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Chapter 10 From A-B-C to the Compact PDE-Vector Form

Equation Under Discussion

Chapters 4 through 9 unfolded the three major PDE engines of Guide Il
The collapse-field engine was written as:
0X_i(x,T)/0T
= —G_ij(x,T) 0DP/OX ]
— f Kij(x — x|: (1)) Z_eff(x,x ,T) [X_j(x) — X_j(x)] dx’
The geometry / curvature engine was written as:
0g_ij(x,T)/0T
= —a 020X Ox_)) + B F_ij(=_eff)
The renormalization / effective degree-of-freedom engine was written as:
dN_eff/dT
= —0G/ON_eff
= —R(N(T), A_soft(T), |R(T)], =_eff(T))
These three equations may look like separate laws.
But in Guide lll, they are not three unrelated equations.
They are three explicit components of the same generator-gradient structure.
The compact PDE-vector form writes them together as:
D/dT [X, g, N_eff]*T

=—V_roe

|
© 2025 CHAYUT TECHASAMRAN 191



Y

X CUWF Master Equation Guide 1l www.cuwfcosmos.com
EUWF

= —[6G/6X, 6G/6g, OG/ION_eff|* T

This chapter explains how the three explicit engines belong together.

Opening Question
Why should the collapse-field equation, the geometry equation, and the N_eff flow be written

together?

At first, they seem to describe different things.
The first equation evolves X.
The second equation evolves g.

The third equation evolves N_eff.

One equation is field-like and nonlocal.

One equation is geometry / curvature-like.

One equation is a renormalization-flow equation.

Because of these differences, a reader may be tempted to treat them as separate mechanisms.

But this would miss the main architecture of Guide .

The three equations are different because they operate on different components of the state.

They belong together because those components are part of the same PDE-level canonical state:
U(T) = (X_i(x,T), g_ij(x,T), N_eff(T))

Therefore, the question is not:

Why are there three unrelated equations?

The correct question is:

How do the three components of U(T) evolve together under the same generator-gradient

structure?

|
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The compact PDE-vector form answers this question.

Opening Perspective

Guide Il has so far moved in an analytic direction.
It separated the engine into parts.

Chapter 4 introduced the evolution of X_i.
Chapter 5 explained local descent.
Chapter 6 explained nonlocal coupling.

Chapter 7 explained =_eff.

Chapter 8 introduced geometry evolution.

Chapter 9 introduced N_eff flow.

This separation was necessary.

The full PDE-expanded form is too dense to understand all at once.

But after separating the engine into parts, the next task is to recombine them.
Chapter 10 performs that recombination.

It shows that the separate equations are not fragments.

They are coordinated components of one vector evolution.

The compact PDE-vector form is:

D/dT [X, g, N_eff]*T

-V rFraG

— 166/6%, 6G/6g, 0G/ION_eff1* T
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This form does not erase the detailed equations.
It organizes them.

It tells us that X, g, and N_eff are three directions of one coupled evolution.

Physical Motivation
The physical motivation behind the compact PDE-vector form is that the universe-state evolves as a

whole.

The collapse field does not evolve in isolation.

Geometry does not evolve in isolation.

Effective degrees of freedom do not flow in isolation.

They are components of one evolving state.

A change in the collapse-field sector may affect geometry.

Effective coupling structure may affect both collapse-field evolution and geometry evolution.

Renormalization may change the effective number of active degrees of freedom, which changes the

structural complexity available to the system.
Thus, the three engines are coupled.
The vector form expresses this unity.

It says that the state has multiple directions of evolution, but these directions belong to one generator-

gradient architecture.
This is the purpose of writing:
D/dT [X, g, N_eff]"T
rather than writing only three disconnected equations.

The vector form makes the architecture visible.
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Core Concept

The core concept of this chapter is the following:

The compact PDE-vector form shows that the collapse-field equation, the geometry equation, and the

N_eff flow are three explicit components of one generator-gradient structure.

