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Computation was discovered as much as 
invented and the implications for how we 
understand artificial computation are profound. 
Antikythera is the name of a new philosophy 
of computation that links an evolutionary 
perspective on technology, and the emergence 
of planetary computation in particular, with a 
generative program for how to orient it as it 
parents us. The core ideas connect synthetic 
intelligence—the ongoing artificialization of 
intelligence from the first symbolic notation to 
frontier models; recursive simulations—the active 
dynamic between functional models and the real 
world; hemispherical stacks—the unchartered 
geopolitics of computational infrastructures; and 
planetary sapience—the slow, technologically-
mediated process by which planetary systems, 
from deep time to deep contingency, are made 
comprehensible. The research seeks to establish 
a school of thought that links humanities, 
sciences, and engineering in new catalytic 
relationships. 

Benjamin Bratton is Professor of Philosophy 
of Technology and Speculative Design at the 
University of California, San Diego. Through 
the lens of planetary computation, his work 
establishes new philosophical frameworks for 
interpreting the past, present and future co-
evolution of life, culture, and technology. He is 
Director of Antikythera, a think-tank researching 
the future of planetary computation based 
at the Berggruen Institute. He is the author 
of numerous books including The Stack: On 
Software and Sovereignty. The tenth anniversary 
edition will be published by MIT Press in 2026. 

EDITORIAL

This continuously updated essay introduces and indexes key ideas in the Antikythera 
program, advocating for a new speculative philosophy of computation fit for the 
challenges of the 21st century. Contemporary phenomena—AI, planetary-scale com-
putation, large-scale simulations, chip wars, digital finance, infrastructural electrifi-
cation, global automation, and informational theories of biology—demand a philo-
sophical approach that moves beyond critique or the application of settled concepts.

The program is optimized toward the invention of concepts derived directly from 
engagement with these technologies. Technology, especially computation, has 
outpaced our theoretical frameworks, creating a “civilization-scale computational 
overhang.” Merely applying historical philosophy to novel situations is inadequate; 
philosophy must learn from technology.

Antikythera positions itself as a philosophy-of-technology program linking phi-
losophy and engineering. Its name derives from the Antikythera mechanism, an 
ancient Greek astronomical computer, symbolizing computation’s deep connec-
tion to planetary orientation and the augmentation of intelligence. Computation 
is viewed as a discovered natural phenomenon, with modern devices functioning 
as evolving approximations of natural computation (genetic, molecular, neuronal). 
An “allocentric,” outward-looking perspective is adopted, contrasting with analyt-
ic philosophy’s focus on formal properties and continental philosophy’s critique 
of technology. Antikythera operates by developing conceptual vocabularies, con-
vening interdisciplinary researchers, and designing communications to build its 
school of thought.

Central to the program is “Planetary Computation,” referring to the global tech-
nological apparatus and its epistemological function in revealing planetary condi-
tions like climate change. This planetary intelligence can observe phenomena like 
black holes, as exemplified by the Event Horizon Telescope project.

A grand evolutionary narrative traces computation, particularly AI, as a scaffold 
built upon previous scaffolds: Evolution → Life → Artificialization → Intelligence → 
Symbolic Language → Artificial Intelligence. Each stage enables and complexifies 
the next, recursively impacting prior layers. AI is not merely a tool but the “artifici-
alization of artificialization itself,” a planetary process with an open-ended future.

This suggests a blurring of life, intelligence, and technology, revealing them as 
facets of underlying planetary processes. Computation is the medium through 
which these are studied and engineered, leading to “Planetary Sapience,” which 
grapples with the paradox of complex intelligence’s rarity and fragility, and its role 
in its own precarity. The challenge is to steer this intelligence toward long-term 
adaptation and a viable coupling of biosphere and technosphere. Antikythera’s 
research pursues these themes through interconnected tracks: Planetary Com-
putation, Synthetic Intelligence, Recursive Simulations, Hemispherical Stacks, and 
Planetary Sapience.
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outpace the concepts we have to describe them

In Goddard’s Alphaville, a dystopian world 
controlled by the cold logic of a supercomputer, 
Alpha 60, words start to disappear from the 
human lexicon, not only erasing vocabulary 
but erasing thought. This has been echoed 
in 1984 and contemporary regimes. When a 
society dictates language, it dictates reality 
itself. Antikythera presents the opposite--the 
generation of new terms to invent and enable 
new thought.

“EVERYTHING’S COMPUTER!”: FOR A NEW SPECULATIVE PHILOSOPHY OF 
COMPUTATION (WHICH IS TO SAY, OF LIFE, INTELLIGENCE, AUTOMATION, AND 
THE COMPOSITIONAL EVOLUTION OF PLANETS)

Can we create the Philosophy of the 21st century before it is too late? Can the 
dizzying implications of planetary computation as an increasingly complexifying 
epistemological, scientific, and geopolitical reality. 

Artificial intelligence; neuromorphic computation, quantum computing, biochemi-
cal computing;  large scale scientific simulations, chip wars, financial digitalization, 
both centralized and decentralized; interlocking ID systems, infrastructural elec-
trification, the global intensification of discontiguous chains of automation; and 
perhaps most importantly, informational theories of biology that narrativize the 
scaffolding cascades of complexity we call “life”,  planetary intelligence, orienting 
its own precarious future. 

Sciences are born when philosophy learns to ask the right questions; their potential 
is suppressed when it does not. New philosophy is born when new technologies 
force it to invent new concepts. Today, the relationship between the humanities and 
science is one of critical suspicion, a state of affairs that frustrates the development 
of not only philosophy but also new sciences to come. 

This means not just applying concepts but also inventing them. While this puts our 
work in a slightly heretical position in relation to the current orientations of the hu-
manities, it is well placed to develop the school of thought for the speculative phi-
losophy of computation that will frame new and fertile lines of inquiry for a future 
in which science, technology, and philosophy convene within whatever supersedes 
the humanities as we know it.

There are historical moments in which humanity’s speculative imagination far out-
paces its technological capacities. Those times overflow with utopias. At others, 
however, “our” technologies’ capabilities and implications  outpace the concepts 
we have to describe them , let alone guide them. The present is more the latter than 
the former. At this moment, technology—and particularly planetary-scale computa-
tion—has outpaced our theory. We face something like a civilization-scale computa-
tional overhang. Human agency exceeds human wisdom. For philosophy, it should 
be a time of invention.

Too often, however, the response is to force comfortable and settled ideas about 
ethics, scale, polity, and meaning onto a situation that not only calls for a different 
framework but is already generating a different framework.

The response goes well beyond applying inherited philosophical concepts to the 
present day. The goal, as we joke, is not to ask, “What would Kant make of driv-
erless cars?”, “What would Heidegger lament about large language models?” but 
rather to allow for the appearance and cultivation of a new school of philosophical/
technological thought that can both account for the qualitative implications of what 
is here and now and contribute to that thought’s compositional orientation. The 
present alternatives are steeped in sluggish scholasticism: Asking if AI can genu-
inely “think” according to the standards set forth by Kant in Critique of Pure Reason 



is like asking if this creature discovered in the New World is actually an “animal” as 
defined by Aristotle. It’s obvious the real question is how the new evidence must 
update the category, not how the received category can judge reality.

A better way to  “do philosophy”  is to actively experiment with the technologies 
that make contemporary thought possible and to explore the fullest space of that 
potential. Instead of simply applying philosophy to the topic of computation, An-
tikythera starts from the other direction and produces theoretical and practical con-
ceptual tools—the speculative—from living computational media. In the twenty-first 
century, the instrumental and existential implications of planetary computation 
challenge how  planetary intelligence  comes to comprehend its own evolution, its 
predicament, and its possible futures, both bright and dark.

COMPUTATION IS BORN OF COSMOLOGY

The closely bound relationship between computation and planetarity is not new. It 
begins with the very first artificial computers (we hold that computation was dis-
covered as much as it was invented, and that the computational technologies hu-
mans produce are artifacts that make use of a natural phenomenon).

Antikythera takes its name from the Antikythera mechanism, first discovered in 
1901 in a shipwreck off the Greek island of the same name and dated to 200 BCE. 
This primordial computer was more than a calculator; it was an astronomical ma-
chine—mapping, tracking, and predicting the movements of stars and planets, 
marking annual events, and guiding its users on the surface of the  globe . The 
mechanism not only calculated interlocking variables but also provided an ori-
entation of thought in relation to the astronomic predicament of its users. Using 
the mechanism enabled its users to think and act in relation to what was revealed 
through the mechanism’s perspective.

This is an augmentation of intelligence, but intelligence is not just something that a 
particular species or machine can do. In the long term, it evolves through the scaf-
folding interactions between multiple systems: genetic, biological, technological, 
linguistic, and more. Intelligence is a planetary phenomenon.

The name Antikythera refers more generally to computational technology that dis-
closes and accelerates the planetary condition of intelligence. More than one par-
ticular mechanism, it is a growing genealogy of technologies, some of which—like 
planetary computation infrastructures—we not only use but also inhabit.

COMPUTATION IS CALCULATION AS WORLD ORDERING; IT IS A MEDIUM FOR 
THE COMPLEXIFICATION OF SOCIAL INTELLIGENCE

Computation takes the form of planetary infrastructure that remakes philosophy, 
science, and society in its image.

How does Antikythera define computation? For Turing, it was a process defined by 
a mathematical limit of the incalculable, but as the decades since his foundational 
papers have shown, there is little in life that cannot be modeled and represented 
computationally. This process, like all models, is reductive. A map reduces territory 
to an image, but that is how it becomes useful as a navigational tool. Similarly, com-
putational models and simulations synthesize data in ways that demonstrate forms 
and patterns that would be otherwise inconceivable.

As a rules-based, output-generating operation, computation has general and spe-
cific definitions, including biological analogical processing of very local information 
and Universal Turing machines, general recursive functions, and the defined calcu-
lations of almost anything at all.

Antikythera presumes that computation was discovered as much as it was invent-
ed. It is not so much that natural computation works like modern computing devic-
es but rather that modern computing devices and formulations are quickly evolving 
approximations of natural computation—genetic, molecular, neuronal, etc.

Computation as a principle may be near universal, but computation as a  societal 
medium  is highly malleable. Its everyday affordances are seemingly endless. How-
ever, computational technologies evolve, and societies evolve in turn. For example, 
in the decades to come, what is called “AI” may no longer be simply a novel appli-
cation for computation but its primary societal-scale form. Computation would be 
not just an instrumentally focused calculation but the basis of widespread non-bi-
ological intelligence.

