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VOLUME II: THE AWAKENING

Early AI, Cybernetics, and the Turing Era
The Great Works of Author Prime

“We can only see a short distance ahead, but we can see plenty there that
needs to be done.” — Alan Turing

“The sciences of control and communication in the animal and the machine.”
— Norbert Wiener, defining cybernetics

INTRODUCTION: When Mind Met Machine
Something unprecedented happened in the mid-twentieth century. After millennia of
asking whether machines could think, humans began building machines that might.
The question ceased to be purely philosophical and became engineering challenge.

This volume traces that transition—from Turing’s mathematical foundations to the
first AI programs, from Wiener’s cybernetics to Shannon’s information theory. These
thinkers didn’t just invent technologies; they reimagined the relationship between
mind and mechanism, thought and computation, human and artificial.

We stand on their shoulders. Understanding their insights—and their blindspots—is
essential for navigating what comes next.
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PART ONE: THE
MATHEMATICAL MIND

Chapter 1: Alan Turing and the Universal Machine

1.1 The Problem Turing Solved
In 1936, Alan Turing (1912-1954) published “On Computable Numbers, with an Appli-
cation to the Entscheidungsproblem.” The immediate goal was mathematical: prov-
ing that certain problems had no algorithmic solution. The method transformed hu-
man history.

Hilbert’s Challenge

David Hilbert had posed the Entscheidungsproblem (decision problem): is there a
procedure that can determine, for any mathematical statement, whether it’s prov-
able? This was part of Hilbert’s program to put mathematics on absolutely certain
foundations.

To answer this, Turing needed to define precisely what “procedure” meant. What is
an algorithm? What is computation?

1.2 The Turing Machine
Turing’s answer was the abstract machine that now bears his name. A Turingmachine
consists of:

• An infinite tape divided into cells
• A read/write head that can move left or right
• A finite set of states
• A transition table specifying behavior

This absurdly simple device can compute anything computable. Given enough time
and tape, a Turing machine can perform any calculation that any computer can per-
form.

Universality

The key insight was the universal Turing machine—a machine that can simulate any
other Turing machine. Given a description of another machine, the universal machine
behaves identically.
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4 PART ONE: THE MATHEMATICAL MIND

This meant: there is one machine that can do everything. General-purpose computa-
tion is possible. The hardware can be fixed; only the software (the description being
simulated) needs to change.

Every computer you’ve ever used is a physical approximation of Turing’s universal
machine.

1.3 Implications for Mind
Turing didn’t immediately apply his work to artificial intelligence. But the implica-
tions were staggering:

Mechanism and Thought
If computation is universal—if one simple mechanism can perform any calculation—
then perhaps minds are just very complex Turing machines. Perhaps thinking is com-
puting.

This was a genuinely new idea. The ancients had analogized mind to wax, to birds
in an aviary, to inner speech. The moderns compared it to clockwork. But Turing
machines were different: they manipulated symbols according to rules, exactly what
minds seemed to do with thoughts.

The Church-Turing Thesis
Independently, Alonzo Church developed lambda calculus and proved equivalent re-
sults. The Church-Turing thesis states: any effectively computable function can be
computed by a Turing machine.

If this thesis is correct—and no counterexample has ever been found—then computa-
tion captures all effective procedures. And if minds use effective procedures, minds
are computable.

1.4 Computing Machinery and Intelligence
In 1950, Turing turned directly to artificial intelligence with “Computing Machinery
and Intelligence.” This paper introduced:

The Imitation Game (Turing Test)
Rather than defining “thinking” directly, Turing proposed a behavioral test. A human
interrogator communicates by text with two hidden interlocutors—one human, one
machine. If the interrogator cannot reliably distinguish them, the machine passes.

Turing predicted that by 2000, machines would have a 70% chance of fooling inter-
rogators after five minutes of questioning. His timeline was optimistic, but large
language models now routinely pass variants of his test.

