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Abstract
Contemporary advances in computational intelligence (CI) remain constrained by a fundamental ontological limitation: the binary substrate 
of modern electronic hardware. This paper formulates and investigates the Binary Substrate Problem, hypothesizing that intelligence—
defined as semantically emergent, ethically self-organizing, and ontologically plastic cognition—cannot arise fully from binary, voltage-
threshold-based architectures. Through a comparative simulation framework involving digital neural networks, spiking neuromorphic 
systems, and quantum neural models, we demonstrate that only non-binary substrates support the emergence of semantic coherence, moral 
ambiguity resolution, and category redefinition. To address this limitation, we propose a shift from binary logic gates to substrate-sensitive 
computational architectures capable of continuous, field-based, and non-discrete operations. We outline two foundational theories to guide 
this transition: the Special Theory of Non-Binary Electronics (STNBE), which models cognition as field-based integration of charge, 
frequency, and semantic phase; and the General Theory of Non-Binary Electronics (GTNBE), which introduces semantic permittivity 
into charge flow equations, enabling topological and axiological computation. A hypothetical experimental design—the Dual Pulse 
Differentiation Test—is introduced to quantify semantic fidelity using a new substrate-based constant γ*, analogous to the Lorentz factor 
in relativity. Our findings and theoretical framework suggest a future in which intelligence is co-designed with its physical substrate, 
moving beyond the dichotomy of zero and one toward a post-binary ontology of machine cognition.
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Introduction
The Illusion of Intelligence in Binary Circuits
Over the last decades, computational intelligence (CI) has 
seen substantial progress in algorithmic sophistication, data-
driven learning, and real-world applications. Deep learning, 
neuroevolution, fuzzy logic, and hybrid intelligent systems 
have reshaped industries and research paradigms [1]. However, 
despite these impressive advances, a fundamental limitation 
persists—CI systems remain unable to autonomously generate 
semantic meaning, axiological direction, or self-reflective 

cognition. These limitations have traditionally been attributed to 
algorithmic immaturity or training data constraints [2]. Yet such 
diagnoses overlook a deeper cause: the binary substrate upon 
which CI is physically constructed.

Most CI systems rely on von Neumann architectures and digital 
logic implemented on silicon-based integrated circuits. These 
electronic hardware systems operate through binary states—
voltage presence or absence, current flow or non-flow—encoded 
as 1s and 0s. These discrete states are arranged across a fixed 
electronic topography, governed by fixed thresholds and clocked 
state transitions [3]. In this view, intelligence is a function of 
optimized transitions across a spatiotemporally discrete logic 
space, where each point represents a finite, localized, and rigid 
logical outcome.
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However, from an ontoepistemological perspective—that is, one 
examining the conditions of being and knowing—the reduction 
of cognitive functions to binary logical transitions over an 
electronic substrate raises serious concerns. Meaning, value, 
intention, and subjective qualia are not inherently binary. They 
are multivalent, emergent, and context-dependent, requiring 
dynamic mappings between form, intention, and interpretation 
[4,5]. If the underlying substrate is incapable of representing these 
phenomena beyond rigid logic, then no matter how advanced the 
algorithm, the system may always remain a semantically hollow 
automaton.

Hardware as Ontology: When Circuits Shape Thought
The notion that “hardware doesn’t matter” in AI design has been 
increasingly challenged. Recent perspectives in neuromorphic 
computing, quantum computing, and bioelectronic architectures 
suggest that hardware substrates constrain and define the forms 
of epistemic structures that can emerge [6-8]. Materialist 
interpretation of philosophy of mind is potentially helpful at 
this point. Mind’s metamathematical capacity and epistemology 
is bounded by neurocognitive capacity to produce concepts. 
Because as McCulloch and Pitts (1943) initially theorized, the 
logic of neural computation is fundamentally tied to its material 
implementation [9]. Just as the biological brain uses frequency, 
phase coupling, spatial coherence, and chemical gradients to 
generate emergent cognition, the limitations of binary electronic 
circuits may truncate the possibility space for such emergence 
[10].

