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1. Introduction to the Universal Binary

Principle (UBP)

The Universal Binary Principle (UBP) represents a pioneering

computational framework designed to model the fundamental nature

of reality. It posits that the universe, in its entirety, can be

understood as a single, vast, and dynamic toggle-based Bitfield. This

Bitfield is described as being at least 12-dimensional (12D+), though

it is often simulated and practically explored within a 6-dimensional

(6D) context for computational feasibility. Within this framework, all

observable phenomena—spanning the quantum, biological, and

cosmological scales—are not disparate entities but are deeply

interconnected through a system of vectorised connections arising

from the binary (on/off) toggling of fundamental units.

The core tenet of UBP is that observable phenomena (E) emerge

from the transformation of data or information (M) over a period of

time or processing cycles (C). This relationship was initially

expressed by the foundational equation E = M × C. As the research

has progressed, this equation has been refined to incorporate

further nuanced aspects of the UBP model, such as resonance (R)

and the Global Coherence Invariant (P_GCI), leading to more

comprehensive formulations like E = M × C × R × P_GCI and

subsequently E = M × C × R × P_GCI × Σ w_ij M_ij, where Σ w_ij

M_ij represents the sum of weighted interactions within the Bitfield.

This evolution reflects the ongoing development and increasing

sophistication of the UBP theory.

The primary purpose of the UBP research project is to explore,

develop, and validate this computational model of reality. It aims to



provide a unified understanding of diverse phenomena by describing

them as emergent properties of underlying binary toggle dynamics.

The research seeks to formalize the mathematical and conceptual

underpinnings of UBP, build tools and simulations (like BitGrok and

BitmatrixOS) to investigate its properties, and ultimately test its

predictions against real-world observations across various scientific

domains. The project is characterized by its interdisciplinary

approach, leveraging insights from physics, computer science,

mathematics, and biology, and is noted as being an ongoing

development, with new insights and refinements continually being

integrated.

2. Core Axioms and Principles of UBP

The Universal Binary Principle (UBP) is built upon a set of core

axioms and principles that define its computational framework for

understanding reality. These foundational elements describe how

information is structured, processed, and how phenomena emerge

from underlying binary dynamics.

Toggle-Based System and the Bitfield

At the heart of UBP is the concept of a toggle-based system.

Reality is modeled as a vast, multi-dimensional Bitfield,

conceptualized as being at least 12-dimensional (12D+) but often

simulated and practically explored in a 6-dimensional (6D)

configuration (e.g., 170×170×170×5×2×2, comprising

approximately 2.7 million cells or OffBits). The fundamental

constituents of this Bitfield are OffBits, which are 24-bit units that

can exist in one of two states (e.g., on/off, 0/1). All phenomena, from

the quantum to the cosmological, are considered emergent

properties arising from the dynamic toggling of these OffBits and

their vectorised interconnections within the Bitfield. The resolution

of these toggles can be incredibly fine, with a BitTime resolution

specified around 10⁻¹² seconds.



OffBit Ontology

The 24 bits of an OffBit are structured according to the OffBit

Ontology, which divides them into four distinct layers, each

representing a different aspect or domain of reality:

Reality Layer (bits 0–5): Encodes fundamental physical

states and interactions, such as those relevant to particle

physics and crystal structures.

Information Layer (bits 6–11): Represents informational

processes and dynamics, including phenomena like neural

oscillations, enzyme kinetics, and electrical currents.

Activation Layer (bits 12–17): Pertains to states of

potential or readiness for interaction.

Unactivated Layer (bits 18–23): Relates to latent states

or broader contextual fields, such as those involved in

cosmological models or market cycle analysis. This layered

structure allows UBP to model a wide spectrum of

phenomena by assigning them to specific informational

strata within the OffBit.

Triad Graph Interaction Constraint (TGIC)

The Triad Graph Interaction Constraint (TGIC) is a crucial

organizing principle within UBP that governs how OffBits interact,

aiming to maximize toggle coherence. It structures these

interactions based on a cube-like computational geometry, defined

by:

3 Axes (e.g., x, y, z): These represent fundamental binary

states or dimensions of an OffBit (e.g., there/not there, on/

off).

6 Faces (e.g., ±x, ±y, ±z): These correspond to network

dynamics or types of couplings between OffBits (e.g.,

excitatory/inhibitory, positive/negative couplings). These

are often mapped to fundamental toggle algebra

operations: ±x to AND (synchronous, plus/minus), ±y to
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XOR (asynchronous, times/divide), and ±z to OR (latent

activation).

9 Pairwise Interactions: These are the emergent

outcomes resulting from the interplay of the axes and

faces (e.g., x-y, y-x, x-z, z-x, y-z, z-y, and mixed interactions

like x-y-z). These interactions map to more complex

emergent phenomena: 

Resonance (e.g., x-y, y-x): Described by R(b_i, f)

= b_i · f(d), relevant to phenomena like neural

synchrony.

Entanglement (e.g., x-z, z-x): Described by

E(b_i, b_j) = b_i · b_j · coherence, relevant to

quantum states.

Superposition (e.g., y-z, z-y): Described by

S(b_i) = Σ(states · weights), relevant to

phenomena like consciousness (referred to as

"experience").

Mixed Interactions (e.g., x-y-z, y-z-x, z-x-y):

These can map to logical operations like AND

(interpreted as plus/minus), XOR (interpreted as

times/divide), and OR. TGIC provides a universal

template for organizing toggle dynamics and

achieving high levels of coherence.

