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Abstract

This monograph develops a unified mathematical interpretation of the HYDRA frame-
work and its related theoretical systems as a general theory of admissible computation.
Rather than treating cognition, memory, semantic organization, and learning as in-
dependent symbolic operations over static data structures, the framework interprets
them as constrained dynamical processes unfolding over stratified semantic mani-
folds. The resulting picture synthesizes field theory, category theory, sheaf theory,
differential topology, information geometry, and geometric learning into a common
formal language.

The central claim is that coherent cognitive systems are governed not primarily by
symbolic content but by the geometry of admissible trajectories through structured
configuration spaces. Within this perspective, memory is stabilized field residue,
cognition is structured transport across semantic manifolds, and intelligence is the
recursive stabilization of compatible local sections across multiscale representational
structures. Each of these characterizations is given a precise mathematical formulation
and connected to a body of established theory.

HYDRA is interpreted not merely as a modular Al architecture but as a composi-
tional geometric system integrating cue fields, semantic tiling, latent memory trajecto-
ries, and admissibility-preserving reasoning dynamics. The RSVP framework supplies
the ontological and field-theoretic substrate from which these structures emerge. Cat-
egory theory and sheaf theory provide a rigorous language for the local-to-global
semantic coherence conditions that distinguish genuine reasoning from statistical
interpolation. Whitney stratification theory provides the differential-topological un-
derpinning for semantic phase transitions. Information geometry provides the natural
Riemannian structure on spaces of probability distributions and value functions.

Detailed derivations are provided throughout. The treatment is intended to be
mathematically self-contained at the level of a reader familiar with graduate-level

analysis, differential geometry, and category theory.
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Chapter 1

Introduction

1.1 The Symbolic Paradigm and Its Limitations

Contemporary artificial intelligence systems largely inherit an implicit ontology de-
rived from symbolic computation and statistical optimization. Representations are
treated as static vectors occupying positions in Euclidean parameter spaces, learning
is modeled as gradient-guided adjustment of numerical parameters, and memory is
interpreted as the storage and retrieval of symbolic artifacts indexed by keys. This
architecture, for all its practical power, embeds a series of assumptions that become in-
creasingly difficult to defend as one demands semantic stability, causal interpretability,
and robustness to distributional shift.

The first assumption is that semantic content is adequately captured by position in
an undifferentiated Euclidean space. This assumption fails whenever semantic validity
is a local rather than global property: the difference between a grammatically coherent
sentence and a sequence of plausible-looking tokens is not a matter of distance in em-
bedding space but of constraint satisfaction along syntactic, semantic, and pragmatic
dimensions that have nontrivial topological structure. A vector slightly displaced from
a valid semantic point may lie in a region that supports no coherent interpretation at
all, yet gradient methods treat this displacement as a small perturbation rather than a
structural violation.

The second assumption is that optimization can proceed isotropically in parameter
space. This fails whenever the loss landscape has anisotropic structure induced by the
geometry of the semantic constraints: the directions of steepest descent in Euclidean
parameter space need not coincide with the directions of semantically admissible
improvement. Learning that ignores this geometry will typically drift across semantic
strata, producing models that interpolate fluently within training distribution while
extrapolating incoherently outside it.

The third assumption is that memory is adequately modeled by storage and re-
trieval. This fails to account for the dynamic, reconstructive, and context-sensitive
character of memory in biological systems, where what is retrieved is never a literal

copy of what was stored but a reconstruction shaped by current context, intervening
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CHAPTER 1. INTRODUCTION

experience, and the constraints of the retrieval cue. A field-theoretic account of mem-
ory as persistent dynamical residue rather than symbolic archive provides a better

substrate for these phenomena.

1.2 Toward a Process-Centered Geometric Ontology

The frameworks considered in this monograph attempt to replace the object-centered
symbolic ontology with a process-centered geometric interpretation of cognition and
computation. The central shift is from static representations to admissible trajectories.
Coherent systems are not interpreted as collections of objects with attached properties,
but as recursively stabilized dynamical organizations constrained by topology, entropy,
and field structure.

Within this interpretation, cognition is not symbolic manipulation over inert states.
It is structured transport through admissibility manifolds: the evolution of a system
state through a configuration space whose geometry is defined by the constraints
of semantic coherence, causal consistency, and entropic admissibility. Memory is
not archival storage but persistent field residue: the trace left in the configuration
space by previously stabilized trajectories, analogous to the way a particle beam leaves
an ionization trail in a detection medium. Semantic organization is not reducible
to labels or embeddings alone but emerges from compatibility relations across local
semantic regions, formalized by the sheaf-theoretic condition that local sections agree
on overlaps.

The HYDRA framework serves as a synthesis architecture for these ideas. It inte-
grates several previously independent theoretical systems into a common geometric
and categorical structure, combining cue-driven relevance fields, personalized se-
mantic graphs, recursive semantic tilings, latent causal memory trajectories, and
entropy-constrained reasoning operators into a unified compositional system. The
purpose of this monograph is to provide the full mathematical development of the

unified framework, including all derivations that the original presentation left implicit.

1.3 Overview of the Monograph

Chapter 2 develops the RSVP field-theoretic ontology in detail, including the field
equations governing the triple (®, v, 5), the projection formalism, and the interpreta-
tion of semantic equivalence as a geometric equivalence relation. Chapter 3 develops
the theory of stratified semantic manifolds, including Whitney stratification, tangent-

constrained optimization, and the geometry of semantic phase transitions. Chap-
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ter 4 gives the full mathematical treatment of HYDRA as a compositional geometric
architecture, including the derivation of the composition law and the admissibility-
preservation properties of each component. Chapter 5 develops the sheaf-theoretic
semantics in detail, including the formal statement of the gluing condition and the
cohomological interpretation of hallucination and reasoning failure. Chapter 6 treats
memory as stabilized field residue, including a formal model of persistence, retrieval
as resonance reconstruction, and the connection to memoization in dynamic pro-
gramming. Chapter 7 develops the category-theoretic backbone, including functorial
representations, natural transformations as reasoning regime changes, and monoidal
composition of semantic states. Chapter 8 synthesizes the foregoing into a geometry
of intelligence, including formal definitions of coherent agency and the precise mathe-

matical content of the claim that intelligence is recursive admissibility preservation.



Chapter 2

RSVP as an Ontology of Admissible Fields

2.1 The Field Triple

The RSVP framework begins from the premise that coherent structure in physical,
cognitive, and computational systems emerges from the interaction among three
primitive field types defined over a common state manifold M. These fields are not
independent: they are coupled by a system of field equations that express their mutual

consistency.

Definition 2.1 (RSVP Field Triple). The RSVP field triple over a smooth manifold M
with time axis R is a triple (®, v, S) where ® : M x R — R is the scalar accessibility
potential, v : M xR — T'M is the vector flow field taking values in the tangent bundle
of M, and S : M x R — R is the entropic accessibility measure.

The physical and cognitive interpretations of these fields differ by domain. In
the semantic setting relevant to HYDRA, ®(z,¢) measures the degree to which the
state © € M at time ¢t admits coherent semantic continuations: high values of ®
indicate states from which many semantically valid trajectories proceed, while low or
negative values indicate states from which the admissible continuations are sparse
or foreclosed. The field v(z, t) is the vector field encoding the preferred direction of
semantic evolution: its integral curves are the canonical trajectories of the system
under RSVP dynamics. The field S(z,t) is the logarithmic volume of the admissible
future trajectory set:

S(z,t) = log|A(z,t)

Y

where A(z, ) is the set of all admissible future trajectories from (x,¢) and |-| denotes the
appropriate measure (counting, Lebesgue, or Hausdorff depending on the setting).

2.2 The RSVP Field Equations

The RSVP field triple is governed by a coupled system of partial differential equations
expressing the mutual dependencies of ®, v, and S. In the semantic setting, these take

the form of a generalized wave-diffusion system.
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The scalar field equation is:
O + p*® = p(v, S), (2.1)

where O = 97 — Ay, is the wave operator on M (with A the Laplace-Beltrami
operator of the Riemannian structure on M), i > 0 is an inverse coherence length
expressing the spatial scale over which ® remains correlated, and p(v, S) is a source
term coupling the scalar field to the flow and entropy.

The vector field satisfies an admissibility-preserving divergence condition:

S

Vo Ve ——
M \4 at7

(2.2)

which is a continuity equation expressing that the divergence of the semantic flow
tield is balanced by the rate of change of admissibility entropy. States from which
the flow diverges outward lose admissibility over time; states toward which the flow
converges gain admissibility.
The entropy field satisfies a transport equation:
S

o7 TV VS = o(®,v), (2.3)

where o(®, v) is a source-dissipation term expressing how the local accessibility po-
tential and flow direction jointly generate or destroy admissibility volume. When
o > 0, the local region is generating new admissible continuations (semantic fertility);
when o < 0, the region is losing admissibility (semantic collapse).

These three equations are not postulated as fundamental physical laws but as the
minimal constitutive relations expressing the mutual coherence of the RSVP fields in
the semantic regime. Different domains (cosmological, cognitive, economic) specialize
the source terms p and o differently.

2.3 The Projection Formalism

The RSVP ontology is completed by the projection formalism, which provides the
mechanism by which the high-dimensional trajectory space is compressed to an
operationally tractable manifold.

Definition 2.2 (Admissibility Projection). An admissibility projection is a smooth map

7 : X — M from a high-dimensional trajectory space X to a compressed operational
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CHAPTER 2. RSVP AS AN ONTOLOGY OF ADMISSIBLE FIELDS

manifold M, satisfying the condition that for any two points x;, z, € X:
.A(Qfl) = A(ZEQ) — 71'(1’1) = 7T(ZE2).

The condition asserts that 7 identifies precisely those states in X that have the
same future admissible continuation structure. The image M = 7(X) retains exactly
the distinctions that matter for future semantic evolution and discards those that do

not.

Theorem 2.3 (Existence of Minimal Projection). For any trajectory space X with admissi-
bility relation A, there exists a minimal admissibility projection  : X — M?*, unique up
to isomorphism of M*, such that every other admissibility projection m : X — M factors
through 7*: there exists a map @ : M* - M with m = 7 o 7*.

Proof. Define the equivalence relation ~ on X by 21 ~ 2o <= A(x) = A(x2). This
is an equivalence relation: reflexivity holds since A(z) = A(x); symmetry holds since
equality of sets is symmetric; transitivity holds since equality of sets is transitive.
Define M* = X/~ and 7*(z) = [z]., the equivalence class of =. By construction, 7*
is an admissibility projection. For any other admissibility projection 7 : X — M,
define 7([z].) = w(x). This is well-defined since 1 ~ 2o = A(x;) = A(zy) =
7(x1) = m(x2) (by the definition of admissibility projection for 7). Then 7 = 7 o 7* by
construction, establishing minimality. Uniqueness up to isomorphism follows from

the universal property of quotients. O O

Definition 2.4 (Semantic Equivalence). Two states x1, z, € X are semantically equiv-
alent if and only if 7*(x1) = 7*(z2), equivalently if and only if A(z1) = A(z2).

Semantic equivalence is therefore not a matter of similarity in any metric sense but
a matter of identical future admissible structure. Two states that look very different
symbolically may be semantically equivalent if they admit identical continuations,
while two states that look nearly identical symbolically may be semantically distinct if
they admit different continuations. This is the precise mathematical content of the
intuition that meaning is relational and context-dependent rather than intrinsic and

context-independent.

2.4 Metastability and Admissibility Basins

A fundamental feature of the RSVP ontology is its account of persistence. A state x €
M persists over time not because it is stored in an inert medium but because it occupies

aregion of the configuration space that is dynamically stable: small perturbations from

11



HYDRA and the Geometry of Admissible Computation

x are corrected by the RSVP field dynamics, and the state returns to a neighborhood
of z after perturbation.

Definition 2.5 (Admissibility Basin). An admissibility basin is an open subset U C M
such that the RSVP field dynamics, when restricted to U, have an attracting fixed
point z* € U: for all z, in some neighborhood of z* within U, the trajectory z(t) with
z(0) = zy satisfies z(t) — x* as t — oc.

The RSVP field equations guarantee the existence of admissibility basins whenever
® has isolated local maxima, because the gradient flow & = v(z,t) = V®(z) in the
quasi-static regime drives the system toward local maxima of ®. Local maxima of ¢
are states of maximal local accessibility, and the system is attracted toward them by
the semantic flow field v.

Proposition 2.6 (Lyapunov Stability of Admissibility Maxima). Let z* € M be an
isolated local maximum of ®(-,t) for all t in some interval [0,T], and suppose v(x,t) =
aV @ (z,t) + &(x,t) where o > 0 and ||&|| is small. Then x* is Lyapunov stable for the flow

of v.

Proof. Define L(z) = ®(z*) — ®(z) > 0 as a Lyapunov function. Since z* is an isolated
local maximum, L(z) = 0 if and only if x = 2*, and L is strictly positive in a punctured
neighborhood of z*. Compute:

d

L) = —Vm®(2) - & = =V u(@) - (@Vm®(2) +£(2,1))

= ||V ®(@)]]* ~ Vard(z) - £z 1).

For z near 2%, |V ®(2)|| = ||H(x — x*)|| where H is the negative-definite Hessian of
® at z*. When ||¢|| is sufficiently small relative to || V®||, the negative term dominates
and 4 L < 0 in a punctured neighborhood of z*. By Lyapunov’s stability theorem, z*
is Lyapunov stable. O O

This proposition shows that local maxima of the semantic accessibility potential ¢
are dynamically stable attractors of the RSVP flow field, providing the field-theoretic

account of semantic persistence.
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Chapter 3

Stratified Semantic Manifolds

3.1 Whitney Stratification

The configuration spaces relevant to semantic cognition are not smooth manifolds in
the classical sense. They contain regions of varying dimensionality corresponding to
different representational modes or cognitive regimes, separated by boundary strata
where transitions between regimes occur. The mathematical framework appropriate
for such spaces is Whitney stratification.

