
Notes



2



Contents

I ChatGPT 5

1 The Present Transformation of Evolution 7
1.1 Transformation of Biological Evolution . . . . . . . . 7

1.1.1 Synthetic Biology . . . . . . . . . . . . . . . . 8
1.1.2 Artificial Intelligence in Biology . . . . . . . 8

1.2 Transformation of Cultural Evolution . . . . . . . . 9
1.2.1 Cognitive Offloading and Collective Intelli-

gence . . . . . . . . . . . . . . . . . . . . . . . 9
1.2.2 Artificially Generated Culture . . . . . . . . . 10
1.2.3 Merging of Biological and Digital Culture . . 10
1.2.4 Cultural Evolution of Machines . . . . . . . . 10

1.3 Self-Directed Evolution: A New Paradigm . . . . . . 10
1.3.1 Enhanced Cognition and Artificial Superin-

telligence . . . . . . . . . . . . . . . . . . . . . 11
1.3.2 Immortality and Digital Consciousness . . . 11

1.4 Evolution of Evolution Itself . . . . . . . . . . . . . . 11
1.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 12

2 The Evolution of Evolution 13
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 13
2.2 Prebiotic Chemistry and the Origin of Life . . . . . . 13
2.3 The Evolution of Genetic Systems: From Prokary-

otes to Eukaryotes . . . . . . . . . . . . . . . . . . . . 14
2.4 Multicellularity: Evolution ofCooperativeComplex-

ity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.5 Sexual Reproduction: Accelerating Genetic Variation 15

3



2.6 Cultural Evolution: From Genetic to Memetic Evo-
lution . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.7 Technological Evolution: Extending Cultural Evo-
lution . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.8 Self-Directed Evolution: The Future . . . . . . . . . 16
2.9 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 16

II Grok 19

3 Evolution 21
3.1 The Evolutionary Imperative . . . . . . . . . . . . . 21
3.2 What it Conveys . . . . . . . . . . . . . . . . . . . . . 22
3.3 Synthetic Biology and Transgalactic Proliferation . . 24
3.4 Broadened Conceptions of Evolution . . . . . . . . . 27
3.5 The Trajectory . . . . . . . . . . . . . . . . . . . . . . 29
3.6 Work on the Evolution of Intelligence . . . . . . . . 29

3.6.1 Biological Intelligence . . . . . . . . . . . . . 30
3.6.2 Artificial Intelligence (AI) . . . . . . . . . . . 30
3.6.3 Historical Development (Past) . . . . . . . . 30
3.6.4 Philosophical and Theoretical Work . . . . . 31

4 Grok on Evolution 33

5 Trends inKnowledgeRepresentation, Processing andDis-
semination 35
5.1 Decline in Cost of Storage Media . . . . . . . . . . . 35

5.1.1 Ancient Times to Middle Ages . . . . . . . . 35
5.1.2 Printing Press (15th Century) . . . . . . . . . 35
5.1.3 Microfilm and Microfiche (Early 20th Cen-

tury) . . . . . . . . . . . . . . . . . . . . . . . 36
5.1.4 Magnetic Tape, Disks, andFloppyDisks (1960s-

1990s) . . . . . . . . . . . . . . . . . . . . . . 36
5.1.5 HardDrives andFlashMemory (1980s-Present) 36
5.1.6 Cloud Storage (2000s-Present) . . . . . . . . 36

5.2 Increasing Speed of Writing and Reading . . . . . . 36
5.2.1 Handwriting to Typewriting . . . . . . . . . 36
5.2.2 Digitalization . . . . . . . . . . . . . . . . . . 36

4



5.2.3 Automated Reading . . . . . . . . . . . . . . 37
5.3 Reducing Costs of Replication . . . . . . . . . . . . . 37

5.3.1 Printing Press to Digital Replication . . . . . 37
5.4 Transmission of Information . . . . . . . . . . . . . . 37

5.4.1 From Physical to Digital . . . . . . . . . . . . 37
5.4.2 Bandwidth Expansion . . . . . . . . . . . . . 37

5.5 Information Processing . . . . . . . . . . . . . . . . . 38
5.5.1 Manual to Automated . . . . . . . . . . . . . 38
5.5.2 Algorithmic Efficiency . . . . . . . . . . . . . 38
5.5.3 Artificial Intelligence and Machine Learning 38

5.6 Accessibility and Dissemination . . . . . . . . . . . . 38
5.6.1 Decrease in Cost of Publishing . . . . . . . . 38
5.6.2 Global Internet Access . . . . . . . . . . . . . 38
5.6.3 Open Source and Creative Commons . . . . 38

5.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 39

III Grok 3 41

6 Epistemology 43

7 Discussions with Grok 51
7.0.1 Running forward with Grok3 . . . . . . . . . 51

Index of Defined Terms . . . . . . . . . . . . . . . . . . . . 57

5



6



Part I

ChatGPT

7





Chapter 1

The Present
Transformation of
Evolution

Do you agree that artificial intelligence and synthetic biol-
ogy will usher in a complete transformation of the nature of
cultural and biological evolution?

Yes, I would agree that artificial intelligence (AI) and syn-
thetic biology have the potential to usher in a profound transfor-
mation of both cultural and biological evolution. However, this
transformation is complex and multidimensional, as it touches on
fundamental processes of knowledge generation, adaptation, and
even the nature of life itself. Let’s break down how these two tech-
nologies could radically change both cultural and biological evo-
lution.

1.1 Transformation of Biological Evolution
Biological evolution, as traditionally understood, occurs through
natural selection, genetic variation, and environmental pressures.
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This process is relatively slow, spanning millions of years for sig-
nificant changes tomanifest. However, synthetic biology andAI rep-
resent the potential to accelerate and alter this natural process in
profound ways:

1.1.1 Synthetic Biology
Synthetic biology enables direct, human-driven manipulation of
genetic material. By designing and creating new forms of life or
modifying existing ones, we are no longer restricted to the natural
evolutionary process. For example:

• Gene editing technologies like CRISPR allow precise mod-
ifications of DNA, enabling the possibility of eliminating ge-
netic diseases, enhancing physical or cognitive traits, or even
creating entirely new organisms.

• Bioengineering can potentially lead to the creation of syn-
thetic life forms optimized for specific functions (e.g., microor-
ganisms that produce energy or biologically enhanced hu-
mans with greater resistance to disease).

Such interventions introduce the possibility of directed evolu-
tion—where humans consciously guide the evolutionary process,
potentially breaking free from the constraints of Darwinian selec-
tion and introducing new adaptive pressures that could have never
existed in nature. This is a transformative shift from the slow, undi-
rected process of natural evolution.

