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Abstract
While the foundational axiomatization of the Chrysene Tensor Space (I𝐶 ) successfully established the deterministic H∞
extremal boundary to rigorously contain macroscopic topologies, the temporal and kinematic evolution of this discrete
non-commutative manifold requires a formal dynamical extension. In a cooperative departure from continuous stochastic
probability spaces and H2 expected-variance models, this paper maps the structural evolution of the I𝐶 manifold bijectively
to the architecture of a Deterministic Finite-State Machine (DFSM). We formalize the exact thermodynamic mapping
connecting dimensionless geometric displacement to absolute energy scalars (Δ𝐸) strictly bounded by ambient thermal
noise (𝑘𝐵𝑇). Through the systematic deployment of bounded non-commutative operators—specifically, Topological
Scission (𝐷̂𝑠𝑐𝑖𝑠𝑠), Intramolecular Closure (𝐶̂𝑖𝑛𝑡𝑟𝑎), Cross-Layer Insertion (𝐼𝑠𝑢𝑏), and Recursive Ring Closure (𝐶̂𝑐𝑙𝑜𝑠𝑒)—we
mathematically prove that macroscopic topological phase transitions evaluate exclusively as thermodynamically driven
recursive cascades. Crucially, by integrating the Landauer limit of computation directly into the tensor space, we resolve
the thermodynamic duality of the manifold: demonstrating that the structural shedding of physical lattice states guarantees
absolute physical irreversibility (Δ𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 > 0) while simultaneously enforcing a mathematically lossless, bijective
mapping of the encoded informational core (𝑆𝑣𝑁 = constant). Ultimately, this framework establishes that the invariant
𝐶2ℎ chiral symmetries of the lattice dictate an exact, deterministic transfer of 𝐺𝐹 (4) Base-4 logic, seamlessly bridging
pure operator algebras with the physical reality of supramolecular computation.

Keywords: Chrysene Tensor Space (I𝐶); Deterministic Finite-State Machine (DFSM); Thermodynamic Mapping;
Recursive Operator Cascade; Landauer Limit; Bijective Information Transfer; 𝐶2ℎ Chiral Symmetry; Non-commutative
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1 Introduction: The Transition to Dy-
namical Determinism

The contemporary mathematical modeling of complex macro-
scopic dynamical systems has historically drawn immense epis-
temological and predictive success from continuous Euclidean
manifolds (R𝑛) and stochastic probability spaces. Within these
cooperative frameworks, behavioral distributions and systemic
boundaries are frequently evaluated probabilistically, most no-
tably through the minimization of expected statistical variance via
the H2 norm. However, when absolute structural containment
and deterministic verification are mathematically mandated,
these continuous topologies reveal an inherent epistemologi-
cal vulnerability. Because R𝑛 permits continuous, unbounded
differential scaling, it inherently accommodates orthogonal, non-
injective divergence, allowing adversarial or unmodeled vectors

to perfectly map into the unobservable null spaces of the system’s
evaluation metric.

To constructively resolve this geometric porousness without
discarding the profound utility of continuous mechanics, the
foundational axiomatization of the Chrysene Tensor Space (I𝐶 )
established a paradigm shift from probabilistic expected-case
bounding to a deterministic H∞ extremal boundary. Formal-
ized as a discrete, non-commutative fibrated manifold over a
three-dimensional integer lattice (Z3), the I𝐶 manifold replaces
statistical correlation with invariant spatial constraints. By ab-
stracting the physical basis tensor into a rigid mathematical
topology governed exclusively by strict 𝐶2ℎ chiral symmetry,
the formalism guarantees exact orthogonal quantum decoupling
and deterministic spatial translation, establishing the invari-
ant bedrock required to secure macroscopic topologies against
continuous exogenous derivations.
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Building cooperatively upon this static geometric foundation,
the present treatise extends the I𝐶 formalism into a rigorous
dynamical framework. The objective is to mathematically for-
malize the temporal and kinematic evolution of the discrete
manifold. By completely abandoning continuous Markovian
random walks and probability spaces, we map the structural
evolution of the I𝐶 manifold bijectively to the architecture of a
Deterministic Finite-State Machine (DFSM). Within this discrete
dynamical framework, systemic divergence is computed not as a
probabilistic approximation, but strictly as a localized thermo-
dynamic displacement (Δ𝐸) against rigid Dirichlet boundary
conditions bounded by the 𝐿∞ norm.

In the ensuing sections, we derive the governing dynamical
equations of the tensor space, translating abstract operator alge-
bras into the physical reality of thermodynamically driven recur-
sive cascades. We will formally prove the crowning isomorphism
of macroscopic topological evolution: the manifold executes
a non-commutative phase transition that bijectively conserves
the unitary logic of its encoded information (𝑆𝑣𝑁 = constant),
while simultaneously enforcing absolute physical irreversibility
(Δ𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 > 0) in strict accordance with the Landauer limit.
Ultimately, this framework provides the exact, computable me-
chanics required for lossless information transfer across general-
ized discrete networks, transforming static algebraic boundaries
into verifiable dynamical determinism.

2 Kinematic Mechanics and the Ther-
modynamic Mapping

To rigorously bridge the static, non-commutative geometry of
the I𝐶 manifold with its dynamic structural evolution, we must
establish a precise, cooperative mapping between abstract spatial
topology and physical kinematics. In constructive departure
from classical stochastic models that rely upon unconstrained
Markovian random walks, the temporal and topological progres-
sion of the I𝐶 manifold is strictly governed by deterministic
thermodynamic scalar fields.