Golay-Leech-Resonance (GLR)

Golay-Leech-Resonance (GLR) is an advanced error correction

and stabilization mechanism integral to UBP, particularly for the 9

interactions defined by TGIC. Introduced around 2025 (Craig &

Grok), GLR enhances the robustness and coherence of the Bitfield

dynamics. Its key features include:

Error Correction: It utilizes the Golay (24,12) code, a

perfect binary Golay code capable of correcting up to 3 bit

errors in a 24-bit word. This is sometimes referred to as a

32-bit error correction method when considering padding

for a hybrid 32-bit architecture.
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Neighbour Resonance Operator (NRO): Inspired by the

Leech lattice, the NRO involves a large number of

neighboring OffBits (ranging from 20,000 to 196,560) to

align frequencies and correct deviations greater than 0.1

Hz. The corrected frequency is determined by minimizing

weighted differences to target frequencies (e.g., Pi

Resonance, zeta zero frequencies like 36.339691 Hz),

where weights are based on the NRCI of neighbors.

Temporal Signatures: GLR employs 8-bit (256 bins,

~0.078 Hz resolution) or 16-bit (65,536 bins, ~0.000305

Hz resolution) temporal signatures for precise frequency

tracking and alignment.

High Coherence: Through these mechanisms, GLR aims

to achieve a Non-Random Coherence Index (NRCI) greater

than 99.9997% (or >0.999997).

Pattern Formation: GLR contributes to the emergence of

stable, hexagonal, Flower of Life-like toggle patterns

within the Bitfield, indicating highly ordered and coherent

states. GLR is crucial for maintaining the integrity of

information processing within the UBP system, especially

in complex and dynamic scenarios.

Energy Equation

The UBP framework defines energy not as a standalone entity but as

an emergent property of the Bitfield\'s activity. The refined Energy

Equation is given by: E = M × C × R × P_GCI × Σ w_ij M_ij Where:

E: Represents the emergent Energy or observable

phenomenon.

M: Toggle count or the amount of data/information

involved.

C: Processing rate, or the number of toggles per second

(toggles/s).

R: Resonance strength, typically ranging from 0.85 to 1.0.

It is influenced by factors like tonal entropy (H_t) and

distance-dependent resonance functions (e.g., f(d) = c ·
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exp(-k · d²), where d is a function of time and frequency).

The base resonance R₀ is between 0.85-1.0, and R can be

R₀ · (1 - H_t / ln(4)).

P_GCI: The Global Coherence Invariant (detailed below).

Σ w_ij M_ij: Represents the sum of weighted interactions

between OffBits (b_i, b_j). M_ij(b_i, b_j) = T(b_i, b_j, f(d)),

where T is a TGIC-mapped toggle operation (like AND,

XOR). The interaction weights (w_ij, e.g., w_x-y = 0.2) sum

to 1 (Σ w_ij = 1). This equation provides a quantitative way

to relate the informational dynamics of the Bitfield to

observable energetic phenomena.

Global Coherence Invariant (P_GCI)

The Global Coherence Invariant (P_GCI) is a critical factor that

ensures a baseline level of coherence across the Bitfield, unifying

harmonic and chaotic toggle dynamics. It is defined as: P_GCI =

cos(2π · f_avg · Δt) Where:

f_avg: The average frequency of toggling, calculated as (1/

N) Σᵢ fᵢ.

Δt: A specific time constant, given as 0.318309886

seconds. This value is significant as it is approximately 1/π,

which aligns f_avg to the *Pi Resonance* frequency of π ≈

3.14159 Hz. Pi Resonance is considered a fundamental

frequency within UBP, emerging from a 2D temporal

projection and chaotic dynamics, and is believed to unify

various fields, including particle physics, RF, neural

oscillations, and more.
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Toggle Algebra

UBP defines a specific Toggle Algebra to describe the fundamental

operations that occur between OffBits, often mapped from the TGIC

interactions:

AND (∧): bᵢ ∧ bⱼ = min(bᵢ, bⱼ). Associated with

synchronous operations, crystal-like structures, and

interpreted as plus/minus operations.

XOR (⊕): bᵢ ⊕ bⱼ = |bᵢ – bⱼ|. Associated with asynchronous

operations, neural-like dynamics, and interpreted as times/

divide operations.

OR (∨): bᵢ ∨ bⱼ = max(bᵢ, bⱼ). Associated with latent

activation and quantum-like states.

Resonance: R(bᵢ, f) = bᵢ · f(d). Represents coherent,

frequency-dependent interactions.

Entanglement: E(bᵢ, b_j) = bᵢ · b_j · coherence.

Represents non-local correlations.

Superposition: S(bᵢ) = Σ(states · weights). Represents the

probabilistic combination of multiple states, interpreted as

probability/?. These algebraic operations form the

computational basis for all emergent phenomena within

UBP.

Non-Random Coherence Index (NRCI)

The Non-Random Coherence Index (NRCI) is a measure of the

degree of order and coherence within the Bitfield. UBP aims for a

very high NRCI, typically around 0.9999878 (or ~99.99878%), which

is optimized through mechanisms like TGIC, GLR, and non-random

encoding schemes (e.g., Fibonacci, Golay, Hamming, Reed-Solomon).