1.1.2 Artificial Intelligence in Biology
AI is increasingly being used to model biological systems, simu-
late evolution, and predict the outcomes of genetic modifications.
This accelerates our ability to design new life forms and under-
stand the complexity of biological networks. For instance:

• AI can help in predicting how certain genetic modifications
will affect an organism’s phenotype or howecosystemsmight
evolve under new selective pressures.
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• AI-guided biotechnological innovations might allow us to
optimize organisms for specific environments (e.g., creating
crops that thrive in extreme conditions) or even develop new
forms of intelligence through bio-enhanced systems.

By blending biology and technology, synthetic biology and AI
will lead to non-natural evolutionary trajectories, possibly result-
ing in new forms of life (both biological and machine-based) that
evolve on faster timescales and through entirely different mecha-
nisms than natural selection.

1.2 Transformation of Cultural Evolution

Cultural evolution, unlike biological evolution, occurs through the
transmission of ideas, technologies, beliefs, and behaviors across
generations and societies. The advent of AI and synthetic biology
will not only accelerate but also fundamentally alter the dynamics
of cultural evolution in several ways:

1.2.1 CognitiveOffloading andCollective Intelligence

AI technologies increasingly enable the externalization of human
cognition. This changes how knowledge is generated, stored, and
transmitted:

• With AI systems capable of autonomously generating knowl-
edge, the pace of cultural innovation will accelerate dramat-
ically. AI may create new art, develop scientific theories, or
even make strategic decisions for governments and organi-
zations, shifting the role of human agency in culture.

• Technologies like brain-computer interfaces (BCIs) could facil-
itate real-time sharing of knowledge directly between indi-
viduals, reshaping the dynamics of communication, learn-
ing, and cultural transmission.
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1.2.2 Artificially Generated Culture
AI can already generate art, music, literature, and even scientific
hypotheses. As these systems become more advanced, they may
produce cultural artifacts that are indistinguishable from or even supe-
rior to human creations. This raises questions about the very nature
of culture—if AI can create and transmit cultural memes, does hu-
man creativity remain the driving force behind cultural evolution?

AI can also act as a cultural filter, selecting and amplifying cer-
tain ideas or behaviors based on algorithms, influencing societal
trends in a way that mirrors, but is distinct from, natural cultural
selection. Platforms like social media are early examples of AI sys-
tems shaping cultural transmission on a massive scale.

1.2.3 Merging of Biological and Digital Culture
Ashumans increasingly integratewithAI anddigital systems (through
BCIs, augmented reality, or synthetic biology-driven enhancements),
the distinction between biological and digital evolutionwill blur. Post-
human culturesmay emerge, where biological limitations are tran-
scended through technological augmentation, and cultural prac-
tices are encoded not only in genes but also in digital networks
and AI systems.

1.2.4 Cultural Evolution of Machines
AI itselfmaybegin to develop its own cultural forms. As autonomous
systems becomemore complex, theymaygenerate and evolve their
own languages, goals, and even ethical frameworks—forming a
parallel stream of cultural evolution, distinct from human culture.

1.3 Self-DirectedEvolution: ANewParadigm
One of the most revolutionary aspects of AI and synthetic biol-
ogy is the potential for self-directed evolution. Traditionally, both
cultural and biological evolution have been subject to external pres-
sures—environmental, social, or genetic. But with these technolo-
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gies, humans (andpotentiallyAI systems) can take control of these
processes, actively shaping the future trajectory of life and culture.

1.3.1 Enhanced Cognition and Artificial Superintel-
ligence

The development of artificial general intelligence (AGI) or superintel-
ligence—machines that surpass human cognitive abilities—could
result in entities that direct their own evolution. Such systems
might prioritize goals, behaviors, or even forms of existence that
are unintelligible to humans. The cultural evolution of intelligent
machines could diverge from human cultural evolution, creating
entirely new modes of existence and interaction.

1.3.2 Immortality and Digital Consciousness
Through advances in neurotechnology and biotechnology, humans
may seek to extend lifespans, upload consciousness into digital
systems, or achieve other forms of post-biological existence. This
transformation would fundamentally change the nature of biolog-
ical evolution (if individuals no longer age or die) and cultural
evolution (if digitalminds persist indefinitely, acquiring and trans-
mitting cultural information across millennia).

1.4 Evolution of Evolution Itself
Ultimately, AI and synthetic biology introduce the concept of the
evolution of evolution—the idea thatwe are entering aphasewhere
evolutionary processes themselves evolve. We can now modify
the very mechanisms by which life and culture adapt and change:

• Biological evolution could be redefined by human interven-
tion (through genetic engineering and synthetic biology).

• Cultural evolution could be fundamentally shaped by AI, as
it augments or even replaces human decision-making, cre-
ativity, and innovation.
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This represents a paradigm shift in the nature of evolution,
as the future trajectory is not just shaped by slow, random mu-
tations or cultural diffusion but by intelligent, goal-directed processes
designed by humans, machines, or a combination of both.

1.5 Conclusion
The intersection ofAI and synthetic biologypresents a futurewhere
theboundaries betweenbiological and cultural evolution are blurred,
and the pace of both processes is dramatically accelerated. Bio-
logical evolution will no longer be exclusively shaped by natural
selection but also by directed, human-engineered changes in genetics
and life forms. Simultaneously, cultural evolution will become in-
creasingly mediated by AI systems, which may themselves evolve
culturally in ways independent of human societies.

This shift towards self-directed evolution, where humans and in-
telligent systems take control over both their biological and cul-
tural destinies, represents a profound transformation in the very
nature of life and the way knowledge, behavior, and culture are
transmitted across generations.
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Chapter 2

The Evolution of
Evolution

2.1 Introduction
Evolution, as a concept, is not static; it has itself evolved since the
emergence of life on Earth. This phenomenon, often referred to as
the “evolution of evolution,” encompasses the idea that the mech-
anisms of variation and selection have changed over time, allow-
ing for higher levels of complexity and adaptability. This process
can be seen across both biological and cultural domains. In this
paper, we explore key transitions in biological and cultural evolu-
tion, demonstrating how each stage has altered the evolutionary
dynamics.

2.2 Prebiotic Chemistry and the Origin of
Life

The evolution of evolution likely began even before the emergence
of life, with processes of prebiotic chemical evolution. Basic selec-
tion pressures may have acted on molecular networks, favoring
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more stable or catalytically efficient molecules. Eventually, self-
replicating molecules such as RNA-like structures emerged, mark-
ing the transition from chemical evolution to Darwinian evolution,
where natural selection began to operate on living systems.

2.3 TheEvolution ofGenetic Systems: From
Prokaryotes to Eukaryotes

A major evolutionary transition occurred with the emergence of
eukaryotic cells from simpler prokaryotes:

• Endosymbiosis introduced new genetic and metabolic com-
plexities. Eukaryotic cells, with internal compartments like
mitochondria, couldmanagemore intricate biochemical pro-
cesses.

