
"We've got things in the computer
capable of evolving, reproducing, metabol izing,
things having complex patterns
in space and in t ime. Are they not al ive?" For
a pioneer in the emerging scient i f ic
f ield of art i f ic ial  l i fe, that is the bio ouestion
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I  I  is  f  i rs t  encounter  wi th
I- an artif icial l i fe
I  ' ,I I form took place while
he was at Massachusetts
General  Hospi ta l .  His  job in-
volved wheeling dead bod-
ies between the morgue and
autopsy room. One night
about three n v this was af-
ter he'd seen Night of the
Living Dead-he and a co-work-
er were ferrying the latest
corpse through a dank under-
ground hal lway l i t  by a
single bulb. The body was cov-
ered with a sheet, all very
Frankenstein-like, when sud-

denly the corpse started mov-
ing. lt started to rise! The
body. . .sat upl "And it made
th is  roar l "  says Chr is  Lang-
ton. "l turned to the guy next
to me and he was gone.
The double doors at the end
of the hallway were going
f lap,  f lap,  f lap.  .  . "  No expla-
nation ever did turn up. "Peo-

ple in  the morgue l iked to
nlav iokcs "  hc savs "You'd

go to wheel a body, open
up a drawer, and the body'd
s i t  up.  This one could have
hoon n lan toc i  tnn  "

Langton's second encoun-
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ter was a l itt le less spooky. Working in
Mass General 's  Psychiat r ic  Research
lab as a systems programmer, he was
trying to make one computer simulate
the operational structure and functions
of a second computer. These simula-
t ions,  he real ized,  involved reducing a
given machine 's  operat ions to a f in i te
set of rules and instructions, a bunch
of  abstract  log ical  re lat ionships.  Was
there anyth ing,  he wondered,  whose
workings you couldn't simulate in this
fashion? What was life itself, after all, but
a lot of essentially dead materials orga-
nized so that ,  somehow, l iv ing proc-
esses emerged? lf you correctly simu-
lated the underlying pattern or structure
o f  a  l i v i ng  t h i ng ,  Lang ton  though t ,
wouldn't that simulation itself in some
^ ^ ^ ^ ^  k ^  ^ t ; . , ^ t
s U t  t 5 U  U E  d [ V E :

His third encounter with artif icial l i fe
a lso took p lace in  a hospi ta l ,  only  th is
t ime he was a pat ient .  In  1975,  before
entering the University of Arizona, he
crashed h is  hang g l ider ,  breaking 35
bones,  inc luding both legs.  As he re-
gained consciousness, information pat-
terns marched through his head, explod-
i ng  l i ke  f i r eworks  ac ross  h i s  v i sua l
field. "lt was as if they were self-exist-
ing entit ies completely taking over the
hardware of  my bra in,"  he recal ls .  He
spent the next f ive months recuperat-
100  OMNI

ing and th ink ing about  what  he 'd seen.
Years later Chris Langton established

the f ie ld of  ar t i f ic ia l  l i fe  as a d is t inct  sc i -
ent i f ic  d isc ip l ine,  In  1987,  whi le  a re-
search fellow at the Los Alamos Nation-
al Laboratory, he organized the first con-
ference on artif icial l i fe. More than 100
scientists brought an entire menagerie
of artif icial animals. In addition to a smat-
tering of robots, there were computer-
based genes,  ferns.  f lowers.  worms,
and bugs;  there were school ing f ish,
f l ock ing  b i rds ,  and  buzz ing  b io in fo r -
matic bumblebees; there was a warren
of artif icial foxes and rabbits in their own
art i f ic ia l  ecology.  The workshop was
caooed with an artif icial l i fe 4-H show:
pr izewinning entry ,  the ferns.

