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Section 7 — Numerical Realization and Computation Pipeline

(Discretization, T-Stepping, Topology Updating, Renormalization Flow, and Observable Exiraction)

Section 6 established that the CUWF Master Equation defines a meaningful solution space: locally well-
posed evolution away from topology triggers, stable classical basins under A_soft > 0, branch
surfaces when )\_soft approaches zero, nonlocal fixed points under =_eff, and regulated asymptotic
behavior through N_eff renormalization. Section 7 now converts that mathematical solution-space

picture into a practical computational pipeline.

The purpose of this section is not to build a full numerical universe. It is to define how the CUWF Master
Equation can be implemented, step by step, in a reproducible solver architecture. The central question

is no longer only whether solutions exist, but how one would actually evolve them on a machine.
The equation to be implemented remains:
dQidt = —V _F c[Q]

with Q(T) = {X(T), g(T), N_eff(T)}. A numerical realization must therefore update collapse content,
entropic geometry, nonlocal connectivity, topology triggers, and active degrees of freedom in one

consistent loop.

Section 7 is organized as a solver blueprint. It defines the computational variables, discretization
choices, T-stepping procedure, wormhole-aware topology updates, automatic renormalization
execution, observable extraction, and the minimum reproducibility requirements for a reference

implementation.

7.1 Discretization of Variables: X, (D g, E_eff, and N_eff

The first task is to represent the CUWF state (Q in a finite computational form. Since € contains both

fields and adaptive degrees of freedom, the discretization cannot be a fixed grid alone. It must allow
]
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local field values, geometric structure, nonlocal graph-like coupling, and changing dimensional

resolution.

A minimal implementation begins with five numerical objects:

field X_a

Discrete
Object Primary Role Notes
Representation
Evolves under —V(D,
Node field X_i or cell _
X Collapse configuration | diffusion, and =_eff

coupling

Scalar functional D[X]

or sampled potential

ON

Collapse landscape

Defines local descent

and basin structure

Metric tensor g_ij on

Controls curvature,

active-mode count

g grid cells or graph Entropic geometry accessibility, and basin
nodes deformation
Kernel matrix =_ab or Couples separated or
= eff graph adjacency Nonlocal connectivity entropically linked
weights W_ab regions
Controls active DOF
Scalar, vector, or
N_eff Effective resolution and mode

pruning/spawning

Several discretization choices are possible. Regular grids are appropriate for early collapse and

curvature prototypes. Graphs are more natural for =_eff and nonlocal correlation structure. Hybrid

grid-graph systems are required once curvature and entanglement operate together. Adaptive meshes

or dynamic graphs become necessary when N_eff changes during the run.

The recommended C-7 computational representation is therefore:

Q discrete(T) = {X_a(T), g_ab(T), =_ab(T), N_eff(T)}
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where a,b index cells, nodes, or adaptive DOF elements. This representation is general enough to
support field evolution, metric update, nonlocal coupling, and topology-triggered renormalization in a

single framework.

7.2 T-Stepping Solvers for Deterministic Collapse

Once Q is discretized, the solver advances the system over entropic evolution T. The simplest update

is a forward-Euler step:
Qt + At) = Q) — At V_F Q)]
For full CUWF dynamics, this update must be applied component-wise:
X(T+AT), g(T+AT), N_eff(T+AT)
The collapse component may be updated using the discrete analogue of Equation A:
X_aMn+1} = X_a*n + AT - F_X(X*n, g™n, =_eff*n)

where F_X includes local descent, entropic diffusion, and nonlocal kernel terms. The geometry

component is updated through the discrete analogue of Equation B:
g_abMn+1} = g_ab*n + AT - F_g(X"n, g*n, =_effrn)
and the DOF component is updated through the renormalization rule:
N_effr{n+1} = R{N_eff*n | A_soft*n, Rn, =_effrn, detT*n}

For small prototypes, explicit Euler is acceptable. For curvature-heavy simulations, semi-implicit or
adaptive-step methods are preferable because the curvature term can become stiff. A practical solver

should therefore allow several T-stepping modes:

Solver Type Use Case CUWEF Concern
Toy models, conceptual

Explicit Euler Simple but requires small At
demonstrations

Semi-implicit stepping Curvature and diffusion terms Improves stability under R-flow
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Soft-mode or topology-trigger Prevents numerical blow-up
Adaptive AT
regions near }\_soft —> O ordetT — 0
_ Efficient for nonlocal kernel
Graph-spectral update Z_eff-dominated systems
networks
Supports geometry plus
Hybrid FEM / graph solver Full prototype systems
nonlocal connectivity

The central computational principle is this: T-stepping must preserve descent in G except at explicitly
defined topology transitions. If the solver increases G without a topology-event explanation, the

numerical scheme is likely unstable or physically inconsistent.

7.3 Wormhole-Aware Topology Updating

CUWEF simulations cannot treat topology as fixed. Section 6 showed that topology triggers are part of
the solution space. Section 7 therefore requires a topology-update module that monitors soft modes,

tensor degeneracy, curvature thresholds, and nonlocal kernel strength.
The key trigger set is:
T_trigger = {A_soft — 0, detT — 0, =_eff > = ¢, |R| > R_c}

When a trigger activates, the solver must decide whether to branch, merge, prune, open a nonlocal
bridge, or update N_eff. The update should not be treated as numerical failure. It is a physical event in

the CUWF model.