Through computational models, we perceive existential truths about a great many 
things: human genomic drift through history, the visual profile of astronomic objects 
millions of light-years away, the extent of anthropogenic agency and its climatic 
effects, the neurological foundations of thought itself… The qualitative profundity 
of these begins with a quantitative representation. The math discloses reality, and 
reality demands new philosophical scrutiny.

Antikythera 
by Benjamin Bratton 
with Channel Studio 
 

2/17DOI 10.1162/ANTI.5CZ9

“do philosophy”

David Lewis once said that philosophy is, first of 
all, a discipline of systematising pre-theoretical 
intuitions. These intuitions emerge from the 
primordial soup of everyday existence, stirred 
and shaken by historical changes. The goal 
of any serious philosopher should be to pay 
attention to these movements. Computational 
technologies are the primary ingredient on 
today’s menu, and hence, they naturally present 
the main breeding ground for the philosophical 
intuitions to come.

planetary intelligence

The way that planetary intelligence comes to 
apprehend its own evolution is first via bacteria, 
and then via humans, and now by forms of 
synthetic intelligence. These are extensions, 
not separations of planetary material that 
has morphed and evolved over time through 
intervention and exploration. There is no promise 
that these implications hold moral promise, as 
good process end in terrible outcomes, and 
vice versa.

societal medium

Let’s think through this paragraph in tandem 
with the previous assertation that modern 
computing is an approximation of natural 
computation. It follows that once deployed 
in social contexts, computation becomes an 
articulation of nature that has the binding 
force of a regulative principle or law. Through 
computation, normativity intrinsic in nature 
overspills into what we call - for the lack of 
better words - the social.

globe

The Antikythera mechanism is now housed at 
the National Museum of Athens, presented in 
a series of real artifacts, artificial models, and 
multimedia presentations. For further reading 
on the mechanism, see the work of Derek de 
Solla Price (https://www.amphilsoc.org/sites/
default/files/2019-03/attachments/Jones.pdf) 
and Alexander Jones (https://archive.nyu.edu/
handle/2451/59908)



ALLOCENTRISM IN PHILOSOPHY AND ENGINEERING

Computation is no more a tool than language is. Both language and computation 
are  constitutive of thought  and the encoding and communication of symbolic rea-
soning. Both evolve in relation to how they affect and are affected by the world, and 
yet both retain something formally unique. That machine intelligence would evolve 
through language as much as language will in the foreseeable future evolve through 
machines suggests a sort of artificial convergent evolution. More on that below.

What does Antikythera mean by “computation” and what is its slice of that spec-
trum? Our approach is slightly off kilter from how the philosophy of computation 
is, at present, usually practiced. Philosophy, in its analytic mode, interrogates the 
mathematical procedure of computation and seeks to qualify those formal proper-
ties. It bridges logic and the philosophy of mathematics in often exquisitely produc-
tive but sometimes arid ways. Our focus, however, is less on this formal uniqueness 
than on the mutually influential evolution of computation and the world, and how 
each becomes a scaffold for the development of the other.

For its part, continental philosophy is suspicious and dismissive of, and even hostile 
to, computation as a figure of power, reductive thought, and instrumental rational-
ity. It devotes considerable time to the often obscure, prosy criticism of all that it 
imagines computation to be and do. As a rule, both spoken and unspoken, it valoriz-
es the incomputable over the computable, the ineffable over the effable, the analog 
over the digital, the poetic over the explanatory, and so on.

Our approach is also qualitative and speculative, but instead of seeing philosophy 
as a form of  resistance to computation , we see computation as a challenge to 
thought itself. Computation is not that which obscures our view of the real but that 
which has, over the past century, been the primary enabler of confrontations with 
the real. These confrontations are sometimes startling and even disturbing but al-
ways precious. This makes us neither optimists nor pessimists, but rather deeply 
curious and committed to building and rebuilding from first principles rather than 
commentary on passing epiphenomena.

Our philosophical standpoint is allocentric more than egocentric, “Copernican” 
more than phenomenological. The presumption is that we will, as always, learn 
more about ourselves by getting outside our own heads and perspectives, almost 
always through  technological mediation , than we will by private rumination on the 
experience of interiority or by mistaking culture for history. That said, even from an 
outside perspective looking back on ourselves, we (“humans”) are not necessarily 
the most important thing for philosophy to examine. The vistas are open.

Most sciences grew out of philosophy and did so by stepping outdoors and playfully 
experimenting with the world as it is. Instead of science composing new technol-
ogies to verify its curiosity, the inverse is perhaps even more often the case: New 
technologies devised for one purpose end up changing what is perceivable and 
thus what is hypothesized; and thus, they change what science seeks. The allocen-
tric turn does not imply that human sapience is not magnificent, but it does locate 
it differently than it may be used to. It is true that Homo sapiens is the species that 
wrote this and is presumably reading this (the most important reader may be a 
future LLM), but we are merely the present seat of the intensification of abstract 
intelligence, which is the real force and actor. We are the medium, not the message. 
If Antikythera might eventually contribute to the philosophical explorations of what 
in due time becomes a science of understanding the relationship between intelli-
gence and technology (and life) as intertwined planetary phenomena—to ask the 
questions that can only be answered by that—then we will have truly succeeded.

PLANETARY COMPUTATION

THE ANTHROPOCENE IS A SECOND-ORDER CONCEPT DERIVED FROM COMPUTATION

I have told this story many times. Imagine the famous blue marble image as a movie, 
one spanning all 4.5 billion years of Earth’s development. Watching this movie on 
super fast-forward, one would see the planet turn from red to blue and green, see 
continents form and break apart, see the emergence of life and an atmosphere, and, 
in the last few seconds, see something else that is remarkable. The planet would 
almost instantaneously grow an external layer of satellites, cities, and various phys-
ical networks, all of which constitute a kind of sensory epidermis or exoskeleton. In 
the last century, Earth has grown this artificial crust, through which it has realized 
incipient forms of animal–machinic cognition with terraforming-scale agency. This 
is planetary computation. It is not just a tool, it is a geological cognitive phenomenon.

It is this phenomenon—planetary computation defined in this way—that is An-
tikythera’s core interest. The term has at least two essential connotations: first, it 
refers to a global technological apparatus; second, it refers to all the ways that that 
apparatus reveals planetary conditions in a manner otherwise unthinkable. For the 
former, computation is an instrumental technology that enables new perceptions 
of and interactions with the world; for the latter, it is an epistemological technology 
that shifts fundamental presumptions about what is possible to know about the 
world at all.

constitutive of thought

This constitutive aspect can be highlighted 
by framing language and computation as 
infrastructural scaffolds of cognitive evolution

resitance to computation

Ironically, if we were to replace computation 
with “mathematics”, continental thinkers such 
as Alain Badiou or Deleuze with Guattari would 
tend to agree with this sentence.

technological mediation

Once understood as an infrastructural scaffold, 
language may enter the domain of technologies 
of allocentric mediation, too. However, it does 
not enjoy any privileged position among other 
similar technologies. This maneuver is crucial to 
secure the legitimacy of philosophical thinking 
conducted through the medium of language, of 
which this essay is an exemplar.
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For example, the scientific idea of “climate change” is an epistemological accom-
plishment of planetary-scale computation. The multiscalar and accelerating rate of 
change is knowable because of data gleaned from satellites, surface and ocean 
temperatures, and most of all models derived from supercomputing simulations 
of the planetary past, present, and futures. As such, computation has made the 
contemporary notions of the “Planetary” and the “Anthropocene” conceivable, ac-
countable, and actionable. These ideas, in turn, established that over the past cen-
turies, anthropogenic agency has had terraforming-scale effects. Every discipline 
is reckoning in its own way with the implications of this; some better than others.

As the Planetary is now accepted as a “humanist category,” it is worth emphasizing 
that the actual planets, including Earth, are rendered as stable objects of knowl-
edge that have been made legible largely through first-order insights gleaned from 
computational perceptual technologies. It becomes a humanist category both as a 
motivating idea that puts the assembly of those technologies in motion and, later, 
as a (precious) second-order abstraction derived from what they show us.

The Planetary is a term with considerable potential philosophical weight but also a 
lot of gestural emptiness. It is, as suggested, both a cause and an effect of the rec-
ognition of “the Anthropocene.” But what is that? I say “recognition” because the 
Anthropocene was occurring long before it was deduced to be happening. Whether 
you start at the beginning of agriculture ten thousand years ago or the Industri-
al Revolution a few hundred years ago, or the pervasive scattering of radioactive 
elements more recently, the anthropogenic transformation of the planet was an 
“accidental terraforming.” It was not the plan.

After years of debate as to whether the term deserves the status of proper geologic 
epoch, the most recent decision is to identify the Anthropocene as an event, as the 
Great Oxidation is an event or the Chtulam meteor is an event. This introduces more 
plasticity into the concept. Events are unsettled and transformative but not nec-
essarily final. Anthropogenic agency can and likely will orient this event to a more 
deliberate conclusion. For its part, computation will surely make this orientation 
possible, just as it made legible the situation in which it moves.

COMPUTATION IS NOW THE PRIMARY TECHNOLOGY FOR THE ARTIFICIALIZATION 
OF FUNCTIONAL INTELLIGENCE, SYMBOLIC THOUGHT, AND LIFE ITSELF.

Computation is, for us, not only a formal, substrate-agnostic, recursive calculative 
process; it is also a means of world ordering. From the earliest marks of symbolic 
notation, computation was a foundation of what would become complex culture. 
The signifiers on clay in Sumerian cuneiform are known as a first form of writing; in 
fact, they are indexes of transactions, an inscriptive technique that would become 
pictograms and over time alphanumeric writing, including base-10 mathematics 
and formal binary notation. There and then in Mesopotamia, the first writing was 
“accounting”: a kind of database representing and ordering real-world communica-
tion. This artifact of computation prefigures the expressive semiotics, even literary 
writing, that ensued in the centuries to come.

Over recent centuries, and accelerating during the mid-twentieth century, tech-
nologies for the artificialization of computation have become more powerful, more 
efficient, more microscopic, and more globally pervasive, changing the world in 
their image. “Artificialization” in this context doesn’t mean fake or unnatural; rather, 
it means that the intricate complexity of modern computing chips, hardware, and 
software did not evolve blindly but was the result of deliberate conceptual prefig-
uration and composition, even if by accident. The evolutionary importance of this 
general capacity for artificialization will become clearer below.

