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artificial life art 

As Art Is Lifelike 
Evolution, Art, and the Readymade 

Nell Tenhaaf 

Abstract 
The early development and current concerns of 
artificial life practices are outlined in relation to 
both biology and art. The pragmatic side of a-life is 
presented, together with a consideration of how it 
compares with the biological sciences and a descrip- 
tion of its methodologies for studying nature through 
computer simulation. A-life is proposed here as a 
place to locate art practice for artists who are 
interested in technoscience, and who are concerned 
with the "two cultures" gap between the humanities 
and the sciences. Mythical narratives that underpin 
new computational techniques, such as the dream 
of transformation or even generation of life, are not 
dismissed but become the impetus for resituating 
a-life as a set of representational strategies with 
great creative potential. A-life is linked to a particular 
aspect of 20th century art: how artists have 
developed and expressed the conviction that art 
and everyday life are inextricably enmeshed. 

A lthough it piques the curiosity of anyone encountering it 
for the first time, artificial life can be added to the list of late 
20th century technoscientific research wonders that seem to 

promise more than they deliver. Yet it remains compelling even 
to the initiated because of the mythical quality of its underlying 
premise: the dream of engineering life in the laboratory. Similar- 
ly, even if few current practitioners of artificial life (or a-life) 
have retained the frontier spirit that permeated its moment of 
origin in the late 198os, the transcendent vision of higher evolu- 
tion attached to it places a-life within a trajectory that runs from 
alchemical wizardry through Faustian metaphysics to contempo- 
rary reproductive technologies and cloning. A-life is based on 
the hypothesis that computer simulation of evolution can deter- 

mine not just how evolution works but also how it progresses; 
that is, that simulations of living systems can shape the develop- 
ment of species. One would have thought, then, that a-life arose 
in an experimental biology lab. In reality, the founders of a-life 
were a small group of hackers in the southwest of the United 
States first clustered in the T-13 Complex Studies Group at Los 
Alamos National Laboratory, and then at the Santa Fe Institute, 
both in New Mexico. The original a-lifers did insist that their 
ultimate goal was simulated life that would be the successor to 
biological life, although a confusion between such a grand mis- 
sion and their personal investment in a cosmic "evolutionary 
consciousness" was usually quite transparent [1]. 

The principal feature of the first "life" generated by the 
founders was that the computer programs performing the simu- 
lations were deemed capable of self-propagation, a key feature of 

organic life. The significance of such simple life-as-it-could-be 
simulation was then amplified in evolutionary terms, and inter- 

preted as the first step in generating entire artificial worlds. In 
the 1990S, a second generation of a-lifers are reworking these 

principles but for the most part define their activity and research 
objectives in a much more pragmatic way. That is, their goal is 
to model living systems using purely computational methods so 
as to understand those systems better. What reconnects them to 
the frontier spirit and reinserts some of its disturbance factor is 
that, even if humans have intervened in natural systems for as 
long as we've been conscious, the possibilities for synthetic 
enhancement and extension of life by technoscientific means 
continue to expand dramatically as this century comes to a close. 
A-life models can be seen, at least in theory, as formulations for 

potential intervention in the life of real organisms. 
Underpinning a-life practices is a composite of current 

physics, chemistry, and biology theory which, if it can be sum- 
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marized at all, is concerned with the 

dynamics of order in a broad continuum 
of nonliving and living systems. It is also 
concerned with synergistic methods for 

representing such dynamics. The repre- 
sentational dimension of a-life is key to 

understanding its impact and importance: 
its foundational features, including the 

very obvious one of creation itself, are 
driven by the pull of analogy and the 

power of metaphor, which operate con- 

ceptually to establish the parameters of 
research and also determine the develop- 
ment of the representational tools them- 
selves. Today, these tools have extended 
from computer simulations into evolu- 
tionary robotics and evolvable hardware. 

