the 
imaginative fires of authors who envisioned 
a day when we’d all have our own auto- 
mobiles; beyond ground transportation, 
writers from Jules Verne forward imagined 
personal air transportation machincs so 
consistcmly and vividly that such vehicles 
moved from possibility to postulate. Philip 
I<. Dick‘s 1968 near-future novcl Do 
Androids Dream of Electric Sheep?-more 
commonly known in its movie form as 
“Blade Runncr”4escribcs a city in which 
many residents travel in flying cars. 

Although such vehicles might seem 

first writers to describe a devicc hascd on the idea of 
real-time biofeedback. 

And now, wearablc compoters-including hiofeed- 
hack devices nearly as sophisticated as Hcinlein’s- 
have clearly passed from technological speculation 
and science fiction into real-world nsc. Millions of 
people grew u p  with the comic-strip character Dick 
Tracy, who used a two-way wristwatch radio. Over 
the decades, he upgraded his wrist gadgetry to  he 

attractive but far-fetchcd even now, Mollcr 
International 1x1s developed one: the 
M400 Skycar. Cruising comfortably at 
56.3 kilometers per hour and using regular 
automohile fuel, the M400 effortlessly 
avoids traffic, rcd lights, and spceding tick- 
cts. The skycar has three on-board com- 
puters and cight engines. According to the 
company, the ~ 4 0 0  is so automated you 

The SoloTrek Exo-Skeletor Flying Vehicle. 
(Courtesy oiMillenniiim Jet, http://www. 
solatrek. cam) 

dun’t need a pilot’s license to fly it. Flight 
safcty, always a prime conce~n, is eiisurcd 
by the M400’s cight engines, four of which 
are redundant. 

Moller believes their skycar is but an 
interim step on thc path to gravity inde- 
pendcnce; flying automobiles are the next 
step. Although thc M400 costs around $1 
million, Moller expects that the cost will 
drop to that of a standard luxury car once 
mass production hcgins. 

Meanwhile, the Millennium Jet corn- 
pany has inventcd a new kind of personal 
transportation, which they call the 
SoloTrrk Exo-Skclctor Flying Vchicle 
(XFV). You step into the machine, stcap it 
on, and fly. Like a helicopter, the SolaTrek 
XFV can provide a bird‘s-eye view of the 
ground and lets yon fly through a variety 
of terrain at up to 128 kph. 

Less complcx than a helicopter, the 
XFV is casicr to maintain, and can laooch 
and land at sites the sizc of a dining room 
table. Rest of all, the XFV costs just 5 per- 
cent of the typical hclicopter’s $ I inillion 
price tag. Bccause it uses ordinary 87 
octane automobile gasoline, not aviation 
fuel, you can rcfuel your XFV at the near- 
est servicc station. 

Moller International‘s conception ol an M400 Police Skycar. The M400 Skycar. (Reprinted with permission 01 Maller Infernational) 
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From Fiction to Fact: A Self.Fulfilling Prophecy 
Arlan Andrews Sr. 
Andrews Creative Enterpriscs 

which wcre done by sciilpting in open 
spacc with fingertip transmitters. 

Practically, that vision of “2020” made 
me realiac that such a system could actually 
be invcnted. It inspired nic to search for an 
appropriate VR system that could actually 
do what I had envisioned (even though the 
term hadn’t hccn invented yet). In the carly 
1980s, computer graphics couldn’t do the 
kind of real-time rendering of CAD draw- 
ings that I ncedeil, and head-tracking was- 
n’t mature. While in D.C. in the early 
1990s, I witnessed the DoDS crude military 
VI1 animations and despaired of cver find- 
ing what I was looking for. 

But in 1993, after returning from the 
Whitc House to Sandia Labs, I found such 
a software system under development 
there, and in 1994 I founded a start-up 
company, Viga Technologies, to con-  
mercialize that system. I11 1995, together 
with the invcntors of the softwarc system, 

In 1984 1 wrote “2020: The Chirncra 
Engineer” for the Electronic Design News 
contest to predict a day in the life of the 
electronics engineer of  the year 2020. It 
did not win and wasn’t published until 
1995, in conjunction with a talk I gave on 
predicting the future.’ 