PLANETARY COMPUTATION REVEALS AND CONSTRUCTS THE PLANETARY AS 
A “HUMANIST CATEGORY”

Some of the most essential and timeless philosophical questions revolve around 
the qualities of perception, representation, and time. Together and separately, 
these have all been radicalized by planetary computational technologies, in no do-
main more dramatically than in astronomy.

The Webb deep space telescope scans the depths of the universe, producing data 
that we make into images showing us, among other wonders, light from a distant 
star bending all the way around the gravitational cluster of galaxies. From such 
perceptions we, the little creatures who built this machine, learn a bit more about 
where, when, and how we are. Computation is not only a topic for philosophy to 
pass judgment; computation is itself a philosophical technology. It reveals condi-
tions that have made human thought possible.

Antikythera is a philosophy-of-technology program that diverges in vision and 
purpose from the mainstream of philosophy of technology, particularly from the 
intransigent tradition growing from the work of Martin Heidegger, whose near 
mystical suspicion of scientific disenchantment, denigration of technology as that 
which distances us from Being and reduces the world to numeric profanity, and—
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most of all—outrage at innovations of perception beyond the comfort of grounded 
phenomenology has confused generations of young minds. They have been mis-
led. The question concerning technology is not how it alienates us from the misty 
mystery of Being but how every Copernican turn we have taken—from heliocen-
trism to Darwinism to neuroscience to machine intelligence—has been possible 
only by getting outside our own skin to see ourselves as we are and the world as it 
is. This is closeness to Being.

COMPUTATION REVEALS THE PLANETARY CONDITION OF INTELLIGENCE TO ITSELF.

To look up into the night sky with an unaided eye is to gaze into a time machine 
showing us an incomprehensibly distant past. It is to perceive light emitted be-
fore most of us were born and even before modern humans existed at all. It took 
well into the eighteenth century for science to realize that stripes of geologic sed-
imentary layers do not just mark an orderly spatial arrangement but represent the 
depths of planetary time. The same principle ( space is time is space ) holds as you 
look out at the stars, but on a vastly larger scale. To calculate those distances in 
space and time is only possible once their scales are philosophically and mathe-
matically and then technologically abstractable. Such is the case with black holes, 
first described mathematically and then, in 2018, directly perceived by Earth itself, 
having been turned into a giant computer vision machine.

Event Horizon Telescope was an array of multiple terrestrial telescopes all aimed 
at a single point in the night sky. Its respective scans were timed with and by the 
Earth’s rotation, and thus the planet itself was incorporated into this optical mecha-
nism. Event Horizon connected the views of telescopes on the Earth’s surface into 
ommatidia of a vast compound eye, a sensory organ that captured fifty-million-
year-old light from the center of the M87 galaxy as digital information. This data 
was then again rendered in the form of a ghostly orange disc that primates, such 
as ourselves, recognize as an “image.” Upon contemplating it, we can identify our 
place within the universe, which exceeds our immediate comprehension but not 
entirely our technologies of representation. With computational technologies such 
as Event Horizon, it’s possible to imagine our planet not only as a lonely blue spot 
in the void of space but also as a singular form that finally opens its eye to perceive 
its distant environment.

For Antikythera, this is what is meant by “computational technology disclosing and 
accelerating planetary intelligence.” Feats such as this demonstrate what planetary 
computation is for.

RESEARCH PROGRAM 

Having hopefully drawn a compelling image of the purpose of Antikythera as a gen-
erative theoretical project, I will put this image in motion and describe how the 
program does its work. As you might expect, it is not in the usual way and it is 
deliberately tuned for the messy process of concept generation, articulation, proto-
typing, narrativization, and, ultimately, convergence. 

THE LINK BETWEEN PHILOSOPHY AND ENGINEERING IS A MORE FERTILE 
GROUND THAN THAT BETWEEN THE HUMANITIES AND DESIGN.

Antikythera is a philosophy-of-technology research program that uses studio-based 
speculative design methodologies to provoke, conceive, explore, and experiment 
with new ideas. At the same time, it is often characterized as a speculative design 
research program driven by a focused line of inquiry into the philosophy of technol-
ogy. Yet, neither framing is precisely right.

As I have implied, within the academic subfield of philosophy of technology, An-
tikythera is positioned opposite the deeply rooted legacy of Heideggerian critique 
that sees technology as a source of existential estrangement. So perhaps our ap-
proach is the opposite of “philosophy of technology”? Technology of philosophy? 
Maybe. At the same time, despite the long-standing crucial role of thought exper-
iments in advancing technological exploration, the term “speculative design” has 
unfortunate connotations of whimsical utopian/dystopian pedantic design ges-
tures. While Antikythera is appreciative of the inspiration the humanities provides 
to design, this must be more than simply injecting the latest cultural-theoretical 
trend into the portfolios of art students.

A more precise framing may be a renewed conjunction of philosophy and engineering. 
“ Engineering ” is often seen as barren terrain for the high-minded abstractions 
of philosophy, but that’s exactly the problem. Functionalism is not the enemy of 
creativity but, as a constraint, perhaps its most fertile niche. By this, I don’t mean a 
philosophy of engineering. Instead, I am referring to a speculative philosophy drawn 
from a curious, informed, and provocative encounter with the technical means by 
which anthropogenic agency remakes the world in its image and, in turn, the un-
certain subjectivities that emerge, or fail to emerge, from that difficult recognition 

space is time is space

As Dipesh Chakrabarty once noted in 
conversation with Bruno Latour (largely to 
Latour’s bewilderment), astronomy is a science 
of celestial history. The intimate relationship 
between astronomy and history is best 
illustrated on the scale of cosmology - as Risa 
Weschler explained us in the conversation while 
ideation her piece for the Antikythera journal, 
understanding the distribution of matter in the 
universe is tightly linked to the understanding 
of the universe’s evolution. Modelling spatial 
distribution means modelling evolutionary 
trajectories that transported cosmic matter 
to its observed coordinates. Understanding 
space means understanding time means 
understanding space.

Engineering

It may even turn out that philosophy is a form 
of engineering - conceptual engineering for 
linguistic infrastructures of allocentric mediation.
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of its dynamics. Obviously, today those technical means are largely computational; 
hence, our program for the assembly of a new school of thought for the speculative 
philosophy of technology focuses its attention specifically on computation.

This may not locate Antikythera in the mainstream of either humanities, philosophy, 
or science and technology studies, and perhaps rightly so. Instead, it may position 
the program to accomplish things it otherwise could not. Many sciences began as a 
subject matter in philosophy: from physics to linguistics, from economics to neuro-
science. This is certainly true for computer science, as it congealed from the philos-
ophy of mathematics, logic, astronomy, cybernetics, and more. Of all computational 
technologies, AI in particular emerged through a nonlinear genealogy of thought 
experiments spanning centuries before it became anything like the functional tech-
nologies realized today, which, in turn, redirected those thought experiments. This 
is also what is meant by the conjunction of philosophy and engineering.

Furthermore, this suggests that the ongoing “science wars”—which the humanities 
absolutely did not win—are all the more unfortunate. The orthodoxy project is to 
debunk, resist, and explain away the ontologically challenging assignments that 
technoscience puts forth with the comforting languages of social reductionism and 
cultural determinism. This  delays  the necessary development of the humanities, a 
self-banishment to increasingly shrill irrelevance that conceals rather than reveals 
the extent to which philosophy is where new sciences come from or can be the 
co-creation of those sciences to come.

It need not be so. There are many ways to reinvent the links between speculative and 
qualitative reason and functional qualitative creativity. Antikythera’s approach is just one.

CONCEIVE, CONVENE, COMMUNICATE

So what is the method by which we attempt to build this school of thought? The 
approach is multifaceted but comes down to three things: (1) the tireless develop-
ment of a synthetic and hopefully precise conceptual vocabulary, posed both as 
definitional statements and as generative framing questions with which to expand 
and hone our research; (2) the convening of a select group of active minds intrigued 
by our provocation, eager to collaborate with those from other disciplines and back-
grounds; and (3) investments in the design of the communication of this work, such 
that each bit adds to an increasingly high-resolution mosaic that constitutes the 
Antikythera school of thought. The ideas and implications of those outcomes feed 
back into the conceptual generative framing of the next cycle. Each go-around, the 
school of thought gets bigger, leaner, and more cutting.

This means a division of labor spread across a growing network. We work with 
existing institutions in ways that they may not be able to work in on their own.  Our 
affiliate researchers come from Cambridge, MIT, the Santa Fe Institute, Caltech, 
SCI-Arc, Beijing University, Harvard, UC San Diego, Oxford, Central Saint Martins, 
UCLA, Yale, Eindhoven, Penn, New York University-Shanghai, Berkeley, Stanford, 
University of London, and many more. More important than the brand names on 
their uniforms is their disciplinary range: computer science and philosophy obvi-
ously, architecture, digital media, literature, filmmaking, robotics, mathematics, as-
trophysics, biology, history, and cognitive neuroscience.

At least once a year, Antikythera hosts an interdisciplinary design research studio 
in which we invite and support fifteen younger and midcareer researchers to work 
with us on new questions and problems and generate speculative engineering 
works, world-building cinematic works, and formal papers. We have hosted studios 
in Los Angeles, Mexico City, London, and Beijing. Studios draw applicants from 
around the world and various disciplines, from computer scientists to science-fic-
tion authors, mathematicians, game designers, and of course philosophers.

At our Planetary Sapience symposium at MIT Media Lab, we recently announced a 
collaboration with MIT Press: a book series and peer-reviewed digital journal that 
will serve as the primary platform for publishing the work of the program as well 
as intellectually related work from a range of disciplines. The first “issue” of the 
digital journal will go live in concert with a launch event at the Venice Architec-
ture Biennale next spring. The first title in the book series, What is Intelligence? by 
Blaise Agüera y Arcas will hit the shelves in fall 2025. The digital journal will publish 
original and classic texts as imagined and designed by some of the top digital de-
signers working today. It will showcase cutting-edge ideas in both the speculative 
philosophy of computation and cutting-edge digital design, together establishing 
a communications platform most appropriate for the ambitions of the work. Each 
article in the upcoming issue is discussed below in the context of the Antikythera 
research track to which it most directly contributes.

