Quaternionic Delta Encoding on Golden
Strassen-Clifford Toroids:

Wave Collision and Sub-Cubic Matrix Optimization in
the SHD-CCP 64-bit Protocol

BioChain Al - SHD-CCP Architecture Research

Abstract

This paper advances the Symmetrical Hyperbolic Differential - Continuous Cyclic Projection (SHD-CCP)
framework by formally introducing the Golden Strassen-Clifford Toroid as the primary 4D topological
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manifold for data stream projection. While our previous research established hyperbolic S L("- “]
projections and 720:1 cyclic symmetry folding, representing continuous evolution in negatively curved
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lattice's
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space still incurs matrix-multiplication overhead. To resolve this, we map the
Quaternionic Delta Encoding (&q) directly onto a generalized Clifford Torus embedded in

parameterized by the Golden Ratio (E't' ). We demonstrate how this specific manifold natively supports
the Fokker-Planck prime sieve by inducing wave collisions that form stable Solitons at prime quadrances.
Furthermore, by structuring the encoding to leverage Strassen-like sub-cubic tensor multiplications, we
optimize the continuous procedural generation for high-throughput tensor hardware.

1 Introduction
The progression of the SHD-CCP protocol has systematically moved from discrete Euclidean lattices

(Paper 1: The Triple Quad 4dx4x4 System) to continuous, group-theoretic symmetry folding (Paper
2: Topological Symmetry Folding and Hyperbolic Projection). We established that storing the absolute
spatial coordinates of a continuously evolving, branching system is computationally prohibitive,
necessitating the shift to tracking only transformational changes: Quaternionic Delta Encoding.

However, unconstrained hyperbolic branching eventually saturates available phase space unless
mathematically folded. The "Rule of 3" and the 720:1 spinor cycle successfully constrain the temporal
dimension, but the spatial projection requires an optimal bounding manifold.

We propose the Golden Strassen-Clifford Toroid, a complex 4D surface that natively houses unit
quaternions and scales according to Fibonacci ratios. By constraining the delta quaternions to this
specific manifold, the probability currents of the Fokker-Planck sieve naturally collide, forming geometric
Solitons that the system crystallizes into the Codex.

2 Topology of the Golden Clifford Toroid
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A standard Clifford Torus is a flat, two-dimensional torus embedded within the 3-sphere (“1j ) residing in

4 —
four-dimensional Euclidean space (R ). Because unit quaternions ( |(j - ) inherently describe the

{;H

surface of , the Clifford Torus provides the perfect native geometry for quaternionic data streams.

2.1 Parametric Definition with ¢
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A general Clifford torusin ~~  with coordinates (‘E Yy, z,w)

is defined by:
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where T'1 + 73 ]‘.

In the SHD-CCP framework, lattice branching is governed by Fibonacci scaling ratios. We therefore
define the Golden Clifford Toroid by establishing the ratio of the radii as the Golden Ratio,

¢ ~ 1.61803
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Given ¢ ¢+1 , we solve for the squared radii:
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This creates an asymmetric, irrational toroidal manifold where data streams wrapping around the minor
and major axes never perfectly close a loop, resulting in a dense, non-repeating, ergodic covering of the
torus—unless the streams intersect at a resonance node (a Prime Quadrance).

3 Quaternionic Delta Encoding (27) on the Toroid

The 64-bit Einstein Tile acts as the substrate for a given state 9n  Rather than calculating the absolute

geometry of Qn+1 , the system computes the transformation operator &q” :

Gn+1 — &q:?, " n

3.1 Mapping to the Toroidal Surface
0

Any unit quaternion can be mapped to the Golden Clifford Toroid using two phase angles, 0, and
representing the independent data streams derived from the Rule of 3 3-cycle:

q(61,05) = (rycosby) + (r1sinby )i + (rocosbs)j + (rosinfy )k



The Delta Encoding ‘&q simply applies a differential phase shift:

&q _ EE.":'I.E] ] Ej.lﬂ_

13
Because multiplication of unit quaternions represents rotationin =, applying &{} keeps the state

13
strictly bound to the surface of the S sphere, entirely eliminating floating-point drift associated with

Euclidean affine matrices.