In that story, my character used a solar- 
system-widc virtual reality computer- 
based system for real-time CAD to design 
a dcvice in less than an hour for manufac- 
turing in a Japanese orhiting factory. The 
story featured what is today called agile 
manufacturing or c o n ~ ~ i i e n t  engineering, 
which is having all team mcinhers together 
for all crucial decisions and implementing 
all aspects of work concurrently The story 
also featured real-time compnter graphics, 
which I called “spatial animation” and 

capable of rccciving a video signal. At the Novcmbcr 
1999 Comdex, Hewlctt-Packard‘s CEO Carly Fiorina 
announced to an cnthusiastic Las Vcgas audience that 
HP would be collaborating with Swatch to  manu- 
facture watches with wireless lntcrnct connectivity. 

It is of course difficult-if not impnssibl-to estab- 
l i s h  a causal relationship hctween science fiction and 
rcal-world tcchnology, unless we consider thc names 
we give our technology, which often come directly from 
science fiction. We’ve taken “cyberspace” from the 
work of William Gibson, “rnl)nt” from Karcl Capek, 
“robotics” from Isaac Asimov, hacker-crcated “worm 
programs” from John Rrunncr, and a term from Star 
Trek, “borg,” which is used by today’s aficionados of 
wearable computing devices. But beyond II~IIICS, it is 
fairly safe to suggest that just as early scicncc fiction 
popularircd the notion of space travel-and made it 
much easier to fund a vcry expensive space prograni- 
science fiction also made popular thc idea that our most 
useful tools could bc both portable and intclligcnt. 

MECHANICAL COMPUTING 
Before there were clcctronic computers, thcrc were 

mechanical calculating devices: technologics (like the 
ahacus) designed to save people time. Onc of the most 
elahoratc of such devices was Charles Babbage’s 
unfinished calculating machine, which he callcd the 
Difference Enginc; this device is often credited as 
bcing thc most important ninctcenth-century ances- 
tor of thc computer. 

Science fiction authors, particularly in the 1920s 
and 1930s, drew conclusions from Babhage’s work 
and crcatcd in their fiction clahorately designed 
androids & i x n  by mcchanical hrains. It wasn’t until 
roughly the middle of the twentieth ccntury that thc 
Babbagc computing model gave way to  electronic 

I cofonndcd Viga’s successor firm, Muse 
Technologies, which now markets Muse 
(multidimensional user-uricnted synthetic 
environment). Muse is the VR system that 
NASA uses for conference calls among its 
centers, and the softwarc system it uses to 
coordinate the real-tinic construction of 
the International Space Station. 

My story is an example of science fic- 
tion providing a vision and a goal that 
results cvcntually in the founding of a real 
company to implement the dream. I left 
Musc Tcchnologies in 1997, hot the coni- 
pany continncs til expand, and my science 
fiction vision of the early ‘1980s is now 
pretty much fulfilled. 

Relsrence 
1. A. Andrews, ”2020: The Chimera Engi- 

neer,’’ Proc. Agile Manufacturing Conf., 
University of New Mexico Press, 1995. 

computing, wcll aftrer the development of huge 
mechanical integrators in thc ‘1930s and 1940s, most 
notably built at MIT under Vannevar Bush. But what 
if Charles Babbagc had finished his work? What if 
mechanical computers actually brought about the 
computer revolution a century early? 

One of  thc provinces of science fiction-and in this 
casc what some would instead call speculative fic- 
tion-is altcrnatc history, an extended indulgcnce in 
what-if scenarios. So what if Babbagc had actually fin- 
ished his machine? Onc answer to this question is The 
Difference Enginc, a novel hy William Gibson and 
Bruce Sterling10 in which the British cmpire hy 1855 
contrals the enrirc world through cybersurvcillancc. 

hi addition to portraying a11 entire age driven by a 
scicncc that never happcncd, Gibson and Sterling 
indnlge in speculation ahont how this change might 
havc affected twentieth-ccntury ideas. For examplc, a 
punch-card program proves Kurt Godcl’s thcnry 80 
ycars early-that every language complex enough to 
include arithmetic contains statements that are coin- 
pletely inipossihle to  prove or disprove. And John 
Kcats, unahle to make a living from poetry, becomcs 
thc Icading Koyal Society kinetrt,pist-esscntially a 
director of computcr-generated special cffccts. 