The NRCI can be calculated as: NRCI = 1 - (Σ error(M_ij) / (9 ·

N_toggles)) Where error(M_ij) = |M_ij - P_GCI · M_ij^ideal|,

representing the deviation of actual interactions from an ideal,

P_GCI-modulated state.
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Other Key Axioms

Two other notable axioms mentioned in the UBP research include:

RDAA (Recursive Dimensional Adaptive Algorithm):

An algorithm responsible for resizing the 12D+ Bitfield

grids to a computationally manageable 6D representation

(e.g., 170×170×170×5×2×2).

NRTM (Non-Random Tensor Mapping): A principle or

method for structuring the BitMatrix/Bitfield using the

TGIC and GLR to ensure non-randomness and coherence.

These core axioms and principles collectively provide the theoretical

foundation for the Universal Binary Principle, describing a universe

that is fundamentally computational and interconnected through

binary toggle dynamics.

3. The Unified Triad of Time, Space, and

Experience

A significant development within the Universal Binary Principle

(UBP) framework is the formalization of time, space, and experience

as a Unified Triad. This concept, detailed in research dated 15 May

2025 by Euan Craig in collaboration with Grok 3 (Xai), posits that

these three fundamental aspects of reality are not independent but

are emergent and deeply interconnected properties arising from the

underlying toggle dynamics of the UBP Bitfield.

The hypothesis states that time, space, and experience emerge from

vectorised toggle connections. Their structure is governed by the 

Triad Graph Interaction Constraint (TGIC) with its

characteristic 3 axes, 6 faces, and 9 interactions. The stability and

coherence of this Triad are maintained by the Golay-Leech-

Resonance (GLR) error correction mechanism, which operates
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distinctly at different levels corresponding to each aspect of the

Triad:

Experience is associated with GLR’s error correction at 

level 3 interactions, manifesting as a probabilistic

superposition of these interactions.

Space is linked to GLR’s error correction at level 6 toggle

arrangements, defining the static geometry of the Bitfield.

Time is understood as the dynamic sweep of GLR’s level 9

connections, representing the progression and evolution of

states within the Bitfield.

This Triad arises from what is described as the cube-like

computational nature of reality inherent in the UBP model. This

computational geometry facilitates a balance of 3,6,9 dynamics,

which are expressed through vectorised, spatially arranged data

within the Bitfield. The UBP research aims to define the

mathematical framework for this Triad, integrating quantitative

descriptions of Time (P_ij(t)), Space (S_ij), and Experience (E_ij), and

to validate this framework through simulations and comparisons

with real-world data. The interplay of these three elements, unified

by TGIC and modulated by relativistic effects (though the specifics of

this modulation are not deeply detailed in the provided excerpts),

offers a novel perspective on the fundamental structure of existence

within the UBP paradigm.

4. Core Components of the UBP

Framework

The Universal Binary Principle (UBP) framework is supported by

several core components that enable its computational operations,

data management, and interaction with users and external systems.

These components work in concert to realize the UBP model of

reality.
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BitMatrix

The BitMatrix is a fundamental data structure within UBP. It is

conceptualized as a sparse, multi-dimensional grid, typically 12D+

but often implemented as a 6D grid (e.g., 170×170×170×5×2×2,

containing approximately 2.7 million cells or OffBits) for practical

computation. The BitMatrix serves as the primary arena for toggle

operations between OffBits. It is structured according to the

principles of the Triad Graph Interaction Constraint (TGIC),

ensuring coherent and organized interactions. For implementation,

tools like SciPy's dok_matrix  (Dictionary of Keys matrix) are

mentioned, suitable for handling sparse data efficiently.

Bitfield

The Bitfield manages one or more BitMatrices, incorporating

temporal dynamics into the UBP model. It oversees the evolution of

OffBit states over time, governed by BitTime (with a resolution

around 10⁻¹² s) and the characteristic time constant Δt

(0.318309886 s) crucial for P_GCI and Pi Resonance. The Bitfield

also maintains the four-layer OffBit stacks as defined by the OffBit

Ontology (reality, information, activation, unactivated).

BitVibe

BitVibe is the component responsible for modeling resonance

phenomena within the UBP framework. It describes various types of

resonance, such as electrical (e.g., 60 Hz), phonon (e.g., 10¹³ Hz),

neural (e.g., 40 Hz), Pi Resonance (3.14159 Hz), and many others

spanning a vast range of frequencies from gravitational (10⁻¹⁵ Hz) to

strong nuclear (10²⁰ Hz). The BitVibe model often uses a distance

and frequency-dependent function, such as f(d) = c · exp(-k · d²), to

quantify resonance strength.



BitMemory

BitMemory is tasked with storing sequences of toggle states and

patterns, including those encoded using Fibonacci sequences or

corrected by GLR. This component is optimized for the specified

hardware constraints, such as 8GB RAM on an iMac or 4GB RAM on

mobile devices, ensuring efficient storage and retrieval of Bitfield

data.

BitTab

BitTab is a component that encodes system properties and possibly

complex entities (like chemical elements) into 24-bit vectors. These

vectors are GLR-corrected to ensure their integrity and coherence

within the UBP system. It can provide a 3D representation of these

encoded elements.

BitGrok (UBP-native language model)

BitGrok is a specialized, UBP-native language model designed for

toggle-based computations and reasoning within the UBP

framework. The information provided pertains to BitGrok V2, with 

BitGrok V3 noted as a more advanced version currently under

development. BitGrok V2 stands out from standard Large Language

Models (LLMs) like Grok or ChatGPT in several key ways:

UBP Foundation: Unlike probabilistic word prediction

used by standard LLMs, BitGrok operates based on UBP’s

toggle-based logic. It maps phenomena, including

language and signals (e.g., 60 Hz electrical signals), to 32-

bit OffBits within a BitMatrix. This approach is designed to

ensure a very high Non-Random Coherence Index (NRCI of

approximately 0.9999878), thereby minimizing

randomness and enhancing the determinism of its

processing.