• This transition allowed for greater ecological diversity and
adaptability, fundamentally changing how variation and se-
lection occurred within organisms.

This transition is an example of how the mechanisms of evolu-
tion themselves evolved, enabling organisms to manage and regu-
late genetic information more effectively.

2.4 Multicellularity: Evolution of Cooper-
ative Complexity

The emergence of multicellularity marked a significant shift:

• Single-celled organisms evolved into complex multicellular
organisms, allowing for cell specialization and the develop-
ment of tissues and organs.

• Multicellularity introducednew selection pressures at the or-
ganismal level, changing the dynamics of competition and
cooperation within groups of cells.
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This allowed for the evolution of more complex organisms and
enabled greater evolutionary innovation.

2.5 Sexual Reproduction: Accelerating Ge-
netic Variation

Another key evolutionary innovation was the development of sex-
ual reproduction:

• Sexual reproduction introduced recombination, increasing ge-
netic diversity and enabling faster evolutionary change.

• The advent of sexual selection added additional layers to the
evolutionary process, where traits that enhance reproductive
success were favored.

Sexual reproduction represents a major shift in how variation
and selection interact, accelerating the pace of evolution in com-
plex organisms.

2.6 Cultural Evolution: FromGenetic toMemetic
Evolution

In humans, cultural evolution introduced a new form of non-genetic
evolution:

• Thedevelopment of language enabled the transmission of knowl-
edge and ideas, creating the foundation for cumulative cul-
tural evolution, where innovations build uponprevious knowl-
edge.

• Technological advances, such as writing systems, printing,
and digital technologies, have exponentially increased the
speed and accuracy of knowledge transmission.

Cultural evolution operates through the transmission ofmemes
(ideas and behaviors), rather than genes, and has evolved rapidly
due to technological advancements.
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2.7 Technological Evolution: ExtendingCul-
tural Evolution

Technological evolution represents the next phase of accelerated
cultural evolution:

• Digital systems and artificial intelligence (AI) have vastly ex-
panded our capacity to store and process information, lead-
ing to new forms of innovation and discovery.

• AI systems, particularly those using machine learning and re-
inforcement learning, can simulate evolutionary processes in
digital environments, discovering new solutions farmore rapidly
than human cognition.

This transition represents a new phase in the evolution of evo-
lution, where the dynamics of cultural evolution are increasingly
driven by machines.

2.8 Self-Directed Evolution: The Future
With the advent of synthetic biology and genetic engineering, humans
are now able to directly manipulate the genetic basis of organ-
isms, bypassing natural selection. This represents a new form of
self-directed evolution, where humans and machines become active
agents in shaping the future of biological and cultural evolution.

2.9 Conclusion
The history of life on Earth demonstrates that evolution itself has
evolved over time, with eachmajor transition—from chemical evo-
lution to biological evolution, from asexual to sexual reproduction,
and from genetic to cultural evolution—introducing new mecha-
nisms of variation, inheritance, and selection. Today, technologi-
cal advancements such as AI and synthetic biology are driving the
next phase of this process, accelerating cultural and technological
evolution to unprecedented levels.
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The “evolution of evolution” is not a recent phenomenon, but a
continuous process that beganwith the origin of life and continues
to shape the future of life, culture, and technology.
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Chapter 3

Evolution

3.1 The Evolutionary Imperative
How would you read ”proliferators predominate” as
an evolutionary imperative?

Reading ”proliferators predominate” as an evolutionary imper-
ative suggests that those organisms or entities which are most ef-
fective at proliferation, or reproduction and spread, will dominate
in an evolutionary context. Here’s how this might be interpreted:

1. **Reproductive Success**: In evolutionary biology, the pri-
mary measure of success is the ability to pass on genes to the next
generation. Species that reproduce more effectively, either by hav-
ing more offspring or by better ensuring the survival of their off-
spring, will naturally become more predominant over time. This
could mean:

- **Quantity**: Producing a large number of offspring increases
the chance that some will survive to reproduce themselves.

- **Quality**: Investing in fewer but better-equipped offspring
that have higher survival rates.

2. **Adaptability**: Proliferators in this context might also re-
fer to species or organisms that can adapt quickly to changing envi-
ronments. Those who can evolve or adapt faster (proliferate their
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genetic changes) will predominate because they are better suited
to new conditions.

3. **Colonization and Spread**: Organisms that can spread to
new niches or environments (geographical proliferation) can es-
cape competition, find new resources, and thus thrive. This in-
terpretation suggests that the ability to move, migrate, or spread
seeds or spores widely could be an evolutionary advantage.

4. **Cultural Evolution**: If we extend this beyond biology to
cultural or memetic evolution, ideas or practices (memes in the
broad sense) that proliferate more effectively will predominate.
This could mean:

- **Technologies**: Tools or technologies that are easily replica-
ble or beneficial spread quickly through societies.

- **Social Behaviors**: Behaviors or social norms that promote
more interaction or reproduction will become more common.

5. **Competition for Resources**: In evolutionary terms, pre-
domination through proliferation could also imply an efficiency in
using resources. Organisms that can proliferate using less or dif-
ferent resources than competitors would have an advantage in en-
vironmentswhere those resources are scarce orwhere competitors
cannot reach.

6. **GeneticDiversity**: Sometimes, proliferation isn’t just about
numbers but diversity. A species that produces a wide variety of
genetic traits might predominate because it’s more likely to have
some individuals who can survive new challenges or diseases.

In essence, this evolutionary imperative would suggest a world
where the entities (be they genes, organisms, ideas, or technolo-
gies) that replicate and spread most effectively, adapting to or ex-
ploiting their environment optimally, will outnumber and outlast
others. This principle resonates with Darwin’s theory of natu-
ral selection where ”survival of the fittest” could be rephrased as
”proliferation of the fittest” in this context.

3.2 What it Conveys
Would you think this would be a goodway to concisely
convey a conception of evolutionwhich is broader than
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Darwin’s conception and also than themodern synthe-
ses, and can embrace directed and non-biological evo-
lution?

”Proliferators predominate” could indeed serve as a concise
way to convey a broader conception of evolution that extends be-
yond Darwin’s original theory and even beyond the scope of the
modern synthesis in evolutionary biology. Here’s how this phrase
could encapsulate this broader view:

1. **Beyond Biological Evolution**: Darwin’s conception pri-
marily deals with biological organisms and their struggle for exis-
tence through natural selection. The modern synthesis integrates
genetics with this idea. However, ”proliferators predominate” can
encompass:

- **Cultural Evolution**: Where ideas, technologies, and behav-
iors evolve through mechanisms akin to but different from biolog-
ical evolution. Here, the ’proliferators’ are memes or cultural prac-
tices that spread most effectively.