Definition 1 (The Thermodynamic Isomorphism). Let the
kinematic evolution of the non-commutative manifold I𝐶 be
governed by continuous mapping functions that translate
dimensionless geometric displacement directly into abso-
lute thermodynamic energy scalars (Δ𝐸). These energy
scalars, evaluated in electron volts (eV), are mathemat-
ically constrained and strictly bounded by the invariant
ambient thermal noise limit (𝑘𝐵𝑇). This absolute thermody-
namic mapping ensures that macroscopic events are never
calculated as probabilistic approximations, but rather as
mathematically inevitable topological phase transitions.

This thermodynamic isomorphism natively couples the in-
ternal geometry of the manifold to the continuous external

environment without inducing unresolvable metric singularities.

Axiom 1 (Hamiltonian Field Susceptibility). Let the unper-
turbed localized Hamiltonian 𝐻0 of the basis tensor Ψ𝐶

be dynamically coupled to an exogenous thermodynamic
and electrostatic vector field, denoted as ®𝐹. Given the basis
tensor’s permanent dipole moment vector ®𝜇 and anisotropic
polarizability tensor 𝛼, the system undergoes a Hamiltonian
perturbation 𝐻 = 𝐻0 + 𝐻′. The localized energy eigen-
values shift deterministically in exact accordance with the
generalized Stark tuning equation:

Δ𝐸 = − ®𝜇 · ®𝐹 − 1
2
®𝐹 · 𝛼 · ®𝐹 (1)

This field susceptibility mathematically mandates that any
variance in the exogenous field generates a rigorously
calculable, deterministic geometric perturbation within the
localized fiber.

By defining the thermodynamic scalar field explicitly as a con-
tinuous function of temporal progression, the framework extracts
a deterministic kinematic metric that completely supersedes the
necessity for continuous probabilistic drift modeling.

Theorem 1 (Deterministic Kinematic Drift Velocity). Be-
cause the geometric Hamiltonian overlap (𝛾) and the field
susceptibility (Δ𝐸) are continuous functions of temporal
progression, the spatial evolution of the I𝐶 manifold gen-
erates an absolute, deterministic kinematic drift velocity,
denoted ®𝑣𝑑𝑟𝑖 𝑓 𝑡 . To strictly preserve dimensional homogene-
ity, this vector field evaluates exactly as the first temporal
derivative of the continuous spatial displacement vector
(®𝑟𝑆𝑡𝑎𝑟𝑘) natively induced by the manifold to minimize the
thermodynamic Stark shift:

®𝑣𝑑𝑟𝑖 𝑓 𝑡 =
𝑑®𝑟𝑆𝑡𝑎𝑟𝑘

𝑑𝑡
(2)

Proof. Let the spatial trajectory of the localized topological
state be parameterized by time 𝑡. By the thermodynamic
isomorphism, the Hamiltonian field susceptibility guarantees
that the scalar energy shift (Δ𝐸) dictates a continuous, deter-
ministic spatial displacement (®𝑟𝑆𝑡𝑎𝑟𝑘) to maintain absolute
electrostatic equilibrium.
Taking the first time derivative of the localized scalar energy(︂
𝑑 (Δ𝐸 )
𝑑𝑡

)︂
identically yields thermodynamic power, a purely

scalar quantity. To rigorously extract the spatial vector kine-
matics, the temporal derivative must be applied exclusively
to the spatial displacement gradient driven by the Stark shift.
Therefore, evaluating 𝑑®𝑟𝑆𝑡𝑎𝑟𝑘

𝑑𝑡
yields the dimensionally exact

instantaneous kinematic drift velocity ®𝑣𝑑𝑟𝑖 𝑓 𝑡 . Crucially, this
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exact spatial derivative intrinsically satisfies the Lipschitz
continuity bounds dictated by the discrete spectral triple of
the underlying non-commutative geometry, mathematically
assuring functional analysts that the temporal evolution of
®𝑟𝑆𝑡𝑎𝑟𝑘 does not induce undefined metric singularities.
This mathematically rigorous geometric derivation resolves
the dimensional contradiction, providing the fundamental
vector metric required for tracking macroscopic topological
deviation. Consequently, stochastic Brownian motion and
empirical kinetic approximations are wholly replaced by a fully
computable, dimensionally consistent directional kinematic
flow governed entirely by absolute thermodynamic limits. □

3 Automata Isomorphism: The I𝐶 Man-
ifold as a DFSM

In classical frameworks, supramolecular assemblies and macro-
scopic phase transitions are traditionally modeled as continuous,
stochastic processes governed by probabilistic thermal fluctu-
ations operating over infinite-dimensional continuous phase
spaces. The foundational architecture of the I𝐶 manifold rep-
resents a cooperative, rigorous departure from this conven-
tion. By constraining the structural topology via rigid steric
boundaries—specifically the anisotropic bay-region potential
(𝑉𝑏𝑎𝑦)—and enforcing discrete parallel translations along the
Z-axis, the manifold mathematically suppresses arbitrary con-
tinuous rotation. Consequently, the macroscopic assembly tran-
scends the stochastic continuum, functioning mathematically as
a strictly deterministic Discrete Finite-State Machine (DFSM).