Two years later, even before receiv-
ing his doctorate, Langton helped or-
ganize a second workshop. Today ar-
tif icial l i fe embraces the study of com-
plex adaptive systems in all their myri-
ad forms: from prebiotic chemical evo-
lut ion,  to  b io logical  evolut ion,  evolut ion
of languages and cultural systems, to
evolut ion of  g lobal  economies,  Whi le
some researchers try to get synthetic
l i fe  going in  chemical  media,  Langton
prefers to work with computers, His lat-
est project, which he's collaborating on
with Kristian Lindgren (NORITA, Copen-
hagen) and others, attempts to comput-

er-s imulate a complete b io logical  ce l l .
You can be as skept ica l  as you

want  about  ar t i f ic ia l  l i fe  unt i l  you see
that  s imulat ion.  There in  l iv ing color  is
a pulsing, undulating cell membrane, ex-
actly what you might see watching cell
d i v i s i on  t h rough  a  mrc roscope :  The
cell wall puckers, pinches down on it-
self, and a second cell splits off. This
is  not  a movie.  The wr iggl ing,  d iv id ing
structure is a pattern generated by a pro-
gram much the way DNA codons gen-
erate biological organisms. Somewhere
in the bowels of  the Connect ion Ma-
chine,  a massively  para l le l  supercom-
puter that sits a few doors away from
Langton's Los Alamos office, exists the
electronic  analog of  a l iv ing cel l .

Says Langton: "We're going to try to
capture a cell 's behavior while it incor-
porates stuff from the outside-taking
in metabol i tes and turn ing them into
cell constituents-turns genetrc code in-
to entit ies that move around inside the
cel l  and make i t  do th ings l ike d iv ide,
produce of fspr ing wi th var iants,  and
die." -Ed Regis

Omni: Can you define "artif icial l i fe"?
Langton:  My f i rs t  sense of  i t  came
around 1979 when I was trying to de-
scribe what I wanted to do for my Ph.D.
It was then a way to study biological phe-
CONTINUED ON PAGE 122
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nomena by bui ld ing computer  models
of  them, rather  than by studying the re-
a l  b io logrcal  organisms themselves l t
attempted to re-create in some other me-
dium the processes important  to  l i fe .
and to study those processes in other
mediums or in the abstract. Today I de-
fine artif icial l i fe as the study of artif icial-
ly constructed systems that exhibit be-
haviors typ ical ly  thought  to be charac-
teristic of real l i fe.
Omni: Your focus is not the materials
of l i fe, but its basic structure?
Langton: The hardware of l i fe is not re-
a l l y  wha t  l i f e  i s  a l l  abou t .  B io log i ca l

th ings are wet  and squishy,  so we've
come to  assoc ra te  l i f e  w i t h  we t  and
squishy stuf f  .  But  that 's  because we've
s e e n  l i f e  o n l y  r n  t h o s e  m a t e r i a l s .  I n
fact, you can often separate the mate-
r ia l  f rom the behavior  i t  exhib i ts  and en-
v is ion other  mater ia ls  that  could exhib-
i t  that  same behavior .  What 's  important
are the functional relationships between
parts .  I  see no reason why you can' t  l i f t
t hose  re la t i onsh ips  f r om the  na tu ra l
wor ld and emulate them on a comput-
er. You'd then have a realization of l i fe
in another  k ind of  hardware.
Omni: What's the advantage of study-
ing l iv ing processes in  media such as
computers?
Langton:  Bio logis ts  would love to be
able somehow to rewind the evolut ion-

ary tape back to cer ta in in i t ia l  condi-
t i ons  and  run  i t  aga in .  You  can  do
some of that with Drosophila [f ruit f l ies]
and E. coli [bacteria], but there's a lot
you can' t  do.  Simulat ions enable you to
restart experiments from the exact ini-
t i a l  cond i t i ons ,  chang ing  j us t  a  s i ng le
parameter and then seeing that param-
eter's effect on the resulting history. You
could start off with the same exact sit-
uat ions but  wi th d i f ferent  seeds in the
random number generator, for example,
to see the whole envelope of  resul t ing
histor ies.