Even though thc mcchanical computing modcl eveti- 
tually gavc way to  electronic computing, Babbage’s 
idcas-coupled, no doubt, with all the fiction writtcn 
about androids with mechanical brains-inspired crc- 
ations like thc animatronic automata that aini~~einent 
parks like Disncyland use for entertainment. Disney’s 
first fully automatcd show was the tiki room, which 
opened in ‘I 963 with more than 225 animatronic crea- 
tures. Of all the automata at Disncyland, though, pcr- 
haps most familiar is thc ~ucchanical Abraham Lincoln, 
which even inspired n Philip I<. Dick novel. 
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The Feedback Effect: 
Artificial Life 

Cybcrnctics is an interdisciplinary sci- 
ence that deals with communication and 
control systems in living organisms, 
machines, and organizations. Norbert 
Wiener first applied the term in 1948 to 
the theory of control mcchanisms. Sincc 
then, cybernetics has developed into the 
investigation of how information can be 
transformed into performance. 

Cybernetics considers the system of 
communication and control in living organ- 
isms and in machincs analogous. In the 
human body, the brain and nervous system 
function to coordinate information, which 
is then used to determinc a future conrsc of 
action. Control mechanisms for self-cor- 
rection in machines serve a similar purpose: 
The principle, known as feedback, is a fun- 
damcntal concept of automation. 

If you accept that feedback capability 
measures technological sophistication, 
you’ll see that the more capable our feed- 
back tcchnology, the more lifclikc our arti- 
ficialcreatures. The same has held true for 
science fiction. It wasn’t until well after 
industrialization-automated factories, 
mass production, and the birth of con- 
sumcr cultnrc-that fiction writcrs moved 
from imagining organic creations like the 
golcm and Frankcnstcin’s monstcr to 

Mefropolis. (0 Belfmann/Corbis) 

an organic one you can’t tell the difference 
unless you look closely at the fishi? eyes. 
Mitsuhishi spent more than $1 million to 
develop the fully automatic mechanical 
fish, using technology they hopc will onc 
day power ships and submersibles. Plans 
for a consumcr version remain uncertain 
because the fish requires a special tank 
with built-in sensors. 

Sony’s $2,500 artificial dog Aibo (pic- 
tured with ball) replaces remote control 
with a CPU and sensors powerful enough .- 
to perform complex actions. Further, 
Aibo’s software gives it thc semblance of 
emotions. instincts. and the abilitv to learn 

Aibo. (Courfesy ol Sony Electronics) 

Milsubishi’s arlilicial lish. (Reulefs) Reference 

those built with mechanical brains. The 
more sophisticatcd thc scicncc, it seems, 
the further the imagination can go. Fiction 
and scicnce fuse with particular effect in 
the term “cyborg”-tlic cpitornc of cyber- 
ne t i ccas  Chris Hables Gray explains in 
The Cyhorp Handbook.‘ 

By the late nineteenth century, science 
fiction writers had already begun to imag- 
ine mechanical people. As early as 1924- 
with the dcbut of Fritz Lang’s film 
“Metropolis”-the imagc of intelligent 
artificial people began seeping into the pop- 
ular imagination. In 1940, imagination 
bccame metal when Sparko and Elektro 
appeared at thc World‘s Fair-connected 
to external power supplies but nonetheless 
capable of significant movement. 

Today’s artificial creatures seem more 
real than cvcr. Mitsubishi recently debuted 
an artificial fish that behaves so much like 

I .  C.H. Gray, cd., The Cyborg Hnndbouk, 
lloutledge, New York & London, 1995. 