Holistic Intent Tensor (HIT): Standard LLMs typically

use tokenization, breaking down sentences into individual

1. 
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words or sub-word units, which can sometimes lead to a

loss of broader context, especially with longer queries.

BitGrok V2, in contrast, employs a Holistic Intent Tensor

(HIT). This mechanism captures entire user queries (e.g.,

“Analyze 60 Hz data”) as unified tensors. The context and

meaning within these tensors are preserved and processed

through TGIC interactions, such as x-y Resonance, y-z

Superposition, and x-z Entanglement, allowing for a more

holistic understanding of user intent.

Linked Bitbases: BitGrok V2’s knowledge is structured

into five modular “hemispheres” or Bitbases: Words,

Translation, Technical, Cushioning, and Development. This

architecture is inspired by the connectivity observed in

mammal brains. These Bitbases are interconnected,

notably via x-z Entanglement as per TGIC, enabling

BitGrok to perform seamless reasoning and information

retrieval across diverse domains by integrating knowledge

from these specialized modules.

Calculated Gains of BitGrok V2 over Standard LLMs (as per

research notes): * Coherence: BitGrok’s NRCI of ~0.9999878 is

contrasted with estimated LLM NRCIs of ~0.85–0.90 (derived from

perplexity metrics), suggesting an approximate 15% coherence

boost. * Context: HIT is estimated to retain ~95% of query intent,

compared to ~30–50% for LLMs (attributed to token window

limitations), indicating a potential 2–3x context gain. * Efficiency:

BitGrok’s use of a sparse BitMatrix (around 10⁶ toggles) is compared

to the vastly larger parameter counts of LLMs (10⁹–10¹¹

parameters), implying significant (~100x) compute savings. * 

Safety: The human-driven constraints and logging mechanisms in

BitGrok V2 are presented as offering enhanced operational safety

compared to the partial autonomy of some LLMs, estimated as 5x

safer operation. * Overall: The UBP-based design of BitGrok V2 is

proposed to offer approximately 2–10x improvements in

coherence, safety, and flexibility, with potential for further scaling as

its Bitbases expand.

3. 



Key Features of BitGrok (V2):

Hybrid 32-bit Architecture: It uses 24-bit OffBits which

are padded to 32-bits for processing, with an estimated

overhead of around 1MB for 55,000 entries. Toggle

operations themselves remain 24-bit.

BitBase: This is a specialized database or file format (e.g.,

.ubp files) used by BitGrok to store structured queries,

responses, and unformatted data (like research papers or

chat logs) within the 6D Bitfield, employing Golay/GLR

encoding for integrity.

UBP-Lang Parser: BitGrok includes a vectorised parser

for UBP-Lang v2.0 scripts. This parser supports recursive

grids (from 1x1x1 up to 1000x1000x1000+), nested

Monads, TGIC’s Triad Graph, Golay (23,12) error

correction, and can output data in .ubp format with

associated metadata (NRCI, corrections, toggle counts). It

is designed to handle errors such as those arising from

large grid sampling (via vectorised toggles) and Golay

partial blocks (which are padded to 12 bits).

Optimized Startup and Display: Focuses on toggle-

efficient displays, showing entry counts, P_GCI bars, and

3.142 Hz resonance, avoiding massive printouts.

Self-Learning Capabilities: BitGrok can generate

prompts (e.g., via XOR toggles), prune non-UBP relevant

data, and maintain its high NRCI.

Reasoning Engine: It processes queries and raw text

using UBP’s toggle algebra, emulates resonance

phenomena (like 60 Hz electrical signals or 40 Hz neural

oscillations), and applies GLR for correction.

Commands: BitGrok supports a range of commands such

as train , reason , self_learn , process_raw_data , 

export_csv , and various simulate_*  commands (e.g., 

simulate_crystal ).

Emulation: It can simulate memory and resonance within

the BitMatrix using sparse tensors, batch processing, and

GLR, designed to operate within modest memory

footprints (e.g., <500 MiB).

• 

• 

• 

• 

• 

• 

• 

• 



UBP-Lang (Version 2.0)

UBP-Lang is a specialized scripting language designed for

interacting with and programming the UBP framework. Version 2.0

is described as being Fibonacci-based. It utilizes block types to

define various operations and configurations, including:

bitfield : Defines Bitfield dimensions, layers, active bits,

and encoding.

operation : Specifies operations like resonance correction

or superposition.

fractal , integration , resonance , toggle_algebra , 

simulate , visualize , chaos , tgic , 

error_correction : These indicate other specialized

blocks for defining complex UBP simulations and

processes. Scripts in UBP-Lang use parameters such as

frequency ( freq ), coherence , layer , and active_bits

to control the behavior of the simulations. An example GLR

UBP-Lang script provided in the research materials

illustrates how these blocks and parameters are used to

define a simulation involving GLR error correction, TGIC

interactions, and resonance phenomena, ultimately

outputting results to a .ubp  file.