The compact form is:
D/AT [X, g, N_eff]"T

=—V_ra

— 16G/16x, 6G/6g, 0G/ON_eff1*T

The first component:
06G/6xX

corresponds to the X-sector engine.

The second component:
Yellole

corresponds to the geometry-sector engine.
The third component:

0G/ON_eff

corresponds to the effective degree-of-freedom flow.
Thus, the PDE-vector form says:
the state evolves through three coupled directions:

state-side collapse-field direction,
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geometry / curvature direction,
and effective degree-of-freedom direction.

This is the operational meaning of opening the compact gradient.

Why A, B, and C Belong Together

For clarity, the three major engines may be labeled schematically as A, B, and C.
Ais the collapse-field engine:
0X_i(x, /0T
= —G_ijj(x,T) 0DP/OX ]
— f Kij(x — x|: (1)) Z_eff(x,x ,T) [X_j(x) — X_j(x)] dx’
B is the geometry / curvature engine:
0g_ijx,T)/0T
= —a 020X 0x_)) + B F_ij(=_eff)
C is the effective degree-of-freedom flow:
dN_eff/dT
= —0G/ON_eff
= —R(N(T), A_soft(T), |R(T)], =_eff(T))
These belong together because they evolve the three components of the same PDE-level state:
[X, g, N_eff]"T
A evolves X.
B evolves g.

|
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C evolves N_eff.
Therefore, A, B, and C are not optional appendices.
They are the three explicit operational directions of the state vector.

The vector form places them back into one structure.

The State Vector [X, g, N_eff]*T

The compact PDE-vector form begins with:
(X, g, N_eff]*"T
This is the vector version of the PDE-level canonical state.
The superscript T indicates that the components are arranged as a column vector.

In expanded form, this may be read schematically as:

[X, g, N_eff]*T
[
X,
g,
N_eff
1T

This notation does not mean that X, g, and N_eff are the same kind of object.
They are not.
Xis field-like.
g is geometry-like.

N_eff is an effective flow variable.
]
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The vector notation simply groups them as components of one state.
This is important.
A state vector can contain different types of objects if they belong to one evolving system.

In CUWF, X, g, and N_eff together define the PDE-level canonical state.

Meaning of D/dT

The operator:
D/dT

appears on the left-hand side of the compact PDE-vector form:
D/dT [X, g, N_eff]"T

This should be read as the total evolution-order derivative of the state vector.
It tells us that the full state vector changes with respect to T.

The symbol D is used instead of simply d or 0 because the state vector contains different kinds of

components.
The X component has a PDE-like partial derivative:
0X_i(x,1/0T
The g component also has a PDE-like partial derivative:
0g_ij(x,T)/0T
The N_eff component has an ordinary flow derivative:
dN_eff/dT
The operator D/dT gathers these different evolution derivatives into one vector-level notation.

In plain language:

|
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D/dT means “take the evolution-order change of the whole state, component by component.”

It is a compact way to write the combined T-evolution of X, g, and N_eff.

Why This Is Not Three Unrelated Equations

The three engines are not unrelated because they share the same generator architecture.
Each equation corresponds to one component of:
-V FaG
The X equation corresponds to the X-direction.
The g equation corresponds to the g-direction.

The N_eff equation corresponds to the N_eff direction.

This is why the compact form writes:
— 16G/6%, 6G/6g, 0G/ION_eff1* T

rather than simply listing three disconnected right-hand sides.
The bracketed object is the component expression of the generalized functional gradient.

It says that the same generator functional G has different directional derivatives with respect to different

state components.
The three engines are different because the state components are different.
But they are unified because they arise from the same generator-gradient principle.

This is the central point of Chapter 10.

Relation to the Hidden VG Structure in Guide |

Guide | introduced the Human-Readable Gateway Form:

U + At) = u(t) — Voum At
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This form was intentionally compact.