A-life models make heavy interpretive 
demands on the modeler. They are not so 
much scientifically provable or repeatable 
as they are readable in their own context. 
That is, the significance of an a-life simu- 
lation reflects its creator's understanding 
of what counts as mutation, adaptation, 
or emergence. Although informed by the- 
oretical biology, these terms have a cer- 
tain fluidity in a-life, and they circulate 
more as shared conventions than as fixed 
rules. These features connect a-life with 
art, they forge a link with art practices 
that are also as old as human intelligence: 
the urge to develop a symbolic logic and 

representational system that teases out 
some kind of order and meaning from a 
chaotic surround. In the contemporary 
scene, and on a less grand scale, a-life and 
art practices share some basic concerns 
with modeling narratives of life in its 
social sense, as it is lived and experienced 
by the organism in its surround. A-life 
research makes formalized models for life 

processes, at both micro and macro levels 
and at all kinds of levels of interaction 
within and between organisms. The mod- 
els are built on algorithmic descriptive 
methods, but they also carry rich associa- 
tive connotations. In particular, they are 
inextricable from the fabulous narratives 
about accelerated evolution that circulate 
in technoculture and permeate all aspects 
of life as we live it. 

Further, within a broad cultural per- 
spective, a-life resituates the relationship 
between art and science, which has been 
an increasingly problematic one since the 

two areas split apart during the Enlighten- 
ment. As bioscientific issues now become 
the order of the day, very present in the 
media and visibly affecting art practices, 
the question of how artists can treat scien- 
tific information becomes pressing. The 

question could be framed as how to repre- 
sent life and the interventions it is the 

object of, not as atomized under the 

microscope, yet wanting to keep the rigor 
and sheer interest of that order of infor- 
mation in the picture. Scientific method- 

ologies will continue to discourage or 
exclude the operation of cultural narratives. 

But from its inception, a-life has 
allowed various degrees of play, whether 
deliberately or implicitly, and thus offers 

ways in which complex, layered represen- 
tations can keep subjectivity, the social 
world, and also the natural world fully in 
view. Because nature is increasingly indis- 

tinguishable from manipulations of 
nature-which is evident in the ease with 
which we accept pharmaceutical regula- 
tion of our moods or the rationalized 
management of what we still call wilder- 
ness-such a point of view is important 
for any designer of a reality model, be it 
artist, theorist, engineer, or scientist. 

What Is A-Life? 
The core activity of a-life research is 

to synthesize lifelike phenomena in artifi- 
cial media such as computers or robots, 
in an attempt to understand living sys- 
tems in all their complexity. Although a- 
life surpasses the definition of computer 
science as engineering performed with 

computers, it is in fact computing 
research and has arisen within that history. 
A-life practitioner and theorist Melanie 
Mitchell, one of the post-founder genera- 
tion working at the Santa Fe Institute, 
delineates three key areas of development 
in computation: neural networks for the 
project of modeling the brain, machine 
learning to simulate human learning, and 
evolutionary computation for simulating 
biological evolution [2]. A-life has become 
most invested in the third of these areas, 
while the first two are still considered the 
purview of artificial intelligence (AI). 

In certain ways, a-life is a successor of 
AI. From its inception, a-life shared with 
AI a commitment to the idea of studying 

key features of life such as cognition, 
behavior, or evolution, without a material 
body as substrate, so as to shed useless 
constraints and operate in an unbounded 
field of symbolic potential. The central 

modeling hypothesis of classical AI, called 

computationalism, sees cognitive systems 
based on either brain or mind as being 
disembodied and so like computers that 

they can be replicated in some combina- 
tion of computer architecture, software, 
or robot behavior. This is also known as 

strong AI. The premise is that if one can 
derive a complete enough set of rules, 
essentially conceived in a top-down and 
rational fashion, then the simulated ratio- 
nality of an "expert system" follows. Sim- 

ilarly, a-life research assumes that one can 

separate the logical form of an organ- 
ism from its material base, and that its 
"aliveness," its capacity to live and 
reproduce, is a property of the form, 
not the matter.... Therefore it is possi- 
ble to synthesize life (genuine living 
behavior) on the basis of computation- 
al principles. [3] 

But what has always distinguished a- 
life research is that it relies on the princi- 
ple of overlapping and interlocked 

systems built from the bottom up, an 

approach that at least in theory can be 
based on organizational features of the 
whole biological system in its environ- 
ment, rather than on any isolated part of 
it. Some current a-life situates itself 
almost antithetically in relation to classical 
AI by upping its investment in materiality, 
and thus resituating some of the central 
concerns of AI with attention to physical 
manifestations of the natural world. 