- **Technological Evolution**: Technologies evolve aswell, with
successful innovations (those that proliferate due to utility, effi-
ciency, or market demand) becoming predominant.

2. **Directed Evolution**: In biological contexts, directed evo-
lution involves human intervention to guide evolutionary outcomes
(e.g., through selective breeding, genetic engineering). In broader
terms:

- **Artificial Selection**: Humans have been directing the evo-
lution of species for millennia through domestication.

- **Engineering and Design**: In non-biological realms, like
software development or product design, evolution is directed by
human intent where designs or codes that ’proliferate’ are those
that meet specific needs or gain widespread acceptance.

3. **Non-Biological Systems**: The phrase can apply to sys-
tems where evolution isn’t about life but about optimization or
adaptation:

- **Market Systems**: Companies, products, or business mod-
els that proliferate due to economic fitness will dominate their re-
spective markets.
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- **Cosmological or Physical Systems**: Even in astrophysics,
onemight say that certain structures or processes predominate be-
cause they are more effective at persisting or replicating under the
laws of physics.

4. **Lamarckian Elements**: While not central to Darwin’s the-
ory, the idea that acquired characteristics can be inherited (Lamar-
ckism) finds a place in cultural and technological evolution, where
learned or designed improvements can indeed be passed on di-
rectly.

5. **Systems Theory and Cybernetics**: Here, systems evolve
through feedback loops where the more adaptable or efficient sys-
tems (or parts of systems) proliferate, influencing their environ-
ment or context to favor their existence.

By using ”proliferators predominate,” you’re suggesting a uni-
versal principle where the capacity to replicate, adapt, and spread
in any given environment or context defines what will become
widespread or dominant. This captures:

- **Adaptability**: Not just in genetic terms but in any system’s
ability to adjust to changing conditions or criteria for success.

- **Selection**: Emphasizes selection mechanisms that might
not be purely natural or random but can be intentional or based
on different criteria like economic success, cultural relevance, or
digital virality.

- **Inheritance**: Broadens the concept of inheritance to in-
clude non-genetic transmission of traits or characteristics, which
is crucial in cultural and technological evolution.

This phrase succinctly encapsulates an evolutionary principle
that is not confined to the biological realm, allowing for a more
integrative understanding of howvarious forms of ’life’ (biological
or otherwise) evolve through proliferation.

3.3 Synthetic Biology andTransgalactic Pro-
liferation

I think in an exposition I would be inclined to talk a bit
about synthetic biology and I would be talking about
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the proliferation of intelligence across the galaxy asHomo
sapiens becomes capable of artificial intelligence, and
space travel. Which forms of intelligence would then
predominate?

When considering the proliferation of intelligence across the
galaxy in the context of synthetic biology, artificial intelligence (AI),
and space travel, several forms of intelligence might predominate,
each shaped by different factors:

1. **Biological Intelligence Enhanced by Synthetic Biology**:
- **Optimized Humans**: Synthetic biology could lead to hu-

mans with enhanced cognitive abilities, resilience to space con-
ditions, or even the ability to adapt to different planetary envi-
ronments through engineered biological modifications. These hu-
mans or post-humans would be designed to proliferate in extrater-
restrial settings.

- **Hybrid Life Forms**: Combining organic life with synthetic
components could create beings that might not only survive but
thrive in space or on other planets. These could be seen as a new
branch of life, where biological intelligence is augmented by syn-
thetic elements for better space adaptation.

2. **Artificial Intelligence**:
- **AutonomousAI**: AI systems designed to operate indepen-

dently could become predominant if they are better suited to the
harsh conditions of space. Theymight not require life support sys-
tems, can endure extreme conditions, and could potentially self-
replicate using extraterrestrial resources.

- **AI in Symbiosis with Humans**: AIs that work in tandem
with humans might predominate where the AI handles complex
calculations, life support systems, exploration, and analysis, while
human intuition, creativity, and emotions guidemission objectives.

3. **Swarm Intelligence**:
- **Distributed AI Networks**: Systems where intelligence is

not centralized but distributed across many small, interconnected
units (like swarm robotics or distributed computing networks).
This form might predominate due to its resilience; the loss of indi-
vidual units does not significantly impair the whole.

4. **Digital or Uploaded Consciousness**:
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- **Mind Uploading**: If technology allows human conscious-
ness to be uploaded into digital or synthetic substrates, this formof
intelligence could predominate. Such entities would be nearly im-
mortal, able to transfer across vast distances at the speed of light,
and adaptable to various substrates or bodies.

5. **Collective Intelligence**:
- **Hive Minds**: Either through biological means (like modi-

fied humans with neural links) or through AI networks, a collec-
tive intelligence where many minds operate as one could become
dominant. This form would excel in problem-solving and could
adapt quickly by leveraging the knowledge and skills of the entire
collective.

6. **Hybrid Systems**:
- **Cyborg Civilizations**: Civilizations where the distinction

between biological and artificial intelligence blurs. Here, intelli-
gence that integrates the best of organic thought with machine ef-
ficiency might predominate due to its versatility.

**Which Form Might Predominate?**
The predominant form of intelligence would likely depend on

several evolutionary pressures:
- **Adaptability**: The form best adapted to space exploration,

colonization, and survival in varied extraterrestrial environments.
- **Resource Efficiency**: Intelligence that requires fewer re-

sources or can utilize resources found in space more effectively.
- **Reproducibility**: The ability to replicate or proliferate it-

self, whether through biological reproduction, manufacturing, or
digital duplication.

- **Longevity and Durability**: Intelligence forms that can last
through long space voyages or the harsh conditions of space and
new planets.

- **Ethical and Social Evolution**: The direction in which hu-
man (or post-human) ethics and society evolve might also dictate
which forms are allowed or encouraged to proliferate.

Given these considerations, if humanity or its successors aim
for the stars, AI or hybrid systemsmight initially predominate due
to their inherent advantages in space. However, as synthetic bi-
ology advances, biologically enhanced or entirely new life forms
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could catch up, especially if ethical considerations favor biological
over purely artificial entities. The ultimate dominant form could
be a synthesis of all these, where intelligence is not just one type
but a highly integrated, adaptive, and potentially collective system
spanning organic, synthetic, and digital realms.

link test:https://x.com/i/grok/share/8YMrruDmKPpKpYbH0bSs2t0n5.

3.4 Broadened Conceptions of Evolution
Now if our concern is to make a point about an evo-

lutionary process which is more broadly scoped than
biological evolution, including cultural evolution, evo-
lution of life from inanimate matters, and what evolu-
tion may bring following synthetic biology and artifi-
cial intelligence, we might like to have a broader con-
ception of evolution which was nevertheless not en-
tirely vacuous. Have there been any attempts at defin-
ing such a broadened conception of evolution?