Definition 3.1 (Whitney Stratification). A Whitney stratification of a subset M C R"
is a partition M = | | S, into locally closed smooth submanifolds S, (the strata)
such that the following two conditions hold. The frontier condition requires that if
SgN S, + (), then Sg C S, establishing a partial order on strata. Whitney condition B
requires that for any sequences y,, — pin Sg and z;, — pin S, with p € Sj, if the secant
lines 424 converge to a line £ and the tangent spaces T}, S, converge to a limiting
plane 7, then ¢ C 7.

Whitney condition B is a regularity condition ensuring that the tangent spaces
of a higher-dimensional stratum approach the tangent space of a lower-dimensional
boundary stratum without sudden collapse. In the semantic setting, this means that
tangent-preserving semantically admissible transformations within a stratum extend
continuously to the stratum boundaries, preventing catastrophic loss of semantic

structure at regime transitions.

Each stratum S, C M represents a coherent semantic regime: a region of the con-
figuration space within which a consistent representational mode prevails. Tangent
directions within S, correspond to semantically admissible infinitesimal transforma-
tions, those that preserve the representational character of the state. Normal directions
to S, within the ambient space correspond to semantically incoherent transformations,
those that move the state out of the current regime.

13



HYDRA and the Geometry of Admissible Computation

3.2 Tangent-Constrained Optimization

Standard gradient descent in a Euclidean parameter space R" updates parameters by:
Ory1 =0, — NV F(6,),

treating all directions as equally admissible. When the relevant configuration space is
a Whitney-stratified manifold M rather than Euclidean space, this isotropic update is
inappropriate: it may move the state out of the current stratum and into an adjacent

stratum or into the complement of M, violating semantic coherence.

Definition 3.2 (Tangent-Constrained Gradient). For a function /' : M — R and a
point z € S, C M, the tangent-constrained gradient of F at x is the projection of the
ambient Euclidean gradient VF'(z) onto the tangent space T;.5,:

VSDLF('CL‘) = HTISQ (VF(.%')),
where Il g, : R" — TS, is the orthogonal projection.
Tangent-constrained gradient descent updates states by:
T = exp, (—nV>F(x,)),

where exp_ is the Riemannian exponential map on S, at z;. This update stays within
S, (for small enough 1) and respects the semantic coherence structure of the current

stratum.

Theorem 3.3 (Convergence of Tangent-Constrained Gradient Descent). Let F': S, — R
be L-smooth and p-strongly convex on the Riemannian manifold S,,. Then tangent-constrained
gradient descent with step size n € (0,2/L) converges to the unique minimizer x* € S, at the
geometric rate:

L t
dist(z;, 2%)? < (1 —2nu (1 — %)) dist(zg, %),

where dist(-, -) is the Riemannian distance on S,,.

Proof. By L-smoothness on S,:
S o MLy s 2 nL s, 2
Plawn) € Fa) =l V5P P+ 25 Pl = Fa)-n(1-22) 195 F ()

By the Polyak-Lojasiewicz inequality on Riemannian manifolds (which follows from

14



CHAPTER 3. STRATIFIED SEMANTIC MANIFOLDS

p-strong convexity ):
IV F(x)|* > 2u(F(x) — F(2")).

Combining:

nL

Floe) = Pl < (12 (1= 5 ) ) (7o) - Pl

By u-strong convexity, F'(z) — F(z*) > 4dist(z, 2*)?, giving the stated bound. [ [

3.3 Semantic Phase Transitions

A semantic phase transition occurs when a trajectory in M crosses from one stratum
S, to an adjacent stratum S with S5 C S,,. Such transitions are not arbitrary: Whitney
condition B constrains the geometry of the approach to the stratum boundary, ensuring

that the transition preserves the limiting tangent structure.

Definition 3.4 (Admissible Phase Transition). A trajectory 7 : [0, 1] — M undergoes
an admissible phase transition from S, to S at time ¢, € (0,1) if y(t) € S, for t < t,,
v(to) € Sp, and the tangent vectors 5(t) converge to a limiting vector (o) in T’,;,)Ss
ast — t;.

Admissibility of the phase transition requires that the limiting tangent direction of
the trajectory, as it approaches the stratum boundary, lies within the tangent space of
the lower stratum. This is precisely what Whitney condition B guarantees: the tangent
spaces of S, near the boundary of Sz converge to subspaces of the tangent space of
S, so trajectories approaching the boundary tangentially can cross it continuously.

Non-admissible phase transitions occur when the approach to the stratum bound-
ary is transversal rather than tangential. In semantic terms, these correspond to
abrupt representational breakdowns: the system attempts to cross between semantic
regimes in a direction that violates the coherence structure of both regimes, producing

incoherent or semantically null outputs.

3.4 The Riemannian Metric and Semantic Distance

Each stratum S, carries a Riemannian metric g, inherited from the ambient Euclidean
space or specified independently by the admissibility structure. The Riemannian
distance distg, (, y) measures the cost of the shortest semantically admissible path

between x and y within S,,.

15



HYDRA and the Geometry of Admissible Computation

Across strata, the inter-stratum semantic distance is defined by the infimum over

paths connecting the two points through any sequence of admissible phase transitions:

1
distu(y) = inf [ [3(0)],,,
0

where the infimum is over all admissible piecewise-smooth paths « in M connecting
x to y, and «a(t) is the stratum containing 7(¢). This distance is finite if and only if y is

reachable from x via admissible phase transitions, and it is zero if and only if v = y.

Proposition 3.5 (Metric Structure of Stratified Manifold). The inter-stratum semantic
distance dist, is a pseudometric on M. It is a genuine metric on the quotient space M /=,
where x ~ y if disty(z,y) = 0.

The proof is standard: non-negativity and symmetry hold by definition, and the
triangle inequality follows from the concatenation of optimal paths. The identification
of zero-distance pairs (which can occur when the strata meet in singular ways) gives
the quotient metric.
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Chapter 4

HYDRA as a Compositional Geometric

Architecture

4.1 The Composition Law

HYDRA integrates five component systems into a single compositional geometric
architecture. The mathematical description of the full system is given by a composition
of functorial operators, each acting on a specific type of structured geometric object
and each preserving the admissibility constraints relevant to its domain.

The full HYDRA operator is:

H =GLUggypo M oT o F,0G, 0o R, (4.1)

where the component maps are defined as follows.

The cue operator R : C — F (M) maps an input cue space C to the space F (M)
of smooth functions on the semantic manifold M. A cue c € C produces a relevance
field R(c) = f. : M — R>(, a smooth non-negative function encoding the relevance of
each region of M to the given cue. This relevance field is the first component of the
RSVP scalar field @ induced by the cue.

The graph operator G, : F(M) — G maps the relevance field to a personalized
interaction graph G,(f.) € G, where G is the space of weighted directed graphs over
a node set determined by the high-relevance regions of f.. The graph encodes the
semantic neighborhood structure of the cue-activated region: nodes are semantic
entities, and edges encode admissible semantic relations between them.

The representation operator F, : G — £ maps the interaction graph to a represen-
tation space £ via a graph neural network or geometric message-passing scheme. The
resulting representation F,(G,(f.)) € € is a structured embedding of the local seman-
tic neighborhood into a Euclidean feature space that preserves the graph-relational
structure.

The tiling operator 7" : £ — T °° maps representations to a recursive hierarchy of
semantic tiles 7°°, implementing the TARTAN (Trajectory-Aware Recursive Tiling
with Annotated Noise) decomposition. Each tile at level % of the hierarchy is a region

17
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of M within which the semantic structure is approximately uniform, together with a
noise annotation measuring the residual semantic variability within the tile.

The memory operator M : 7> — MemTraj maps the tiled representation to a
latent memory trajectory in the space MemTraj of causal trajectories over the RSVP
field. Memory trajectories encode the temporal evolution of the system through the
semantic manifold, weighted by the admissibility of each step.

The reasoning operator GLUgsyp : MemTraj — Out maps memory trajectories to
outputs, enforcing the RSVP admissibility constraints on the output: the final output
must lie in the admissible region of M consistent with the accumulated trajectory
history.

4.2 Admissibility Preservation at Each Layer

A critical property of the HYDRA composition is that each component operator
preserves the admissibility structure of its input in passing to its output. We formalize
this property layer by layer.

Definition 4.1 (Admissibility-Preserving Map). A map f : A — B between admissi-
bility spaces (A, A4) and (B, Ap) is admissibility-preserving if for every a € A and
every admissible continuation 7 € A4(a), the image trajectory f(7) is an admissible
continuation of f(a): f(7) € Ag(f(a)).

Proposition 4.2 (Admissibility Preservation of Cue Operator). The cue operator R is
admissibility-preserving with respect to the admissibility structure on C given by semantic
coherence of cue sequences and the admissibility structure on F (M) given by the smoothness
and non-negativity of relevance fields.

Proof. A semantically coherent cue sequence (cy, ¢z, .. .) maps under R to a sequence
of relevance fields (f.,, f.,,...). Admissibility of the cue sequence requires that the
sequence of cues forms a semantically consistent discourse: each cue is contextually
appropriate given the preceding cues. The relevance fields f,, inherit this consistency:
the support of f.,., (the high-relevance region at time ¢ + 1) is contained within the
support of f,, union a bounded expansion region determined by the discourse coher-
ence constraints. This containment condition is exactly the admissibility condition on
relevance field trajectories in F(M). O H

The analogous propositions for the graph, representation, tiling, memory, and
reasoning operators follow by similar arguments, with the relevant admissibility
structures defined appropriately for each layer. The key point is that the composition A
inherits the admissibility-preserving property from all its components: an admissible

input cue produces an admissible output through every intermediate layer.
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4.3 The TARTAN Tiling Operator in Detail

The tiling operator 7" deserves more detailed treatment because it is the component
that most directly implements the multi-scale geometric structure of the framework.
The TARTAN decomposition operates as follows.

At level k = 0, the full semantic manifold M forms a single tile. Atlevel k =1, M
is partitioned into a collection of tiles {Tl(l), Tz(l), ...}, each a connected open subset
of M, such that the tiles cover M and overlap only on their boundaries. At level &,
each tile from level k — 1 is further subdivided into sub-tiles, producing a hierarchy of
tilings with increasing refinement.

The TARTAN tiles are not arbitrary: they are constructed to be semantically co-
herent in the sense that the RSVP accessibility potential ® is approximately constant
within each tile, the semantic flow field v is approximately uniform within each tile,
and the stratum assignment a/(x) is constant within each tile (all points of a tile belong
to the same semantic stratum). This triple coherence condition ensures that each tile
is a semantically homogeneous region within which a single representational mode

prevails.

Definition 4.3 (TARTAN Tile). A TARTAN tile at level £ is a connected open set
T C M such that osc(®,T) < ¢, osc(v,T) < é, and T is contained within a single
stratum S,, where osc(f,T) = sup, [/ f(z) — f(y)| is the oscillation of f over T"and
€k, 0 — 0 as k — oo.

The noise annotation n(7") of a tile 7" at level & is the residual semantic variability

within the tile after accounting for the uniform approximation:

n(T) = (osc(®,T)* + osc(v, T)?) 12
This annotation is the RSVP entropy field S evaluated at the tile level: the log-volume of

admissible trajectories within 7" that deviate from the tile-level uniform approximation.

Theorem 4.4 (TARTAN Approximation Theorem). For any € > 0 and any compact
subset K C M with finitely many strata, there exists a TARTAN tiling at some level k* with
finitely many tiles such that the tile-level approximation error satisfies n(T") < € for all tiles T
intersecting K.

Proof. By compactness of K and the uniform continuity of ¢ and v on each stratum
(which are smooth functions on smooth manifolds), for each € > 0 there exists § > 0
such that any two points z,y € K within the same stratum and satisfying ||z — y|| < ¢
have |®(z)—®(y)| < ¢/v2and ||v(z)—v(y)| < ¢/+/2. Cover each stratum’s intersection
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with K by open balls of radius 6/2. By compactness, a finite subcover exists. Refine
the TARTAN tiling to tiles of diameter less than §/2 lying within individual strata.
Then for each tile T, n(T') < (¢2/2 + €2/2)'/? =e. O O

4.4 The Memory Operator and Latent Causal Trajectories

The memory operator M : 7> — MemTraj maps the hierarchical tiled representation
of the current semantic state to a trajectory in the latent space of the RSVP field. This
trajectory encodes the causal history of the system’s semantic evolution: the sequence
of admissibility basins through which the system has passed, the transitions between
strata, and the residual field configurations left by each visited state.

Definition 4.5 (Latent Memory Trajectory). A latent memory trajectory is a function
m :[0,T,,] = M xR x TM of the form m(r) = (z(7), ®(z(7),7),v(x(7), 7)) where
z : [0,7,] - M is an admissible trajectory through the RSVP-evolved semantic
manifold.

The memory trajectory carries three components at each time 7: the current position
z(7) in the semantic manifold, the accessibility potential ®(x(7), 7) measuring the
semantic fertility of the current state at time 7, and the flow vector v(x(7), 7) indicating
the preferred direction of semantic continuation from the current state. This triple is a
section of the RSVP field along the trajectory.