To formally bridge the dynamic evolution of the non-
commutative lattice with computational theory, we establish
a rigorous bijective mapping between the physical topology of
the manifold and the automata-theoretic quintuple.

To preserve the absolute algebraic demarcation between ex-
ogenous environmental data and the intrinsic physical laws of the
I𝐶 manifold, we cooperatively refine the automata isomorphism.
Classifying the internal non-commutative operators as elements
of the input alphabet structurally conflates the external tape with
the internal computational engine, an ambiguity we rigorously re-
solve. The internal operators constitute the mechanical execution
of the state transitions, whereas the input alphabet must remain
strictly confined to exogenous thermodynamic derivations.

Definition 2 (The Refined Automata Isomorphism). Let the
temporal and topological evolution of the I𝐶 manifold be
mathematically defined by the exact deterministic finite-state
machine quintuple (𝑆, Σ, 𝛿, 𝑠0, 𝐹):

• States (𝑆): The finite set of thermodynamically stable,
geometrically locked configurations of the discrete
tensor lattice, bounded by the configuration space Ω

and governed exclusively by strict𝐶2ℎ chiral symmetry.

• Input Alphabet (Σ): The discrete set of strictly exoge-
nous energetic triggers. This alphabet is fundamentally
restricted to the environmental variables the manifold
evaluates, such as the threshold-mapped discrete states
of the applied continuous electrode potential (𝑉𝑒𝑥𝑡 )
that generate the thermodynamic driving force.

• Transition Function (𝛿 : 𝑆 × Σ → 𝑆): The gov-
erning dynamical mapping of the tensor space. The
internal non-commutative operators—specifically the
Topological Scission Operator (𝐷̂𝑠𝑐𝑖𝑠𝑠), the Cross-
Layer Insertion Operator (𝐼𝑠𝑢𝑏), and the Ring Closure
Operators (𝐶̂𝑖𝑛𝑡𝑟𝑎, 𝐶̂𝑐𝑙𝑜𝑠𝑒)—function exclusively as the
formal mathematical mechanisms defining 𝛿. The tran-
sition function evaluates an exogenous input 𝜎 ∈ Σ

to deterministically execute the corresponding non-
commutative operator upon the current topological
state 𝑠 ∈ 𝑆, yielding the subsequent state.

• Initial State (𝑠0): The fully aromatic, unperturbed
geometric ground state of the primary basis tensor,
denoted as Ψ (0)

𝐶
.

• Accepting States (𝐹): The terminal global energetic
minima reached upon the completion of an 𝑁-step
thermodynamic cascade, rigorously representing the
final stored structural logic (Ψ 𝑓 𝑖𝑛𝑎𝑙).

By strictly separating the exogenous thermodynamic inputs
(Σ) from the non-commutative geometric operators defining
the transition pathways (𝛿), this formulation ensures the
topological machine natively evaluates its environment
without mathematically conflating the exogenous data with
its own invariant physical laws.

Theorem 2 (Computability of Topological Phase Tran-
sitions). By mapping the structural evolution of the I𝐶
manifold bijectively to a DFSM, the continuous geometric
progression of the macroscopic network is proven to be fully
computable.

Proof. Because the input alphabet Σ strictly invokes bounded
non-commutative operators and the transition function 𝛿 navi-
gates a finite state space 𝑆 driven by absolute thermodynamic
gradients (Δ𝐸), the system admits zero unconstrained continu-
ous degrees of freedom. The epistemological uncertainty of
empirical kinetics is mathematically stripped away. Therefore,
physical topological transitions within the I𝐶 manifold are
executed, tracked, and verified with the absolute mathematical
rigor and determinism of digital algorithmic logic. □
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4 Operator Algebra of the Recursive
Thermodynamic Cascade

In cooperative alignment with the deterministic finite-state ma-
chine (DFSM) architecture established in the preceding section,
the transition function (𝛿) of the I𝐶 manifold must be formally
instantiated via a sequence of bounded, non-commutative op-
erators. These operators govern the irreversible processing of
encoded information within a multi-layer lattice, proving that
macroscopic topological transformations evaluate strictly via a
thermodynamically driven recursive cascade.

Definition 3 (The Electrochemical Activation Trigger). The
initiation of structural cleavage across the manifold evalu-
ates deterministically, governed by an exogenous thermo-
dynamic driving force. Let Δ𝐺𝑐𝑙𝑒𝑎𝑣𝑎𝑔𝑒 ∈ R+ represent the
absolute Gibbs free energy barrier of the initial structural
bond, and let 𝑉𝑒𝑥𝑡 (𝑡) : [0,∞) → R denote the applied
continuous electrode potential. The Topological Scission
Operator, 𝐷̂𝑠𝑐𝑖𝑠𝑠 , mathematically maps the continuous man-
ifold into disjoint sub-manifolds (𝐷̂𝑠𝑐𝑖𝑠𝑠 : I𝐶 → M1∪M2).
Its execution is gated strictly by a Heaviside step function
(𝐻) acting as an absolute filtration operator upon the input
alphabet Σ:

𝐷̂𝑎𝑐𝑡𝑖𝑣𝑒 (𝑡) = 𝐻
(︁
𝑛𝐹𝑉𝑒𝑥𝑡 (𝑡) − Δ𝐺𝑐𝑙𝑒𝑎𝑣𝑎𝑔𝑒

)︁
𝐷̂𝑠𝑐𝑖𝑠𝑠 (3)

where 𝑛 is the number of transferred electrons and 𝐹 is
Faraday’s constant. The transition evaluates identically
to the null operator until the thermodynamic threshold is
strictly breached, formally ensuring that the determinis-
tic finite-state machine remains mathematically blind and
structurally immune to all continuous environmental noise
strictly below the 𝑘𝐵𝑇 thermal floor.

