FORMAL SPECIFICATION & VERIFICATION

STRUCTURED MULTIVERSAL
INTERACTIONS (SMI)

A Domain-Agnostic Mathematical Framework for Topological Logic,
Holographic Storage, and Invariant Transport

Functor / Conduit F

olographic Boundar

9Q Preservation

Category Theory / Logic Domain-Agnostic Formal Preservation Suite



SECTION 01

Categorical Architecture & State Spaces

The Structured Multiversal Interactions (SMI) framework is a formal mathematical architecture built upon
category theory and topological logic. Rather than relying on empirical physical constants or localized domain
assumptions, SMI models heterogeneous complex systems—ranging from cosmological models to computational
architectures—as state-space objects governed by structural invariants and functorial transport conduits.

Formal Postulate: Any domain within an SMI system is represented as a category &mathcal;C consisting of a collection
of state objects Ob(&mathcal;C) and state-transition morphisms Hom(&mathcal;C). Information transport between distinct
domains occurs via continuity-preserving functor conduits.

1.1 Category Theory Definitions

Let &mathcal;A and &mathcal;B be distinct state-space categories representing heterogeneous domains. The
interaction conduit between them is defined as an invariant-preserving functor:

F: &mathcal;A — &mathcal;B | v A, A, € Ob(&mathcal;A), F(f: A, — A,) = F(f): F(A,) — F(A,)

Structural integrity is guaranteed if and only if the functor F commutes with the domain invariant operators

cD&mathcal;A and (D&mathcal;B:
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SECTION 02

Holographic Boundary Storage & Singularity Prevention

When interaction conduits undergo extreme state transitions or density limits, traditional computation and mapping
fail due to division-by-zero singularities. SMI solves this by mapping internal state variations onto a holographic
boundary storage system 0Q.

2.1 Holographic Boundary Storage Equations

The information state IQ within a domain interior Q is encoded onto its boundary dQ via a non-singular projection
operator &mathcaI;H;S:

L =l [PX) / (11X - x,l1% + %) ] dO

Where € > 0 is a formal regularization parameter ensuring that as ||x - x0|| — 0, the integrand remains strictly
bounded:

i 2 2 2
I|mHX_XOHHO[p(x)/(||x-x0|| +€ )]=p(x0)/s <

Singularity Safeguard: By preventing division-by-zero singularities at points of boundary collapse, the system preserves
informational continuity without divergence or logical loss.

SECTION 03

Python Verification Suite for Information Conservation

Below is the standard, domain-agnostic Python verification module engineered to confirm information conservation
and structural invariant preservation across SMI conduit transformations.



import math

class StateSpaceObject:
# Represents a state-space object with structural invariants
def __init_ (self, name: str, state_vector: list, invariant_val: float):
self.name = name
self.state_vector = state_vector
self.invariant_val = invariant_val

class SMIConduitFunctor:
# Functor governing information transport between domains
def __init_ (self, epsilon: float = 1le-6):
self.epsilon = epsilon # Regularization parameter for singularity prevention

def transform_state(self, source: StateSpaceObject) -> StateSpaceObject:
# Apply transformation while preserving invariant density
transformed_vector = [x * 1.05 for x in source.state_vector]

# Holographic Boundary Storage projection (Non-singular)
norm_sq = sum(x**2 for x in transformed_vector)
boundary_storage = source.invariant_val / (norm_sq + self.epsilon)

# Recover exact conserved invariant
reconstructed_invariant = boundary_storage * (norm_sq + self.epsilon)

return StateSpaceObject(
name=f"F({source.name})",
state_vector=transformed_vector,
invariant_val=reconstructed_invariant

def verify_smi_conservation():

obj_a = StateSpaceObject(name="Domain_A_Object", state_vector=[1.0, 2.0, 3.0],
invariant_val=42.0)

conduit = SMIConduitFunctor(epsilon=1e-5)

obj_b = conduit.transform_state(obj_a)
# Verification check

delta = abs(obj_a.invariant_val - obj_b.invariant_val)
is_conserved = delta < 1le-9

print(f"Source Invariant: {obj_a.invariant_val}")
print(f"Transformed Invariant: {obj_b.invariant_val}")
print(f"Invariant Delta: {delta:.10f}")

print(f"SMI Preservation Check: {'PASSED' if is_conserved else 'FAILED'}")

if __pame__ == "__main__":
verify_smi_conservation()
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