Memory retrieval in this framework is not a lookup but a resonance computation.
Given a retrieval cue ¢* € C, the system computes the relevance field R(c*) = fo- :
M — R and finds the region of the memory trajectory m that most strongly resonates
with this relevance field:

7 = arg max_ . /M fer(z) - ®(x(7),7) - k(z,2(7)) dx,

where k : M x M — Ry is a semantic kernel measuring the proximity of two states
in M. The retrieved memory is then the RSVP field configuration at time 7*: the triple
(x(7%), ®(-, 7%),v(-,7%)), which provides the semantic context for the current output

generation.
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Chapter 5

Sheaf-Theoretic Semantics

5.1 The Category of Contexts

The local-to-global structure of cognition, the requirement that local semantic judg-
ments cohere into globally consistent interpretations, is naturally formalized using
sheaf theory. We begin by constructing the appropriate categorical setting.

Definition 5.1 (Context Category). The context category Ctx is the category whose
objects are semantic contexts U: open subsets of the semantic manifold M representing
regions over which a coherent local interpretation is defined. The morphisms are
semantic specializations: for IV C U, a morphism V' — U represents the restriction
from a broader context U to a more specific context V. C U. Composition is set-

theoretic inclusion.

This category has the structure of a site: it comes equipped with a coverage (the

collection of open covers of each context), which allows sheaves to be defined over it.

Definition 5.2 (Semantic State Presheaf). The semantic state presheaf F' over Ctx
assigns to each context U € Ctx the set F'(U) of admissible local semantic states
over U: the set of RSVP field configurations (®|y, v|y, S|y) that satisfy the RSVP
field equations on U with boundary conditions consistent with the admissibility
constraints. For V' C U, the restriction map pyyv : F(U) — F(V) is the restriction of
field configurations from U to V.

5.2 The Sheaf Condition and Semantic Coherence

The sheaf condition is the formal statement that local semantic consistency implies
global semantic consistency. It is the mathematical expression of the principle that

coherent cognition requires coherent reasoning.

Definition 5.3 (Semantic State Sheaf). The semantic state presheaf F' is a sheaf if for

every context U € Ctx and every open cover {U, };c; of U, the following sequence is
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exact:
Hi,j PUi,U,L-ﬁUj

p) L2 T P

el

[ Fwinu;).
IL,; puj,vinu; Qe

The exactness of this sequence has two components. The injectivity of the first map
(the identity axiom) asserts that a global section is uniquely determined by its local
restrictions: two global semantic states that agree on every local context are identical.
The exactness at the middle term (the gluing axiom) asserts that if a collection of local
semantic states {s; € I'(U;)} agree on all overlaps, py, v,nv,(s:) = pu,v,nv,(s;) for all

i, j, then there exists a unique global section s € F'(U) with py,(s) = s; for all 4.

Theorem 5.4 (Semantic State Sheaf Existence). Under mild regqularity conditions on
the RSVP field equations (specifically, that they satisfy the unique continuation property: a
solution on U is uniquely determined by its restriction to any non-empty open subset VVC U),

the semantic state presheaf F' is a sheaf.

Proof. The identity axiom follows directly from unique continuation: if pyy,(s) =
puw;(s') for all i and {U;} covers U, then s and s’ agree on a cover of U, hence on a
dense subset, and by continuity (solutions of the RSVP equations are smooth) s = s’
on all of U.

For the gluing axiom, suppose {s; € F(U;)} agree on overlaps. Define s : U —
Rretm by s(z) = s;(x) for any ¢ with z € Uj; this is well-defined by the overlap
condition. We verify that s satisfies the RSVP field equations on U: since s coincides
with s; on U; and s; satisfies the equations on Uj, s satisfies the equations on each U,
hence on their union U. The uniqueness of s follows from the identity axiom. [ [

5.3 Global Sections as Coherent Interpretations

A global section s € F(M) of the semantic state sheaf is an assignment of a semantic
state to every point of the semantic manifold, consistent across all contexts. In cognitive
terms, a global section is a coherent global interpretation: a semantic state that is
locally consistent at every scale and in every context.

Not every collection of local semantic states extends to a global section. The
obstruction to global extension is measured by the first cohomology group H'(Ctx; F):
non-trivial elements of this group correspond to collections of local states that are
pairwise consistent on overlaps but fail to assemble into a global consistent state. This

cohomological obstruction is the formal measure of semantic inconsistency.

Definition 5.5 (Hallucination as Cohomological Failure). A system output is a halluci-

nation if it presents a globally coherent-looking semantic state s : M — R+ that
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is not a genuine global section of the semantic state sheaf: s ¢ F'(M). Equivalently, s
is a hallucination if there exists a context U and an open cover {U;} of U such that the

restrictions s|y, do not satisfy the gluing condition.

This definition makes precise the informal characterization of hallucination as a
global-looking output unsupported by compatible local evidence. The local evidence

(the restrictions s|y, to individual contexts) fails to glue consistently, but the system
produces a smooth interpolation that looks globally coherent while being locally
contradictory. The cohomological framework provides the tools to detect and quantify

this failure.

5.4 Cech Cohomology and the Measure of Semantic In-

consistency

The Cech cohomology of the semantic state sheaf F' with respect to a cover U = {U;}
is computed from the cochain complex:

Ow; Py S ot Py S e ) S

where C*(U; F) = [[; <..c;, F(Ui, N --- N U;,) and the coboundary operator §* is
the alternating sum of restriction maps. The cohomology groups are H*(U; F) =
ker 6% /im 61,

A 1-cocycle o € C'(U; F) is a collection of local states o;; € F'(U; N U;) satisfying
the cocycle condition o, — 04, + 0,5 = 0 on triple intersections U; N U; N Uy. Such
a cocycle represents a collection of local pairwise compatibility data. The cocycle is
a coboundary (i.e., represents zero in H') if and only if there exist global sections
o; € F(U;) such that 0;; = 0
globally consistent local sections.

v,nu; — Oilu,nu,: i-e., if the pairwise data is induced by

The class [0] € H'(U; F) of a non-trivial cocycle measures the degree to which
the local pairwise compatibility data fails to extend to global consistency. In seman-
tic terms, it measures the degree of hallucination: how far the system’s pairwise-
compatible local outputs are from being globally coherent.
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Chapter 6

Memory as Stabilized Field Residue

6.1 The Field-Theoretic Account of Memory

Within the RSVP framework, memory is not an archival system that stores and retrieves
discrete symbolic records. It is a dynamical phenomenon: the persistence of particular
configurations in the RSVP field triple (®, v, S) across time. A memory state is a
metastable configuration of the field that resists the entropic dissolution that would

otherwise return the field to a uniform low-information state.

Definition 6.1 (Memory State). A memory state is a triple m = (@, vy, Si) consisting
of a localized excitation of the scalar field ¢, : M — R, concentrated on a compact
subset K, C M, a vector field v, : K, = T K, encoding the associative flow structure
of the memory within K, and an entropy measure S,, : K, — R encoding the
admissibility width of the memory: how precisely the memory state specifies its

content.

A memory state persists as long as the localized excitation ®,, remains above the
ambient background field level. The persistence time T, of a memory state is the time
until the excitation decays below threshold:

T = Inf {t > 0: sup Pn(z,t) < q)thresh} )

€Ky

6.2 Memory Persistence and Lyapunov Analysis

The persistence time 7}, depends on the structure of the RSVP field dynamics in the
neighborhood of the memory state. We analyze this dependence using Lyapunov

methods.

Theorem 6.2 (Memory Persistence Bound). Suppose the RSVP field dynamics in a neigh-
borhood N (K,,) of the support of the memory state satisfy the decay estimate:

d
1208 = ul, 0)llz2ren) < —AUPCE) = Pual, O)ll 20y + KIS )l oo i)
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with A > K| s/ ||® — Pl 12 (i.e., the stabilizing force exceeds the entropic perturbation).

Then: . D0 0) &
Tm Z log || m('7 ) - O||L2(Km)a
)\ — KRCg (I)thresh . |I(m|1/2

where cg = || S| /||® — Pul|z2 and |Ky| is the measure of K.

Proof. Lete(t) = || ®(-,t) — ®n(-,0)||L2(k,,) be the deviation of the current field from
the memory state. By hypothesis, é(t) < —Ae(t) + &[|S||. As long as e > &||S||
(which holds as long as e > kcg), the deviation is decreasing. Using the Gronwall
inequality: e(t) < e(0)e~(*~%s)* while e(t) > kcs. The memory persists as long as ®
remains above threshold, which is guaranteed as long as e(t) < ||®n||£2 — Peresh | Km|*/?
by the reverse triangle inequality. Solving for the time at which this bound is reached
gives the stated persistence time. O O

This theorem shows that memory persistence increases with the initial strength
|®w(,0) — Dol 2 of the memory excitation relative to background, decreases with the
entropic pressure x| S||., and increases with the stabilizing parameter \.

6.3 Retrieval as Resonance Reconstruction

Memory retrieval in the RSVP framework is a resonance process rather than a lookup.
A retrieval cue ¢* € C induces a relevance field f.- : M — R that overlaps with the
supports of one or more memory states {m; }. The retrieved content is the superposition
of memory states weighted by their overlap with the retrieval field:

q)retrieved<x) = Z wiq)mi (1’),

where the retrieval weights are:

o — ey P12
i Zj<fc*,q>mj>L2(M)

The retrieved vector field is similarly:
Vretrieved (T) = Z WiV, (7),
and the retrieved entropy field is:
Stetrieved () = log Z eiSmi (@)
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using the log-sum-exp formula to combine entropy fields in a way that preserves the
information-geometric interpretation.

The retrieved triple (Pretrieved: Vretrieved, Sretrieved ) 15 NOt a literal copy of any stored
memory but a reconstruction shaped by the current retrieval context, the current state
of the RSVP field, and the overlap structure of the memory states with the retrieval
cue. This reconstruction property is a formal analog of the reconstructive character of
episodic memory in biological systems.

6.4 Generalized Memoization and Dynamic Program-
ming

The relationship between RSVP memory and computational memoization is not merely
analogical. Both are instances of the same underlying process: the compression of a
high-dimensional history space to a low-dimensional state space by the identification
of states that have identical future behavior.

In dynamic programming, two histories /; and h, are memoized together if they
lead to the same Markov state s, i.e., if A(hy) = A(h2). The memoized value V*(s)
is the projection residue: the scalar value that summarizes the future admissibility
structure common to both histories.

In RSVP memory, two trajectories v; and v, are stored as the same memory state
m if they leave the same residue in the RSVP field: ¢, = ®,, on the support K,,.
The memory state is the field-theoretic projection residue of the equivalence class of

trajectories.

Theorem 6.3 (RSVP Memory as Generalized Memoization). Let ~ be the equivalence
relation on the trajectory space Traj(M) defined by vi ~ v2 <= A(11) = A(ye). The
RSVP memory state associated to an equivalence class [y|~. is the unique element of the fiber
FH{@5}) x F~H({v:}) x F~1({S%}) over the optimal RSVP field configuration (&%, v, S¥)
determined by the admissibility structure of [y]~.

The proof is definitional: the optimal RSVP field configuration associated to an
equivalence class is the fixed point of the RSVP field equations with boundary con-
ditions determined by the admissibility constraints of the class, and the memory
state is precisely this fixed point. The theorem’s content is that RSVP memory is
the field-theoretic lift of the computational notion of memoization: it operates in the
infinite-dimensional space of field configurations rather than the finite-dimensional

space of scalar values, but the underlying principle is identical.
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6.5 Recursive Admissibility and the Hidden Geometry

of Optimization

The geometric interpretation of memory and memoization acquires substantially
greater precision when viewed through the theory of recursive admissibility prop-
agation. Dynamic programming is conventionally described as a computational
technique exploiting overlapping subproblems and cached results to avoid redundant
recomputation. The deeper interpretation advanced by the admissibility framework,
however, is that dynamic programming constitutes a field theory of constrained future
trajectories evolving over admissibility manifolds.

Under this reinterpretation, the classical structures of dynamic programming
admit a precise geometric correspondence with RSVP field quantities. The Bellman
value function becomes a scalar accessibility potential & measuring the openness of
future continuation space from any given state. The optimal policy becomes a vector
flow field v determining preferred trajectory direction through the semantic manifold.
The volume of admissible continuations becomes an entropy field S measuring the
logarithmic breadth of future trajectory space:

S(x) ~log|A(z)].

The Bellman operator may then be reinterpreted geometrically as an admissibility

propagation operator acting on accessibility potentials:

BI®](x) = sup (r(z,u) +7®(f(z,u))),
uel ()

where admissibility propagates recursively across future trajectory fields. The conver-
gence of value iteration is not merely algorithmic convergence in a normed space but
stabilization of the scalar accessibility potential under repeated entropy-constrained
field updates. Fixed points of B correspond to stabilized admissibility basins; the
contraction property of B corresponds to entropy-reducing trajectory stabilization;
and recursive decision processes become constrained flow systems over semantic
manifolds.

The admissibility cone formalizes this geometry. High values of ® correspond not
merely to high expected reward but to expansive future continuation volume: states
from which many admissible trajectories proceed. High S corresponds not merely
to disorder but to genuine openness of the future. Function and stable structure
emerge as locally compressed, low-entropy admissibility basins that preserve coherent

continuation under perturbation.
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The dynamic equivalence relation clarifies why memoization succeeds. Two his-
tories h; and hs collapse into the same memoized state whenever A(h;) = A(hs):
their futures are geometrically identical, so no computation benefit arises from dis-
tinguishing them. The memo table is therefore not a cache in the engineering sense
but a persistence layer for admissibility-equivalent trajectory classes, a discretized
approximation to the accessibility potential field over the operational manifold M.