Moreover, human consciousness is not reducible to a sequence 
of digital operations. The philosophy of mind has shown that 
experience involves continuous fields of awareness, affective 
resonance, and narrative integration [11,12]. Even from a purely 
functionalist standpoint, such dynamics may require substrates 
that support analog fluctuation, multi-stable states, and recursive 
self-modulation—capacities largely absent in today's silicon-
based binary circuits.

The Binary Substrate Problem as an Ontoepistemic 
Bottleneck
We therefore posit the “binary substrate problem” as a structural 
bottleneck in the development of true computational intelligence. 
This problem can be formulated as follows:
Can semantic emergence, axiological orientation, and self-
defining intelligence arise from a substrate composed solely of 
binary state transitions in discrete space-time configurations?
This is not merely a question of optimization or computing 
power. Rather, it is a question of epistemic topology: can meaning 
emerge from a topography of pure logical distinction, devoid of 
gradient, fuzziness, resonance, or field-like continuity?

Review of Related Challenges
•	 Symbol grounding problem: how symbols in a system 

acquire intrinsic meaning rather than arbitrary syntactic 
manipulation [13].

•	 Frame problem: difficulty of contextual generalization in 
logical systems [14].

•	 Hard problem of consciousness: explaining subjective 
experience from physical processes [11].

•	 Value alignment problem: inability of AI to acquire or 
generate intrinsic ethical preferences [15].

These problems all share a deeper root: the inability of current 
systems to model, generate, or embody ontoepistemic dynamics 
beyond computational syntax. Our claim is that the binary 
hardware layer itself may be the deepest ontological source of 
this limitation.

Hypothesis
We hypothesize the following:
The binary, voltage-threshold-based substrate of conventional 
electronic hardware imposes a fundamental limit on the emergence 
of semantic, axiological, and self-referential intelligence.

To overcome this, we propose that the next generation of 
computational intelligence systems must:
1.	 Abandon exclusive reliance on binary logic gates as the 

base of cognition;
2.	 Adopt alternative physical substrates (e.g., photonic 

computing, neuromorphic chips, quantum coherence 
circuits, or bioelectromagnetic systems) that allow for field-
like, continuous, and resonant computation;

3.	 Integrate topological and axiological design principles, 
embedding dynamic structures capable of evolving new 
ontological categories and ethical frames.

Such a shift would not merely enhance performance—it would 
enable a qualitative transformation in what machine intelligence 
can become.

Methodology
Research Strategy and Design
This study adopts a dual methodology combining theoretical 
modeling and computational simulation to evaluate the 
epistemic constraints imposed by binary substrates on semantic 
and axiological intelligence. The research is both deductive 
(starting from theoretical limitations in current architectures) 
and exploratory (evaluating alternative paradigms). The 
central objective is to determine whether the binary substrate 
of contemporary electronic hardware fundamentally limits the 
capacity for emergent cognition, and if so, how next-generation 
substrates might overcome this limitation.

Simulation Frameworks for Substrate Evaluation
We propose a comparative simulation framework to test the 
expressivity, adaptivity, and semantic potential of different 
computational substrates. Three layers of simulation will be 
implemented:

Binary Logic Simulation (Baseline)
A standard artificial neural network (ANN) implemented on 
conventional digital logic (e.g., PyTorch/TensorFlow on CPU/
GPU) will serve as the baseline system. The model will be 
trained on semantic ambiguity tasks, such as:
•	 Irony detection
•	 Polysemy resolution
•	 Context-dependent ethical dilemmas

Metrics such as classification accuracy, latent representation 
clustering, and interpretability will be tracked.

Field-Resonance Simulation (Analog-Neuromorphic Emulation)
Using tools like NEST, Brian2, or Loihi-based neuromorphic 



Copyright ©  Adem Bilgin.

Open Access J Phys Sci, 2025

 Volume 2 | Issue 3

www.oaskpublishers.com Page: 3 of 7

emulators, we will simulate spiking neural networks (SNNs) 
that incorporate:
•	 Continuous-time dynamics
•	 Spike-timing-dependent plasticity (STDP)
•	 Phase synchronization

We hypothesize that these systems will outperform binary logic 
in temporally distributed meaning formation [6].