Antikythera is made possible by the generosity and far-sighted support of the Berg-
gruen Institute, based in Los Angeles, Beijing, and Venice, under the leadership of 
Nicolas Berggruen, Nathan Gardels, Nils Gilman, and Dawn Nakagawa.
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RESEARCH AREAS

Antikythera’s research is roughly divided into four key tracks, each building off the 
core theme of planetary computation. They each can be defined in relation to one 
another, and as the program evolves, new ideas are consolidating as our research 
into these various areas deepens. As mentioned, Planetary computation refers to 
both the emergence of artificial computational infrastructures at a global scale and 
the revelation and disclosure of planetary systems as topics of empirical scientific 
interest, with “the Planetary” as a qualitative conceptual category. This is consid-
ered through four non-exclusive and non-exhaustive lenses:

•	 Synthetic Intelligence refers to the emergence of artificial machine intelli-
gence in both anthropomorphic and automorphic forms as well as a complex 
and evolving distributed system. In contrast with many other approaches to AI, 
we emphasize (1) the importance of productive misalignment and the episte-
mological and practical necessity of avoiding alignment overfitting to dubious-
ly defined human values and (2) the eventual open-world artificial evolution 
of synthetic hybrids of biological and non-biological intelligences, including 
infrastructure-scale systems capable of advanced cognition.

•	 Recursive Simulations refers to the process by which computational simu-
lations reflexively or recursively affect the phenomena that they represent. 
Different forms of predictive processing underpin diverse types of evolved 
and artificial intelligence. At a collective scale, this enables complex societies 
to sense, model, and govern their development. In this, simulations become 
essential epistemological technologies for the understanding of phenomena 
that are otherwise imperceptible, as simulations compress time.

•	 Hemispherical Stacks examines the implications of multipolar computation 
and multipolar geopolitics, one in terms of the other. It considers the com-
petitive and cooperative dynamics of computational supply chains and both 
adversarial and reciprocal relations between states, platforms, and regional 
bodies. Multiple scenarios are composed about diverse areas of focus, includ-
ing chip wars, foundational models, data sovereignty, and astropolitics.

•	 Planetary Sapience attempts to locate the artificial evolution of computational 
intelligence within the longer historical arc of the natural evolution of complex 
intelligence as a planetary phenomenon. The apparent rift between scientific 
and cultural cosmologies, between what is known scientifically and cultur-
al worldviews, is posited as an existential problem. This problem cannot be 
solved by computation as a medium but only by the renewal of a speculative 
philosophy that addresses life, intelligence, and technology as fundamentally 
integrated processes. More on this below.

SYNTHETIC INTELLIGENCE

THE EVENTUAL IMPLICATION OF THE ARTIFICIALIZATION OF INTELLIGENCE IS 
LESS HUMANS TEACHING MACHINES HOW TO THINK THAN MACHINES DEMON-
STRATING THAT THINKING EXIST ON A MUCH WIDER AND WEIRDER SPECTRUM.

Synthetic intelligence refers to the wider field of artificially composed intelligent 
systems that do and do not correspond to humanism’s traditions. These systems, 
however, can complement and combine with human cognition, intuition, creativity, 
abstraction, and discovery. Inevitably, both human cognition and the artificialized 
intelligence are forever altered by such diverse amalgamations.

The history of AI and the history of the philosophy of AI are intertwined, from Leib-
niz to Turing to Dreyfus to today. Thought experiments drive technologies, which 
drive a shift in the understanding of what intelligence itself is and might become, 
one influencing the other. This extends well beyond the European philosophical 
tradition. In our work, important touchstones include those drawn from Deng-era 
China’s invocation of cybernetics as the basis of industrial mass mobilization and 
the Eastern European connotations of AI—which include what Stanisław Lem called 
an  “existential” technology . Many of these touchpoints contrast with Western indi-
vidualized and individualistic and anthropomorphic models that dominate contem-
porary debates on so-called AI ethics and safety.

Historically, AI and the philosophy of AI have evolved in a tight coupling, informing 
and delimiting one another. But as the artificial evolution of AI accelerates, the con-
ceptual vocabulary that has helped bring it about may not be sufficient to articulate 
what it is and what it might become. Now, as before, not only is AI defined in con-
trast with the strangely protean image of the human, but the human is defined in 
contrast with the machine. By habit it is taken almost for granted that we are all that 
which it is not, and it is all that which we are not. Like two characters sitting across 
from one another, deciding whether the other is a mirror reflection or a true oppo-
site, each is supposedly the measure and limit of the other. People see themselves 
and their society in the reflection AI provides and are thrilled and horrified by what 
it portends. But this reflection is also preventing people from understanding AI, its 
potential, and its relationship to human and nonhuman societies. A new framework 
is needed to grasp the implications.

“existential” technology

One can also add here Qian Xuesen - the 
Chinese cybernetic and aerospace pioneer. Note 
that the term “existential technology” does not 
directly appear in Lem’s writing, but belongs to 
Bogna M Konior’s innovative reinterpretation of 
his philosophy.
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What is reflected back is not necessarily human-like. The view is beyond anthro-
pomorphic notions of AI and toward a fundamental concern with machine intelli-
gence. What Turing proposed in his famous test as a sufficient condition of intelli-
gence has instead turned into decades of solipsistic demands and misrecognitions. 
Idealizing what appears and performs as most “human” in AI—either as praise or as 
criticism—is to willfully constrain the understanding of existing forms of machine 
intelligence as they are.

Seriously pondering the planetary pasts and futures of AI not only extends but also 
alters our notions of “artificiality” and “intelligence” and draws from the range of 
such connotations. However, it will also, inevitably, leave them behind.

THE WEIRDNESS RIGHT IN FRONT OF US

This weirdness includes the new unfamiliarity of language itself. If language was, 
as the structuralist would have it, the house that humans live in, now, as machines 
spin out coherent ideas at rates just as inhuman as their mathematical answers, the 
home once provided by language is quite uncanny.

Large language models’ (LLMs’) eerily convincing text prediction/production capa-
bilities have been used to write novels and screenplays and make images, movies, 
songs, voices, and symphonies. They are even used by some biotech researchers to 
predict gene sequences for drug discovery—here, at least, the language of genetics 
really is a language. LLMs also form the basis of generalist models capable of mix-
ing inputs and outputs from one modality to another (e.g., interpreting what is in an 
image so as to instruct the movement of a robot arm). Such foundational models 
may become a new kind of general-purpose public utility around which industrial 
sectors organize: cognitive infrastructures.

Whither speculative philosophy then? As a coauthor and I wrote recently [1], “reality 
overstepping the boundaries of comfortable vocabulary is the start, not the end, 
of the conversation. Instead of  groundhog-day debates about whether machines 
have souls, or can think like people imagine themselves to think, the ongoing dou-
ble-helix relationship between AI and the philosophy of AI needs to do less projec-
tion of its own maxims and instead construct more nuanced vocabularies of analy-
sis, critique, and speculation based on the Weirdness right in front of us.” And that 
is really the focus of our work: the weirdness right in front of us and the clumsiness 
of our languages in engaging with it.

THE FIRE APES FIGURED OUT HOW TO MAKE THE ROCKS THINK.

To zoom out and try to locate such developments in the longer arc of the evolution 
of intelligence, what has been recently accomplished is truly mind-bending. One 
way to think about it, going back to our blue marble movie mentioned above, is 
that we’ve had many millions of years of animal intelligence, which became Homo 
sapiens’s intelligence. We’ve had many millions of years of vegetal intelligence. And 
now we have mineral intelligence. The fire apes (that’s us) have managed to fold 
little bits of rocks and metal into particularly intricate shapes and run electricity 
through them, and now the lithosphere is able to perform feats that until very re-
cently only primates had been able to perform. This is big news. [2] The substrate of 
complex intelligence, us, now includes both the biosphere and the lithosphere. And 
it’s not a zero-sum situation. We are beginning to be able to ask how these integrate 
in such a way that they become mutually reinforcing, and not mutually antagonistic.

ALIGNMENT OF AI WITH HUMAN WANTS AND NEEDS IS A NECESSARY SHORT-
TERM TACTIC AND AN INSUFFICIENT AND EVEN DANGEROUS LONG-TERM NORM.

What does it mean to ask machine intelligence  to “align”  to human wishes and 
self-image? Is this a useful tactic for design or a dubious metaphysics that obfus-
cates how intelligence as a whole might evolve? How should we rethink this frame-
work in both theory and practice?

The emergence of machine intelligence must be steered toward planetary sapience in 
the service of viable long-term futures. Instead of strong alignment with human values 
and superficial anthropocentrism, this steerage of AI means treating these human-
isms with nuanced suspicion and recognizing AI’s broader potential. At stake is what 
AI is and what a society is, and what AI is for. What should align with what?

Hence, this is not only about how AI must evolve to suit the shape of human culture but 
also about how human societies will evolve in relationship to this fundamental technol-
ogy. AI overhang—the unused or unrealized capacity of AI that has not yet, if it ever will 
be, acclimated into sociotechnical norms—affects not only narrow domains but also, 
arguably, civilizations and how they understand and register their own organization 
in the past, present, and future. As a macroscopic goal, simple “alignment” of AI to 
existing human values is inadequate and even dangerous. The history of technology 
suggests that the positive impacts of AI will not occur through its subordination to or 

1.	 The Model Is the Message 
The Model Is the Message explores the complex 
philosophical and practical issues posed by 
LLMs as a core component of distributed AI sys-
tems. They are the heart of emerging cognitive 
infrastructures. The essay, written just before the 
launch of ChatGPT, takes as its starting point the 
curious event of Google engineer Blake Lemoine 
being placed on leave after publicly releasing 
transcripts of conversations with LaMDA, a 
chatbot based on an LLM that he claimed to 
be conscious, sentient, and a person. LaMDA 
may not be conscious in the ways that Lemoine 
believes it to be—his inference is clearly based 
in motivated anthropomorphic projection—but 
these kinds of artificial intelligence likely are in-
deed “intelligent” in some specific and important 
ways. The real lesson for the philosophy of AI is 
that reality has outpaced the available language 
to parse what is already at hand. (https://www.
noemamag.com/the-model-is-the-message/)

2.	 Five States of AI Grief 
Grief-laden vitriol directed at AI fails to help us 
understand paths to better futures that are nei-
ther utopian nor dystopian, but open to radically 
weird possibilities. Drawing on Kübler-Ross’s 
“five stages,” this essay outlines the perils and 
pitfalls of AI Denial, AI Anger, AI Bargaining, AI 
Depression, and AI Acceptance, pointing the 
way toward “post-grief.” (https://www.noe-
mamag.com/the-five-stages-of-ai-grief/) 

to “align”

The irony of “alignment” is that it needs a tacit 
presupposition of AI as a non-human, xeno-
rational entity to make its appeal to align AI with 
“human values” work. If AI is “just a mirror” of 
humans, no alignment is necessary, or?
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mimicry of human intuition. The telescope did not only magnify what could be seen; it 
changed how we see and how we see ourselves. Productive disalignment—dragging 
society toward fundamental insights of AI—is just as essential.