Spark0 andElekiro. (0 BeUmano/Corbis) 

EXAGGERATED ERROR 
While it is almost always easy to see the hencfits of 

a new technology, it isn’t always easy to forescc the 
dangers. We generally consider automotive trans- 
portation a ncccssity, for example, hut we don’t often 
consider that if there were no autornobilcs thcrc would 

also be no automotive-related injuries. The same might 
also be s i d  of the Space Shuttle program. 

It would he fairly easy to counter thesc ohservations 
by suggesting that these technologies also save lives. On 
the surface, autoinotive technology cnablcs ambulanccs 
and fire engines to bring aid much more quickly than 
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A Reflection of Values 
In 1948, Buckminster Fuller developed 

his synergetic-cncrgetic system of gcome- 
try, which rrsulted in thc gcodesic domc. 
Such a dome comprises a network of  
interconncctcd tctraliedrons (four-sidcd 
pyramids of equilatcral triatigles) forming 
a three-way grid that distributes stress 
evenly to all members of an entire semi- 
spherical structure. 

l’uller’s work led to extended study nf 
economical space-spanning structurcs. In 
1953, the Ford Motor Company com- 
missioned Fuller to rlcsign the Ford 
Rotunda Donic in Dearborn, Michigan. 
Thcreafter, Fuller dcsigncd domes hous- 
ing a variety of machinery like military 
tadat antcnnas, in addition to thc Ameri- 
can paviliou domc at Expo 1967 in Mon- 
treal (shown herr).  

The Antarctic research dome, whose 
frozen interior is pictured, is roughly 20 
meters high and 55 meters across. ‘Trash 
recycling bins and cold-resistant emcr- 
geiicy food supplics are stacked iiisidc the 

doinc near slccping modules :hat can 
accommodate up to 33 people. 

Creativc building ideas like Fullcr’s Icd 
cvcntually to  closcd-systcm tests like 
Biosphere 2 and LO inventive, automated 
living environments. The move toward 
high-tech housing continues to accelerate, 

Geodesic dome at the 1967 Montreal Expo. 
(0 Lawrence A. Martin, www.Great8uildings. 
com) 

and soon the computcr will be as coinmnn 
to thc homc as the television or washing 
machinc. While research shows that most 
people use thcir lioine computer primarily 
for entcrfainnicnt, in the futurc it will 
likcly hccome a central part of tlie home’s 
structure. Softwarc systems cnuld hc con- 
nected tn external utilities like telephone 
and electricity and could be used to mon- 
itot usage arid hilling. This tcchnology, 
already uscd in largc commercial huild- 
ings, promises to make real the automated 
home science fiction writers havc prc- 
dicted for more than a century. 

Perhaps in a fcw years, Microsoft will 
oust Martha Stewart as arbiter of t a m  in 
the liorne. After all, when we’re shopping 
for towcls in 2020, we’ll likely want them 
to match our favorite dcnktop themes 
hccausc mi1 PCs will be cverywherc, 
including our hathrooms. In addition to 
heing just the right color, we’ll also want 
Microsoft’s towcls because they’ll be for- 
mulated to hc particularly compatihlc 
with our Windows-run dryers. 

Biosphere 2. (APNide World Photo) Antarctic dome. (AP/Wide World Photo) 

carlicr tcclinologics allowed; and the spacc shuttle pro- 
grarn, it could easily he  argued, generates a great dcal of 
rcsearch that will no doubt cvcntually he used to cnhancc 
our quality of life. Scicnce fiction authors as early as 
Mary Shelley liavc dcalt with hard trade-offs like these 
in their fiction, nftcn attempting to anticipatc the dan- 
gers of a new tcchnology hcforc it is even invcntcd. 

Echoing Shcllcy’s method in J‘rankenstcin, twcnti- 
cth-century science fiction authors dcaling with the 
issuc of technology running ainok ottcn exaggerate 
camputcr glitches to warii of tlic ptcntially mforc- 
seen ills of ctimputing technology. For instance, in 
Ambruse Bierce’s “Moxon’s Mastcr,” a chess-playing 
robot loses its tcmpcr upon being beaten at a game 
and murders Moxon, the robot’s crcatod’ b’rederic 
Brown’s “Answcr,” a story so famous as to have 
passcd into modern follzlorc, dcscribcs the hirrli of the 
first supercomputer.‘2 Whcn askcil “1s there a God?” 

tlic computer answers “Ycs, i iow t h e  is,” and kills 
his crcator when hc gocs for thc plug. 