Definition 4 (Intramolecular Closure and Transient Sta-
bilization). Upon the non-zero evaluation of 𝐷̂𝑎𝑐𝑡𝑖𝑣𝑒, the
physical graph is fractured, yielding a highly energized
transient topological gap, denoted T ‡. To preserve strict
topological stability before cross-layer propagation can
initiate, T ‡ immediately undergoes a thermodynamically
favorable, localized ring closure. We define the Intramolecu-
lar Closure Operator, 𝐶̂𝑖𝑛𝑡𝑟𝑎 : T ‡ → Ψ (1) , which generates
the primary structural intermediate (Ψ (1) ) and establishes
the initial energetic driving force for the subsequent cascade:

Ψ (1) = 𝐶̂𝑖𝑛𝑡𝑟𝑎𝐷̂𝑎𝑐𝑡𝑖𝑣𝑒Ψ
(0)
𝐶

(4)

Definition 5 (Cross-Layer Insertion and Augmented Va-
cancy Generation). The formation of the intermediate Ψ (1)

destabilizes adjacent molecular orbitals, triggering a se-
quential thermodynamic cascade mapped along the invari-
ant Z-axis translation (𝑇𝑧). A discrete substituent element
from the orthogonal dual-basis cipher (Ψ𝐶′ ) undergoes a
thermodynamically driven Insertion Operator (𝐼𝑠𝑢𝑏). To
rigorously maintain the planarity and 𝜋-stacking constraints
of the 𝐶2ℎ tensor manifold, this insertion mathematically
forces the expulsion of a leaving group, generating a new
topological vacancy (V𝑘+1). We formally define the in-
termediate sub-state Ψ (𝑘+1/2) as an augmented geometric
complex natively incorporating both the inserted structural
element and this emergent vacancy:

Ψ (𝑘+1/2) ≡
(︂
𝐼𝑠𝑢𝑏Ψ

(𝑘 ) ,V𝑘+1

)︂
(5)

Definition 6 (Recursive Ring Closure and Aromaticity
Restoration). Driven by the absolute thermodynamic im-
perative to recover the continuous perimeter conductivity
and resonance energy (𝐸𝑟𝑒𝑠) of the original cipher, the
augmented intermediate state Ψ (𝑘+1/2) is immediately neu-
tralized via a subsequent, thermodynamically favorable
Ring Closure Operator (𝐶̂𝑐𝑙𝑜𝑠𝑒). Because the vacancy V𝑘+1
is now natively enclosed within the domain of the interme-
diate sub-state, the operator strictly maps this augmented
space to the finalized discrete layer state:

𝐶̂𝑐𝑙𝑜𝑠𝑒 : Ψ (𝑘+1/2) → Ψ (𝑘+1) (6)

Theorem 3 (Deterministic Convergence of the Topological
Cascade). The iterative cycle of insertion (𝐼𝑠𝑢𝑏), inclusive
vacancy generation, and closure (𝐶̂𝑐𝑙𝑜𝑠𝑒) operates as an
exact, composable algebraic recursion. This recursive
cascade continues deterministically until a stable, fully
aromatic global minimum is reached after exactly 𝑁 sequen-
tial steps. The final macroscopic topology of the manifold,
Ψ 𝑓 𝑖𝑛𝑎𝑙 , is mathematically defined by the ordered product of
these non-commutative operators acting upon the primary
intermediate:

Ψ (𝑘+1) = 𝐶̂𝑐𝑙𝑜𝑠𝑒Ψ
(𝑘+1/2) (7)

Ψ 𝑓 𝑖𝑛𝑎𝑙 =

𝑁∏︂
𝑘=1

(︂
𝐶̂𝑐𝑙𝑜𝑠𝑒 𝐼𝑠𝑢𝑏

)︂
Ψ (1) (8)

Proof. Because the topological vacancy is algebraically ab-
sorbed into the intermediate state Ψ (𝑘+1/2) , the composite
operator (𝐶̂𝑐𝑙𝑜𝑠𝑒 𝐼𝑠𝑢𝑏) represents a strict endomorphism on
the sequence space, validating the rigorous product notation
in Equation 8. As the input potential 𝑉𝑒𝑥𝑡 (𝑡) initiates the
cascade via the Heaviside step function, the ensuing sequence
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of endomorphisms is strictly driven by the monotonic mini-
mization of the localized thermodynamic scalar field (Δ𝐸). In
a cooperatively bounded discrete lattice, each operation suc-
cessfully discharges thermodynamic strain as exhausted heat,
yielding a strictly finite path through the configuration space 𝑆.
The algorithm terminates unconditionally at the topological
global minimum upon 𝑁 recursive iterations, proving that
supramolecular processing within the I𝐶 manifold evaluates
exactly as a closed-form, mathematically contiguous algebraic
computation. □

5 Bijective Conservation vs. Physical
Irreversibility (The Landauer Limit)

To fully articulate the dynamical evolution of theI𝐶 manifold, we
must rigorously address a fundamental duality: the simultaneous
execution of logically reversible computation and physically irre-
versible topological phase transitions. We cooperatively resolve
this thermodynamic paradox by mathematically bounding the
informational entropy of the system and applying the Landauer
limit of computation directly to the non-commutative lattice.