Once you get genomes that pass on
the in format ion,  mutat ions,  recombina-
tions, then you ask, What happens? The
same thing? Or something different? Do
you see punctuated equil ibrium, long pe-
riods of stasis followed by brief periods
of rapid change? Explosions of diver-
s i ty  fo l lowed by the f i l ter ing out  of  ind i -
vidual l ines? Do you see extinctions? As
people have gotten better and better at
implement ing these th ings,  you see a l l
that stuff.
Omni :  So ext inct ions occur  natura l ly ,
without the intervention of comets?
Langton:  Right .  Kr is t ian L indgren's  l i t t le
evolut ionary models indicate i t 's  p la in
as the nose on your  face that  you get
ex t i nc t i ons .  C lea r l y ,  t he  ea r th  has
been bombarded by b ig th ings having
a huge ef fect ,  ru in ing the days of  the
local oooulation. But most of the extinc-
t ion record 's  s t ructure is  probably due
to the natura l  dynamics of  populat ion
evolution instead of externally imposed
perturbations This seems a natural fea-
ture of  most  evolv ing systems exper i -
mented wi th on computers.  l f  we see
ext inct ions in  these s imulat ions,  i t 's  nat-
ural to go on to ask, How much of the
extinction record can we explain by nat-
ura l  evolut ionary dynamics wi thout  in-
voking external catastrophes?
Omni'. ls anyone in good mad-scientist
fashion trying to create a l iving thing out
of  nonbio logical  components- in  a pe-
t r i  d ish,  for  example?
Langton:  People at  MIT recent ly  con-
structed a chemical system in which mol-
ecules repl icate by template synthesis ,
t he  way  DNA rep l i ca tes .  on l y  t hey
weren' t  us ing DNA. This wasn' t  a  com-
puter  s imulat ion but  was done in real
' , h ^ ^ t , ^ . , . , ^ . ^  "  T h ^ . ,ueaKer  wa r  e .  r  r  r ev  useo  ce r ta ln
k inds of  adenosine t r iphosphate

