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LEVEL 17 — Numerical CUWF Engine

Purpose. Level 17 converts the mathematical layers developed in Levels 0-16 into a practical
numerical engine. It defines how the field-level CUWF equation can be discretized, advanced in
entropic time T, stabilized, coupled to drift, curvature, entanglement, and memory terms, and then

visualized as simulation data.

Notation convention. In this handbook, the official full-system CUWF notation is d(/dT =
—V_Fc[Q]. The field-level pedagogical and computational prototype is 0V¥/0t = —06c0W.
Level 17 primarily works in the W-_form because numerical grids usually represent fields, while the Q-

form remains the formal full-system standard.

Full-system law:  dQ/dt = —V_Fqc[Q]
Stable condition: ~ V_FG[Q]=0
Field-level prototype: d¥/0T = —6G/6W

17.1 Discretization of the CUWF Domain

Discretization converts the continuous CUWF manifold into a finite computational representation.
Instead of treating W(x,T) as a field defined over infinitely many points, the solver stores values on grid
points, cells, nodes, or adaptive elements. This is the first step in turning the CUWF Master Equation

into a computable algorithm.
What it is used for / why it matters

Represent W numerically on a finite grid or mesh.
Allow derivatives such as aqj/ax, AW, and AW to be approximated.

Create a data structure that can later support drift, curvature, entanglement, and memory fields.
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Forx € [0,L]:
Xj =i Ax, Ax = UN
Wit — Wit

Interpretation. Higher resolution reveals finer collapse ridges, funnels, and entanglement morphology,
but it also increases computational cost. In CUWF, discretization is not merely a numerical
convenience; it determines which collapse structures are resolved and which are coarse-grained into

N_eff.

17.2 Numerical Approximation of Derivatives

Once W is stored on a grid, differential operators must be approximated. The first derivative detects
directional change, the Laplacian detects diffusion-like smoothing or local deviation from the
neighborhood, and the biharmonic term captures sharper morphology and higher-order collapse

features.
What it is used for / why it matters

Approximate local gradients and slopes of W
Compute collapse-smoothing terms using AW.

Compute sharp-feature or morphology-sensitive terms using AW

First derivative: (aqj/ax)i = (l-pi+1 - l-|Ji_1)/(2Ax)
Laplacian: AW)j = (LIJi+1 —2Wj+ L|Ji_1)/(Ax2)
Biharmonic: AWy = (Wi, o —aWi, 1 +6Wj—4aWi_4 + L|Ji_2)/(Ax4)

Interpretation. These formulas are shown in one-dimensional form for readability. In higher dimensions,
the same logic extends across all coordinate directions or through a mesh-based Laplace-Beltrami
operator on entropic geometry.
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17.3 T-Stepping Scheme
T-stepping advances the simulated field from one entropic-time slice to the next. The numerical solver
evaluates the right-hand side of the field-level CUWF equation and updates Y accordingly. Different

stepping schemes trade simplicity, accuracy, and stability.
What it is used for / why it matters

Explicit Euler is simple and useful for first prototypes.
Semi-implicit stepping is more stable for diffusion, curvature, or biharmonic terms.
Adaptive stepping is recommended near sharp collapse, curvature spikes, or entanglement

thresholds.

Explicit Euler;: WM = W" 4+ At - RHS(WM)
Semi-implicit form: W1 — At AW = W" 4+ AT YY"

Interpretation. For early CUWF simulations, explicit Euler is acceptable if AT is small. For serious
collapse simulations, semi-implicit or adaptive methods are preferable because the biharmonic and

curvature-feedback terms can become stiff.

17.4 Numerical Stability Condition: CUWF-CFL Constraint
A numerical simulation must not let information propagate farther in one T-step than the grid can
resolve. The CUWF-CFL constraint is the stability requirement that limits AT relative to Ax and the

strongest active operators.
What it is used for / why it matters

Prevent numerical blow-up in diffusion-like terms.
Control instability from the biharmonic sharp-feature term.

Force smaller T-steps in collapse-heavy or curvature-heavy regions.
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Diffusion-like term: AT < Ax#/(2a)
Biharmonic term: AT < Ao

Practical rule: AT = safety_factor x min(Ax?/(2a), Atip-c), )

Interpretation. The constants a, b, and C are model-dependent. They should be treated as solver
parameters, not universal physical constants. A robust implementation should log these values for

reproducibility.

17.5 Computing Entropic Drift €
Entropic drift € is the direction in which entropy structure guides collapse flow. In the numerical
engine, € is computed from an entropy potential S and then inserted into drift, curvature, and coupling

terms.
What it is used for / why it matters

Determine the local direction of entropic flow.
Move collapse pathways along entropy gradients.

Feed curvature and entanglement computations that depend on €.

Continuous form: € = —Vs

Discrete form:  €j= —(Siz1 — Si_1)/(2Ax)

Interpretation. In multidimensional simulations, € becomes a vector field. Its divergence, magnitude,

and alignment with vy help identify sinks, ridges, and drift-guided collapse channels.
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17.6 Numerical Entanglement Engine

The entanglement engine computes a local or effective entanglement field from the interaction among
wave morphology, entropic drift, and entropic curvature. At the field level, = is a numerical proxy; at

the full-system level, =_eff is part of Q and contributes to V_F G[Q].
What it is used for / why it matters

Compute correlation strength among collapse regions.
Identify where nonlocal coupling may influence collapse morphology.

Provide input for kernel-based entanglement maps.