The two areas are currently by no 
means distinct. AI continues to invest in 
ever more powerful computing methods 
such as connectionism, which is computa- 
tional architecture inspired by neural sys- 
tems. But connectionist rules follow the 
simple-leads-to-complex principles of a- 
life rather than top-down rule-making. 
Conversely, the class of bottom-up a-life 
robots and computer critters that are 
placed in an environment to perform and 
adapt are considered by AI researcher 
Phoebe Sengers to be "alternative AI," 
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improving upon but not solving the prob- 
lem of the deranged autonomous agent 
living in an isolated "fabricated world of 
it own making"[4] . 

In this analysis, a-life continues to 
construct the "schizophrenic" agents of 
AI because the conception of artificial 
subjectivity in a-life remains invested in 
the objective knowledge production of 
science: the conditions for creation of the 
artificial subject are removed, erasing the 
role of either creator or audience in the 

agent's behavior. Constituting an even 
fuzzier overlap between AI and a-life is 
an emerging field within AI called 
embodied AI or embodied cognition, 
based on phenomenological premises of 
grounding consciousness in the body. It 
uses a dynamic systems approach, general- 
ly in the development of robot behavior. 
For example, cybernetics researcher Ker- 
stin Dautenhahn attempts to build into 
her autonomous robot agents various 
aspects of social understanding, such as 
the bodily dynamics of empathy or the 
human mechanism of subjectively recon- 
structing an interaction so as to under- 
stand it [5]. 

So where does this leave a-life, not to 
mention art? One strategy that distinguish- 
es a-life from AI is evolutionary computa- 
tion, in that its explicit origins lie in the 
study of evolution as an optimization tool 
for engineering problems dating from the 
195os and 196os [6]. Its role in a-life 
research is to provide the methods for a 
formal domain of encoded phenomena to 
simulate a naturally evolving system, so 
that "evolve" becomes a technical term 
and not just a metaphor. Yet the method- 
ology remains fundamentally metaphoric, 
because the techniques developed for evo- 
lutionary computation rely on a very 
broad use of terms from classic Darwinian 
theory and also from genetics: genetic 
algorithms (GAs) and fitness landscapes 
are the two key methodologies of evolu- 
tionary computation. They both assume 
an operative equality between binary code 
and genotype, and then proceed to col- 
lapse genotype and phenotype in a quite 
reductive way. Nonetheless, because they 
act as formal rules that operate on and 
shape a multi-dimensional space of possi- 
bilities, these methodologies are both 

computationally and figuratively powerful. 
A GA is a search procedure that car- 

ries out a transformation on a set of ran- 
domly generated candidate solutions for a 
problem, which are symbolically encoded 
as "chromosomes" or, in computer terms, 
bit strings. Crossover and mutation are 
performed on the bit strings, as they carry 
out the task of finding the best solution 
to the problem. As further possible solu- 
tions are generated or fed in, they are 
selected according to a "fitness function," 
that is, a definition of success in the task. 
A fitness landscape represents the space 
of all possible genotypes or bit string can- 
didate solutions, along with their fitnesses 
as calculated once the GA has run 
through them. Its hills and valleys show 
the population of genotypes shifting to 
and away from fitness peaks or spaces of 
success. The pull of analogy between 
genetic code and computer code, as well 
as the power of evolution theory as a 
description for transformation of dynamic 
systems, are plainly visible in these 
methodologies. 

If it is not simply computer science 
because of its recourse to biological and 
evolutionary tropes and its relation to the- 
ories of dynamic systems that have arisen 
in mathematics and the sciences, a-life is 
not quite like scientific research either. It 
checks back to the natural world in ways 
that distinguish it from science. An a-life 
model is a kind of a metaphor for a living 
system because there is no direct connec- 
tion between the two, because computa- 
tional form is basically disengaged from 
matter. "A characteristic feature of these 
simulations is that not all entities decode 
into something in the real world"[7], 
although it remains a goal of many a-life 
researchers to have the relationship 
between the two be much stronger. Clear- 
ly, there is an unresolved issue for a-life 
in comparing the "life-as-it-could-be" fea- 
tures of simulation in the computer with 
messy, fragile life as it is lived. A-life 
research does, after all, take place outside 
the organism even when it operates from 
a whole-system premise. To circumvent 
and get past these chronic issues of 
reductivist tropes translated into method, 
evolution terminology such as adaptation 
and fitness have come to be used in a-life 

in a very abstract way, at the physical and 
chemical level of simulated molecular 
evolution [8]. 