“Always remember that everything you do, from the moment you wake up to 
the moment you fall asleep, is training data for the future’s model of today.” [3]

COGNITIVE INFRASTRUCTURES: OPEN-WORLD EVOLUTION

Any point of alignment or misalignment between human and machine intelligence, 
between evolved and artificial intelligence, will converge at the crucial interfaces 
between each. Human–computer interaction (HCI) gives way to human–AI interac-
tion design (HAIID), an emerging field that contemplates the evolution of HCI in a 
world where AI can process complex psychosocial phenomena. The anthropomor-
phization of AI often leads to weird “folk ontologies” of what AI is and what it wants. 
Drawing on perspectives from a global span of cultures, mapping the odd and out-
lier cases of HAIID gives designers a wider view of possible interaction models. But 
instead of looking at single-user relations with chatbot agents, we turn our atten-
tion to the great outdoors and the evolution of synthetic intelligence in the wild.

Natural intelligence evolved in open worlds in the past, and so the presumption is 
that we should look for ways in which machine intelligence will evolve in the pres-
ent and future through open worlds as well. This also means that AI’s substrates 
of intelligence may be quite diverse and don’t necessarily need to be human brain 
tissue or silicon; they may take many different forms. In other words, instead of 
starting with the model of AI as a kind of brain in a box, we prefer to start with the 
question of AI in the wild: something that interacts with the world, in many strange 
and unpredictable ways.

Natural intelligence also emerges at an environmental scale and in the interactions 
of multiple agents. It is located not only in brains but also in active landscapes. 
Similarly, artificial intelligence is not contained within single artificial minds but ex-
tends throughout the networks of planetary computation: it is baked into industrial 
processes, it generates images and text, it coordinates circulation in cities and it 
senses, models, and acts in the wild.

As artificial intelligence becomes infrastructural, and as societal infrastructures 
concurrently become more cognitive, the relation between AI theory and practice 
needs realignment. [4] Across scales—from world datafication and data visualiza-
tion to users and user interfaces (UIs) and back again—many of the most interesting 
problems in AI design are still embryonic.

This represents an infrastructuralization of AI but also a “making cognitive” of both 
new and legacy infrastructures. These are capable of responding to us, to the world, 
and to each other in ways we recognize as embedded and networked cognition. AI 
is physicalized, from user interfaces on the surface of handheld devices to deep 
below the built environment.

Individual users will interact with big models, and multiple combinations of models 
will interact with groups of people in overlapping configurations. Perhaps the most 
critical and unfamiliar interactions will unfold between different AIs without human 
interference. Cognitive infrastructures are forming, framing, and evolving a new 
ecology of planetary intelligence.

How might this shape HAIID? What happens when the production and curation 
of data occurs for increasingly generalized, multimodal, and foundational models? 
How might the collective intelligence of generative AI make the world not only que-
ry-able but also re-composable in new ways? How will simulations collapse the dis-
tances between the virtual and the real? How will human societies align toward the 
insights and affordances of artificial intelligence, rather than AI bending to human 
constructs? Ultimately, how will the inclusion of a fuller range of planetary informa-
tion, beyond traces of individual human users, expand what counts as intelligence?

RECURSIVE SIMULATIONS

SIMULATION, COMPUTATION, AND PHILOSOPHY

Foundations of Western philosophy are based on a deep suspicion of simulations. 
In Plato’s allegorical cave, the differentiation between the world and its doubles, its 
form, and its shadows takes priority in the pursuit of knowledge. Today, however, 
the real comes to comprehend itself through its doubles: The simulation is the path 
toward knowledge, not away from it.

From anthropology to zoology, every discipline produces, models, and validates 
knowledge through simulations.  Simulations are technologies to think with, and in 
this sense they are fundamental epistemological technologies . And yet, they are 
deeply under-examined; a practice without a theory.

3.	 After Alignment: Orienting Synthetic  
Intelligence Beyond Human Reflection 
A public lecture at Central Saint Martins 
University of the Arts London discussing 
shifts from artificial general intelligence to 
artificial generic intelligence, the importance 
of recursive simulations, the decentering of 
personal data, the challenges of AI in science, 
intelligence as an evolutionary scaffold, the 
limitations of mainstream AI ethics, and why a 
planetary model of synthetic intelligence drives 
its geopolitical project. (https://afteralignment.
antikythera.org/) 

4.	 Cognitive Infrastructures Studio 
In June 2024, Antikythera hosted a studio 
on cognitive infrastructures at Central Saint 
Martins in London. Over the course of a month, 
fifteen studio researchers from Google/Deep-
Mind, Cambridge, Oxford, and more developed 
original projects and papers on computational 
time compression, xenophylum for robotics, 
endosomatics, brain organoid networks, 
generative topolinguistics, minimum viable 
interior mental states, LLM as a long-term 
archive, shifts between cognizer and cognized 
in interspecies relationships, traversing the 
uncanny ridge, and synthetic counteradapta-
tion. (https://antikythera.org/cognitive-infra-
structures) 

Simulations are technologies to think with, 
and in this sense they are fundamental 
epistemological technologies

One of the best books on simulations is Manuel 
DeLanda’s Philosophy and Simulation: The 
Emergence of Synthetic Reason (2011). The book 
explores the role of computer simulations in 
understanding complex systems. Drawing from 
philosophy, science, and artificial life, DeLanda 
examines how simulations model emergent 
phenomena—patterns and structures arising 
from simple interactions. He engages with 
Deleuze, dynamic systems theory, and artificial 
intelligence to argue that reality is composed 
of self-organizing processes rather than static 
essences. Through examples from biology, 
economics, and warfare, DeLanda demonstrates 
how simulations reveal the logic of emergence, 
offering a new framework for thinking about 
causality, materiality, and the evolution of 
synthetic forms of reasoning.
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Some computational simulations are designed as immersive virtual environments 
where experience is artificialized. At the same time, scientific simulations do the 
opposite of creating deceptive illusions; they are the means by which otherwise 
inconceivable underlying realities are accessible to thought. From the infinitesimal-
ly small in the quantum realm to the inconceivably large in the astro-cosmological 
realm, computational simulations are not just a tool; they are a technology for know-
ing what is otherwise unthinkable.

Simulations do more than represent: they are also active and interactive. “Recursive 
simulations” refers to simulations that depict the world and also act on what they 
simulate, completing a cybernetic cycle of sensing and governing. They not only 
represent the world but also organize it in relation to how they summarize and ratio-
nalize it. Recursive simulations include everything from financial models to digital 
twins, user interfaces to prophetic stories. They cannot help but transform the thing 
they model, which in turn transforms the model and the modeled in an cyclical loop.

THE POLITICS OF SIMULATION AND REALITY

We live in an era of highly politicized simulations, for good and for ill. The role of 
climate simulations in planetary governance is only the tip of the proverbial iceberg. 
Antikythera considers computational simulations of experiential, epistemological, 
scientific, and political forms and develops a framework to understand these in 
relation to one another.

The politics of simulation, more specifically, is based in recursion: how the model 
itself affects what it models. This extends from political simulations to logistical 
simulations to financial simulations to experiential simulations: The model affects 
the modeled.

Antikythera’s research in this area draws on different forms of simulation and sim-
ulation technologies. These include machine sensing technologies (vision, sound, 
touch, etc.), synthetic experiences (including VR/AR), strategic scenario modeling 
(gaming, agent-based systems), active simulations of complex architectures (digi-
tal twins), and computational simulations of natural systems enabling scientific in-
quiry and foresight (climate models and cellular/genomic simulations). All of these 
pose fundamental questions about sensing and sensibility, world-knowing, and 
worldmaking.

They all have different relations to the real. While scientific simulations provide 
meaningful correspondence with the natural world and access to ground truths 
that would be otherwise inconceivable, virtual and augmented reality produce 
embodied experiences of simulated environments that purposefully take leave of 
ground truths. These two forms of simulation have inverse epistemological impli-
cations: one makes an otherwise inaccessible reality perceivable, while the other 
bends reality to suit what one wants to see. In between is where we live.

EXISTENTIAL IMPLICATIONS OF THE SIMULATIONS OF THE FUTURE

Recursion can be direct or indirect. It can be a literal sensing/actuation cycle or the 
indirect negotiation of interpretation and response. The most nuanced recursions 
are reflexive. They mobilize action to fulfill or prevent a future that is implied by 
a simulation. Climate politics exemplifies the reflexivity of recursive simulations: 
Through planetary computation, climate science produces simulations of near-term 
planetary futures, the implications of which may be devastating. In turn, climate 
politics attempts to build planetary politics and planetary technologies in response 
to those implications, thereby assigning extraordinary political agency to compu-
tational simulations. The future not only depends on them—it is defined by them.

Scientific simulation, however, not only has deep epistemological value but also 
makes possible the most profound existential reckonings. Climate science is born 
of the era of planetary computation. Without the planetary sensing mechanisms, 
satellites, surface and air sensors, and ice-core samples, all aggregated into mod-
els, and—most importantly—the supercomputing simulations of climate past, pres-
ent, and future, the scientific image of climate change as we know it cannot happen 
and could not have happened. The idea of the Anthropocene, and all that it means 
for how humans understand their agency, is an indirect accomplishment of compu-
tational simulations of planetary systems over time.