Trigger Numerical Detection Topology Action Physical Meaning

Smallest stability
Quantum-like

A_soft—0 eigenvalue crosses Open branch channel
bifurcation
zero
Tensor degeneracy or | Perform topology Conifold-like geometry
detT —0
basin-neck collapse transition update
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_ _ Kernel weight exceeds | Activate nonlocal Wormhole-like entropic
—eff>=_c

threshold bridge connectivity
R~ R Curvature exceeds Trigger compression or | Curvature saturation /
K[> ¢

stability bound smoothing singularity avoidance

A wormhole-aware solver is therefore not a solver that assumes literal spacetime wormholes. It is a
solver that recognizes when nonlocal entropic connectivity becomes dynamically active and then

updates the graph or manifold topology accordingly.

7.4 Automatic Renormalization Flow Execution

The renormalization module executes Equation C. It updates N_eff in response to topology, curvature,
soft modes, and =_eff. This is the computational step that makes CUWF different from ordinary PDE

systems: the dimensional resolution of the simulation is allowed to change.
N_eff(T + AT) = R{N(T) | A_soft, R, =_eff, detT}

In practice, this requires three operations: mode pruning, mode spawning, and mode merging.

Operation When It Occurs Numerical Action

Stable basin, high curvature, Remove or merge weak active
Mode pruning
unnecessary DOF modes

Create additional branch
Mode spawning 7\_soft — 0 or branch opening
variables or graph nodes

Classical stabilization or basin Compress multiple nodes into
Mode merging
coalescence one effective DOF

_ Update graph edges or
Kernel restructuring = _eff changes topology
nonlocal coupling matrix

Automatic renormalization must preserve physical consistency. When modes are removed, conserved
structural information should be transferred into remaining variables, kernel weights, or coarse-grained
geometry. Otherwise the simulation would confuse physical renormalization with numerical deletion.
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The computational rule is: do not delete structure; compress it into the next admissible resolution.

7.5 Observable Extraction: p_i, S_collapse, Correlations, and Curvature Signatures

A CUWEF simulation must output quantities that can be interpreted as physical observables. Since

CUWEF does not begin with Born probabilities, spacetime coordinates, or Hilbert amplitudes,

observables must be extracted as projections of Q and Va.

compression

Observable Extraction Method CUWEF Source Interpretation
Branch-frequency or
A_soft and collapse Effective outcome
p_i basin-accessibility
basins probabilities
statistics
Monotonic measure of
Collapse entropy /
S_collapse descent or @ and R(N_eff)

irreversibility measure

Kernel-supported

Entanglement-like

detT, =_eff, \_soft

C_abor Corr_ab = _eff

correlation matrix structure

Discrete curvature Geometry / gravity-like
R ab g and C[d]

tensor or scalar response

Active-mode count Resolution flow and
N_eff(T) R{...}

overT classical emergence

Detected jumps in Law-state or branch-
Topology events T_trigger

transition signatures

The extracted observables allow C-7 simulations to connect with later prediction and experimental

sections. For example, p_i can be compared with Born-like statistics, Corr_ab can be compared with
Bell-type correlation structure, and R _ab can be used to identify curvature breathing or geometry-
response signatures.

]
© 2025 CHAYUT TECHASAMRAN 66



% Paper C-7: CUWF Mathematical Formalization

www.cuwfcosmos.com

7.6 Reproducible Simulation Reference Implementation

A reference CUWF solver should be reproducible, modular, and falsifiable. It should not be a black-

box animation of philosophical ideas. It should expose each term of the Master Equation and allow

individual components to be activated or suppressed.

The minimum reproducible solver should include the following modules:

Module

Function

Required Output

State initializer

Defines X_0, g_0, =_eff,0,
N_eff,0

Initial QQ(T_0)

Generator module

Computes o, Clgl, =_eff, R

G[Q] and components

Gradient engine

Computes —V FaG

Update direction

T-stepper

Advances Q over AT

Q+AT)

Topology monitor

Detects }\_soft, detT, E_C, .‘R_c

Trigger log

Renormalization executor

Updates active DOF

N_eff trajectory

Observable extractor

Computes p_i, S_collapse,

correlations, curvature

Data products

Reproducibility logger

Stores parameters, seed,

kernels, thresholds

Run record

The recommended implementation sequence is:

Initialize Q(T_0) = {X_0, g_o, = eff,0, N_eff,0}.

Compute G[Q)] and its component functionals @, C, =_eff, and R.

Evaluate —V_F G across X, g, and N_eff sectors.

Advance Q) by one T-step using the chosen solver.

Check topology triggers: )\_soft, detT, =_eff, and |fR|.
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Execute branch, topology, or renormalization updates if required.

Extract observables and log the run state.

Repeat until fixed point, branch event, asymptotic basin, or specified T-limit is reached.

A solver that follows this pipeline can test the five minimal examples introduced in Section 5: one-
particle collapse, soft bifurcation, dual-collapse under =_eff, topology transition, and curvature
breathing. These are the minimum mechanism-level demonstrations required before moving to full

prediction and experimental design.

7.7 Result of Section 7

Section 7 has converted the CUWF Master Equation from a formal dynamical law into a computational
blueprint. The equation is no longer only written, interpreted, or analyzed; it is now positioned to be

executed.
The main result of Section 7 is the CUWF solver pipeline:

discretize QQ — compute G — evaluate —V_F G — step in T — update topology —

renormalize N_eff — extract observables

This pipeline gives Paper C-7 its operational character. It shows how the Master Equation can be
implemented in numerical form, how topology-aware updates can be handled, how renormalization
can be executed automatically, and how observable signatures can be extracted for comparison with

physical systems.

Section 8 can now turn from implementation to prediction. Once the Master Equation can be run, the

next question becomes: what does it predict that existing physical theories do not?
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