Katherine Hayles exposes the relation 
between a-life and theoretical biology as 
strained by the tautology of assuming the 
computer as the "natural" medium of a- 
life [9], although a weakness in this argu- 
ment is that it overlooks the extent to 
which biology research in general relies 
on computer modeling methods. Speaking 
as a developer of evolutionary computa- 
tion techniques, Mitchell suggests that 
biology be assumed as metaphor in a 
basically unproblematic way and interpret- 
ed strictly within the domain of theoreti- 
cal computation rather than in the terms 
of evolutionary biology. Corresponding to 
this dilemma of what kind of science a- 
life can be, there has been a strong pull 
within a-life toward using behavioral 
models and other forms of symbolic logic 
to control robots that operate with sen- 
sors and effectors, as these "animats" are 
considered to at least have a physicality 
that can be interacted with in direct mea- 
surable ways. 

A-Life Is to Nature as 
Art Is to Life 

A-life is a speculative platform that 
focuses on pattern and process embed- 
ded within nature. In parallel, art is 
latent and embedded within life. To 
come into existence, each set of practices 
relies on semiotic, interpretive strategies. 
These are culturally pre-determined, an 
aspect that becomes really interesting 
when it is foregrounded within the rep- 
resentational process itself. The strategies 
artists contrive for bringing forth art 
from its surround are a function of the 
cultural climate, current modes of per- 
ception, and a concern with issues of the 
times, among them technological and sci- 
entific issues. While art remains preoccu- 
pied with philosophical, perceptual, and 
human issues, a-life does have a much 
more direct link to the biosciences in its 
concern with modeling nature. But 
because it doesn't use the methods of 
pure science to derive these models, 
because its modeling parameters arise 
more from computational ingenuity than 
from methods of observation of natural 
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phenomena, a-life is a fundamentally 
creative platform. 

Perhaps the most expansive way in 
which a-life and art can be viewed in par- 
allel is that, in their preoccupation with 
philosophical and theoretical questions 
regarding the nature of life, they are 
focused on the creation of means for 
life's representation. Each is of necessity 
concerned with how the mode of devel- 
opment of representational apparatuses or 
technologies affects the very kinds of rep- 
resentations that can be made. Interpreta- 
tion of the representations is dependent 
on the material, lived context of the inter- 
preter, and tends also to be influenced by 
her technologized environment. In the art 
context, self-consciousness with regard to 
medium has been at stake since the devel- 
opment of photography in the 19th cen- 
tury shattered the convention of medium 
transparency, the window onto the natural 
world. And more recently, it has been 
much in evidence as artists work with 
electronic media that reflect the impact of 
mass media. In these practices, the nature 
and outcome of artistic investigation are 
shaped by conceptual and critical aware- 
ness of the technologies used. 

Perhaps the clearest parallel between 
these concerns and a-life is to be found 
in evolutionary electronics. It suggests a 
link between theoretical advances in the 
design of semiconductors, the ultimate 
substrate of computation, and social 
issues of economics and marketing. An 
approach to chip design put forward by 
Adrian Thomson requires throwing out 
many conventional premises. Its method- 
ology is to use artificial evolution to craft 
electronic circuits on a physical silicon 
medium, a reconfigurable chip. Thomson 
asks what appear to be very simple ques- 
tions, looking at correspondences between 
natural conditions and evolutionary elec- 
tronics and focusing especially on the 
effect of temperature variation on the fit- 
ness of circuits that are evolved. Thom- 
son remarks, "It is beneficial to do this 
[construct these systems] in a more natu- 
ral way than simply forbidding all analog 
continuous-time dynamics, as convention- 
al digital design does" [lo] . 

Thomson exposes a weak point in the 
"digital revolution," which is that the 

compulsion to keep pace with it means 
that we only think within its conventions 
rather than reconsidering basic design 
parameters. If the human role in evolu- 
tion is a privileged one largely because of 
our tool development, through which we 
direct the course of evolution in more 
and more self-conscious ways, then a re- 
examination of premises that are now 
locked in due to market forces is certainly 
a priority. 

Alongside evolving hardware, the algo- 
rithmic programs of a-life are, equally, 
technologies that determine the results 
obtained. The computational strategies of 
a-life are engineered following principles 
established a priori as the key features of 
synthesized life. Emergent properties or 
behaviors are aimed for in simulated enti- 
ties because emergence has been con- 
ceived as a hallmark of a-life- something 
arises that is not preprogrammed, an 
unforeseen feature on the order of "the 
whole is more than the sum of its parts." 
The a-life system is built so as to lend 
itself to an unpredicted transformation, 
and then, conventionally, to eliminate all 
traces of its authorship in the interpreta- 
tion of the results. 