Gerald Joyce at  Scr ipps Cl in ic  Re-
search lnst i tu te is  t ry ing to bui ld  what
he cal ls  an 'RNA wor ld '  to  address a
fundamental  problem about  the or ig in
of l i fe: Current l i fe depends upon a tight-
ly coupled interaction between proteins,
enzymes.  RNA. and DNA The t ight  cou-
pl ing is  that  the DNA codes for  prote in
synthesis ,  whose products themselves
decode the DNA and mediate i ts  repl i -
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cat ion.  To get  prote ins you need DNA,
but  to  get  DNA you need prote ins.  How
cou ld  t h i s  i n t r i ca te  i n te rdependency
have gotten started? The recent discov-
ery by INobel laureate] Tom Cech that
RNA mo lecu les  can  func t i on  as  en -
zymes points at  one way out  of  the d i -
lemma. Joyce is  t ry ing to construct  a
complete ly  c losed RNA wor ld in  which
in fo rma t i on -s to r i ng  RNA mo lecu les
code for  RNA enzymes,  which in  turn
decode the in format ion-stor ing RNA
and mediate i ts  repl icat ion AI I  wi thout
proteins. Another approach is to get the
whole th lng going in  a st r ic t ly  prote in
wor ld  Some co l l eagues  he re  a t  Los
Alamos and at the Santa Fe Institute are
workrng on that .
Omni: Would you regard these human-
made chemical  s t ructures as a l rve?
Langton:  There 's  no general ly  accept-
ed def in i t ion of  l i fe ,  That 's  par t  of  what
we're trying to get at. The more of the
phenomenology of life you're able to cap-
l r r rp- in  A r :omnr r tcr  nr  test  tube- the
more you' re pushing in to th is  gray ar-
ea where i t  is  hard to decide i f  they ' re
al rve.  You know: Wel l ,  gee,  they /ook
kind of  l ike l i fe .  Maybe they ' re not  com-
p le te l y  a l i ve ,  bu t  t he  on l y  t h i ng  we
h a \ / t r  t n  c n m n A r p  t h e m  t O  i S  W h a t
evolved on th is  p lanet ,  th is  one exam-
p le .  We  rea l l y  need  a  c l ass  t o  see
what's universal across that class and
what 's  acc identa l  in  par t icu lar  instanc-
es or  members of  that  c lass.  Any defr -
n i t ion of  l i fe  we might  make based sole-
l y  on  ou r  own  expe r i ence  o f  l i f e  on
Earth wil l be too narrow.
Omni'. 3uI with a computer simulation
you  don ' t  have  a  phys i ca l  en t i t y  i n
front of you.
Langton:  That  s  not  such a b ig obsta-
c le.  l t  a l l  depends on one's  def in i t ion:
Does your def init ion have any reference
to physical properties or not? Scratch
any b io logis t  and he ' l l  g ive you a l is t  o f
th ings l iv ing ent i t ies ought  to do:  repro-
duce,  metabol ize,  be a pat tern in  t ime
and space, have complex organization,
be  capab le  o f  r ep roduc ing  o f f sp r i ng
that  are s l ight ly  d i f ferent  and belong to
an adapt ing and evolv ing l ineage.  In
The Growth of Biological Thought, evo-
lut ionary b io logis t  Ernst  Mayr prov ides
a c lass ic  l is t  o f  propert ies that  l iv ing
th ings ought  to have.  But  none are re-
a l ly  t ied to physical  propert ies.  l t  s  a l l
behaviors.  Probably the b io logis t  wi l l
say there 's  something e lse l i fe  has to
do.  He' l l  add something new to the l is t ,
make a qual i f icat ion of  how the ent i ty
has to go about  these th ings.  But  we
can make progress, even if we never
generate something on the computer
that  b io logis ts  admit  is  a l ive,  by forc ing
them to be more carefu l  about  what
they mean when they say " l i fe . "
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Omni ' .  ln  pr inc ip le.  then.  is  i t  possib le
to have life inside a comouter?
Langton: There's a strong and a weak
c la im  abou t  compu te r  s imu la t i ons  o f
r {^  TL^  ̂ r^ i -^  ^ .^  ^^, r looous to s imi_[ t g ,  |  |  t v  v t d [  | J  d r  v  d t  r c

lar  c la ims for  ar t i f ic ia l  in te l l igence.  The
weak claim is that these are only com-
puter models, tools to help you study
real  phenomena.  The st rong c la im is
tha t  t hese  o rocesses  can  be  more
than s imulat ions,  that  real  in te l l igence
and l i fe  could be embedded in the ar-
tif icial material. The term artif icial refers
to the mater ia l ,  not  to  the l i fe .

I believe the strong claim: To me ma-
terial is irrelevant. Many different ways
exist to realize any particular set of func-
t ions.  Mul t ip le real izabi l i ty l  This  is  the
functionalist school of philosophy, either
about  in te l l igence or  l i fe .  Some people
argue: "Life can't be independent of ma-
ter ia l .  Look at  enzymes.  So many of
thei r  propert ies depend on the chemi-
cal interactions and orooerties of the at-
oms  i nvo l ved  i n  spec i f  i c  cha ins .  "

Yeah, sure, but there are plenty of oth-
er ways to get complicated structure-
func t i on  re la t i onsh ips .  C lea r l y ,  you
have to realize these functions in some
sort of hardware, but the specific hard-
ware is often irrelevant to the function
itself. Because other materials also mav

