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430 Artificial Life Programs and Euolution

Speculation aside, we have discovered that evolution can inhabit the

medium of digital computation. If we accept that evolution is the defining

property and creative process of life, then instances of digital evolution mav

also be considered instances of life, albeit dramatically alien life. If we haa

the opportunity to observe life on other planets, it likely would be carbon-

based life and thus would have that much in common with life on earth. Ar-

tificial life in the digital medium shares only the evolutionary process itself in

common with life on earth, and so is more alien than life on other planets.

The digital computational medium is not a physical/chemical medium; it is

a logical/informational medium. Thus these new instances of evolution are

not subject to the same physical laws as organic evolution (e.g., the laws oi

thermodynamics), and therefore they exist in what amounts to another uni-

verse, governed by the "physical laws" of the logic of the computer. Thev

never "see" the actual material from which the computer is constructed; thet

see only the logic and rules of the CPU and the operating system. These rules

are the only "natural laws" that govern their behavior. Thus they live in a

radically alien universe. Inoculating evolution into the digital medium gir-es

us a broader perspective on what evolution is and what it does'

One of the most successful approaches for creating digital evolution is to

write self-replicating computer programs, which have been called "digital or-

ganisms" or simply "creatufes," and run them on a computef with a Dar-

winian operaring sysrem. A Darwinian operating system manages a popularior:

of replicating digital organisms in such a way that when new cfeatures are

born, older ones die to free space in the memory inhabited by the programs.

The Darwinian operating system also introduces mutation by flipping bits

(between zero and one) in the code of the creatures. The random mutation>

c4use genetic variation in the population, with the result that some individu-

als are able to reproduce better than others' which leads to a natural process

of Darwinian evolution in an artificial digital medium'

Although this produces a dramatically alien instance of evolution, it is

found to huu. ,o*. striking parallels to organic evolution on earth. Perhap=

the most significant finding is that the digital organisms evolve adaptations ti

the presence of other digital organisms in their environment. A digital eco--

ogy emerges, which becomes the main driving force of evolution'

A computer can be seeded with a single self-replicating digital organisr.

which will quickly reproduce and fill the memory of the computer vn'ith :

population of creatures. The creatures are then a very prominent feature r:

the environment and become an important source of selective forces' Par:-

sites are one of the first things that typically evolve, and they set off ::

ecological-evolutionary dynamic that leads to an ongoing series of evolutior'-

ary innovations.

lrhatever kind of creature is most common becomes a target for exploi::-

tion by other creatures. Or if parasites become common' they drive orh":

creatures to evolve defenses. A typical scenario would begin with the e!or;-

t ionofparasi tes, fo l lowedbytheevolut ionof immunitybytheirhosts.Ti : '
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432 Artificial Life Programs and Euolwtion

Humans have been managing the evolution of other species for tens of rhr: --
sands of years through the domestication of plants and animals. It forms i::'
basis of the agriculture that underpins our civilizations. \7e manage evolun :
through breeding, the application of artificial selection to captive populatio:'

Similar approaches have been developed for working with evolution in ":-
digital domain. It forms the basis of the fields of genetic algorithms and ge:.-
tic programming. However, because digital evolution has not yet pas!::
through its version of the Cambrian explosion, there exists the possibilir, :
use a radically different approach to "managing" digital evolution. \Xie n;.:
not limit ourselves to using evolution to produce superior versions of eris:r:.
software applications. Rather, we should allow evolution to find the nelr' ::-
plications for us. To see this process more clearly, consider how we man:.:
applications through organic evolution.

Some of the applications provided by organic evolution are rice. cc =

wheat, carrots, beef cattle, dairy cattle, pigs, chickens, dogs, cats, guppies. . . :-

ton, mahogany, tobacco, mink, sheep, silk moths, yeast, and penicillin m..;
If we had never encountered any one of these organisms, we would never h:-, =

thought of them either. \fe have made them into applications because \\'u. r:,-
ognized the potential in some organism that was spontaneously gener.:,.:
within an ecosystem of organisms evolving freely by natural selection.

Many different kinds of things occur within evolution. Breeding relates :.

evolution within the species, producing new and different, possibly "bent:.
forms of existing species. However, evolution is also capable of generai,-r
species. Even more significantly, evolution is capable of causing an explc, r

increase in the complexity of replicators, through many orders of magnir;:t
of complexity. The Cambrian explosion may have generated a complexir'' - -

crease of eight orders of magnitude in a span of 40 million years. Harness :, i
these enormously more creative properties of evolution requires a comple::, '
different approach.

We know how to apply artificial selection to convert poor-qualin' -,. ,:

corn into high-yield corn. However, we do not know how to breed algae :: -
corn. There are two bases to this inabil ity: (1) if all we know is algae.',0 r

could not envision corn; and (2) even if we know all about corn, we dr-, : .:

know how to guide the evolution of algae along the route to corn. Our er,:':-
rience with managing evolution consists of guiding evolution of spe'; :',,

through variations on existing themes. It does not consist of managin- :-:

generation of the themes themselves.
An alternative is to let natural selection do most of the work of dire;: -r

evolution and producing complex software. This software will be "wild.'- i' -

ing free in the digital biodiversity reserve. In order to reap the rewards ;:l

create useful applications, we will need to domesticate some of the u-ilc ;.r

tal organisms, much as our ancestors began domesticating the ancestc;; ",'
dogs and corn thousands of years ago.

This vision of digital nature is currently unattainable, and may als'a'. i :,

main so. Still, many researchers in the field of Artificial Life are still u-rr:,- :rl

toward an open-ended evolution in the digital medium.
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