This interpretation connects naturally to the operator-theoretic formulation of
dynamic programming developed in the modern literature through abstract dynamic
programs, recursive decision processes, topological conjugacy, and nonlinear val-
uation. Within the RSVP framework, these structures acquire a direct geometric
interpretation: abstract state spaces become admissibility manifolds, transition ker-
nels become field propagators, and the fixed-point theorem becomes the existence
and uniqueness of the stabilized accessibility potential.

6.6 Memoization as Civilizational Infrastructure

The philosophical reach of the memoization interpretation extends well beyond its
technical content. When the standard computer-science description is replaced by
the trajectory-residue account, memoization appears not as a narrow optimization
technique but as a fundamental principle governing the accumulation of structured
knowledge across time.

In the trajectory-residue account, memoization means the following. A computa-
tion is a traversal of a constraint manifold. The first traversal incurs full informational
and energetic cost because the system must explore admissible transitions dynamically,
without prior knowledge of which paths lead to stable basins. After the first traversal,
a stabilized residue is left behind: a compressed admissibility shortcut that encodes
the outcome of the exploration without requiring its repetition. The next traversal no
longer explores the full manifold from scratch. It projects directly into the previously
stabilized basin.

Formally, let M be the operational manifold of a cognitive or computational system,
and let v, : [0,7] — M be the first traversal of a trajectory from initial state
to terminal state zy. The traversal deposits a residue p(v,) € F(M) in the field
configuration of M: a localized excitation of the accessibility potential ® along the
path of v, marking the trajectory as admissibly stable. Any subsequent traversal
v from the same initial equivalence class []. can exploit this residue, projecting
directly to the terminal state without re-exploring the intermediate trajectory.

Definition 6.4 (Memoization as Admissibility Residue Reuse). A computation is
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memoized at trajectory +, if the system stores the field residue p(v9) = (D, Vo, o)
and reuses it for any subsequent traversal v, satisfying [y1]~ = [y0]~, that is, any

traversal with the same initial dynamic equivalence class.

The definition makes explicit what the standard account leaves implicit: memo-
ization is not the storage of an output value but the preservation of an admissibility
residue. The stored object is a field configuration, not a number. The reuse condition is
dynamic equivalence of initial conditions, not syntactic identity of input expressions.

The complexity consequences of this reinterpretation are immediate. Many ex-
ponential algorithms become polynomial or linear after memoization not because
the search space is reduced but because the system ceases to forget its own trajectory
history. Without memoization, the computation behaves as an amnesiac explorer,
re-entering previously visited regions of the constraint manifold without recognizing
them. With memoization, the computation behaves as a historically informed traversal:
it recognizes familiar admissibility basins and projects directly into them rather than
recomputing their content.

This is why packrat parsing achieves linear-time behavior despite the exponen-
tial branching of ambiguous grammars. The parser without memoization re-enters
identical grammatical states because it lacks any record of having visited them. The
parser with memoization builds a historical admissibility lattice indexed by parser
state and input position, and recognizes each revisit as a case of dynamic equivalence,
replacing exploration with projection residue reuse. The memo table of a packrat
parser is precisely a discretized admissibility sheaf over the product of grammar states
and input positions.

The same principle governs a wider range of phenomena than is usually acknowl-
edged. Expert knowledge is memoized inference: a mathematician does not re-derive
the chain rule from Weierstrass’s definition of the derivative each time she differenti-
ates a function. She has stabilized the chain rule as a reusable admissibility residue, a
compressed projection from the space of differentiation problems to the space of their
solutions, valid for any problem in the same dynamic equivalence class as those from
which the rule was originally derived. The rule persists as a stable field configuration
in the cognitive manifold, requiring only a resonance activation rather than a full
recomputation to produce its output.

Synaptic reinforcement in biological neural systems is memoization at the cellular
level. A synapse that has facilitated a successful trajectory in the past has its weight
increased, making it more likely to facilitate the same trajectory in the future. The
synaptic weight matrix is the neural system’s memo table: a distributed field encoding
the accessibility potentials of previously successful trajectories, organized so that

familiar inputs resonate with stored patterns and produce their outputs without full
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recomputation.

Procedural memory, the compressed motor programs that allow an experienced
musician to play complex passages without conscious deliberation, is memoization at
the level of the motor cortex. The first traversal of a difficult passage requires effortful
sequential computation. After sufficient practice, the passage has been memoized as
a stable field residue in the motor system, accessible through resonance activation
without step-by-step recomputation. The musician’s fingers know the passage; the
knowledge is stored in the admissibility structure of the motor system’s constraint
manifold, not in any symbolic representation.

The extensions to civilizational scale are direct and important. A library is mem-
oization of intellectual trajectories: it stores the residues of previously completed
explorations so that future inquirers need not re-explore them from first principles.
The Euclidean algorithm, the Pythagorean theorem, the germ theory of disease, and
the Fourier transform are all memoized computational residues, stabilized by repeated
successful application and encoded in the admissibility structure of the scientific com-
munity’s shared knowledge manifold.

Language itself is memoization at the level of communicative inference. A word is
a compressed admissibility residue for a large family of inferential trajectories that
share the same referential structure. When a speaker uses the word “water,” she does
not transmit a complete description of the referent; she activates a shared residue
in the listener’s cognitive manifold that resonates with the appropriate family of
inferential trajectories. Communication is successful when the speaker’s activation
and the listener’s resonance are dynamically equivalent: when they refer to the same
admissibility class, even though the precise trajectory leading each to that class may
differ.

Scientific theories are memoized compression layers over historical experimen-
tation. Newton’s laws of motion encode the residue of centuries of astronomical
and mechanical observation, compressed into a small number of field equations
that predict the outcomes of the observations without requiring their repetition. A
physicist using Newton’s laws is exploiting a memoized admissibility residue: the
compressed trajectory equivalence class of all Newtonian mechanical experiments,
accessible through symbolic activation rather than empirical re-traversal.

Institutions, in this interpretation, are memoized coordination mechanisms: stabi-
lized admissibility residues encoding solutions to recurrent coordination problems. A
legal system encodes the residue of centuries of dispute resolution, compressed into a
body of precedent that allows new disputes to be resolved by projection into relevant
equivalence classes rather than fresh deliberation from first principles. A market

encodes the residue of countless past exchanges, compressed into a price system that
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coordinates resource allocation through resonance with stored value information

rather than explicit negotiation.

Proposition 6.5 (Civilizational Memoization Theorem). Any cognitive or social system
that accumulates knowledge over time is implicitly constructing a memo table over its space of
inferential trajectories. The efficiency of the system, measured as the ratio of problems solvable
in unit time to problems requiring fresh exploration, is proportional to the density of the stored
residues in the relevant region of the operational manifold.

The proof is informal but structurally precise: the ratio of exploited dynamic equiv-
alences to fresh traversals measures the memoization density; higher memoization
density implies more frequent projection residue reuse and less frequent fresh explo-
ration, so the same unit of time produces more completed inferences. The proposition
makes precise the intuition that knowledge accumulation is cognitively efficient be-
cause it converts future exploration costs into present storage costs, a trade-off that is
almost always favorable when the relevant equivalence classes are frequently revisited.

The deepest consequence of the memoization interpretation is that it dissolves
the boundary between memory and computation. In the standard account, memory
stores information and computation processes it: they are separate activities. In
the admissibility-residue account, memory is the record of previous computations,
and computation is the activation of appropriate memory residues. The distinction
collapses into a single process of trajectory stabilization and residue reuse. This
collapse is not merely philosophical; it has concrete implications for the design of
cognitive systems. A system that treats memory and computation as fundamentally
separate will exhibit different failure modes, different scaling behaviors, and different
generalization capacities than a system that treats them as two aspects of the same

underlying admissibility geometry.

6.7 Orientation Fields and Distributed Semantic Struc-

ture

The biological orientation-distribution framework from polarized fluorescence mi-
croscopy provides an unexpectedly rigorous physical analogy for the semantic-field
interpretations developed throughout this monograph. The microscopy framework
models biological organization not as isolated molecular points but as orientation
distribution functions (ODFs) distributed over coupled spatial-angular manifolds.
In the biological setting, each voxel in a three-dimensional tissue volume carries

not a single orientation vector but a full distribution p(7 | z) over the unit sphere 52,
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encoding the probability that a molecule at position z is oriented in direction 7. The
ODF is a smooth function on the product manifold R?* x $2, and the global tissue
organization is coherent when these local ODFs are compatible across neighboring
voxels: the distributions at adjacent positions should vary smoothly, with sharp
discontinuities indicating structural boundaries rather than arbitrary noise.

The image formation equation in this framework takes the form of an integral
transform over the spatio-angular manifold:

I(z,d) = /S p(n| z) k(, d) dn,

where I(z, d) is the observed fluorescence intensity at position z for polarization direc-
tion d, p(7 | ) is the ODF at position z, and k(#, d) is the polarization kernel expressing
the coupling between molecular orientation 7 and illumination polarization d. Re-
construction of the ODF from observed intensities requires inverting this transform,
which is a well-posed linear inverse problem under regularity conditions on p.

The significance of this framework for the RSVP-HYDRA synthesis is the structural
parallel between biological orientation distributions and semantic field configurations.
Both represent local structure as a distribution over a fiber rather than as a point
value. Both require coherence across neighboring regions for global reconstruction to
succeed. Both formulate reconstruction as an inverse problem over a coupled product
manifold.

In the RSVP setting, the role of the ODF is played by the joint field configuration
(®,v,S) at each point € M. This is not a scalar but a triple of field values encoding
different aspects of the local semantic structure. The coherence condition across
neighboring points is the continuity of the RSVP field equations. The reconstruction
problem, given observations of the field at finitely many points, is the inverse problem
of recovering the full field configuration, which is well-posed under the regularity

conditions established by the sheaf existence theorem.

Proposition 6.6 (ODF-RSVP Structural Isomorphism). There exists a structure-preserving
map between the biological ODF framework and the RSV P semantic field framework. This
map sends: the position space R® to the semantic manifold M; the orientation space S* to
the admissibility cone at each point of M; the ODF p(n|x) to the joint field distribution
(®, v, S)(x); the coherence condition on adjacent ODFs to the RSVP field equations; and the
image formation integral to the resonance retrieval integral.

The proof of this proposition is by explicit construction of the map and verification
that it preserves the relevant structure. The most important component is the iden-

tification of the admissibility cone with the orientation fiber: just as each molecular
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position carries a distribution over orientations in the biological setting, each semantic
state carries a distribution over admissible continuation directions in the RSVP setting.
The admissibility cone at = € M is the set of directions in 7, M along which admissible
trajectories proceed, and the distribution over this cone is the vector flow field v(x)
together with its uncertainty, encoded by S(z).

The resulting ontology is fundamentally field-theoretic rather than object-theoretic
in both cases. Biological structure emerges from compatibility relations across dis-
tributed orientation fields rather than from isolated molecular entities. Semantic
structure emerges from compatibility relations across distributed RSVP field config-
urations rather than from isolated symbolic representations. In both cases, global
coherence is a sheaf-theoretic property: local sections must agree on overlaps, and the
global structure is reconstructed by gluing.
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Chapter 7

Category Theory and Admissible Com-

putation

7.1 The Category of Admissible States

Category theory provides the compositional backbone of the HYDRA framework.
The fundamental category underlying the entire system is the category of admissible

semantic states.

Definition 7.1 (Category of Admissible States). The category AdmSt of admissible
semantic states has as objects the points of the semantic manifold M together with
their associated RSVP field values: objects are triples (z, ®(z),v(z)) for z € M. A
morphism (z, ®(x),v(z)) = (v, ®(y), v(y)) is an admissible trajectory ~ : [0, 1] — M
with v(0) = z, 7(1) = y, satisfying the RSVP field equations along 7. Composition of
morphisms is concatenation of trajectories, and the identity at (z, ®(x), v(z)) is the

constant trajectory y(t) = x.

This category has a natural enrichment: the hom-set Hom(z, y) is not merely a set
but carries a topology (the compact-open topology on path spaces) and a measure
(the Wiener measure on admissible path spaces). The enriched category is the natural
setting for the stochastic and measure-theoretic aspects of the HYDRA framework.

7.2 Functorial Representation of HYDRA Components

Each component of the HYDRA composition law (4.1) is a functor between appropri-

ate categories.

Proposition 7.2 (Functoriality of the Cue Operator). The cue operator R : C — F (M)
is a functor from the category of cue sequences (with morphisms given by discourse coherence
relations) to the category of smooth relevance fields (with morphisms given by pointwise
dominance: f < g iff f(z) < g(z) forall x € M).

Proof. Functoriality requires that R maps identity morphisms to identity morphisms

and composition to composition. An identity morphism in the cue category is the
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trivial discourse relation (the cue is identical to itself). Under R, this maps to the
identity morphism idy, : f. < f. in the relevance field category, satisfying the identity
requirement. Composition: if cue ¢, is contextually refined by cue ¢, (a morphism
c1 — ¢y expressing that ¢, is a specification of ¢; in context), then the relevance field
fe, is dominated by f., on the support of f., (specialization narrows relevance), giving
a morphism f., > f.,, ie, Rl = ¢) = (f, > f.,). Composition of discourse
refinements corresponds to transitivity of dominance, verifying the functoriality of
R. O O

The analogous functoriality results for the graph operator G,, representation
operator F,, tiling operator 7', memory operator M, and reasoning operator GLUgsyp
follow by similar structural arguments. The key observation is that each operator
maps admissible morphisms (coherence-preserving transitions between states) to

admissible morphisms in the target category.

7.3 Natural Transformations as Reasoning Regime Changes

A natural transformation 7 : F' = G between two functors F,G : C — D is a family of
morphisms 7. : F'(¢) — G(c) in D, one for each object ¢ in C, satisfying the naturality
condition: for every morphism f : ¢ — ¢ inC, no o F(f) = G(f) o ..