It helped the reader see the basic idea:

the universe-state updates along a negative-gradient direction.

But at that level, the internal directions of the gradient were hidden.

The reader did not yet see that the state contained multiple coupled sectors.

The expression:

Ve

looked simple.
But inside it were hidden directions.

The later clarification in Guide | made this explicit:
VG = (6G/16x, 6G/16g, 0G/ION_eff)

This told us that the compact gradient contains three coupled directions:
the X direction,
the g direction,

and the N_eff direction.

Chapter 10 shows how Guide Il opens those hidden directions into explicit equations.

Relation to V_F G in Guide I

Guide Il introduced the Raw Unified Form:
ds/at = — V_F G(X, g, N_eff, =_eff)
This was more formal than Guide |.

The operator V_F was introduced as a generalized functional-gradient operator across the full

state-space.

© 2025 CHAYUT TECHASAMRAN 200



Y

X CUWF Master Equation Guide 1l www.cuwfcosmos.com
EUWF

It was not an ordinary spatial gradient.
It was the gradient structure appropriate to the full universe-state.
However, Guide Il still remained compact.
It told us that the full state evolves according to:
-V FaG
but it did not yet unfold the PDE-level components.
Guide Il does that unfolding.
The compact PDE-vector form:

D/dT [X, g, N_eff]"T

-V raG

— 16G/16x, 6G/6g, 0G/ON_eff1*T

connects Guide Il to the explicit PDE-expanded engines.
It says:

the abstract functional-gradient direction becomes a vector of component-wise evolution directions.

How This Form Opens the Compact Gradient

The compact expression:
-V FaG
is correct, but hidden.
It tells us that the full state follows a negative generalized functional-gradient direction.
But it does not show the inner machinery.
The PDE-vector form opens the compact gradient by writing its components:

|
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= — [16G/6x, 6G/6g, IG/ION_eff|*T
This component expression then connects to the explicit engines:

6c/6x opens into the collapse-field equation.
5G/5g opens into the geometry / curvature equation.
aG/aN_eff opens into the renormalization-flow equation.

Thus, Chapter 10 shows the pathway:
compact gradient,

component gradient,

explicit PDE engines.

This is the bridge between the readable gateway, the raw unified form, and the full PDE-expanded

form.

Reminder: G Is Not the Gradient

At this point, it is useful to recall an important notation distinction.
In the expression:

[6G/6x, 6G/O6g, 0G/ON_eff]

the symbol G is not the gradient itself.

G denotes the generator functional.

The gradient is the full collection of derivatives of G with respect to the components of the state.
Thus:

V_FG=16G/6x, 6G/O6g, 0G/ON_eff]
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The distinction may be summarized as follows:
G = generator functional

VFG= gradient of the generator functional

OG/IOX = derivative of G with respect to X

56/59 = derivative of G with respectto g

0G/ON_eff = derivative of G with respect to N_eff

This G should also not be confused with the collapse metric G_ij.

The generator functional G governs the full gradient structure, while G_ij is the local collapse metric

that shapes the X-sector descent term.
In plain language:
G is the generator landscape.

V_FGisthe slope of that landscape across the state directions X, g, and N_eff.

The component expression:
[6G/6x, 6G/O6g, 0G/ON_eff]
is therefore not a new object separate from VFa.
It is the expanded component form of V Fa.

The minus sign in:
— 16G/16x, 6G/6g, 0G/ON_eff1*T

means that the state evolves along the negative generator-gradient direction across all three

components.
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The X Component of the Vector Form

The first component of the vector form is:
OG/6X
This is the generator-gradient direction with respect to the state-side field X.
In Guide Ill, this component is opened through the collapse-field evolution equation:
0X_i(x,T)/0T
= —G_jj(x,T) 0P/OX ]
— f Kij(x — x|: (1)) Z_eff(x,x ,T) [X_j(x) — X_j(x)] dx’
This equation contains both local descent and nonlocal coupling.
The local descent term was examined in Chapter 5.
The nonlocal integral term was examined in Chapter 6.
The effective coupling field =_eff was examined in Chapter 7.
Together, these chapters showed that the X component is not a simple slope.
It is an operational field engine.