This applies also to self-organization, 
the other defining feature of a-life, which 
overlaps with emergence. Self-organiza- 
tion is a concern with implicit order and 
pattern in physical systems that arises 
inexorably from chemical and particle 
activity, and which is continuous from 
nonliving to living systems. The hypothe- 
sis, in summary form, is that the universe 
has a natural tendency to organize itself: 
"Evolution is not just 'chance caught on 
the wing.' It is emergent order honored 
and honed by selection" [11]. 

Conceived as a counterbalance to the 
force of evolution driven through time by 
randomness and chance events, self-orga- 
nization resituates the argument about 
grand design in the universe by shifting 
the emphasis to inherent properties of the 
physical world that are studied via com- 
plex adaptive systems. Such systems in 
simulation have again a certain tautologi- 
cal or pre-ordained quality: they are con- 
structed so as to generate the phenomena 
under study. But as a methodology, this 
pervades much of contemporary model- 

making. Consider, for instance, so-called 
sand-pile physics- the study of the 
dynamic behavior of granular substances. 
The theory of "self-organized criticality" 
proposed in the late 198os by Danish 
physicist Per Bak proposes that during 
the development of gradual processes like 
the accumulation of a sand pile, critical 
points of avalanche effect are reached, 
which abruptly and radically reorganize 
the whole system. The most recent news 
in sand-pile physics was the discovery in 
late 1996 by a group of researchers in 
Texas that a thin layer of tiny brass 
spheres spread over the flat bottom of a 
container, when jiggled at a very precise 
rhythm by vibrating the platform at cer- 
tain frequencies and amplitudes, causes 
patterns remarkably like atoms, molecules, 
or crystal lattices to appear [12]. 

With some controversy among scien- 
tists, the phenomena of physical self- 
organization have been taken up as 

analogies for the emergence of life, and 
even for the development of human 
idiosyncrasy. The tautological features 
that seem to undermine a-life practice 
tend also to result from the extrapolation 
of its practices into broad analogy. In 

particular, there is a huge contradiction 
implicit in the promise of unprogrammed 
lifelike behavior in that it makes an 
appeal to an unspecified ordering princi- 
ple of digital logic, which resembles all 
too closely the traditional objective 
authority of science. Yet the impact of 
research that looks for emergent and self- 
organizing properties depends on a cer- 
tain latitude in interpretation and 
application. This is precisely what makes 
it interesting for "integrative science" and 
also for culture in general. Stuart Kauff- 
man, a biophysicist and biochemist 
whose ideas about order and chaos per- 
meate complexity theory, describes inte- 
grative science as theory-based conjecture 
about putting back together what reduc- 
tionist science has taken apart [13]. As is 
true for any representational strategy, the 
interest it holds is not so much an issue 
of its correctness as of what questions it 
poses, how clearly they are asked, and 
how significant they are for the expan- 
sion of knowledge and understanding in 
a cultural and social context. 
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For critical purposes, modeling in a- 
life has to be seen as sharing the features 
of any cultural representation: it is a signi- 
fying system that necessarily has specified 
parameters and references. In a-life, inter- 
pretation cannot help but be shaped by 
the fact that computer simulation is the 
core technique for representation. The 

creativity of a-life involves conjecture, in 
the form of computational representa- 
tions, about interpretive exchange within 
and among organisms at all levels of 

organization. 
Artistry can be seen in the relationship 

between a-life and science, then, in the 

way that a-life translates various branches 
of biology, including evolutionary biology, 
into computational language and in the 
process takes up biology as a "ready- 
made." In 1913, Marcel Duchamp con- 

ceptualized the readymade in response to 
both the "retinality" of painting and the 
monetarization of art, factors which had 
caused him to withdraw from painting the 
year before. The readymade has had a 
notable presence in art practice ever since 
[14]. It is an avant-gardist notion of 