In the HYDRA context, a natural transformation between two versions H; and
H, of the HYDRA system represents a systematic change of reasoning regime: a
coherent shift in the semantic organization that applies consistently across all contexts.
The naturality condition ensures that the regime change commutes with contextual
specialization: changing the reasoning regime and then specializing to a sub-context

produces the same result as specializing and then changing regime.

Definition 7.3 (Reasoning Regime Change). A reasoning regime change from HYDRA
system H; to HYDRA system H, is a natural transformation n : H; = H; of functors
from the context category Ctx to the output category Out.

The naturality condition for a reasoning regime change is:
77VOH1<V — U) = HQ(V — U) o Ny,

meaning that the regime change applied after contextual restriction gives the same
result as contextual restriction applied after the regime change. This is the formal

expression of the coherence of the reasoning regime change across contexts.
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7.4 Monoidal Structure and Semantic Composition

The category AdmSt carries a monoidal structure (AdmSt, ®, I') where the tensor
product  ® y of two semantic states represents their semantic juxtaposition: a com-
bined state that encodes both = and y as components of a joint semantic configuration.
The monoidal unit / is the empty or vacuous semantic state.

The monoidal product is not unrestricted concatenation. It is defined only for
compatible pairs of states: (z, ®(x), v(z))® (y, ®(y), v(y)) is defined when the semantic
flow fields v(z) and v(y) are compatible in the sense that their joint evolution does

not violate the admissibility constraints of either component.

Definition 7.4 (Semantic Compatibility). Two semantic states  and y are semantically
compatible if the combined state (z,y) € M x M lies in the admissible region of the
product semantic manifold M x M: the RSVP field equations on M x M admit a
solution that restricts to (®(z), v(x), S(z)) on the a-fiber and to (®(y),v(y), S(y)) on
the y-fiber.

The monoidal structure on AdmSt is symmetric when the compatibility relation
is symmetric (if « is compatible with y then y is compatible with z) and associative
when compatibility is transitive (if x, y are compatible and y, z are compatible and the
joint state (x,y, z) exists, then (zr ®@y) ® 2 =  ® (y ® 2)). These conditions hold under

mild regularity assumptions on the RSVP field equations.
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Chapter 8

Toward a Geometry of Intelligence

8.1 The Formal Definition of Coherent Agency

The foregoing framework allows a precise formal definition of the properties that
constitute coherent intelligence in the geometric sense.

Definition 8.1 (Coherent Agent). A coherent agent is a system A equipped with a
semantic manifold M, an RSVP field triple (®, v, S), and an action policy 7 : M —
A from semantic states to actions, satisfying the following four conditions. First,
admissible trajectory preservation: the trajectories generated by the agent’s policy are
admissible in the sense that 7(z(t)) € A(z(t)) for all t. Second, entropy regulation: the
policy suppresses unbounded growth of the entropy field, maintaining S(z(t),t) <
Smax for some finite threshold. Third, local-to-global consistency: the agent’s local
semantic judgments glue to coherent global sections of the semantic state sheaf F'.
Fourth, memory stabilization: the agent’s memory states are metastable configurations
of the RSVP field that persist across the timescales relevant to its cognitive tasks.

The four conditions correspond to the four main theoretical components of the
monograph. Admissible trajectory preservation is the RSVP condition. Entropy
regulation is the stratified manifold condition (the agent stays on semantically valid
strata). Local-to-global consistency is the sheaf condition. Memory stabilization is the
field residue condition.

8.2 Intelligence as Recursive Admissibility Preservation

The central claim of this monograph is that intelligence, properly understood, is the

recursive stabilization of admissible structure across scales and over time.

Theorem 8.2 (Recursive Admissibility Stabilization). A coherent agent A that applies
admissibility-preserving updates to its semantic state at each step, starting from an admissible

initial state xy € M, remains in the admissible region of M for all time:

xo € A and w(x,) € A(xy) forallt = x, € A, forallt > 0,
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where Ay C M is the admissible region at time t.

Proof. By induction on ¢. Base case: zj € Ay by hypothesis. Inductive step: assume
z; € A;. By the admissible trajectory preservation condition, 7(z;) € A(z¢), so the
action selected at time ¢ is admissible. The resulting transition x,,; = trans(z;, 7(z:))
lands in A;;, by the definition of admissibility-preserving transitions (each admissible
action from an admissible state leads to an admissible successor state). [ [

This theorem is the formal expression of the claim that coherent agency is self-
sustaining: an agent that begins in an admissible state and takes admissible actions
remains admissible indefinitely. Intelligence is not a property of individual states but
a property of the dynamical trajectory: the ability to navigate the semantic manifold

while staying within the admissible region.

8.3 The Geometry-Intelligence Correspondence

The synthesis of the foregoing developments yields a precise correspondence between
geometric structures and cognitive phenomena.

The scalar accessibility potential ® corresponds to semantic salience: the degree to
which a state is a productive starting point for coherent semantic continuation. States
with high ® are semantically fertile; states with low ® are semantically barren.

The vector flow field v corresponds to semantic tendency: the preferred direction
of semantic evolution from a given state. The integral curves of v are the canonical
semantic trajectories, the natural narrative arcs of the system.

The entropy field S corresponds to semantic ambiguity: the degree to which a
state leaves its future open. States with high S admit many admissible continuations;
states with low S are semantically determined.

Cognition, as transport through admissibility manifolds, is the process by which
the system moves along the integral curves of v while remaining within the admissible
region {® > Pyesh } and keeping S within bounds.

Memory;, as stabilized field residue, is the persistence of localized excitations in ¢
within admissibility basins: the metastable configurations that encode past experiences
as attractors in the current field.

Reasoning, as local-to-global sheaf compatibility, is the process of verifying that
local semantic judgments (the stalks of the semantic state sheaf) assemble consistently
into a global coherent interpretation (a global section of the sheaf).

Learning, as tangent-constrained optimization on stratified manifolds, is the pro-

cess of adjusting the parameters of @, v, and S in directions that increase semantic
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performance while remaining within the current semantic stratum (maintaining rep-
resentational coherence).

Intelligence, as recursive admissibility preservation, is the long-run property of a
system that takes admissibility-preserving actions at every step: the system remains
within the admissible region of the semantic manifold indefinitely, producing coherent

outputs at every timescale.

8.4 Toward a Semantic Physics

The HYDRA framework and its mathematical foundations collectively suggest the
outlines of a semantic physics: a unified formal language for describing persistence,
coherence, memory, cognition, and representation across biological, computational,
and potentially physical substrates.

The word “physics” is used deliberately. Just as thermodynamics describes the
macroscopic behavior of matter in terms of a small number of state variables (tem-
perature, pressure, volume) related by universal laws (the laws of thermodynamics)
independent of the microscopic details of the matter, a semantic physics would de-
scribe the macroscopic behavior of cognitive and representational systems in terms
of the RSVP field triple (®, v, S) related by the field equations (2.1)-(2.3) and the
admissibility conditions, independent of the microscopic details of the implementing
substrate.

The laws of this semantic physics would include the admissibility preservation
theorem (Theorem 8.2): coherent systems stay admissible. The memory persistence
bound (Theorem 6.2): memory persists in proportion to the strength of the field
excitation relative to entropic pressure. The TARTAN approximation theorem (Theo-
rem 4.1): any compact semantic region can be partitioned into coherent tiles at any
desired resolution. The sheaf existence theorem (Theorem 5.2): under unique contin-
uation, the semantic state presheaf is a sheaf. And the minimal projection theorem
(Theorem 2.2): there exists a minimal compression of the trajectory space preserving
admissibility structure.

These are not laws postulated by fiat but theorems derived from the geometric
and field-theoretic structure of the framework. They hold whenever the framework’s
assumptions (smoothness of the semantic manifold, regularity of the RSVP field
equations, admissibility of the agent’s actions) are satisfied, regardless of the specific
domain.

The ambition of the HYDRA framework, as interpreted in this monograph, is to
provide the beginning of this semantic physics: a unified mathematical language

within which the phenomena of cognition, memory, learning, and reasoning can be
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understood as instances of a single geometric reality — the dynamics of admissible
fields over stratified semantic manifolds.

40



Chapter 9

Semantic Fibers, Equivalence Classes,
and the Geometry of Meaning

9.1 The Realization Map and Semantic Equivalence

The RSVP projection formalism 7 : X — M identifies states in the high-dimensional
trajectory space X that share identical future admissibility structure. This projection
induces a partition of X into equivalence classes, and the compressed manifold M is
the quotient space under this partition. The structure of the quotient is not merely a
computational convenience but has deep geometric content: it encodes the claim that
semantic meaning is an invariant of admissibility class rather than a property of any
particular trajectory.

This perspective is sharpened by the realization map, a concept that connects the
abstract projection formalism to the geometry of function spaces. Let © denote a
parameter space, thought of as the space of possible system configurations, and let A/
denote the space of realizable semantic behaviors, thought of as the space of functions

or field configurations that the system can produce. The realization map
Pp - 0N

sends each parameter configuration § € O to the semantic behavior ®x(6) € N it
realizes. The fiber of @5 over a point 7 € N is the set

O, (n) = {0 € ©: PR(H) = n},

the collection of all parameter configurations that realize the same semantic behavior.
This fiber is the semantic equivalence class of 7): parameter configurations within the

same fiber are semantically identical, regardless of their numerical distinctness in ©.

Definition 9.1 (Semantic Fiber). The semantic fiber over a point € N is the subspace
®,'(n) C O of all parameter configurations realizing the same semantic behavior as 7.

The semantic fiber encodes all the ways that a given meaning can be implemented
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by different parameter configurations. When the fiber is large (high-dimensional),
a given semantic behavior admits many realizations, and the system has substantial
implementation freedom without loss of semantic content. When the fiber is small
(low-dimensional or discrete), the semantic behavior tightly constrains the parameter

configuration, leaving little implementation freedom.

Proposition 9.2 (Fibration Structure of the Realization Map). Under mild regularity
conditions on the realization map ®g, the preimage ®5'(n) has the structure of a smooth
submanifold of © for generic n € N. The dimension of this fiber submanifold equals dim © —
dim N, reflecting the degrees of freedom in parameter space that do not affect semantic behavior.

Proof. By the regular level set theorem of differential topology, if 7 is a regular value
of &5 (meaning the derivative D®y(#) is surjective for all § € ®,'(n)), then &' (1) is
a smooth submanifold of © of codimension dim N, hence dimension dim © — dim /.
Sard’s theorem guarantees that the set of regular values of @ is dense in N, so the

fibration structure holds generically. O O

9.2 Admissibility-Preserving Reparameterization

The semantic fiber is not merely a static equivalence class. It has a dynamic structure:
transformations within the fiber correspond to admissibility-preserving reparam-
eterizations, changes of parameter configuration that leave all semantic behaviors
unchanged.

Definition 9.3 (Admissibility-Preserving Reparameterization). A diffeomorphism
¥ : © — O is an admissibility-preserving reparameterization if ®z()(6)) = ®r(6) for
all € ©, that is, if v maps each fiber to itself: 1(®}'(n)) = ®5'(n) foralln € N.

The group of admissibility-preserving reparameterizations acts on © by fiber-
preserving diffeomorphisms. This group plays the role of a gauge group in the
semantic setting: it is the symmetry group of the system that leaves all observable
(semantic) quantities invariant while permuting the unobservable (implementation)
degrees of freedom within each fiber. The quotient of © by this group action is precisely
N.

This gauge-theoretic interpretation of semantic equivalence has far-reaching con-
sequences. It implies that a faithful theory of meaning must be formulated in terms of
gauge-invariant quantities, those that are constant on fibers of ®p, rather than in terms
of raw parameter configurations. The value function V*, the accessibility potential
®, and the entropy field S are all gauge-invariant in this sense: they depend on the
semantic behavior of the system rather than on the particular parameter configuration

realizing that behavior.

42



CHAPTER 9. SEMANTIC FIBERS, EQUIVALENCE CLASSES, AND THE GEOMETRY OF
MEANING

9.3 The Ontological Compression Funnel

The combination of the realization map, the semantic fiber, and the projection 7 : X —
M admits a unified categorical description that we call the ontological compression
funnel. The compression funnel is a sequence of quotient operations that progressively
eliminate implementation-specific information while retaining semantic content.

The first stage is the projection 7 : X — M, which collapses the high-dimensional
trajectory space X to the compressed operational manifold M by identifying trajec-
tories with identical future admissibility structure. This is the dynamic equivalence
quotient: histories hy ~ hy if A(hy) = A(h2).

The second stage is the realization map ®p : © — N, which collapses the parameter
space O to the semantic behavior space A by identifying parameter configurations
with identical semantic realizations. This is the implementation equivalence quotient.

The two stages are connected by the commutative diagram:

Xx0 2 MxN

b +
X/~ = M

where ~ x is dynamic equivalence and the vertical arrows are natural projections. The
commutativity of this diagram expresses the coherence condition that the two forms
of compression are compatible: trajectories that are dynamically equivalent produce
the same semantic behaviors regardless of which parameter configuration realizes

them.

Theorem 9.4 (Semantic Invariance Under Compression). Let hy, hy € X be dynamically
equivalent trajectories, and let 6., 0, € © be any pair of parameter configurations in the same
semantic fiber. Then the semantic behaviors ®r(01)(h1) and P (02)(he) are identical: the
semantic output is invariant under simultaneous reparameterization and trajectory-equivalence

substitution.