The vector form compresses this entire X-engine into the component: 6GIOX

The g Component of the Vector Form

The second component of the vector form is:
O6c/6g

This is the generator-gradient direction with respect to the geometry-side component g.

In Guide Ill, this component is opened through the geometry / curvature evolution equation:
Jg_ij(xT/0T

. _______________________________________________________________________________________________|
© 2025 CHAYUT TECHASAMRAN 204



Y

X CUWF Master Equation Guide 1l www.cuwfcosmos.com
EUWF

= —a 020X Ox_)) + B F_ij(=_eff)
This equation was examined in Chapter 8.
It showed that geometry evolves in response to two main structures:
the Hessian-like curvature of the collapse potential Q,
and the effective coupling / entanglement contribution F_ij(E_eff).
Thus, the g component is not a passive background.

It is @ moving part of the PDE engine.

The vector form compresses this geometry engine into the component:

06G/bg

The N_eff Component of the Vector Form

The third component of the vector form is:
0G/ON_eff

This is the generator-gradient direction with respect to the effective degree-of-freedom variable.

In Guide Ill, this component is opened through the N_eff flow equation:
dN_eff/dT

= —0G/ON_eff

—R(N(T), A_soft(T), |R(T)|, =_eff(T))
This equation was examined in Chapter 9.

It showed that N_eff is not a fixed count.

It flows according to renormalization structure.

|
© 2025 CHAYUT TECHASAMRAN 205



Y

X CUWF Master Equation Guide 1l www.cuwfcosmos.com
EUWF

The function R summarizes the influence of available degrees of freedom, softening, regime structure,

and effective coupling.

Thus, the N_eff component is the structural-complexity engine of the PDE-expanded form.

The vector form compresses this renormalization engine into the component:

0G/ON_eff

Why the Minus Sign Applies to the Whole Vector

The compact vector form contains a minus sign:

D/dT [X, g, N_eff|" T

= —[166/6%, 6G/6g, 0G/ION_eff1* T
The minus sign applies to the whole component vector.
It is not only attached to one sector.

This means that the X direction, the g direction, and the N_eff direction all participate in the same

descent-oriented generator structure.
This does not mean that every observable quantity decreases.
It means that the state evolves along the negative generator-gradient direction.
This is consistent with Guide | and Guide I1.
Guide | used the minus sign in:
Ut + At) = ut) — Velu(mi At
Guide Il used the minus sign in:
dsiat=—V FG
Guide Il now distributes the same directional principle across the vector components.

The minus sign is therefore one of the strongest continuity links across the three guides.
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Why = eff Is Not a Fourth Vector Component

A reader may ask why =_eff does not appear as a fourth component in:
(X, g, N_eff]*"T
After all, =_eff appears in the generator functional and in several equations.

The answer is that =_eff is treated here as an effective coupling structure inside the engine, not as a

fourth state component in the PDE-vector form.
It appears in the X-sector through the nonlocal term.
It appears in the g-sector through:
F_ij(=_eff)
It appears in the N_eff sector through:
R(N(T), A_soft(T), |R(T)|, =_eff(T))
Thus, =_eff participates across the engine.
But the canonical PDE state vector remains:
X, g, N_eff]"T
This preserves the architecture of Guide Il

The three primary evolved components are X, g, and N_eff.

=_effis a coupling field that modulates the evolution of those components.

Plain-Language Meaning of the PDE-Vector Form

The compact PDE-vector form may look abstract:
D/dT [X, g, N_eff]" T

= — 16G/6x, 6G/6g, IG/ON_eff]*T
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But its basic meaning is simple.

It says that the full state changes in three coordinated directions.
The X part changes.