response to aesthetic convention, and so 
it is dated in terms of our contemporary 
outlook, which has long been inured to 
the "shock of the new." But in our cur- 
rent cultural circumstances of extreme 
mediation of experience, it has a renewed 
currency because living and representa- 
tions of living are so easily conflated. The 
readymade has an ironic and subversive 
authenticity in that it declares ideas and 
images in their unceasing circulation to be 
already named and defined by an indefin- 
able someone. Similarly, biology is not 
nature but is already a representation. 
Biology and biotechnology are telling us 
what we think life is as we become more 
and more accustomed to intensive media- 
tion of nature through scientific imaging 
and computer simulation. An example of 
this is the Human Genome Project, an 

internationally coordinated quest to con- 
struct a database that identifies all of the 
genes in a typical human body. Its persua- 
sive promise to reveal a genetically deter- 
mined key to life is a substitution of the 
map for the territory. 

A-life practitioners don't become 
artists when they create readymades in 

their use of biology, but they nonetheless 
contribute to the process of engaging art 
with science. They place quotation marks 
around a segment of nature and make 

explicit in their models its encoding with- 
in a particular set of technoscientific prac- 
tices, which are thereby revealed as 
representational practices. For example, 
Charlotte Hemelrijk makes a simulation of 

cooperation among virtual entities starting 
from a dynamic of conflict and competi- 
tion [15]. The object of her simulation is 
to demonstrate ways in which coopera- 
tion emerges systemically when, under 
certain circumstances, it provides an 
advantage over the killer instinct. Because 
the model quotes accepted narratives of 
nature and relies on artifacts of existing 
research, so as to duplicate and extend 
them in computer terms, it operates like a 
readymade. It permits us to reconsider 
the original biological, or for that matter 
natural, premise. It asks us to look again 
at the assumptions hidden in functional 
forms, whether that be a urinal signed R. 
Mutt or aggressively competing virtual 
entities [16]. By virtue of its elaboration in 
a systems dynamic, it can also in turn 
inform the practices of biology. 

Anti-Art, Anti-Science 
Throughout the zoth century, art has 

been expanded by important moments of 
formal and philosophical reinvention of 
its relation to the real. Anti-art is a con- 
cept derived from these reformulations of 
the relationship between art and everyday 
life. Its precedents include the Russian 
Constructivists' and the Futurists' merg- 
ing of art and revolutionary politics. Anti- 
art was adopted by the dadaists in 
western Europe after World War I to 
express an inseparability between social 
and political concerns and art manifesta- 
tions. The readymade and other features 
of Duchampian thought are considered 
anti-art, as well as the extension of these 
into '6os and '7os Happenings, and "new 
media" such as video and performance. 
These practices are open to and even 
embrace social causes, but it is in their 
expression of dissatisfaction with the 
ability of established art practices to con- 
nect with lived reality that they become 
anti-art. 

Although anti-art is a critique of insti- 
tutionalized art and its role in maintaining 
social convention, this description places 
it in a negative position and doesn't ade- 

quately account for its dadaist origins of 
radical breakaway spirit, its commentary 
on intolerable conditions of social dis- 
tress, or its iconoclastic humor. In paral- 
lel, a-life could be considered principally 
as the ground for another version of sci- 
ence critique calling attention to the 
sociopolitical imbrications of science in 
the face of its insistence on objectivity. 
But a-life becomes a more compelling 
epistemological field if we consider it as 
the emergence of an alternative, para-sci- 
entific practice, an "anti-science": it 
doesn't seek to negate its terms of refer- 
ence or their knowledge base; rather, it 
depends on them so as to propose rein- 
venting them. Anti-science can expand 
our thinking about science in a way that 
parallels how anti-art reorders the sym- 
bolic systems we use to interpret and 
constantly reinvent everyday life. Anti-art 
shows that, once art and life are per- 
ceived as enmeshed, the transformative 
potential of art increases exponentially. 
Similarly, awareness of how we construct 
nature through science and technology on 
a daily basis could deliver a comparable 
empowerment. 

