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Mathematical frameworks that . Without a physical grounding,
: ; g :

model multiversal or complex state- ¢ The category-theoretic models of

space interactions historically - — Testability ) — state transitions cannot be

suffer from a critical flaw: they exist \ Gap empirically validated against

entirely in the abstract realm. ' . |\ real-world physical laws.
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400 nm
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" The Structured Multiversal Interactions (SMI) architecture crosses this divide, i
" proving its operations are not just formal logic, but an executable physical engine.
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The SMI Dual-Layer Model structures
complex system transitions by
bridging continuous boundaries
(Macro) with discrete logic rules
(Micro), evaluated by a universal

coherence metric. Polynomial Functors (Poly)
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Reality Level Scalar
(Xi™)
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Formal Grammar (G_TrueFlow)
<V, Sigma, R, S_@>
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The Prism and The Blueprint

E omega (800 nm Pump Wave)

E_{2omega} (400 nm Generated Wave)

[_ﬁalidating SMI through Type-I Second Harmonic Generation.

By projecting a fundamental pump wave into a chi(® non-linear crystal, we
|| establish a physical boundary interaction to test the mathematical framework. |
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| Direct Mapping of Category-Theoretic Operations to Physical Wave Dynamics.

The direction space X(y) is no longer an abstract vector; it is physically
measurable wavevector phase mismatch.

SMI Macro-Tier (Poly) Quantum-Optical Physics (SHG)

Spatial propagation steps along the

Positions (Y) crystal length (z in [0, L])

. : The angular phase mismatch vector
Directions (X(y)) 5 (Akp— SO )
T ) w

Non-linear wave interaction mapped as

Poly Boundary Interface (P(y)) Prpoly) = Z y&k (0,2)
z€[0,L]
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The Poly Interface for
Optical Boundaries.

In this empirical model, the
polynomial functor actively
tracks spatial propagation
steps (z) parameterized by
the polar angle (8),
converting physical length
and angle into boundary
interfaces.
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Reality Level Scalar (X;™)
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[_The Reality Level Scalar evaluation ol
\ function yields peak structural coherence
precisely at the empirical phase-matching

@ | | | angle for 800 nm - 400 nm conversion.
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' Evaluating Grammar

Execution Across
Continuous Dynamics.

The discrete state production |
rules of G rryeFlow govern
continuous physical wave
dynamics intrinsically,
requiring zero ad-hoc |
parameter adjustments.
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l_D = a N .
2800 nm

L g B 400 nm
def evaluate_SMI_rules(): S
import numpy as np T
from scipy.optimize import minimize Efﬁﬁ%ﬁggéiﬂ. T
: : _ - : : e s e s S BB T} S
from core_physics import sellmeler_dispersion BB0 # Kato 1986 "”Tﬁﬁﬁﬁﬁﬁﬁﬁﬂgﬂﬁﬂﬁﬁﬁ
v ."'.'-‘.'F:.“"'l.:'!'_.'._h"'.'_l" % 4 e s e -I'.;E‘-_'i
# Load reference data from Kato (1986) -
# G_TrueFlow production rules ' |
i O x |800nm
400 nm
> Execution running...
> Structural Coherence Verified. Model Fit: Nominal.

An Open-Source Executable Engine.

The SMI maodel is fully reproducible. The computational implementation relies on established Sellmeier
dispersion equations [Kato, 1986) to evaluate G+, .ro Production rules against physical polar angle sweeps.
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f Proprietary
L ldentity Kernel

800 nm pump
800 nm, 420 cHz

400 nm generated
400 nm, 400 cHz

Beyond Theory: Groundwork for Future Optical Hardware Probing.
By establishing the physical testability of the SMI architecture, this validation enables the next phase of

experimental physics: integrating proprietary identity kernels, such as SH-1 molecular substrates, into scalable
hardware testing environments.

The framewaork is no longer abstract math; it is a validated physical engine.
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