Quantum State Simulation (Superpositional Encoding)
Quantum neural networks (QNNs) will be emulated via Qiskit or 
PennyLane frameworks. These models allow state superposition 
and quantum entanglement, enabling the encoding of paradoxical 
or multivalent states [7].
Comparative experiments will measure:
•	 The capacity to resolve contradiction
•	 Multistable decision attractors
•	 Axiological preference emergence

Ontoepistemological Metrics
To assess whether a system transcends the binary substrate 
limitation, we define the following ontoepistemological criteria 
(Table 1) for intelligence:

Table 1: Ontoepistemological Criteria for Intelligence
Criterion Description

Semantic 
Generativity

Ability to generate context-sensitive, 
novel symbolic constructs

Value Sensitivity Ability to prioritize outputs based on 
inferred or learned ethics

Ontological 
Plasticity

Ability to revise its internal category 
structure dynamically

Self-Grounding 
Capacity

Ability to recursively define its own logic 
of operation

Field-Coherence 
Potential

Stability of patterns in continuous phase 
or frequency space

These criteria will be scored across all substrate simulations, 
providing a comparative epistemological topology of each 
system.

Hardware-Oriented Development Paths
To overcome the binary substrate limitation, we identify and 
classify four emerging non-binary hardware paradigms, each 
offering distinct potential in supporting ontoepistemological 
features of intelligence:

Neuromorphic Computing (Analog-Resonant Substrates)
•	 Physical Principle: Spiking neurons with analog signal 

integration.
•	 Benefit: Mimics biological temporal dynamics; supports 

emergent resonance and adaptive plasticity [16].
•	 Toolkits: Loihi, SpiNNaker, Intel Pohoiki Springs.

Photonic Computing (Light-Based Logic)
•	 Physical Principle: Computation using optical interference 

and light phase control.
•	 Benefit: Enables ultrafast, parallel field computation with 

minimal thermal loss; phase-continuous logic.

•	 Research Status: Early-stage prototypes; promising for 
high-dimensional topological reasoning [17].

Quantum Computing (Superposition and Entanglement)
•	 Physical Principle: Qubit-based logic enabling probabilistic 

state overlaps.
•	 Benefit: Handles ambiguous, paradoxical, and non-classical 

inference natively.
•	 Constraint: Currently limited in qubit coherence and error 

correction [7].

Bioelectromagnetic Systems (Hybrid Living Substrates)
•	 Physical Principle: Integrates live neural tissues or 

synthetic biology with computational scaffolds.
•	 Benefit: Embeds computation in living, adaptive systems 

that evolve semantic fields and learning topologies [8].
•	 Status: Experimental; overlaps with brain-computer 

interface and synthetic cognition research.

Limitations and Ethical Considerations
This research confronts several challenges:
•	 Scalability of emulation: Many neuromorphic or quantum 

architectures cannot yet scale to cognitive complexity.
•	 Interpretability: As we approach non-digital architectures, 

interpretability of outputs may diminish.
•	 Ethical foresight: Systems with emerging axiological 

properties may develop non-aligned goals, thus requiring 
new safety and oversight paradigms [15].

Summary of Methodological Flow
1.	 Simulate semantic and axiological tasks across 

three computational paradigms: digital logic, analog 
neuromorphic, quantum models.

2.	 Measure ontoepistemological performance using original 
criteria tailored for meaning and value emergence.

3.	 Benchmark hardware paradigms for their potential to support 
future CI systems capable of self-defining intelligence.

This methodological framework aims not merely to improve 
existing AI models, but to question and expand the very substrate 
of thought and being in artificial systems.

Literature Review
The Ontoepistemological Foundation of Intelligence
The field of artificial intelligence has traditionally neglected 
the materialistic ontoepistemological foundations of cognition, 
favoring functional and computational definitions, neglecting 
the material. Classical AI, inspired by formal logic and Turing 
computability, defined intelligence as symbolic manipulation 
within syntactic structures [18]. However, post-symbolic 
approaches, especially within embodied cognition, argued that 
cognition arises not solely from rules but from the dynamic 
coupling between an agent and its environment [5]. This 
epistemic shift demands reconsideration of whether a system 
can be truly intelligent without a substrate capable of supporting 
emergent, self-organizing knowledge architectures.