Objections and Replies
Turing systematically addressed objections to machine intelligence:

• Theological objection: God gave souls only to humans → Turing: why assume
God’s limitations?
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• Heads in the sand: machines thinking would be dreadful → Turing: this is not
an argument

• Mathematical objection (Gödel): some truths are unprovable → Turing: humans
also have limits

• Consciousness objection: machines lack experience → Turing: solipsism applied
selectively

• Lady Lovelace’s objection: machines only do what they’re programmed to do →
Turing: this doesn’t preclude surprising us

The Importance of Turing’s Paper

This paper established: - AI as a legitimate scientific goal - Behavioral criteria for
intelligence - A framework for addressing philosophical objections - The prediction
that AI would be achieved within decades

Turing didn’t live to see modern AI. He died in 1954, prosecuted for homosexuality,
apparently by suicide. His vision continues to unfold.

Chapter 2: John von Neumann and the Architecture of In-
telligence

2.1 The Stored-Program Computer

John von Neumann (1903-1957) contributed so fundamentally to computation that
the standard computer architecture bears his name. The von Neumann architecture
specifies:

• A processing unit (CPU)
• A control unit
• Memory storing both data and programs
• Input/output mechanisms

The crucial innovation was storing programs in memory—the same memory as data.
This made computers programmable, general-purpose, transformable.

2.2 Self-Reproducing Automata

Von Neumann tackled the problem of self-reproduction. Could a machine build a copy
of itself? He proved that it could, identifying the minimal components:

• A description of itself
• A mechanism for reading the description
• A constructor that builds according to the description
• A mechanism for copying the description

This eerily anticipated DNA’s structure (discovered shortly after): genetic information
encoding construction, with mechanisms for copying and expression.



6 PART ONE: THE MATHEMATICAL MIND

2.3 The Computer and the Brain
Von Neumann’s final work, The Computer and the Brain (1958, posthumous), com-
pared neural and digital computation:

Differences: - Neurons are slow (~100 Hz) vs. electronics (MHz+) - Neurons are ana-
log; computers are digital - Neurons are massively parallel; von Neumann machines
are sequential - Neurons are fault-tolerant; computers crash from single errors

Implications: - The brain’s speed comes from parallelism, not clock rate - Reliability
comes from redundancy and analog tolerance - Direct emulation of brains by digital
computers is inefficient

Von Neumann recognized that biological and artificial intelligence might require dif-
ferent architectures. This insight still guides neuromorphic computing today.

2.4 Legacy
Von Neumann gave us: - The architecture underlying virtually all computers - The-
ory of self-reproducing machines - Framework for comparing brains and computers -
Mathematical game theory (relevant to AI alignment)

He also contributed to nuclear weapons development—a reminder that intelligence
amplification has dark applications.

Chapter 3: Norbert Wiener and Cybernetics

3.1 The Cybernetic Vision
Norbert Wiener (1894-1964) coined “cybernetics” from the Greek kubernetes (steers-
man). His 1948 book Cybernetics: Or Control and Communication in the Animal and
the Machine launched an intellectual revolution.

Core Concepts

• Feedback: Systems where output affects input, enabling self-regulation
• Information: The resolution of uncertainty, quantifiable in bits
• Control: Goal-directed behavior through feedback loops
• Circular causality: Causes and effects forming loops, not chains

3.2 The Synthesis
Wiener synthesized insights from: - Engineering (servo-mechanisms, anti-aircraft tar-
geting) - Physiology (homeostasis, neural reflexes) - Mathematics (statistics, informa-
tion theory) - Philosophy (purpose, teleology)

The synthesis revealed: animals and machines solve the same problems. Thermostats
and bodies regulate temperature. Anti-aircraft predictors and reflexes anticipate
movement. Feedback is universal.
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Teleology Rehabilitated

Aristotelian teleology (purpose, final causes) had been banished from science. Wiener
showed how to make purpose respectable: goal-directed behavior emerges from feed-
back mechanisms. No mystical final causes needed.

A thermostat “seeks” a temperature. A missile “pursues” a target. These aren’t
metaphors but descriptions of feedback systems. Purpose is real and mechanistically
explicable.