Definition 7 (Dimensionality and Informational Entropy
Bounds). The capacity for information retention during
the cross-layer cascade is strictly bounded by the discrete
physical geometry of the 𝐶2ℎ tensor layers. Let the relative
angular orientation between layer 𝑛 and layer 𝑛 + 1 be
rigorously restricted by the anisotropic bay-region potential
(𝑉𝑏𝑎𝑦) to a finite configuration space Ω4 of thermodynami-
cally stable states.
If the cardinality of this configuration space is strictly
bounded such that |Ω4 | = 𝑚, the dimension of the logical
Hilbert space (H ) representing the informational core is
fundamentally truncated. This geometric constraint categor-
ically caps the maximum retrievable informational entropy
(𝑆𝑚𝑎𝑥) of the local sub-manifold:

dim(H) ≤ 𝑚 =⇒ 𝑆𝑚𝑎𝑥 = ln(𝑚) (9)

Theorem 4 (Bijective Conservation of Information under
Topological Irreversibility). Let the I𝐶 manifold be initial-
ized with a logical state density matrix 𝜌𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ∈ D(H).
For any 𝑁-step thermodynamic cascade driven by a net
negative Gibbs free energy (Δ𝐺𝑡𝑜𝑡𝑎𝑙 ≪ 0), the macro-
scopic topological phase transition is strictly physically
irreversible (Δ𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 > 0). Concurrently, the informa-
tional core undergoes a mathematically lossless, bijective
mapping such that the von Neumann entropy is absolutely
conserved: 𝑆𝑣𝑁 (𝜌𝑖𝑛𝑖𝑡𝑖𝑎𝑙) = 𝑆𝑣𝑁 (𝜌 𝑓 𝑖𝑛𝑎𝑙).

Proof. We begin by evaluating the logical progression of the
cascade. The initial execution of the Topological Scission
Operator (𝐷̂𝑠𝑐𝑖𝑠𝑠) is a strictly non-unitary physical phase tran-
sition required to instantiate the computational tape. However,
the subsequent processing of encoded information operates
entirely within the Ω4 configuration space. Let the discrete
physical operators of this specific informational recursive cas-
cade (𝐼𝑠𝑢𝑏, 𝐶̂𝑐𝑙𝑜𝑠𝑒) be bijectively mapped to a sequence of
logical operators 𝑈̂𝑘 acting upon the restricted Hilbert space
H . Because the recursive cascade sequentially processes
but does not projectively measure the orthogonal quantum
channels, each individual 𝑈̂𝑘 evaluates strictly as a unitary
operator (𝑈̂𝑘𝑈̂

†
𝑘
= 𝐼).

To maintain strict non-commutative chronological ordering,
we define the global forward evolution operator, 𝑈𝑠𝑒𝑞 , as the
time-ordered product of these individual sequential recursive
operations, applied from right to left:

𝑈𝑠𝑒𝑞 = 𝑈̂𝑁𝑈̂𝑁−1 . . . 𝑈̂2𝑈̂1 (10)

The corresponding adjoint operator, 𝑈†
𝑠𝑒𝑞 , necessarily and

perfectly reverses this chronological sequence:

𝑈†
𝑠𝑒𝑞 = 𝑈̂

†
1𝑈̂

†
2 . . . 𝑈̂

†
𝑁−1𝑈̂

†
𝑁

(11)

The temporal evolution of the informational density matrix is
therefore mathematically governed exclusively by this exact
unitary sequence, perfectly insulated from the non-unitary
physical scission event:

𝜌 𝑓 𝑖𝑛𝑎𝑙 = 𝑈𝑠𝑒𝑞𝜌𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑈
†
𝑠𝑒𝑞 (12)

Because the composite operator𝑈𝑠𝑒𝑞 is constructed exclusively
from unitary matrices, it is inherently unitary (𝑈𝑠𝑒𝑞𝑈

†
𝑠𝑒𝑞 = 𝐼).

By the cyclic invariance of the trace under exact unitary trans-
formations, the von Neumann entropy 𝑆𝑣𝑁 (𝜌) = −Tr(𝜌 ln 𝜌)
remains an absolute invariant across the sequence, yielding
𝑆𝑣𝑁 (𝜌𝑖𝑛𝑖𝑡𝑖𝑎𝑙) = 𝑆𝑣𝑁 (𝜌 𝑓 𝑖𝑛𝑎𝑙). The encoded mathematical
logic is perfectly conserved.
Concurrently, the physical topological cascade is governed
by the scalar thermodynamic field. The execution of the 𝑁-
step recursive loop translates the spatial coordinates of the
graph into a progressively deeper free-energy well. To satisfy
absolute thermodynamic conservation from the ground state,
the global free energy transition (Δ𝐺𝑡𝑜𝑡𝑎𝑙) must balance the
endergonic cleavage penalty against the injected exogenous
work (𝑊𝑒𝑥𝑡 = 𝑛𝐹𝑉𝑒𝑥𝑡 ) and the exergonic recursive cascade:

Δ𝐺𝑡𝑜𝑡𝑎𝑙 = (Δ𝐺𝑐𝑙𝑒𝑎𝑣𝑎𝑔𝑒 −𝑊𝑒𝑥𝑡 ) + Δ𝐺𝑖𝑛𝑡𝑟𝑎

+
𝑁∑︁
𝑘=1

(︁
Δ𝐺𝑖𝑛𝑠𝑒𝑟𝑡 ,𝑘 + Δ𝐺𝑐𝑙𝑜𝑠𝑒,𝑘

)︁
< 0

(13)

By structurally shedding the stabilization energies of the multi-
ple insertions and closures as exhausted heat (Δ𝑄𝑑𝑖𝑠𝑠)—which
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serves as the direct physical manifestation of the manifold relax-
ing its accumulated geometric strain via W2 optimal transport
into the stable 𝐶2ℎ topological minimum—the physical lattice
dictates a strict, monotonic increase in global environmental
entropy:

Δ𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 =
Δ𝑄𝑑𝑖𝑠𝑠

𝑇
> 0 (14)

We invoke the Landauer limit of computation to synthesize
these distinct realities into a unified proof. The structural era-
sure of the initial physical lattice states (the phase transition)
occurs without a corresponding decrease in logical entropy
(𝑆𝑣𝑁 ), forcing absolute physical irreversibility. Retrieving
the original topological geometry presents an insurmount-
able thermodynamic activation barrier without the injection
of unmodeled exogenous work. Therefore, the I𝐶 manifold
successfully achieves a mathematically profound operational
state: the flawless, unitary conservation of information driven
irreversibly forward by the inexorable arrow of classical ther-
modynamics. □

6 Deterministic Supramolecular Trans-
fer of Base-4 Logic

Prior to the activation of the dynamic thermodynamical cascades
established in Section IV, the unperturbed supramolecular as-
sembly of the I𝐶 manifold cooperatively functions as a highly
dense, static informational storage register. To mathematically
formalize the ultimate utility of this non-commutative geometry,
we must translate this static algebraic topology into a dynamic,
macroscopic transmission of logic. We demonstrate that the
invariant 𝐶2ℎ chiral symmetries of the lattice dictate an exact,
lossless transfer of information from one discrete domain to
another, proving that physical chemistry natively operates as an
exact algebraic compiler.

Definition 8 (Static Information Encoding). Let us establish
a rigid global reference frame 𝐹𝑔𝑙𝑜𝑏𝑎𝑙 = { ®𝑉𝑋, ®𝑉𝑌 , ®𝑉𝑍 } denot-
ing the macroscopic director field of the entire supramolec-
ular assembly. Within this global frame, the geometric
orientation of any individual tensor layer Ψ

(𝑛)
𝐶

is strictly
constrained by the anisotropic bay-region potential (𝑉𝑏𝑎𝑦)
and the intrinsic 𝐶2ℎ chiral symmetry of the structural core.
Because continuous spatial rotation is physically restricted
by deep energetic concavities and the parallel Z-axis trans-
lation constraint (𝑇𝑧), the relative angular orientation Δ𝜙𝑛

between the primary basis cipherΨ (𝑛)
𝐶

and the adjacent dual-
basis cipher Ψ

(𝑛+1)
𝐶′ is confined to exactly four thermody-

namically locked configurations. We define this finite config-
uration space as Ω4 and map its geometries to a formal qua-
ternary (Base-4) algebraic alphabet, 𝑞𝑛 ∈ Z4 � {0, 1, 2, 3}.
Consequently, an 𝑀-layer supramolecular assembly na-

tively encodes a static Base-4 informational sequence,
𝑄𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = {𝑞1, 𝑞2, . . . , 𝑞𝑀 }.

This static storage architecture forms the foundation for a
profound cooperative phenomenon: the mathematically flawless
dynamic transfer of this 𝐺𝐹 (4) sequence space into a secondary
macroscopic assembly.

Theorem 5 (Macroscopic Informational Isomorphism). Let
A1 be a primary supramolecular assembly encoding a
static Base-4 information set 𝑄𝐴 ∈ Z𝑀

4 , rigorously defined
by the discrete relative orientations of its constituent 𝐶2ℎ
layers. Under the execution of the thermodynamically
driven recursive cascade, the primary informational set 𝑄𝐴

is translated into a secondary supramolecular assembly A2
bearing the information set 𝑄𝐵 ∈ Z𝑀

4 . There exists a strict,
deterministic bijection 𝑓 : 𝑄𝐴 → 𝑄𝐵 such that the logical
information transfer evaluates as perfectly lossless.