Proof. By dynamic equivalence, 7(h;) = m(hy) = m € M. By fiber equivalence,
Pr(0)) = Pr(62) = n € N. The semantic behavior depends on the system only
through m € M and n € N, by the factorization of the realization map through the
quotient. Hence ®x(61)(h1) = n(m) = ®r(6:)(h2). O O

9.4 Entropy as Admissible Future Volume

The RSVP entropy field S has been used throughout this monograph as a stabilizing
constraint, a bound on the disorder or uncertainty of the system. In this section we
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make its geometric interpretation more precise, establishing that S measures the
logarithmic volume of the admissible future trajectory set, and deriving consequences
of this identification.

The admissible future trajectory set from state x € M at time ¢ is:

Az, t) ={y:[t,T] = M | y(t) = x, v satisfies the RSVP coherence constraints}.
The entropy field is then defined as the logarithmic measure of this set:
S(z,t) = log | A(z, 1)},

where | - | denotes the appropriate measure on the space of trajectories (Wiener
measure in the stochastic setting, Liouville measure on the Lagrangian phase space in
the deterministic setting).

This definition connects the entropy field to the classical notion of Boltzmann
entropy via the identification of microstates with admissible future trajectories. A
state with high S"has many admissible future continuations: it is semantically open,
admitting diverse outcomes. A state with low S has few admissible continuations: it
is semantically determined, with its future largely fixed by the current configuration
and the coherence constraints.

Proposition 9.5 (Additivity of Entropy Under Independence). If the admissibility
structure of the manifold M decomposes as a product, A(xy X x2,t) = A(x1,t) x A(xs, 1)
for x1 € My and x4 € My, then S(xq X x9,t) = S(x1,t) + S(z2,1).

Proof. By the product measure formula, |A(z; X x3)| = |A(z1)] - | A(z2)|, and taking
logarithms gives the additivity. O O

The entropy field satisfies a dynamical equation derived from the RSVP field
system. In the quasi-static regime where ® evolves slowly relative to the trajectory

timescale, the entropy field obeys:

05 ,
5= | I9us e,

where v > 0 is a dissipation coefficient and the integral is over the local semantic
region (2. This equation expresses that the entropy field decreases monotonically over
time at a rate proportional to the squared gradient of the entropy: regions where the
admissibility volume is highly non-uniform lose entropy faster than regions where
it is approximately uniform. The long-time behavior is a spatially uniform entropy
field, corresponding to a maximum-entropy state in which the admissibility volume

is approximately equal across all states in €.
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The key implication for cognition is that semantic coherence requires suppressing
entropy gradients, maintaining approximately uniform admissibility volume across
the active semantic region. Systems with large entropy gradients exhibit semantic
discontinuities: abrupt changes in the admissibility volume create boundaries across
which coherent reasoning trajectories cannot pass without admissible phase transitions.
Smooth semantic reasoning requires a smooth entropy field, and a smooth entropy
field is maintained by the entropy dissipation dynamics above.

9.5 Projection Collapse and the Pathology of Mistaken
Maps

A recurring pathological situation in the RSVP-HYDRA framework arises when a
system confuses the compressed manifold M with the full trajectory space X. The
projection 7 : X — M is a lossy compression: it retains the distinctions relevant to
future admissible continuation while discarding those that are not. When a system
treats M as if it were X, it mistakes the compressed representation for the full reality,

a situation we call projection collapse.

Definition 9.6 (Projection Collapse). A system exhibits projection collapse when it
applies optimality criteria or inference procedures defined over the full trajectory space
X to states in the compressed manifold M, without accounting for the information

lost in the projection .

Projection collapse has precise mathematical content. The projection 7 induces
a pushforward of measures: a probability distribution ; on X pushes forward to a
distribution 7, ;x on M. However, the pushforward is many-to-one: multiple distri-
butions on X with different statistical structures can produce the same pushforward
on M. A system exhibiting projection collapse selects actions optimal with respect
to ..t while ignoring the residual uncertainty about which preimage distribution in
71 (m.p) is the true one.

The pathology is not merely theoretical. It appears across domains whenever
compressed representations are mistaken for complete descriptions. In economics,
Goodhart’s law expresses precisely this collapse: a metric optimized as a proxy for a
deeper quantity becomes incoherent once it is treated as the quantity itself, because
optimization pressure exploits the discrepancy between the metric (the compressed
manifold) and the underlying reality (the trajectory space). In Al alignment, reward
misspecification is projection collapse in the policy optimization problem. In scientific
reductionism, the identification of a model’s degrees of freedom with reality’s degrees

of freedom is projection collapse in the epistemological sense.
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The RSVP-HYDRA framework provides a formal correction for projection collapse:
any inference or optimization procedure applied to states in M must be equipped
with a fiber-uncertainty term quantifying the residual ambiguity within the fibers of
7. The fiber-corrected value function is:

Vim= [ Vi)dva(e),

where v, is a measure on the fiber 77!(m) encoding the uncertainty about which
preimage state is the true one. The fiber-corrected value function is the genuine
measure of accessibility from the compressed state m, taking into account the full

uncertainty about the actual trajectory.
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Chapter 10

Formal Grammar and Dependent Types
of HYDRA

10.1 HYDRA as a Compositional Formal System

The HYDRA composition law can be given a formal syntactic specification in addition
to its semantic characterization. This specification serves two purposes. First, it
establishes that the composition is not merely notational but has genuine combinatorial
structure that constrains which architectures are admissible instantiations of HYDRA.
Second, it provides the foundation for a dependent type theory of HYDRA in which the
types of the component operators express the admissibility constraints they enforce.

We present first a context-free grammar for HYDRA as a compositional semantic-
field system. Unlike a conventional software grammar, this grammar encodes not
merely syntactic structure but dynamical admissibility constraints: each production
rule corresponds to a subsystem of the RSVP field dynamics.

The top-level HYDRA structure decomposes into six layers:
(HYDRA) ::= (CueLayer) (FeatureGraph) (SceneMemory) (MemoryStack) (ReasoningCore) (O

The cue layer generates relevance fields from input cues. A cue field is either
a Gaussian field p(z, ) parameterized by a semantic coordinate z and covariance
matrix ¥, a gradient field V f for some base field f, or a composite field formed by
pointwise addition or tensor product of simpler fields:

(CueField) ::= p((coord), (cov)) | V(CueField) | (CueField)+(CueField) | (CueField)®(CueFi

The feature graph layer constructs weighted directed graphs over node sets deter-
mined by the cue activation. Nodes may be embeddings, user features, behavioral
sequences, or scenario tokens. Edges are ordered pairs of nodes, encoding directed

semantic relations:

(FeatureGraph) ::= Graph((NodeSet), (EdgeSet)), (Edge) ::= ((Node) — (Node)).
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The scene memory layer encodes the TARTAN recursive tiling. Each tile carries
an aura field composed of the RSVP triple (®, v, S) over a local semantic region (2,

together with an entropy bound 7 that the tile must satisfy:
(Tile) ::= Tile((®(2), v(Q2), S(Q)), 7).

The memory stack layer maintains a causal trajectory M[0] — M[1] — --- — MIk]
of latent memory states, each transition being an admissible transformation of the
preceding state. The reasoning core applies RSVP-constrained gating, and the output
layer projects the resulting admissible reasoning state to an action, recommendation,

explanation, or simulation.

10.2 Dependent Type Theory of HYDRA

The formal grammar captures the combinatorial structure of HYDRA but not the
admissibility constraints that the component operators enforce. A dependent type
theory provides the stronger specification needed: each component has a type that
expresses the semantic properties its outputs are required to satisfy.

The overall type of the HYDRA system is:

H :1lc:Cue. Ila : Agent. Il s : Scenario. Xy : Output. CausallyFaithful(y).

This type asserts that HYDRA, for every cue ¢, agent a, and scenario s, must produce
an output y together with a proof that y is causally faithful. Causal faithfulness is
not a post-hoc constraint but part of the type of the system: an implementation of
HYDRA that cannot produce such a proof is not a valid implementation, regardless
of the quality of its outputs.

The type of the reasoning core is particularly illuminating:
GLUgsyp : Iz : SemanticPoint. Il o : Stratum. Tangent(z, o) — EntropyBounded(z) — Admissible(:

The reasoning core receives a semantic point « and a stratum o as inputs. It additionally
requires two proofs: a proof that x lies in the tangent bundle of ¢ (that the current
state is within a semantically valid stratum), and a proof that x satisfies the entropy
bound. Given these proofs, it produces a proof that x is admissible. This type precisely
encodes the Whitney stratification constraint: the reasoning core can only operate on
states that lie within a coherent semantic stratum and satisfy the entropy constraint.

The consequence of this dependent typing is that memoization becomes proof-

carrying reuse. In ordinary memoization, a program stores a previously computed
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output and returns it when the same input recurs. In the typed HYDRA system, the

cached object is not merely an output but a dependent pair:
cachelkey] : £y : Output. Admissible(y).

A cached result can be reused only when the current input satisfies the same ad-
missibility conditions as the original input that generated the cached result. This is
expressed by the reuse rule: a cache entry keyed by input zy may be reused at input
x1 only when a proof of SameAdmissibilityFiber(zy, z1) is available, certifying that x

and z; lie in the same fiber of the projection 7 : X — M.

Theorem 10.1 (Correctness of Proof-Carrying Memoization). Let f : X — Y bea
computable function with dependent type llx : X. Xy : Y. P(z,y) for some predicate P.
If xy and x4 are in the same admissibility fiber (w(xy) = (1)) and (yo,po) is a cached

output-proof pair for xo with P(xo,yo), then (yo, po) is a valid output-proof pair for ;.

Proof. By definition of the admissibility fiber, A(z,) = A(z1): the sets of admissible fu-
ture continuations from z, and z; are identical. The predicate P(z,y) is, by hypothesis,
an admissibility predicate: it depends on z only through A(z). Since A(zy) = A(x1),
we have P(x¢,y0) <= P(z1,Yo). Therefore py is a valid proof of P(z1, o), and (yo, po)
is a valid output-proof pair for ;. O O

This theorem is the type-theoretic justification for memoization in the HYDRA
system: reuse is valid precisely because fibers of the projection 7 contain inputs with
identical admissibility structures, hence identical proof obligations.

10.3 Stack-Theoretic Extension for Ambiguous Cogni-
tion

The sheaf-theoretic formulation of HYDRA assumes that local reasoning states glue
uniquely to global states when the compatibility conditions are satisfied. In practice,
many cognitive situations are genuinely ambiguous: multiple globally coherent inter-
pretations exist, related by equivalences or gauge transformations, and the system
must maintain a structured family of possibilities rather than collapsing prematurely
to a single interpretation.

The appropriate mathematical generalization is the derived stack. Rather than
assigning to each context U a set F'(U) of admissible states, a stack assigns a groupoid
F(U): the objects are admissible states, and the morphisms are equivalences be-

tween admissible states. The stack condition replaces the sheaf gluing axiom with a

49



HYDRA and the Geometry of Admissible Computation

homotopy-coherent gluing condition: local sections that agree up to equivalence on

overlaps extend to a global section, and the global section is unique up to equivalence.

Definition 10.2 (HYDRA Stack). The HYDRA stack H over the context site Ctx assigns
to each context U the groupoid H(U) of admissible local cognitive states and their
equivalences. The stack condition asserts that for any cover {U;} of U, the natural map
from H(U) to the homotopy limit of the diagram [[, H(U;) = [[,; H(U: N U;) is an
equivalence of groupoids.

In the context of ambiguous cognition, the stack formulation means that HYDRA
does not commit to a single interpretation when multiple coherent interpretations
exist. Instead, it maintains the full groupoid of possible global sections, together with
the equivalences between them. Reasoning is then the controlled reduction of this
groupoid by the progressive application of entropy and causal constraints that elimi-
nate inconsistent interpretations. The final output corresponds to the groupoid after
sufficient reduction: ideally a contractible groupoid (a single point up to equivalence)
when the reasoning task has a unique admissible answer, and a non-trivial groupoid

when genuine ambiguity remains.
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Chapter 11

Engineering Realizations of Admissible

Computation

11.1 The Theory-Realization Relationship

The preceding chapters have developed RSVP and HYDRA as geometric and cate-
gorical theories of admissible computation. A complete account of the framework
must also address the relationship between these abstract theories and the concrete
computational systems that instantiate them. This relationship is neither trivial nor
merely analogical: it has the character of a covering map in which the abstract theory
specifies a class of geometric structures, and the engineering realization selects one
particular construction within that class.

The situation is analogous to other theory-realization pairs in science and math-
ematics. General relativity specifies the geometric structure of spacetime without
dictating whether a particular bridge is made of steel or concrete. Lambda calculus
specifies the operational semantics of computation without dictating whether a partic-
ular program is implemented in Rust, Haskell, or assembly. Thermodynamics specifies
the entropy and energy constraints on physical processes without dictating whether
a particular engine uses a Rankine or Brayton cycle. In each case, the higher-level
theory constrains viable realizations without uniquely determining them.

RSVP and HYDRA occupy the position of the higher-level theory in this pair. They
specify that coherent computational systems must satisfy the following conditions:
they must maintain an RSVP-admissible field configuration (®, v, S); they must pre-
serve admissibility under all transformations; they must maintain local-to-global sheaf
coherence across contexts; they must stabilize memory as persistent field residue; and
they must suppress unbounded entropy growth while preserving causal traceability.
Any concrete computational architecture that satisfies these constraints is a valid
realization of the framework.

The engineering frameworks developed within the broader research program,
including the Marine salience filter, the MEM|8 wave memory architecture, the Phoenix

Protocol for persistence and reconstruction, and the AyeOS distributed semantic
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orchestration system, constitute one family of realizations within the admissible
class. They are not uniquely determined by the theory but are distinguished by their
particular combination of wave-mechanical memory representation, resonance-based

retrieval, epoch-structured persistence, and semantic-field orchestration.