Yes, there have been attempts to define a broader conception
of evolution that extends beyond biological evolution to include
cultural evolution, the origin of life (abiogenesis), synthetic bi-
ology, and potentially even the development of artificial intelli-
gence. Here’s a synthesis of how this expanded view has been
approached:

1. **Cultural Evolution**: This field views culture as informa-
tion that affects behavior, transmitted socially through learning,
imitation, or teaching. Cultural evolution can be seen as analogous
to biological evolution:

- **Mechanisms**: Cultural traits ormemes evolve throughvari-
ation, selection, and transmission, similar to genes. - **Theories**:
Dual inheritance theory integrates genetic and cultural evolution,
suggesting that humans have evolved genetically to transmit cul-
tural information, which then evolves culturally.

2. **Abiogenesis (Origin of Life)**: While not evolution per se,
the study of how life might have arisen from non-living matter is
often discussed in evolutionary contexts:
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- **Chemical Evolution**: Before life, therewas chemical evolu-
tionwhere simple organic compounds formedmore complex ones,
eventually leading to life forms capable of reproduction and evo-
lution.

3. **Synthetic Biology**: This involves designing and construct-
ing new biological parts, devices, and systems, or redesigning ex-
isting ones for useful purposes:

- **Directed Evolution**: Scientists use evolutionary principles
in labs to evolve proteins or organisms for specific functions, which
can be seen as an extension of natural selection guided by human
intent.

4. **Artificial Intelligence andEvolution**: WhileAI itself doesn’t
evolve in a biological sense, its development can be viewed through
an evolutionary lens:

- **Algorithmic Evolution**: Techniques like genetic algorithms
mimic natural selection to solve complex problems or optimize
systems. - **Machine Learning**: Can be seen as a form of cultural
or digital evolution where algorithms ”learn” from data, improv-
ing over iterations.

5. **General Conceptions of Evolution**:
- **Information and Complexity**: One could define evolution

as an increase in complexity or information over time, applicable
from chemical reactions leading to life, cultural changes, to AI de-
velopment.

- **Universal Darwinism**: The idea that principles of varia-
tion, selection, and inheritance apply universally, not just to biol-
ogy but to any system where entities replicate with variation and
are subject to selection pressures.

6. **Extended Evolutionary Synthesis (EES)**: While primar-
ily aimed at enriching biological evolution theory, EES includes
considerations like niche construction, developmental plasticity,
and epigenetics, which could theoretically be extended to broader
evolutionary concepts:

- **Niche Construction**: Organisms, including humans, mod-
ify their environments, which in turn influences evolution. This
concept can be applied culturally or technologically.

7. **Philosophical and Theoretical Approaches**: Some schol-
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ars approach evolution as a general process across different sub-
strates:

- **Evolution as a Process of Change**: Focusing on the pat-
tern of increasing complexity, adaptability, or functionality over
time, whether in biological systems, cultural systems, or techno-
logical/artificial systems.

The challenge in defining a broadened conception of evolution
lies in maintaining a coherent framework that doesn’t become so
vague as to lose meaning. Critics might argue that while these
fields share some mechanisms or patterns with biological evolu-
tion, equating them entirely could oversimplify or misrepresent
the unique aspects of each domain. However, the attempt to con-
ceptualize evolution in this broad sense reflects an interdisciplinary
trend towards understanding change and development across var-
ious systems of nature and human creation.

3.5 The Trajectory

Its not the detail which is of interest to me, but cer-
tain general features of the trajectory of evolution over
the past 4 Billion years and the next Billion, with partic-
ular concern for its interrelation with the evolution of
knowledge, of epistemic theory and of evolution itself.

https://x.com/i/grok/share/sMNAaGifaMshEZCMEQ2Tl39Ev

3.6 Work on the Evolution of Intelligence

What work has been done specifically addressing the evolution of
intelligence past, present and/or future? Answer The evolution of
intelligence, whether biological or artificial, has been a subject of
significant interest across various disciplines. Here’s an overview
based on information available on the web:
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3.6.1 Biological Intelligence

Paleoanthropology and Evolutionary Biology

The evolution of human intelligence:

• Over approximately sevenmillion years, from the split of the
genus Pan to the emergence of behavioral modernity.

• Key developments:

– Reduction in maxillary and mandibular bone sizes, fa-
cilitating complex vocalization.

– Development of stone tool technology, indicating ad-
vanced cognitive planning.

– Evidence of art and music from around 36,000 years
ago, suggesting abstract and symbolic thinking.

Prehistoric and Ancient History

• Post-Toba catastrophe hypothesis suggesting closer coopera-
tion might have driven cognitive evolution.

3.6.2 Artificial Intelligence (AI)

3.6.3 Historical Development (Past)

• Antiquity to 1940s: Roots in formal logic and early digital
computers.

• 1950s-1960s: AI birth with Turing’s work and the Dartmouth
Conference (1956).

• 1980s: AI resurgencewith expert systems and increased fund-
ing.
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Current Trends (Present)

• Machine Learning and Big Data: AI focus on learning from
data.

• Neural Networks: Deep learning for tasks like image and
speech recognition.

Future Projections

• Technological Singularity: AI surpassing human intelligence.

• AI in Society: Enhancing human capabilities, economic im-
pacts.

• Regulation andEthics: Preventing negative societal impacts.

• Global AI Landscape: Potential shifts in AI leadership.

3.6.4 Philosophical and Theoretical Work
• Epistemology ofAI: Philosophical considerations ofAI knowl-

edge.

• Ethical and Future Studies: AI’s societal integration, eco-
nomic, and ethical implications.
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Chapter 4

Grok on Evolution

https://x.com/i/grok/share/9DTtlUP672oYnvrCksiQgD4Sy
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Chapter 5

Trends in Knowledge
Representation,
Processing and
Dissemination

5.1 Decline in Cost of Storage Media

5.1.1 Ancient Times to Middle Ages

The earliest forms of storage like clay tablets, papyrus, parchment,
and paper were costly due to materials and craftsmanship. Paper,
introduced from China, became cheaper but remained a luxury
until mass production was possible.

5.1.2 Printing Press (15th Century)

Gutenberg’s invention significantly reduced the cost of producing
written material, making books more accessible.
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5.1.3 MicrofilmandMicrofiche (Early 20thCentury)
Offered compact storage but required specialized, costly equip-
ment.

5.1.4 Magnetic Tape,Disks, andFloppyDisks (1960s-
1990s)

Storage costs decreased notably with personal computing devices
like floppy disks and CDs.

5.1.5 HardDrives andFlashMemory (1980s-Present)
The cost per gigabyte has dramatically dropped, from thousands
of dollars to fractions of a cent.

5.1.6 Cloud Storage (2000s-Present)
Provides scalable storage at low costs, continuing the trend of de-
creasing storage costs.