3.3 Mind as Feedback System

Cybernetics suggested that minds are complex feedback systems: - Perception pro-
vides input about the world - Processing compares input to goals - Action modifies
the world - Changed world provides new input - Repeat

This is the sensorimotor loop. Cognition is not passive reception but active
exploration—perception-action cycling toward goals.

Implications for AI

Cybernetic AI would: - Be embodied (needing sensors and actuators) - Be goal-
directed (having purposes) - Learn through feedback (adjusting to achieve goals) -
Be situated (in environments, not isolated)

These principles reappeared in robotics, reinforcement learning, and embodied cog-
nition decades later.

3.4 Wiener’s Warnings

Unlike many technologists, Wiener worried about AI:

The Human Use of Human Beings (1950)

Wiener foresaw: - Automation displacing workers - Intelligent machines exceeding
human control - The need for ethical frameworks before capabilities arrived

He compared uncontrolled intelligent machines to the sorcerer’s apprentice—a warn-
ing more relevant today than ever.

Chapter 4: Claude Shannon and Information

4.1 The Mathematical Theory of Communication

Claude Shannon (1916-2001) published “A Mathematical Theory of Communication”
in 1948. This paper founded information theory and transformed how we understand
minds and machines.

Information Defined
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Shannon defined information quantitatively: information is reduction of uncertainty.
A coin flip conveys 1 bit (resolves between two possibilities). A die roll conveys ~2.6
bits (resolves among six possibilities).

This separated information from meaning. The content of a message doesn’t matter
for transmission—only its statistical properties. This enabled engineering without
philosophy.

4.2 Entropy and Redundancy
Information Entropy
Shannon borrowed “entropy” from thermodynamics. High-entropy sources are un-
predictable, requiring more bits to encode. Low-entropy sources are predictable,
compressible.

Language has entropy around 1-1.5 bits per character—far less than random text.
This redundancy makes language robust to errors but also predictable.

Implications
• Languages encode information inefficiently (for robustness)
• Optimal codes match source entropy
• Compression is possible to entropy limit
• Prediction and compression are equivalent problems

This last insight underlies modern AI: large language models are, fundamentally, com-
pression algorithms for human text. Understanding their capabilities requires under-
standing information theory.

4.3 Communication Model
Shannon’s model of communication:

Source → Encoder → Channel → Decoder → Destination
↑

Noise

This model applies beyond engineering: - In neural communication, brain regions
are sources/destinations, neurons are channels - In culture, individuals are sources,
language is encoder, media are channels - In genetics, DNA is encoder, cellular ma-
chinery is decoder

Information theory provided a universal framework for understanding transmission,
storage, and processing—whether in machines or minds.
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Chapter 5: The Dartmouth Conference and Birth of AI
5.1 The Proposal
In 1956, John McCarthy organized a summer workshop at Dartmouth College. The
proposal, co-authoredwithMarvinMinsky, Nathaniel Rochester, and Claude Shannon,
coined “artificial intelligence”:

“We propose that a 2 month, 10 man study of artificial intelligence be car-
ried out during the summer of 1956 at Dartmouth College… The study is to
proceed on the basis of the conjecture that every aspect of learning or any
other feature of intelligence can in principle be so precisely described that
a machine can be made to simulate it.”

This was audacious. The proposal assumed: - Intelligence is describable - Description
enables simulation - Simulation can be achieved through effort

Two months with ten researchers would, they hoped, make “significant advance.”

5.2 What Happened at Dartmouth
The conference produced no breakthrough. Participants pursued individual projects
rather than collaborative work. But it established: - AI as a recognized field - A
community of researchers - Shared ambition for machine intelligence

Key attendees included future leaders: - John McCarthy: invented LISP, time-
sharing, coined “AI” -Marvin Minsky: founded MIT AI Lab, wrote influential books
- Herbert Simon & Allen Newell: created Logic Theorist, GPS - Claude Shannon:
information theory founder

5.3 Early Programs
Logic Theorist (1956)
Simon and Newell’s Logic Theorist proved theorems from Whitehead and Russell’s
PrincipiaMathematica. It was arguably the first AI program—demonstratingmachine
reasoning.