Frank Herbcrt’s “Bu-Sal,” stories” describe ways 
of krrpiag computers from making govcrnmcnt too 
efficient. In Ilerhert’s imagined future, computerim 
tion has accelcrated tlie pacc of govcrnmcnt so that 
computers automatically pass and amcnd laws in a 
matter of minutes. l h e  speed of govcrnmcnt is s o  fast 
that nc human can possihly undwstand or keep pace 
with the legal system. So government saboteurs delib- 
erately introduce bugs ta  slow things down, even 
assassinating those who stand in their way. 

l’inally, in Fritz Lichcr’s “A Bad Day for Salcs,”’n a 
vending robot named Robbie is hafflcd hy thc start of 
otomic war, signalcd Ily an airhurstaboveNcw York’s 
Times Squarc. Rohhie is incapable of dispcnsing water 
to the thirsty burn victinis who can’t slip coins into 
his coin slot. 111 this imagc of tcchnology (not running 
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Dangers Born of Innovation 
Innovation in technology tends to rrans- 

form traditional cultural systems, fre- 
quently with unexpected social COII- 

scqucncc. At the minimum, an innovation 
nhsolesces a preexisting technology; at 
most, it may obsolesce a mode of inquiry 
or even a way of thinking. Thus, while 
many point to technology as being rcspoii- 
sible for a host of positive developments 
like increased lifespans and greater edoca- 
tional opportunities, innovation can also 
he a destructive process. 

World War I and the ensuing Depres- 
sion forccd a sobering r e a ~ ~ e ~ s i n e n t  of all 
the technological and industrial innova- 
tion percolating at thc turn of the ccntury. 
The development of submarines, machine 
guns, battleships, and chemical warfare 
made increasingly clear the destructive side 
of technology-which golden-agc sciencc 
fiction scemed to promote through its fas- 
cination with future weaponry and spacc 
warfarc. Beneath the surface, however, 
even many popular science fiction pieces 
challenged some of science’s most long- 
standing assumptions ahout progress. 

Take, for example, James Whale’s 1931 
film “Frankenstein,” which immediately 

HAL, from “2001: A Space Odyssey. ” (APNide 
WorldPhoto) 

hecame a hit despite emerging in an era in 
which the kind of industrialized science 
depictcd in thc film had rcccntly produced 
a great deal of death anrl destruction. The 
subtitle of Mary Shcllcy’s 181 8 novcl (to 
which all twcnticth-ccntury iterations of 
the Prankenstein story owe their inspira- 
tion) is “a modern Promcthcus.” Lilic 
Prometheus, who is punished by the gods 
for his hubris, Victor Frankenstein crcates 
a monstcr incompatihlc with the world 
and dies in the end as a rcsult. 

Disasters that parallel lraukcnstein’s- 
in real-world science anrl in fiction-aren’t 
oftcn the results of so-called mad scien- 
tists. Like Frankcnstcin’s monster, Stanley 
Kubrick’s HAI. 9000, from the film 
“2001: A Spacc Odyssey,” exemplifies the 
risks inherent in  cvcn the most seemingly 
benign technologies. 

Loosely based on an early 1950s Arthur 
C. Clarke story, the movie poses questions 
about the best kind of tool humans are 
capable of creating: artificial intelligence. 
Ironically, HAL sceins the most hunian of 
all the movie’s characters, despite having 
no human features except an eye-like opti- 
cal dcvicc that blaukly stares at his inter- 
locutors. More ironic still, one of the most 
human-like elements of his pcrsmality- 
his paranoia-leads him eventually to go 
insane and murder the crew. 

These stories, and stories likc thcm, 
focus on and anticipate what might oth- 
erwise h w c  bccn difficult to imagine: gravc 
disasters that stem directly from techno- 
logical advanccmcnts. One needn’t look 
too far to see evidence. Nobody antici- 
pated, for example, that the seven meni- 
hers o f  thc Challengcr crcw would die 
aboard that Space Shuttle in 3986. 