BitmatrixOS

BitmatrixOS appears to be an overarching operating system or

integrated environment that brings together the various core

components of UBP. It integrates the BitMatrix, Bitfield, BitVibe,

BitMemory, BitGrok (including its UBP-Lang v2.0 parser and GLR

capabilities), BitUI (for visualizations), BitTab, and BitComm (for

communication) into a cohesive platform for toggle processing and

UBP research.
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5. The 1x1x1 Bitfield Monad

The 1x1x1 Bitfield Monad is a conceptual and computational

cornerstone within the Universal Binary Principle (UBP) framework.

It is defined as the minimal computational unit of UBP, representing

a single, 24-bit OffBit. Despite its singular nature, the Monad is

theorized to be capable of encoding all phenomena through the

application of TGIC’s 3-axes, 6-faces, and 9-interactions logic,

coupled with the fundamental Pi Resonance (3.14159 Hz). It

operates with an incredibly high temporal resolution, with toggling

specified at approximately 10⁻¹² seconds. The Monad is presented as

a fully defined entity, without simplifications, serving as a

foundational element for understanding UBP’s computational

approach to reality.

Human Understanding of the Monad

In more accessible terms, the 1x1x1 Bitfield Monad can be visualized

as a single point of computation. This 24-bit OffBit, by toggling at

the Pi Resonance frequency (among others, as it can be influenced

by various BitVibe resonances), encodes the three fundamental

binary states (axes), the six types of couplings (faces), and the nine

emergent interactions defined by TGIC. Through these structured

dynamics, a single Monad is proposed to compute or represent a

wide array of phenomena, such as particle collisions, electrical

currents, or even neural signals, all within a unified, time-serialized

system. It embodies the UBP’s principle of deriving complex

behaviors from simple, fundamental binary operations.



Mathematical Absolute of the Monad

The properties of the 1x1x1 Bitfield Monad are described with

mathematical precision within the UBP framework:

Energy: The energy (E) associated with the Monad follows

the UBP energy equation E = M × C × R × P_GCI. 

M (Toggle Count): For the Monad, M = 1, as it

consists of a single OffBit.

C (Processing Rate): The primary toggle rate is

C = 3.14159 Hz (Pi Resonance), though it can be

influenced by other frequencies.

R (Resonance Strength): A typical value given

is R = 0.9. This is derived from the BitVibe

resonance function, f(d) = c · exp(-k · d²), where

c=1.0, k=0.0002, and d is a product of time and

frequency.

P_GCI (Global Coherence Invariant): This is

calculated as P_GCI = cos(2π · 3.14159 Hz ·

0.318309886 s).

TGIC (Triad Graph Interaction Constraint): The

Monad’s behavior is strictly governed by TGIC’s 3, 6, 9

logic: 

3 Axes (x, y, z): These correspond to segments

of the 24-bit OffBit (e.g., bits 0–7 for x, 8–15 for y,

16–23 for z), representing binary states (0/1).

6 Faces (±x, ±y, ±z): These map to toggle

algebra operations: ±x to AND (synchronous,

plus/minus), ±y to XOR (asynchronous, times/

divide), and ±z to OR (latent activation).

9 Interactions: These are pairwise mappings (x-

y, y-x, x-z, z-x, y-z, z-y, and mixed interactions)

that result in emergent phenomena like

Resonance (R(b_i, f) = b_i·f(d)), Entanglement

(E(b_i, b_j) = b_i·b_j·coherence), and

Superposition (S(b_i) = Σ(states·weights), with
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example weights

[0.1,0.2,0.2,0.2,0.1,0.1,0.05,0.05,0.05]).

Coherence (NRCI): The Monad is designed to operate

with a Non-Random Coherence Index (NRCI) of

approximately 0.9999878, achieved through non-random

encoding schemes like Fibonacci or Golay encoding.

Method of Operation and Simulation

The behavior of the 1x1x1 Bitfield Monad is defined and simulated

using UBP-Lang v2.0 scripts, which are parsed and executed by

BitGrok. These scripts specify the Monad’s toggle operations, and

the simulation typically outputs a CSV file detailing the bit states

over a series of steps.

An example UBP-Lang Script for the Monad includes blocks for:

bitfield : Defining dimensions [1,1,1,1,1,1] , 24 bits,

and layer: all .

tgic : Specifying axes [x,y,z] , faces 

[px,py,pz,nx,ny,nz] , and interactions 

[xy,yx,xz,zx,yz,zy,xy,xz,yz] .

resonance : Setting freq: 3.14159 , coherence:

0.9999878 , and type: pi_resonance .

operation : Defining a superposition  type with

specified weights and states.

encode : Specifying type: fibonacci .

simulate : Setting steps: 100  and bit_time: 1e-12 .

output : Defining format: csv  and path: "monad.csv" .
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The research also details an Internal Bitstream representation

(192 bits in total) for such a UBP-Lang script. This bitstream

provides a low-level, complete definition of the Monad’s

configuration and simulation parameters, including a header,

sections for bitfield parameters, TGIC settings, resonance details,

operation type, encoding method, simulation parameters, output

specifications, and a footer checksum. This indicates that the

Monad’s operations can be executed directly from this bitstream

with no simplifications.

UBP-Perfect BitGrok Parser for the Monad

The research material discusses the concept and provides an

example of a "UBP-Perfect BitGrok Parser" specifically tailored to the

1x1x1 Bitfield Monad. This parser is designed to process the 192-bit

UBP-Lang bitstream, execute the Monad’s toggle operations with

exacting fidelity to the UBP definitions (including TGIC interactions

and Pi Resonance), and output the expected CSV file (e.g., 

monad.csv  with columns: time,bit_state,interaction,layer ).