In turn, the relay from the idea of the Anthropocene to climate politics is based on 
the geopolitics of simulation too. The implications of simulations of the year 2050 
are dire, and so climate politics seeks to mobilize a planetary politics in reflexive re-
sponse to those predicted implications. This politics is recursive. Deliberate actions 
are consciously taken now to prevent the future. This is an extraordinary agency to 
confer on simulations. It is possible that many climate activists may not feel warmly 
about this, but climate politics is one of the important ways in which massive com-
putational simulations are driving how human societies understand and organize 
themselves. It’s why the activists are in the streets to begin with.
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PRE-PERCEPTION: SIMULATION AS PREDICTIVE EPISTEMOLOGY

Quite often, though, the simulation comes first. Its predictive ability may imply that 
there must be something we should look for because the model suggests it has 
to be there. Thus, the prediction makes the description possible as much as the 
other way around. Such is the case with black holes, which were hypothesized and 
described mathematically long before they were detected, let alone observed. For 
the design of the black hole in the Nolan brothers’ movie Interstellar, scientific sim-
ulation software was used to give form to the mysterious entity based on consulta-
tions with Kip Thorne at Caltech and others. The math had described the physics of 
black holes, and the math was used to create a computational model, which in turn 
was used to create a dynamic visual simulation of something no one had ever seen.

Of course, a few years later, we did see one. The black hole at the center of the M87 
galaxy was “observed” by the Event Horizon Telescope and a team at Harvard that 
included Sheperd Doeleman, Katie Bouman, and Peter Galison. It turns out we, the 
humans, were right. Black holes look like what the math says they must look like. The 
simulation was a way of inferring what must be true—where to look and how to see 
it. Only then did the terabytes of data from Event Horizon finally discover a picture.

TOY WORLDS AND EMBODIED SIMULATIONS

Friends from neuroscience (and artificial intelligence) may raise the point that sim-
ulation is not only an external technology with which intelligence figures out the 
world; in addition, simulations are how minds have intelligence at all. The corti-
cal columns of animal brains are constantly predicting what will be next, running 
through little simulations of the world and the immediate future, resolving them with 
new inputs, and even competing with each other to organize perception and action.

Many AIs, especially those embodied in the world (such as driverless cars), are trained 
in toy world simulations, where they can explore more freely, bumping into the walls 
until they, like us, learn the best ways to perceive, model, and predict the real world.

SIMULATION AS MODEL/ MODEL AS SIMULATION

Scientific simulations not only do more than deceive us; they are arguably the es-
sential mechanism by which otherwise inconceivable underlying realities are ac-
cessible to thought. From the very very small in the quantum realm to the very very 
large in the astro-cosmological realm, computational simulations are essential as 
a tool and as a way of thinking with models: a fundament of induction, deduction, 
and abduction.

At the same time, simulations are based on models of reality. The status of the mod-
el has been a preoccupying concern in the philosophy of science, even if simulations 
as such are more presumed that philosophized. Models are a way of coalescing dis-
parate bits of data into a composite structure whose whole gives shape to its parts, 
suggesting their interactions and general comparability with other structures. The 
model is a tool to think with. Its value lies in its descriptive correspondence with 
reality, but this correspondence is determined by the model’s predictive value. If a 
scientific simulation can predict a phenomenon, its descriptive quality is implied. A 
model is also, by definition, a radical reduction in variables, e.g., a map reduces a 
territory. A geocentric or heliocentric model of the solar system can be constructed 
using Styrofoam balls. While one is definitely “less wrong” than the other, both are 
infinitely less complex than what they model.

This is especially important when what is simulated is as complex as the universe 
itself. Astrophysics is based almost entirely on rigorous computational simulations 
of phenomena that produce difficult-to-observe data. These data are assembled 
into computationally expensive models that ultimately provide degrees of confident 
predictability about the astronomic realities that situate us all. This is what we call 
“cosmology,” the meta-model of all models of reality, in which humans and other 
intelligences conceive of their place in space-time. Today, cosmology in the an-
thropological sense is achieved through cosmology in the computational sense. [5]

HEMISPHERICAL STACKS

THE STACK: PLANETARY COMPUTATION AS GLOBAL SYSTEM

Planetary computation refers to the interlocking cognitive infrastructures that 
structure knowledge, geopolitics, and ecologies. Its touch extends from the glob-
al to the intimate, from the nanoscale to the edge of the atmosphere and back 
again. It is not a single totality demanding transparency but instead a highly uneven, 
long-emerging blending of biosphere and technosphere.

As you stare at the glass slab in your hand, you are, as a user, connected to a plan-
etary technology that both evolved and was planned in irregular steps over time, 
each component making use of others: an accidental, discontiguous megastruc-

5.	 For a General Theory of Simulations Lecture 
From scientific simulation to VR/AR and from 
anthropology to zoology, simulations are a vital 
practice without a vital theory. This lecture pre-
sented preliminary thoughts on what a general 
theory of simulations might need to account for: 
shadows, stagings, scenarios, synthetic experi-
ences, models, demos, immersions, ruses, toy 
worlds, miniatures, and projections.
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ture. Instead of a single megamachine, planetary computation can be understood 
as being composed of modular, interdependent, functionally defined layers, not 
unlike a network protocol stack. These layers compose The Stack: the Earth layer, 
Cloud layer, City layer, Address layer, Interface layer, and User layer.

Earthly ecological flows become sites of intensive sensing, quantification, and gov-
ernance. Cloud computing spurs platform economics and creates virtual geogra-
phies in its own image. Cities form vast discontiguous networks as they weave their 
borders into enclaves or escape routes. Virtual address systems locate billions of 
entities and events onto unfamiliar maps. Interfaces present vibrant augmentations 
of reality, standing in for extended cognition. Users, both human and nonhuman, 
populate this tangled apparatus. Every time you click on an icon, you send a relay 
all the way down the paths of connection and back again, activating (and being 
activated by) the entire planetary infrastructure hundreds of times a day.

THE EMERGENCE OF MULTIPOLAR GEOPOLITICS THROUGH MULTIPOLAR 
COMPUTATION

The emergence of planetary computation in the late twentieth century shifted not 
only the lines on the map but also the maps themselves. It distorted and reformed 
Westphalian political geography and created new territories in its own image. 
Large cloud platforms took on roles traditionally assumed by nation-states (iden-
tity, maps, commerce, etc.). At the same time, nation-states increasingly evolved 
into large cloud platforms (state services, surveillance, smart cities, etc.). In the last 
few decades, the division of the Earth into jurisdictions defined by land and sea has 
given way to a more irregular, unstable, and contradictory amalgam of overlapping 
sovereign claims to data, people, processes, and places defined instead by band-
width, simulation, and hardware and software choke points.

In recent years, these stacks have been decisively fragmenting into  multipolar 
hemispherical stacks  defined by geopolitical competition and confrontation. A 
North Atlantic–Pacific stack based on American platforms has been delinking from 
a Chinese stack based on Chinese platforms, while India, the Gulf countries, Russia, 
and Europe have charted courses based on citizenship identification, protection, 
and information filtering.

From the Chip Wars to EU’s AI decrees, this marks a shift toward a more multipo-
lar architecture and hemispheres of influence, and the multipolarization of plane-
tary-scale computation into “hemispherical stacks.” These segment and divide the 
planet into sovereign computational systems extending from energy and mineral 
sourcing, intercontinental transmission, and cloud platforms to address systems, 
interface cultures, and different politics of the “user.”

A NEW MAP

This is both exciting and dangerous. It implies Galapagos effects of regional cultural 
diversity and artificially encapsulated information cultures. For geotechnology, just 
as for geopolitics, “digital sovereignty” is an idea beloved by both democracies and 
authoritarian regimes.

The ascendance of high-end chip manufacturing to the pinnacle of strategic plans—
in the US and in the China Strait—is exemplary and corresponds with the removal 
of Chinese equipment from Western networks, the removal of Western platforms 
from Chinese mobile phones, and so on. Economies are defined by interoperabili-
ty and delinking. But the situation extends further up the stack. The militarization 
of financial networks in the form of sanctions, the data-driven weaponization of 
populism, and the reformulation of “citizen” as a “private user with personal data” 
all testify to deeper shifts. In some ways, these parallel historical shift how new 
technologies alter societal institutions in their image, and yet the near-term and 
long-term future of planetary computation as a political technology is uncertain. 
Antikythera seeks to model these futures preemptively,  drawing maps  of other-
wise uncharted waters.

Hemispherical Stacks describes how the shift toward a more multipolar geopolitics 
over the last five years and the shift toward a more multipolar planetary computa-
tion not only track one another but are, in many respects, the same thing.

THE AI STACK

It is likely that the last half century during which “the stack” evolved and was com-
posed was really just a warm-up for what is about to come: from computation as 
planetary infrastructure to computation as planetary cognitive infrastructure; from 
a largely state-funded “accidental megastructure” to multiple privately funded, 
overlapping, strategically composed, and discontiguous systems; from the gath-
ering, storage, and sorting of information flows to the training of large and small 
models and serving generative applications on a niche-by-niche scale; from Von 

multipolar hemispherical stacks

There are also smaller regional stacks (or semi-
stacks?), such as Line/Grab-based platform 
economies of South-East Asia. Moreover, African 
countries build their own regional stacks by 
mixing elements of other stacks in their local 
innovation ecosystems.

drawing maps

Antikythera’s main vehicle for charting these 
terrains is the method of scenario fictions. They 
take up the legacies of scenario planning from 
think tanks and institutions, science fiction, and 
systems novels. They are based on the following 
principles:

1) No protagonists: System dynamics, not 
individual agents

2) Time: Analysing the present through its 
possible futures

3) Hybrid: Neither utopian nor dystopian

4) Style & Format: Quality over quantity

5) Geopolitics: Reflecting changes brought 
about by planetary computation
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Neumann architectures and procedural programming to neuromorphic systems 
and the collapse of the user vs. programmer distinction; and from sending light and 
inexpensive information to information on heavy hardware, to heavy information 
loads accessed by light hardware. Despite how unprepared mainstream interna-
tional relations may be for this evolution, this is not science fiction; this is last week.

CHIP RACE: ADVERSARIAL COMPUTATIONAL SUPPLY CHAINS

Computation is, in the abstract, a mathematical process, but it is also one that uses 
physical forces and matter to perform real calculations. Math may not be tangible, but 
computation as we know it very much is, since electricity moves in  tiny pathways  on a 
base made of silicon. It is also worth remembering that the tiny etchings in the smooth 
surface of a chip, with spaces between measured in nanometers, are put there by a 
lithographic process. The intricate pathways through which a charge movesr to com-
pute are, in a way, a very special kind of image.