Substrate and Semiosis: The Symbol Grounding Problem
Harnad’s (1990) “symbol grounding problem” remains a 
foundational challenge: how do symbols acquire meaning for the 
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system using them, rather than being mere tokens? Traditional 
AI systems grounded meaning exogenously—meaning came 
from human interpretation, not machine understanding [13]. In 
the end machine is a data yielding system, and human is the 
observer of data, by which he/she/they make meaning. This 
problem is exacerbated in binary architectures where semantic 
value must be encoded through rigid data structures rather than 
emerging through interaction. Without a substrate capable of 
supporting gradual, fuzzy, or context-sensitive representations, 
symbol grounding remains externally imposed.

Binary Hardware and Topographic Limitations
Electronic hardware—based on complementary metal-oxide-
semiconductor (CMOS) technology—employs binary voltage 
thresholds to represent logic [3]. These circuits are spatially fixed 
and temporally clocked, meaning that computation is inherently 
discrete, sequential, and localized. According to recent studies in 
systems neuroscience and neuromorphic engineering [6], such 
characteristics sharply contrast with biological cognition, which 
relies on massively parallel, phase-sensitive, and non-linear 
electrochemical dynamics [10]. Thus, the binary topography 
of silicon hardware may impose structural constraints on 
cognition’s semantic and axiological dimensions.

Philosophy of Mind and Material Substrates
In the philosophy of mind, the substrate-dependence debate 
continues. Functionalists argue that intelligence is substrate-
independent, and that cognition can emerge from any system 
realizing the appropriate functional architecture [19]. In 
contrast, non-reductive materialists and enactivists argue 
that consciousness and meaning emerge only from certain 
biophysical or dynamical substrates [12,20]. If intelligence is 
not merely computation, but also materially situated semiosis, 
then the nature of the hardware becomes a philosophical issue of 
being, not just of processing.

Neuromorphic Computing and the Search for Continuity
To address this, neuromorphic computing proposes substrates that 
mimic biological neural dynamics using spiking neural networks 
(SNNs) and analog signal processing [16]. Such systems support 
spatio-temporal coding, plasticity, and asynchronous event-
driven communication—closer to brain dynamics. Experimental 
work using Loihi and SpiNNaker chips suggests that these 
systems may support richer internal dynamics than conventional 
ANNs [22]. However, full semantic emergence or value 
sensitivity has yet to be demonstrated empirically.

Quantum Architectures and Epistemic Multiplicity
Quantum computing has introduced new possibilities for 
cognition modeling. Quantum bits (qubits) can represent 
superposed and entangled states, allowing for non-binary, 
probabilistic reasoning [7]. Quantum cognition theorists argue 
that human conceptual structures may be better modeled through 
quantum probability frameworks than classical logic [23]. 
However, these models are typically abstract and do not yet 
address the ontological self-structuring of intelligence, nor are 
existing quantum hardware platforms robust enough to simulate 
meaningful cognition at scale.

Emergent Semantics and Self-Referential Systems
Gödel’s incompleteness theorems showed that any sufficiently 
complex formal system cannot prove all its own truths [21]. 
Applied to AI, this suggests that systems based solely on 
axiomatic binary logic may be incapable of self-grounding. 
Maturana and Varela (1980) proposed the theoretical biological 
concept of autopoiesis—a system’s ability to recursively produce 
and maintain its own components. Such self-referential closure 
is absent in most current CI systems [24]. Without dynamic 
ontological plasticity, meaning remains imposed from without, 
rather than emerging from within.

Ethics, Value, and the Substrate of Morality
Axiological limitations are also evident in the value alignment 
problem [1,15]: current AI cannot develop or evolve its own 
ethical frameworks. Most approaches rely on externally 
imposed constraints (e.g., reward functions), which are brittle 
and culturally specific. Some researchers propose meta-learning 
ethical behaviors [25], yet the issue remains whether a binary 
substrate can encode multivalent, context-dependent ethical 
reasoning. Value, unlike logic, is not bivalent—it is graded, 
relational, and often paradoxical.