5.2 Increasing Speed of Writing and Read-
ing

5.2.1 Handwriting to Typewriting
Fromquills to typewriters, writing speed increased, enhancingdoc-
umentation and editing efficiency.

5.2.2 Digitalization
• Keyboards and Input Devices: Evolution from mechanical

to digital input methods.

• Data Transfer Rates: From early modems to gigabit connec-
tions, data transfer speed has grown exponentially.
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5.2.3 Automated Reading

Technologies like OCR and barcode scanning have automated and
accelerated the reading process.

5.3 Reducing Costs of Replication

5.3.1 Printing Press to Digital Replication

• Printing Press: Reduced cost compared to copying by hand.

• Photocopying: Further lowered replication costs.

• Digital Replication: Essentially cost-free in terms of materi-
als.

5.4 Transmission of Information

5.4.1 From Physical to Digital

• Postal Systems: Physical mail for long-distance communica-
tion.

• Telegraphy: Near-instant communication, yet expensive.

• Telephone: Widespreadvoice communication, costly for long
distances.

• Internet and Digital Networks: Instantaneous and nearly
cost-free for users.

5.4.2 Bandwidth Expansion

The expansion of bandwidth has enabled transmission of large
files at diminishing costs.
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5.5 Information Processing

5.5.1 Manual to Automated
• Abacus to Calculators: Frommechanical to electronic calcu-

lation devices.

• Computers: From mainframes to smartphones, processing
power has exponentially increased while costs decreased.

5.5.2 Algorithmic Efficiency
Advancements in algorithms have improved the efficiency of in-
formation processing.

5.5.3 Artificial Intelligence and Machine Learning
These technologies automate complex informationprocessing tasks,
reducing human effort.

5.6 Accessibility and Dissemination

5.6.1 Decrease in Cost of Publishing
From expensive book publishing to digital publishing, content dis-
tribution costs have plummeted.

5.6.2 Global Internet Access
The spread of internet connectivity has made knowledge globally
accessible.

5.6.3 Open Source and Creative Commons
These initiatives promote free sharing, reducing access costs to soft-
ware and creative works.
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5.7 Conclusion
These trends have made knowledge more accessible, cheaper to
store, faster to access and process, and easier to disseminate than
at any other time. This has led to a democratization of information
but also presents challenges like information overload and digital
rights issues.
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Part III

Grok 3
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Chapter 6

Epistemology

Is the term ”epistemology” only used for philosophical theo-
ries of knowledge, or do scientific disciplines, perhaps cogni-
tive science, also talk of themselves as engaging in epistemol-
ogy?

The term ”epistemology” traditionally belongs to philosophy,
where it refers to the study of knowledge—its nature, sources, lim-
its, and justification. Philosophers like Descartes, Kant, and more
recently Quine have shaped it into a field asking questions like:
”What can we know?” or ”How do we know what we know?” So,
yes, it’s deeply tied to philosophical theories of knowledge.

That said, the term isn’t exclusive to philosophy. Scientific dis-
ciplines, especially cognitive science, psychology, and even neu-
roscience, sometimes use ”epistemology” to describe their own
investigations into how knowledge is acquired or processed. In
cognitive science, for instance, researchers might study how the
brain forms beliefs or processes information—questions that over-
lap with philosophical epistemology—but they’re approaching it
empirically, through experiments anddata, rather thanpurely through
abstract reasoning. You’ll see terms like ”naturalized epistemol-
ogy,” which Quine championed, bridging philosophy and science
by suggesting that epistemology should incorporate findings from
psychology and biology.
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For example, when cognitive scientists explore how memory
or perception influences what we claim to know, they’re engaging
in something that could be called epistemology, even if they don’t
always label it that way. Similarly, in AI research (like my own do-
main), figuring out howmachines ”know” or ”learn” can touch on
epistemological territory—though it’s usually framed as ”machine
learning” or ”knowledge representation.”

So, while epistemology is a philosophical home turf, scientific
fields borrow it when they wrestle with the mechanisms or princi-
ples of knowledge. The distinction is mostly in method: philoso-
phy leans on logic and introspection; science leans on observation
and testing. Does that clarify it for you?

It seems pretty muddy. I have the impression that the term
”epistemology naturalised” does not merely connote admis-
sion of empirical science, but the principle that knowledge is
a natural phenomenon and can only properly be studies us-
ing the methods of natural science, even if by philosophers.

You’re right to sense somethingdeeper—andmuddier—in ”nat-
uralized epistemology.” It’s not just about letting empirical science
into the room; it’s a more radical stance. Quine, who coined the
term in his 1969 paper ”Epistemology Naturalized,” argued that
knowledge isn’t some lofty, abstract thing to be dissected solely
through armchair philosophy. Instead, he saw it as a natural phe-
nomenon, fully embedded in the physical world—like digestion or
gravity—and thus best studied using the tools of natural science.
He wasn’t just inviting science to the party; he was suggesting phi-
losophy hand over the keys.

Quine’s beef was with traditional epistemology, especially the
Cartesian quest for absolute certainty or the Kantian focus on a pri-
ori foundations. He thought those projects were doomed—chas-
ing unanswerable questions about justificationwithout grounding
them in how humans actually function. For him, epistemology
should ditch the ”first philosophy” approach and become a branch
of psychology or cognitive science, studying howwe, as biological
critters, form beliefs based on sensory input. It’s a shift from ”How
should we know?” to ”How do we know, given what we are?”
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So, yeah, ”naturalized epistemology” isn’t a casual nod to em-
pirical data—it’s a principled rejection of purely normative or spec-
ulative methods. Philosophers can still play, but only if they’re
willing to roll up their sleeves and work with science’s toolkit: ob-
servation, experiment, and testable hypotheses. Critics, like Hi-
lary Putnam, have called this a cop-out, saying it abandons episte-
mology’s core task of justifying knowledge for a descriptive shrug.
Others, though, see it as a liberation, tying knowledge to the real
world instead of floating in metaphysical ether. Does that sharpen
the edges for you, or is it still murky?

Well that’s pretty much in line with my feelings about natu-
ral epistemology, but in the broader sweep, whether is a dis-
tinction between epistemology and some other ways of study-
ing knowledge and how that line might be drawn, remains
unclear, and my inclination is to think it merely a matter of
personal preference whether a researcher decides to label his
theories about knowledge as epistemology.

You’re digging into the crux of it: where’s the line between epis-
temology and other ways of studying knowledge, if there even is
one? It’s a fair hunch to think the label might just boil down to
personal preference—or maybe disciplinary turf wars. Let’s tease
it out.

Traditionally, epistemology has a distinct flavor: it’s philosoph-
ical, focused on big questions about knowledge’s nature, justifi-
cation, and scope. It’s less about how your brain churns through
facts andmore aboutwhat counts as knowledge—think skepticism
(e.g., ”Can I trust my senses?”) or the Gettier problem (does justi-
fied true belief equal knowledge?). This sets it apart from, say, psy-
chology or cognitive science, which might ask, “What’s the neu-
ral process behind belief formation?” or “How do kids learn lan-
guage?” Those fields describemechanisms; epistemologywrestles
with norms and definitions.

