v

::&u%v@F Paper C-3: CUWF Operator Stability Framework www.cuwfcosmos.com

Section O-5 — Operator Evolution Equations in CUWF

Section O-5 establishes the evolution theory for CUWF operators. Its purpose is to define how operators
themselves deform as the entropic field evolves on the hybrid manifold C x M_DOF. Unlike conventional
evolution equations drawn from Schrédinger dynamics, Heisenberg evolution, diffusion equations, or
Ricci flow, the CUWF operator evolution law is nonlinear, metric-dependent, mixed-adjoint, non-unitary,

and intrinsically entropic rather than energy-conserving.

In this framework, operators are not external objects acting on a fixed state space. They are geometric
objects whose form changes as the entropic field E, the metric g_E, and the DOF-fiber structure evolve.

Section O-5 therefore develops a new class of mathematical evolution: entropic operator evolution.
* nonlinear;
* metric-dependent;
* mixed-adjoint;
« defined over a hybrid C x M_DOF manifold;
* geometry-driven rather than Hilbert-space-driven;
* non-unitary and non-Hamiltonian;

* entropic rather than energy-conserving.
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0O-5.1 CUWF Field Evolution: Forward and Backward Entropic Flow
Recall the CUWF Master Operator:
Ce=A—aB+pBc
where
A=0AE B=|VE? C=D_DOF.
The forward evolution of the entropic field E(T) is defined by
de/0t = —C _EE).

This equation describes forward entropic collapse: the field evolves by curvature diffusion, gradient

sharpening, and DOF-fiber drift. Backward evolution is formally defined by
de/0t = +C_E1(E),
where
C Et=A—a(B+aB)+B(—c+_DOF).

Backward-time evolution corresponds to reverse-curvature unfolding. It is mathematically meaningful as

a reconstruction flow, but it should not be interpreted as a physically realized reversal of collapse.

0-5.2 Evolution of an Operator Acting on E
For an operator X € A_CUWF, define its T-evolution through its action on the evolving entropic field:

d/dT (X(E)) = (DX)[E](OE/OT),
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where DX is the Fréchet derivative of X with respect to E. Substituting the forward CUWF field flow gives
d/dT (X(E)) = —(OX)[EN(E_E(E)).

Thus, X evolves because E evolves. CUWF operators do not evolve independently on a fixed

background; they are carried by the deformation of entropic geometry itself.

0-5.3 Heisenberg-Type Evolution in CUWF (Nonlinear)
The CUWF analogue of Heisenberg evolution is defined by
dx/dt = —[x, €_g]_*
where
X, Y].*=XoY—YoX

is the CUWF nonlinear commutator. This commutator is distinct from the Lie-algebra commutator of linear

operator theory because both X and @_E may be nonlinear and metric-dependent.
Explicitly,
dx/dt=—(xo € g — E_Eox)

The equation is nonlinear because composition is nonlinear, X is nonlinear, (E_E is nonlinear, and the
commutator does not close as a Lie bracket. Its interpretation is direct: operators evolve with entropic

geometry, not by unitary transport in Hilbert space.

0-5.4 Adjoint (Backward-Time) Operator Evolution
Backward operator evolution is generated by the adjoint Master Operator:
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dx/dT = +[x, € E+] *.

This produces reverse entropic flow, reverse curvature diffusion, slope relaxation in place of slope

sharpening, and DOF-flow reversal. In CUWF language:
» Forward evolution = collapse.

» Backward evolution = un-collapse, understood as mathematical reconstruction rather than physical

reversal.

This distinction is essential because CUWF is not time-reversal symmetric at the foundational level; it is

collapse-oriented and entropic.

0O-5.5 Full CUWF Evolution Equation for General Operators
Forany X € A _CUWF, the general operator evolution equation is
dX/dT = —[X, A— OB + BC]_*.
Expanding term by term:
dX/dT = —[X, Al_* + OU[X, B]_* — BIX, CI_*.

Hence the evolution of X is governed by three coupled mechanisms: curvature flow through [X, A]_*,
gradient sharpening through [X, B]_*, and DOF drift through [X, C]_*. This is the first general operator

evolution equation in CUWF.

0O-5.6 Evolution of the Master Operator ltself

Applying 0-5.5 to X = E_E gives
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d€_E/at=—[C E AL*+a[C E B *— BIC E CI*.
Since
Ce=A—aB+pc,
the relevant commutators are
[€_E, Al= —a[A B] + BIA, C]

[€_E. B]=[A Bl — BB, C]

[€ E cl=[A Cl—aiB,Cl.
Substitution yields

d&_E/dT = afA, B] — BIA, C] + a[A, Bl — afB, c] — BIA, ] + aBB, Cl.
The B-C terms cancel, leaving
d&_E/at = 2a[A, B] — 2B[A, CI.

Thus the Master Operator evolves only through curvature—gradient and curvature—-DOF coupling. The B—
C contribution does not appear in the final expression because it cancels algebraically. This equation
functions as the CUWF analogue of an operator Ricci flow: the geometry of the operator changes through

curvature-dependent commutator structure.