The tendency in recent debates about 
the interpretation and use of science is to 
polarize experts and amateurs [17]. Even 
if the sciences can now be understood on 
many more levels than explaining the uni- 
versal structural properties of nature, nei- 
ther are they freely accessible to the 
nonscientist without complications of 
expertise and specialization. A-life has its 
own requirements of expertise, but it 
offers a representational territory that lies 
in between the acute demands of con- 
forming to the natural world that are 
implicit in science research, and the very 
wide range of imaginary transformation of 
the real that is available to the artist. Rep- 
resentational issues have been the purview 
of art, art theory and criticism, and liter- 
ary criticism. In the past few decades 
there have been debates in these domains 
about very fundamental issues of repre- 
sentation, which expand upon anti-art 
principles in their attention to social and 
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cultural context: assumptions of natural- 
ism have been undermined by theories 
about the construction of the gaze and of 
subjectivity itself, and the overall domi- 
nance of the visual as a modernist trope 
in art has been put into question [18]. 
There is a comparable epistemological 
challenge in a-life: In what way are prima- 
ry methodologies of a-life, such as genetic 
algorithms and fitness functions, cultural 
constructions? And how can this be 
exposed rather than concealed in a-life 
models? The significance of responses to 
these question is not limited to a-life 
research, but sheds light on 20th-century 
technoscience in general. 

A-Life Epistemology and 
the Evolution of Code 

Genetic algorithms and fitness func- 
tions are constructed within received nar- 
ratives of evolution. But even more 

important is their relation to the ideology 
surrounding codification, which has had 
ascribed to it godlike attributes of perva- 
siveness and infinite possibility since the 
decade just after World War II. At that 
time, mathematicians, scientists, computer 
engineers, information theorists, and 

cyberneticists were fashioning a model 

combining computers, Cold War secrecy, 
genetics, and semiotics that established 
the absolute power of algorithmic pro- 
cesses. An algorithm is by definition a 
formal, logical, mechanical, and always 
reliable process, and although that in itself 
is an old idea, Daniel Dennett tells us that 
it was the work of Alan Turing, Kurt 
Godel, and Alonzo Church in the 1930s 
that determined our current computation- 
al understanding of the term. Dennett 

goes on to characterize "Darwin's danger- 
ous idea" of natural selection as algorith- 
mic, because logical form supersedes any 
material substrate, because there is no 
overarching design (he calls this "underly- 
ing mindlessness"), and because the 
results are guaranteed [19]. 

The meaning of computation is debat- 
ed in the a-life world; that is, whether it is 
a contained set of materially based pro- 
cesses or an algorithmic "universal, 
abstract, dynamics to which even the laws 
of physics must conform" [20]. The tran- 
scendent metaphor which proposes that 

"we hitch a ride on the huge ongoing 
computation of the universe by nature" 
certainly has its place in a-life thought. It 
is, after all, a history of hackers. There are 
obvious streaks of computational deter- 
minism in a-life thinking; for instance, in 
the self-fulfilling argument that models 
such as cellular automata and artificial 
neural nets pass the Turing test. The idea 
is that they demonstrate a "fitness equiva- 
lence" between the formally defined, com- 
puted system and its natural physical 
implementation. The argument relies on 
the interpretive weight of whoever inter- 
acts with these systems and is upheld even 
though, or perhaps precisely because, the 
computer-based system isolates processes 
from the noisy reality of life. 

The epistemological and critical dilem- 
ma for programmers steeped in code is 
that there is no "outside" remaining in 
the notion that "the universe is a map of 
a computation" [21]; there is no place 
from which to make an interpretation of 
what a simulation means. It means itself, 
in its inarguable and "mindless" inevitabil- 
ity. This is not so much threatening as it 
is fatalistic and disempowering, like the 
worst pre-Enlightenment religious doom 
scenarios. For those fixated on either 

computational or genetic code as the key 
to the mystery of life, it simply has invio- 
lable origins in the abstract laws of math- 
ematics and innate principles of the 
universe. What more is there to say? But 
as a history encompassing quantum 
physics theory, the birth and growth of 
molecular biology, and the development 
of weapons systems for war, the story of 
code is much more complex. It is a narra- 
tive of interwoven technical progress, sci- 
entific insight, and sociopolitical 
circumstances. It involves a profound ten- 
sion in the relation between abstract natu- 
ral law and organic matter: code has come 
to be characterized as the (masculine) 
determinant of human fate while matter is 
the (feminine) burden of flesh to be mas- 
tered and shaped. 