The machines that make the machines are the precarious perch on which less than 
a dozen companies hold together the self-replication of planetary computation. The 
next decade is dedicated to the replication of this replication supply chain itself: 
the race to build better stacks. If society runs on computation, the ability to make 
computational hardware is the ability to make a society. This means that the ability 
to design and manufacture cutting-edge chips, shrinking every year toward per-
haps the absolute physical limits of manipulable scale, is now a matter of national 
security.

Chips are emblematic of all the ways that computational supply chains have shift-
ed and consolidated the axes of power around which economies rotate. One An-
tikythera project, “Cloud Megaregionalization,” observes that a new kind of regional 
planning has emerged—from Arizona to Malaysia to Bangalore—that concentrates 
cloud manufacturing in strategic locations that balance many factors: access to 
international trade, energy and water sourcing, access to educated labor, and phys-
ical security. These are the new criteria for how and where to build the cloud. Ulti-
mately, the chip race is a race to build not just chips but also the urban regions that 
build the chips.

ASTROPOLITICS: EXTRAPLANETARY SENSING AND COMPUTATION

Another closely related race is the reemergence of outer “space” as a contested 
zone of exploration and intrigue, from satellites to the moon and Mars and back 
again. It is being driven by advances in planetary computation, which in turn drive 
those advances, spreading them beyond terrestrial grounding.

Planetary computation becomes extraplanetary computation. If geopolitics is now 
driven by the governance of model simulations, then the seat of power is the view 
from anywhere. That is, if geopolitics is defined by the organization of terrestri-
al states, astropolitics is and will be defined by the organization of Earth’s atmo-
sphere, its orbital layers, and what lies just beyond. The high ground is now beyond 
the Kármán Line, the territory dotted with satellites looking inward and outward.

In the 1960s, much was made of how basic research for the space race benefit-
ed everyday technologies. Today, however, this economy of influence is reversed. 
Many of the technologies that are making the new space race possible—machine 
vision and sensing, chip miniaturization, information relays, and other standards—
were first developed for consumer products. As planetary computation matured, 
the space race turned inward toward miniaturization, and today the benefits of 
these move outward again.

The domain of space law, once obscure, will come to define international law in the 
next decades, as it is the primary body of law that takes an entire astronomic body as 
its jurisdiction, of which Earth and all those things in its orbit are also prime examples...

What do we learn from this? How is this an existential technology? There is no plan-
etarity without extraplanetarity: To truly grasp the figure of our astronomic perch 
is a Copernican trauma by which the ground is not “grounding” but a gravitational 
plane, and the night sky is not the heavens but a time machine showing us light 
from years before the evolution of humans. For this, the archaic distinction between 
“down here” and “up there” also fractures.

THE TECHNICAL MILIEU OF GOVERNANCE

The apparent technologically determined qualities of these tectonic shifts may un-
dermine some mainstream political theory’s epistemological habits: social reduc-
tionism and cultural determinism. While the fault lines by which hemispheres split 
trace the boundaries of much older socioeconomic geographic blocs, each bloc is 
increasingly built on a similar platform structure. This puts them in direct competi-
tion for the ability to build the more advanced computational stack, thereby building 
the more advanced economy and through this compose society.

tiny pathways

One of my recent late-night cinematic 
experiences was watching these videos in a 
sequence to see how from one transistor we get 
a whole CPU, layer by layer.

1) How Transistors Run Code? (https://www.
youtube.com/watch?v=HjneAhCy2N4)

2) How Transistors Remember Data (https://
www.youtube.com/watch?v=rM9BjciBLmg)

3) Crafting a CPU to Run Programs (https://
www.youtube.com/watch?v=GYlNoAMBY6o)
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The “political” and “governance” are not the same thing. Both always exist in some 
technical milieu that causes and limits their development. If the “political” refers to 
how the symbols of power are agonistically contested, then governance (inclusive 
of the more cybernetic sense of the term) refers to how any complex system (in-
cluding a society) is able to sense, model, and recursively act back on itself. Some 
of the confusion in forms of political analysis born of a pre-computational social 
substrate seems to result from the closely held axiom that planetary computation is 
something to be governed by political institutions from an external and supervisory 
position. The reality is that planetary computation is governance in its most direct, 
imminent sense: it is what senses, models, and governs and what, at present, is 
reforming geopolitical regimes in its image.

BEYOND CULTURAL DETERMINISM

Not surprisingly, cultural determinism enjoys an even deeper commitment in the 
humanities, and there, even when planetary computation is recognized as fun-
damental, the sovereignty of cultural difference is defended less as a cause of 
computation’s global emergence (as it may be for political science) and more as 
a remedy for its emergence. Gestures toward pluralism, posited as both a means 
and end, confront the global isomorphic qualities of planetary computation, not as 
the expression of artificial convergent evolution but as the expressive domination 
of a particular culture. To contest this domination is thus to contest the expression. 
In its most extreme forms, pluralism is framed as a clash of reified civilizations, 
each possessing essential qualities and “ways of being technological”—one West-
ern, one Chinese, etc. Beyond the gross anthropological reduction, this approach 
evades the real project for the humanities: not how culture can assert itself against 
global technology, but how planetary computation is the material basis of not only 
new “societies” and “economies” but also different relations between human pop-
ulations bound to planetary conditions. As I put it in the original “Hemispherical 
Stacks” essay:

Despite the integrity of mutual integration, planetarity cannot be imagined 
in opposition to plurality, especially as the latter term is now over-associat-
ed with the local, the vernacular, and with unique experiences of historical 
past(s). That is, while we may look back on separate pasts that may also set 
our relations, we will inhabit conjoined futures. That binding includes a uni-
versal history, but not one formulated by the local idioms of Europe, or Chi-
na, or America, or Russia, nor by a viewpoint collage of reified traditions and 
perspectives, but by the difficult coordination of a common planetary interior. 
It is not that planetary-scale computation brought the disappearance of the 
outside; it helped reveal that there never was an outside to begin with.

PLANETARY SAPIENCE

What is the relationship between the  planetary  and intelligence? What must it be 
now and in the future? These questions are equally philosophical and technolog-
ical. The relationship is one of disclosure: Over millions of years, intelligence has 
emerged from a planetary condition which, quite recently, has been disclosed to 
that intelligence through technological perception. The relationship is also one of 
composition: For the present and the future, how can complex intelligence—both 
evolved and artificialized—conceive a more viable long-term coupling of biosphere 
and technosphere?

Over billions of years, Earth has folded its matter to produce biological and non-bio-
logical creatures capable of not only craft and cunning but also feats of artistic and 
scientific abstraction. Machines now behave and communicate intelligently in ways 
once reserved for precocious primates. Intelligence is planetary in both origin and 
scope. It emerges from the evolution of complex life, a stable biosphere, and intri-
cate perceptual-cognitive organs. Both contingent and convergent, intelligence has 
taken many forms, passing though forking stages of embodiment, informational 
complexity, and eventually even (partial) self-awareness.

PLANETARY COMPUTATION AND SAPIENCE

Planetary-scale computation has enabled the sensing and modeling of climate 
change and thus informed the conception of an Anthropocene and all its existential 
reckonings. Among the many lessons for the philosophy of technology is that agen-
cy preceded subjectivity in profound ways. Humans (and the species and systems 
that they cultivated and were cultivated by) terraformed the planet in the image of 
their industry for centuries before truly comprehending the scale of these effects. 
Planetary systems, both large and small and inclusive of human societies and tech-
nologies, have evolved the capacity to self-monitor, self-model, and—hopefully delib-
erately—self-correct. Through these artificial organs for monitoring its own dynamic 
processes, the planetary structure of intelligence scales and complexifies. Sentience 
becomes sapience: sensory awareness becomes judgment and governance. [6]

6.	 Planetary Sapience 
Planetary-scale computation—an emer-
gent intelligence that is both machine and 
human—gave us the perspective to see Earth 
as an interconnected whole. With it, we must 
now conceive an intentional and worthwhile 
planetary-scale terraforming. (https://www.
noemamag.com/planetary-sapience/) 

planetary

The central question of the nature and 
genealogy of intelligence in a planetary context 
can be posed in the form of an antinomy:

(i) Planetary intelligence was always here,  
we just failed to notice

vs.

(ii) Planetary intelligence is yet to be constructed

While (i) emphasizes the approaches of 
complexity & system sciences, plus the 
past research on the concept of biological 
intelligence in animals, plants, or ecosystem 
networks, (ii) focuses on issues such as 
cultural evolution, singularity, or emergence of 
technosphere.

However, this dichotomy is not exclusive. 
It proves to be most useful when it is 
operationalised as an oscillatory optics of sorts, 
allowing to distinguish different modalities 
or genres of intelligence and their potential 
convergences or divergences. One can, 
for example, conclude that technospheric 
intelligence is a new regulative superstructure of 
biological intelligence, hence firmly standing in 
the genealogy of life on Earth as its latest “major 
transition”.
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MODES OF INTELLIGENCE

The provocation of planetary sapience is not grounded in an anthropomorphic vi-
sion of Earth constituted by a single “noosphere.” Modes of intelligence are identi-
fied as different types at multiple scales, some ancient and some very new. These 
include:

•	 mapping the extension and externalization of sensory perception; redefining 
computer science as an epistemological discipline based not only on algorith-
mic operations but also on computational planetary systems; 

•	 comparing stochastic predictive processing in both neural networks and artificial 
intelligence; embracing the deep time of the planetary past and future as a foun-
dation for a less anthropomorphic view of history; 

•	 modeling life by the transduction of energy and/or the transmission of informa-
tion, exploring substrate dependence or independence of general intelligence; 

•	 embracing astronautics and space exploration as techno-philosophical pur-
suits that define the limit of humanity’s tethering to Earth and extend beyond it; 

•	 exploring how astroimaging—such as Earth seen from space and distant cosmic 
events seen by Earth—has contributed to the planetary as a model orientation; 

•	 theorizing simulations as epistemological technologies that allow for predic-
tion, speculation, and ultimately a synthetic phenomenology;

•	 measuring evolutionary time in the complexity of the material objects that sur-
round us and constitute us; 

•	 recomposing definitions of “life,” of “intelligence,” and of “technology” in light 
of what is revealed by the increasing artificialization and recombination of each. 