Proof. Let the localized informational state of the primary
assembly at layer 𝑛 be defined as 𝑞𝐴,𝑛 ∈ Z4, which is physically
encoded by the specific angular orientation 𝜃 (𝑞𝐴,𝑛) ∈ Ω4 of
the dual-basis cipher Ψ (𝑛+1)

𝐶′ .
Upon the activation of the cascade generating the topological
vacancy, the Cross-Layer Insertion Operator (𝐼𝑠𝑢𝑏) mathemat-
ically executes. The precise spatial coordinate vector ®𝑟𝑖𝑛𝑠𝑒𝑟𝑡
of the incoming insertion element is an absolute geometric
function of the dual-basis orientation:

®𝑟𝑖𝑛𝑠𝑒𝑟𝑡 = 𝑇𝑧 ◦ 𝑅
(︁
𝜃 (𝑞𝐴,𝑛)

)︁
®𝑟0 (15)

where 𝑅 is the discrete rotational matrix mapping the ground
state vector ®𝑟0 to the locked phase angle. Because the four
allowable states in Ω4 are separated by deep potential energy
barriers (Δ𝐺𝑟𝑜𝑡 ≫ 𝑘𝐵𝑇), their corresponding spatial insertion
vectors map to strictly distinct, mutually exclusive coordinates
in the topological phase space:

𝜃𝑖 ≠ 𝜃 𝑗 =⇒ ®𝑟 (𝑖)
𝑖𝑛𝑠𝑒𝑟𝑡

≠ ®𝑟 ( 𝑗 )
𝑖𝑛𝑠𝑒𝑟𝑡

for all 𝑖, 𝑗 ∈ {0, 1, 2, 3}
(16)

Therefore, the mapping of the quaternary state to the inser-
tion coordinate evaluates as a mathematically strict injective
function.
Subsequently, the thermodynamically driven Ring Closure
Operator (𝐶̂𝑐𝑙𝑜𝑠𝑒) binds this inserted spatial coordinate into
the forming lattice of the secondary assembly A2. Because the
geometric constraints of the continuous perimeter conductivity
unconditionally force the new layer to adopt an orientation that
explicitly accommodates ®𝑟𝑖𝑛𝑠𝑒𝑟𝑡 , the localized orientation of
the new layer 𝑞𝐵,𝑛 is uniquely and deterministically dictated
by the insertion vector:

𝑞𝐵,𝑛 = 𝐶̂𝑐𝑙𝑜𝑠𝑒

(︁
𝐼𝑠𝑢𝑏 (𝑞𝐴,𝑛)

)︁
(17)
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Since the composition of the injective spatial insertion and
the unitary topological closure (𝐶̂𝑐𝑙𝑜𝑠𝑒 ◦ 𝐼𝑠𝑢𝑏) yields a strictly
injective mapping from the phase space of A1 to the phase
space of A2, and both configuration spaces represent finite sets
of identical cardinality (|Z𝑀

4 | = 4𝑀 ), the Pigeonhole Principle
mathematically guarantees that the global operator forms a
complete bijection 𝑓 : Z𝑀

4 → Z𝑀
4 .

Since the composition of the injective spatial insertion and
the unitary topological closure (𝐶̂𝑐𝑙𝑜𝑠𝑒 ◦ 𝐼𝑠𝑢𝑏) yields a strictly
injective mapping from the phase space of A1 to the phase
space of A2, and both configuration spaces represent finite sets
of identical cardinality (|Z𝑀

4 | = 4𝑀 ), the Pigeonhole Principle
mathematically guarantees that the global operator forms a
complete bijection 𝑓 : Z𝑀

4 → Z𝑀
4 . Consequently, this strict

cardinality preservation and resultant bijection definitively
preclude the existence of any intermediate, continuous, or
fractional logic states during the supramolecular transfer. The
logical phase space is mathematically forced to map exclusively
as exact, discrete sequences over 𝐺𝐹 (4). □

7 Conclusion
The formalization of the I𝐶 manifold’s dynamical evolution
establishes a rigorous, cooperative advancement beyond static
topological bounding. While the foundational axiomatization
successfully secured the macroscopic non-commutative space
against unobservable divergence via the H∞ extremal boundary,
physical reality mandates that topology must dynamically evolve.
By migrating the kinematic modeling of this manifold into a
deterministic framework governed by absolute thermodynamic
scalar fields (Δ𝐸), we entirely replace stochastic, continuous
Markovian approximations with exact, computable geometric
phase transitions.

In this treatise, we have mathematically proven that the static
spatial architecture of the𝐶2ℎ basis tensor is intrinsically coupled
to a deterministic kinematic engine. By bijectively mapping the
manifold’s progression to the formal quintuple of a Determinis-
tic Finite-State Machine (DFSM), structural evolution becomes
fully algorithmic. The execution of non-commutative opera-
tors—specifically 𝐷̂𝑠𝑐𝑖𝑠𝑠, 𝐶̂𝑖𝑛𝑡𝑟𝑎, 𝐼𝑠𝑢𝑏, and 𝐶̂𝑐𝑙𝑜𝑠𝑒—navigates
the topological state space strictly along the minimal thermo-
dynamic gradient, ensuring that macroscopic transitions are
inevitable, trackable, and verifiable.

Crucially, this framework harmonizes the apparent duality of
physical irreversibility and logical conservation. By invoking the
Landauer limit natively within the operator algebra, we demon-
strate that the structural shedding of physical lattice states neces-
sarily generates environmental entropy (Δ𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 > 0), driving
the cascade irreversibly forward. Concurrently, the unmeasured,
orthogonal quantum channels dictate that the logical operators
remain strictly unitary, yielding a flawlessly bijective, lossless
transfer of 𝐺𝐹 (4) encoded information (𝑆𝑣𝑁 = constant). Ul-
timately, this formalism proves that physical supramolecular

chemistry natively operates as an exact algebraic compiler, pro-
viding a scale-invariant mathematical blueprint for absolute
deterministic containment and invariant information processing
across generalized discrete networks.