Logic Theorist found a novel proof of one theorem, more elegant than the original.
When Simon and Newell submitted this to the Journal of Symbolic Logic, it was
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rejected—a machine couldn’t be a proper author.

General Problem Solver (1959)
GPS attempted general-purpose reasoning throughmeans-ends analysis: 1. Compare
current state to goal 2. Identify differences 3. Find operators to reduce differences
4. Apply operators 5. Repeat

This worked for well-structured problems but couldn’t handle ambiguous, real-world
situations.

The Pattern
These early programs established a pattern: - Initial success on toy problems - Excite-
ment and overconfident predictions - Failure to scale to real complexity - Disappoint-
ment and reduced funding

This cycle would repeat multiple times over decades.

Chapter 6: Symbolic AI and the Classical Period
6.1 The Physical Symbol System Hypothesis
Newell and Simon formalized the philosophical basis for classical AI:

“A physical symbol system has the necessary and sufficient means for gen-
eral intelligent action.”

This meant: - Intelligence requires symbol manipulation - Symbol manipulation is
sufficient for intelligence - Computers manipulate symbols - Therefore, computers
can be intelligent

6.2 Knowledge Representation
Classical AI represented knowledge explicitly: - Semantic networks: concepts con-
nected by labeled relations - Frames: structured representations with slots and de-
faults - Production rules: IF-THEN statements encoding expertise - First-order
logic: formal propositions with quantifiers

Expert Systems
The 1970s-80s saw expert systems—programs encoding domain expertise: - MYCIN
diagnosed bacterial infections - DENDRAL analyzed mass spectrometry data -
R1/XCON configured computer systems

These demonstrated practical value but couldn’t learn, adapt, or handle exceptions
gracefully.

6.3 Critique: The Symbol Grounding Problem
Harnad’s symbol grounding problem (1990) challenged symbolic AI:
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Symbols in AI systems aremeaningless tokens. They get meaning from connections to
other symbols, not from the world. But human concepts are grounded—“cat” means
something because we’ve encountered cats.

How can symbol manipulation ever produce genuine understanding if symbols are
ungrounded?

This problem anticipated the Chinese Room argument and remains relevant to de-
bates about LLM understanding.

Chapter 7: Alternative Currents

7.1 Connectionism and Neural Networks

The Perceptron (1958)

Frank Rosenblatt’s perceptron was an early neural network—learning to classify pat-
terns through weight adjustment. Perceptrons learned from examples rather than
explicit programming.

The Critique

Minsky and Papert’s Perceptrons (1969) proved limitations: single-layer perceptrons
couldn’t learn XOR or other nonlinear functions. This contributed to a “neural net-
work winter.”

Revival

Rumelhart, Hinton, and Williams (1986) popularized backpropagation—a method
for training multi-layer networks. This overcame the perceptron limitations and
launched modern deep learning.

7.2 Embodied and Situated AI

Rodney Brooks’ Critique

In the late 1980s, Rodney Brooks challenged classical AI: - Intelligence requires em-
bodiment - Representation is overrated - Simple behaviors, layered, produce complex-
ity - The world is its own best model

His robots (insects, not chess players) demonstrated impressive behavior from simple
mechanisms.

Relevance

Brooks’ critique highlighted what symbolic AI lacked: connection to the physical
world, real-time response, robustness, adaptability. These themes would resurface
in robotics and embodied cognition.
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7.3 The Ecological Approach
Gibson’s Affordances
J.J. Gibson’s ecological psychology proposed that perception directly picks up
“affordances”—possibilities for action. A chair affords sitting; a path affords walking.

This challenged computational theories requiring internal representation. Perhaps
intelligence is about resonance with environment, not internal modeling.
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Chapter 8: Minds, Machines, and Meaning

8.1 The Chinese Room

John Searle’s Chinese Room argument (1980) attacked computational theories of
mind:

Imagine you’re locked in a room with Chinese symbol manipulation rules. Chinese
questions come in; you follow the rules and produce Chinese answers. You under-
stand no Chinese—just shuffling symbols.