The term information was misapplied to 
genetic code after the synergistic moment 
of its conceptualization in the domains of 
physics, biology, and information theory 
in the late 1940s [22]. DNA and RNA 
came to be inexorably perceived as con- 

sisting of orders or instructions that spec- 
ified their own interpretation. By the time 
of Francis Crick's "central dogma," for- 
mulated in 1958, DNA was perceived as 
having the power to fully determine all 
characteristics of an organism; it carries 
inherent and irreversible meaning. With 
this confusion of terminology, the confla- 
tion of genetic code with the colloquial 
rather than technical sense of information 
took hold, and subsequently it also began 
to parallel the meteoric rise of algorithmic 
code for processing information, that is, 
computer code. The parallel has stuck; it 
is evident today in the perception of a 
natural fit between computer techniques 
and genetics research, or in electronic 
devices seen as metaphors for or exten- 
sions of biological systems. The confla- 
tion of genetic code and computer code 
in a-life is shaped by this historical back- 

drop. Even if it is used as a functional 
and creative tool, its history of contested 
knowledge and its legacy of the power of 

naming and describing should be kept in 
view. A-lifers who ascribe to the notion 
that self-organization at every level means 
implicit informational and cognitive 
design waiting to be revealed as wondrous 
cosmic order forget what Francois Jacob 
calls attention to in the possible and the 
actual: "As complexity increases, history 
plays a greater part" [22]. 

In parallel, there is a fallacy in accept- 
ing the overarching power of algorithmic 
description of natural order at the 
expense of any other consideration of the 
generation and development of living sys- 
tems. An alternative is to see algorithmic 
principles, which describe both organic 
and inorganic phenomena, as the sub- 
structure of evolutionary and develop- 
mental processes, and layered on top of 
these are many relational aspects of inter- 
subjectivity and interagency, whether 
among human, animal, molecular, or 
machinic agents. Attributing signs of life 
to an AI or a-life agent, in a way that is 
divorced from its creator, its users, and its 
fellow entities, is a symptom of the dead- 
end urge to arrive at an absolute design 
and at the ultimate algorithm [24]. 

Interesting work in current a-life 
research tends to be historically and con- 
ceptually much more specific. Giles May- 
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ley is an a-life researcher in the United 

Kingdom who is studying the influence of 

learning on evolution [25]. This research 
does not revive Lamarckianism, but in 
effect it credits Lamarck with posing 
questions that Darwin didn't account for. 
Mayley's research is based on the Baldwin 
effect, a theory put forward in the late 
19th century to explain cases of apparent 
inheritance of acquired characteristics 
without resorting to the Lamarckian idea 
that learning affects the genome and is 
transmitted directly. The theory has not 
had much currency in biology but has 
been taken up in the past decade by the 
a-life community. Mayley's work demon- 
strates how learning does speed up evolu- 
tion, as proposed by the Baldwin effect, 
but that another factor he calls "the Hid- 

ing effect" counterbalances it over the 
time and process of generational flux. 
This interaction of processes can be 
shown through the dynamics of an evolv- 

ing population on a fitness landscape. 
Philosophically, this research moves 

evolution discourse away from the brutali- 

ty of "fitness equals survival" in the 
strictest sense, as well as from a concep- 
tion of adaptation as genomically driven 

purpose and progress. Representationally, 
the method has parallels across a-life in 
that it involves constructing and observing 
pathways through a complex state space 
generated over time from specified initial 
states. Such models are also used to con- 
struct statistical mechanics for describing 
complex dynamical systems, such as the 
immune system or a neural network [26]. 

The time-space search metaphor, like 
the GA, is a rich one. The visualization 
of time translated into space in a fitness 

landscape describes a search in n-dimen- 
sional space that is very much like a 

Duchampian capturing of chance in spa- 
tial form: Duchamp described the con- 
struction of Le Grand Verre: La Mariee mise 
d nu par ces celibataires, Meme (The Large 
Glass) as an exploration in n-dimensional 
space in which energy flowed from an 

unspecifiable source in a self-propagating 
circuit [27]. 

There are many parallels between con- 

cepts of anti-art and anti-science. Without 
expecting that a-life as an anti-science will 
revolutionize science practices, it is con- 

ceivable that it may inject new life into 
science, just as art must be in a continu- 
ous state of reinvigoration and renewal in 
relation to life. There is a line that can't 
be crossed between the scientific method 
of studying the real, material world 
through experimentally testable models, 
and an artist's contrivance of a metaphor- 
ical material world through techniques of 
representation and interpretation. But 
overall, a-life offers a cross-platform to 
both science and art for renewal, a site 
for building awareness about assumptions 
and biases that shape perception. 
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