Frankenslein. (0 Liseffe LeBon/SuperSlock) Space Shulile Challenger, 1986. (APNide WorldPholoj 

amok s o  much as) missing thc marli, Lieher antici- 
pates a question regarding technology that nearly 
cvcryonc cvcr frustratcd hy a computing devicc has 
asked: Why doesn’t it work? 

Computing rcchnology secins to invitc a diffcrcnt 
lcvcl of cxpcctation than other tcchnologics. The way 
wc’ve ilcfincd computing-that it should be life- 
enhancing, time-saving, reliable, simple, and adapt- 
ablc-doesn’t niakc allowancc for problcms likc 
system crashcs or hardwarc malfunctions. l’rthlems 

like this tcnd to  annoy us, especially whcn we can at 
least iniagine creating devices that either repair thcm- 
selvcs or don’t fail in the first placc. From no other 
class of tool do  we expect so much, which is likely 
why wc fccl anxicty at Rohliic’s plight. Had his cre- 
ators anticipatcd an emergency situation like nuclear 
war, he might have been ahle to  help. 

There are almost countless examples like these that 
address somc of  thc potcntial prohlcms with the tech- 
nology wc’re developing now and will be developing 
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in the future. You needn’t look very far to find scicncc 
fiction in the first part of the century that anticipated 
problems like Y2K and coinputer viruses. 

FAITH IN MACHINERY 
“l‘aith in machinery,” wrote Matrhcw Arnold in 

Cnltnre and Anarchy in  186Y,” “is our besetting dan- 
ger.” The first coherent visioii of a world transformed 
into a future run entirely hy computers-dramatically 
illustrating Amold‘s argument-may have been B.M. 
Porster’s “The Machine Stops,” published in 1909,’6 
in which people basically becoinc hive creatures in a 
worldwide city run hy a massive machine: 

No one confcsscd t l i e  Machine was out of hand. Year 
by year it was scrved with increased efficiency and 
dccrensed intelligcnce. The better a man knew his own 
duties upon it, t l i e  less he onderstnod the dutics of his 
neighbor, and in all thc world there was not one who 
ondcrstood the inonster as a wholc. Those master 
brains had perishcd. They had left full directions, it is 
true, and their successors had each of them inastcrcd 
a portion of thosc directions. But hnmanity, in  its 
desire for comfort, had avcr-reached itself. It had 
explored the richcs of nature tou far. Quietly and com- 
placently, it was sinking into dccadencr, am1 pragvess 
had conic to mean rhc progress o f  rhc Machine. 

Eventually, goes Forstcr’s story, in this world where 
people are fed, clothcd, and houscd hy the Machine, 
and never see each other face to face (but only through 
two-way vidco), the system callapscs. 

In Arthur C. Clarke’s classic novel The City and the 
Stars,” published in the 195Os, we see a similar idea 
fleshed out. People live in  an  encloscd city run by a 
machine called the Central Computer. Unlikc hrster’s 
more primitive technology, the Central Computer 
materialiLes evcrything out of its memory banks, 
including consumer items, human inhabitants, and 
the physical form of thc city itself. 

1 Iere, once again, technology has done too well, and 
a dependent humanity is trapped in a prison of its own 
construction, having developed a fear of the world out- 
side the city. And here too they enjoy only virtual expc- 
riences-lifelike faiitasics indoced by the compntcr to 
create real-world illusions. Clarke naincs the city 
Diaspar, as if to  suggest that when humanity surren- 
ders its will to technology, and loses itself in an artifi- 
cial world of its own creation, it is in a kind of Diaspora, 
a state of exile, from the world and from itself. 

he quality of any prcdiction abont the future- 
whether cautionary like Porstcr’s and Clarke’s T o r  promotional like goldcn-age fiction’s- 

depends on the agenda of the person making thc prc- 
diction. As such, science fiction will likely nevcr 

perfectly predict the futiirc of technology. Attempting 
to ila so, however, is only one of scvcral goals science 
fiction aathors typically admit to targeting. 0 
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