Prototype local entanglement measure:

==|VW g | R_E|

Interpretation. This expression is a computational prototype. It should not be interpreted as the only
possible definition of entanglement in CUWF. More advanced versions may use nonlocal kernels,

graph connectivity, or spectral entanglement fields.

17.7 Efficient Approximation of the Entanglement Kernel
Nonlocal kernels are expensive because every point may interact with every other point. Level 17
therefore introduces a tractable approximation in which entanglement coupling decays with distance

or entropic separation.
What it is used for / why it matters

Avoid full O(N?) all-to-all computation when possible.
Approximate nonlocal influence while preserving dominant coupling.

Enable practical simulation of large fields.

K_ent(x,y) = =(x) =(y) e (—0x—y])

Cutoff rule: K_ent(x,y) = 0 if x—y| > R_cut
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Interpretation. The cutoff radius R_cut should be interpreted as a numerical approximation, not a claim
that CUWF entanglement is fundamentally short-ranged. The approximation is useful when distant

coupling is weak or when a sparse-kernel model is desired.

17.8 Memory Field Computation

The memory field stores accumulated collapse or wave-activity history. It allows a simulation to record

where W has been repeatedly concentrated, deformed, or stabilized over T.
What it is used for / why it matters

Track collapse history.
Represent persistent imprints of past geometry.

Support later diagnostics such as curvature memory, attractor persistence, or path dependence.

Discrete accumulation rule:

Mt =M™ + AT (W2

Interpretation. This is a minimal memory model. More advanced memory fields may include decay,

kernel-weighted accumulation, curvature coupling, or threshold-based locking.

17.9 Complete Numerical Update Rule
The complete field-level update rule combines the main computational components: smoothing

collapse, sharp-feature morphology, entropic drift, curvature feedback, and entanglement coupling. It

is the practical W-level prototype corresponding to the broader Q-level CUWF dynamics.
What it is used for / why it matters

Update W at each grid point.
Combine all major field-level terms in one RHS.

Serve as the base equation for Level 17 prototype simulations.
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Wit = Wit + At
a AWj — b A2W;
+2c V€
+d V(R_EVR p)
+2¢ (Zi 0Z/0W))

]

Interpretation. This update rule is not the entire CUWF theory. It is a numerical field-level projection of

the full-system law. The official full-system structure remains dQ/dT = —V_Fc[Q].

17.10 Visualization Architecture
Visualization converts numerical fields into interpretable diagnostic maps. For CUWF, visualization is

not cosmetic; it is how collapse funnels, curvature spikes, entanglement channels, and stability basins

are identified and compared across T.
What it is used for / why it matters

W amplitude maps.

Entanglement channel maps.

Curvature spike heatmaps.

Stability landscape plots.

Collapse funnel and ridge visualizations.

Evolution movies across T.

Interpretation. A good CUWF visualization pipeline should save both raw numerical arrays and
rendered figures. Raw arrays allow reproducibility; figures allow human interpretation of morphology

and dynamics.
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17.11 Summary of Level 17
Level 17 turns the CUWF mathematical framework into a numerical engine. It defines how Wis
discretized, how derivatives are approximated, how T-stepping is performed, how stability constraints

are enforced, how drift and entanglement are computed, and how simulation outputs are visualized.
What it is used for / why it matters

Discretization of W on grids or meshes.

Numerical derivative formulas for 6‘11 AW, and A2W.

Explicit, semi-implicit, and adaptive T-stepping.

CUWE-CFL constraints for stability.

Entropic drift and entanglement computation.

Kernel approximation and memory-field accumulation.

Complete field-level update rule.

Visualization tools for morphology and diagnostics.

Interpretation. Level 17 prepares the reader for Level 18, where the same CUWF dynamics are

analyzed in spectral space rather than purely in real-space grids.

Level 17 Reference Table

Component Numerical Object Primary Purpose Main Caution

W field Array or mesh values | Stores field-level Projection of 0, not full
CUWF state @)

AW Finite difference / Collapse smoothing Grid-sensitive

spectral derivative

AW Biharmonic stencil Sharp morphology Strong stability
restriction
€ Vector field from —V'S | Entropic drift Requires defined

entropy potential

© 2025 CHAYUT TECHASAMRAN 193



WV

EE Paper C-9: CUWF Mathematical Handbook www.cuwfcosmos.com
Component Numerical Object Primary Purpose Main Caution
RE Curvature diagnostic Curvature feedback Prototype unless
field geometry module is full
= /K ent Local field or kernel Entanglement coupling | May be expensive and
matrix model-dependent
M Memory array Collapse history Can grow without
normalization/decay
At Entropic timestep Controls evolution Must satisfy stability
constraints

Level 17 Practical Cautions

Do not confuse the field-level update W/0T = —8G/8W with the official full-system law dQ/dT =
—V_TG[Q]. The former is a computational projection; the latter is the complete CUWF structure.

The expanded PDE coefficients a, b, ¢, d, and e are model parameters. They require calibration,
dimensional interpretation, and numerical logging before any simulation can be treated as
reproducible.

The CUWF-CFL condition is not one universal formula. It must be recalculated for the active operators,
grid spacing, dimensionality, and solver type.

Kernel cutoff R_cut is a numerical approximation. It must be tested against larger cutoffs or nonlocal
methods to ensure that important correlations are not removed.

Memory fields must be bounded, normalized, or decay-regulated in long simulations to avoid
numerical accumulation artifacts.

Visualization should never replace quantitative diagnostics. Collapse funnels, ridges, or curvature
spikes should be confirmed with numerical measures such as |Vl-|J|, ALIJ, fR_E, E, and attractor

metrics.
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