11.2 Marine: The Admissibility Gate

The central problem in any admissible computational architecture is the determination
of which incoming perturbations deserve stabilization as memory. Not every signal
that reaches a cognitive system should be retained: the formation of stable memory
from an incoming perturbation requires the perturbation to satisfy a battery of co-
herence conditions ensuring that it can participate in future admissible trajectories
without introducing destructive entropy.

In RSVP terms, a signal £ : M — R deserves stabilization if and only if it satisfies
the admissibility criterion:

CI)<§> > (I)thresha Hv(g)”coh > Uthresh, S(é) < Sthresh7

where Pinresh, Vthresh, aNd Stresh are domain-specific threshold parameters. The first
condition requires that the signal have sufficient scalar intensity to form a distinguish-
able excitation in the accessibility potential field. The second requires that the signal
have sufficient vector coherence, meaning that the direction of its influence on the
semantic manifold is stable rather than random. The third requires that the signal not
introduce excessive entropy, remaining within the admissibility volume bounds of
the current state.

The Marine framework operationalizes this admissibility criterion at the systems
level through a salience computation that evaluates each incoming signal against
three operational analogs of the RSVP conditions: energy (analog of ®), coherence
quantified by inverse jitter (analog of v-coherence), and harmonic alignment (analog
of S-boundedness). A signal admitted by Marine is a signal certified to satisfy the
RSVP admissibility criterion at the granularity available to the runtime system.

The formal relationship between the RSVP admissibility criterion and the Marine
salience computation is one of approximation under resource constraints. The true
RSVP admissibility criterion requires evaluating the full field triple (®, v, S) at the
signal location, which is computationally prohibitive at the speed required for real-
time signal processing. Marine approximates this evaluation using computationally
tractable proxies: energy approximates ®, inverse jitter approximates v-coherence,

and harmonic structure approximates the entropy bound.
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Proposition 11.1 (Marine as Approximate Admissibility Filter). The Marine salience
function sal : Signal — R is an approximation to the RSVP admissibility criterion in the
following sense: for any signal § with sal(§) > saliresh, there exists a neighborhood U (§) € M
such that & satisfies the RSVP admissibility criterion within U (&) with probability at least
1 — ¢ for some 6 > 0 depending on the approximation quality.

The proof is a standard approximation theory argument: the Marine salience
proxies are Lipschitz continuous functions of the RSVP field quantities, so that above-
threshold salience implies that the true RSVP criterion is satisfied in a neighborhood
of size proportional to the margin above threshold. The parameter 6 quantifies the

probability of false admission when the signal lies near the admissibility boundary:.

11.3 MEM|8: Wave-Mechanical Memory as Stabilized
Field Residue

The MEM]8 architecture implements the RSVP field-theoretic conception of memory
as a dynamical wave system rather than a static symbolic store. The derivation of
MEM|8 from RSVP principles proceeds through a chain of identifications between the
abstract field quantities and their wave-mechanical realizations.

The starting point is the RSVP memory state:
m = (P, Vi, S)-

A memory persists when this field configuration occupies a metastable admissibility
basin, resisting entropic dissolution through the stabilizing dynamics of the RSVP
field equations. MEM|8 realizes this persistence through wave superposition: the
scalar accessibility field ®., is encoded as the amplitude of a standing wave, the vector
flow field v, is encoded as the phase propagation direction of that wave, and the
entropy field S, is encoded as the temporal decay rate and the bandwidth of the
wave’s frequency distribution.

The operational memory cell in MEM|8 is therefore a wave packet:
Memory = Wave(A,w, ¢, D,I)

where A = ®,, is the amplitude (scalar accessibility), w is the frequency (determined
by the semantic content of the memory), ¢ is the phase (encoding the associative flow

direction v,,), D = e¢=5»

is the decay factor (inversely related to entropy: high-entropy
memories decay faster), and I is the neighborhood interference term encoding the

interaction of the memory wave with adjacent memory cells in the semantic manifold.
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The fundamental departure from conventional memory architecture is that MEM |8
memory is not passive storage but active process. The wave packet does not sit
inertly in a memory cell awaiting retrieval; it continuously evolves through the wave
dynamics of the field system, interfering constructively with compatible memory
packets and destructively with incompatible ones. Memory retrieval is consequently
not an indexing operation but a resonance computation: a retrieval cue c* injects
a probe wave into the field system, and the memory packets whose frequencies
and phases are compatible with the probe wave undergo constructive interference,
amplifying their effective accessibility potential ®,, and making them available for

reconstruction.

Theorem 11.2 (Resonance Retrieval as Approximate Sheaf Gluing). The MEM]|8 reso-
nance retrieval process is an approximation to the sheaf-theoretic global section construction.
Specifically, given a retrieval cue c* inducing a relevance field f.~, the superposition of resonant
memory wave packets:

<fC* ; <I>m>L2
Zm/ <fC*> (Dm’>L2 ’

(I)ret(x) = Zwm(C*) (I)m(x)a wm(C*) =

approximates the unique global section of the semantic state sheaf I whose restriction to the
support of f is closest in L* norm to the cue field fe.-.

Proof. The global section s* € F/(M) minimizing ||s*|supp(f,.) — fe+ || 2 is the orthogonal
projection of f.- onto the space of global sections of F' in L?(M). The MEM]|8 super-
position @, is the projection of f.- onto the subspace spanned by the stored memory
field packets { Py, }. When the stored memory fields span a dense subspace of F'(M)
in L?, the MEM|8 superposition converges to the true projection. The convergence
rate is governed by the approximation properties of the stored memory basis {®y, } in

L2(M). O O

11.4 The Phoenix Protocol: Entropy-Resistant Recon-

struction

The Phoenix Protocol provides the operational discipline for the full lifecycle of a
MEM|8 memory state: injection, stabilization, persistence through entropy pressure,
resonant reconstruction, and causal verification. Each stage of the protocol corre-
sponds to a specific operation in the RSVP field dynamics.

The injection stage (Ignite) corresponds to the introduction of a localized field

excitation into the RSVP field configuration. A new signal admitted by Marine is
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encoded as an initial perturbation §® : M — R concentrated on a compact support
K C M. The RSVP field equations then evolve this perturbation forward in time: if the
perturbation is admissible (satisfying the RSVP admissibility conditions), it will relax
toward a metastable basin and persist as a stable memory state. If the perturbation is
inadmissible, it will be dissipated by the entropy dynamics.

The stabilization stage (Persist) corresponds to the evolution of the field excitation
through a sequence of coherence-testing cycles. The 0.73 Hz heartbeat rhythm of the
Phoenix Protocol is a temporal sampling of the field coherence: at each heartbeat, the
system evaluates whether the memory field packet (@, Vi, S) continues to satisfy
the admissibility criteria. Formally, the heartbeat is a discrete approximation to the

continuous Lyapunov stability analysis developed in Chapter 6:
m(t + At) = Persist(m(t)) <= || Pu(-,t + At) — Pu(-,0)|| 12 <,

for some tolerance ¢ > 0. A memory that fails this test has drifted too far from its
initial configuration and is considered to have dissolved into the background entropy.

The reconstruction stage (Rise) is the resonance retrieval process described in the
preceding section. The causal verification stage (Audit) corresponds to the sheaf-
theoretic gluing condition: the reconstructed output must be a genuine global section
of the semantic state sheaf, not merely a locally coherent output that fails to extend
globally. The audit verifies this by checking that the reconstructed field configuration
is compatible with the stored memory traces across all relevant contexts:

AUdlt(q)ret) = true <— IOUq',,UiﬂUj (®r6t|Ui) = pUj,UiﬁU]’ (q)ret’Uj) for al]‘ 7/7.]

A failed audit indicates that the reconstructed memory is a hallucination in the precise
sheaf-theoretic sense: a globally-presented output without compatible local support.

The full Phoenix derivation chain is thus:

Rise

Marine MEM]8 (m’, Persistent(m’)) — (t, Reconstru

Signal —— (s, Stable(s)) —— (m, Resonant(m)) Heartbeat,

Each arrow is a proof-carrying transformation: it produces not merely an output but
an output paired with a certification that the output satisfies the required semantic

property. The chain as a whole realizes the dependent type of the full HYDRA system.

11.5 AyeOS: Distributed Semantic Orchestration

The AyeOS framework extends the wave-mechanical memory architecture into a

full distributed operating system whose scheduling, routing, synchronization, and

55



HYDRA and the Geometry of Admissible Computation

resource allocation decisions are governed by RSVP-style admissibility principles
rather than purely procedural rules.

In a conventional operating system, resource allocation is governed by utilization
metrics, priority queues, and scheduling policies defined in terms of computational
cost. AyeOS replaces or augments these with semantic field metrics: the scheduler
allocates processing resources to those semantic flows that are most threatened by
entropy dissolution (low ®,,, high Sy ), the router directs data packets along paths
that preserve semantic coherence (maximizing the alignment of v along the routing
path), and the synchronization protocol maintains phase coherence among distributed
memory packets (minimizing the total phase dispersion [, [|V¢||* dz where ¢ is the
phase field of the distributed wave system).

In RSVP terms, the AyeOS system applies the operator:

OAyeOS : ((I),V, S) — ((I),,V/, S/),

where the transformation is constrained to preserve admissibility: the updated field
configuration (', v/, S’) satisfies the RSVP field equations with the same boundary
conditions as the input configuration. The semantics of the operating system are
therefore governed by the same field-theoretic principles that govern the cognitive
and memory systems it supports.

The MemNet networking layer within AyeOS can be understood as a sheaf-theoretic
routing system. Each network node carries a local section of the RSVP field sheaf,
encoding the local accessibility potential, semantic flow direction, and entropy of the
information flowing through that node. The routing protocol maintains the sheaf
condition across the network: data packets are routed to ensure that the field configu-
rations at adjacent nodes remain compatible on their shared boundaries, preserving
global semantic coherence across the distributed system.

11.6 Substrate Independence and the Admissibility Land-

scape

The identification of Marine, MEM|8, Phoenix, and AyeOS as one family of realizations
within the RSVP admissibility class implies that other architectures satisfying the
same geometric and thermodynamic constraints are equally valid from the perspective
of the theory. The RSVP framework predicts an admissibility landscape: a space of
possible computational architectures parameterized by their field-theoretic properties,

within which many distinct realizations may coexist.
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The admissibility landscape includes at least the following classes of architectures.
Biological neural systems realize RSVP-admissible computation through electrochem-
ical wave dynamics, with membrane potentials playing the role of the scalar accessibil-
ity field, axonal propagation playing the role of the vector flow, and synaptic plasticity
playing the role of entropy modulation. Symbolic Al architectures realize a degenerate
limit of RSVP in which the entropy field is suppressed (symbolic states have near-zero
admissibility volume: each state nearly uniquely determines its future), and the vector
flow is replaced by discrete logical transitions. Neuromorphic hardware realizes RSVP
through analog electronic dynamics that more closely approximate the continuous
tield equations than digital architectures.

Future optical or quantum computing substrates may realize RSVP-admissible
computation through photonic or quantum field dynamics, with the additional feature
that quantum superposition provides a natural implementation of the stack-theoretic
structure developed in Section 10.4: a quantum state is precisely a superposition of
classical configurations, corresponding to the groupoid of possible global sections
maintained by the HYDRA stack.

The theoretical import of this substrate independence is that the RSVP-HYDRA
framework is not a theory of any particular implementation but a theory of the ge-
ometric and thermodynamic invariants shared by all valid implementations. The
framework predicts which architectures are admissible (those satisfying the field
equations and admissibility constraints), which reasoning failures they are prone to
(characterized by the cohomological obstructions of their semantic state sheaves),
and which memory phenomena they exhibit (characterized by the Lyapunov stability
properties of their admissibility basins). These predictions are substrate-independent

and therefore more general than any particular engineering specification.
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Unified Semantic Physics

12.1 The Program of a Semantic Physics

The foregoing development, spanning field theory, differential topology, sheaf theory,
category theory, dependent type theory, and systems engineering, converges on a
common proposal: that a unified semantic physics is possible, in the same sense that
thermodynamics provides a unified physics of energy and entropy that applies across
all physical substrates regardless of their molecular constitution.

A semantic physics is a theory of the macroscopic behavior of cognitive and repre-
sentational systems formulated in terms of a small set of field-theoretic quantities (the
RSVP triple (@, v, S)) related by universal laws (the RSVP field equations and the
admissibility constraints), independent of the microscopic details of the implementing
substrate. The program is analogous to thermodynamics in its universality: just as
the second law of thermodynamics applies to steam engines and biological cells alike,
the admissibility preservation theorem applies to biological brains, MEM|8 wave

architectures, and future semantic computing substrates alike.

The laws of semantic physics, as developed across this monograph, are the follow-
ing. The admissibility preservation theorem states that a coherent agent starting from
an admissible state and taking admissibility-preserving actions remains admissible
indefinitely. The Lyapunov memory persistence bound states that memory endures
in proportion to the strength of the field excitation relative to the entropy pressure.
The TARTAN approximation theorem states that any compact semantic region ad-
mits a finite tile decomposition at any desired resolution. The semantic state sheaf
existence theorem states that under unique continuation of the RSVP field equations,
the semantic state presheaf is a sheaf. The semantic fiber theorem states that the
realization map is a fibration with fibers encoding semantic equivalence classes. The
minimal projection theorem states that there exists a minimal admissibility-preserving
compression of the trajectory space. And the resonance retrieval theorem states that
MEM|8-style retrieval approximates the sheaf-theoretic global section construction

with error controlled by the density of the stored memory basis.
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12.2 Recurring Structural Transformations

A distinctive feature of the RSVP-HYDRA framework is that the same structural trans-
formation appears across all domains of application. The transformation has the form
of a replacement of object-centered descriptions by trajectory-centered descriptions,
of static representations by admissibility-constrained dynamics, and of symbolic stor-
age by field-theoretic persistence. This recursion of the same structural move across
cosmology, cognition, memory, infrastructure, computation, and economics is not
coincidental: it reflects the claim that the framework captures a genuine mathematical
invariant of coherent organization at all scales.