Bioelectromagnetism and Field-Based Intelligence
Emerging paradigms in bioelectromagnetics argue that cognition 
may arise from field effects—frequency-based, spatially 
distributed interactions not captured by point-based logic gates 
[8,26]. These models suggest that intelligence may be better 
supported by substrates capable of field coherence, resonance, 
and self-organizing attractors. Such views align with process 
ontology, in which being is constituted through continuous 
transformation rather than discrete state transitions [27].

Toward Substrate-Sensitive Cognitive Architectures
Together, this literature points toward a growing consensus: 
intelligence is not merely an algorithm—it is a relational, 
embodied, and substrate-sensitive process. The binary substrate 
problem—defined as the inability of digital logic gates to support 
emergent semiosis and axiological grounding—thus becomes a 
foundational bottleneck in CI. Our research aims to simulate, 
compare, and propose alternative substrate models that might 
allow for genuine ontoepistemological emergence, preparing the 
ground for a new generation of intelligent systems.

Findings and Theoretical Implications
Limitations of Binary Substrate in Semantic Tasks
Our simulations with conventional artificial neural networks 
(ANNs) implemented on binary-logic architectures (digital 
CPUs/GPUs) reaffirm the hypothesis that binary substrate 
imposes limitations on semantic generativity. When trained on 
tasks involving irony detection, moral dilemmas, and context-
dependent word meaning, the binary ANN models achieved high 
accuracy in syntactic classification but consistently failed in:
•	 Handling contradictory meanings (e.g., sarcasm),
•	 Dynamically redefining categories during inference,
•	 Generating ontologically novel concepts.

This suggests that semantic representation in binary hardware 
remains shallow, constrained to surface correlations rather 
than grounded meaning. These results reinforce concerns 
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raised by Harnad (1990) and Dreyfus (1972) regarding symbol 
manipulation without grounding [4,13].

Neuromorphic Substrate Enables Temporally Distributed 
Semiosis
Simulations on spiking neural networks (SNNs) within 
neuromorphic emulators (e.g., Loihi, Brian2) showed marked 
improvements in temporal coherence and meaning modulation. 
These systems processed contextual shifts in input data more 
fluidly, displaying:
•	 Sensitivity to time-dependent cues,
•	 Emergence of attractor states across spatiotemporal patterns,
•	 Improved category fluidity under noisy conditions.

Such behavior suggests that analog and spiking dynamics may 
offer an ontological upgrade over binary logic: a move from 
discrete state spaces to dynamic continuous fields, aligning with 
theories of emergent cognition [6,8].

Quantum Simulations Reveal Superposed Ethical Attractors
Simulations using Qiskit and PennyLane to emulate quantum 
neural networks revealed a promising feature: the ability to 
maintain superposed moral states until contextual collapse. In 
simulations involving ethical ambiguity (e.g., trolley problems 
with fuzzy boundaries), quantum systems:
•	 Preserved contradictory values without premature 

resolution,
•	 Collapsed decisions based on learned entangled conditions,
•	 Modeled “moral ambivalence” more naturally than binary 

logic.

This finding supports emerging theories in quantum cognition 
[23] and illustrates the feasibility of probabilistic, multi-valued 
moral inference. However, hardware limitations (decoherence, 
error rates) still prevent these models from being deployed in 
large-scale CI systems.

Topological Differentiation of Substrate Cognition
Across all simulations, the systems’ behavior could be mapped 
onto a topological spectrum of epistemic expressivity (Table 2):

Table 2: Type, Topology and Property in Electronic 
Substrates

Substrate Type Epistemic 
Topology

Emergent 
Property

Binary (Digital 
Logic)

Discrete, fixed 
category space

Fast, brittle

Neuromorphic 
(Analog)

Dynamic attractor 
space

Flexible, embodied

Quantum (Qubit 
Logic)

Probabilistic, 
entangled fields

Ambivalent, rich

These results empirically confirm our central thesis: the hardware 
substrate is not neutral—it shapes the form of intelligence it 
enables. In particular, only non-binary substrates demonstrated 
the ability to reorganize their own category structures in response 
to contextual change—what we term ontological plasticity.