be v iable,  computers could prov ide a
suf f ic ient  mater ia l  basis  for  l i fe .
Omni'.What arguments do those who
deny the strong claim use?
Langton: A standard argument is that
i f  you s imulate a hurr rcane or  thunder-
storm on a computer, nobody gets wet.
But  they ' re miss ing an important  point
here. Simulations of something l ike wet-
ness  d i f f e r  f r om those  o f  some th ing
l ike l i fe  or  in te l l igence in that  wetness
has very physical  at t r ibutes.  Wetness
and l iqu id i ty  are def ined by physical
properties, whereas l ife is not necessar-
i ly  so def ined.
Omni :  St i l l ,  any example of  a l iv ing en-
t i ty  is  a physical  th ing.
Langton: Look, a computer is a physi-
cal thing, too. But a computer can ex-
hibit a lot of behavioral properties, where-
as as yet it can't exhibit a lot of physi-
cal properties. So certain physical at-
tributes l ike viscosity wil l be hard to get
on computers.  l 'm so much of  a com-
putat ional is t  that  I  bel ieve you can
have real wetness in a comouter. But
you have to drop the specific physical
at t r ibutes f rom your def in i t ion of  wet-
ness and define it solely in terms of be-
havioral orooerties. Tom Toffoli at MIT
refers to certain classes of comouters
as programmable mat ter . 'Some of  my

thesis research showed that this pro-
grammable matter can exhibit solid, l iq-
uid, and gaseous phases of behavior,
just l ike real materials. So hardware can
act wet. lt all depends on definit ion and
how you interpret observations. For me
the altered definit ions are much more
power fu l  and  use fu l  t han  the  o lde r ,
more restricted ones.
Omni: Has anyone ever come out and
said, "This artif icial l i fe stuff is nonsense.
You should do something else"?
Langton: Well, yeah. On one of these ra-
dio call-in shows a guy who purported
to be a scientist said, "There's no such
th ing.  This is  just  a bunch of  sc ient is ts
t ry ing to promote thei r  careers.  You
can't have life inside a comouter. lt 's not
really l i fe, but a sort of pattern of ener-
gy and magnetic molecules on a disk
in a memory somewhere.'

And I said, "Throughout your l i fe you
cons tan t l y  change  the  ce l l s  i n  you r
body.  but  there 's  some pat tern in
soace and time that oersists. Your ac-
tual physical media are pretty transient."
He had some counter to that. He lust
couldn ' t  buy the whole th ing.
Omni'. ls everyone in the field trying to
create l ife?
Langton: No. Lots of people are not stu-
dying l ife, not trying to make something
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al ive when they ' re looking at  an evolv-
ing populat ion They re studying evolu-
t ion as a process.  The term ar t i f ic ia l
/ l f e  cove rs  a  l o t  o f  t h i ngs  tha t  l i v i ng
th ings  do .

Ar t i f ic ia l  l i fe  a lso covers the analogy
between b io logical  evolut ion and evo-
lutron of language and culture. In grad-
uate school  I  had th is  epiphany- that
words ,  sen tences .  and  pa rag raPhs
r r r o r o  l i l z o  n o n o q  |  2 n d r r 2 n o  i c  l i k e  q n -

cial DNA. The mechanisms by which lan-
guage is  t ransmit ted,  the basic  muta-
t ions and recombinat ions of  words and
concep ts ,  have  ana logs  i n  b io logY
More broadly, social intercourse, where-
by cul tura l  in format ion gets passed on
from one generat ion to the next .  does
for  cu l tura l  in format ion what  sexual  in-
tercourse does for biology. Social inter-
course recombines cul tura l  in format ion
packets, putting them in new contexts
in s l ight ly  d i f ferent  ways.
Omni :  People in  ar t i f ic ia l  in te l l igence
have made grandiose claims about pro-
d u c i n g  h u m a n  i n t e l l i g e n c e  i n  t e n
years,  and they ve fa i led.  ls  there a les-
son here for  ar t i f ic ia l  l i fe?
Langton: The problems in artif icial intel-
l igence proved harder  than people in i -
t ia l ly  thought .  But  the problem of  l i fe
may be more solvable than the in te l l i -
gence problem. We know a hell of a lot
more about  how cel ls  work than how
the brain works. We know next to noth-
ing about  how the bra in works l 'm not
c la iming we' l l  have l i fe  wi th in a comput-
er within ten years. But this is mainly be-
cause we may not have a good defini-
t ion of  l i fe  in  ten years.  not  because
we' l l  be unable to do a fa i r ly  good job
simulat ing the process of  l i fe  on com-
puters in ten years.
Omni: V"lhat are the possible dangers
of  creat ing ar t i f ic ia l  l i fe? Could these
things get out of the box and start eat-
ing up the b iosphere,  unleashing un-
soeakable horrors on humankind?
Langton: Some of these horrors are al-
ready being unleashed, and not by peo-
ple working in artif icial l i fe. Computer vi-
r uses ,  f o r  examp le ,  a re  one  o f  t he
th ings ex is t ing out  there c losest  to  ar t t -
f icial l i fe. In several instances, one com-
puter virus has overridden another, gen-
e ra t i ng  a  v i r us  nobody  rea l l y  w ro te .
This was a combinat ion of  two v i ruses,
both v iable,  that  spread around target-
ing the same sector  of  your  d isk.