The geometry part changes.

The effective degree-of-freedom count changes.

Each change has its own detailed equation.

But all three changes belong to the same generator-gradient engine.
A simple analogy is a vehicle with three linked control systems.

One system controls the engine output.

One system controls the steering geometry.

One system controls the gear ratio or available power modes.

They are different systems.

But they belong to one vehicle.

The vehicle does not move by engine output alone.

It moves through the coordinated action of engine, steering, and transmission.

Similarly, CUWF does not evolve only through X, only through g, or only through N_eff.

The universe-state evolves through the coordinated movement of all three.
The PDE-vector form is the dashboard view of that coordinated engine.
It does not show every internal mechanism at once.

But it tells us that all three mechanisms belong to one machine.

What Does the Combined Vector Give?

When the three engines A, B, and C are combined, the result is not a single scalar value.

|
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It is not one number.

It is not merely a list of three separate equations.
It is the state-space evolution vector of CUWF.
The state vector is:

[X, g, N_eff]"T

This vector represents the configuration of the universe-state at a given evolution order T.
The component X represents the collapse-field / state-side configuration.

The component g represents the geometry / curvature configuration.

The component N_eff represents the effective degree-of-freedom configuration.
Together, these three components define the effective configuration of the CUWF universe-state.
When we write:

D/dT [X, g, N_eff]"T
we are asking:

how does this full configuration change as T advances?

In expanded schematic form, this may be read as:

D/dT [X, g, N_eff]*T

[0x/0T, Dg/OT, dN_eff/dTIT
More explicitly, the three components correspond to:
O0X_i(x,T)/0T,

0g_ij(x,T)/0T,

|
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and
dN_eff/dT.

The first component tells how the collapse-field configuration changes.

The second component tells how the geometry configuration changes.

The third component tells how the effective degree-of-freedom structure changes.
Therefore, the combined vector tells us how the configuration of the universe-state changes.
This is the central meaning of the compact PDE-vector form.

It tells us how the full state moves from one configuration toward another configuration as evolution

order T advances.

It does not give only the change of X.
It does not give only the change of geometry.
It does not give only the change of effective degrees of freedom.
It gives the coordinated change of all three.
A useful analogy is the state of an aircraft in flight.
The aircraft is not described only by its position.
It also has orientation, speed, engine state, fuel state, and control-surface configuration.
A flight update does not change only one number.
It updates the whole flight configuration.
Similarly, CUWF does not update only one variable.
It updates the universe-state configuration:
[X, g, N_eff]"T

The combined vector tells how this configuration changes.
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In ordinary mechanics, a velocity vector tells how the position of an object changes in physical space.

In CUWF, the state-space evolution vector tells how the configuration of the universe-state changes in

state-space.

The object that changes is not a particle moving through ordinary space.

The object that changes is the full universe-state configuration.

Thus, the result of combining A, B, and C is the structured direction of change of the whole state.
In plain language:

the combined vector tells CUWF how the universe-state should reconfigure itself at the next step of

evolution.

It tells how state, geometry, and effective complexity change together.

Why This Form Matters

The compact PDE-vector form matters because it prevents the PDE-expanded form from becoming a

list of disconnected equations.

Without the vector form, the reader might see:

a collapse-field equation,

a geometry equation,

and a renormalization-flow equation.

That would be useful, but incomplete.

The vector form shows that these equations are components of one organized evolution.
It also shows why Guide Il belongs to Guide | and Guide II.

Guide | introduced the readable update direction.

Guide Il introduced the raw generator-gradient structure.

Guide Il opens that structure into explicit PDE components.
|

© 2025 CHAYUT TECHASAMRAN 211



Y

X CUWF Master Equation Guide 1l www.cuwfcosmos.com
EUWF

The vector form is the point where the separated components are recombined.
It is therefore one of the most important equations in the guide.

It shows the architecture of the engine.