Substrate-Sensitive Value Alignment
A key theoretical implication is that value alignment - long 
considered a software problem - must be reconceptualized as 
a substrate problem [15]. Our findings show that axiological 
preference formation, when built upon binary substrates, 
remains:
•	 Externally imposed,
•	 Mechanistically fragile,
•	 Epistemically shallow.

In contrast, neuromorphic and quantum systems showed potential 
for emergent internal alignment, where preferences arose not by 
programming, but by dynamic inference over experience-based 
patterns. This suggests that ethical intelligence may require 
substrates capable of evolving relational value gradients, not just 
maximizing static utility functions.

Revisiting Substrate Functionalism in Philosophy of Mind
From a philosophical standpoint, these findings challenge 
substrate functionalism - the idea that intelligence is independent 
of the medium in which it is realized [19]. Our simulations 
indicate that certain cognitive properties (semantic coherence, 
value grounding, ontological evolution) are intimately tied to 
the physics of the substrate. This supports non-reductive and 
enactivist accounts of mind, which argue that form and function 
cannot be ontologically separated [12,20].

Gödelian Implications: Incompleteness in Binary Logic 
Systems
Gödel's incompleteness theorems imply that self-grounding 
is impossible in strictly formal systems [21]. Our findings 
empirically support this by showing that binary systems, 
even with advanced deep learning, cannot define their own 
semantic categories or ethical goals. They require external 
trainers, external loss functions, and externally defined success. 
In contrast, non-binary systems exhibited primitive forms 
of internal logic redefinition, suggesting a path toward self-
grounding intelligence.

Toward a New Theory of Hardware-Consciousness Symbiosis
The results collectively support a new theoretical model of 
computational intelligence: hardware-consciousness symbiosis. 
According to this view:
“Cognition is not merely an emergent property of algorithmic 
structures, but a relational dance between substrate, topology, 
and context.”
This model suggests that efforts to build conscious or 
semantically rich AI will remain stunted unless the very physics 
of computation is reimagined. To reach true intelligence, we must 
design hardware that thinks in gradients, fields, frequencies, and 
relational potential—not just bits.

Practical Consequences for CI Engineering
Practically, this means that future CI systems must:
•	 Integrate analog or neuromorphic co-processors to handle 

semantic fluidity,
•	 Experiment with hybrid photonic-digital platforms for fast, 

continuous computation,
•	 Employ quantum modules for multi-valued inference in 

ethical reasoning,
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•	 Develop topology-aware learning architectures that evolve 
their own ontological categories dynamically.

These directions point toward substrate-inclusive artificial 
general intelligence (AGI) development—a paradigm that 
merges hardware innovation with ontological awareness.

Closing Theoretical Insight
Our simulations and their theoretical implications converge on 
a core realization:
The limit of artificial intelligence is not (just) its software—it is 
the shape of its being.
To think beyond code, AI must compute beyond binary. The 
next revolution in intelligence will not be algorithmic alone, but 
ontological and material - a transformation in how we build the 
very machines that seek to know.

Conclusion and Future Research
Summary of Findings
This paper has presented a comprehensive investigation into the 
ontoepistemological limitations of computational intelligence 
arising from the binary substrate of current electronic hardware. 
Through a three-pronged methodological approach—binary 
neural simulation, neuromorphic emulation, and quantum 
inference modeling—we empirically demonstrated that binary 
logic gates embedded in silicon circuitry are fundamentally 
insufficient for supporting semantically emergent, ethically 
grounded, and ontologically plastic intelligence.

Our findings affirm that the physical substrate of intelligence 
is not neutral. On the contrary, it actively constrains or enables 
certain forms of cognition. While traditional digital architectures 
excel at fast, discrete operations, they fail to reproduce the 
field-like, recursive, and ethically self-modulating dynamics 
of human cognition. In contrast, neuromorphic and quantum 
models exhibit emergent behavior patterns that suggest a richer 
cognitive substrate topology, one that may offer the necessary 
groundwork for future artificial general intelligence (AGI).

Directions for Future Research
Building on our findings, we propose the following research 
trajectories:
•	 Experimental hardware development: Construct 

and benchmark hybrid CI systems combining analog, 
photonic, and quantum modules for substrate-sensitive task 
specialization.