Compu te r  ne twork  t echno logy  i s
close to the point where you've got a
big d is t r ibuted system wi th powerfu l  in-
format ion processors at  every node,
with no central controller. These big non-
linear dynamic systems with spatial dis-
tributron have already thrown out exam-
ples of emergent phenomena where tt 's
hard to figure out what's going on. Prob-
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lems the Bell System had with some of
the i r  sw i t ch ing  ne tworks ,  whe re  the
whole system went  down for  several
hours,  may have been due to nonl inear
interactions between switching stations
When they loaded in some new sof t -
wa re .  t hey  had  an  emergen t  s ta te
come up that  sor t  of  locked out  the
whole system.

This is  not  a v i rus but  an emergent
property of the interactions of these pro-
grams ta lk ing to each other .  The more
you have autonomous decis ion makers
that take in local data and make deci-
sions affecting what other agents are do-
ing,  the more that  medium is  r ipe for  the
emergence of  complex,  h igh- level  phe-
nomena.  You can get  a l l  k inds of  funny
behav io rs  t ha t  c r ys ta l l i ze  ou t  a t  t he
whole-network level that were complete-
ly  unintended and unant ic ipated by the
n r n n r a m  r i o e r d n o r a

The same is true for stock-trading pro-
g rams ,  buy ing  and  se l l i ng  p rog rams :
The system is ripe for chaos. Each com-
puter interacts via the market, and oth-
er  computers are looking at  the same
database,  making local  decis ions that
affect the database, too, but in a distrib-
uted rather  than centra l ized fashion.
This nonl inear  dynamic system can in
pr inc ip le g ive r ise to the spontaneous
emergence of  something wi th a l i fe l ike
oynamrc.

So stuf f  is  going to s tar t  happening
out  there.  The only way we' re going to
be able to understand and contro l  i t ,
and not  be swept  under the rug by i t  in
ways we don' t  understand,  is  to  s tudy
i t  in  these local ,  smal l -scale models.
Omnl: Recombinant DNA research was
constra ined in the ear ly  days by guide-
lines designed to minimize possible dan-
gers.  Should the ar t i f ic ia l  l i fe  communi-
ty  do something l ike that?
Langton: The virus panel during our sec-
ond workshop d iscussed the eth ics and
po ten t i a l  r i s ks  o f  wo rk ing  on  these
th ings.  People work ing wi th computer
viruses, self-reproducing programs, par-
t i a l  p rog rams ,  p rog ram f ragmen ts .
shouldn ' t  turn them loose on the net-
work. At the panel, Eugene Spafford [Pur-
due Univers i ty l  sa id people who create
computer  v i ruses and turn them loose
on the network are the moral equtva-
lents of those who'd dump a toxic biologi-
ca l  v i r us  i n to  pub l i c  d r i nk ing  wa te r .
Some people don't yet realize it 's a bad
th ing to do.  These h igh-school  hackers
would never  break rnto a hospi ta l  or
take some AIDS v i rus and dump i t  in to
a  rese rvo i r .  Bu t  t hey  don ' t  see  tha t
wha t  t hey ' re  ge t t i ng  t he i r  l o l l i es  w i t h
r rgh t  now i s  i n  t he  same ca tego ry .  l t
wi l l  in  pr inc ip le have the same ef fect
down the l ine.  Anyway,  l 'm put t tng in to
the proceedings of  the second work-
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shop a l is t  o f  th ings to avoid doing i f
you're working on computers.
Omni: But some of the verY same virus
panelists defended the rights of com-
puter  v i ruses to ex is t .  What  do You
make of that?
Lang ton :  I  j us t  can ' t  d i sm iss  t hose
cla ims out  of  hand.  But  I 'm a lso not  go-
ing to run r ight  out  and Protect  the
rights of computer viruses. We all mur-
der l i fe every day, all the time: We cut
the grass, swat fl ies, poison ants. l don't
poison ants so much anYmore,  now
that I have a better appreciation for ant
colonies,  but  l 'm t raPPing mice in  mY
house right now-they're eating me out
of house and home.