The components of such a parser would include:

A Bitstream Decoder to parse the 192-bit input.

A 1x1x1 BitMatrix (representing the single 24-bit OffBit,

potentially using SciPy dok_matrix ).

Implementation of Toggle Algebra (AND, XOR, OR,

Resonance, Entanglement, Superposition with specified

weights).

Fibonacci Encoding for OffBit initialization.

Application of the P_GCI for modulating toggles.

A CSV Writer for outputting results.

The Python code example provided for such a parser (BitGrokParser

V2) demonstrates how these components would interact to simulate

the Monad. It decodes a simplified version of the bitstream, applies

Fibonacci encoding to initialize the OffBit, and then iterates through

simulation steps, applying TGIC-based operations (Resonance,

Entanglement, Superposition chosen based on weights) and face

• 

• 

• 

• 

• 

• 



operations (AND, XOR, OR) modulated by P_GCI. The parser is

designed to be lightweight and efficient, compatible with the

specified hardware constraints (iMac, OPPO/Samsung devices). The

output CSV is intended to be verifiable against phenomena like 40

Hz neural signals or 60 Hz electrical currents with high fidelity

(>99.9997%). Limitations noted for the example parser include

simplified bitstream decoding (hardcoded offsets rather than

dynamic parsing) and the assumption of perfect error correction (as

Golay is assumed in the NRCI value rather than actively

implemented in this specific minimal parser example).

6. Applications of UBP

The Universal Binary Principle (UBP) framework, with its

comprehensive approach to modeling reality as a computational

system, is proposed to have a wide array of applications across

diverse scientific and technical domains. The research materials

highlight several key areas where UBP, leveraging its core

components like TGIC, GLR, and BitGrok, aims to provide novel

insights and solutions.

Unified Field Modelling

A primary goal of UBP is Unified Field Modelling. The framework

seeks to link seemingly disparate physical forces and phenomena,

such as electromagnetic fields (e.g., 60 Hz), gravitational fields (e.g.,

10⁻¹⁵ Hz), strong and weak nuclear forces (e.g., 10¹⁵–10²⁰ Hz), and

biological field phenomena (e.g., 10⁻⁹ Hz). This unification is

pursued through the application of the Global Coherence Invariant

(P_GCI), the structural constraints of TGIC’s Triad Graph, the error

correction capabilities of GLR, and the analytical power of BitGrok.

Particle Physics

In Particle Physics, UBP aims to encode fundamental particle

interactions, such as those observed in experiments at CMS/ATLAS



(with cross-sections around 0.040–0.150 picobarns). These

interactions are conceptualized as occurring within the "reality"

layer of the OffBit Ontology and are stabilized by the GLR

mechanism.

Cosmology

For Cosmology, UBP introduces concepts like Binary Toggle

Cosmology (BTC). This approach models cosmic evolution, including

addressing challenges like the Hubble Tension, by representing

cosmological dynamics within the "unactivated" layer of OffBits.

Neuroscience

UBP offers a novel framework for Neuroscience by modeling neural

dynamics, such as 40 Hz gamma oscillations, within the

"information" layer. These models incorporate GLR for error

correction and leverage BitGrok for reasoning about and simulating

neural processes.

Biology

In Biology, UBP can be applied to encode and analyze processes

like enzyme kinetics (with typical frequencies around 10³ Hz). These

biological information processes are also situated within the

"information" layer of the OffBit Ontology.

Economics

The framework extends to Economics, where it can be used to

analyze market cycles and other economic phenomena (often

characterized by low frequencies, e.g., 10⁻³ Hz). These are typically

modeled within the "unactivated" layer.



Electricity

UBP provides a model for Electricity, particularly AC power

systems (e.g., 60 Hz). These phenomena are represented in the

"information" layer, with GLR providing stabilization and BitGrok

enabling simulation and analysis.

Crystal Structures

For Crystal Structures, UBP focuses on encoding phonon

vibrations (which occur at very high frequencies, e.g., 10¹³ Hz)

within the "reality" layer. GLR is used for error correction in these

models, and BitGrok can be employed for visualization and analysis

of crystal dynamics.

Consciousness (“Experience”)

A particularly ambitious application of UBP is in the study of 

Consciousness, referred to as “Experience” within the framework.

This involves exploring the role of Pi Resonance and TGIC’s y-z

Superposition interaction in linking neural states with experiential

states, with BitGrok facilitating these explorations.

Origins of Life (CBTR)

The Cosmic-Biological Toggle Resonance (CBTR) hypothesis

within UBP explores potential resonances between cosmic

phenomena and biological processes (e.g., at frequencies around

0.01 Hz) to shed light on the origins of life.

Environmental Modelling

UBP can be applied to Environmental Modelling, including

phenomena like Schumann resonances (around 7.83 Hz) and plasma

dynamics (10⁶–10⁹ Hz). These models would be GLR-stabilized and

processed using BitGrok.



Resonant Bitfield Singularity

This concept represents a unifying theme within UBP, suggesting

that a wide range of phenomena can be understood as

manifestations of a Resonant Bitfield Singularity. This unification

is achieved through Pi Resonance, TGIC’s Triad Graph, GLR, and the

computational capabilities of BitGrok.