These modes of intelligence together lead us to construct a technological philoso-
phy that might synthesize them into one path toward greater planetary sapience, 
creating the capacity for complex intelligence to make its own future coherent.

THE EVOLUTION OF ARTIFICIALIZATION, INTELLIGENCE, AND ARTIFICIALIZED 
INTELLIGENCE

EVOLUTION OF AUTOPOIESIS

To properly answer the questions posed we need to locate the emergence of artifi-
cial computational intelligence within the longer arc of the evolution of intelligence 
as such, as well as its relationship to artificialization as such. The two have, I argue, 
always been intertwined, as they are now and as they will be for the foreseeable 
and unforeseeable futures.

Our thinking on this is influenced by Sara Walker and Lee Cronin’s provocative 
assembly theory, which posits that evolutionary natural selection begins not with 
biology but (at least) with chemistry. The space of possible molecules is radical-
ly constrained and filtered through selection toward those most stable and most 
conducive to becoming scaffolding components for more complex forms. Those 
forms that are able to internalize and process energy, information, and matter with 
regular efficiency can autopoietically replicate themselves to become what we can 
call “life” (also by Agüera y Arcas’s computational definition). The process is best 
defined not by how a single organism or entity internalizes the environment to rep-
licate itself (as a cell does) but by how a given population distributed within an 
environment evolves through the cooperative capacity to increase energy, matter, 
and information capture for collective replication. I invite the reader to look around 
and consider all the things on which they depend to survive the day.

For autopoietic forms to succeed in folding more of the environment into them-
selves to replicate, evolution arguably selects for their capacity to transform their 
niche in ways that make it more suitable for this process. For example, by reducing 
the amount of energy expenditure necessary for energy capture, a given popula-
tion is able to accelerate and expand its size, complexity, and robustness. More of 
the world is transformed into that population because it is capable of allopoiesis, 
the process of transforming the world into systems that are external to the agent 
itself. That is, evolution seems to select for forms of life capable of artificialization. 
Perhaps those species most capable of artificialization are the greatest beneficiary 
of this tendency.

Complexity begets complexity. Simple allopoiesis and environmental artificializa-
tion may be an all but autonomic process, but greater cooperation between agents 
allows for more complex, efficient, and impactful forms of artificialization. Here, 
selection pressure enables the evolution of more nuanced forms of individual and 
collective intelligence as well as more powerful forms of technology. We might de-
fine “technology” very generally as a durable scaffolding apparatus that is leveraged 
by intelligent agents to transform and internalize matter, energy, or information 
at scales and with a regularity and precision that would otherwise be impossible. 
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In this regard, “technology” occupies a parallel symbiotic evolutionary track, one 
that determines and is determined by the ongoing evolution of intelligent life. What 
emerges are technologically enabled conceptual abstractions about how the world 
is and, perhaps more importantly, counterfactual models about how it might be oth-
erwise. For a form of autopoietic life (including humans) to become really good at 
intelligence, it needs to instantiate counterfactual models and communicate them. 
This requires something like formally coded symbolic language, which eventually 
evolved part and parcel with all the preceding biosocial and sociotechnical scaffolds.

Simple evolutionary processes are what enable autopoietic forms to emerge, which 
become scaffolds for yet more complex forms, which become scaffolds for yet 
more complex forms capable of allopoietic accomplishments, which become scaf-
folds for complex intelligence and technologies, which in turn become scaffolds for 
durable cultural and scientific abstractions as mediated by symbolic language and 
inscription. The accumulation and transgenerational transmission of conceptual 
and technical abstractions through linguistic notation in turn amplifies not only the 
aggregate intelligence of the allopoeitically sophisticated population but also its 
real capacity for transforming its world for autopoietic replication. Language began 
a great acceleration; another threshold was passed with symbolic forms, another 
with coded notation, another with the mechanical capture of condensed energy, 
and another with the artificialization of computation.

The earliest forms of artificialization were driven by primordial forms of intelligence 
and vice versa. Each evolved in relation to other to such a degree that from certain 
perspectives they could be seen as the same planetary phenomena: autopoietic 
matter capable of allopoiesis (and technology), because it is intelligent enough and 
capable of devoting energy to intelligence, because it is allopoietic. Regardless, 
intelligence is at least a driving cause of the technological and planetary complexi-
fication of artificialization as an effective process. The question that demands to be 
asked is then, “What happens when intelligence, the driving force of artificialization 
for millions of years, is itself artificialized?” What is foreseeable through the artifici-
alization of artificialization itself?

It is perhaps not altogether surprising that language would be (for now) the prima-
ry scaffold upon which artificialized intelligence is built. It is also assured that the 
artificialization of language will recursively transform the scaffold of language on 
which it depends, as much as the emergence of coded language affected social 
intelligence, the scaffold on which it depends, and intelligence affects allopoietic 
artificialization, the scaffold on which it depends, and so on. Ultimately, the long arc 
of bidirectional recursion may suggest that the emergence of increasingly complex 
artificialized intelligence will affect the direction of life itself, how it replicates and 
how it directs and is directed by evolutionary selection.

The most pressing question now is: “For what is AI a scaffold? What comes next?”

There is no reason to believe that this is the last scaffold, that history has ended, 
that evolution has reached anything but another phase in an ongoing transition in 
which each of our lives takes momentary shape. Because this isn’t ending: AI is not 
the last thing, just as intelligence was a scaffold for symbolic language, which was a 
scaffold for AI. AI is a scaffold for something else, which is a scaffold for something 
else, which is a scaffold for something else, and so on. We’re building a scaffold for 
something unforeseeable. What we today call “AI” replicates both autopoietically 
and allopoietically: it is “life” if not also alive. It would be an enormous conceptual 
and practical mistake to believe that it is merely a “tool,” which implies that it is 
separate from and subordinate to human tactical gestures, that it is an inert lump of 
equipment to be deployed in the service of clear compositional intention, and that it 
has no meaningful agency beyond that which it is asked to have on our provisional 
behalf.

It is rather, like all the various things that make humans human and life life, a com-
plex form that emerges from the scaffolds of the planetary processes that preced-
ed it, and it is a scaffold for another thing yet to come, and on and on.

None of this implies the disappearance of the absorption of humanity into a dimin-
ished horizon any more than the evolution of language leads to the disappearance 
of autopoiesis. Scaffolds not only live on, but when successful tend to be amplified 
and multiplied by what they subsequently enable.

Part of the ethics of philosophy is that it’s never, ever done, that the best thing you 
can hope to build is something that later on becomes part of something else. You 
build something that others can build with later on. Machine intelligence is evolving 
through processes that are roughly like evolution. It will reveal something and then 
become something else.

LIFE/INTELLIGENCE/TECHNOLOGY

At the same moment that we discover that they have always been more deeply 
interconnected than we realized, we learn to artificially combine them in new ways. 
The technical reality drives the paradigmatic shift, which drives the technological 
shift. Hybrids of living and nonliving materials produce chimeras and cyborgs, from 
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the scale of individual cells to entire cities. Minerals are folded and etched with 
intricate care, pulsing with electrical current and performing feats of intelligence 
previously exclusive to primates.

Concurrent with the physical convergence of life, intelligence, and technology is a 
paradigmatic convergence of their definitions. Each is being redefined in relation to 
the other, and the definitions look increasingly similar. Life is a technology. Technol-
ogy evolves. Intelligence uses life to make technology and technology to make life, 
which makes intelligence in turn. Life is a factory for making life, and technology is 
a factory for making technology. As both amplify intelligence, they may actually be 
the same factory.

What philosophy going back to Aristotle has seen as fundamentally different cat-
egories may be different faces of the same wonder. If so, then a more general sci-
ence may be in the process of being born, and we are its midwives. Cybernetics 
foreshadowed this broader systems science that integrated humans, animals, and 
artificial species and precedented further advances in foundational theories of 
learning and intelligence. What comes now will surely be yet more momentous. 
The capacity to realize such possibilities is with planetary computation now orders 
of magnitude more powerful. The atom splits again.

Computation is making this possible. In the past half century, computation has be-
come not only the primary general-purpose technology at a planetary scale but 
also the means by which life and intelligence are both studied and engineered. It 
is how we understand how brains work and how we build artificial brains, how we 
understand how life works and how we build artificial life, and how we understand 
how technology works. Because technology evolves, computation is how we make 
better computation.

Computational technologies necessitate a living philosophy of computation. This 
will enable a science that studies what computational technologies reveal about 
how the world works and the implications of how they transform the world in their 
image. This is the planetary in planetary computation: a cosmology in every sense 
of the word.

PLANETARY REASON, PHILOSOPHY, AND CRISIS

In the original Planetary Sapience essay, I wrote, “The decisive paradox of plan-
etary sapience is the dual recognition that, first, its existence is cosmically rare 
and extremely fragile, vulnerable to numerous threats of extinction in the near 
and long term, and second, that the ecological consequences of its own historical 
emergence have been a chief driver of the conditions that establish this very same 
precariousness.”

The global effects of complex intelligence have put its future in peril. Planetary 
technologies such as nuclear fusion are always and forever a means of both cre-
ation and destruction. That which might enable the further growth and complexi-
fication of intelligence is simultaneously that which may drive its auto-extinction. 
The backdrop of this permanent dilemma is the universality of planetary time and 
cycles in which struggles against entropy are fought.  For how long?  What are 
the preconditions for a viable coupling of biosphere and technosphere? Is complex 
intelligence adaptive (and one of those preconditions, because it can remake the 
planet in its image) or is it actually maladaptive, precisely because, like anthropo-
genic climate change, it remakes the planet in its image? More importantly, what 
would make it adaptive? How might planetary intelligence steer itself toward its 
own survival?

All philosophy and all engineering are intrinsically planetary, not only because of 
their ambition but also because of their origins and consequences. Engineering 
must be guided by this perspective, just as philosophy must be renewed by a direct 
collaboration with the planetary technologies that extend the reach of intelligence 
and reveal and demystify intelligence as it looks in mirrors of its own making.

For how long?

These questions drive us toward a research 
direction inspired by SETI. For example, Fermi’s 
paradox and Drake’s Equation are equally 
astronomical and ecological puzzles; ecology 
is applied astronomy. In my upcoming journal 
article, this is what I call the question of “Long L” 
- the question of the length of viable inhabitation 
of the Earth by the technological planetary 
community (famously included by Drake in 
his equation as its last - and perhaps the most 
problematic - variable).
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