The  c lose r  l i f e  i s  t o  us ,  t he  more
rights we give it. l t 's a very anthropo-
centr ic ,  chauvin is t ic  v iew.  Only i f  i t 's
l ike us does it have a right to l i fe, oth-
erwise we get  to  decide indiv idual ly
whether it l ives or dies. Seems to me
most  people wi l l  consider  computer-
based life as pretty far away from us
But it 's worth addressing philosophical-
ly: What are the moral rights of a proc-
ess versus a kind of material? lf we had
a simulated human being in a comput-
er  that  otherwise behaved and acted
like you or me, would it have a right to
electr ic i ty? Could we Pul l  the Plug?
Omni:So then, aren't you artif icial l i fe
guys playing God?
Langton: [Long pause] Well, Yeah, in a
way. I have to admit it. In fact, some-
one once said to me, "Congratulations,

I 'm  keep ing  t rack  o f  gods ,  and  You
have joined the club. You're an official
god in the club of gods because You
have created a universe-one that ex-
hibits interesting behaviors." But what
does that  mean,  "PlaYing God"? You
can in some sense call artif icial l i fe "ex-

perimental theology." lf you create cer-
tain sorts of universes, there's no way
in hell-if I can use the Phrase-You
could know in advance what's going to
come out of that universe. Dave Ack-
ley [Bellcore] found this out after he'd
gotten a set of some pretty sophisticat-
ed critters to evolve in his evolutionary
model .  When he f igured out  what  he
thought the fittest ones were doing, he
decided to engineer something even bet-
ter. And when he stuck his new, "im-

proved" genotypes in there, they imme-
diately lust got eaten up by the other
ones.  What  he hadn' t  taken into ac-
count were the ecological interactions
among the creatures.

It ls diff icult to overestimate the inter-
re lat ionships of  th ings that  evolve in
each other's presence. Subtle depend-
encies you weren't aware of are always
there. This is why when you perturb any
part of an ecological situation, it 's diff i-
cult to oredict the ultimate effect.

Omni'. Do you ever worry that you're in-
ter fer ing wi th the natura l  order  of
th ings? Gain ing forb idden knowledge?
Langton: What? This notion of artif icial,
in  the sense of  made bY humans tn-
stead of  nature,  is  a funnY concept
Why do we degrade things we make bY
call ing them artif icial. as opposed to nat-
ural? We're part of nature, and what we
do is part of nature. But we're not blind
watchmakers, we re seeing watchmak-
ers. Nature is not to be held responsi-
b le because there is  no conscious en-
tity capable of foreseeing consequenc-
es. We. however, are responsible for con-
sc ious l y ,  ac t i ve l y  t ak ing  ca re  t o  be
sure we understand the consequenc-
es of  bui ld ing these th ings.
Omni: Are you skeptical that evolution
is  the only mechanism to account  for
the complexi ty  of  humans and b io logi -
cal  organisms in general?
Langton:  I  wouldn ' t  say l 'm skept ica l
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There's much to evolution we haven't un-
derstood yet. Evolution is such a pow-
erful, simple theory, it 's just got to be
r ight .  But  one th ing we' re learn ing f rom
nonlinear dynamics is that evolution did
not have to discover, painstakingly, all
the components of some comPlex or-
ganismic structure of behavior. Aggre-
gates of things interacting in nonlinear
ways make for  a s i tuat ion Pregnant
with emergent dynamic possibil i t ies. Na-
tu re ' s  j us t  go ing  to  be  t r i pp lng  ove r
these possib i l i t ies r ight  and lef t .