0-5.7 Evolution of the Nonlinear Entropic Operator Tower (NEOT)
Recall the Nonlinear Entropic Operator Tower introduced in O-2;

T_{n+1) = €_E(T_n).
Differentiating gives

]
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dT_{n+1}/dT = (DE_E)[T_n](dT_n/dT).
Using the operator evolution rule from O-5.2,
dT_n/dT = —(DT_n)(E_E(E)).

Therefore, NEOT evolution is an iterated nonlinear chain ruled by the evolving entropic geometry. This
structure will be needed in Paper C-4, where repeated nonlinear operator action becomes part of the

higher-order CUWF dynamical expansion.

0O-5.8 Multi-Node Operator Evolution

For multi-node systems, operators become block objects:

X=[X_1 X {12}

X {21} X 2

The CUWF evolution equation becomes blockwise:
dX_iidT = —[x_i, €_E(_* — Z_§#i) X i), €_E()1*
dX_{iiydT = — X}, €_E@1_* — X it C_E()1_*.

On-node evolution is curvature-driven, while cross-node evolution is entanglement-driven. This
establishes the operator foundation for multi-node entanglement dynamics: interaction is encoded not

as a Hilbert-space tensor product, but as block-operator deformation under entropic flow.

]
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0-5.9 Geometric Meaning of CUWF Evolution

CUWEF evolution is neither the time evolution of a quantum state nor the evolution of spacetime geometry
in the GR sense. It is instead the deformation of entropic-geometry operators carried by the evolving

field E.

* Forward evolution = collapse driven by curvature—gradient-DOF geometry.

» Backward evolution = reverse flow that reconstructs geometry formally.

» Operator evolution = deformation of curvature operators with the field.

Thus, CUWF evolution is geometry-driven operator flow. This is a distinct mathematical category: it is not

unitary, not Hamiltonian, and not reducible to standard PDE flow on a fixed manifold.

0-5.10 Summary of Section Purpose

0O-5 establishes the dynamical operator framework of CUWF. It defines:

« the nonlinear evolution equation for CUWF operators;

« forward and backward entropic flow;

« the Heisenberg-type CUWF equation;

« evolution of the Master Operator;

+ evolution of the Nonlinear Entropic Operator Tower;

» multi-node block-operator evolution;

+ the geometric meaning of CUWF evolution.

- ____________________________________________________________________________________________|
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This completes the dynamical operator framework needed for the stability and spectral analysis

developed in Section O-6.

0O-5.11 Well-Posedness and Local Existence of CUWF Operator Evolution
The CUWF evolution equation for a general operator X € A _CUWF is
dx/dt=—[x, €_E] .

This is a nonlinear operator differential equation defined on the hybrid manifold C x M_DOF. Because
the equation is nonlinear, mixed-adjoint, and metric-dependent, classical existence theorems such as
Picard-Lindeltf do not apply directly in their standard form. Nevertheless, CUWF operator evolution

possesses a minimal well-posedness structure.
(1) Local Lipschitz continuity

For fixed E, the Fréchet derivative D(X © @_E) is locally Lipschitz in the topology induced by the metric
norm ||'||_{g_E}. Hence the operator flow dX/dT = F[X] has a locally unique solution for sufficiently small

Tl
(2) Forward entropic flow is locally well-posed
Because forward field evolution

0e/0t=—C€ E@E)

is a curvature—gradient flow whose nonlinearities are dissipative, the corresponding operator evolution

inherits local existence and stability.
(3) Backward flow is ill-posed in general

Backward evolution
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0e/0T = € _E1(B)

acts as reverse curvature flow, analogous to backward heat flow. It becomes ill-posed unless the

curvature and slope remain bounded:

Hess(E) < C and |VEZC.
Thus backward operator evolution is formally defined but only conditionally well-posed.
(4) Multi-node systems

For block operators on M_N, local well-posedness holds if each node maintains finite curvature and all

cross-node operators remain bounded.

In summary, forward CUWF operator evolution is locally well-posed for smooth E with bounded curvature,

while backward evolution requires additional geometric regularity.

0-5.12 Fixed-Point Condition for CUWF Operator Evolution
A CUWF operator X(T) is a fixed point if and only if
dx/dT = 0.
From the CUWF Heisenberg-type equation
dx/dt = —[x, €_E1%,

the fixed-point condition is

x, e =0
This condition has four direct interpretations.
(1) Entropic commutativity
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If [X, (E_E]_* = 0, then X evolves consistently with the entropic geometry and is entropically conserved.
(2) Analogue of conserved quantities

In quantum mechanics, [H, O] = 0 means that O is conserved under unitary evolution. In CUWF, [X,

@_E]_* = 0 means that X is invariant under entropic evolution.
(3) Curvature-preserving operators

If X commutes with curvature, gradient sharpening, and DOF flow as encoded in @_E, then X preserves

entropic geometry.
(4) Multi-node interpretation
For block operators, the corresponding conditions are
x.i, € E(1 =0,
i, €_EpLr=0.

These equations define stable entanglement-preserving modes. Therefore, [X, (E_E]_* = 0 identifies

operators invariant under entropic flow: the CUWF analogue of conserved geometric operators

]
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