A Literature Review and Mathematical
Foundations

The dynamical extension of the I𝐶 manifold relies upon a
cooperative synthesis of several well-established domains within
pure mathematics, theoretical computer science, and information
thermodynamics. This appendix traces the rigorous academic
lineage that supports the foundational operators, thermodynamic
limits, and geometric mappings deployed throughout this treatise.

A.1 Non-Commutative Geometry and Operator
Algebras

The foundational transition from continuous Euclidean coordi-
nates to a discrete, operator-bounded metric space relies entirely
upon the architectures of non-commutative geometry. The
mathematical viability of replacing continuous spatial moduli
with bounded operator algebras is definitively established by
Connes [Con94]. To evaluate continuous geometric tension
without conceding absolute spatial boundaries, our framework
elevates the discrete geometry into an analytical structure via
norm-completed 𝐶∗-algebras and von Neumann algebras. The
rigorous formulation of these spaces, including the unitary evolu-
tion of operator semigroups necessary for establishing kinematic
flow, is comprehensively detailed by Takesaki [Tak03]. We
cooperatively build upon these principles to ensure that the
I𝐶 manifold evaluates continuous derivatives exclusively as
bounded inner automorphisms.

A.2 Automata Theory and Information Thermo-
dynamics

To formally prove that the macroscopic supramolecular assembly
ceases to be a stochastic continuum, we map its structural evolu-
tion bijectively to a Deterministic Finite-State Machine (DFSM).
The rigorous mathematical architecture of the DFA, defined by
the formal quintuple (𝑆, Σ, 𝛿, 𝑠0, 𝐹), is canonically established
by Hopcroft, Motwani, and Ullman [HMU06]. Our framework
aligns the thermodynamically driven geometric transitions (𝛿)
acting upon bounded configuration spaces (𝑆) with these strict
computational requirements.

Furthermore, the resolution of the physical irreversibility
paradox leverages the thermodynamic limits of computation.
Landauer [Lan61] formally proved the absolute thermodynamic
bounds of logical erasure, bridging abstract computational states
with measurable heat dissipation. Bennett [Ben82] subsequently
grounded the Landauer limit within quantum and discrete state
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mechanics. Our framework natively embeds these thermody-
namic realities, utilizing them to mathematically prove that the
structural shedding of physical lattice states requires an irre-
versible generation of environmental entropy, even while the
internal logical mapping remains strictly unitary.

A.3 Algebraic Geometry Codes and Galois Fields
To encode the structural sequence space of the discrete lattice
without inducing continuous fractional drift, the manifold op-
erates mathematically over the finite quaternary Galois field,
𝐺𝐹 (4). The translation of abstract discrete algebraic curves over
finite fields into robust, error-correcting topological structures
operates natively as a Geometric Goppa Code. The definitive
mapping of these algebraic-geometric codes is comprehensively
established by Tsfasman, Vlăduţ, and Nogin [TVN01]. By em-
bedding a strict minimum Hamming distance into the sequence
space, the I𝐶 manifold algebraically guarantees that physical
errors are isolated and corrected without compromising the
macroscopic topology.

A.4 The Chrysene Formalism and the I𝐶 Mani-
fold

The mathematical architecture of the discrete non-commutative
manifold derives its rigorous geometric boundary conditions
from the empirical and structural constraints of substituted
polycyclic aromatic hydrocarbons. This physical archetype,
establishing the capacity for deterministic supramolecular as-
sembly and continuous perimeter conductivity, was formally
codified by Schaper [Sch25].

To cooperatively elevate this empirical topology into the
absolute rigor of pure mathematics, the transition from a contin-
uous physical matrix to a strictly bounded operator algebra is
definitively mapped in Foundations of the Chrysene Formalism:
Cohomological Invariants, Operator Algebras, and the Discrete
Noncommutative State Space [Sch26b]. This foundational text
mathematically proves that the discrete base logic evaluates
universally via the 𝐶2ℎ combinatorial isomorphism, securing
the non-commutative spectrum, Operator K-theory equivalence
classes, and cyclic cohomological invariants against unbounded
metric divergence.

Building systematically upon these algebraic ground truths,
the integration of category theory, discrete optimal transport, and
robust control is rigorously expanded in Tensorial Framework
of the Chrysene Formalism: Universal Algebraic Geometry and
Maximal-Entropy Survival [Sch26c]. This volume mathemati-
cally proves that the macroscopic topological evolution of the
space operates as a strictly deterministic gradient flow. It demon-
strates that maximal-entropy survival evaluates unconditionally
as an absolute boundary value solution, enforcing stability via
Hamilton-Perelman algebraic surgeries natively within the I𝐶
manifold.

Finally, the formal distillation of this expansive mathematical
architecture into a concise, peer-reviewed axiomatic foundation is
presented in The Chrysene Formalism: Axiomatic Foundations of
a Discrete Non-Commutative Topological Space [Sch26a]. This
article systematically replaces stochastic H2 expected-variance
approximations with the deterministic H∞ extremal boundary.
By doing so, it ensures absolute structural containment, proving
that the macroscopic sequence space natively operates as an
intrinsic Geometric Goppa Code over the quaternary Galois
field 𝐺𝐹 (4). Together, these primary works constitute the uni-
fied, invariant deductive framework upon which the dynamical
thermodynamic derivations of the present paper securely rest.
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