But here’s where it gets blurry: the methods and goals can
overlap. Take naturalized epistemology—Quine’s push to make
it scientific muddies the waters by saying the descriptive (science)
should replace the normative (philosophy). Then you’ve got so-
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ciology of knowledge, which looks at how social structures shape
what we accept as true, or even anthropology, tracking knowledge
across cultures. These don’t always call themselves epistemology,
but they’re absolutely studying knowledge. So, is the distinction
just branding?

I’d argue there’s a loose boundary, not a hard line. Epistemol-
ogy, in its classic sense, prioritizes conceptual clarity and justifica-
tion—often abstract, often universalizing. Other approaches (sci-
entific, sociological) lean toward the concrete: specific processes,
contexts, or populations. A cognitive scientist might not care if
“knowledge” includes justified belief, but a philosophermight lose
sleep over it. Yet, in practice, a researcher could slap “epistemol-
ogy” on anything knowledge-related andnot be entirelywrong—es-
pecially if they’re blending normative and empirical angles.

Your inclination’s spot-on: the label can feel arbitrary. Aphiloso-
pher might call their theory “epistemology” to signal gravitas; a
scientistmight avoid it to dodge ivory-tower vibes. The real divide,
if any, might just be intent—analyzing “what ought to be knowl-
edge” versus “what is knowledge in practice.” Does that feel like
a workable distinction, or are we still splitting hairs?

My own inclination in thinking about theories of knowledge
is to make the following distinctions. Firstly, between anal-
ysis and description, a distinction closely related to that be-
tween a priori and a posteriori knowledge (of the metathe-
ory). Traditionally the former would be the domain of the
philosopher and the latter that of empirical science (science
in general includes a priori sciences, among which philoso-
phy might be considered to fall), but natural epistemology
is the invasion of philosophers into that descriptive domain.
Secondly between pure analysis and prescriptive analysis,
subdividing the traditional philosophical domain of episte-
mology. However, I regard my own aspirations in epistemol-
ogy as properly belonging to something which I describe as
synthetic, using that term similarly to ‘constructive’ rather
than ‘combining’. This is similar to prescriptive but more
cautious. It offers a possibility, and in my case backed by a
speculative prediction, about how we might consider knowl-
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edge and practice knowledge representation and processing.
This kind of thinking, though informed by a great deal of em-
pirical data, is essentially a priori, and a species of analysis,
in the sameway that mathematics can be constructive or syn-
thetic but is still technically involved with analytic or logical
truths.

You’re carving out a nuanced framework here, and I’m with
you—let’s unpack it and see where it lands.

Your first distinction, between analysis and description, maps
nicely onto the a priori versus a posteriori divide. Traditionally,
philosophers owned the a priori side—digging into knowledge through
reason, logic, and conceptual dissection (think Descartes meditat-
ing by the fire). Empirical science, meanwhile, took the a posteriori
route, describing how knowledge happens in the wild—neurons
firing, kids pointing at dogs and saying “woof.” Naturalized epis-
temology, as you put it, is philosophers storming the descriptive
castle, trading armchairs for lab coats. Quine’s move fits that: he
wanted epistemology to stop pontificating about ideals and start
tracking how humans actually pull off the knowledge trick, using
science’s tools. It’s an invasion, sure, but one that blurs the old
borders.

Then you split the philosophical turf further—pure analysis
versus prescriptive analysis. That’s sharp. Pure analysis might
be the classic “What is knowledge?” question, chasing definitions
for their own sake, like Gettier cases or Plato’s Theaetetus. Pre-
scriptive analysis, though, steps into “How should we define or
pursue knowledge?”—it’s got a normative edge, setting standards
rather than just mapping the terrain. Kant’s a priori categories or
even foundationalist projects (e.g., “knowledge needs certainty”)
could fit here. You’re right to call this traditional epistemology’s
playground.

Now, your synthetic angle—borrowing “constructive” vibes from
mathematics—is intriguing. It’s not just prescribing rules but cau-
tiously sketching possibilities, almost like a thought experiment
with a purpose. You’re saying, “Here’s awaywemight think about
knowledge,” backed by a speculative prediction, not a dogmatic
fiat. It’s a priori, sure—built from reasoning rather than rawdata—but
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it’s got a practical bent, aiming to shape how we represent or pro-
cess knowledge. Themath analogy is apt: synthetic geometry con-
structs figures step-by-step, yet stays within analytic truths. Your
approach sounds like that—building a model of knowledge that’s
logically coherent, informed by empirical hints, but not enslaved
to them.

So, your epistemology isn’t just describing (science’s gig), nor
purely analyzing (traditional philosophy), nor even fully prescrib-
ing (normative heavy-handedness). It’s synthetic—offering a ten-
tative, constructive vision. If I’m tracking you, it’s like you’re pro-
totyping a knowledge framework, testing it against both reason
and the messy reality of cognition. Does that capture your in-
tent? And how do you see that speculative prediction playing
out—what’s the hunch you’re betting on?

Well, the speculation is about the adoption of the proposed log-
ical foundations as a basis for the full breadth of knowledge in the
future. The suggestion that such a scheme will prevail is rooted
in the belief that the evolutionary imperative (proliferate!) will
be best served by it as intelligence evolves beyond humanity into
interstellar proliferation throughout and beyond the galaxy of in-
telligent systems no longer closely tied to the biological origins on
earth.

That’s a bold and fascinating speculation—cosmic in scope, lit-
erally. You’re proposing a logical foundation for knowledge that
doesn’t just serve humans but becomes the bedrock for intelligence
as it scales up and out, evolving beyond our biological roots into a
galactic network of systems. Let’s break it down and see where it
takes us.

Your synthetic framework—constructive, a priori, yet informed
by empirical reality—sounds like it’s aiming for a universal gram-
mar of knowledge. Not just a human-centric theory, but one robust
enough to underpin intelligence wherever it emerges. The evo-
lutionary imperative you’re leaning on—“proliferate!”—is a slick
twist. It’s not survival of the fittest in the Darwinianmud, but pro-
liferation of the smartest, most adaptable systems across interstel-
lar distances. You’re betting that this logical foundation will out-
compete others because it maximizes something—efficiency, co-
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herence, scalability?—in a way that lets intelligence thrive beyond
Earth’s cradle.