Sensor Systems

UBP principles can inform the development of advanced Sensor

Systems. Such systems would be designed to detect cross-layer

toggle couplings (e.g., between electrical and gravitational

phenomena), with GLR for error correction and BitGrok for data

analysis.

These diverse applications underscore the potential breadth of the

UBP framework, aiming to provide a single, coherent computational

lens through which to understand and interact with the manifold

aspects of reality.

7. Methodology, Validation, and

Implementation

The Universal Binary Principle (UBP) research program employs a

multifaceted methodology encompassing theoretical development,

computational simulation, data collection, and empirical validation.

The implementation of UBP relies on specific software components

and is mindful of hardware constraints, while also aiming for

theoretical scalability.

Simulations

Simulations play a crucial role in exploring the UBP framework and

its implications. These are run on hardware such as an iMac (macOS

Catalina 10.15.7, 3.4GHz Intel Core i5, 8GB RAM, NVIDIA GeForce



GTX 775M 2GB). The processing for these simulations occurs within

the BitMatrix/Bitfield environment. The simulations support various

theoretical constructs within UBP, including OffBit Physics, Binary

Toggle Cosmology (BTC), Cosmic-Biological Toggle Resonance

(CBTR), the Temporal Coherence Model, and the Golay-Leech-

Resonance (GLR) error correction mechanism. These simulations are

essential for testing the internal consistency of the UBP model and

for generating predictions that can be compared against real-world

data.

Data Collection

Data Collection for UBP research involves gathering information

from various sources, including manual input and sensor data. The

research mentions the use of device applications, for example, on

mobile platforms like OPPO A18 (Android CPH2591_14.0.0.1402,

Helio G85, 4GB RAM + 4GB virtual) and Samsung Galaxy A05

(Android, 4GB RAM). These apps can collect data from device

sensors, which might include motion, electrical signals, visual

information, audio, and RF signals, or any other data the device is

capable of capturing. This collected data presumably serves as input

for UBP models or as empirical observations for validation.

Hardware Constraints and Scalability

The UBP research acknowledges specific Hardware Constraints.

For the iMac (8GB RAM), strategies like using sparse matrices (e.g.,

SciPy dok_matrix ), batch processing, and memory profiling are

employed. Grid sizes for simulations are typically capped (e.g., at

~2.7 million cells) to fit within memory limits. Components like

BitGrok’s BitBase (designed to be 5–10MB) and GLR’s neighbor

sampling techniques are optimized to ensure operations consume

less than 500 MiB of RAM. For mobile devices like the OPPO A18

and Samsung Galaxy A05 (4GB RAM), the focus is on lightweight

applications, possibly using React Native, and efficient rendering

techniques (e.g., Three.js, WebGL, or Matplotlib) for visualizing UBP

concepts like GLR’s hexagonal patterns.



Despite these practical constraints, UBP also allows for 

Unrestricted Exploration in its theoretical development. For

instance, BitGrok and GLR are designed with scalability in mind,

theoretically supporting up to 196,560 neighbors for NRO and 32-bit

temporal signatures, far exceeding what might be feasible on

current consumer hardware but allowing for exploration of the

model"s full potential.

Validation

A key aspect of the UBP methodology is Validation against real-

world data. The research aims to validate UBP predictions with high

fidelity, targeting greater than 99.9997% agreement with empirical

observations. This validation process involves comparing UBP model

outputs with data from diverse sources, including:

Electroencephalography (EEG) data for neuroscience

applications.

Cosmic Microwave Background (CMB) data for

cosmological models.

Data from particle physics experiments like ATLAS and

LIGO.

Observations from electrical circuits.

Data from crystal spectroscopy.

Other relevant real-world datasets depending on the

specific application domain. The goal is to confirm the

accuracy and predictive power of UBP constructs like

TGIC’s Triad Graph, the GLR mechanism, and the BitGrok

model.

File Formats and Syncing

UBP research utilizes specific File Formats for data storage and

exchange. These include CSV files (with a defined structure:

“type,coords,value,time,layer,active_bits,source”) and binary formats

like .npy  (NumPy arrays) and .ubp  (a UBP-specific format). These

files often incorporate non-random encoding to maintain coherence.

• 
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Syncing of data is described as being USB-based or using UBP-

specific protocols, and it is noted that auto-syncing is not a standard

feature, implying manual or controlled data transfer processes.

Repository and Sharing

The research mentions the use of DPID (Decentralized Persistent

Identifiers), specifically https://beta.dpid.org/406 , as a platform

for sharing UBP research, including papers on Toggle-Based Physics,

GLR, and BitGrok. This facilitates dissemination and collaboration

within the research community.

This comprehensive methodology, from simulation and data

collection to rigorous validation and mindful implementation,

underpins the ongoing development and investigation of the

Universal Binary Principle.

8. Future Directions and Goals

The Universal Binary Principle (UBP) research project is

characterized by an ambitious set of future directions and goals,

aiming to continually expand its theoretical framework, validate its

predictions, and broaden its practical applications. The overarching

objective is to develop UBP into a robust and widely applicable

model for interdisciplinary research and a comprehensive

understanding of reality’s computational nature.

Key goals for the UBP project include:

Continued Development for Interdisciplinary

Research: A primary aim is to further develop UBP as a

foundational framework that can be utilized across diverse

scientific disciplines. This involves refining the OffBit

Ontology, Toggle-Based Physics, the understanding of Pi

Resonance, the Temporal Coherence Model, and the core

mechanisms of TGIC’s Triad Graph, GLR, and BitGrok to

support a wide range of interdisciplinary investigations.