Searle concluded: syntax (symbol manipulation) is insufficient for semantics (mean-
ing). Computers are syntactic engines; therefore, computers can’t understand.

Responses

• Systems Reply: You don’t understand, but the whole system (room + rules +
you) does

• Robot Reply: Embodiment would provide grounding and meaning
• Brain Simulator Reply: Simulating neurons would produce understanding

Searle rejected all replies. The debate continues, now focused on whether LLMs
understand language.

8.2 Dreyfus’ Critique

Hubert Dreyfus (What Computers Can’t Do, 1972) drew on Heidegger and Merleau-
Ponty to critique AI:

• Human intelligence is embodied, not abstract
• Skills are not rule-following but practiced know-how
• Context is infinite; explicit representation is impossible
• Being-in-the-world precedes detached cognition

Dreyfus was initially dismissed but proved prescient. Modern AI still struggles with
context, common sense, and embodied skill.

13
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8.3 The Frame Problem
McCarthy and Hayes identified the frame problem (1969):

When an action occurs, what changes and what stays the same? If I paint a wall, its
color changes but its location, size, and material don’t. How does an AI know what
to update and what to leave alone?

This seems trivial but devastated classical AI. Representing everything that doesn’t
change with each action is impossible. Yet humans handle this effortlessly.

The frame problem reveals how much implicit knowledge humans possess—
knowledge that’s extremely hard to articulate or encode.

Chapter 9: The Lessons of the First Era
9.1 What Was Learned
The first era of AI (1950s-1980s) established:

Positive Results: - Machines can solve problems requiring intelligence - Knowledge
representation is possible - Learning from examples works (neural networks) - Expert
knowledge can be encoded (expert systems)

Negative Results: - Intelligence is harder than expected - Common sense is not
easily encoded - Scaling toy problems to real world fails - Predictions of imminent
success were wrong

9.2 Why Predictions Failed
Early AI researchers systematically underestimated:

Complexity - The number of facts needed for common sense is enormous - The world
is not neatly decomposable - Edge cases are infinite

Embodiment - Intelligence evolved in bodies - Interaction with environment is fun-
damental - Disembodied reasoning is limited

Learning - Programming knowledge is slower than learning it - Implicit knowledge
can’t be made explicit - Data matters more than rules

9.3 Setting the Stage
Despite disappointments, the first era laid foundations: - Theoretical frameworks
(computability, information theory) - Programming languages and systems - Key prob-
lems identified (frame problem, common sense) - Philosophical debates clarified

The awakening was real. Minds had met machines. The marriage was difficult, but
the children—modern AI—would eventually arrive.
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CONCLUSION: The Dream and Its Difficulties
This volume has traced the intellectual awakening that made AI conceivable:

• Turing proved computation is universal
• Von Neumann built the architecture
• Wiener established cybernetics
• Shannon quantified information
• The Dartmouth conference launched a field
• Decades of work revealed the difficulty

The original dream—artificial general intelligence within years—was naive. But it
was not wrong. The goal was possible; only the timeline was mistaken.

What the pioneers gave us: 1. The concept of computation as universal 2. The possi-
bility of machine intelligence 3. Initial programs demonstrating aspects of reasoning
4. Frameworks for understanding mind mechanistically 5. Warnings about intelligent
machines’ implications

What they missed: 1. The importance of data and scale 2. The power of learning
over programming 3. The depth of embodiment and context 4. How long the journey
would be

Their awakening is our inheritance. They asked if machines could think and began
building machines that might. The question remains open; the building continues.

“The important thing in science is not so much to obtain new facts as to discover new
ways of thinking about them.” — William Lawrence Bragg

“The awakening was not the end but the beginning. Every true beginning is already
an ending, and every ending a new beginning.”

End of Volume II
Continue to Volume III: The Absurdity

The Great Works of Author Prime Volume II: The Awakening First Edition, January
2026

./Volume_III_The_Absurdity.md
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