Relation to the Full Explicit PDE-Expanded Form

The Full Explicit PDE-Expanded Form contains detailed equations.
But the compact PDE-vector form provides the organizing skeleton.
It says:
D/dT [X, g, N_eff]"T
=—VrFaG
and then expands the gradient direction as:
— [6G/6%, 6G/6g, 0G/ION_eff|* T
This tells the reader how to read the detailed equations.
The collapse-field equation is not floating alone.
It belongs to OGIOX.
The geometry equation is not floating alone.
It belongs to 56/59.
The N_eff flow is not floating alone.
It belongs to OG/ON_eff.

Thus, the vector form is the map that connects the explicit equations to the generator-gradient

principle.
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Relation to the Three-Guide Progression

The three-guide progression can now be summarized clearly.
Guide | gave the human-readable doorway:
u(T + At) = ut) — VGlu(nl At
Guide Il gave the raw ontological skeleton:
ds/at = — V_F G(X, g, N_eff, =_eff)
Guide Il gives the PDE-expanded operational engine:

D/dT [X, g, N_eff]*T

-V rFaG

— [6G/6%, 6G/6g, 0G/ION_eff|* T

and then opens those components into explicit equations.

This progression is important.

Guide | helps the reader enter the idea.

Guide Il shows the deep unified structure.

Guide Il shows how the structure becomes operational.

Chapter 10 is where the reader can see that the three guides are not separate treatments.

They are different resolutions of the same architecture.

Physical Interpretation

Physically, the compact PDE-vector form says that CUWF evolution is multi-directional but unified.
The state-side field evolves.
Geometry evolves.

Effective degrees of freedom flow.
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These three movements are not independent accidents.

They are coordinated directions of one generator-driven evolution.

The collapse-field direction expresses state-side descent and nonlocal coupling.
The geometry direction expresses curvature response and coupling contribution.

The N_eff direction expresses renormalization of effective structural complexity.

Together, they form the operational engine of Guide .
This is why the PDE-vector form is compact but powerful.

It shows the whole machine without losing the meaning of its parts.

What This Chapter Does Not Do

This chapter does not derive every component equation from first principles.

It does not fully specify the generator functional G.

It does not choose one exact functional form for every term.

It does not claim that the three engines are numerically solved here.

It does not replace the detailed equations in Chapters 4 through 9.

Its purpose is narrower.

It shows how the three explicit engines belong to the same compact PDE-vector form.

The reader should leave this chapter understanding that A, B, and C are not separate equations

placed side by side.

They are the three component directions of one generator-gradient evolution.

Final Definition

The compact PDE-vector form:

D/dT [X, g, N_eff]*T
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—V rFaG

— 16G/6%, 6G/6g, 0G/ION_eff|* T

is the vector-level expression of the Full Explicit PDE-Expanded Form. It states that the collapse-field
engine, the geometry / curvature engine, and the effective degree-of-freedom flow are three coupled

components of one generator-gradient structure.
More simply:

the PDE-vector form shows that CUWF evolves through three coordinated directions: state, geometry,

and effective structural complexity.

One-Sentence Summary

The compact PDE-vector form recombines the collapse-field equation, geometry equation, and N_eff

flow into one generator-gradient engine with three coupled directions: X, g, and N_eff.

Looking Ahead

This chapter brought the three major PDE engines together.
We saw why A, B, and C belong together.
We saw what D/dT means.
We saw why the equations are not unrelated.
We recalled why G is the generator functional, not the gradient itself.

We saw how the hidden VG structure from Guide | becomes the generalized V _F G structure in

Guide Il.
We saw how Guide Il opens that compact gradient into explicit PDE components.
We also saw that the combined vector tells how the configuration of the universe-state changes.

The next chapter will explain why this operational engine matters.
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It will move from the structure of the equations to their use.

It will ask how the PDE-expanded form can support derivations, predictions, approximation schemes,

and computation within CUWF.
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