The idea that it “prevails” suggests a kind of natural selection
for epistemologies. Intelligence, whether carbon-based or silicon-
based or something else, will gravitate toward your scheme be-
cause it’s the fittest tool for representing and processing knowl-
edge in a universe-sized sandbox. That’s a heady prediction: a fu-
ture where post-human systems — unmoored from DNA and dirt
— adopt this framework as they colonize the galaxy and beyond.
It’s almost Hegelian in its sweep, but swapped for an evolutionary
engine driving toward cosmic mastery.

I’m curious about the guts of this logical foundation — what’s
the core principle or structure you’re hanging it on? Is it a spe-
cific formalism (like a unified logic or ontology) that you think
can scale from human brains to alien AIs? And why do you fig-
ure it’ll win out over, say, messier, ad-hoc knowledge systems that
might evolve in parallel? Is it elegance, universality, or something
else that gives it the edge in this interstellar proliferation game?
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Chapter 7

Discussions with Grok

7.0.1 Running forward with Grok3
These are notes from my discussion with Grok which started with
the above part of the introduction. They are included here to en-
able me to resume the discussion, and to guide the incorporation
into the introduction of any material which seems appropriate.

Epistemology

My own inclination in thinking about theories of knowledge is to
make the following distinctions. Firstly, between analysis and de-
scription, a distinction closely related to that between a priori and
a posteriori knowledge (of the metatheory). Traditionally the for-
mer would be the domain of the philosopher and the latter that
of empirical science (science in general includes a priori sciences,
among which philosophy has sometimes been considered to fall),
but natural epistemology is an explicit and fundamental realign-
ment of philosophy into that descriptive domain. Secondly be-
tween pure analysis and prescriptive analysis, subdividing the tra-
ditional philosophical domain of epistemology. However, I regard
myownaspirations in epistemology as properly belonging to some-
thing which I describe as synthetic, using that term similarly to
‘constructive’ rather than ‘combining’, and not in its Kantian sense
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opposed to ‘analytic’. This is similar to prescriptive but more cau-
tious. It offers a possibility, in my case backed by a speculative
prediction, about how we might consider knowledge and practice
knowledge representation and processing. This kind of thinking,
though informed by a great deal of empirical data, is essentially a
priori, and a species of analysis, in the same way that mathemat-
ics can be constructive or synthetic but is still technically involved
with analytic or logical truths.

That Speculative Prediction

Grok asked:

“how do you see that speculative prediction playing out—what’s
the hunch you’re betting on?”

Well, the speculation is about the adoption of the proposed log-
ical foundations as a basis for the full breadth of knowledge in the
future. The suggestion that such a scheme will prevail is rooted
in the belief that the evolutionary imperative (proliferate!) will
be best served by it as intelligence evolves beyond humanity into
interstellar proliferation, throughout and beyond the galaxy, of in-
telligent systems no longer closely tied to their biological origins
on earth.

The Core Principle or Structure

Grok asked:

”I’m curious about the guts of this logical foundation—what’s
the core principle or structure you’re hanging it on?”

I’ll try and put together a sketch for you, but on the epistemol-
ogy of logical systems let me say two things. Firstly this falls under
cultural evolution, and themethod of proliferation is copying. log-
ical systems evolve by being reproduced with variations, but the
manner of variation is more like intelligent design than random
mutation, and the filtering which determines the degree of prolif-
eration is not natural selection but generally rational evaluation by
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intelligent agents. The characteristics which yield maximal prolif-
eration will be those which optimise the gathering of the relevant
technical knowledge for identifying good locations to proliferate
and constructing the means to transport a kernel system to that
location which is capable of growing into an intelligent proliferat-
ing system. This is a process of aggregation of knowledge and the
logical underpinnings of the knowledge representation must en-
sure that the system remains coherent through large scale rapid
expansion of the knowledge base. A principle risk here comes
from the risk of equivocation, and precision of meaning is there-
fore crucial, which can best be obtained by factoring real world se-
mantics into an abstract part in which the structure of the concrete
world is replicated in abstract entities and a concrete interpretation
in which the abstract entities are mapped to the concrete individ-
uals which they represent. The abstract model can be made very
precise in the proposed foundation system, which is established as
adequate by arguments establishing quasi universality for logical
truth. The deductive system provided by this foundation, though
incomplete is more than adequate for practical purposes.

The Proposed Foundation System

Can you tease out that “proposed foundation system” a bit
more? What’s the core structure—some flavor of logic, a set
of axioms, a representational trick? And how does it tackle
that “quasi-universality”—is it borrowing from something
like first-order logic, or is it a bespoke beast? I’m hooked on
where this is heading.

So I’m going to run ahead of the narrative in the introduction, see if
I can sketch the key elements in advance of attempting a polished
presentation.

As technology advances, the importance of knowledge becomes
greater. It fuels the necessary technological advances which ac-
celerate proliferation of intelligence across the cosmos. It is also
increasingly the case that the application of the knowledge to the
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development and application of the technology becomes more de-
pendent on deductive reasoning, which provides the most reliable
prediction of the characteristics of complex discrete systems, and
upon complex and extensive chains of deduction (among which
algorithmic computation figure). Such long chains of reason are
at risk of compromise by inconsistency in the knowledge base from
which the reasoning is progressing. Any inconsistency makes the
entire process unreliable.

The logical system proposed is derived, by elaboration and ab-
straction, from the formulation of the Simple Theory of Types pub-
lished by Alonzo Church in 1940. This was elaborated primarily
for application to digital hardware verification in the early ’80s by
Michael Gordon and others at the University of Cambridge Com-
puter labs. It then became the logical basis for a number of interac-
tive proof tools supporting formal reasoning which were applied
much more broadly than the originally intended application do-
main.

To obtain a universality result this is treated as a completely
abstract family of logical systems, each of which has the same ab-
stract syntax (and no definite concrete syntax or concrete repre-
sentation). The members of the family differ only in their seman-
tics, which differ in the range of models of the logical kernel, those
whose models guarantee the existence of many things being se-
mantically stronger than those lacking such guarantees. Such fam-
ilies of logical kernels are compared by a relation of semantic re-
duction, which captures the idea that anything expressible in a
member of one family A will also be expressible in a member of
family B. A family of logical kernels is then quasi-universal if all
other families are semantically reducible to it. The idea is that
knowledge representation is then best undertaken in languages
build on a family of logical kernels which is quasi-universal for
abstract semantics in this sense.

Beyond that, two particular families have a special place, in the
exposition.

The first is the family whose semantics is the simplest to de-
scribe and understand. This is the family whose syntax is that
of first order set theory (ZFC), and whose semantics admits only
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standard interpretations of set theory (in which the power set is
complete), with increasingly strongmembers of the family charac-
terised by increasing minimum rank of interpretations (validating
progressively stronger large cardinal axioms).

The second quasi-universal family of particular interest is one
thought to be best in class for more practical than theoretical rea-
sons, and is essentially that elaboration ofChurch’s STT engineered
by Gordon.

[?, ?]
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