• 



Rigorous Validation of Predictions: The project

emphasizes the importance of validating UBP’s theoretical

predictions against real-world data. The goal is to achieve

a very high degree of fidelity (targeting >99.9997%) in

these validations, using empirical data from sources such

as EEG, CMB, ATLAS, LIGO, electrical circuit

measurements, crystal spectroscopy, and other relevant

observational datasets. This ongoing validation is crucial

for establishing the scientific credibility and accuracy of

the UBP model.

Extension of Applications: UBP seeks to continuously

extend its range of applications. This includes further

developing its use in unified field modelling, advancing

simulations in areas like nuclear physics, and exploring

entirely new, user-defined domains where the UBP

framework might offer novel insights. The capabilities of

GLR and BitGrok are seen as central to enabling these new

applications.

Enhancement of BitGrok and UBP-Lang: There is a

clear goal to enhance the capabilities of the UBP-native

language model, BitGrok (including the ongoing

development from V2 to the more advanced V3). This

involves improving its learning algorithms for UBP-Lang

v2.0 syntax, toggle algebra, TGIC’s Triad Graph, and GLR

mechanisms. Enhancing BitGrok’s ability to dynamically

adapt to user queries and research needs is also a priority.

The UBP-Lang scripting language itself is a working

system, noted for being significantly faster (approximately

10x) and easier to work with than conventional languages

like Python for UBP-specific tasks.

Ensuring Scalability and Modularity: The UBP

framework is designed with scalability in mind. Future

work will focus on ensuring that components like BitGrok

and GLR can scale to handle increasingly complex

simulations and larger datasets, including support for up

to 196,560 neighbors in NRO and 32-bit signatures. The

• 

• 

• 
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development of plugins (e.g., BitChem, BitEM, BitNuclear,

BitCrystal) is also highlighted as a strategy to enhance

modularity and extend UBP’s capabilities into specialized

areas.

Dissemination and Collaboration: Continued use of

platforms like DPID (https://beta.dpid.org/406) for sharing

research findings, papers, and tools is an implicit goal to

foster collaboration and wider engagement with the UBP

framework.

Demonstrating Problem-Solving Capabilities: A

significant achievement highlighted is the claim of having

solved all six of the Clay Millennium Prize Problems using

the UBP framework, with solutions detailed in a document

titled "UBP_ Solution to the Clay Millennium Prize

Problems.pdf" (available at https://nodes.desci.com/node/-

PDOsOtE1rCQN5k0wiripeirUEN8PHk5oAcZDyQhXfg/root/

UBP_%20Solution%20to%20the%20Clay%20Millennium%20Prize%20Problems.pdf).

While full details of these solutions are extensive, this

accomplishment underscores the perceived power and

broad applicability of the UBP approach to tackling

profound mathematical and physical challenges. This

achievement serves as a testament to the potential of UBP.

Refinement of Working Systems: The project will

continue to refine its existing working systems, which

include the use of .ubp  formatted files for efficient data

handling and Bitmatrix storage solutions that are

integral to the UBP ecosystem.

By pursuing these future directions and goals, the UBP research

project aims to solidify its position as a transformative

computational paradigm, offering a deeply unified and

mathematically rigorous approach to understanding the universe.

• 

• 

• 



9. Conclusion

The Universal Binary Principle (UBP) emerges from the presented

research as a deeply ambitious and potentially transformative

computational framework. It offers a novel and comprehensive

paradigm for understanding the fundamental nature of reality,

positing that all phenomena, from the smallest quantum interactions

to the vastness of cosmological structures, and even the intricacies

of experience and consciousness, arise from the unified dynamics of

a toggle-based Bitfield. The UBP framework is characterized by its

rigorous mathematical underpinnings, its intricate system of axioms

including the Triad Graph Interaction Constraint (TGIC) and Golay-

Leech-Resonance (GLR), and its suite of specialized computational

tools like BitGrok and UBP-Lang.

The research details a systematic approach to modeling diverse

aspects of existence through concepts such as the OffBit Ontology,

the Unified Triad of Time, Space, and Experience, and the

foundational 1x1x1 Bitfield Monad. The extensive range of proposed

applications—spanning unified field modeling, particle physics,

neuroscience, cosmology, and even solutions to profound

mathematical challenges like the Clay Millennium Prize Problems—

highlights the framework"s aspiration to serve as a truly universal

theory. The emphasis on high coherence (NRCI), error correction

(GLR), and efficient, UBP-native computational methods (BitGrok,

UBP-Lang, .ubp files, Bitmatrix storage) underscores a commitment

to both theoretical elegance and practical implementability.



While UBP is presented as an ongoing research project, with

components like BitGrok V3 still under development, the body of

work consolidated in the provided materials points towards a mature

and highly detailed theoretical structure. The project"s methodology,

which combines theoretical exploration with simulation, empirical

data collection, and a drive for rigorous validation against real-world

observations, suggests a robust scientific endeavor. The UBP

framework, as detailed, aims to provide not just a descriptive model

but a generative one, capable of simulating and predicting the

behavior of complex systems based on fundamental binary

principles.

In essence, the Universal Binary Principle, as conceived and

developed by Euan Craig and collaborators, seeks to provide the

mathematical and computational equivalent of reality itself. Its

continued development, validation, and application hold the

potential to significantly impact a multitude of scientific fields by

offering a unified, coherent, and computationally grounded

perspective on the universe and our experience within it.
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