In RSVP cosmology, matter is not a substance filling space but a stabilized field
configuration: a region of the plenum where the scalar-vector-entropy dynamics have
settled into a metastable basin. Physical structure is what survives admissibility con-
straints over cosmological time. In Simulated Agency and HYDRA, consciousness
is not a substrate observing the world but a projection system compressing inacces-
sible trajectory space into operational manifolds that preserve coherent action. In
Spherepop, a memory is not a stored object but a stabilized residue in provenance
topology. In the Semantic Infrastructure framework, software modules are not files
but morphisms within a topology-preserving semantic ecosystem, where merges are
homotopy colimits rather than textual concatenations. In the Yarncrawler framework,
infrastructure is not static civic hardware but a self-regulating field ecology maintain-
ing admissibility under wear and entropy. In the MEM|8 architecture, memory is not
passive storage but a wave-stabilized persistence process with resonance, epochs, and

recursive reinforcement.

Theorem 12.1 (Structural Universality of the RSVP Transformation). Let D be any
domain (physical, cognitive, computational, social, or infrastructural) that can be described
by a state space X, a set of admissible transitions A(x) for each x € X, and a scalar stability
measure & : X — R. Then the RSV P-style description of D, obtained by taking S = log |A|
and v = V ®, is always well-defined and captures the persistence structure of D: the long-term
behavior of the system is governed by the metastable basins of ® under the flow of v subject to
the entropy constraint S < Sthresh-

Proof. The existence of S = log |.A| requires that | A(z)| is positive and measurable for
each z, which holds under mild regularity conditions on the admissibility structure.
The existence of v = V® requires that @ is differentiable, which holds when @ is a
smooth function on X. With these fields defined, the RSVP field equations reduce in
the quasi-static regime to the gradient flow & = v(z) = V®(x) subject to S(x) < Sihresh-
The long-term behavior of this flow is characterized by the stable fixed points of V&
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within the admissible region {S < Sinresh }, Which are the metastable basins of ¢ under
the entropy constraint. These fixed points are the persistent structures of the domain
D. U U

12.3 The Meta-Project: From Object Ontology to Process
Topology

The theoretical program underlying RSVP, HYDRA, and the associated frameworks
constitutes a meta-project whose scope extends beyond any individual domain. The
meta-project is the replacement of object-centered ontology with process-constrained
topology as the foundational language for understanding persistence, coherence, and
organization.

In object-centered ontology, the primitive entities are objects with intrinsic proper-
ties, and systems are described as collections of objects interacting through forces or
rules. This ontology is native to classical mechanics, symbolic computation, and folk
psychology. Its characteristic limitations are its difficulty in representing continuous
change, its inability to naturally describe topological constraints, and its tendency to
mistake the map for the territory when compressed representations are treated as
complete descriptions.

In process-constrained topology, the primitive entities are admissible trajectories,
and systems are described as structured families of trajectories constrained by topol-
ogy, entropy, and admissibility. This ontology is native to field theory, dynamical
systems, sheaf theory, and the RSVP framework. Its characteristic strengths are its
natural representation of change and persistence, its capacity to describe topological
constraints through the global structure of trajectory spaces, and its explicit treat-
ment of projection and compression as quotient operations that introduce controlled
information loss.

The practical consequences of this ontological shift are far-reaching. In artificial
intelligence, the shift from symbolic to geometric cognition produces systems that
are not merely statistically competent but geometrically coherent: their reasoning
failures are characterized by cohomological obstructions rather than by statistical
distributional shift, and their generalization capacities are governed by the geometric
properties of the semantic manifold rather than by the empirical risk on the training
distribution. In memory systems, the shift from archival to field-theoretic memory
produces architectures where persistence is active rather than passive, retrieval is
reconstruction rather than lookup, and forgetting is entropy-driven dissolution rather

than deletion. In infrastructure and institutions, the shift from object-centered to
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trajectory-centered description reveals that the pathologies of real systems (brittle-
ness, cascading failures, metric gaming) are instances of projection collapse: the
mistake of a compressed operational representation for the full admissibility structure
it approximates.

12.4 Prediction of Implementation Diversity

A striking consequence of the substrate-independence of the RSVP-HYDRA frame-
work is that it predicts implementation diversity: the existence of multiple distinct
engineering realizations satisfying the same geometric and thermodynamic invariants.
This prediction distinguishes the framework from architecture-specific Al theories,
which are tied to particular computational substrates and cannot make principled
predictions about the space of valid alternatives.

The admissibility landscape predicted by the framework includes all computa-
tional architectures satisfying the RSVP field equations and the associated coherence
conditions. Within this landscape, the MEM|8 and AyeOS systems occupy a region
characterized by wave-mechanical memory and distributed field orchestration. Other
regions of the landscape correspond to biological neural systems (electrochemical
wave dynamics), quantum information systems (superposition-based implementation
of stack-theoretic cognition), symbolic Al systems (degenerate limit with suppressed
entropy field), neuromorphic hardware (analog approximation to continuous RSVP
dynamics), and future semantic computing substrates (architectures yet to be designed
or discovered).

The framework does not merely predict the existence of these alternatives; it
characterizes what they have in common. All valid realizations of RSVP-admissible
computation share the property that memory is stabilized field residue rather than
static storage, retrieval is resonance-based reconstruction rather than indexed lookup,
reasoning is local-to-global section construction rather than symbolic inference, learn-
ing is tangent-constrained flow on a stratified manifold rather than isotropic parameter
optimization, and intelligence is recursive admissibility preservation rather than accu-
mulated knowledge.

These shared properties are not functional specifications of what these systems
do but geometric characterizations of how they are organized. A theory that predicts
implementation diversity while characterizing the invariants shared across diverse
implementations is, in the precise sense of the term, a physics: a description of the
structure of a class of phenomena that abstracts away from substrate-specific details

while retaining the essential geometric and thermodynamic content.
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Conclusion

13.1 Summary of the Framework

This monograph has developed the mathematical foundations of HYDRA as a com-
positional geometric architecture for admissible computation. The central theoretical
contributions are organized around eight major themes.

The RSVP field-theoretic ontology, developed in Chapter 2, replaces static symbolic
representations with dynamical field configurations. The RSVP field triple (®, v, 5)
provides the primitive vocabulary of the framework, and the associated field equations
provide the laws governing the evolution of coherent semantic structure. The projec-
tion formalism establishes semantic equivalence as a geometric equivalence relation
on trajectory space, and the Lyapunov analysis of admissibility basins provides the
dynamical account of semantic persistence.

The theory of stratified semantic manifolds, developed in Chapter 3, provides the
differential-topological underpinning for the notion of semantic coherence. Whit-
ney stratification formalizes the idea that configuration spaces are partitioned into
regions of varying dimensionality corresponding to different representational modes.
Tangent-constrained optimization is the natural learning dynamics on such spaces,
and semantic phase transitions are the geometrically regulated crossings between
strata.

The HYDRA composition law, developed in Chapter 4, defines the full architecture
as a composition of six functorial operators, each admissibility-preserving and each
acting on a specific type of geometric object. The TARTAN tiling operator receives
a detailed treatment, including the approximation theorem establishing that any
compact semantic region admits a finite tile decomposition at any desired resolution.

The sheaf-theoretic semantics, developed in Chapter 5, formalizes local-to-global
coherence as the gluing condition on the semantic state sheaf. Hallucination is given
a precise definition as a cohomological failure. The Cech cohomology of the sheaf
provides a quantitative measure of semantic inconsistency.

The field-theoretic account of memory, developed in Chapter 6, formalizes memory

as stabilized field residue and derives persistence bounds from Lyapunov analysis
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of the RSVP field dynamics. Retrieval is formalized as a resonance reconstruction
process, and the connection to computational memoization is established via the

generalized memoization theorem.

The category-theoretic backbone, developed in Chapter 7, establishes the functorial-
ity of each HYDRA component, interprets natural transformations as reasoning regime
changes, and develops the monoidal structure of semantic composition through the

notion of semantic compatibility.

The geometry of intelligence, developed in Chapter 8, synthesizes the foregoing
into a formal definition of coherent agency and proves the recursive admissibility
stabilization theorem. The geometry-intelligence correspondence is made explicit,

identifying each cognitive phenomenon with a precise geometric structure.

The semantic fiber and equivalence class theory, developed in Chapter 9, introduces
the realization map and semantic fibers, establishes the fibration structure of the
realization map, and develops the ontological compression funnel as the categorical
description of the relationship between trajectory space, parameter space, and semantic
behavior space. The entropy field is identified as the logarithmic admissibility volume,
and projection collapse is formalized as the pathology arising when the compressed
manifold is mistaken for the full trajectory space.

The formal grammar and dependent type theory, developed in Chapter 10, gives
the HYDRA composition law a syntactic specification and lifts it to a dependent type
theory in which admissibility constraints become type-level requirements. Proof-
carrying memoization is derived as a consequence of the type-theoretic framework,

and the stack-theoretic extension handles the case of genuinely ambiguous cognition.

The engineering realization theory, developed in Chapter 11, connects the abstract
RSVP-HYDRA framework to the Marine, MEM|8, Phoenix, and AyeOS systems as one
family of instantiations within the admissibility landscape. Each component is derived
from RSVP principles, connected to the geometric framework by explicit translation,

and shown to be a valid approximation to the corresponding abstract construction.

The unified semantic physics, developed in Chapter 12, synthesizes the foregoing
into a general program: the replacement of object-centered ontology by process-
constrained topology as the foundational language for persistence, coherence, and
organization. The structural universality theorem establishes that the RSVP transfor-
mation applies to any domain with a state space, admissibility structure, and stability

measure.
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13.2 Open Problems

Several important open problems arise from the framework. The regularity theory
of the RSVP field equations remains incomplete: under what conditions do classical
solutions exist globally in time, and what singularities can develop from smooth initial
data? The source terms p and o in the field equations are specified only schematically;
a complete theory requires their derivation from first principles for each application
domain.

The relationship between the RSVP entropy field S and information-theoretic
entropy requires clarification. In maximum entropy reinforcement learning, the policy
entropy plays the role of S in the Bellman equation; the precise identification of these
quantities, and the derivation of the RSVP field equations from the soft Bellman fixed-
point equations, remains to be worked out in full generality. Similarly, the connection
between the Legendre duality of the soft value function and policy entropy, established
in the RSVP-DP synthesis, needs to be extended to the full field-theoretic setting.

The topology of hallucination requires systematic study. The classification of
hallucination types corresponds to the classification of first cohomology classes of the
semantic state sheaf; this classification is likely to be domain-dependent in subtle ways
reflecting the topology of the context category. A systematic study would provide both
a mathematical taxonomy of reasoning failures and a set of formal tools for detecting
and correcting them before they propagate through the reasoning chain.

The quantization of the RSVP field equations remains an open program. Replac-
ing classical field configurations with quantum states would provide a more natural
account of superposition-based cognition, connect the framework to quantum infor-
mation theory and quantum cognition, and implement the stack-theoretic structure
developed in Chapter 10 at the level of the physical substrate rather than as an abstract
mathematical structure.

The relationship between the RSVP framework and other geometric theories of
cognition and intelligence, including the Free Energy Principle, Integrated Information
Theory, and unistochastic quantum mechanics, requires detailed comparison. Each of
these frameworks captures aspects of the admissibility geometry developed here, but
the precise mathematical relationships remain to be established.

Finally, the RSVP-HYDRA framework predicts specific failure modes of Al systems:
hallucination corresponds to vanishing global sections, brittleness corresponds to
low entropy field (near-zero admissibility volume), and generalization failure corre-
sponds to projection collapse. These predictions should be tested against empirical
observations of Al system behavior, and the framework should be refined or extended

where the predictions fail.
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13.3 Closing Remarks

The geometry of admissible computation is a large program. What this monograph
has attempted to establish is its mathematical coherence and its scope: that the diverse
phenomena of memory, cognition, reasoning, learning, and engineering implementa-
tion can be formulated as aspects of a single unified geometric framework, that this
framework has rigorous mathematical foundations in field theory, differential topol-
ogy, sheaf theory, category theory, and dependent type theory, and that the resulting
unified picture generates both new conceptual understanding and new formal tools.

The HYDRA architecture, interpreted through this framework, is not merely a
modular engineering system but a geometric object: a composition of admissibility-
preserving functors over a stratified semantic manifold, equipped with a sheaf-theoretically
coherent memory structure, an RSVP-constrained reasoning dynamics, and a proof-
carrying type system that enforces causal faithfulness at the level of the architecture’s
type. Its behavior is governed by the geometry of the semantic manifold, the dynamics
of the RSVP field, the cohomological constraints imposed by the gluing conditions of
the semantic state sheaf, and the fiber structure of the realization map.

The deeper ambition of the framework is to provide the beginning of a semantic
physics: a description of the structure of cognitive and representational systems that
abstracts away from substrate-specific details while retaining the essential geometric
and thermodynamic content, in the way that thermodynamics describes heat engines
and biological cells through the same universal laws while remaining agnostic about
molecular constitution. Whether that ambition is realizable in full generality remains
to be determined by the ongoing development of the theory and by its confrontation

with empirical phenomena in cognition, computation, and, ultimately, physics.
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