4 Geodesic Flow, Wave Collision, and Golden Solitons

In our foundational paper, we introduced a Fokker-Planck (FP) equation describing a probability wave
navigating the lattice. On the Euclidean lattice, this required tracking complex diffusion tensors.

On the Golden Clifford Toroid, the probability wave follows the Geodesic Flow.

! —
Because the ratio of the two rotational frequencies (r1 /T2 ® ) is irrational, the trajectory of a

continuous data stream will wrap around the torus infinitely without intersecting itself. However, the
system utilizes three nested data streams.

4.1 Soliton Generation via the Prime Sieve

When the Fokker-Planck probability current is constrained by the Triple Quad Formula (TQF) acting as
the Drift Vector, multiple data streams flow simultaneously over the toroid.

A Soliton (a self-reinforcing wave packet) forms specifically when the superposition of these phase
angles resonates. Due to the ¢ scaling, these resonant collisions occur strictly where the generalized

Quadrance equals a rational prime (Q - P) or a prime in the Hurwitz integers.

At these intersection nodes, the probability density p(q ¥ t) spikes, and the diffusion tensor drops to

zero ( . The wave packet "freezes" into a stable geometrical vertex—a Soliton.



5 Hardware Justification: The "Strassen” Optimization

Calculating quaternionic multiplication continuously across an infinite 4D manifold is intensive. The
identifier "Strassen-Clifford" refers not just to the topology, but to the algorithmic processing of the

4 x4x4

algorithm.

tensor matrices using sub-cubic optimization paradigms derived from Strassen's

44 (O(N?)

Standard multiplication of two quaternion matrices requires 64 multiplications ). By

structuring the &q operations to exploit the algebraic symmetries of the Golden Clifford Toroid, the
SHD-CCP protocol reduces the multiplication overhead.

Because the 4 x4 representation of a quaternion is highly highly structured (skew-symmetric and
orthogonal), the hardware DSP slices (or Tensor Cores) do not perform full matrix multiplication. They
execute a reduced, Strassen-like directed acyclic graph (DAG) of multiply-accumulate (MAC) operations,
requiring only 16 core multiplications per state step.

This guarantees that generating the next phase space coordinate via &q is not only constant time (

(1),

due to trefoil BRAM folding, but requires absolute minimum cycle counts on FPGA logic fabrics.

6 Conclusion
The Golden Strassen-Clifford Toroid provides the exact geometrical boundary conditions necessary for

the SHD-CCP protocol. By substituting infinite Euclidean expansion with an irrational (E‘t' -scaled) closed
4D manifold, infinite branching is folded into bounded computational memory. Quaternionic Delta

Encoding (ﬂ.q) ensures strict adherence to group axioms without floating-point drift. Ultimately, the
irrational wrapping of the data streams guarantees that waves will predictably collide at prime
quadrance coordinates, generating the very Solitons that the system crystallizes into its geometric
Codex.



7 Extensions to the SHD-CCP Glossary

Glossary extended from
165167160/Topological_Symmetry_Folding_and_Hyperbolic_Projection_in_the_SHD_CCP_Framework_A_720_1_Quaternionic_Cyclic_System

Clifford-Strassen Toroid: Expanded definition: A specific Golden-ratio scaled torus embedded in 4D

13
S space. The surface upon which quaternionic delta encodings flow, optimized for sub-cubic
("Strassen-like") tensor hardware processing.

Ergodic Covering: A trajectory that will eventually pass through every possible region of a state space.

The irrational ¢ ratio of the Golden Toroid ensures the data streams comprehensively scan the surface
to sieve out all prime nodes.

Golden Soliton: A stable, standing-wave geometrical node generated when independent data streams
collide on the Clifford Toroid precisely at a coordinate whose quadrance is prime.

Quaternionic Delta (‘ﬂ“"1|I ): The differential operator representing change in state. It functions purely as

oI | i,

a phase-shift multiplier ( ) ensuring the system state never leaves the 4D manifold.
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