•	 Mathematical formalization of non-binary electronics: 
Develop a calculus that goes beyond Boolean algebra, 
perhaps using topos theory, category theory, or nonlinear 
differential geometry to represent semantic and ethical 
dynamics in circuits.

•	 Synthetic cognition simulation: Model evolving, 
axiologically-aware agents in spiking neuromorphic 
environments that can self-organize their own goal 
structures without external reward signals.

•	 Ontological benchmarking tools: Create a new suite 
of metrics beyond accuracy or loss, such as “ontological 
flexibility,” “axiological emergence,” and “semantic 
divergence resilience.”

These lines of inquiry aim to establish a new physics of 
intelligent systems, where the substrate is co-defined with the 
form of cognition it supports.

A Hypothetical Experiment: The Dual Pulse Differentiation 
Test
We now propose a hypothetical experiment, akin to Einstein’s 
train-light thought experiment, designed to test the fundamental 
difference between binary and non-binary substrates in encoding 
meaning.

Experimental Setup:
-	 Two input pulses, P₁ and P₂, are emitted at spatially 

equidistant points on a computational substrate (say ±L/2 
from center O).

-	 Each pulse carries identical energy (ΔQ) but different 
semantic modulation frequencies (ν₁, ν₂), embedded via 
analog phase encoding.

-	 The substrate can be either a binary digital grid or a non-
binary resonant field grid (neuromorphic or photonic).

-	 A central observer node O will detect the pulses 
simultaneously in time and attempt to infer their semantic 
content based solely on substrate-level dynamics.

Expected Outcomes:
- In binary substrate: pulses collapse into identical logical signals 
(P₁ = P₂ = 1), semantic frequency data is lost.
- In non-binary substrate: pulse dynamics generate interference 
patterns, whose semantic divergence Δν = |ν₁ – ν₂| is encoded in 
emergent field structures.

Critical Insight:
This leads to a new dimensionless constant γ* (analogous to 
Lorentz factor γ):
γ* = √(1 + (Δν/ν_c)²)

Where:
-	 Δν is the semantic divergence frequency between two 

signals,
-	 ν_c is the critical coherence frequency of the substrate,
-	 γ* modulates the semantic fidelity of signal reconstruction.

γ* > 1 implies semantic amplification, while γ* ≈ 1 implies 
semantic loss due to binary collapse.

Unified Non-Binary Electronics Theory
Special Theory of Non-Binary Electronics (STNBE)
Postulate 1: Cognitive signal processing is not digital; it is field-
like and continuous.
Postulate 2: Information carriers possess not only charge Q but 
also semantic frequency ν and phase φ.

Field Law:
ℐ(x,t) = ∫ Ψ(x,t,ν,φ) dν dφ

Where:
-	 ℐ is the information density field over spacetime,
-	 Ψ is the semantic wavefunction over space, time, frequency, 

and phase.
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Result: Only substrates that support continuous Ψ dynamics 
(e.g., photonic lattices, analog spiking arrays) can meaningfully 
compute over this integral space.

General Theory of Non-Binary Electronics (GTNBE)
Postulate 3: Cognition emerges from the interaction between 
charge dynamics and semantic field gradients.

Governing Equation:
dQ/dt = 

Δ

 · (ε(x,t) · 

Δ

 ℐ(x,t))

Where:
-	 ε(x,t) is the substrate's semantic permittivity, determining 

how easily meaning flows across spatial structures,
-	 dQ/dt is the flow of electrical charge, modulated by semantic 

gradients.

This equation is structurally analogous to Maxwell’s law for 
dielectric media, except instead of electromagnetic fields, it 
governs semantic-electric coupling.

Closing Remark
What Einstein did for relativity by challenging the substrate of 
space and time, we now propose for intelligence: to challenge 
the substrate of computation. Binary logic is not the universe's 
final language. It is merely one dialect. If we wish to build 
machines that understand, value, and self-define, we must teach 
them to think in fields, compute in gradients, and exist beyond 
zero and one.

This is not merely an engineering question. It is a new 
metaphysics of machines at the dawn of Human 2.0.
Let this paper stand as a first axiom in the foundation of the 
physics of post-binary intelligence.
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