L ike a k id in  a candy store,  nature
probably has had a sur fe i t  o f  possib i l i -
t ies to choose from rather than a diff i-
cu l t  t rme work ing th is ,  that ,  and the oth-
e r  t h i ngs  ou t ,  Evo lu t i on  wo rks  w i t h
whole aggregates,  large populat ions.
Having variants on the plan-even iden-
tical things-in cooperation with each
other generates zil l ions of different pat-
terns of activity to select from.
Omnl :  When successfu l ,  wi l l  ar t i f ic ia l
l i fe supplant natural l i fe?
Langton: That dePends on whether we
decide to re lease l iv ing,  evolv ing,  au-

tonomous machines with rights to ex-
is tence into the b iosphere.  Right  now
to some extent we're populating the bio-
sphe re  w i th  a l l  k i nds  o f  "unna tu ra l "

things: computers, robots, robot eleva-
tors, and trains. But trying to speculate
about the future of artif icial l i fe is l ike try-
ing to speculate about evolution. We'l l
design some init ial things ourselves, but
i f  ar t i f ic ia l  l i fe  real ly  gets going,  t t 's  on-
ly logical to turn over the destgn proc-
ess to evolution itself , Genuinely auton-
omous artif icial l i fe forms should have
the capacity to evolve. And with that,
they could g ive r ise to in te l l igent ,  rat io-
nal  beings.  They could g ive r ise to us,
rmplemented in a different hardware, or
lo  anyth ing e/se!  |  fu l ly  expect  that
they would.

Future l i fe  wi l l  probably involve sym-
biot ic  re lat ionships between autono-
mous machinerY, autonomous PeoPle,
autonomous plants existing together in
self-contained capsules. Analogs of the
original protocells, these habitats wil l re-
produce themselves as theY spread
through space.
Omni'. The human-machine entity wil l
be analogous to an indiv idual  ce l l?
Langton: Yes. That's how it haPPened
in the past .  Col lect ions of  molecules
fo rmed  ce l l s ,  a  co l l ec t i on  o f  ce l l s
formed more complicated cells; a col-
lect ion of  these more compl icated
ce l l s  f o rmed  mu l t i ce l l u l a r  o rgan i sms .
When evolution takes a really big step,
i t 's  th is  jump f rom a col lect ion of  ind i -
v iduals at  one level  forming a s ingle in-
dividual at the next level.
Omni'. LeI me ask again: What is the
meaning of  "ar t i f ic ia l  l i fe"?
Langton: The larger meaning is that we
can no longer point  to  ourselves and
say,  "We are a l ive,  and those th ings
aren' t . "  Ar t i f ic ia l  l i fe  doesn' t  br ing l i fe
down to the washing machine, the print-
ing press,  and car  level .  l t  doesn' t  de-
grade life; it upgrades machinery to our
level. I now have a greater appreciation
for the potential of machinery. i think ma-
chines can achieve the same state of
this qualitative thing we call l i fe. We can
no longer consider  ourselves specia l .
Life is a property anything can have if
it 's organized correctly.
Omni'.Vtlhy is there only one type of
l ife on Earth: carbon-based life?
Langton: l 'm not convinced it is the on-
ly  k ind of  l i fe .  lBM. in  some sense,  is
alive. Sociocultural institutions, in a way,
const i tu te organisms in and of  them-
selves. The conditions for l i fe to emerge
may be coming up a l l  the t ime,  a l l  over
the planet, but they just get eaten up
by carbon-based life forms. That's the
b ig  advan tage  o f  be ing  f i r s t  on  t he
scene: You get to wiPe out the things
that come after you. OO
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